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Introduction 

Datel Systems Inc. was founded in February , 1970, and began 

production of a basic line of A/ D converters, D/A converters, 
miniature power supply modules, and other circuit modules. 

Since then these basic lines have expanded considerably and 

many new product lines have been developed . Now in its 
seventh operating year, Datel Systems holds a leadership posi

tion in the areas of data converters, data acquisition systems, 
digital panel meters, digital panel printers, data logging systems, 
and power supplies. Although still a young company compared 

with others in these product areas, Datel has grown rapidly 
and achieved significant diversification of its product lines. 
This diversification is significant in assuring the future growth 
of the company . 

A recently added hybrid microelectronics division is dedi 
cated to the production of new lines of high performance 
hybrid data converters. Datel Systems' modern plant of 75,000 
square feet is located on Route 138 in Canton, Massachusetts, 
just 15 miles southwest of Boston. It is easily accessible from 
Logan International Airport . 
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DATEL SYSTEMS' PRODUCTS 

Datel Systems' product lines now include the following : 

• A/ D Converters • Digital Panel Meters 
• D/A Converters • Data Acquisition Systems 
• Sample Holds • Data Logging Systems 
• Analog Multiplexers • Power Supplies 
• Operational Amplifiers • V/ F Converters 
• Instrumentation Amplif iers • Dig ital Control Instruments 
• Active Filters • Digital Panel Printers 
• Computer Analog Per ipheral • Digital Cassette Transports 

Systems and Systems 

Datel Systems' reputation in these product areas has been 
established by the tens of thousands of products presently in . 
use throughout the world . These products are used in a wide 
variety of applications frC?m military and government systems 
to industrial, scientific, medical, environmental, and ocean
ographic systems. 

Product reliability is an important part of any company's repu
tation. Reliab ility at Datel Systems begins with conservative· 
engineering design, use of quality pre-tested components, man
ufacturing methods with built-in checking procedures, and 
sufficient product electrical tests at the proper stages of the 
manufacturing cycle. These procedures in conjunction with a 
fully implemented Quality Assurance Program have resulted in 
an extremely low return rate for delivered products. 
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NEW PRODUCTS 

• . 
. 

• . 
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Over tl:le past year Datel Systems has introduced a significant 
number of new products. Some of these products are: 

• A line of high performance hybrid 12 bit A/D and D/A 
converters (DAC-HZ, ADC-HZ, and ADC-HX series) 

• A new portable data logging instrument for field use (DL-2) 

• Industry's fastest 12 bit A/D converter with a 2 µsec. con
version time (ADC-EH12B3) 

• A new low cost 3-1/2 digit DPM selling for $59.00 in 
quantities of 100 (DM-350) 

• A new ultra low-power incremental digital cassette transport 
(ICT Series) 

• A new line of digital control instruments for industrial tim
ing and control applications (8000 Series) 

• A new high resolution, isolated, ratiometric dual slope 
converter series (ADC-EP Series) 

• A low-cost modular data acquisition system featuring 16 
channels, 12 bit resolution and 50 kHz throughput rate. 

Watch for future new products from Datel Systems announced 
and advertised in the electronics trade journals. New products 
are also discussed in detail in the periodical, "Datel Digest". 

About this 
Product 
Handbook 

ABOUT THIS PRODUCT HANDBOOK 

This new edition of Datel's Engineering Product Handbook is 
written primarily for the systems and circuit design engineer 
who requires a substantial amount of technical information 
about products in order to select and apply the right product 
in his specific requirement. The goal of this product handbook, 
therefore, has been to present detailed technical data in an 
easily readable form in order to simplify the product evalua
tion and selection process. 

This edition, however, is a departure in format from previous 
editions. We have here, for the first time, combined product 
data in tabular form with product data sheets. Not all Datel 
Systems' product data sheets are included here, but our most 
significant products are included. Other data sheets may be 
obtained by contacting the factory or Datel's nearest sales 
office. 

The product evaluation and selection process in most cases 
can be shortened by referring first to the specification tables in 
order to compare performance and pricing, and then going to 
the appropriate data sheet section of the catalog. In all cases 
the data sheets of a particular product category immediately 
follow the specification tables. 
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Also included in this product handbook is a 13 page section 
entitled "Principles of Data Acquisition and Conversion" 
which is basic background material about the operation and 
application of the products described in this catalog. This 
material will serve as both a quick review of basics for those 
already experienced in the application of data converters and 
as tutorial material for those who are not familiar with data 
conversion systems. 

ORGANIZATION OF THIS 
PRODUCT HANDBOOK 

This product handbook is divided into the following major 
sections : Data Conversion Devices, Converter Accessory Cir
cuits, Modular Data Acquisition Systems, Power Supplies, 
Digital Panel Instruments, Data Loggers, and Digital Cassette 
Recording Systems. Most of these sections include product 
specificat ion tables in addition to product data sheets. 

Also included in this catalog are sections on extended per
formance modules, accessory products (sockets, trimming 
potentiometers, etc.) and an ordering guide. 

PRODUCT SUPPORT 

All Date! Systems' products are backed up by a detailed 
technical data sheet. In many cases there is also an instruction 
manual available. The appropriate literature may be obtained 
by contacting the factory . In all cases the appropriate technical 
data is shipped with each product ordered . There is also a 
number of technical application notes available from the 
factory. 

While the available literature gives all the information normally 
required to use any of our products, we also maintain an 
applicat ions engineering department to answer any additional 
questions you may have regard ing the applicat ion of these 
products. 

Our qual ified team of field sales engineers is ava ilable to 
service our customers throughout the United States, Canada, 
Western Europe, and the Far East. Datel Systems has direct 
sales offices in Santa Ana, California; Sunnyvale, California ; 
and Gaithersburg, Maryland . There are Date! sales subsidiaries 
in London, England; Paris, France ; Munich, West Germany; 
Tokyo, Japan; and Osaka, Japan. 
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QUALITY ASSURANCE 

Datel Systems has a fully implemented Quality Assurance 
Program in conformance with Ml L-STD-9858A. This program 
is under a full-time Quality Assurance Manager who reports 
directly to the President of Datel Systems, Inc. The quality 
assurance responsibility is superimposed over procurement, 
material control, manufacturing, and shipping activities. The 
Quality Assurance Manager is responsible for the following 
areas: quality assurance engineering, systems test, in-process 
inspection, purchased material inspection, and calibration. The 
quality assurance program encompasses receiving inspection of 
all components, in-process inspection of all assemblies, burn-in 
or shock testing where required, calibration of all instruments 
and maintenance of calibration records, component vendor 
records and vendor rating systems, and implementation and 
control of a material review board. The Q.A. Manager also 
submits monthly, to management, in-house quality perform
ance reports on all departments. 

GSA CONTRACTS 

Most of Date I Systems products are covered under appropriate 
GSA contracts which permit a discount on purchases by U.S. 
Government. 

Product Marketing Manager 

PRODUCTION MODULAR PRODUCTS 
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AID and DIA Converters 
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Principles of Data 
Acquistion and Conversion 

Data acquisition and conversion systems are used to process 
analog signals and convert them into digital form for subse
quent processing or analysis by computer or for data transmis
sion . In general a transducer takes a physical parameter such as 
pressure, temperature, strain, or position and converts it into 
an electrical voltage or current. Once in electrical .form all 
further processing of the signal is done by electronic circuits. 
After the analog processi[lg is complete the signal is converted 
into digital form by an analog to digital converter and then fed 
to a var.iety of possible digital systems such as a computer, 
digital controller, digital data transmitter, or digital data 
logger . 

Pt1YSICAL 
\IARtA8LE 

FIGURE 1. Complete Data Acquisition and Conversion System. 

CONTROL 
INPUTS 

A complete representative data acquisition and conversion 
system is illustrated in Figure 1. This diagram shows the 
var ious components required for an interconnected system. 
The input to the system, the physical parameter to be 
measured , is converted to electrical form by the transducer 
and then fed to an amplifier. The funct.ion of the amp I ifier is 
to convert the signal to a high level (1 to 10 volt) signal which 
is necessary for further processing. The signal from the 
transducer may be a millivolt level signal, a high source 
impedance signal, a differential signal with common mode 
noise, or a current signal. In any of these cases the amplifier is 
used to convert the signal to a high level voltage which can be 
used to drive the next analog circuit . An operational amplifier 
or instrumentation amplifier is used to accomplish this . The 
amplifier is followed by a low pass active filter which is used 
to eliminate •high frequency components or noise from the 
signal. There may also be a need to perform some nonl inear 
operation on the signal such <is squaring, linearizing, or 
multiplication by another function . Such operations, which 
may be performed by an analog multiplier or other nonlinear 
circuit, also require high level signals to maintain good 
accuracy and may be performed either before or after the 
active filter . 

The signal then goes to an analog multiplexer which performs 
a time division multiplexing operation between a number of 

different signal inputs . Each input channel is sequentially 
connected to the output of the multiplexer for some specified 
period of time. The circuits which follow the multiplexer are 
thus time shared between a number of analog signals . The 
output of the analog multiplexer goes to a sample and hold 
circuit which samples the output of the multiplexer at a 
specified time and then holds the voltage level at its output 
until the analog to digital converter performs its conversion 
operation . The timing and control of this system is accom
plished by a programmer-sequencer circuit which controls the 
multiplexer, sample and hold, anc A/D converter. The 
programmer-sequencer in turn is controlled by digital control 
inputs from a data processor. 

QUANTIZING THEORY 

The operation of quantizing a signal is illustrated by the 
quantizer transfer functiort st:iown in Figure 2. Quantization is 
the process of converting a continuous analog inji)ut into a set 
of discrete output levels . The analog input is shown on the 
horizontal axis and the discrete output levels on the vertical 
axis . The discrete output levels can -be identified by a set of 
.numbers such as a binary code . The two processes of 
quantization and coding represent the basic operation of 
analog to digital r.onversion . 
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-012 \j \j \j \J \j \j \ 
FIGURE 2 . Transfer Function for Ouantiz: 

The quantizer transfer function has a number of important 
characteristics . The function shown is ideal with analog 
decision levels at values of 0.5, 1.5, 2.5, etc. The decision 
levels are set at values which bracket the true levels. In other 
words , an analog input value of 1 should correspond with a 
binary output level of 001 . The analog 1 value is halfway 
between the decision levels 0.5 and 1.5. Thus an analog value 
of 1 ±0.5 is read out as a digital 001 . The distance between 
decision levels is Q, the quantization size or bit size . A 
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quantizer with a binary output code has 2n discrete output 
levels with 211-1 analog decision levels. The decision levels in 
an actual quantizer would not be precise but would have a 
finite uncertainty band around them. For an analog value 
within this uncertainty band the output could be at either of 
two discrete output levels. In addition, in an actual quantizer 
the decision levels would not necessarily be at precisely the 
correct analog values, but would miss these values due to 
nonlinearity, offset, and gain errors . 

If the input to the quantizer is moved through its full range of 
values and subtracted from the discrete output level·s an error 
signal will result. This error is called "quantizing error" and is 
an irreducible error due to the quantizing process and 
dependent on the number of quantization levels, or resolution, 
of the quantizer . When the quantizing error is plotted, as 
shown in the illustration, it has the form of a sawtooth 
waveform with a peak to peak value of 0 . The output of the 
quantizer can be thought of as the input analog signal with 
quantization noise added to it. Thus the output, which is 
restricted to a finite number of discrete values, jumps from 
one value to the next as the input moves through its full range . 
The quantization error is zero only midway between the 
decision levels . The peak value of quantization noise is 0/2 
and the RMS value can be computed horn the triangular shape 
and found to be 0 / 2y'3. Although the quantization noise can 
be reduced by increasing the resolution of the quantizer, there 
always remains a quantization uncertainty of at least ±0 / 2 for 
any quantizer. 

An A/ D converter performs the operations of quantizing and 
coding a si gnal in some finite amount of time . The time 
required to do this depends both on the resolution of the 
converter and the particular conversion method used . The 
speed of convers;on required in a particular situation depends 
on the time var ia tion of the signal to be converted and the 
amount of resolution required. The time required to make a 
measurement or conversion is generally called the "aperture 
time." 

t;V• d~~t ) 'ta 

ta 
ta ' APERTURE TI ME 

t;V' AMPLITUDE UNCERTAI NTY 

FIGURE 3 . Aperture Time and Amplitude Uncertainty. 

Aperture time can be considered to be a time uncertainty o_r 
am plitude uncertainty. As shown in Figure 3 the aperture 
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time and amplitude uncertainty are related by the time rate 
of change of the signal . For the particular case of a sinusoidal 
signa l to be converted, the maximu m rate of change occurs at 
the zero crossing of the waveform and the amplitude chan ge 
is : 

giving 

6.V = :t (Vsinwt)t=O X ta = Vw ta 

6 V = wt = 211ft V a a 

From the result we can determine, for example, the aperture 
time (or conversion time) required to digitize a 1 kilohertz 
signal to 10 bits resolution . This is a resolution of 1 part in 2 10 

or 0 .1 %, and using the above equation : 

6.V 1 .001 
ta = V X 211f = 6. 28X 1 03 = 160 X 1 0-9 

The result is a required aperture time of only 160 nanoseconds 
to remain within 1 bit (0.1 %) of resolution due to the rate of 
change of the signal. It can be seen from this result that to 
convert even a slowly varying signal to moderate resolution 
levels requires an extremely fast and , therefore, expensive 
analog to digital converter. Fortunately there is a simple and 
inexpensive way around this problem by the use of the sample 
and hold circuit which can reduce the aperture time con
siderably by taking a rapid sample of the signal and then 
holding its value for the required conversion time . The 
aperture time required for sinusoids of other frequencies and 
different resolutions is summarized by the graph shown in 
Figure 4 . 

SAMPLING THEORY 

The operation of sampling is illustrated in Figure 5 which 
shows an analog signal and a train of periodic sampling pulses. 
The pulses represent a fast acting switch which connects to the 
analog signal for a very short time and then opens for the 
remainder of the period . Sampling pulses thus have a very 
short ON time compared to the total period. The result of the 
sampling process is identical with multiplying the analog signal 
with a train of pulses of unity amp I itude . The resultant 
modulated signal is shown in Figure 5 (c) where the amplitude 
of the analog signal is preserved in the modulation envelope of 
the pulses . If the switch-type sampler is replaced by a switch 
and a capacitor, then the analog signal is sampled and stored 
until the next sample pulse with the result shown in Figure 5 
(d) . This type of sampler is called a sample and hold. 
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PRINCIPLES OF DATA 
ACQUISITION AND CONVERSION 

lOOµs b, _J_ ')-., 
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FIGURE 4. Aperture Time Requ ired for a Given Frequency 
and Resolut ion. 
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~r 
FIGURE 5 . Signal Sampling Process. 

1001< 

The purpose of signal sampling is the efficient use of data 
processing equipment or data transmission facilities . A single 
data transmiss ion link can be used to transmit many channels 
of information by simply sampl ing each channel periodically . 
Likewise, for the efficient use of data processing equipment to 
monitor and control a process, for example, it may only be 

necessary to sample the state of a process once every· 5 
minutes, perform a computation and correction , and then free 
the computer the remaining time for other tasks. Continuous 
monitoring of a single information channel by a computer 

would be very expensive indeed. In data conversion systems it 
is also more economical to use a single A/D converter, which 
may be the most expensive component in the system, for a 
number of information channels by using sampling. 

An important and fundamental question to ask about sampled 
data channels is "how often must I sample a given signal in 
order not to loose information from the signal?" It seems 
obvious that all useful Information can be extracted by 
sampling a slowly changing signal at a much faster rate than 
any change which occurs, and likewise that if a signal is 
significantly changing value between samples, information is 
being lost. The answer is contained in the well known 
Sampling Theorem which can be stated as follows : If a 
continuous bandwidth limited signal contains no frequency 
components higher than fc then the original signal can be 
completely recovered without distortion if it is sampled at the 
rate of at least 2fc samples per second. 

(al CONTINUOUS 
SIGNAL SPECTRUM v~. 

o;c;--------:-fc~----------;--

FREQUENCY FOt DING 
v 

f, 
(bl SAMPLED 

SIGNAL SPECTRUM 

0 fs - fc\fc 

fs/2 
FIGURE 6 . Spectra Showing Frequency Folding. 

fs fs+fc 

The sampling theorem can be illustrated by the frequency 
spectra shown in Figure 6. Figure 6 (a) shows the spectrum of 
a continuous signal with frequency components limited to a 
frequency fc . When this signal is sampled at a rate f

5 
the 

modulation process results in the signal spectrum shown in 
Figure 6 (b) . Here, because the sampling rate is not sufficient, 
some of the high frequency components of the signal are 
folded back into the signal spectrum. This effect Is called 
"frequency folding ." In the process of recovering the original 
signal , the folded frequency components cause distortion and 
cannot be separated or distinguished from the original signal. 
It can be seen from the figure that by changing the sampling 

rate such that f5-fc?fc· we obtain the result that fs>2fc which 
demonstrates the sampling theore m. Frequency folding is 
eliminated by either using a high enough sampling frequency 
or filtering the original signal to eliminate any frequency 
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components above one half the sampling rate . It should be 
noted, however, that in practice there is always some 
frequency folding due to wideband noise and non-ideal filters 
and that one must attempt to reduce the effect to negligible 
proportions. 

Another effect which is the result of frequency folding is 
known as an "alias." Figure 7 illustrates this by showing a 
periodic signal which is sampled at a rate less than twice per 
cycle. The sample amplitudes are shown connected by a 
dotted line which obviously has a period quite different from 
the original signal and is an alias. From this figure it can be 
readily seen that if the waveform is sampled at least twice per 
period as required by the sampling theorem, its original 
frequency is preserved. 

FIGU RE 7 . Alias Frequency Caused by Inadequate Sampling Rate. 

The sample and hold device, which is so commonly used in 
data conversion systems and also analog multiplexed data 
systems, has some important characteristics which should be 
briefly discussed. An ideal sample and hold, or zero order hold 
as it is also known, takes a sample i'n zero time and then holds 
the value of the sample indefinitely with perfect accuracy. In 
practical units, a sample is taken in a time period which is 
short compared to the holding time. During the holding time 
there is some change in the output which is small compared to 
the system accuracy . The effect of this process on a 
continuous analog input signal can be determined by finding 
the transfer function of a sample and hold. By use of the 
impulse response of this device and ·Using the Laplace 
transform the transfer function is found to be: 

. 1 - e- iwT 2rr sin 7T w /w 5 e- 1· 11 /w~'.) G(J w) = . =--~~- ~ 
JW w 5 7T w /w 5 

where T is the sampling period and w5 is the sampling radian 
frequency . The magnitude and phase of this function are 
plotted in Figure 8 which shows that a sample and hold device 

acts like a low pass filter with a cutoff frequency of approxi 
mately f 5 1 2 and a phase delay of T 12. or one half the sam
pling period. Circuit characteristics of the sample and hold 
will be discussed in a following section . 
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FIGURE 8 . Sample and Hold Transfer Function . 

AMPLIFIERS AND FILTERS 

The first part of a data acquisition and conversion system is 
concerned with extracting the signal which is to be measured. 
The initial processing of the signal is done with an amplifier , 
filter , and possibly a nonlinear operator . The purpose of the 
amplifier is to perform one or more of the following 
functions: boost the amplitude of the signal , buffer the signal , 
con vert a signal current into a voltage, or separate a differen
tial signal from common mode noise. For most data conver
sion systems the desired voltage level out of the amplifier is 5 
or 10 volts full scale. This is the level accepted by most analog 
multiplexers, sample and holds, and AI D converters to give the 
best accuracy . 

R 

I~ 
~IR 

CURRENT TO VOLTAGE CONVERSION INVERTING VOLTAGE GAIN 

NON - INVERTING VOLT AGE GAIN UNITY GAIN BUFFER 

FIGURE 9 . Operational Amplifier Configurations. 

Operational or instrumentation amplifiers are used to perform 
the above listed signal translations. Some of the operational 
amplifier configurations used are shown in Figure 9 with their 
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PRINCIPLES OF DATA 
ACQUISITION AND CONVERSION 

output relationships given . In general an operational amplifier 
is a good choice for single ended signal inputs. Although it can 
be used in some cases for differential signal inputs, the input 
impedance and common mode rejection adjustments limit its 
effectiveness. In such cases the instrumentation amplifier, or 
data amplifier, is the best choice. This type of amplifier is a 
closed loop configuration shown in Figure 10. It has the 
following important characteristics . 

1. high impedance differential inputs 
2. wide range of gains set by a single external resistor 
3. high common mode rejection ratio 

Because of the closed loop configuration of the instrumenta
tion amplifier, it does not use gain setting resistors or other 
components connected to the input terminals thereby de
grading the input impedance. Thus the high impedance inputs 
maintain the high common mode rejection characteristic even 
with mo.derate source impedances. 

FIGURE 10. Instrumentation Amplifier Configuration . 

The "common mode rejection ratio" is an important param
eter of differential amplifiers. An ideal differential input 
amplifier would respond only to voltage differences between 
its input terminals without regard to the voltage level common 
to both inputs. In practice , however, there is a variation in the 
balance of the differential amplifier due to common mode 
voltage which results in an output even when the differential 
input is zero . The common mode error voltage is a nonlinear 
function of the input common mode voltage . 

Definition : Common mode rejection ratio is the ratio of the 
common mode voltage to the common mode error referred to 
the input and is generally expressed in dB. 

CMRR = 20 logJVcml 
[ ecm] 

where V cm is the common mode voltage and ecm is the 
common mode error referred to th e input. CMRR is a funct ion 

of both common mode voltage and frequency . At even 
moderate frequencies a high CMR R can be significantly 
degraded by small unbalances in source impedance and input 
capacitances. 

Following the amplifier in our system, it may be necessary to 
use a low pass filter . Filtering is used in a data acquisition 
system for two reasons : to limit the bandwidth of the 
processed signal to less than half the sampling frequency in 
order to eliminate frequency folding, and to reduce either 
man-made or electrically generated noise in the system. 
Man-made noise usually has some identifiable characteristic 
such as periodicity and regulat shape and can be eliminated by 
some specific technique such as a notch filter. Thermal , or 
Johnson noise, on the other hand is random noise with a noise 
power proportional to bandwidth . It is minimized by re
stricting the bandwidth of a system to the minimum required 
to pass the necessary signal components . 

No filter does a perfect job of eliminating noise or undesirable 
frequency components and, therefore, the choice of a filter is 
always a compromise. Ideal filters with flat response, infinite 
cutoff attenuation, and l inear phase response are simply 
mathematical filters and not physically realizable . In practice 
the engineer has the choice of a cutoff frequency, and an 
attenuation rate and phase response based on the number of 
poles and filter characteristic chosen . The effect of overshoot 
and non-uniform phase delay must also be considered. 

Active filters are very popular due to a number of excellent 
features they have over older RLC !-\/Pe passive filters. They 
eliminate inductors and associated saturation and temperature 
stability problems . The response of an active filter can be 
accurately set by temperature stable capacitors and resistors. 
In addition, they overcome the problems of insertion loss and 
loading effects by their use of operational amplifiers. 

SETTLING TIME 

A parameter that occurs very often in data acqu1s1t1on and 
conversion systems is "settling time ." Settling time is defined 
as the time elapsed from the application of a full scale step 
input to an amplifier to when the output has entered and 
remained within a specified error band around its final value. 
Although this definition is stated in the terms of an amplifier 
response, settling time is also used in the specification of other 
components such as DI A converters, analog multiplexers, and 
sample holds. It has essentially the same meaning in these 
other cases although in some of them the input step is actually 
applied by turning on a switch and , therefore , a switching time 
is included in the settling time . In the case of sample and 
holds, the equivalent of settling time is the acquisition time 
and includes both the turn -on time of the sampling switch and 
the charging time of the holding capacitor to its final value . 
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FIGURE. 11. Amplifier Settling Time. 

The settling time of a fast amplifier is illustrated in Figure 11. 
After the application of the input step, there is a small delay 
time after which the amplifier begins to slew or change its 
output at the maximum possible rate . During this time the 
amplifier is in a non-linear or saturated state . The output then 
overshoots its final value, recovers from saturation, and then 
settle"S into its specified error band after a small amount of 
ringing. The definition distinguishes that the amplifier must 
enter and remain in the error band rather than just enter it the 
first time . 

Settling time, unfortunately, is not readily predictable ·from 
other amplifier parameters such as bandwidth, slew rate, or 
overload recovery time although it depends on all of these . It 
is also dependent on the amplifier open loop response 
characteristic, dielectric absorption by internal capacitors, 
output load capacitance, and input capacitance. An amplifier 
must be designed and optimized for settling time, and settling 
time is a parameter which must be evaluated by testing. 

One of the important requirements of a fast settling amplifier 
in addition to wide bandwidth, fast slew rate , and fast 
overload recovery is that it have a true single pole open loop 
response characteristic. This means a smooth 6d8 per octave 
frequency roll-off characteristic. Such an amplifier can never 
settle to its final value in less time than that derived from the 
number of time constants required to reach this accuracy . 
Figure 12 shows a plot of the output error as a function of the 
number of time constants. The settling time may actually be 
quite a bit larger due to slew rate limitation and other 
problems. An amplifier with a closed loop bandwidth of 1 MHz 
has a time constant of 160 nanoseconds and to settle within 
.01 % of final value requires at least 9 time constants or 1.44 
microseconds. 

If an amplifier does not have a single pole response and, 
therefore, an uneven gain roll-off characteristic, its output 
response may get to the vicinity of the error band quickly but 
then require a very long time to actually enter it. Likewise, it 
may overshoot the error band and take a long time to enter it 
a remain inside it. This is the case for amplifiers with pole-zero 
mismatches in their response characteristic . 
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Modern fast settling amplifiers are generally specified to 0 .1 % 
or .01 % settling for small closed loop gains and have settling 
times of less than 1 µsec . In data acquisition systems these 
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FIGURE 12. Error as a Function of the Number of Time Constants 
for a Single Pole Response. 

amplifiers are useful in the design of sample and hold circuits, 
buffer amplifiers for analog multiplexers or AID converters, 
and output amplifiers for fast DIA converters . In many cases 
fast settling amplifiers are required even though slowly 
changing signals are being processed . This is because of the 
high data switching rate through the analog multiplexer . 

DIGITAL CODING 

AID and DI A converters relate analog and digital values by 
means of an appropriate digital code . The codes used are 
various binary related codes, the most common of which is 
natural binary . A binary number is represented as 

where the coefficients an assume the values of " O" or " 1 ". 
Table 1 shows the decimal equivalents of 2n and 2-n for values 
of n up to 16. 

In an AI D or DI A converter the f irst bit is called the most 
significant bit or MSB and has a weight of Y, of full scale of the 
converter ; the second bit has a weight of '!. FS and so on down 
to the last bit which is called the least signif icant bit or LSB 
and has a weight of 112n FS. The resolution of the converter is 
determined by the number of bits, and the size of the LSB is 
FSl 2n . It should be noted that the digital code used in general 
does not correspond to its decimal equivalent in analog 
voltage . The coding used is the set of coeffic ients of 2-n 
representing a fractional part of full scale . The MSB is always 
positioned on the left and the LSB on the right of the digital 
code . The binary code 10110 thus represents (1 X 112) + 
(O X 1/4) + (1 X 1/8) + (1 X 1/ 16) + (O X 1132) or 11 / 16of 
full scale of th e converter. The full scale analog value for a 
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n 2n 2- n 

0 1 1 
1 2 .5 
2 4 .25 
3 8 .125 
4 16 .0625 
5 32 .03125 
6 64 .015625 
7 128 .0078125 
8 2!!>6 .00390625 
9 512 .001953125 

10 1 024 .0009765625 
11 2 048 .00048828125 
12 4 096 .000244140625 
13 8 192 .0001220703125 
14 16 384 .00006103515625 
15 32 768 .000030517578125 
16 65 536 .0000152587890625 

TABLE 1. Decimal Equivalents of 2n and 2·n 

~ 
0 

-6 
- 12 
- 18 .1 
- 24.1 
- 30.1 

36.1 
--42.1 
- 48.2 
- 54.2 
-60.2 
-66.2 
- 72.2 
- 78 .3 
··84.3 
- 90.3 
- 96.3 

converter can be any convenient voltage, but voltages such as 0 
to + 5 , 0 to + 10, ±2.5, ±5, and ±10 are most commonly used . 
A 12 bit converter, for exa mple, has a resolution of 1 part in 
4096. If the fu ll sca le analog voltage is 10 volts then the LSB 
size is 10V/4096 or 2.44 millivolts. The resolution of a 
converter can be conveniently related to dynamic range in dB 
since a factor of 2 co rresponds to 6 .02dB. Therefore, the 
number of bits X 6.02 gives the dynamic range in dB . A 12 bit 
converter has a dynamic range of 72.2dB . 

Scale +10VFS Straight Bina ry Complementary Binary 

MSB LSB MSB LSB 
+ FS 1 LSB +9 .96 1111 1111 0000 0000 

+ 3/4FS + 7.50 1 100 0000 001 1 1 1 11 
+ 1 /2 FS + 5 .00 1000 0000 0 1 1 1 1 11 1 
+ 1/4 FS + 2.50 0100 0000 101 1 1 1 11 
+ 1/8FS + 1.2 5 00 1 0 0000 1 101 1 111 
+ 1 LSB + 0 .04 0000 0001 1 1 1 1 1 I 1 0 

0 0 .00 0000 0000 1 11 1 1 11 1 

TABLE 2. Binary Coding for 8 Bit Unipolar Converters. 

Converters have both unipolar and bipolar ana log values and 
use a number of different binary related codes. Table 2 shows 
binary coding for a unipolar 8 bit converter with a 10 volt full 
scale. Notice ' that all one's in the digital code does not 
correspond to full scale but (1 - 2 ")FS. In some converters it is 
convenient to use reverse sense binary coding , or complemen· 
tary binary. where the most negative ana log value corresponds 
to full sca le digital value. This code is just the binary code with 
all 1 's made O's and vice versa . For bipolar analog values the 
most common codes are offset binary and 2's complement 
which are shown for an 8 bit converter in Table 3 . 

Scale ±5VFS Offset Binary 2's Complement 

MSB LSB MSB LSB 
+ FS - 1LSB + 4 .96 1111 1111 0 1 1 1 1111 

+3/4FS + 3.75 1 1 1 0 0000 0 1 1 0 0000 
+ 1/2FS + 2.50 1100 0000 0 1 00 0000 

0 0 .00 1000 0000 0000 0000 
- 1 /2 FS - 2.50 0100 0000 1100 0000 
- 3/4FS - 3.75 0 0 1 0 0000 101 0 0000 

- FS ~ 1 LSB --4.96 0000 0001 1000 0001 
- FS - 5.00 0000 0000 1000 0000 

TABLE 3 . Binary Coding for 8 Bit Bipola r Converters. 

Offset binary is simply a shifted binary code where Y, FS 
binary corresponds to analog zero . 2's complement coding is 
the same as offset binary except that the MSB is comple· 
mented, resulting in a digital code of all O's corresponding to, 
analog zero . Binary coded decimal or BCD coding is also 
commonly used in converters and is illustrated by the 8 bit 
coding shown in Table 4. In BCD, 4 binary digits are used to 
code each decimal digit . This code can also be used for bipolar 
analog values if a separate sign bit is used .. Other cocjes such as 
gray code, sign-magnitude binary, and 1 's complement are 
sometimes used but are not as common as the codes just 
described . 

Scale + 10VFS BCD 

MSD LSD 

+ FS - 1LSD + 9 .9 100 1 100 1 
+ 3/4FS + 7.5 0 1 1 1 0 101 
+ 1/ 2FS + 5.0 0 101 0000 
+ 1/4FS + 2.5 0 0 1 0 0 101 
+ 1 LSD + 0.1 0000 0001 

0 0.0 0000 0000 

TABLE 4 . BCD Coding for 2 Digit Unipola r Converter. 

D/A CONVERTERS 

In add ition to being used as a basis for a large fraction of all 
A/ D converters that are manufactured, D/A converters have a 
large number of important uses in their own right. Among 
these uses are computer driven CRT displays, digitally con · 
trolled power supplies for automatic test equipment, digital 
generation of analog waveforms , and digital control of 
automatic process control systems. 

DIGITAL 
INPUTS 

FIGURE 13. Diagram of a D/A Converter . 

CURRENT 
~-----<>OUTPUT 

--;c;iVOLTAGE 
OUTPUT . 

PRECISION 
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Although there ex ists a large array ot techniques for accom
plishing digital to analog conversion, the methods discussed 
here will be limited t o the most commonly used pa rall el 
convers ion methods . The basic configuration of a D/ A 
converter, o r DAC, is shown in Figure 13. A digital interfacing 
circuit converts the logic input~ to the control levels of a set of 
switches . These operate in conjunction with a precision 
resistor ladder network to give binary weighted currents or 
voltages ; the ladder network is referenced to a stable precision 
voltage source . The output of the ladder network is the sum of 
all the binary weights in the form of a voltage or current . In 
the figure a current output ladder is shown . The two types of 
DI A converters are current output DAC's and voltage output 
DAC's. For current output types, the current output of the 
ladder is brought out as the output of th e converter ; for 
voltage output types the current goes to an operational 
amplifier current-to-vo·ltage converter circuit . In most high 
speed applications a current output DAC is used since there is 
always some loss of speed due to current-to-voltage conver
sion . 

A frequently used method of achieving a binary weighted set 
of currents is the circuit shown in Figure 14. A series of 
transistor current sources has its collector currents set by 
emitter resistors with values of R, 2R, 4R, BR, etc. A stable 
reference voltage, compensated for the base to emitter voltage 
variation with temperature, is used to bias the bases of all of 
the transistors and thus set up constant emitter currents . The 
current source transistors are switched on or off by logic 
inputs connected through diodes to the emitters. Depending 

FIGURE 14. Weighted Current Source D/A Converter. 

on the logic level at each .diode input, the current will flow 
either through the diode or through the transistor. The 
weighted currents are summed at the collectors of all the 
transistors and become either the current output of the 
converter or the current input to an operational amplifier as 
shown in the diagram. Alternatively, to preserve the high speed 
of the current output, a resistor can be connected to this 
output to convert the current directly to a voltage . This is an 
excellent way of maintaining the speed of the converter but is 
restricted to relatively small full scale voltages of a volt or so, 
due to the limited positive voltage swing of the transistor 
collectors. 
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The weighted current source method has the advantage of 
simplicity and high speed . Current output DAC's of this type 
can also be used in configurations where one or more units are 
used to sum their output currents together directly . The 
disadvantage of this method is the wide range of resistance 
values required for a high resolution converter and the 
resultant effect on both temperature tracking and speed . 
Nevertheless, high resolution converters with high speed can be 
made by using several groups, With 4 or 5 current sources each, 
and dividing down the current output of each group. This is 
illustrated in Figure 15 which shows 3 groups of current 
sources with resistive current dividers following groups 2 and 
3 . If each group has 4 binary current sources , then the div iders 
would have to reduce the current outputs of groups 2 and 3 to 
1/ 16 of their original value . 

WEIGHTED 
SOURCES 
GROUP 3 

WEIGHTED 
SOURCES 
GROUP 2 

WEIGHTED 
SOURCES 
GROUP 1 

I • 
8 

FIGURE 15. Groups of Identical Binary Weighted Current Sources 
to Achieve High Resolution . 

Figure 15 also shows the method of achiev ing a bipolar output 
for a D/ A converter . A current source with a current equal t o 
the MSB weight is connected to the output of al I the othe r 
weighted sources . .This offsets the output of the convert er by 
one half the full scale value , thus setting analog zero at one 
half digital full scale . This gives offset binary coding as 
discussed previously . 

A second popular method for D/A conversion is the R-2R 
ladder technique . As shown in Figure 16 th is consists of a 
network of series values of R and shunt values of 2R . The 
bottoms of the shunt resistors are switched between a voltage 
reference source and common . The operation of the ladder 

FIGURE 16. R-2R Network D/A Converter . 

network is based on the binary division of a current as it flows 
down the ladder. This can be seen by examinat ion of the 
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points X and x' in the network. The following conclusions are 
valid: from point X looking to the right a resistance R is seen 
and looking to the left a resistance of 2R is seen; from point 
x' looking to the right a resistance of 2R is seen and looking 
to the left a resistance of R is seen. These properties hold for 
any of the junctions along the ladder. If a 2 R resistor is 
switched to the voltage reference source, the source sees a 
resistance of 2R plus 2R in paralle! with 2R, or 3R total, and a 
current of VREFf3R flows into the junction . At the junction 
this current divides equally, with half flowing to the left and 
half to the right. The right-hand current flows to the next 
junction where it is again divided in half , and so on to the 
right end of the ladder where it becomes part of the total 
output currer;it. The total output current is the sum of all the 
currents from the shunt resistors which are weighted binarily 
with the LSB at the leftmost switch and MSB at the rightmost 
switch. The output of the ladder can be a current, as shown 
going into the operational amplifier input, or it can be a 
voltage appearing at term inal E. 

An alternate way of driving the ladder is by means of equal 
value switched current sources feeding each junction. The 
bottom of the 2R resistors would then be connected to 
common . The result is exactly the same as with the voltage 
source , with each current being divided in half at each 
junction . The advantages of the R-2R method are the 
following : 

1 . All resistors are values of either R or 2 R resulting in easy 
matching and temperature tracking. 

2 . Resistor values can be kept low to ·insure high speed . 
3 . The output amplifier always sees a constant resistance 

value at its input terminal. 

Compared to the weighted current source method the R-2R 
ladder requires two resistors per bit whereas the former 
requires one resistor per bit . 

A/D CONVERTERS 

In analog to digital conversion there is an even larger number 
of methods commonly used than in DI A conversion . This is so 
because A/D conversion, except in the very fastest require
ments, lends itself to many serial methods and indirect 
methods . The discussion here will be limited to 4 widely used 
types of A/D converters vvh ich are available in low cost 
modules. These types are : 

1. Counter or Servo Type 
2. Dual Slope Integrating Type 
3 . Successive Approximation Type 
4 . Parallel Type 

Counter or Servo Type : This type of A/D converter is one of 
the simplest and least expensive to implement. The converter 
is illustrated in simplified form in Figure 17. At the start of 
conversion the clock is gated on, and the digital counter begins 
to count clock pulses. As it counts it changes the output of the 
D/A converter vvhich is compared to the analog in put voltage. 

When the DAC output is equal to the input, the comparator 
changes state and inhibits the clock pulses . At this time 
conversion is complete and the output digital number is 
contained in the output register of the counter. 

TI ME 

Out put fr om DIA Convt rfe r 

FIGURE 17. Counter or Servo Type A/D Converter. 

This converter features simplicity , low cost, and good accuracy 
but has the disadvantage of slow speed . Conversion time is 
proportional to input voltage and is longest for a full scale 
input. In some applications the speed is impr,oved if an 
up-down counter is used, and the converter counts either up or 
down from its previous value rather than resetting to zero. In 
this way the counting converter can follow slowly varying 
inputs. This converter is also called a servo type because of the 
feedback method of controlling the counter. 

Dual Slope Integrating Ty'pe : Integrating A/D converters 
operate by the indirect method of converting a voltage to a 
time period which is then measured by a counter . There are 
several different types of converters_,using the integrating, or 
ramp principle including single ramp, dual ramp, and triple 
ramp vvhich are all variations on the basic principle. The most 
popular and widely used at present is the dual ramp, or dual 
slope type, vvhich is used in most digital voltmeters and digital 
panel meters . The advantages of this method are relatively low 
cost, simplicity, high accuracy and linearity, and excellent 
noise rejection characteristics. 

Conversion starts with the unknown input voltage switched to 
the integrator input. When the output ramp crosses the 
comparator threshold the clock is gated to the counter vvhich 

··~·~~ OUTPUT ! 
' ' 

COM PAR : 
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l--r, --!--r,~ 
FIXED COUNT 

FIGURE 18. Ou•I Slope Type AID Converter. 
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counts up to a predetermined number . At this time the input 
of the integrator is switched to the reference and the counter 
is reset to zero. The integrator then integrates the reference 
back down to the comparator threshold at which time the 
count is stopped . The input voltage is then the ratio of T2 
counts to T 1 counts times the reference voltage , and can be 
read directly from the counter register . 

The dual slope method has a number of important features . 
Conversion accuracy is independent of the clock frequency 
and integrating capacitor value as long as they are stable within 
a conversion period, and depends only on the accuracy and 
stability of the reference . Resolution is basically only limited 
by the analog resolution of the converter. In addition, this 
converter gives excellent noise rejection because of the 
integration operation; in particular, normal mode noise rejec
tion is infinite for T1 equal to a multiple of the period of the 
interfering noise . The main drawback of this method js the 
relatively long conversion time . 

Successive Approximation Type: This conversion method is 
the rtiost widely used in general practice due to its combina
tion of high resolution and high speed. The successive approx
imation converter operates with a fixed conversion time per 
bit, independent of the value of the analog input. The method 
is illustrated in Figure 19 and operates by comparing the in 
put voltage with the DI A converter output. one bit at a time . 

INPUT 

DIGITAL 
OUTPUT 

T IM E 

I 0 I I 0 

FIGURE 19. Successive Approximation Type A/D Converter. 

At the start of the conversion cycle, the D/ A converter's MSB 
output, which is Y, full scale, is compared with the input. If it 
is smaller than the input, the MSB is left on and the next bit is 
tried. If the MSB is larger than the input, it is turned off when 
the next bit is turned on. This process of comparison is 
continued down to the LSB after which the output register 
contains the complete output digital number. Both serial and 
paralll!ll output data can be brought out of this converter and, 
in addition, the conversion can be synchronized to an external 
clock on some units . Speeds as high .as 100 nanoseconds per bit 
can be achieved by this method. Successive approximation 
converters can also be quite accurate, but the accuracy 
depends on the stability of the reference, the switches, the 
ladder network, and the comparator. In the figure it is also 
shown how bipolar operation is accomplished using a precision 
resistor connected from the reference source to the compar-
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ator input, thus subtracting a Y, full scale current from the 
input. Many converters have this resistor built in so that 
bipolar operation can be achieved by external pin connection. 

Parallel Type: While the successive approximation converter is 
capable of speeds as high as 100 nsec. per bit, giving conversion 
rates of 1 MHz for 10 bits, significantly faster conversion must 
be achieved using the parallel technique . This method is 
sometimes referred to as the simultaneous, or flash technique, 
and is capable of 25MHz conversion rates for 4 bits. As shown 
in Figure 20, the method employs an input quantizer com
prised of 2"-1 comparators biased 1 LSB apart by a reference 
voltage. For a given analog input voltage to the comparators , 
all comparators below the input level turn on while all 
comparators above it are off. The quantization process is 
accomplished in the switching time of a single comparator. 

REFERENCE 

3R/2 

R 

R 

R 

R/2 

INPUT 
2n-l 

COMPARATORS 

FIGURE 20. Parallel Type AID Converter . 

DECODER 
BINARY 
OUTPUT 

The comparator outputs, however, are not in the binary code 
and must, therefore, go through a decoder . The parallel 
method has the advantage of the fastest speed but is limited to 
a relatively few bits, usually about 4, due to the large number 
of comparators required . To convert a large number of bits it 
is necessary to employ a hybrid technique whereby. a parallel 
conversion stage is followed by a fast D/A converter , the 
output of which is subtracted from the input voltage, the 
difference amplified and then converted using another parallel . 
stage . This results in a speed compromise but higher resolu
tion . 

There are a number of important parameters used to charac
terize the accuracy of A/ D and D/A converters. Since they 
have specific meanings as applied to con ve rters, these param
eters are defined here . 

Resolution : The smallest analog change that can be distin
guished by an A/ D converter or produced by a DI A converter. 
Resolution is the analog value of the LSB , wh ich is FS/ 2" for 
an n bit binary converter and FS/ 1 od for a d dig it BCD 
converter. Resolution is often specified in percentage of full 
scale, as in a 10 bit converter which has a resolution of 0 .1 %. 
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In many cases the useful resolution of a converter may be less 
than its specified resolution . 
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FIGURE 21 . Gain, Offset, & Linearity Errors. 

Linearity : The maximum deviation from a straight line drawn 
between the end points of the converter transfer function . 
Linearity may be expressed as a percentage of full scale or as a 
fraction of LSB size. The linearity of a good converter is 
±'/2 LSB. See Figure 21 . 
Differential Linearity : The ma ximum deviati on of an actual 
bit si ze from its theoret ical valu e for any bit over the full range 
of the converter . A differential linearity of ±'/, LSB means that 
the si ze of each bit over the range of th e con verter is 1 LSB ± 
'/, LSB. See Figure 22. 

Monotonicity: Having a continuously increasing output for a 
continuously increasing input over the full range of the con 
verter. Monotonicity requires that the differential linearity 
be less than 1 LSB. See Figure 22. 

Missing Code: In an A / D converter this occurs when the out 
put code skips a digit. This happens when the differential 
linearity is greater than 1 LSB for some bit. 

Quantizing Error: The basic uncertainty associated w ith 
digitizing an analog signal due to the finite resolution of an 
A I D converter. An ideal converter has a maximum quantizing 
error of Vi LSB . See Figure 2. 

Relative Accuracy : The input to output error as a fract ion of 
full scal e, with gain and offset errors adjusted to zero . Relative 
accuracy is a function of linearity . 

Absolute Accuracy : The full scale analog error referenced to 
the NBS standard volt : 

Offset Error : The error by which the transfer function fails t o 
pass through the origin , referred t c the analog axis . This is 
adjustable to zero in available converters. See Figure 21 . 

Gain Error or Scale Factor Error : The difference in slope 
between the actual transfer funct ion and the ideal function in 
percent. This error is also adjustable to zero in available 
converters. See Figu re 21. 
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FIGURE 22. Monoton icity and Differential Linearity . 

ANALOG MU LTIPLEXERS 

Analog multiplexer ci rcuits are used for time sharing of analog 
to digital converters between a number of different analog 
information channels . An analog multiplexer consists of a 
group of analog switches arranged with inputs connected to 
the individual analog channels and outputs connected in 
common, as shown in Figure 23. The switc!i'es can be 
addressed by a digital input code. MOSFET switches are 
generally used and may be connected directly to an output 
load if it is a high enough impedance, or to an output buffer 
ampl ifier which provides a very high impedance to the 
switches . Using a fast bipoJar transistor follower amplifier as a 
buffer, an input impedance of 109 ohms is achieved resulting 
in a negligible transfer error due to the switch resistance of 
t ypically 2K ohms . 

EOUtVALENT CI RCU IT 
OF MOSFE T SWITCH 

~ 
ANALOG 
INPU TS 

CH I <>--1>-<' 

2 x 108 

In A 

2K 

MOSFET 
CH 20----t SWITCH . 

: I 
I I 
I I 

CHN i~ I 

J 50 pF 

FIGURE 23 . Analog Mult iplexer Circuit . 

OUTPUT 

Figure 23 shows the equivalent circuit of one of the MOSFET 
switches which is characteri zed by series and shunt resistan~e . 
shunt capacitance and a leakage current . Differential analog 
multiplexing can also be accomplished by using two MOSFET 
switches for each input channel. 
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There are several important parameters used to characterize 
analog multiplexers which are defined below. 

Transfer Accuracy : The input to output error as a percentage 
of the input. Transfer accuracy depends on the source 
impedance , switch resistance, load impedance if the multi· 
plexer is not buffered, and the signal frequency. 

Settling Time : Same definition as discussed earlier. Here it 
includes the switching time of the switches. 

Throughput Rate : The highest rate at which the multiplexer 
can switch from channel to channel at its specified accuracy . 
This rate is determined by the settling time . 

Crosstalk : The amount of signal coupled to the output as a 
percentage of input signal applied to all OFF channels 
together. The inverse of the above is expressed as an 
attenuation in dB. 

Input Leakage Current : The highest current that flows into or 
out of an OFF channel input terminal due to switch leakage . 

SAMPLE AND HOLD CIRCUITS 

Some of the properties of sam,Jle and hold circuits were 
discussed in the section on sampling theory . Here the circ-•Jit 
configurations and operating parameters will be · discussed. 
Sample and hold circuits are used in conjunction with both 
AID converters and DI A converters. With AID converters they 
are used to shorten the aperture time for the converter by 
rapidly sampling the input signal and then holding its value 
until the conversion is completed. In the case of DIA 
converters they are used in display applications to remove 
" glitches" which appear at the output of all DAC's as they 
change from one analog level to another. 

As described before , a sample and hold in its basic form 
consists of a switch and a capacitor. When the switch is closed 
the unit is in the sampling or tracking mode and will follow a 
changing input signal. When the switch is opened the unit is in 
the hold mode and retains a voltage on the capacitor for some 
period of time depending on capacitor and switch leakage . 

I ol I bl 

FIGURE 24. Sample and Hold Circuit Configurations . 

Practical sample and hold circuits also use input and output 
buffer amplifiers and sophisticated switching techniques. The 
output buffer amplifier must be a low input current FET 
amplifier in order to have as small an effect as possible on the 
leakage of the capacitor. Likewise, the electronic switch used 
must be a low leakage type such as an FET switch . Figure 24 
illustrates two sample and hold circuit configurations which 

1020G Turnpike Street , Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 16111 s2s.aooo 
TW X: 710-348-0135 TELEX : 924461 

are commonly used . Circuit (a) is used for fast sample and 
holds and is an open loop configuration using fast voltage 
follower amplifiers. For very fast circuits a diode bridge type 
sampling switch is used . Circuit (b) is a closed loop configura· 
tion with an operational integrator in the feedback path of the 
input buffer amplifier. This circuit results in extremely good 
accuracy and I inearity. 

Sample and holds are characteri zed by a number of important 
parameters, each with a specific meaning for these circuits. 
These are defined below. 

Acquisition Time : The time from when the sample command 
is given to the point when the output enters and remains 
within a specified error bana around the input value . At the 
end of the acquisition time the output is tracking the input . 
Note similarity to definition of settling time. 

Aperture Time : The time elapsed between the hold command 
and the point at which the sampling switch is completely 
open . Aperture time is also referred to as turn -off time . 

Aperture Uncertainty Time : The variation in aperture time for 
a sample and hold . The difference between maximum and 
minimum aperture time . 

Decay Rate : The maximum change in output voltage with 
time in the hold mode . 

Feedthrough : The amount of input signal appearing at the 
output when the unit is in the hold mode . Feedthrough varies 
with signal frequency and may be expressed as an attenuation 
in dB . 

AID AND DIA CONVERTER ADJUSTMENTS 

A timing diagram for a typical successive approximation AID 
converter is shown in Figure 25. The start of conversion is 
initiated by a start convert pulse of 30 nsec. minimum 
duration . The EOC (end of conversion) or status output then 
goes high indicating that conversion is in process . The MSB 
output of the DI A converter is turned on to be compared with 
the input voltage, registering a logic "1" at the Bit ·1 parallel 
data output. If the MSB is sma ll er than the input voltage it 
stays on and the logic "1" remains on the Bit 1 output. If it is 
larger than the input, it turns off after the first clock pulse and 
the Bit 1 output goes to logic " O" . After the first clock pulse 
the serial output for Bit 1 appears 011 the serial output pin . 
After the first clock pulse, Bit 2 is compared with the input 
remainder , after the second clock pulse Bit 3 is compared, and 
so on down to Bit 10 in this case . Thus each succeeding bit is 
compared to the remaining input dur ing one clock interval , 
and the true output for that bit appears at the next clock 
interval. At the end of the 10th clock pulse, all parallel bit 
outputs are true and the serial LSB output appears. Also, the 
EOC output returns to logic "O" indicating that conversion is 
complete. The EOC or status output may be used to control 
the sample and hold preceding the AI D converter , since when 
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PRINCIPLES OF DATA 
ACQUISITION AN D CONVERSION 

c6~e~~2o".'.'~m:_:_ - - - o_:i~~:_?~~ - -- - - -- -- - - :::·. 

I 
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E .~~ !L ~o~ 

I 
I 

FIGURE 25. Timing Diagram for 10 Bit A/D Converter. 

it is low the samp le and hold is put in the tracking mode, and 
when it is high , during conversion, the samp le and hold is put 
in the hold mode. 

Most Datel A/D and D/A converters are capable of both 
unipolar and bipolar operation with several analog ranges 
selected by externa l pin connection . Th e commonly used 
ranges are 0 to + 5V, 0 to + 10V, ±2.5V, ±5V , and ±10V. Th e 
digital coding used is binary o r BCD for unipolar operation 
and offset binary or two's complement for bipolar operation . 
All Datel A/ D and D/ A converters have provision for user 
adjustment of full scale and offset in order to obtain optimum 
accuracy in a given application . Figure 26 shows the circuit 
connection necessary to perform the calibration adjustments 
on an A/ D converter . Calibration is accomplished as· follows 
for a unipolar A/ D converter: 

1. Connect a prec1s1on pulse generator to the " Start 
Convert" input termin al. The generator should be set to 
give a pulse width and amplitude as specified in the 
converter data sheet. The repetition rate should be set 
for the conversion time of th e converter . 

- 151/ 

~--~ANALOG 
INPUT 

PRE CI SI ON 
VOLTAGE 

RfFEREN CE 
SOU RCE 

PULSE 
GENERATOR 

OFFSET 
ADJ US T 

+ 1 ~1/ 

GAIN 
ADJUST 

A/ D CO NVERTER 

MSB 

DIGI TAL 
OUTPU TS 

LSB 

L AMP ARRAY 
AN O 

DRIVER 
CI RC UI TS 

FIGU RE 26 . Connections for Calibration of A/D Converter. 

2. Connect a precision voltage reference source to the 
analog input terminal. 

3 . Adjust the output of the voltage reference source to 
zero plus 'h LSB. This voltage is found by multiplying 
the converter full scale voltage range by one half the 
value of z--n for an n bit converter . Adjust the zero 
offset trimming potentiometer until the LSB output 
flickers between lqgic "O" and logic "1". 

4 . Adjust the output from the voltage reference source to 
full scale minus 1 'h LSB. Adjust the gain trimming 
potentiometer until the LSB output flickers between 
logic "O" and logic "1 " . 

In the case of a bipolar A/ D converter the calibration is 
identical except that the first part of step three is mod ified as 
follows : 

3 . Adjust the output from the voltage reference source to 
minus full scale plus 'h LSB. 

The calibration of D/A converters is similar but even simpler . 
Zero digital input is applied to the converter and the offset 
trimming potentiometer is adjusted to give zero analog output. 
The full scale digital input is applied and the gain trimming 
potentiometer adjusted to give analog full scale output minus 
1 LSB. 
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AID Converter 
Rapid Selection Guide 

The Rapid Selection Guide presented below is a capsul e 
summary of all of Datel Systems' A/D converter lines . Be
cause we manufacture the broadest line of A/ D converters in 
the industry, this tabl e is a useful guide for quickly locating 
the converters, by price range and performance, that are best 
suited for your particular application. 

After locating the desired converter series, turn to the follow 
ing pages which present more detailed specifications of the 
various models in tabular form. 

Converter Conversion Conversion See 
Type Series Resolution Method Time Tempco Price Range Page 

ADC-Econo 6 Bits Count Up 50 µsec. 100 ppm/°C $29.95 20 
Low Cost 
General ADC-89A 8 Bits Count Up 100-200 µsec . 50 ppm/°C $69.00 20 

Purpose ADC·D, K 8, 10, 12 Bits Su cc. Approx . 50 µsec . 30-50 ppm/°C $ 79 - $139 20 

ADC-MA 10, 12 Bits Su cc. Approx . 20-40 µsec. 30 ppm/°C $ 95- $145 20 

High 
ADC-149 14 Bits Succ. Approx . 50 gsec. 15 ppm/°C $239.00 22 

Performance ADC-CM 8, 10, 12 Bits Su cc. Approx . 250-350 µsec . 30 ppm!°C $149 - $169 22 

ADC-L, M 8, 10, 12 Bits Su cc.Approx . 4-20 µsec . 10 ppm/°C $135 - $349 22 

ADC-E 8, 10, 12 Bits Dual Slope 312 µsec . - 5 msec. 50 ppm /°C $ 79- $ 99 24 

Dual Slope ADC-ER 8, 10, 12 Bits Dual Slope 43.3-76 .7 msec. 35 ppm/°C $ 79- $ 99 24 

ADC-EP 14 Bits Dual Slope 230 msec. 13 ppm/°C $179.00 24 

ADC-EH 8, 10, 12 Bits Su cc. Approx . 2.0-8 .0 µsec. 30-50 ppm/°C $ 85 - $209 26 

Fast ADC-N, P 8, 10, 12 Bits Succ. Approx . 2.0-4.0 µsec . 20 ppm/°C $275- $325 26 

ADC-SH4B 4 Bits Su cc. Approx . 500 nsec. 200 ppm/°C $ 79.00 26 

ADC-EH12B3 12 Bits Su cc. Approx . 2.0 µsec. 30 ppm/°C $249.00 28 

ADC-G, H 4,6,8, 10Bits Succ. Approx. 400 nsec.-1 .0 µsec. 20-50 ppm/°C $239. $349 28 
Ultra-Fast 

ADC-UH, VH 4, 6, 8 Bits Parallel (Flash) 40-200 nsec. 50 ppm/°C $695-$895 28 

ADC-TV 8 Bits Parallel (Flash) 60 nsec. 100 ppm!°C * 28 

Monolithic ADC-EK 8, 10, 12 Bits Volt. to Freq . 1.25-20 msec. 40 ppmfc $ 13.50. $36 30 

ADC-HX 12 Bits Succ . Approx . 20 µsec. 20 ppm/°C $ 85-$155 30 

ADC-HZ, HS 12 Bits Su cc. Approx . 8 µsec . 20 ppml°C $119 - $195 30 

Hybrid ADC-HC 1,2 Bits Succ. Approx. 300 µsec. 20 ppm/°C 30 

ADC-HF 12 Bits Succ. Approx. 2 µsec . 20 ppmfc 30 

ADC-HU 3 Bits Parallel 20 nsec. 5 ppmfC 30 

*To be announced 
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Lo\N Cost, General Purpose 
AID Converters 

Accuracy Conversion Output 
Model Resolution (% FS) Time Coding (2) Input Ranges 

ADC-Econo. 6 Bits 0.8% 50 µsec. Bin +5,+10, ±2.5, ±5V 

Lowest Cost ADC-89A8B 8 Bits 0 .2% 200 µsec. Bin 0 to +1 0V, ±5V 

ADC-89A8D 2 Digits 0.5% 100 µsec. BCD 0 to + 10V 

Low Cost 
ADC-DSB 8 Bits 0 .2% 

Successive ADC-D10B 10 Bits .05% 50 µsec. Bin, 2C 0 to +10V, ±5V 
Approximation 

ADC-D12B 12 Bits .01% 

Low Cost 
ADC-K8B 8 Bits 0 .2% 

Successive ADC-K10B 10 Bits .05% 50 µsec. Bin, 2C 0 to +10V, ±5V 
Approximation 

ADC-K12B 12 Bits .01% 

ADC-MA10B2A 10 Bits .05% 40 µsec. 

ADC-MA 1 OB2B 10 Bits .05% 20 µsec. 
Bin, 2C 

0 to +5, +10V 
ADC-120Z + Equivalent ADC-MA 12B2A 12 Bits .01 % 40 µsec. ±2.5, ±5, ±1 0V 

ADC-MA 12B2B 12 Bits .01% 20 µsec. 

NOTES: 1. An optional high impedance buffer amplifier is available on special order 
to give 1000 megohms input impedance. Add $20.00 to price. 

2. Coding: Bin = Straight binary or offset binary 
BCD = Binary coded decimal 
2C = Two's complement 
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ADC-ECONOVERTER: This lowest cost mocel is a counting 
type converter with 6 bit resolution and 50 µsec. conversion 
time for a full scale conversion. 

ADC-89A SERIES: These low cost mocels are 8 bit binary or 
2 digit BCD counting type converters with 200 and 100 µsec. 
conversion times respectively. 

ADC-D SERIES : This series uses successive approximation for 
8, 10, and 12 bit reso lut ions with conversion time of 50 µsec. 

ADC-K SERIES : These models are also low cost successive 
approximation types with 8, 10, and 12 bit resolutions and 
30 ppm/"C tempco. 

ADC-MA SERIES : These versatile 10 and 12 bit models 
feature pin programmable operating features with conversion 
times of 40 and 20 µsec. The ADC-MA 12B2A is a pin and 
performance equivalent of the popular ADC-120Z model. 

ALL MODELS : have operating temperature range of O"C to 
70°C; have DTL/TTL compatible outputs; use DILS-1 or 
DI LS-2 dual-in-line strips for sockets. 

See pages 283 and 284 for informa tion on Extended Perform
ance versions. 

Input Power Case Size Price See 
Linearity Impedance Gain Tempco Requirement (inches) (1-9) Page 

1 /2 LSB 4.2 K 100 ppm!°C ±15V, +5V 2 x 2 x 0 .375 $29.95 

1/ 2 LSB 5K 50 ppm/"C ±15V, +5V 3 x 2 x 0 .375 
$69.00 

$69.00 

$ 79.00 

1/ 2 LSB 10 K 50 ppm /"C ±15V,+5V 4x2x0.4 $105.00 

$129.00 

$109.00 

1/ 2 LSB 10 K 30 ppm!°C ±15V,+5V 4x2x0.4 $129.00 

$139.00 

$95.00 

1/2 LSB 2.5, 5, 10 K 30 ppm/°C ±15V,+5V 4 x 2 x 0.4 
$125.00 

51 
(1) $125.00 

$145.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT * Contact nearest Datel sales office for data sheet. 
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High Performance 
AID Converters 

Accuracy Conversion Output 
Model Resolution (% FS) Time Coding (2) Input Ranges 

14 Bits ADC-149-14B 14 Bits .005% 50 µsec. Bin, 2C -10,-20,±5,±10V 

ADC-CM8B 8 Bits 0.2% 250 µsec. 
Low Power 
CMOS ADC-CM10B 10 Bits .05% 300 µsec. Bin - 5,-10,±5, ±10V 

ADC-CM12B 12 Bits . 01 % 350 µsec . 

ADC-L8B 8 Bits 0 .2% 12 µsec. 
High 
Performance ADC-L 10B 10 Bits .05% 16 µsec. Bin , 2C +5, +10, ±5, ±1 av 
Successive ADC-L 12B 12 Bits . 01 % 20 µsec . 
Approximation 

ADC-LSD 2 Digits 0.5% 12 µsec. 
BCD 0 to +5, +10V 

ADC-L 120 3 Digits . 05% 20 µsec . 

ADC-M8B 8 Bits 0.2% 4.0 µsec. 

High ADC-M10B 10 Bits .05% 11.5 µsec; Bin, 2C +5,+10,±5, ±10V 
Performance 

ADC-M12B 12Bits· .01 % 13.0 µsec. Successive 
Approximation ADC-M80 2 Digits 0.5% 4.0 µsec. 

BCD 0 to +5, +10V 
ADC-M12D 3 Digits . 05% 13.0 µsec . 

NOTES: 1. An optional high impedance buffer amplifier is available on special order to give 
10 megohms input impedance. Add $20.00 to price. 

2. Coding: Bin = Straight binary on offset binary 
BCD = Binary coded decimal 
2C = Two's complement 
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ADC-149 -1 48 : This low cost, high resolution converter uses 
the successive approximation method to achieve 14 bit resol
ution with a 15 ppm!°C tempco. Conversion time is 50 µsec. 

ADC-CM SERIES: These 8, 10, and 12 bit converters use 
CMOS circuitry to achieve a low power consumption of 
140mW for portable and remote instrumentation applications. 
These units can operate from either a single +12 to +15V 
supply or from dual ±12 to ±15V supplies. 

ADC-L SERIES: These high performance successive approx
imation converters feature 8, 10, and 12 bit conversions in 
less than 20 µsec. and a low tempco of 10 ppm /"C. Specific 
input voltage ranges must be ordered by model number. 

ADC-M SERIES : These models are also fast, high perform
ance successive approximation converters with less than 13 
µsec. conversion time. Tempco is 10 ppm/"C and input volt
age ranges must be ordered by model number. 

ALL MODELS : have operating temperature range of 0°C 
to 70°C; have DTL/TTL or CMOS compatible outputs; use 
DILS-1 or DILS-2 dual-in-line strips for sockets. 

See pages 284 and 285 for information on Extended Per
formance versions. 

Input Power Case Size Price See 
Linearity Impedance Gain Tempco Requirement (inches) (1-9) Page 

1 LSB 5, 10 K 15 ppm!°C ±15V,+5V 4 x 2 x 0.8 $239.00 55 

$149.00 

1/2 LSB 25, 50 100 K 30 ppm/°C +12to+15V 3 x 2 x 0.8 $159.00 57 

$169.00 

3 x 2 x 0.375 $135.00 

$155.00 

1/2 LSB 10 K (1) 10 ppm/°C ±15V,+5V 4 x 2 x 0.4 $175.00 

$135.00 

$175.00 

3 x 2 x 0.375 $229.00 

$295.00 

1/2 LSB 10 K (1) 10 ppm/°C ±15V,+5V 4 x 2 x 0.4 $349.00 

$229.00 

$349.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT * Contact nearest Datel sales office for data sheet. 
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Dual Slope Integrating 
AID Converters 

Accuracy Conversion Output 
Model Resolution (% FS) Time Coding (2) Input Ranges 

ADC-E8B 8 Bits 0.2% 312 µsec . 
Low Cost 

ADC-E10B 10 Bits . 05% 1.25 msec . S.M. Bin ±1,±5, ±10V Fast 
Integrating ADC-E12B 12 Bits . 01 % 5.0 msec . 

ADC-E8D 2 Digits 0.5% 500 µsec. 
S.M. BCD ±2, ±5, ±10V 

ADC·E12D 3 Digits . 05% 5.0 msec . 

High ADC-EP14B 14 Bits .01 % 230 msec. S.M. Bin ±2V (1) 
Resolution 

ADC-EP16D 4 Digits .0 1% 230 msec. S.M. BCD ±2V (1) 

ADC-ER8B 8 Bits 0.2% 43.3 msec. 

4 Wire ADC-ER10B 10 Bits .05% 43.3 msec. S.M . Bin ±1V (1) 
Ratiometric ADC-ER12B 12 Bits . 01 % 43.3 msec . 

ADC·ER8D 2 Digits 0.5% 76.7 msec. 
S.M. BCD ±2V (1) 

ADC-ER12D 3 Digits . 05% 76.7 msec . 

NOTES: 1. Has four wire ratiometric inputs 

2. Coding : S.M. Bin = Si!;n·magnitude binary 
S.M. BCD = Sign-magnitude BCD 
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ADC-E SERIES : These models feature 8, 10, and 12 bit resol
ution with both binary and BCD coding. Conversion time is 
from 312 µsec. to 5 msec. depending on the resolution. Coding 
is sign -magnitude binary or sign-magnitude BCD. 

ADC-EP SERIES : These high resolution models feature 14 
binary bits or 4 BCD digits with a conversion time of 230 
msec. Temperature coefficient is 13ppm/"C. The analog front 
end of this converter is electrical ly floated from digital ground 
to give ±300V common mode input range with greater than 
100 dB CMR. The input is 4 wire ratiometric with a flying 
capacitor reference input. An auto zeroing circuit stabilizes 
zero drift to less than 1µV/"C. A crystal controlled clock re 
sults in better than 60 dB normal mode rejection to input 
frequency noise. 

ADC-ER SERIES : T his series also features 4 wi re ratiometric 
input along with operation from a single +5V supply . The 
analog input is differential with 70 dB of common mode re
jection. The internal clock can be adjusted for synchronism 
with the power line frequency to give 40 dB of normal mode 
rejection to this noise. Resolution is 8, 10, and 12 bits w ith 
both binary and BCD models. 

ALL MODELS : have operating temperature range of 0°C to 
70"C: have DTL/TTL compatible outputs ; use DILS-1 or 
DI LS-2 dual-in-line strips for sockets. 

See pages 284 and 285 for information on Extended Perform
ance versions. 

Input Power Case Size Price See 
Linearity Impedance Gain Tempco Requirement (inches) (1-9) Page 

$ 79.00 

$ 89.00 

.01 % 100 Meg, 10K 50 ppm!°C ±15V,5V 4 x 2 x 0.4 $ 99.00 

$ 79.00 

$ 99.00 

.01 % 100 Meg . 13 ppm/°C ±15V,+5V 4 x 2 x 0 .8 
$179.00 

65 
$179.00 

$ 79.00 

$ 89.00 

. 05% 100 Meg . 35 ppm/°C +5V 4 x 2 x 0.4 $ 99.00 61 

$ 79.00 

$ 99.00 

THESE CONVERTERS ARE COVERED UNDER GSA CONTRACT *Contact nearest Datel sales office for data sheet. 
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Fast AID Converters 

Conversion Output 
Model Resolution Accuracy Time Coding (1) Input Ranges 

Fast ADC-EH8B1 8 Bits 0.2% 4.0 µ se c. 
Bin , 2C 0 to +10V, ±5V 

8 Bit ADC-EH8B2 8 Bits 0.2% 2.0 µ sec . 

Fast ADC-EH10B1 10 Bit s . 05% 4.0 µ sec . 
Bin, 2C 0 to +10V, ±5V 

10 Bit ADC-EH10B2 10 Bits . 05% 2.0 µsec . 

ADC-EH12B1 12 Bits . 01 % 8.0 µsec . 
Bin , 2C 0 to +10V, ±5V 

ADC-EH12B2 12 Bits . 01 % 4.0 µse c . 

Fast ADC-N10B 10 Bits . 05% 4.0 µ sec . 
Bin 

0 to - 5, - 10V 
10& 12 Bit ADC-N12B 12 Bits . 01 % 4.0 µse c . ±5, ±10V 

Fast ADC-PBB 8 Bits 0.2% 2.0 µse c. 
Bin 

0 to - 5, - 10V 
8 & 10 Bit ADC-P10B 10 Bits . 05% 2.0 µs ec . ±5, ±10V 

4 Bit w. S/H ADC-SH4B 4 Bits 3.0% 500 nsec. Bin 0 to +1V 

OTES: 1. Coding: Bin = Straight binary or offset binary 

2C = Two's complement 
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ADC-EH8B SERIES: These 8 bit successive approximation 
converters feature 4 and 2 µsec. conversion times at low 
cost. Temperature coefficient is 50ppmf C. 

ADC-EH10B SERIES: This series of 10 bit converters uses 
the successive approximation method with 4 and 2 µsec . 
conversion times and 30ppm/'C tempco. 

ADC-EH12B SERIES: These 12 bit models are also succes
sive approximation types with 8 and 4 µsec. conversion 
times . Tempco is 30ppm/'C. 

ADC-N SERIES: This series features 10 and 12 bit models 
both with 4 µsec . conversion times and 20ppmf C tempco. 
Successive approximation is used . 

ADC-P SERIES: These 8 and 10 bit models are successive 
approximation converters both with 2 µsec. conversion 
time and 20ppm/'C tempco . 

ADC-SH4B: This model is a 4 bit A/ D converter with a self
contained sample-hold circuit. Time for both acquisition 
and conversion is 500 nsec . This device is designed for 
optical scanning and fast pulse code modulation applica
tions. 

ALL MODE LS: have operating temperature range of 
0°C to 70°C; have DTL/TTL compatible outputs; use DILS-
1 or DILS-2 dual-in-line strips for sockets. 

See pages 284 and 285 for information on Extended Per
formance versions. 
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Input Power Case Size Price See 
Linearity Impedance Gain Tempco Requirement (inches) (1-9) Page 

1/ 2 LSB 4.45 K 50 ppm!°C ±15V, +5V 2 x 2 x 0 .375 
$ 85.00 

37 
$129.00 

1/2 LSB 2.3 K 30 ppm!°G ±15V,+5V 3 x 2 x 0.375 
$149.00 

39 
$189.00 

1/ 2 LSB 2.3 K 30 ppm!°C ±15V,+5V 4 x 2 x 0 .375 
$169.00 

41 
$209.00 

1/2 LSB 500, 1 K, 2K 20 ppm/"C ±15V, +5V 4 x 2 x 0.8 
$275.00 

$295.00 

1 /2 LSB 500, 1 K, 2K 20 ppm/"C ±15V, +5V 
4 x 2 x 0.4 $305.00 

4 x 2 x 0.8 $325.00 

2% 50 ohms 200 ppm/"C ±15V,+5V 2 x 2 x 0 .375 $ 79.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Date! sales office for data sheet. 
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Ultra-Fast AID Converters 

Conversion Output 
Model Resolution Accuracy Time Coding Input Ranges 

12 Bit, 2 11sec. ADC-EH12B3 12 Bits . 01 % 2.0 µsec . Bin, 2C 0 to +10V, ±5V 

ADC-GSB 8 Bits 0.2% 800 nsec. 
100 nsec./Bit Bin, 2C -5, - 10, ±5, ±10V 

ADC-G10B 10 Bits . 05% 1.0 µsec . 

ADC-H4B 4 Bits 3.0% 400 nsec. 

ADC-HGB 6 Bits 0.8% 600 nsec. 0 to - 5, -10V 
100 nsec./Bit Bin, 2C 

ADC-HSB 8 Bits 0.2% 800 nsec. ±5V, ±10V 

ADC-H10B 10 Bits . 05% 1.0 µsec . 

ADC-VH4B 4 Bits 3.0% 100 nsec. 

Parallel Type ADC-VHGB 6 Bits 0.8% 200 nsec. Bin 0 to -2.56 (1) 

ADC-VHSB 8 Bits 0.4% 200 nsec. 

ADC-UH4B 4 Bits 3.0% 40 nsec. 

Parallel Type ADC-UHGB 6 Bits 0.8% 100 nsec. Bin 0 to -2.56 (1) 

ADC-UHSB 8 Bits 0.4% 100 nsec. 

8 Bit Video ADC-TVSB 8 Bits 0.2% 50 nsec. Bin ±0.25 to ±1 OV (2) 

NOTES: 1. Bipolar versions are also available with ±1.28V input . Add $50.00 to price. 

2. Input can be configured for unipolar operation by user. Input impedance 
is 50 ohms for ±0.25V input. 

3. Coding: Bin = Straight binary or offset binary 
2C = Two's complement 
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ADC.EH12B3: This 12 bit converter with 2 µsec. conversion 
time is the fastest 12 bit modular converter in the industry. 
Unipolar or bipolar operation is achieved by pin connection. 

ADC-G SERIES: These converters feature conversions of 100 
nsec. per bit for 8 and 10 bit conversions with a tempco of 
50 ppmf C. 

ADC.H SERI ES: This series also features 100 nsec. per bit 
for 4 through 10 bit conversions. Tempco is 20 ppmf C. 

ADC-VH SERIES: These models use the parallel (or flash) 
conversion technique to realize a 4 bit conversion in 100 nsec. 
and 6 or 8 bit conversions in 200 nsec. 

ADC.UH SERIES: This series is identical with the VH series 
except for faster conversion speed of 40 nsec. for 4 bits and 
100 nsec. for 6 or 8 bits. 

ADC. TVSB: This soon to be available model is a small circuit 
card made up of hybrid and monolithic components. It per
forms 8 bit conversions at better than 15 MHz rate. 

ALL MODELS: Have operating temperature range of 0° C to 
70° C; have DTL/TTL compatible outputs (ADC-TV8B has 
ECL compatible outputs); use DILS-1 or DILS-2 dual-in-line 
strips for sockets (ADC-TV8B uses a standard edge connector) . 

6 

See pages 284 and 285 for information on Extended Perform· 
ance versions. 

Input Power Case Size See 
Linearity Impedance Gain Tempco Requirement (inches) Price (1-9) Page 

1/2 LSB 1.15 K 30 ppmfc ±15V, +5V 4 x 2 x 0.4 $249.00 43 

50 ppmfC 
4 x 2 x 0.4 $239.00 

1/2 LSB 500, 1 K, 2K ±15V, +5V 
4 x 2 x 0.8 $279.00 45 

4x2x0.4 $279.00 

20 ppmfC 
4 x 2 x 0.4 $299.00 

** 1/2 LSB 500, 1K,2K ±15V, +5V 
4x2x0.4 $319.00 

4 x 2 x 0.8 $349.00 

1/2 LSB $695.00 

1/2 LSB 100 ohms 50 ppmf C ±15V, ±5V 5x3x1.15 $745.00 ** 

1 LSB $795.00 

1/2 LSB $795.00 

1/2 LSB 100 ohms 50 ppm!° C ±15V, ±5V 5x3x1.15 $845.00 47 

1 LSB $895.00 

1/2 LSB 50 ohms (2) 60 ppm/°C ±15V, ±5V 7 .5 x 4.25 x 0 .875 ** 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT *To be announced 
**Contact nearest Date! sales office for data sheet 

and availability. 
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Hybrid and Monolithic 
AID Converters 

ADC-EK SER I ES: This series of monolithic converters are 
integrating devices using the voltage to frequency conversion 
principle. Resolutions of 8, 10, and 12 binary bits and 3 BCD 
digits are offered. An external reference is required. 

ADC-HX SERIES : Th is series of hybrid models offer 12 bit 
conversion in 20 µsec. The units have pin-programmable input 
ranges and short cycling capability. Three temperature range 
versions are available. 

ADC-HZ SERIES : These hybrid converters give 12 bit resolu 
tion in only 8 µsec. conversion time. Pin-programmable input 
ranges and short cycle capability are featured. Short cycling 
results in 10 bit conversion in 6 µsec . and 8 bit conversion in 
4 µsec. Three temperature range versions are available. 

Conversion Output 
Model Resolution Accuracy Time Coding Input Ranges 

ADC-EKSB 8 Bits 0.2% 1.25 msec. Bi n 
New! 

ADC-EK10B 10 Bi ts .05% 5 msec. Bin 
Monolithic 0 to +1 0, ±5V 

ADC-EK12B 12 Bits .01% 20 msec. Bin 
Series 

ADC-EK12D 3 Digits .05% 10 msec. BCD 

ADC-HX12BGC 
New! Hybrid 

ADC-HX12BMR 12 Bits .01 % 20 µsec. CBin, C2C 
0 to +5, +10V 

12 Bit, 20 µsec. ±2.5, ±5, ±1 ov 
ADC-HX12BMM 

ADC-HZ12BGC 
New! Hybrid 

ADC-HZ12BMR 12 Bits .01% 8 µsec. C Bin, C 2C 
0 to +5, +10V 

12 Bit, 8 µsec. ±2.5, ±5, ±1 0V 
ADC-HZ12BMM 

Coming! Hybrid ADC-HS12B ( 1) 12 Bits .01% 8 µsec. C Bin, C2C +5,+1 0, ±2.5, ±5, ±10V 

Coming! 12 Bit ADC-HC12B 12 Bits .01 % 300 µsec . Bin , 2C +5, +10, ±2.5, ±5, ±10V 

Hybird CMOS ADC-HC12D 3 Digits .05% 300 µsec. BCD 0 to +5, +1 0V 

Coming! Hybrid ADC-HF12B 12 Bits .01% 2 µsec . Bin, 2C +5,+1 0, ±2.5, ±5,±10V 

Coming! Hybrid ADC-HU3B 3 Bits 6% 20 nsec. Bin ±2.5V 

NOTES: 1. The ADC-HS12B has an internal sample hold circuit ahead of the 
A/D converter. 

2. Coding : Bin Straight binary or offset binary 
2C Two's complement 
BCD Binary coded decimal 
C Bin Complementary binary or comp. offset Bin 
C2C Complementary two's complement 
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ADC-HS12B: This model combines a 12 bit 8 µsec. converter 
and a sample-hold circuit into a single hybrid package. Coming 
soon. 

ADC-HC SERIES: These models are 12 bit hybrid CMOS de
vices for low power applications. Coming soon. 

ADC-HF12B: This ultra speed hybrid converter provides 12 
bit conversion in just 2 µsec. Coming soon. 

ADC-HU3B: This hybrid model is a 3 bit parallel (flash) type. 
A 3 bit conversion is performed in 20 nsec. Several units may 
be used together to make an ultra fast 8 bit A /D converter. 
Coming soon. 

ALL MODELS: Have operating temperature range of 0°C to 
70° C except for those models specified otherwise; have 
DTL/TTL compatible outputs except for ADC-HC which has 
CMOS compatible outputs; use DI LS-1 or DI LS-2 dual-in-line 
strips for sockets except for ADC-IC and ADC-EK. 

s~N'c 
A/D CONVERTER 
ADC-HZ12BGC 

AID CONVERTER 
ADC-HX12BMR 

Power Case Size See 
Linearity Temp. Range Gain Tempco. Requirement (inches) Price (1-9) Page 

$13.50 

1 /2 LSB 40 ppmf C 
$26.00 

0 to 70C ±5V 24 Pin DIP ** 
$36.00 

$29.00 

0 to 70C $ 85 .00 

1/2 LSB -25 to +85C 20 ppmfC ±15V, +5V 32 Pin DIP $125.00 33 

- 55 to +100C $155.00 

0 to 70C $119.00 

1/2 LSB -25 to +85C 20 ppmfC ±15V, +5V 32 Pin DIP $169.00 33 

-55 to +100C $195.00 

1/2 LSB 0 to 70C 20 ppm/°C ±15V, +5V 32 Pin DIP * ** 
1/2 LSB * 

0 to 70C 20 ppm/°C ±15V, +5V 32 Pin DIP ** 1/2 LSB * 

1/2 LSB 0 to 70C 20 ppm/°C ±15V, +5V 32 Pin DIP * 

0.2% 0 to 70C 5 ppm/°C ±5V ** 32 Pin DIP * 
*To be announced 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT **Contact nearest Datel sales office for data sheet 
and availability. 
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1020G Turnpike Street , Building S 
Canton , Massachusetts 02021 U.S.A. 
TEL: (6171 828-8000 
TWX : 710-348-01 35 TELEX : 924461 

FEATURES 

LOW POWER 16 CHANNEL DATA 
ACQUISITION SYSTEM CONTROL LOGIC 

• Random/Sequential Channel Selection 
.. Gated Inputs for Computer Bus or Party 

Line Operation 
• 16 Channel Capacity-Expandable 
.. Compatibility with Other Datel Modules 

GENERAL DESCRIPTION 

The SCL-1 provides all of the necessary 
control logic that is needed to integrate 
Datel's multiplexer, sample and hold, 
and A/ D converters into a working 16 
channel data acquisition system, all at 
substantial cost savings over prepack
aged systems and with the additional 
choice of speed and performance specs 
of the components. 

The SCL-1 reduces the basic external 
control functions to a simple ready/ 
busy - strobe technique while providing 
both random or sequential channel se
lection modes. Other features include all 
the necessary controls for easy com
puter interfacing such as device select 
and strobe inputs for party line opera
tions. All significant inputs are carried 
through the SCL-1 for system varia
tions. 

The SCL-1 also has provisions for short 
cycle (less than 16 channel operation) 
and provides a frame sync output at 
channel 1 for system expansion. 

A single SCL-1 is capable of handling 
one Model MM-16 analog multiplexer 
for a 16 channel single ended system or 
an MMD-8 analog multiplexer for an 8 
channel differential system. Channel ca
pacity can be expanded, in the incre
ments mentioned above, by simply add
ing MM-16's and SCL-1's. By employing 
the AM-201 instrumentation amplifier, 
a low level differential system can be 
configured for transducer monitoring 
and digital processing. With the excep
tion of the SHM-2, all of Datel Systems' 
sample and hold circuits can be con
nected directly to the SCL-1. Datel's 
selection of ND converters will allow 
for high conversion speeds with 8 bit to 
14 bit resolution . 

Price (1-9) $69.00 

NOTE: 
For low power applications contact 
Datel for information on Model SCL-CM 

DATA ACQUISmON SYSTEM 
PROGRAMMER SEQUENCER 

DEVICE SELECT ----i: 

STROBE ------ol: 

RESET --------' 

4 BIT BINARY 

RANDOM 

ADDRESS { 

MSii 

INPUTS [SB 

BUSY 

SHORT 

CYCLE 

INPUTS {~ 
BLOCK DIAGRAM 

ANALOG 
ONO 

MODEL SCL-1 

SCL-1 
NOTE1 

HSV GNO 

TYP ICAL 16 Channel 
DATA ACQUISITION SYSTEM 

USING THE SCL-1 

•us• 

Bl'M · 1t.'200 
l'OWl!.A SUl'PLV 

COM · 11 

2 

'i 
4 

4 

B 

8 

CHANNEL 
ADDRESS 
OUTPUTS 

(SEQUENCER I 

CONVERT OUTPUT 

FRAME SYNC 

STROBE 

RESET 

} 

CARRY 

CLOCK OUTPUTS 

SEQUENCER 

-HIV 

, •• 2 9 3 4 11 • ,, .. 
20 

: ":i:u~ANMc':.~" ,, .. 

AID 
CONVIATl!.A 

I 
I 
I DIGITAL 
•OVTl'UTS 
I 
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FEATURES 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: !6171 828-8000 
TWX: 710-348-0135 TELEX : 924461 

... 12 Bit Resolution 

... 8 or 20µSec. Conversion 

... Programmable Ranges 

... Internal Buffer Amp. 

... Short Cycle Capability 

... Glass or Metal Package 

GENERAL DESCRIPTION 

The ADC-HX128 and ADC-HZ128 are self
contained, high performance, 12 bit A/D 
converters manufactured with thin-film hy
brid technology. They use the successive ap
proximation conversion technique to 
achieve a 12 bit conversion in 20 and 8 
microseconds respectively. Five input volt
age ranges are programmable by external 
pin connection : 0 to +5V, 0 to +10V, 
±2.5V, ±5V, and ±10V. An internal buffer 
amp I ifier is also provided for applications 
where 100 megohm input impedance is re
quired . 

These converters utilize a fast 12 bit DAC 
consisting of tightly matched monolithic 
quad current switches, a stable nichrome 
thin-film resistor network, and a precision 
zener reference source. The circuit also con
tains a fast monolithic comparator, a mono
lithic 12 bit successive approximation regis
ter, a clock, and a monolithic buffer amplifi
er. The thin-f ilm resistor network is func
tionally trimmed by a laser to precisely set 
the 8-4-2-1 current weighting in the quad 
current switches. The close tracking of the 
thin-film resistor and quad current switches 
result in a differential non I inearity tempco 
of only ±2ppm/°C. Gain tempco is 
±20ppm/°C maximum. 

Both models have identical operation except 
for conversion speed. They can be short
cycled to give faster conversion in lower res
olution applications. Use of the internal 
buffer amplifier increases conversion time 
by 3µsec. , the settling time of the amplifier . 
Output coding is complementary binary, 
complementary offset binary, or comple
mentary 2's complement. Serial data is also 
brought out. The package is a 32 pin her
metically sealed glass or metal case. Six dif
ferent models are offered covering the oper
ating temperature ranges of 0 to 70°C, -25 
to +85°C, and - 55 to + 100°C. 

LOW COST, 12 BIT HYBRID 
ANALOG TO DIGITAL CONVERTERS 

ADC-HX, ADC-HZ SERIES 

• 

A/D CONVERTER 
ADC-HX12BMR 

(ACTUAL SIZE) 

CLOCK CLOCK START 12 11 10 !ii 8 7 6 5 4 l 2 1 T SERIAL 
RATE OUT CONV. LSB MSB M!ft OATA 

~----------~ OU' 

MECHANICAL DIMENSIONS-INCHES (MM) 

GLASS PACKAGE METAL PACKAGE 

l--1.100--J I 121.s1 I _j_ 
_l__I I 
.230 [ 

0 1 T 
--.- ' -200 MAX . I .020 DIA. MAX. (5, 1) 

KOVAR 

~7--" l T-1 
e BOTTOM : SPACES 1.700 

DOT ON TOP ~..,.~~--v-•e_w---,~-t l .
100 

T 
REFERENCES_. :01---~= 
PIN 1 L__ ___J 

r l~~I 1 .1 00 

NOTE; .100 INCH • 2.5mm 

OOTON TOP 
REFERENCES 
PIN 1 
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SPECIFICATIONS, I TECHNICAL NOTES 
(Typical at 25°C, ±15V and +5V supplies unless otherwise noted) 

INPUTS 
Analog Input Ranges, unipolar 
Analog Input Ranges, bipolar 
Input Impedance 

Input Impedance with Buffer 
Input Bias Current of Buffer ... . ... .. . 

Input Overvoltage .. ..... . . . .. . ... . 
Start Conversion 

OUTPUTS 1 

Parallel Output Data 

Coding, unipolar 
Coding, bipolar 

Serial Output Data ........ . •.. .. ... 

End of Conversion (Status) ....... .. . . 

Clock Output 

PERFORMANCE 
Resolution ......... . ... .. .. ... . . 

Nonlinearity . . . . . ...... . . 

Differential Nonlinearity 
Gain Error, before adjustment 
Zero Error, unipolar, before adj. 
Offset Error, bipolar, before adj. 
Temp. Coeff . of Gain 
Temp. Coeff. of Zero, unipolar 
Temp. Coeff. of Offset, bipolar 
Diff. Nonlinearity Tempco . _ 
No Missing Codes 
Conversion Time 2 • 12 bits . 

10 bits' 
8 bits' 

Buffer Settling Time, lOV step 
Power Supply Rejection . 

POWER REQUIREMENT 

PHYSICAL-ENVIRONMENT AL 
Operating Temperature Range . 

Storage Temperature Range 
Package Size . . . . . . . . 

Package Type . 
Pins .. 

Weight . 

NOTES : 

1. All digital outputs can drive 2 TTL loads. 
2. Without buffer ampl ifier used . 

0 to +5V , 0 to +10V FS 
±2.5V , ±5V , ±10V FS 
2.5K (0 to +5V , ±2.5V) 
5K (0 to +10V, ±5V) 
10K (±10V) 
100 Megohms 
125nA typ ., 250nA max . 
±15V 
2V m in. to 5.5V max. positive pulse with 
du ration of 100nsec. min. R ise and fall 
times < 30nsec. 
Logic " 1" resets converter 
Logic "O" initiates conversion . 

Loading : 1 TTL load 

12 parallel lines of data held unti l next 
conversion command . 

VouT (" O' ' ) .;; +0.4V 
VouT (" 1" ) ;;. +2.4V 
Complementary Binary 
Complementary Offset Binary 
Complementary Two's Complement 
N RZ successive decision pulses out, MSB 
first. Compl. Binary or Campi. Offset 
Binary Coding 
Conversion st.atus signal. Output is logic 
" 1" during reset and conversion and 
logic " O" when conversion complete. 
Train of positive going +5V 1 OOnsec . 
pulses. 600 kHz for ADC-HX 12B and 
1.5MHz for ADC-HZ12B (pin 17 
grounded) . 

12 bits (1 part in 4096) 
±1/ 2 LSB max. 
±1/ 2 LSB max. 
±0.1% 
±.05% of FSR ' 
±0. 1% of FSR 3 

±20ppm /" C max. 
±5ppmi° C of FSR max . 3 

± 1 Opp mi° C of FSR max. 3 

±2ppm /° C of FSR 3 

Over oper. temp. range 

20 µsec. max. I 8.0 µsec. max. 
15 µsec. max . 6.0 µsec. max. 
10 ,usec. max. 4 .0 µsec. ma x. 
3.0 µsec . to .01 % 
.002% I% Supply max . 

+ 15VDC ±0.5V @ 55mA 
- 15VDC ±0.5V @ 45mA 
+ 5VDC ±0.25 @ 100mA 

O to 70° C, - 25 to +85° C, 
or - 55 to +J 00°C 

-55°c to +loo•c 
1.70 X 1.10 X 0.2 inches (Glass) 
1.74 X 1.14 X 0.2 inches (Metal) 
Hermetically sealed glass or metal 
Kovar 
0.42 oz . (glass) , 0.53 oz . (metal) 

3. FSR is full scal e range and is 10V for 0 to +10V or ±5V input and 20V for ±10V input . 

4. Short cycled operation . 

It s ec d p p 
pins both be bypassed to ground with a .01µF 
ceramic capacitor in parallel with a 1µF electro
lytic capacitor and the +5V power input pin be 
bypassed to ground with a 10µF electrolytic 
capacitor as shown in the connection diagrams. In 
addition, pin 27 shou ld be bypassed to ground 
with a .01µF ceramic capacitor. These pre
cautions will assure noise free operation of the 
converter . 

2. Digital Common (pin 15) and Analog Common 
(pin 26) are not connected together internally, 
and therefore must be connected as directly as 
possible externally . It is recommended that a 
ground plane be run underneath the case between 
the two commons. Analog ground and ± 15V 
power ground should be run to pin 26 whereas 
digital ground and +5V ground should be run to 
pin 15. 

3 . External adjustment of zero or offset and gain are 
provided for by trimming potentiometers con
nected as shown in the connection diagrams. The 
potentiometer values can be between 10K and 
100K ohms and shou ld be 100ppm/° C cermet 
types (such as Datel Systems TP series). The ad
justment range is ±0.2% of FSR for zero or offset 
and ±0.3% for gain . The trimming pots should be 
located as close as possible to the converter to 
avoid noise pickup. In some cases, for example 8 
bit short-cycled operation , external adjustment 
may not be necessary . 

4. Short cycled operation results in shorter conver
sion times where the conversion can be truncated 
to less than 12 bits. This is done by connecting 
pin 14 to the output bit following the last bit 
desired. For example for an 8 bit conversion, pin 
14 is connected to bit 9 output . Maximum con
version times are given for short--cycled conver
sions of 8 or 10 bits. In these two cases the clock 
rate is also speeded up by connecting the clock 
rate adjust (pin 17) to +5V (10 bits) or +15V (8 
bits). The clock rate should not be arbitrarily 
speeded up to exceed the maximum conversion 
rate at a given resolution, however, or missing 
codes will result . 

5. Note that output coding is complementary cod· 
ing. For unipolar operation it is complementary 
binary and for bipolar operation it is comple
mentary offset binary or complementary 2's com
plement . In cases where bipolar coding of offset 
binary or 2's complement is required, this can be 
achieved by inverting the analog input to the con
verter (using an op amp connected for gain of 
- 1.0000). The converter is then calibrated so that 
- FS analog input gives an output code of 0000 
0000 0000, and +FS-1 LSB gives 1111 1111 
1111 . 

6. These converters dissipate approximately 2 watts 
of power. The case to ambient thermal resistance 
is approximately 25° C per watt . For ambient 
temperatures above 50° C, care should be taken 
not to restrict air circulation in the vicinity of the 
converter. 

ORDERING INFORMATION 

MODEL 

ADC-HX12BGC 
ADC-HX12BMR 
ADC-HX12BMM 
ADC-HZ12BGC 
ADC-HZ12BMR 
ADC-HZ12BMM 

Mating Socket : 

TEMP. 
RANGE CASE 

0 t o 70C GLASS 
- 25 to +85C METAL 
-55 to +100C METAL 

Oto 70C GLASS 
- 25 t o +85C METAL 
-55 to +lOOC METAL 

DI LS-2 (2/converter) 
at $5.00 /pair 

PRICE(l-9) 

$ 85 .00 
$ 125 .00 
$155.00 
$11 9.00 

$169 .00 
$195 .00 

Tr imming Potent iometers: TP2K . TP5K, TP10K , 
TP20K, TP50K or TP100K at $3.00 each 

THESE CONVERTERS ARE COVERED UNDER 
GSA CONTRACT 
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TIMING AND CONNECTION DIAGRAMS 

TIMING DIAGRAM FOR ADC·HX12B, ADC·HZ12B OUTPUT: 101010101010 

~~==~---------------------------------------- · 
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PIN 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

1~ 

16 

T, 

T , 

INPUT/OUTPUT 
CONNECTIONS 

FUNCTION PIN FUNCTI ON 

BIT 12 OUT (LSBI 17 CLOCK RATE 

BIT 11 OUT lB REF . OUT 

BIT 10 OUT 19 CLOCK OUT 

BIT 9 OUT 20 E.O.C. (STATUS) 

BIT BOUT 21 START CONVERT 

BIT 7 OUT 22 COMPAR . INPUT 

BIT 6 out 23 BIPOLAR OFFSET 

BIT 5 OUT 24 lOV INPUT 

BIT 4 OUT 25 20V INPUT 

BIT 3 OUT 26 ANALOG COM 

BIT 2 OUT 27 GAIN ADJUST 

BIT 1 OUT (MSBI 2B +15V POWER 

BIT 1 OUT IMSBI 29 BUFFER OUTPUT 

SHORT CYCLE 30 BUFFER INPUT 

DIGITAL COM . 31 15V POWER 

+SV POWER 32 SERIAL OUTPUT 

ADC·HX12B ADC·HZ12B 
20 µsec . 8.0 µsec . 
1.56 µsec. 0.56 µsec . 

UNIPOLAR OPERATION, 0 TO +lOV BIPOLAR OPERATION, - 5V TO +5V 

16 

15 

13 

" " 
" •O 23 

9 ADCHX12B 
OR 

AOC·HZ12B 

26 

27 

28 

_jl_ 
~--+--e-- •15VOC 

•OK 

100K 

ANALOQ INPUT 
IQ TO >IOVI 

.Ol"F CAPS ARE CERAMIC TVPES 

+SVDC 

--~+-...--+"" 
15 

13 

" 
10 

9 

CODING TABLES 

A0CHX12B 
OR 

AOC·HZ12B 

JL 
.--..--~- · 1 svoc 

•OK 

'<>-1c--<~-.,,.,-.---,. TO 
•OOK 

•OK 
'<>-i,__.0-~'VVlr---+---; TO 

100K 

ANALOG INPUT 
(-SV TO •SV) 

15VOC 

l"F CAPS .0 1 "F CAPS ARE CERAMIC TYPES 

UNIPOLAR OPERATION BIPOLAR OPERATION 

INPUT RANGE 
COMP. 

BINARY CODING 
COMP. COMP. TWO'S 

INPUT VOLTAGE RANGE OFFSET BINARY COMPLEMENT 

0 TO +10V OTO+SV MSB LSB ±10V ±SV ±2.SV MSB LSB MSB LSB 

+9.9976V +4.9988V 0000 0000 0000 +9 .9951V +4.9976V +2.4988V 0000 0000 0000 1000 0000 0000 
+8 .7500 +4.3750 0001 11 11 1111 +7.5000 +3.7500 +1:8750 0001 1111 1111 1001 11 11 11 11 
+7.5000 +3.7500 0011 1111 111 1 +5.0000 +2.5000 +1.2500 0011 1111 1111 1011 111 1 1111 
+5.0000 +2.5000 0111 1111 111 1 0.0000 0.0000 0.0000 0111 1111 1111 1111 1111 1111 
+2.5000 +1.2500 1011 1111 1111 -5.0000 - 2.5000 - 1.2500 1011 1111 11 11 0011 1111 1111 
+1.2500 +0.6250 1101 11 11 1111 - 7.5000 - 3.7500 -1.8750 1101 1111 111 1 0101 1111 11 11 
+0.0024 +0.0012 1111 1111 1110 -9.9951 -4.9976 - 2.4988 1111 1111 1110 0111 111 1 1110 

0.0000 0.0000 1111 11 11 1111 - 10.0000 -5.0000 - 2.5000 1111 1111 1111 0111 1111 1111 
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0 

CONNECTIONS AND CALIBRATION 

DAJEL INPUT CONNECTIONS -
INPUT WITHOUT BUFFER WITH BUFFER 
VOLT. INPUT CONNECT THESE INPUT CONNECT THESE 

RANGE PIN PINS TOGETHER PIN PINS TOGETHER 

0 TO +5V 24 22 & 25 23 & 26 30 22 & 25 23 & 26 29 & 24 
0 TO +10V 24 - 23 & 26 30 - 23 & 26 29 & 24 
±2.5V 24 22 & 25 23 & 22 30 22 & 25 23 & 22 29 & 24 
±5V 24 - 23 & 22 30 - 23 & 22 29 & 24 
±10V 25 - 23 & 22 30 - 23 & 22 29 & 25 

SHORT CYCLE OPERATION 
CONNECTIONS 

8, 10, & 12 BIT CONVERSION 

~ 
RESOLUTION 12 BITS 10 BITS 8 BITS -= 

016 17 +SV ADC-HX12B CONV . TIME 20 µsec. 15 µsec. 10 µsec. 
0 CLOCK 

ADC-HZ12B CONV. TIME 8 µsec . 6 µsec . 4 µsec. RATE ......_.. +lSV _IT,. CONNECT THESE 17 & 15 17 & 16 17 & 28 
SHORT 

PINS TOGETHER 14& 16 14& 2 14& 4 CYCLE 
~ ~ 

TO SELECTED PIN 14 CONNECTION 
DATA OUTPUT PIN 

CLOCK RATE VS. VOLTAGE 
RES. (BITS) PIN 14 TO RES. (BITS) PIN 14 TO 

1 PIN 11 7 PIN 5 

PIN 17 CLOCK RATE 2 PIN 10 8 PIN 4 

VOLTAGE ADC-HX12B ADC-HZ12B 
3 PIN 9 9 PIN 3 
4 PIN 8 10 PIN 2 

ov 600 kHz 1.5MHz 5 PIN 7 11 PIN 1 
+5V 720 kH z 1.8MHz 6 PIN 6 12 PIN 16 

+15V 880 kHz 2.2MHz 

CALIBRATION PROCEDURE 

1. Connect converter as shown in t he Standard Connection d iagrams. Use the CALIBRATION TABLE 
Input Connection Table for the desi red input voltage range and input 
impedance. Apply Start Convert pu lses of 100 nsec. min imum durat ion to pin UNIPOLAR RANGE ADJUST. INPUT VOLTAGE 
21. The spacing of the pulses shou ld be no less than the maximum conversion 

ZERO +0.6 mV ti me. 0 TO +5V 
GAIN +4.9982V 

2. Zero and Offset Adjustments ZERO +1.2mV 
Apply a prec ision voltage reference source between the selected analog input OTO +10V 

GAIN +9.9963V 
and ground. Adjust the output of the reference source to the value shown in BIPOLAR RANGE 
the Calibration Table for the unipolar zero adjustment (zero +Y, LSB) or the 

OFFSET - 2 .4994V 
bipolar offset adjustment (- FS+Y, LSB) . Adjust the trimming potentiometer so ±2.5V 

GAIN +2.4982V 
that the output code flickers equally between 1111 1111 1111 and 1111 1111 

OFFSET -4.9988V 
1110. ±5V 

GAIN +4 .9963V 
3. Full Scale Adjustment OFFSET --9 .9976V 

Change the output of the precision voltage reference source to the value shown ±10V 
GAIN +9.9927V 

in the Calibration Table for t he unipolar or bipolar gain adjustment 
(+FS-1 Y, LSB) . Adjust the gain t rimming potentiometer so that the output 
code flickers equally between 0000 0000 0001 and 0000 0000 0000. 

EXTERNAL CLOCK RATE ADJUSTMENT 
+5V +15V 

~ ~ ~ ~ >2K 17"- ?5K ~? 

CLOCK RATE : CLOCK RATE : 
-'- 600 kHz to 720 kHz (ADC-HX12B) ~ 600 kHz to 880 kHz (ADC-HX12B) 

- 1.5 TO 1.8 MHz (ADC-HZ128) - 1.5 TO 2.2 MHz (ADC-HZ12B) 
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1020G Turnpike Street, Bu1ld 1ng S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 161 71 828-8000 
TWX : 710-348-0135 TE LEX : 924461 

FEATURES 

1JJ> 8 Bit Resolution 

.,. 4.0 & 2.0itsec. Conversion Time 

.,. Unipolar or Bipolar Operation 

.,. Parallel & Serial Outputs 

.,. Low Cost 

GENERAL DESCRIPTION 

The model ADC-EHSB is a fast, 8 bit 
successive approximation type analog to 

digital converter in a compact 
2 x 2 x .375 inch module. These con
verters are low cost devices with appl ica
tion in pulse code modulation systems 
and instrumentation and control sys
tems requiring fast data conversion rates 
up to 400,000 per second. There are 
two models to choose from based on 
conversion speed: ADC-EH8B1 with a 
conversion time of 4.0 µsec . (250 kHz 
rate), and ADC-EH8B2 with a conver
sion time of 2.0 µsec . (416 kHz rate) . 

The high speed in a small size is made 
possible by the use of an MSI integrated 
circuit which provides all the necessary 
successive approximation logic, along 
with other new integrated circuit com
ponents. The analog input range is 
either unipolar 0 to + lOV or bipolar - 5V 
to +5V , determined by external pin 
connection. For unipolar operation no 
external adjustments are necessary; for 
bipolar operation only a bipolar offset 
adjustment must be made externally. 
Parallel output coding is straight binary 
for unipolar operation and offset binary 
or two 's complement for bipolar opera
tion. A seria l output gives successive 
decision pulses in N RZ format with 
straight or offset binary coding. Other 
outputs are clock output for synchroni
zation with serial data, and MSB output 
for two's complement coding. 

Other specifications include full scale 
temperature coefficient of 50 ppm/° C 
max ., long term stability of .05%/year, 
and linearity of ±1/2 LSB . Power re
quirement is ±15VDC and +5VDC. 

The ADC -EH SB 1 & 2 are improved 
versions of Datel's former models ADC
EH 1 & 2, and are identical in all specifi 
cations and pin positions except for a 
small change in input impedance and 
three added output pins for Clock Out, 
MSB Out, and Serial Data Out. 
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FASt 8 BIT 
ANALOG TO DIGITAL CONVERTER 

MODEL ADC-EHBB 

ANALOG 
GROUND 

ANALOG 
INPUT 

BIPOLAR 

OFFSET 

START 
CONVERT 

PRECISION 
REFERENCE 

EOC 
~STATUS! 

SERIAL 

CLOCK 
OUT 

BIT NO 1 1 2 3 4 5 6 1 8 

MECHANICAL DIMENSIONS 

INCHES (MM) 

I
_ .. -2.000-...i 

1so. s1 I 

SIDE VIEW 
~ 

.375 f9,5l 
......,. _______ ~.,.....__j____ 

.020 DIA 1/0 PINS .250 MIN (6,4) 

MSB MSB LSB 

PARALLEL OAT A OUT 

INPUT/O UTPUT CONNECTIONS 

PIN FUNCTION 

1 E.0.C. (STATUS) 
2 SERIAL DATA OUTPUT 
3 START CONVERT 
4 BIT 1 OUT (MSB) 

5 BIT 1 OUT IMSB) .-----'-

0

'-

51

-------, --'-- 2 ooo 1so. 81 

• 11 ------------------ l 
• 18 2 
• 19 3 . ,., . " 0 

0 ' 0 2• ----------------- 8 
BOTTOM VIEW 

0 15 ---------------- 9 
0 •• 

0 " 
0 " 
0 " 0 
• 31 0 
• 32 ---------------- 16 0 

,-1.850 

7 SPACES 
AT .100EACH 

__j__ 1. 150 

_L BSO 
4 SPACES 
AT 100 EACH 

-.- 450 

--T _ _ 2so 
--- .150 

"O" " 

... 1 .. 1-----1 800----1 ..... 1 ~. 100 
!45,7) 

NOTES 
1. Open dots designate omitted pins. 
2. 0.100 inch ; 2.5 mm, 0.150 inch ; 3.8 mm. 

6 
7 
8 
9 

10 
11 
12 
13 
17 
18 
19 
20 
21 
31 
32 

See inside back cover for DATEL sales offices 

BIT 2 OUT 
BIT 3 OUT 
BIT 4 OUT 
SIT 5 OUT 
BIT 6 OUT 
BIT 7 OUT 
BIT 8 OUT (LSBI 
CLOCK OUT 
+5V POWER IN 
+15V POWER IN 
- 15V POWER IN 
POWER GROUND 
BIPOLAR OFFSET 
ANALOG GROUND 
ANALOG INPUT 

Vol 3/37 



SPECIFICATIONS, ADC-EHSB 
(Typical at 25° C, ± 15V & +5V Supplies, unless otherwise indicated) 

INPUTS 

Analog Input Range ................ OV to +10V FS or ±5V FS 

Input Impedance..................... 4.45K ohms ±50 ohms 

Input Ove,..,oltogo.................... ±20V (no damage) 
Start Conversion............ ...... .... 2V min. to 5.SV max. positive pulse with du

ration of 100 nsec. min. Rise and fall timer 

<50 nsec. 

OUTPUTS 

Parallel Output Data .. ............ .. 

Coding. Unipolar Operation .... 

Bipolar Operation ...... . 

logic .. , .. resets converter 
Logic .. 0 .. initiates conversion 
Loading: 1 TTL load 

8 parallel lines of data held until next con
version command. 
V out ("O"I .;; +0.4 V 
V out ("1"1 > +2.4V 
Each output capable of driving up to 4 TTL 
loads. 
Straight Binary, positive true 
Offset Binary, positive true. 

Two's Complement. positive true. 

Serial Output Data ....... ....... .... NRZ successive decision pulse output gener -

ated dur ing conversion, with MSB first . 

Straight binary or offset binary coding. 

Loading: 4 TTL loads 

End of Conversion (EOC) ........ Conversion Status Signal. 
V out l " O" ) .;; +Q.4Vindicates 
conversion t ime completed. 
V out (" 1") ;;. +2 .4V dur ing reset 
and conversion periods. 
Loading : 4 TTL loads. 

Clock Output ....... ... ............ .... Internal clock pulse train of negative 
go ing pulses from +SV to OV gated on 

dur ing conversion time. 

PERFORMArJCE 

Resolution ... ... ........ ..•....... ....... 
Accuracy at 25QC ...... .. . .. ... ..... . 
Linear ity ...... . ....... ................ . . 
Differential Nonlinearity ........ . 
Temp. Coeff. of Gain ..... ....... . 
Temp. Coeff. of Zero, Unipolar 
Temp. Coeff. of Offset, Bipolar 

Loading : 6 TTL loads 

8 Bits (1 part in 2561 
±0 .2% of FS ± 1 / 2 LSB 
± 1/2 LSB 
± 1/2 LSB max. 
± 50ppmf C max. 
± 100µ V/ QC max . 

± 35 ppm of FSf C max. 

Long Term Stability .. ............. ± .05%/year 

Power Supply Rejection ......... ± .02% of FS/% suppl y, max. 
Conversion Time ...... .... ......... . 4.0 µsec . max., ADC· EH881 

2.0 µsec. max .. ADC·EH8B2 

POWER REOU I REMENl 

PHYSICAL·ENVI RONME'll I AL 

Operating Temp. Range . . ... .. ... . 
Storage Temp. Range ...... .... ... . 
Relative Humidity ....... . ....... ... . 
Case Size .. ... .............. ............. . 

Case Material ...... ... .. .... ........... . 
Pins ...... ... ... ..... ..... ..... ..... .•....... , 

Weight ............. ..................... . 

± 15VDC t 0.5V@ 25mA max. 
+5VDC ± 0.25V @ 125mA max . 

0° C to 70QC 

- SSQ c to +as> c 
Up to 1000Ai non-condensing 

2 x 2 x 0.375 inches 150,8 x 50,8 x 9 ,5 mm) 

Black diallyl phthalate per MIL· M·14 

.020" round, gold plated, .250" lg. min. 

2 oz. max. (57g.) 

ORDERING INFORMATION 

ADC-E H8B ...:=:i:=. 

CONVE RSION TIME 

1 = 4.0 µSEC. 

2 = 2. 4 µSEC . 

PRICES ( 1 -9) 

ADC-EH8B1 $ 85.00 

ADC-E H 8B2 $129.00 

MATING SOCKETS : 

DI LS-2 12/MODULE ) $5.00/ PAI R 

TP100TRIMMING POT . $3 .00 EA . 

TIMING DIAGRAM FOR ADC-EHBB Output: 10101010 
~1~=:.:.~------------ -----------------------------------1 

: i • 
- i--10-.1VP. : ~·~~~~~~~~~~~~~~~~~~: .... ~~~~~~~~~~.~~~~~~~~--"' 

SElllAL 
DATA 

I 

--------I 
atT a 

"" 

OUTPUT CODING 
UNIPOLAR 10 TO +10VI 

SCALE INPUT VOLTAGE STRAIGHT BINAR Y 

+FS-1 LSB +g.gsv 11111111 
+7/8 FS +8.75V 11100000 
+3/4 FS +7.50V 1100 0000 
+1/ 2 FS +5.00V 1000 0000 
+1/4 FS +2.50V 0100 0000 
+1 LSB +0.04V 0000 0001 
0 o.oov 0000 0000 

BIPOLAR 1- SV TO +SVI 

SCALE INPUT VOLT AGE OF FSET BIN 2'S COMPLEMENT 

+FS- 1 LSB +4.96V 11111111 0111 1111 
+3/4 FS +3 75V 1110 0000 0110 0000 
+l /2 FS +2.50V 1100 0000 0100 0000 
0 o.oov 1000 0000 0000 0000 

- 112 FS - 2.SOV 0100 0000 1100 0000 
- 3/4 FS - 3 75V 0010 0000 1010 0000 
- FS+l LSB - 4.g6V 0000 0001 1000 0001 
- FS - 5.00V 0000 0000 10000000 

ADC-EH8B CALIBRATION 
+1SVOC 

CONNECTION FOR 
BIPOLAR OPERATI ON 

017 

ONLY ~-----+~ 18 ........_ 
0 19 

0 20 

10on 

BOTTOM 
VI EW 

TRIMMING P'OTENTIOMETElll 
IS 100 Pf'M1•c CERMET TY'f , 
15 TUAN. ORDER DATEL MOOEl. 
TPIOO AT 13.00 EA. 

1. UNIPOLAR - No adjustments are necessary and 100f2 trimming 
pot is not used . Ful l scale and zero are in ternally set to better 

than 112 LSB . Pin 2 1 1s left open . 

2. BIPOLAR - Connect pin 18 l+ 15VDCI to pin 21 through a 
100n trimming potentiometer as shown . Connect a precision 
vo ltage source to pi n 32 and set the input voltage to+ 1 /2 LSB 
or +0.020V. Adjust the trimming potentiometer so that the 

output code flickers equally betvveen 1000 0000 and 1000 0001 : 

For extended temperature range operation, the following suffixes are 
added to the model n

0

umber. C~nsult fac ~ory for pric ing. 

- EX - 25
0 

C to +85Q C operation 
- E XX - H S - 55 C to +85 C operat io n with hermet ically sealed 

semiconductor components. 
NOTE : ADC EHSB1 & 2 replace former models AOC E Hl & 2 and are 
improved models of these units respec t ively. The only difference from 
th e previous models is the 3 addi tional output pins fo r se r;a1 outpu t . 
clock output, and MSB ou tput , and a change in input impedance from 
SK ohms to 4 .4 5K ohms. If the newly used pins (nos . 2, 4 , and 13) cause 
a problem in an existing applicatton. they should be c lipped off . 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEV 1617) 828-8000 
TWX ' 710-348-0135 TELEX' 924461 

FEATURES 
"' 2.0 µsec. Conversion - $189. 
• 4.0 µsec. Conversion - $149. 
• 10 Bit Resolution 
"' Compact 3" x 2" x .375" Module 
• ±30ppmf C max. Tempco 

GENERAL DESCRIPTION 

Model ADC-EH 1 OB is a very fast 10 
bit successive approximation type A/ D 
converter in a compact low profile 
package. Low pricing makes this con
verter an ideal choice for many appli
cations including fast scanning data ac
quisition systems, PCM systems. and 
fast pulse analysis. This converter is 
available in two versions based on con
lfersion speed: ADC-EH10B1 with 4 .0 
µsec. (250kHz rate) and ADC-EH10B2 
with 2.0 µsec. (500kHz rate). 

High speed and moderate power con
sumption (1.7 watts) in a compact size 
(3" x 2'' x .375") are made possible by 
use of an MSI integrated circuit succes
sive approximation programmer / regis 
ter used with 10 fast switching current 
sources driving a low impedance R-2 R 
ladder network. A fast precision com
parator and precision voltage reference 
circuit are also used. 

Operating features include unipolar (0 
to +10V) or bipolar (±5V) operation 
by external pin connection_ The con
verter has a maximum full sca le tem
perature coefficient of ±30ppm f C 
and is monotonic over the full operat
ing temperature range of 0° C to 70° C_ 
External offset and gain adjustments 
are provided for precise calibration of 
zero and full scale_ Parallel output cod
ing is straight binary for unipolar oper
ation and offset binary or two's com
plement for bipolar operation. A serial 
output gives successive decision pulses 
in N RZ format with straight binary or 
offset binary coding _ Other outputs in
clude clock output for synchronizing 
serial da-ta. MSB output for two's com
plement coding, and end of conversion 
(status) signal. All outputs are DTL/ 
TTL compatible_ Power requirement is 
±15VDC and +5VOC_ The ADC
EH10B is also available in extended 
temperature range versions. 

The ADC-EH10B1 is an improved ver
sion of Date I's former ADC-EH 1 OB 
converter_ The ADC-EH10B1 is identi
cal in all specifications and pin posi
tions with the former model except 
for a change in input impedance and 
reduction in +5V supply current. 
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10 BIT, 2.0 AND 4.0µSEC. 
ANALOG TO DIGITAL CONVERTERS 

MODEL ADC-EH10B 

BIPCX..AR 
OFFSET 

START 
CON\IERT 

+>v 
POWER 

-15V GROUND 

1 ~S~A~USI 

15 ~~~A'cxn 

BIT NO I I 2 ] 4 5 6 7 8 9 10 
MS8 wse LSB 

PARAU..EL DATA OUT 

MECHANICAL DIMENSIONS 
INCHES (MM) 

f------:5.000 (76, 2) -----

-,--
SIDE VIEW 37519,51 

--------------~~__t__ 
-u::=-020 OIA. I/0 PINS -u- . 2~0 MIN. (6,41 

10, 5) -r 
• 17-----------------1 . . . . . . . . . . . 
• • oM-------------- 8• 

BOTTOM VIEW 

--r-'-850 

7 SPACES 
AT .100 
EACH 

___1__1150 
2.000 
150,81 

~ 25 -------------9: -,-- 8501 

~ i :~:~ES 
: 32--- -------- --16 : __l__ ~50 

1 2 .800171,ll ., r--100 

NOTE~: 
I OPEN DOTS DESIGNATE OMITTED PINS 
2. 0.100 INCH ::: 2 .51ftm 

See inside back cover for DATEL sales offices 

INPUT/OUTPUT 
CONNECTIONS 

PIN FUNCTION 

E 0 C }STATUS) 
NO CONNECTION 

::S:TARTJ;Q:NVERT 
4 BIT l OUT (MSB) 
5 BIT 1 OUT IMSBI 
6 BIT2 OUT 

BIT 3 OUT 
8 BIT 4 OUT 
9 BIT 5 OUT 
10 BIT6 OUT 
11 BIT 7 OUT 
12 BIT 80UT 
13 81T9 OUT 
14 SIT 10 OUT I LS8) 
15 SERIAL DATA OUT 
16 CLOCK OUT 
17 +SVDC POWER l N 
18 +15VOC POWER IN 
19 - 15VOC POWER IN 
20 POWER GROUND 
21 UNIPOLAR ZERO 
22 BIPOLAR OFFSET. 
23 GAlN ADJUST. 
31 ANALOG GROUND 
32 ANALOG l N 

Vol 3/39 



SPECIFICATIONS, ADC-EH10B 
(Typical at 25° C, • 15V 8o +SV Supplies, unless otherwise indicated) 

INPUTS 
Analog Input Range . 
Input Impedance 
Input Overvoltage 
Start Conversion . . 

OUTPUTS 
Parallel Output Data 

Coding , Unipolar operation 
Bipolar operation 

Serial Output Data .. 

End of Conversion lE OC I 

Clock Outpu t 

PERFORMANCE 
Resolut ion ... . 
Accuracy at 25°C . . 
Nonlinearity ..... 
D ifferential Nonlinear ity . 
Differential Nonl inear ity T.C . 
Temp. Coeff . of Gain ..... 
Temp. Coeff . of Zero, unipolar 
Temp. Coefl. of Offset , bipolar 
Power Supply Reject ion 
Conversion Time .... . . . 

POWER REQUIREMENT 

OV to +10V FS or ! 5V FS 
2 .3K ! 0 .1% 
' 20V . no damage 
2V min. to 5.5V max . positive pulse 
with duration of 100 nsec . min. R ise 
and fall times < 500 nsec . 
Logic " 1" resets converter 
Log ic " Q" initiates conversion 
Loading : 1 TTL load 

10 parallel lines of data held unt il 
next conversio n command . 
V out (" 0"1 .; +0 .4V 
V out (" 1 "I ;> +2.4 V 
Each output capable of driving up to 
4 TTL loads. 
Straight Binary , positive true 
Offset Binary , positive true 
Two's complement , p ositive true 
NAZ successive decision pulse output 
generated during conversion with 
MSB first . 
Straight binary or offset binary, 
positive true coding . 
Loading : 4 TTL loads 
Conversion Status Signal. 
V out ("0"1 .; +0.4V indicates con
version completed . 
V out (" 1") ;> +2.4V during reset and 
conversion . 
Load ing 4 TTL loads 
Internal clock pulse train of negative 
going pulses from +5V to OV gated on 
during co nversion time . 
Loading · 6 TTL loads 

10 Bits ( 1 part in 10241 
! .05% of FS • 1 / 2 LSB. 
i 1/ 2 LSB max . 
! 1/ 2 LSB max . 
:t 1 Oppm /" C max. 
±30ppm /° C max. 
! 100 µV /° C max . 
o20ppm /° C max . 
.01 % FS /% supply , max . 
4 .0µsec . max ., ADC-EH10B1 
2.0 µsec . max ., ADC-EH10B2 

+15VDC ! 0 .5VDC @ 45mA max . 
-15VDC ! 0 .5VDC@ 20mA max. 
+5V DC t 0.25VDC @ 150mA max . 

PHYSICAL-ENVIRONMENTAL 
Operating Temp. Range 
Storage Temp. Range 
Relative Humid ity 
Case Size . 

Case Mater ial 
Pins . 

Weight 

0° C to 70° C 
-25° C to +B5° C 
Up to 100% non-condensing 
3 x 2 x .375 inches 
(76 ,2 x 30 ,8 x 9 ,5mm) 
Black D1allyl Phthalate per MI L -M· 14 
.020" round , gold plated , 
.250" long min . 
3 oz . max . (85g.I 

ORDERING INFORMATION 
PRICES (1-9) 

ADC-EH10B~ ADC-EH10B1 $1 49 .00 
ADC-EH10B2 $189.00 

CONVERSION TIME 
1 = 4 .0 µsec . MATING SOCKETS: 

DILS-2 (2/MODULE) $5.00/PAIR 
2 = 2.0 µsec . TRIMMING POTENTIOMETERS : 

TP20, TP 200, TP20K $3.00 EACH 

TIMING DIAGRAM FOR ADC-EH10B Output: 1010101010 
~~:::,~------------------------------! 

:I I 0 
.....,~90 .... ,,,, 
"I ~c 1 1 ~•Uau.;l-t 

tST lfVS) 1,H,- --------T,---------11,· °"""0W 
I YAllO 

111 11 O 

::~ IO"•ClrP _, ZT1 f-- ~~-~~~ 1 
I' 
'I 

OUTPUT CODI NG 
UNIPOLAR (OV TO +10VI 

SCALE INPUT VOLTAGE STRAIGHT BINARY 

+FS- lLSB +9.9902V , 111 1111 11 
+7 18 FS +8.7500V 1t10 0000 00 
+3 /4 FS +7.SOOOV 1 tOO 0000 00 
+ 112 FS +5.0000V tOOO 0000 00 
• 1/4 FS +2.SOOOV OtOO 0000 00 
+ 1 LSB +0.0098V 0000 0000 01 
0 o.oooov 0000 0000 00 

BIPOLAR (-5V TO +5V I 

SCALE INPUT VOLTAGE OFFSET BINAR Y TWO'S COMPLEMENr 

+FS-lLSB +4.9902V 1111 1111 11 0111 1111 11 
+3 /4 FS +3 7500V 111 0 0000 00 0110 0000 00 
t1 12 FS +2 sooov 1100 0000 00 0100 0000 00 
0 o.oooov 1000 0000 00 0000 0000 00 

-112 FS - 2.5000V OtOO 0000 00 1100 0000 00 
-3 /4 FS - 3.7500V 0010 0000 00 1010 0000 00 
-F S+ 1 LSB - 4.9902V 0000 0000 01 1000 0000 01 
-FS -5.0000V 0000 0000 00 tOOO 0000 00 

·using MSB outpu1 for 8 11 1 

GAIN & OFFSET ADJUSTMENTS 

+ 1~1/ 

ZERO 
ADJ 

21 20K 

-l~V 23 
GAI N 20Il ADJ 

ANALOG 
" GNO 

ANALOG 
IN 

32 

UNIPOLAR OPERATION 

1. Apply STA RT CONVERT pulses to pin 3 (~ 
specifications and t im ing diagram) . 

2 . Applv a precisi on reference voltage source to 
ANALOG IN lpm 32) and ANALO G GROUND 
(p in 31 ). Adiust the output of the voltage refer
ence to Zero •1 /2 LSB 1+4 .9mVI. Adjust the 
zero tr1mm1ng poteni1ometer so that the output 
code fltckers equally between 0000 0000 00 
and 0000 0000 01 . 

3 . Adjust the output of the voltage reference to 
+FS - 1 1/2 LSB t+9.9854V ). Ad1un the GAIN 
tomming potentiometer so that t he output code 
flickers equally between 1111 1111 10 and 
1111 1111 11 . 

OFFSET 
ADJ 

+ l ~I/ 

ANt;g6 <>---~-_,.-v 

ANAL OG <.>-----_,.-v 
IN 

BIPOLAR OPERATION 

1. Apply START CONVERT pulses to pin 3 (see 
specifications and tim ing diagram) . 

2. Apply a precision reference voltage source to 
ANALOG IN (pin 32) and ANALOG GROUND 
(pin 3 1 I. Adjust the output o f the voltage refer
ence to - FS +1/2 LSB ( - 4 .9951VI. Adjust the 
o ffset trimming potentiometer so thal the output 
code flickers equally between 0000 CK>OO 00 
and 0000 0000 O 1 . 

3 AdJust the output of the voltage reference to 
+FS - 1 1/2 LSB (+4 .9854VI . Ad1un the GAIN 
tr imming potentiometer so that the output code 
fltc::kers equally between 1111 1111 10 and 
1111 1111 11. 

For extended temperature range operation, the following suff ixes are 
added to the model number. Consult factory for pr ici ng . 

- EX -25° C to +85° C operat ion 
- EXX- HS -55° C to +85° C operation with hermet ically sealed 

semiconductor components 

NOTE : ADC-EH1081 replaces former Datel model ADC-EH10B and 
is an improved version of the model . The only differences from the 
previous model is the change in input impedance from 1 OK ohms to 
2.3K ohms, and the reduction in SV supply current from 280mA to 
150mA. 

THE ADC-EH10B CONVERTERS ARE COVERED BY GSA CONTRACT 
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1020G Turnpike Street, Buikting S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (617) 828-8000 
TW X: 710-348-0135 TELE X : 924461 

FEATURES 

I> 4.0 µsec. Conversion - $209. 
1> 8.0 µsec. Conversion - $169. 
I> 12 Bit Resolution 
I> 30PPMfC Tempco 
I> Low Profile - 0 .4" High 

GENERAL DESCRIPTION 

Model ADC-EH12B is a 4 microsec
ond, 12 bit successive approximation 
type A/D converter in a low profile 4 
x ~ x 0.4 inch module. This high per
formance converter is priced at about 
half that of other competing models; 
in addition , it consumes only 2.0 watts 
of power, much less than competing 
devices. It is ideal for application in 
PCM systems, data acquisition sys
tems, and other instrumentation and 
control systems requiring very fast 
data conversion rates up to 250,000 
per second . The ADC-EH12B is also 
available in an even lower cost 8.0 
µsec . version . 

The ADC-EH128 design utilizes an 
MSI integrated circuit successive ap
proximation programmer / reg ister, 12 
fast switching current sources , a low 
impedance R-2R resistor network, a 
precision voltage reference circuit , and 
a fast precision comparator to achieve 
its very fast conversion rate . 

Operating features include unipolar (0 
to +1 OV) or bipolar (±5V) operation 
by external pin connection. Full scale 
temperature coefficient is 30ppmf C 
maximum and the converter is mono
tonic over its full operating tempera
ture range of 0° C to 70° C. External 
offset and gain adjustments are pro
vided for precise calibration of zero 
and full scale. Paralle l output coding is 
straight binary for unipolar operation 
and offset binary or two's complement 
for bipolar operation. A serial output 
gives successive decision pulses in NRZ 
format with straight binary or offset 
binary coding. Other outputs include 
clock output for synchronization with 
serial data, MSB output for use in 
two's complement coding, and end of 
conversion (status) signal. All outputs 
are DTL/TTL compatible. 

Power requirement is ±15VDC and 
+5VDC. Extended temperature range 
versions are also available. 

GOLD BOOK 76/TZ. 

12 BIT, 4.0 AND 8.0 p.SEC. 
ANALOG TO DIGITAL CONVERTERS 

MODEL ADC-EH1281, ADC-EH1282 

BIT NO. T I 2 3 4 ' 6 7 8 9 10 11 12 
MSiMSB LSB 

MECHANICAL DIMENSIONS 
INCHES (MM) 

..._ _ _____ 4 0 00 {101 ,6) ______ __, 

PARAUEL DATA OUT 

I SIDE VtEW I ~ 21 

~u~---o-20_0<_A_!IO-Pl-NS----------~u 700 MIN (5 1f 

<0.5) --i-

: 11 ------ ---- -- - - - --- -- - -1: ~1850 

• • 7 SPACES 
• • AT IOO 
: : EACH 

: 24 ---- - --- - ------------ a: _J_1 150 
BOTTOM VIEW 2000 ,,, ________________ -----·= ,-.. , T 

o • 7 SPACES g : AT 100 

: 32 -------- - ------ - ---- 16 : .i\50 

f r.i~, ~f-100 0 
NOTES : 
1. OPEN DOTS DESIGNATE OMITTED PINS 
2 0 100 INCH : 2 5mm 

See inside back cover for DATEL sales offices 

INPUT /OUTPUT 
CONNECTIONS 

PIN FU NCT ION 

1 E.0.C. (ST A TUSJ 
2 CLOCK OUT 
3 BIT 1 OUT (MSBI 
4 SER IAL OATA OUT 
5 BIT 1 OUT (MSBI 
6 BIT 2 OUT 
7 BIT 3 OUT 
B BIT 4 OUT 
9 BIT 5 OUT 
IQ BIT 6 OUT 
11 BIT 7 OUT 
12 BIT 8 OUT 
13 BIT 9 OUT 
14 BIT 10 OUT 
15 BIT 11 OUT 
16 BIT 12 OUT ILSBI 
17 +5V POWER IN 
18 +15V POWER IN 
19 -15V POWER IN 
20 POWER GROUND 
21 UNIPOLAR ZERO 
22 BIPOLAR OFFSET 
23 GAIN ADJUST 
24 START CONVERT IN 
31 ANALOG GROUND 
32 ANALOG IN 
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SPECIFICATIONS, ADC-EH12B 
(Typical at 25° C, ± 15V & +5V Supplies, unless otherwise indicated I 

INPUTS 

Analog Input Range . 
Input Impedance 
Input Overvoltage 
Start Conversion .. 

OUTPUTS 

Parallel Output Data 

Coding, Unipolar operation 
Bipolar operation 

Serial Output Data .. . . 

End of Conversion ( EOCI .. 

Clock Output .. .. .•. • . . 

PERFORMANCE 
Resolution . . . . 
Accuracy at 25°C .. 
Nonlinearity . .. .. 
Differential Nonlinearity . 
Differential Nonlinearity T .C. 
Temp. Coeff. of Gain . . . . . 
Temp. Coeff. of Zero, unipolar 
Temp. Coeff . of Offset, bipolar 
Power Supply Rejection 
Conversion Time .. . .... . 

POWER REQUIREMENT 

OV to +10V FS or ±SV FS 
2.3K ohms ±0.1 % 
± 20V, no damage 
2V min . to 5.5V max . pos itive pulse 
with duration of 100 nsec. min. Rise 
and fall times < 500 nsec. 
Logic "1" resets converter 
Logic "O" initiates conversion 
Loading : 1 TTL load 

12 parallel lines of data held until 
next conversion command. 
V out ("0") .;;; +0.4V 
V out (''1''1 ~ +2.4V 
Each output capable of driving up to 
4 TTL loads. 
Straight Binary, positive true 
Offset Binary , pos itive true 
Two's complement, positi ve true 
NAZ successive decision pulse output 
generated during conversion with 
MSB first . 
Straight binary or offset binary, 
positive true coding . 
Loading : 4 TTL loads 
Conversion Status Signal. 
V out (" 0") .;;; +0.4V indicates con
version completed . 
V out (" 1 " I ;;. +2.4V during reset and 
conversion . 
Loading : 4 TTL loads 
Internal clock pulse train of negative 
going pulses from +5V to OV gated on 
during conversion time. 
Loading : 6 TTL loads 

12 Bits 11 part in 40961 
±.012% of FS ± 1 / 2 LSB. 
±1/ 2 LSB max . 
±1/2LSBmax . 
±3ppm/°C max . 
±30ppm /° C max . 
±100µV/° C max . 
±15ppm of F.S./° C max. 
.01 % FS /% supply , max. 
B.0 µsec . max., ADC-EH 12B 1 
4.0 µsec . max., ADC-EH12B2 

± 15VDC ±0 .5VDC@ 40mA max . 
+5VDC ·0.25VDC@ 150mAmax. 

PHYSICAL-ENVIRONMENTAL 
Operating Temp. Range 
Storage Temp. Range . 
Relative Humidity 
Case Size . 

Case Material 
Pins . 

Weight 

ORDERING 
INFORMATION 
ADC-EH 12B_L 

CONVERSION TIME 

1= 8 .0 µsec . 

2= 4 .0 µsec . 

0° C to 70° C 
-25° C to +B5' C 
Up to 100% non-condensing 
4 x 2 x 0 .4 inches 
1101 ,6 x 50,B x 10,2mml 
Black D1allyl Phthalate per MIL-M -14 
.020" round , gold plated , 
.200" long min. 
4 oz . max . 1114 g.) 

PRICES (1-9) 
ADC-EH12B1 
ADC-EH12B2 

$ 169.00 
$209.00 

MATING SOCKETS : 
DILS-212/MODULEI $5.00/PAIR 
TRIMMING POTENTIOMETERS : 
TP20, TP200, TP20K $3.00 EACH 

TIMING DIAGRAM FOR ADC-EH12B Output: 101010101010 

~--:;;:: . .-::..---------------------------------------: 
'" --l!""t'-eCl_I,._ 

~~~I ll! Tr-----------1! 
~II 

~~IOlltKI,.. 
~~c~ i r 

I 

l~-+--'---'--....1....--'--.:.--'--;....--'--~ 
~ ; : i i : I : : : 

: ---:----:- --1 -- -:--- -:--- - : - ---~ ---r:::i-_-_-_-_-:.~ 

I • f 1 Tl 

l OI ;:: ::: : ::: } f0t S!oH C-t! • 100"~ 

OUTPUT CODING 
UNIPOLAR (OV TO +10VI 

SCALE INPUT VOLTAGE STRAIGHT BINARY 

+FS - 1 LSB +9.9976V 1111 11111111 
+7 /B FS +B.7500V 1110 0000 0000 
+3/4 FS +7.SOOOV 11 00 0000 0000 
+1 / 2 FS +5.0000V 1 000 0000 0000 
+1/4 +2 .SOOOV 01 00 0000 0000 
+1 LSB +0 .0024V 0000 0000 0001 
0 O.OOOOV 0000 0000 0000 

BIPOLAR l-5V TO +5VI 

SCALE INPUT V O LTA G E OFFSET BINARY TWO'S COMPLEMENT" 

+FS-1LSB t 4 .9976V 111111111111 0111 1111 1111 
+314 FS +3.7500V 11 t 0 0000 0000 011 0 0000 0000 
+ 1/2 FS +2.SOOOV 11 00 0000 0000 0 t 00 0000 0000 
0 o.oooov 1 000 0000 0000 0000 0000 0000 

-112 FS -2.5000V 0100 0000 0000 11 00 0000 0000 
- 3/4 FS - 3.7500V 0010 0000 0000 1010 0000 0000 
- FS + 1 LSB - 4 .9976V 0000 0000 0001 1 000 0000 0001 
-FS - 5.0000V 0000 000~ 0000 L- 1 000 0000 0000 

'Using MSB output for 811 1 

GAIN & OFFSET ADJUSTMENTS 

+ 15V 

ZEAO 

20 K ,.__AO_J_.._-021 

- 151/ 

GAIN 
ADJ 

~---+-<>23 

20n 

A~g'3o---....... --+-O 31 
ANALOG 32 

IN 

UNIPOLAR OPERATION 

1. Apply ST ART CONV EAT pulses to pm 24 !see 
spec1ftcat1ons and timing d1~raml. 

2. Apply a prec111on reference Yoltage source to 
ANALOG IN (pin 321 and ANALOG GROUND 
lp1n 311. Ad1ust the output of the volt~ refer
ence to Zero •1 /2 LSB (+1 .2mVI . Ad1u5t the 
zero trimming potentiometer 50 that the output 
code flickers equally between 0000 0000 0000 
and 0000 0000 OCX>1 . 

3. Ad1ust the output of the voltage refer ence to 
•FS - 1 1/2 LSB 1+9.9963VI. Ad1ust the GAIN 
tr1mm1n9 potentiometer 50 that the output code 
fhckers equally betWHn 1111 1111 1110 and 
1111 1111 1111 

OFFSET 
ADJ 

+15V 

ANALOG 
GNO <.>----+---+-<..> 

~OGo------+-O 

BIPOLAR OPERATION 

1. Apply START CONVERT pulses to pin 24 (see 
specifications 1nd timing di~ramJ . 

2. Apply a precision reference voHa9f source to 
ANALOG IN lp1n 32) and ANALOG GROUND 
(pin 31 ). Adjust the outpUt of the vohage refer
ence to - FS +1/2 LSB l - 4 .9988VI . Ad1ust the 
offset trimming potentiometer so that the ourput 
code flickers equally betwe.n 0000 0000 0000 
and 0000 0000 0001. 

3 . Adjust the output of the voltage reftt"ence to 
+FS - 1 1/2 LSB 1+4.9854VI. Adjust the GAIN 
tr1mm1ng poten tiometer 50 that the output code 
fl1eken equally bet'Nlffn 1111 1111 1110 and 
1111 1111 1111 

For extended temperature range operation, the following suffixes are 
added to the model number. Consu lt factory for pricing. 

- EX -25° C to +85° C operation 
- EXX-HS -55° C to +85° C operation with hermetically sealed 

semiconductor components 

THE ADC-EH12B CONVERTERS ARE COVERED BY GSA CONTRACT. 

Vol 3/42 See inside back cover for DATEL sales offices Electronic Design's 



FEATURES 

~ 2.0 µsec. Conversion Time 
~ 12 Bit Resolution 
~ Low Power Consumption 2.25W 
~ Low Profile Case - 0.4" High 
~ Economy Price - $249.00 

GENERAL DESCRIPTION 

Model ADC-EH 12B3 is a new, ultra 

fast , 12 bit successive approximation 
A/D converter with a 2.0 microsecond 
maximum conversion time. This con
verter utilizes 12 very fast switched 
current sources with a low impedance 
R-2R ladder network , a fast precision 
comparator , a precision zener refer
ence source , and an MSI integrated cir
cuit successive approximation register 
to achieve its state of the art perfor
mance. It is encapsulated in a low pro
file 2 x 4 x 0.4 inch module and con
sumes only 2.25 watts of power. The 
ADC-EH12B3 opens up a broad range 
of fast data conversion applications 
where conversion rates up to 500,000 
per second are required . 

Input voltage ranges are 0 to + 1 OV 
unipolar or ±5V bipolar by external 
pin connection ; input impedance is 
1.15K ohms. The parallel output is in 
stra ight binary , offset binary , or two's 
complement coding. Serial output data 
is also brought out in the form of 
an NRZ format MSB first pulse train . 
Full scale temperature coefficient is 
±30ppm/°C maximum and zero tem
perature coefficient is ±100 µV /°C 
maximum . Due to its low differential 
linearity temperature coefficient there 
are no missing codes over the 0°C to 
70°C operating temperature range. 
Provision is made for precise alignment 
in a given applic;ation. 

Other DTL/TTL compatible outputs 
include clock, MSB output (for two's 
complement coding), and end of con
version (status) output. Power supply 
requirement is ±15VDC and +5VDC. 

GOLD BOOK 76/77 

ULTRA FAST 12 BIT 
ANALOG TO DIGITAL CONVERTER 

MODEL ADC-EH1283 

CLOCI< 
our BIT NO T I 2 3 4 5 6 7 8 g 10 11 12 

MS8 MS8 LSB 

MECHANICAL DIMENSIONS 
INCHES (MM) 

!------- 4 000 ilOl,6)-------

PARALLEL DATA OUT 

I SlOE VIEW I ~2) 
.... u----o.-o-c.-~-1/-0_P_<N_S _ _ ________ u 200 MIN JS,!) 

'°·" -r-
:11----------------------1 : -i-1 850 
• • 7 SPACES 
e • AT 100 
: : EACH 

: 24---------------- -- --- 8: _l_ll!iO 
BOTTOM VI EW f~ 

INPUT /OUTPUT 
CONNECTIONS 

PIN FUNCTION 

1 E.0 .C. IST ATUSl 
2 CLOCK"'QUT 
3 BIT 1 OUT IMSB) 
4 SERIA OATA OUT 
5 BIT 1 OUT IMSBI 
6 BIT 2 OUT 
7 BIT 3 OUT 
8 BIT 4 OUT 
9 BIT 5 OUT 
10 BIT6 OUT 
11 BIT 7 OUT 
12 BIT 8 OUT 
13 BIT9 OUT 
14 BIT 10 OUT 

~ {LSB) 
IN 

RIN 

~z5---------------------9 : r,:swj 
0 • AT 100 
~ : EACH 

: 32 --------------------16: __1_150 

·1 3800 1'--100° r <••.» I -

NOTES. 
I. OPfN DOTS DESIGNATE OMITTED PINS 
2 0 .100 INCH ; 2.5mm 

See inside back cover for DATEL sales offices 

19 
20 
21 
22 
23 
24 
31 
32 

- 15V POWER IN 

~~~~~~~~~~g-
BIPOLAR OFFSET 
GAIN ADJUST 
START CONVERT IN 
ANALOG GROUND 
ANALOG IN 
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SPECIFICATIONS, ADC-EH12B3 
(Typical at 25°C, ! 15V 8t +SV Supplies, unless otherwise indiceted) 

Analog Input Range . 
Input Impedance 
Input Overvoltage 
Start Conversion . 

Parallel Output Data 

Coding , Unipolar operation 
Bipolar operation 

Seroal Output Data 

End of Conversion IEOCI 

Clock Output 

Resolution . 
Accuracy at 25 'C 
Nonlinearity . 
Differential Nonlinearity . 
Differential Nonlinearity T .C . 
Temp. Coeff . of Gain ..... 
Temp. Coeff . of Zero , unipolar 
Temp. Coeff . of Offset , bipolar 
Power Supply Rejection 
Conversion Time . 

Operating Temp. Range 
Storage Temp. Range 
Relative Hum1d1ty 
Case Size 

Case Material 
Pins 

Weight 

OV to +lOV FS or , 5v FS 
1.15K ohms ! O 1% 

• 20V . no damage 
2V min to 5 .5V max . p osi ti ve pulse 
with duration of 100 nsec . min . Rise 
and fall times < 500 nsec. 
Logic " 1" resets co nverter 
Logic "O" initiates conversion 
Loading 1 TTL load 

12 parallel lines of data held until 
next conversion command . 
V out ("O"I .;; +0.4V 
V out 1"1") · +2.4V 
Each output capable of droving up to 
4 TTL loads. 
Straight Binary . p os1t1ve true 
Offset Binary. p os1t1ve true 
Two 's com plement , positive true 
NAZ successrve decision pulse output 
generated during co nversio n with 
MSB first 
Straight binary or offset binary. 
pos1t1ve true coding 
Loading 4 TTL loads 
Conversion Status Signal 
V out 1··0··1 -. +0.4V 1nd1cates con· 
version completed . 
V out i-· i " ) +2 4 V during rese t and 
conversion 
Loading 4 TTL loads 
Internal clock pulse train of negative 
going pulses from +5V to OV gated on 
during conversio n time . 
Loading 6TTLloads 

12 Bits 11 part in 4096) 
±.0 12% of FS ± 1/ 2 L SB. 
' 1 / 2 LSB max . 
• 1 / 2 LSB max . 
•3ppm/' C max . 
• 30ppm /"' C max . 
± 100 µV / C max . 
•15ppm of F.S.i' C max . 
.01 % FS /% supply , max. 
2.0 µsec . maximum 

+15VDC !0.5V@ SOmA max. 
- 15VDC ! 0 .5V@ 20mA max. 
+5VDC ±0.25V@ 150mA max . 

0 c to 70 c 
-25° C to +85" C 
Up to 100% non-condensing 

4 x 2 x 0 .4 inches 
1101.6 x 50,8 x 10,2mm) 
Black D 1allyl Phthalate pe r MIL·M· 14 
.020" round, gold pl ated, 
.200" long min. 
4 oz . max . 111 4 g.) 

TIMING DIAGRAM FOR ADC-EH12B3 Output 101010101010 

~~oo-:.:-:~----------------------------: 

11 
--:~40~W< lyp 

OUTPUT CODING 
UNIPOLAR IOV TO +10V) 

SCA l E JI NPUT VOLT AG-E-~S-T_A_A_t G_H_T_ B_I N_A_A_Y~ 
- --------+--- ----- ---< 

•FS-1 LSB •99976V 111111111111 
• 718 FS •8 7500V 1110 0000 0000 
•3 /4 FS •7 5000V 1100 0000 0000 
'I /2 F S • 5 OOOOV 1000 0000 0000 
• 114 • 2 5000V 0100 0000 0000 
•1 LSB •00024 V 000000000001 
0 0 oooov 0000 0000 0000 

BIPOLAR l - 5V TO +5V) 

SCALE INPUT VOLT AGE OFFSET BINARY 

•FS-1LSB •49976V 111111111111 
•3 /4 FS •3 7500V t 110 0000 0000 
• 1'2 FS •2 5000V 1 1 00 0000 0000 
0 0 oooov 1 000 0000 0000 

-1 12 FS -2 5000V 01 00 0000 0000 
-3 /4 FS - 3 7500V 0010 0000 0000 
-FS•lLSB - 4 9976V 0000 0000 000 1 
-FS -5 oooov 0000 0000 0000 

" Using MSB outpu1 tor 811 1 

TWO'S COMPLEMENT • 

0111 1111 1111 
0110 0000 0000 
01 00 0000 0000 
0000 0000 0000 
11 00 0000 0000 
1010 0000 0000 
1 000 0000 000 1 
1 000 0000 0000 

GAIN & OFFSET ADJUSTMENTS 

+ l ~V 

ZERO 

2QK >--"'AO'-'J'--+--0 21 

-l~V 

GAIN 
ADJ 20n 

A~~ro----+---+--0 >I 
ANALOG 32 

IN 

UNIPOLAR OPERATION 

1 Apply ST ART CONVERT pulses to pin 24 ls.ee 
specd1ca11ons and 11m1ng diagram ) 

2 Apply a precmon re ference voltage 50\Jrce to 
ANALOG IN (pm 321 and ANALOG GROUND 
!pm 311 Ad1ust the output ol the voltage refer· 
ence to Zaro+ 112 LSB ( • 1 2mVI Ad1uS1 the 
zero tr1mm1ng potentiometer so 1ha1 the output 
code flickers equally between 0000 0000 0000 
and 0000 0000 0001 

3 Ad1ust the output of lhe volt~ reference to 
t FS - 1 112 LSB (t9 9963V) Ad1ust 1he GA IN 
trimming potent1ome1er '° that the output code 
flickers equalty between 1111 1111 1110 and 
111111111111 

OFFSET 
ADJ 

+l~V 

A~,;gc; 0-------+-0 
AN~OG<>------+~ 

BIPOLAR OPERATION 

1 Apply STA RT CONVERT pulses to pin 24 (see 
s.i>ec1hcat1ons and t1mmg diagram). 

2 Apply a precmon reference vohage source to 
ANALOG IN (pin 311 and ANALOG GROUND 
!pin 311 Ad1ust the output of the voltage refer
ence to - FS t 112 LSB ( 4 9988VI . Ad1ust the 
offset tr1mm1ng potentiometer so that the outpUt 
code flickers equally betWHn (X)()() 0000 0000 
and 0000 0000 QCK}l 

3 AdJust the output of !he voltage reference to 
•FS - 1 1/2 LSB 1+4.98S4VI. Ad1un the GAIN 
trtmmmg potent1ometet so that the output code 
fhc ken equ1lly between 1111 1111 1110 and 
111111111111 

ORDERING INFORMATION 

PRICES (1-9) 
ADC-EH12B3 

For extended temperature range operation, the following suffixes are 
added to the model number. Consult factory for pricing. 

$249.00 

MATING SOCKETS : 
DILS-2 (2/MODULE) $5.00/PAIR 
TRIMMING POTENTIOMETER S: 
TP20. TP200, TP20K $3.00 EACH 

- EX -25° C to +85° C operation 
- EXX - HS -55° C to +85° C operation with hermetically sealed 

semiconductor components 

THE ADC-EH12B3 CONVERTER IS COVERED UNDER GSA CONTRACT. 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX: 924461 

FEATURES 

~ 8 and 10 Binary Bit Versions 
~ 100 nsec/bit Conversion Time 

~ ±1/2 LSB Linearity 
~ Four Input Ranges To Choose From 

GENERAL DESCRIPTION 
The ADC-G Series are 8 or 10 binary 
bit, analog to digital converters offering 
another price breakthrough by Datel 
Systems. The ADC-G Series provide the 
user with a combination of high speed , 
moderate high resolution, and compact 
size, all for a cost well below competing 
units. All this is made possible by the 
use of a proprietary modified successive 
approximation conversion technique, 
unique packaging methods and volume 
production . 

Both models use the inherently accurate 
successive approximation conversion 
method to compare an unknown analog 
input signal against the output of a 
precision digital -to-analog converter in a 
high gain feedback loop . This method 
guarantees a full monotonic conversion 
and excellent linearity over the full scale 
input range . 

The ADC-G Series is completely self 
contained, consisting of an operational 
temperature compensated voltage refer
ence source, successive approximation 
logic circuitry, output storage register/ 
programmer, an ultra-high speed low 
noise voltage comparator and a pre
cision digital-to-analog converter. All 
units provide adjustment free operation 
over a temperature range of 0°C to 
+70°C, requiring only D.C. power and a 
start convert command, which will 
interface with DTL or TTL logic levels. 

Numerous other modules are available 
at little cost; these include a narrow 
aperture sample and hold, an eight chan
nel multiplexer, ultra-miniature D .C. 
power stipplies and system programmer. 
These modules are all compatible and 
can be easily integrated into a complete 
multi-channel data acquisition system. 

1 pSEC TOTAL CONVERSION TIME 

ADC-G SERIES 

+5V +15V 

START CLOCK I 2 
CONVERT OUT (MSB) 

POWER 
GNO -15V 

'-----~------1 
DATA OUTPUTS 

BLOCK DIAGRAM 

MECHANICAL DIMENSIONS - INCHES (MM) 

I 
4000!.020110, ,6)------11-r 

S•Of VOi W • __j_ 

0 u .100 M'H 

~ ... . 010 01• 1/ 0 P ins ~ 

.-----------------~ -2.000(50,8) 

::~ -- ---- --- --- - - ~:hl.850 

~ ~~ - - - - - - - - - - - - - - ~ : 7 SPACES 
11 11 !Jo AT.100EACH 

: ~~ - - - - - - - - - - - - - - ~:I .l 
9 0 J-------I. 1.150 

80TTOlll Vl[W 

0 14- - -- --- --- - --· - -
0 1, - - - - - - - - - - - - - - -

' 0 1------r .850 
100 I • 
: ~: 6 SPACES :J: AT .100EACH 

:j, -~] 
.100 J ·--------3. BOO--------~ ~ .100 

X•400!.0 10(5, !l X: B00!.010(10,21 

-PINS AT 
POSITIONS 15 
& 160MITTED 

INPUT/OUTPUT 
CONNECTIONS 

PINS FUNCTION 

e.o.c. lST ATUSI 
INTERNAL CLOCK OUT 
START CONVERT 

• SERIAL OUTPUT 
5 BIT 1 OUT (MSBl 
6 BIT 20UT 
7 BIT 30UT 

BIT {Q:UT 
9 BIT 50UT 
10 BIT60UT 
11 BIT 70UT 
12 BIT BOUT 
13 81T90UT 
14 BIT 100UT 
15 NO CONNECTION 
16 NO CONNECTION 
17 + SV POWER INPUT 
18 +15V POWER INPUT 
19 -1 5V POWER INPUT 
20 POWER GROUND 
21 OFFSET 
22 REFERENCE IN 
23 REFERENCE OUT 
24 ANALOG GROUND 
25 ANALOG INPUT 

AOC-G88 AOC-G108 NOTE 1"0111 I 8 1T UNITS PIN t2 1$ lSB 
FOR 10 BIT UNITS P IN 14 I S LS8 
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SPECIFICATIONS {typical @ 25°C unless otherwise noted) 

ADC - G SERIES AOC -G SERIES 

INPUTS 

OV to - SV FS Range 1 500 l1 NAZ successive decision pulse output 

INPUT VOLTAGE RANGE OV to - 10V FS Range 2 1K fl generated during conversion, with MSB first 

AND INPUT IMPEDANCE , 5v FS R11n9e 3 1K l1 SERIAL OUTPUT V out ("O"I " +0.4V 
' 10V FS Range 4 2K l1 V out ("1 ") < +2.4V 

INPUT DVERVDL TAGE tlSVDC Loading up to 5 TTL loads 

INPUT IMPEDANCE 2K Ohms typ ical PERFORMANCE 

SOURCE CURRENT 5 ma Max . RESOLUTION 
One part in 2" (max . resolution 10 bits) 

2V min . to 7V max . pos itive pu lse 
n "' number of bmary bits 

30 nanoseconds m in . width ACCURACY I@ 25°CI Adj . to !.0.1% .t. 1 / 2 LSB - all models 
START CONVERSION 

Loading, 3 TTL Loads LINEARITY t 1/2 LSB 
(Trigger Comm•nd) 500 nSec 

''l" Resets max . rise LONG TERM STABILITY ±0.1%/6 month per iod 
"O" Starts Conversion time. 

t SO ppm f C TEMPERATURE COEFFICIENT 
DIGITAL OUTPUTS ENCODING TIME. 100 nsec /b1t for all models 

8 or 10 para llel li nes Qf data . held until 1.25 MHz - 8 binary bits 
next conversion command WORO RATE 

1 .0 MHz - 10 binary bits 
PARALLEL OUTPUT DATA V out l"O"I" +0.4V 

V out (" 1 ") > +2.4V + 5 VDC, ±o.25VOC@ 380 ma max . 

Each outpu t capable o f driving up to 6 TTL loads INPUT POWER REQUIREMENTS + 15 voe. ±o.5 voe @ 50 ma max. 

- 15 voe, ±o.5 voe @ 30 ma max . 
Stra ight B inary (Un ipolar Input) 

OUTPUT DIGITAL CODING PHYSICAL ENVIRONMENTAL Offset Binary (Bipolar Input) INVERTED OUTPUTS 121 
Two 's Complement (B ipolar Inpu t) OPERATING TEMPERATURE RANGE 0° to+ 70° C 

Conversion Status Signal STORAGE TEMPERATURE RANGE - 55° C to +85° C 

END OF CONVERSION OUTPUT Conversion Complete - V ou t ("0") .i;;; +0.4V RELATIVE HUMIDITY 
Reset & Conversion Period - V out ( " 1 ") ;;,., +2.4V CASE MATERIAL 111 
Loading up to 5 TTL loads 

Internal clock output PINS 

CLOCK OUTPUT Negat ive going pul se from +5V max . 
Pu lse width 30 nsec SIZE 
Loading up to 6 TTL loads 

WEIGHT 

CODING FOR ADC-G10B SERIES CONVERTERS 

OTO -!W , fS 

ov 

-l.2SY 

- I . 87 SY 

-2.SV+I LS I 

-iLSV 

-2. sv -1 LSI 

- 3 . IZSY 

- 3 . 75V 

- 4 .37 511 

- sv+ I LSI 

RANGE 2 
OTO - 1011, FS 

ov 

-1.zsv 

- 2.s v 

- 3 . 7SV 

-SV+ I LSll 

- OV 

- SY - I LSI 

- e . rsv 

-IOV+ I LSI 

! 511 . FS ! 1011, FS 

+ 1o v 

+3 .7 SV +r.sv 

+z.sv +s.ov 

+ l.2 SV +z. sv 

OY+ I LSI OV+ I LSI 

ov ov 
OV- 1 LSI OV-1 LS I 

- I, Z SV 

- 2.sv - 5. 0V 

- r .sv 
- SY+I LSI - IOV+I LS8 

DIGITAL OUTPUTS 
NOT(~ 

OFFSET 91NARY FOR 
RANGESJAND• 

STRAIGHT BINARY FOR 
RANGES 1 AND2 

000000000000 

001000000000 

0100000 00000 

0 I 10000000 00 

0 I I II I I t I I I I 

100000000000 

100000000001 

101000000000 

I I 00 0 0000000 

I I I 000000000 

II I l I I I I I 11 I 

DIGITAL OUTPUTS 

NOTE 121 
2"SCOMPLEMENTFOR 

RANGESJANO• 

100000000000 

101000000000 

I l 0000000000 

11I000000000 

111111111111 

('100000000000 

000000000001 

001000000000 

010000000000 

Ol 1000000 00 0 

0 I I I 1 I I I I I I I 

Note 2 : Reverse coding sense: Note that the most negative analog input corresponds 
to full scale digital output (11 -1 binary). Normal coding sense can be obtained 
by using an external inverting input amplifier . 

ORDERING INFORMATION 

ADC-G J p:. 
l 

FS Analog Input OUTPUT FORMAT 

Up to 100% non-condensing 

Black Diatlyl Phthalate, per MIL- M - 14 

0 .020" round gold plated 
0 .250" long m in. 

r w x 4"L x 0.4 "H IB b;ts) 
2"Wx4"Lx0.8"H llOb1ts) 

8 oz. max. 
Note (1) : Converters are fully repairable 

GAIN & OFFSET 

EXTERNAL ADJUSTMENT CONNECTIONS 

FOR AOC-G SERIES 

!OQn 

* ' ''UN~ SID£ VIE W 

AL L r!Wt4 POTS ARE ~ IOO PPM/9C 

Connections shown here must be m ade to insure 
proper operation of converter. 

Adjustment Ranges: 

Offset : ± 0 .5% of FS 
Ga in : ± 2% of FS 

PRICE .(SINGLE QUANTITY) 
ADC-GBB . .. . $239.00 
ADC- G10B ... $279.00 

MATING SOCKET 
DILS-2 ... . .... $5.00/pr. 

Number of Bi ts and Coding 

8B 3 8 binary b i ts 
10B =· 10 binary bits 

1 = OV to - 5V 
2 = OV to -10V 

A = STRAIGHT BINARY (UNIPOLAR) 2 req'd per module 
TRIMPOTS ..... $3.00 each B • OFFSET BINARY (BIPOLAR) 

3 = ±5V c = 2'S COMPLEMENT (BIPOLAR) 
4 = ±10V 
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TP100 (100f2) 
TP25K (25 Kf2) 
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1020G Turnpike Street, Budding S 
Canton, Massachuse tts 02021 U .S.A. 
TELo 16171828-l!OOO 

8 BINARY BITS-10 MILLION CONV'S/SEC 
ANALOG TO DIGITAL CONVERTER 

TWX o 710-348-01 35 TELE X o 9 24461 

FEATURES 

~ Smallest Size ... 3"W x 5"L x 1.150"H 
~ Fast Encoding Time .. _ ..... to 40nsec 
~ Excellent Temperature 
~ Coefficient .. ........... ±0.005%/°C 

GENERAL DESCRIPTION 
The ADC-UH series are state-of-the-art ultra 
high speed analog to digital converters consist
ing of three models; six and eight binary bits 
operating at word repetition rates of up to 10 
MHz and a four bit version capable of making 
a conversion every forty nanoseconds. 

In addition to the cost and performance 
advantages of all three models, close attention 
to circuit detail has resu lted in a highly 
reliable converter with relatively low power 
consumption . 

The entire converter is packaged in a black 
anodized aluminum module to provide elec
trostatic shieldi ng. Overall physical size is 
3"Wx5" Lx 1.150" H, or one fifth the size of 
the nearest rival. Power drain has been re
duced to eight watts, which is a fraction of 
competing units and a good measure of the 
ADC-UH series reliability. 

Other features relating to the integrity of the 
circuit design , are i ts low temperature co 
efficient of 50ppmf C and long term stability 
of ±.25%/year . 

Input power requirements are ±15VDC and 
±5VDC. 

Output digital coding is straight binary for a 
unipolar inpu t and inverted offset binary for 
the op tional bipolar input. 

AN ALOG f 17 

INPUT 

18 

POWER 
INPUTS 

MECHANICAL DIMENSIONS (INCHES) 

ANALOG 
INPUT 

ANA LOG 
GROUND 

ADC-UH SERIES 

SIMPLIFIED BLOCK DIAGRAM 

!SEE DETAILED BLOCK DIAGRAM 
ON PAGE 21 

AID CONVERTE R 
MODE L AOC·U HSB 

BIT 1 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

SIT 7 

BI T 8 

START 
CONVERT 

END OF CON V ER SION 

INPUT /OUTPUT 
CONNECTIONS 

DIGITA L 
OUTPUTS 

'r---1 °_;;j----.-----
~ 07001A f 0PINS 

PIN FUNCTION 

1 BIT 4 ILSBI MODEL ADC-UH4B 

CALI BRATION 
TRIMPOTS 

l zEAOAiOJ f F S AiOJ 
•AHAiOJ 

GOLD BOOK 76/77 

· 11 ---- - - --- -- - - - - - - -
.11 --- -- - -- - ------- --

I ... 
"'"' ... 

""' 

ZERO ADJ . AND F.S. ADJ . POT S 
NOT USED IN ADC -UH48. 
' REF . ADJ . POT USED ONLY 
IN BIPOLAR UNITS. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

NOTE S 

See inside back- cover for DATEL sales offices 

BIT 3 
BIT 2 
BIT 1 IMSBI 
START CONVERT 
E.O.C. !STATUS) 
t 15V RETURN l'I 

-151/DC 
+15VDC 
t 5V RETURN Ill 

- SVDC 
.+SVDC 
BIT 5 
BIT 6 ILSBl MODEL ADC·UH6B 
BIT 7 
BIT 8 ILSBl MODEL ADC-UH8B 
ANALOG INPUT 
ANALOG GROUND 111 

1 PIN S ::.1. 10 AND 18 
INTERNALLY CONNE CT ED 

'l CASE ALUMINUM . BLACK 
ANOD I ZED 
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THEORY OF OPERATION 

STAAT 
co~vun 

MODEL ADC-UH8B 
BLOCK DIAGRAM 

s••'" 1 .. oo• c0<0vt•s•..,.. 
coo.vt•s•o" 11oc1 

TECHNICAL DESCRIPTION 

The model ADC-UH8B analog to digital converter em
ploys a two step conversion technique as shown in the 

block diagram. The analog input signal is fed to a 15 line, 
4 bit comparator array (4 bit A/D converter) where the 

four most significant bits are determined. This four bit 
word is then stored in an output register which also 

controls a 4 bit subtracting digital -to-analog converter 
where the analog value of the first four most significant 

bits is subtracted from the analog input. The voltage 
difference is then fed to a second 15 line, 4 bit 
comparator array (4 bit A/D converter) to determine the 

remaining four least significant bits . This 4 bit word is 
then stored in an output register with the four most 
significant bits to complete the conversion cycle. 

As shown in the timing diagram the leading edge of the 
start convert pulse initiates a conversion cycle by acti· 
vating the first stage A/D converter . One hundred and 

MODEL ADC-UH8B 
TIMING DIAGRAM 

MODEL ADC -UH4B 
BLOCK DIAGRAM 

O•GH•~ OU l•u •s 

~ 

S U.IU ( .. OUll.O"'V l •S•""' 
ca..vl•S•O>o •l OCI 

thirty nanoseconds later the End of Conversion pulse will 
go negative indicating the conversion is complete and the 
data is ready at the output. Although the throughput 
delay is 130 nanoseconds a new start convert input pulse 
can be issued at a minimum interval of 100 nanoseconds 
resulting in a maximum word rate of 10 MHz. 

The 10 MHz word rate is made possible by the two stage 
conversion technique which allows a new conversion cycle 
to be started before the prior cycle is completed. 

In transferring an output word, it should be noted that a 
minimum of 15 nanoseconds is allowed for transfer set-up 

while no time is allowed for holding the word after 
transfer . Transfer can be implemented by using a zero 
hold time register such as a SN 74H 106. 

The model ADC-UH4B block diagram shows that the 4-bit 
converter employs a singl e step conversion method and 
does not use the analog difference summing junction. 

STAR T I 
c~ 

~20nsec~ 

MODEL ADC-UH4B 
TIMING DIAGRAM 

"1 

I {mm I ~c;.,7~----. 

~--- "O" 

,._ __ JOnsec ___._..: 

BITS I! lnom.I x_'. __________ E :. 
I 
I 
I 
I 
I 

EOC 
11:----- ~~0"~~-----.---e;J~~~~ 
• I START I'" I I n I I n CONV ERT 

. WIDTH 

--- 0 
ADC-UH4B 

TIMING DIAGRAM 

NOTE NO SAMPL E & HOLD MODULE IS NEEDED FOR A DC·UH•B 
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SPECIFICATIONS (typical@ 25°C, 5 minute warm-up, unless otherwise noted) 
MODEL ADC-UH4B ADC-UH6B ADC-UHSB 
INPUTS: 

Analog Input Range OV to - 2 .560V FS (1) 

Input Overvoltage ±5VDC 

Input Impedance 100 Ohms 

Source Current 25.6 mA 

Start Conversion 2V min . to 5V max. positive pu lse, 40nsec m in. width 
(Trigger Command) positive excursion initiates a conversion 

LOADING : 1 TTL LOAD 

MAXIMUM REPETITION RATE - 10MHz (2) 

DIGITAL OUTPUTS: 

Parallel Output Data 4 parallel lines 6 parallel lines 8 paralle l li nes 

(See coding chart) (4 Binary Bi ts) (6 Binary Bits) (8 Binary Bi ts) 
V out (" 0 " ) .;; +0.4V V out ("0 " ) <;; +0.4V V ou t (" 0 ") .; +0.4V 
V out ("1 " ) ;;. +2.4V V out (" 1 " ) ;;. T2.4V V out 1"1 " ) ;;. +2.4V 

LOAD ING : 4 TTL LOADS LOADING : 4 TTL LOADS LOADING : 4 TTL LOADS 

End of Conversion Posi t ive Pulse , 
Trailing edge (negative transition) indicates conversion compl ete 

LOAD I NG : 12 TTL LOADS 

PERFORMANCE: 

Accuracy @ 25° C ±3% of FS ±0 .8% of FS ±0 .4% of FS 

Long Term Stability ±0 .25%/year 

Resolution 1LSB (160mV) 1 LSB (40 mV) 1 LSB ( 10 mV) 

Linearity ± 1 / 2LSB ± 1 / 2LSB ± l LSB 

Temperature Coefficient ±50ppm f C 

Encoding Time 40 nsec 100 nsec (2) 100nsec (2) 

Word Repetition Rate (MAX.) 25 MHz 10 MHz (2) 10 MHz (2) 

Input Power Requirements + 15VDC, ±0 .2VDC @ 80 mA + l 5VDC , ±0 .2VDC @ 80 mA +15VDC, ±0 .2VDC @ 80 mA 
(See Datel Systems Ultraminiature - 15VDC, ±0 .2VDC @ 9 mA - 15VDC, ±0 .2VDC @ 9 mA - 15VDC, ±0 .2VDC @ 9 mA 
DC Power Supplies - Bulletin +5VDC , ±0 .1VDC @650 mA +5VDC , ±0 .1 VDC @ 780 mA +5VDC . ±0.1VDC @ 1300 mA 
PSC -3-73-1) - 5VDC , ±0 .1 VDC @ 150 mA - 5VDC, ±0 .1VDC @ 170 mA - 5VDC , ±0 .1 VDC @ 250 mA 

PHYSICAL-ENVIRONMENTAL: 

Operating Temperature Range 0° C to +70° C 

Storage Temperature Range - 55° c to +85° c 

Relative Humidity Up to 100% NON-CONDENSING 

Case Pins 0 .0 20 " round gold pl ated PC Board is covered with an alum inum elec t ros tatic 
0 .2 50" long minimum shield and encap su lated . All converters are fully repairable . 

Size 3' Wx5 " Lx1 150" H 

Weight 15 oz. 

NOTES: (1) A Bipolar inpu t (± 1.280V ) is also available. Output data coding w ill be " reverse cod ing se nse" (See be low). When ordering a Bipolar inpu t 
add the number 2 to the model number . 

(2) Models ADC-UH6B and ADC-UHBB have a throughpu t delay of 130 nsec . because of the two stage conversion technique employed .Although th e 
throughpu t delay is 130 nsec both models can start a new conversion every 100 nsec , for a word rate of 10 MHz. See timing diagram for more details . 

OUTPUT DATA CODING 

ADC-UH8B2 Offset Binarv 11 ) 
ADC-UH4B ADC-UHGB ADC-UH BB 

Stra ight Binary Straight Binary Straight Binary 
(8-Bit Shown . 4 & 6-Bit available) Rev e rse coding 

Analog Digital Analog Digital Analog Digi ta l 
Analog Digital sense: Note that 

Input Output 
the mo st neg a- Input Output Inpu t Outpu t Input Output 
tive analog input 1111 - 2.520V 111111 - 2.550V 11111111 - 1.270V 11111111 - 2.400V 
corre spond s to 

- 0 .640V 11000000 full scale output - 1.920V 1100 - 1.920V 110000 - 1.920V 11000000 
- 1.280V 

O.OOOV 10000000 (11 --- 1, binary) - 1.280V 1000 - 1.280V 100000 10000000 

+1.270V 00000001 
-0.160V 0001 -0.040V 000001 -0.0lOV 00000001 

o.ooov 
+1.280V 00000000 

o.ooov 0000 O.OOOV 000000 00000000 
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ANALOG 
INPUT 

{

HI 

LO 

TYPICAL 8-BIT SYSTEM CONFIGURATION 
FOR OBTAINING A TOTAL SYSTEM APERTURE TIME OF 200psec. 

FOR MODEL ADC-UH8B ONLY 

BLOCK DIAGRAM 

SAMPLE & HOLD 
MODEL SHM UH 

SEE BULLETIN 
SUHA4 15309 

HI 

LO 

AID CONVERTER 
MODEL AOC UH8B 

---0 MSB l OIGITAL 

OUTPUT 

t-----ULSB 
~------.r----T-' 

0 
741 2 1 

1/6 7404 
A , A, 

116 740 4 

22pf } TIMING 

51011 PINS 

START 
CONVERT 

6 OR 8-BIT SYSTEM TIMING DIAGRAM 

i-------150n'9C------..i 

-----uENO OF CONVERSI ON 

---.l JSnsec I+-- !min ) I 
I 1~m. I I I 

-SAMPLE II II 
IN PUT __J I I I 

I -------' '---------' 

~ 50nsK-----¥----- 4Snsec ----.l 
'----- ··o· 

lm 1n I I lnom I I 

START I I 
CONVERT------~ ~---------~ '--··1·· 

~--------~ "O" 

-------150nwc tm1n 1-----
~---~----- · 1·· 

E 0 C IS TATUSI 

~--- "Q" 

-------130nsec ____ .., 
(maid 

ADC-UH8B AND SHM-UH INTERCONNECTIONS 

oS 
06 
07 
OB 
09 s1on 

17 
lB 

l v 
io 
JO 
4 0 

EOC 

70 OUTPUT 

BO 
go 

100 
110 
170 

130 
140 
150 
160 

ORDERING INFORMATION PRICES (SINGLE QUANTITY) 

Add suffix 
number 2 for 
bipolar input 

@DPJEL 
~SYSTEMS, INC. 
Printed in U.S.A. 

Vol 3/50 

ADC-UH 

NUMBER OF BITS 
AND CODING 

4B = 4 BINARY BITS 
6B = 6 BINARY BITS 
8B = 8 BINARY BITS 

ADC-UH4B 
ADC-UH6B 
ADC-UH8B 

SAMPLE & HOLD 

$795. 
$845. 
$895. 

MODEL SHM-UH ...... $ 229 

Fo r -2 Version (Bipolar) Add $50. to Price 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 

1020TURNPIKE STREET, CANTON , MASS. 02021 

COPYRIGHT© 1973, DATEL SYSTEMS INC. 

TEL. (6171828-8000 TWX : 710-348-0135 TELEX: 924461 

Bulletin AUHCT15312 

See inside back cover for DATEL sales offices Electronic Design's 



1020G Turnpike Stree t, Bu ild ing S 
Canton, Massachuse tt s 0 202 1 U.S.A. 
TEL : (61 71 828"8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

.... 10 & 12 Bit Resolution 

.... Selectable Input Ranges 

.... 20 & 40 µsec. Conversion Times 

.... Unipolar or Bipolar Operation 

.... Input Buffer Option 
.... Parallel & Serial Outputs 

.... ADC-MA12B1A & ADC-MA12B2A 
Are Equivalents to ADC-12QZ 

GENERAL DESCRIPTION 

The ADC-MA series A / 0 converters consist 

of 10 and 12 bit resolution models with 20 
or 40 microsecond conversion times . These 

un i ts feature high performance and· versa· 

tility at a low price. 

The exceptional versatility o f the ADC-MA 

series is seen in the following features . 
Single-ended input voltage ranges of 0 to 

+5V, 0 to +10V, ±5V, and ±10V are pin se· 

lectable by the user . In addition, an internal 
high input impedance buffer amplifier is 

available as an option . Th is amplif ier gives an 

input impedance of 1000 megohms on all 

voltage ranges. Without the amplifier the in 

put impedances are 2.5K, 5K, and 10K ohms 

on 5V , 10V, and 20V full scale ranges respec

tively . Digital output data is available in 
either parallel form or serial NRZ format 

vvith synchronizing strobe pulses. Serial data 
is straight binary for unipolar operation and 

offset binary for bipolar operat ion . Parallel 

data is straight binary for unipolar operation 
and offset binary or two's complement for 

bipolar operation. The AOC-MA units can 

operate either internally or externally 

clocked. In addition, the internal clock rate 
can be decreased by use of ah externa l 
capacitor. 

The ADC-MA series uses the successive 

approximation t~chnique to achieve excel · 
lent linearity , speed, and stability. Tempera
ture coefficient is held to ±30ppm/°C for 
gain and ±5ppm/°C for offset in unipolar 
operation. Tight temperature tracking of the 

weighted current sources results in mono
tonic operation with no missing codes over 

the 0° C to 70° C temperature operating 
range . 

Ttiese converters are encapsulated in a 4 X 2 
X 0 .4 inch module with DIP compatible 

.100" pin spacing. Input power require

ments are ±15VDC and +5VDC and are 
1111ailable from Datel's line of modular power 

supJ31ies. All digital inputs and outputs are 
DTL/TTL compatible. 
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SIC.NAl 

O"D 

SIC.NAl 
0UTPUI 

81PQlAR 
OHSET 

C~P~T 

GENERAL PURPOSE, 
ANALOG· TO· DIGITAL CONVERTERS 

OUTL__:jUT 

NO"MillllY 
JVMPERE O 

ADC-MA SERIES 

AHEAENCE 

SOURCE 

DIGllAL ANALQGCQNVERl[R 

PillRAl.lfl O•T•Ov1Pu1s 
18115 11illNO17ARE OM>ITEOO N 

REFERENCE 

f-----r :n ~~~~ 1 

SE"•illlOilllA 
OlJ! PUI 

NOTE : Pins 3 & 23 are connected internally. Pin 30 must be 
externally connected to either pin 3 or 23. 

MECHANICAL DIMENSIONS 
INCHES (MM) 

l 
s10E v1 rw 

I 
"""" t 

I 

·~ "o 

l 
, .. 

0 . "~ NOTE : Open . 0 dots designate . .,. 
11:;.u~:n 

· ~ 80110"1 0 &!JOI) omiued pins. 0 0 . ,. 0 r Pins 48 and 50 0 

·~ ... 
are omitted on D D .,, ... 4 00Q•l{llt •I! 0 

°'' 10 bit versions 
0 !i.' • 

""' 0 and pin 52 is ... - "'" 

1r ·o!T .. » 

the LSB. Pin 

'": position to I er· 

~ ance is ±0.005" 
0 from datum, ... 

0 (> 1• ... .t..:t1> 
non·accumule-0 ~ . •• 100 

0 o f"C"' 
tive. 0 '" 0 0 

j 
.. !,/ . 

0 
0 

.u .. ,,. - L 
~ ..; ~ 

PIN 

1 

INPUT /OUTPUT 
CONNECTIONS 

FUNCTION PIN FUNCTION 

Gain Adjust 35 Clocl<I~~ 

1--+ ~I Input 36 Clock Output -l 

~ Signal Gnd. 39 Strobe Output -...-j 
4 ~nal Output 43 E .O.C. (Status> 

5 20 V . Input 48 Bit 12 Out ( LSB ) 

6 10 V. Inpu t 50 Bit 11 Out 

19 Bipolar Offset 52 Bit 10 Out 

20 
~:~~ 

ls4 ~.t90ut --1 
22 1--55 B it 8 Out - ..., 
23 Analog Gnd 58 Bit 7 Out 

25 - 15V Pwr In 61 B• t 6 Out 

27 +15V Pwr In 63 Bit 5 Out 

29 +5V Pwr In 65 Bit 4 Out 

30 Power Gnd 67 Bit 3 Out 

31 Clock Rate 70 Bit 1 Out (MSB) 

32 Serial Output 71 Bit 2 Out 

33 E .O.C. (Status) 72 s ;, 1out1 Mssl1 
34 Start Convert 

See inside back cover for DATEL sales offices Vol 3/51 



SPECIFICATIONS (typical@ 25° C unless otherwise noted) 

INPUTS 
Analog Input Range 

Input Overvoltage 

Input Impedance 

0 to +5 V FS Range 
±SV and 0 to + 1 OV FS Range 
±10V FS Range . 

W it h Optional Input Buffer 

Start of Conversion 

Clock Input 

Clock Rate 

OUTPUTS 
Parallel Output Data 

Coding 
Unipolar Operation 

B ipolar Operation 

Serial Output Data 

Strobe Output 

EOC ( End of Con ve rsion ) 

Clock Output 

Signal Output 

PERFORMANCE 
Resolution 

Accuracy 

Linearity 

Temp. Coeffi cient of Gain 

Temp . Coefficient of Zero 

Unipolar . 

B ipolar 

Conversion T ime, max . 

Power Supply Sensitivity 

(tracking ± 15V supplies) 

Gain 

Zero 

POWER REQUIREMENT 
(with input buffer amplifier) 

PHYSICAL-ENVIRON MENTAL 
Operating Temperature Range 

Storage Temperature Range . 

Relati ve Humidity 

Case Size 

Case Material 

Pins 

Weight 

Mating Sockets (optional) 

Vol 3/52 

ADC -MA10B ADC-MA 128 

0 to +SV FS, 0 to + 10V FS, 
±5V FS, ±10V FS 

± 1 SV without damage to unit 

2 .5K ohms 
SK ohms 

10K ohms 
1000 Megohms 

2.SK ohms 
SK ohms 

10K ohms 
1000 Megohms 

+2V min . to +5.SV max. positive pulse, DC coupled, with 

duration of 100 ~sec. min. Rise and fall times 500 nsec . max . 

Three TTL loads. Logic "1" resets converter. Transition to 
logic " O" initiates co nversion . 

Must be connected to Clock Output to use internal clock. 

Clock Input can also be used with an external c lock . 

Rate is internally set to give maximum conversion rate of 20 

or 40 µsec . per conversion. This time may be increased with 

an external capacitor connected between pin 31 (Clock 

Rate ) and pin 36 (Clock Out) . See conversion time formulas . 

10 Lines of data 12 Lines of data 

Data is held until next conversion command. Each output is 

capab le of driving 5 TTL loads . 

V out (Logic " 0 ") <; +0 .4V 
V out (Logic " 1") ;;. +2 .4V 

Straight Binary , positive true. 

Offset Binary or Two 's Complement , positive true. 

NAZ (non return to zero) successive decision pulse output 

generated during conversion with MSB first . Seria l data is 

straight binary for unipOlar operation and offset binary for 

bipolar operation. Output will drive 10 TTL toads. T wo's 

complement is not available with serial output. 

Available for serial data syn chroni za tion. Serial output is 

usable on strobe pulse leading edges. Will drive 9 TTL loads. 

Conversion status output . Log ic " O" fo r conversion com 

plete, Logi c " 1 " during reset and conve r sion period . W il l 

drive 10 TTL loads. 

Complement of End of Conversion output. Logic " 1 " for 

conversion comp lete and Logic " O" during reset and conver 

sion period . Wil l drive 7 TTL loads. 

Internal clock pulse train output gated on during conve rsion 

time. 

Output of op tional internal buffer ampli fier . 

10 Bits (one part in 1024) 
±.05% FS :!. Y,L SB 

±% LSB 

±30 ppm/° C max. of R eading 

± 5 ppm /
0

; max. of Range 

:! 10 ppm/ C max. of Range 

20 or 40 µsec. 
(dependin g on model) 

±20 ppm / % 

± 10 ppm/% 

12 Bits (one part in 4096) 

±. 012% FS !Y,LSB 

+ Y2LSB 

.!. 3 0 ppm/u C max . o f Reading 

:! 5 ppm/° C max . of Range 

:! 10 ppm/° C max. of Range 

20 or 40 µsec . 
(depending on model) 

±20 ppm /% 

:!: 10ppm/% 

+ 15VDC ±0 .5V @ 40mA , max. 
- 15VDC ±0 .5V @ 45mA , max. 
+ 5V DC ±0. 25V@ 200mA , max. 

0° Cto 70° C 
- 55° C to +85° C 

Up to 100% non ·condensing 

4 " x 2 " x 0.4 " 
Black Diallyl Phthalate per Ml L -M -14 , epoxy encapsulated . 

.020 " round, gold plated, .250" long min. 
8 oz. (227 grams) 
DI LS -2 , 4 required . 

See inside back cover for DATEL sales offices 

T.ECHNICAL NOTES 

The ADC-MA series con tains an internal 

clock which is set to the maximum 

conve rsion rate . This rate may be de

creased by connecting an external capac 

itor between pins 31 and 36. The 

approximate capacito r value to achieve 

the desired conversion time 1s shown in 

the table at th e bottom of the next page. 

The longer conversion time obtained in 

this manner does not improve accuracy 

but 11 does permit compa tibi li ty or 

synchron12ation with interfacing equip

ment for many applications. To use the 

internal clock a jumper must be con

nected between pins 35 and 36. For 

ex ternal clock ing, which may be de

sirable in some applications, the jumper 

is removed and th e external clock ap

plied to pin 35. Use a symmetr ical O to 

+5V square wave wi th a minimum 3 .0 

µsec . period for the 40 µsec . converters 

and a minimum 1.6 µsec. period for the 

20 µsec . converters. The Start Convert 

pulse should have a minimum 100 nsec. 

width and should not be made too long 

since clocking begins on the falling edge 

of this pulse and, therefore, its width is 

part of the total conversion time. 

Analog inputs are connected to pin 6 

for 1 OV ranges and pin 5 for the 20V 

range when the input buffer amplifier 

is not used. The input impedances in 

these cases are 5K ohms and lOK ohms 

respec tively . For the O to 5V range , pin 

5 is connected to pin 20, thus paralleling 
th e two internal 5K resistors to give a 

2.5K ohm input impedance at pin 6. 

The end of convers ion or status pulse is 
available at pin 33 and its complement 

EOC is available at p in 43. Normally the 

EOC output is used to control the mode 

of th e input sample and hold. Serial 

output data is available at pin 32 in 

st raight binary code for unipolar opera 

tion or offset binary for bipolar opera 

t ion . Nonreturn to zero (NRZ) format 

is used and the data is va lid at the 

leading edge of the strobe pulse. Parall el 

data ou tpu t is straight binary for uni · 

polar operation and offset binary or 

two's comp lement for bipolar operat ion . 

Two's comp lemen t 1s obtained by using 

the comp lemented MSB output at pin 

70. 
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TIM ING DIAGRAM FOR ADC-MA12B Output : 0 1010 10101 0 1 

NOTE : For 20µsec , Conversion Time, T = 800 nsec. For 40 µsec . Conversion Time, T = 1.5 µsec . 

CO N VE A S ION 
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OUTPUT DIGITAL CODING, ADC-MA SE RIES 
ADC-MA12B (12 BITS) 

UNIPOLAR INPUT RANGE STRAIGHT 
BINARY 

0 TO +10V FS 0 TO +5V FS MSB LSB 

+9.9976 +4 .9988 111111111111 
+8. 7500 +4.3750 111000000000 
+7.5000 +3.7500 110000000000 
+5.0000 +2.5000 100000000000 
+2.5000 +1.2500 010000000000 
+1 .2500 +0.6250 001000000000 
+0.0024 +0.0012 000000000001 

0.0000 0.0000 000000000000 

ADC-MA lOB ( 10 BITS) 

+9.9902 +4 .9951 11 11111111 
+8.7500 +4.3750 11 10000000 
+7 .5000 +3.7500 1100000000 
+5.0000 +2.5000 1000000000 
+2.5000 +1.2500 0100000000 
+1 .2500 +0.6250 0001000000 
+0.0098 +0.0049 OQOOOOOOOl 

0 .0000 0.0000 0000000000 

EXTERNAL PIN CONNECTIONS 

INPUT BUFFE R INPUT JUMPER JUMPER JUMPER 
RANGE IFS) OPTION TO PIN PIN 4 TO PIN 20 TO PIN 19TO 

OTO +lOV 
WITHOUT 6 - - 23 

WITH 2 6 - 23 

±SV 
WITHOUT 6 - - 20 

WITH 2 6 - 20 

±10V 
WITHOUT 5 - - 20 

WITH 2 5 - 20 

0 TO +SV 
WITHOUT 6 - 5 23 

WITH 2 6 5 23 

BIPOLAR INPUT RANGE OFFSET TWO 'S 

± lOV FS 

+9.9951 
+7.5000 
+5.0000 

0.0000 
- 5.0000 
- 7.5000 
- 9.9951 

- 10.0000 

+9.9805 
+7.5000 
+5.0000 

0.0000 
- 5.0000 
- 7.5000 
- 9.9805 

- 10.0000 

BINARY COMPLEMENT 
±5V FS MSB LSB MSB LSB 

+4.9976 11 1111111111 011111111111 
+3. 7500 111000000000 011000000000 
+2.5000 11 0000000000 010000000000 

0.0000 100000000000 000000000000 
- 2.5000 010000000000 11 0000000000 
- 3. 7500 001000000000 101000000000 
- 4 .9976 000000000001 100000000001 
-5.0000 000000000000 100000000000 

+4.9902 1111 111111 0111111111 
+3. 7500 1110000000 0110000000 
+2.5000 1100000000 0100000000 

0.0000 1000000000 0000000000 
- 2.5000 0100000000 1100000000 
- 3. 7500 0010000000 1010000000 
- 4.9902 000000000 1 1000000001 
- 5.0000 0000000000 1000000000 

CONVERSION TIME 
USING EXTERNAL CAPACITOR 

Th e ex ternal capac i tor is connected between pins 31 and 36. Con

version t ime in the table is in microseconds and capac i tor value is in 

picofarads. 

Conversion Time Formula (approx .) 

Conv. T ime* ADC-MA10B ADC -MA1 28 

20 µsec. C = 60(T- 20µsec .) C = 50 (T-20µsec. ) 

40 µ sec . C = 65(T - 40µsec .) C = 55(T - 40µsec. ) 

•Maximum intern al co n version ra t e when no external capacitor is u sed. 
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CALIBRATION CONNECTIONS 
JUMPER CONNECTING 
INTERNAL CLOCK 

~ 
36 
35 

EXTERNAL CAPACITOR 
USED TO DECREASE CLOCK 
FREQUENCY 

36 
35 

r-
' -'---,--
I L ___ _ 

(THE JUMPER BETWEEN PINS 
35 ANO 36 MUST BE USED IF 
EXTERNAL CLOCK IS 

\.r-
-.

I L __ _ _ 

•15V DC 

OF FSET 
ADJ . 

20Kn 
15T 

- 15V DC 

t15V DC 

GAIN 
ADJ. 

20KH 
15T 

CONNECT FOR 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 TO •SV INPUT I 

ONLY-------.. : 

INPUTS 

I 
I 
I 
I 

31 

23 

BOTTOM 
VIEW 

0 TO ·SV 

OTO•lOV ' L----05 

NOT SUPPLIED) 
-+15V DC 

OFFSET 
ADJ 

31 

0 23 

20Kfl 
15T 

---- VVV'v---.-----.-o 20 

- 15V DC 

+15V DC 

GAIN 
ADJ 

INPUTS 
! SV 

·1ov~-----.-~ 

19 

BOTTOM 
VIEW 

201< 1l 
15T <... -4--'\IV'VVV------;--0 

~--------~ 

Calibration is the same with optional input buffer amplifier . 

Connect buffer as indicated in Ex ternal Pin Connections. 

- 15V DC 

UNIPOLAR OPERATION (WITHOUT BUFFER) 

CALIBRATION PROCEDURE 
Gain and offset adjustmen ts are accompl 1shed as shown tn the 
above diagram using the Calibration Table. The trimming 

po tentmmeters used should be 15 turn 1 OOppm / C tempera ture 
coef f icien t cerme t type u nits and are available from Datel 

Sys tems at $3 00 each. A pulse generator should be ad1us ted to 
give +5 volt pulses wi th 100 nsec . minimum duration and a 

spacing equal to or larger than the speci f ied maximum con· 

version time (20 or 40 usec . l. This gen era tor should be 
connected to th e "Start Convert" inpu t. A prec1s1on vo ltage 

reference source should be connected to the selec ted analog 
input term1 nal . 

Offset Adjustment : For unipolar operation se t the output of the 

voltage reference source to ze ro plus 1 / 2 LSB . The value is 
shown 1n the Cal1brat1on Table. Adjust the offset trimming 

potentiometer until the LSB output flickers equally between 

logic .. 0 .. and togtc " 1 ". (Output between 000 .. 000 and 

000 . 001) . For bipolar operation set the voltage re f erence 

source to minus full scale plus 1/ 2 LSB and make the same 

adiustment. 

Gain Adjustment : Ad1ust the ou tput of the voltage reference 

sou rce to full scale minus 1 1 / 2 LSB . This value is also shown 1n 

the Calibration Tabl e. Ad1ust gain tr1 mm1ng po t entiometer until 

LSB output flickers equally between logic "O" and logic " 1" 

(Output between 111 .. . 110 and 111 . . 111 ). 

ORDERING INFORMATI ON 

ADC-MA 

NUMBER OF BITS 
AND CODING 

10B = 10 BINARY BITS 
12B = 12 BINARY BITS 

WITH OR W/0 
HIGH Z BUFFER 

1 = WITH 
2 = WITHOUT 

CONVERSION 
TIME 

A = 40,uSEC 
B = 20.uSEC 

- 15V DC 

BIPOLAR OPERATION (WITHOUT BUFFER) 

CA LIBRATION TABLE ADC -MA SERIES 

INPUT RANGE 
ADJUST- INPUT VOLTAGE 

er: 0 TO +5V 

<l'. 
_J 

0 
n. -z 
::J 

0 TO +10V 

±5V er: 
<l'. 
_J 

0 
n. -
Cll 

i lOV 

ADC-MA 10B2A 
ADC-MA10B2B 

MENT 10 BIT 

OFFSET 2.4 mV 

GAIN +4.9927V 

OFFSET 4 .9 mV 

GAIN +9.9854 V 

OFFSET - 4 .995 1 v 

GAIN +4.9854V 

OFFSET -9.9902V 

GAIN +9 .9707V 

PRICES (1 -9) 

$ 95.00 
$125.00 

ADC-MA 12B 2A 
ADC-MA 12B2B 

12 BIT 

0.6 1 mV 

+4.9982V 

1.2 mV 

+9.9963V 

- 4 9988V 

+4.9963V 

- 9.9976V 

+9. 9927V 

$125.00 
$145.00 

For optional internal high impedance buffer amplifier add 520.00 to 
pr ice . 

Mating Socket : DI LS-2, 4 requi red@ $5.00 per pair 
Trimming Potentiometers : TP20K $3.00 each ( 1-9) 
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FEAT URES 

1020G Turnpike Street. Budding S 
Canton, Massachusetts 02021 U.S .A. 
TEL : 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

~ 14 Bit Resolution 
~ 50 µsec. Conversion Time 
~ Low Price- $279 
~ Unipolar or Bipolar Inputs 
~ 15ppm/°C Gain Temp. Coeff. 

GENERA L D ESCRIPTION 

T he A DC-149 is a 14 bit successive approxima

tion type analog to digital converter for OEM 

use. It was specifically designed to give high 

resolution and accuracy at moderate cost for 
incorporation into precision instruments for 

process control systems and test and measure· 

ment systems. 

This converter accepts either unipolar or 

bipolar input voltages of 0 to - 10V, 0 to - 20V, 
±5V, or ±10V full scale by external pin 

connection and performs a 14 bit conversion in 

50 µsec . Several output codes are available 
including straight binary for unipolar inputs 

and either offset binary or two's complement 
for bipolar inputs. Two's complement is 
obtained by using the MSB output pin . Reverse 
coding sense is used with the most negative 
analog input corresponding to full scale digital 
output. A serial data output is also provided 
and has a nonreturn-to-zero (NRZI format . 

Logic outputs ate DTL/TTL compatible and 

will drive 6 standard TTL loads. 

The ADC -149 can resolve 1 part in 16,384 

giving an operating dynamic range of 84.3dB. 

On the 1 O volt full scale range it can detect an 

input change of less than 1 millivolt . Accuracy 

is adjustable to ±.005% of full scale ± Y, LSB. 
The temperature coefficient is held to a low 

± 15ppm/°C over the 0° to 70° C operating 
temperature range . 

This converter is encapsulated in a compact 
2X 4 X0.8 inch module with DIP compatible pin 
spacing for PC board mounting. It can be stored 
from - 55° C to + 85° C. Power supplies required 
are standard ± 15VDC and + 5VDC . (Available 
from Datel's line of modular power supplies.) 

The high resolution and accuracy of the 

ADC -149 make it particularly valuable in 

applications such as moderate speed data 

reduction, and computer arithmetic processing 
of analog inpu ts. Digitizing inputs from sensors 

and transducers allow s data transmission or 

storage with drastically reduced degradation of 
accuracy compared to analog methods. This is 

also vital for automatic process and alarm limit 
computer control , and digital linearization of 
logarithmic or special function analog inputs. 
The ADC-149 offers at least a $100. price 
advantage over competitive converters in these 

applications. 
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HIGH RESOLUTION 
ANALOG-TO-DIGITAL CONVERTER 

MODEL ADC-149 

POWER 
-15VOC GROUN 0 

REFERENCE 
OUTPUT 

CLOCt< 
OUTPUT 

MECHANICAL DIMENSIONS 
INCHES (MM ) 

SID E 
VI EW 

I 
"-. 1 10 PI NS 

I 
0.0 20 DIA 

: 17- - -- - --- ------- - -- -- 1 . . . . . . . . . . . 
• 24 -- - - - - - - - -- 8 • 

~ 25 - - - - - - - - - - - - - - - - - - 9 : . BOTTOW . . VIEW . . . . . 
• 32 - -- - - - - - - - - -- - -- - - 16 0 

REFERENCE 
INPUT 

MSB I 2 3 4 5 6 7 8 9 10 II 12 13 14 SERIAL DATA 
MSB LSB OUTPUT 

PARALLEL DATA OUTPUT 

INPUT /OUTPUT 
CONNECTIONS 

PIN FUNCTION 

I IOl20, 4 ) 

1 BIT 1 (MSB l 
2 BIT 2 
3 BIT 3 
4 BIT 4 _L! 0.010 
5 BIT 5 

0. 250 MIN 6 BIT 6 -r 7 BIT 7 

B BIT B 
9 BIT 9 
10 BIT 10 -11 BIT 11 

2 .000 t 0 .015(50,8) 
12 BIT 12 - 1.850 
13 BIT 13 7 SPACES 

AT 0 100 14 BIT 14 ( LSB ) 

EACH 15 BIT 1 (MSB I 

- 1.150 16 NOT U SEO 

- 0 .850 17 +SV POWER 
7 SPACES 1B + 15V POWER 
AT 0 .100 19 15V POWER 

EACH 20 POWER GROUND 
- 0 .150 21 START CONVERT 

"o" 

I ~ 
22 CLOCK OUTPUT 

3.8 00 ~0. 100 23 SERIAL OUTPUT 
24 END OF CONVERT !STATUS) 

4 .000 ! 0 .0 2 0 25 NOT USED 
(10 1, 6 ) 26 NOT USED 

NOTES 27 REFERENCE OUTPUT 
1. OPEN HOLES DE SIGNATE WH ERE PINS ARE OMI TTED 28 REFERENCE INPUT 

29 OFFSET INPUT 

30 ANALOG GROUND 
31 ANALOG IN 10 to +10, ± SV) 

32 ANALOG IN I ± lOV) 
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SPECI Fl CATIONS (Typical@ +25°C unless noted) 

INPUTS 
Analog Input Range •••..• ±5V FS, ±10V FS 

(single .. nded input 0 to -10V FS, 0 to - 20V FS 
referenced to ground) 

Input Overvoltage • •..•••• ± 15VDC without damage to unit. 
Input Impedance •. • .. • .. 5K Ohms (±5V and 0 to -10V FS 

range) 
10K Ohms (±10V and 0 to -20V FS 
range) 

Start of Conversion • • ..• . . +2.5V min . to +5.5V max. posi tive 
pulse with 150 nsec. min. duration . 
Loading : 1mA 

OUTPUTS 

Logic " 1" resets converter 
Logic " O" initiates conversion 

Parallel Output Data ••. • . . 14 parallel lines of data held until the 
next conversion command. 

Vout (Logic " 0") .;; +0.4V 
Vout (Logic " 1") ;;. +2.4V 

Each output capable of driving up to 
6 TTL loads. 

Coding . ..•..... .. .. . • Straight Binary (Unipolar Input) 
Offset Binary (B ipolar Input) 
Two 's Complement (Bipolar Input) 
Pin 15 prov ides MSB output for this 
coding. (Reverse coding sense used). 

Serial Output ..... . . . . . . NRZ successive dec ision pulse output 
generated during conversion with 
MSB first. LO = " 1 ",HI = " O" 
Straight binary or offset binary codi ng 

End of Conversion .. • ... • Conversion Status Signal 
Vout (Logic " 0") .;; +0.4V conver· 
sion complete 
Vout ( Logic " 1") ;. +2.4V during 
reset and conversion period . 

Clock . . . . . ... . .. .... . Internal clock output, positive going 
3 microsecond pulse. Loading up to 
6 TTL loads. 

PERFORMANCE 

Resolution .•... . . . .... One part in 16.384 (max . resolution 
14 binary bits) 

Accuracy (25° C) .. . .. . . . Ad justable to ±.005% of FS ±Y,LSB . 

Linearity . ••• .. •... . . . ± Y, LS B 

Temperature Coefficient 
of Full Scale .. .... . .. ± 15ppm/ °C 

Temperature Coefficient 
of Zero. Unipolar . ..... ± 1 Oppm/°C 

Bipolar .... .. . ± 1 Oppm/°C 
Conversion Time . .... . .. 50 µsec . 
Throughput Rate . .. . .. . . 20kHz 

Power Requirements ... . . . ±15VDC ±0 .5VDC @ 80mA max. 
+5VDC ± 0.25 VDC @ 200mA max. 

PHYSICAL-ENVIRONMENTAL 

Operating Temperature 
Range . . .. . . • . .• . .. 0° C to +70° C 

Storage Temperature Range -55° C to +85° C 

Relative Humidity .• . . ... Up to 1 00% non-condensing 
Size ... .... . .• .. .... . 2"WX 4 " LX 0.8" H 

Pins .. .. . . . . . . . • ..... . 020" round , gold plated, 0.250" 
long min . 

Case Material . . . .. . ..... Black Dial lyl Phthalate per Ml L-M-14 
Weight . ... . .. . __ . .•. . 8 oz . 

Mating Sockets .. . . ..• . . DI LS-2, 2 required @ $5/pa ir. 

ORDERING INFORMATION PRICE 
Model ADC-149-148 $239. (1 -9) 
Mating Socket DI LS-2 (2 per module, $5./pair) 

TIMING FOR ADC-149-148 
'-i t-- I !IC ,,_ "'"' JOfll OUT'VT 0 ' 00000000 000000 

~J{l- ---- -- - - - - - - - -- - --- -- - -- -- --- - -- - - -- - ·.: 
;t- "'~« 

~~·~~~~~~~~~ - --- -..·C 
ioo~.~ ~~ ... ~ ~~~ 

OUTPUT DIGITAL CODING 
~~~~~~~~, 

BIPOLAR UNIPOLAR 

....... 
ANlotl npwt 2'•Comp1e ...... 1 ·-· Ren .. 0 tl9'tl 8 • ... ,., 1MSe o..1pw1! ·- Stoe .... 11,....., ... 

• tOV FS MSB 10Y FS 

• 100000 00000000000000 1 0000000000000 0 0000 00000000000000 
•25000 '0000 0 I 000000000000 1 1 000000000000 0 0006 00000000000001 
•00006 • 00012 01111111111111 11111111111111 '5000 0, 000000000000 
00000 00000 1 0000000000000 00000000000000 soooo , 0000000000000 

'5000 - 50000 I I 000000000000 0 1 000000000000 ' 5000 11 000000000000 
- 4 .9994 ,,, .. 11111111111111 0 1 I I I I I II 11 I 1 1 ..... 11111111111111 

NOTE: •R.wrM coding MnM i1 u••d with tk9 mott n•tiv• •n•log inpu t corrnponding to full ~l9 d igi1'1 
OU1PU1 . Norm11I coding MnM c.n 1:19 obt• iMd bV u1ing •n Htern11I in..,.ning 1mplifitr. Or compl•m«'l ttrY 
bin• rv un bl uted by • diu1t ing for 1 1 LS B otfMt. 

GAIN & OFFSET ADJUSTMENTS 
~~·~ r---i 

• 1 ~11 19f t--o 21 

0",J~-A/\l'-t-tt-<>--o :: ) 

'" 1''°' 0 30 
6< 

-1~11 5'lio 0 ) l 

·1Mnpro111du:60LSB otts11 _I 0 )2 1 
2Mn p rovides !30 LSB ofh11 - -~ 

UNIPOLAR 

Ad1u stment Procedur e - Unipo la r Input 
A Connect a precision pulse generator 10 the Stan 

Convert· · 1npu11e1m1nal See spec1!1ca11ons !or 
pulse w1dtl'l and ampl11Ude 

B Connec1 a precision vol1age reference s?urce to 
the appropr1a1e analog input 1erm1nals See I 0 
Connec1•ons 

Zero Offset Control 
Ad1ust the voltage ou1pu1 from the relerence to 
mmus •1, LSB Rotate the le•o ollse1 cont•o• until 
the LSB OUIP UI (Least S1gn1f1cant Btt ) tl1ckers 
between logic .. zero " and logic "one" 

Full Sca le Gam Contro l 
Ad1 u st the output from th e relt:rence sou•ce to full 
scale mmus 1 '1, LSB Rota te the ga•n con1101 until 
the LSB output tleai\ S1gmhcant 81tl !tickers 
between logic "1e• o" and logic "one " 

0 s:: 
03' 

NOl f it. " ''""'"'"91101' 
) 

•• t 100 11 PM ·c •S""" O )2 

~·o:; ~.!!"'"'o. , .. . , ~ 
8 1P QLAll 

Ad justment Procedure - Bipolar Input 
A Connect a precision 1>ulse genera101 to the · Sta" 

Convert '' 1npu1 1ermmals See mect11cat•ons lor 
pulse width and ampl itude 

B Connect a prec1s•on voltage reference source IO 
the app1op11are analog inp ut 1ermmah See 1/0 

Zer o Offset Contro l 
Ad1ust the voltage ou1pu1 from the reterence source 
10 plus lull scale minus '!, LSB 
Ro tate the ollset control until rhe LS B out put I Least 
S1gnt11cant B1t l flickers between log•c " zero " and 
looc ·one ' 

Gam Co n'tro l 
Ad1ust the output from 1he rele•ence sou1ce 10 
minus full scale mmus 1 'I, LSB 
Ro1ate the gain cont1of until LS B ou1 p ut !LeHI 
S1gntl1cant 811) H1cke1s b11 ween log ic .. zero" and 
logic .. one " 

TRIMMING OF 3 MOST SIGNIFICANT BITS (INTERNAL) 
Th• thrH tr imming pot•n tiorn.t•r• on the t idtl ol th• moduli • r• for 1>9r iod lc .cfiuttm.nt of th• thr" mott 
1ign ific.nt blta. Normelfy no •diustmen t of IMH tr imt It Meeuarv t il"IC9 they ar• c.1 tibn19d at th• f1e1orv a t 
25°C. Should rudju11men1 bl required for opt imum accuracy 11 1 difttr•nt t•mperu u1e or to comperu.1 1e 
P•riodlc.lty for long itrm drift , the follow ing proc•durt sl'lould be c.1relulty folloWMt : 
1. Adju11 utern.1I offMt end p in H •boY•. 
2. R1.1dju11 Ht•rntl p in tr im •nd th•n biU 3, 2, end 1 in 1ecord•nc• with the 1ebl• below. Adiu11 10 t t\e t th• 

output fll ckwt 9QUel ly blt....,..n the two codet 1hown. 
3. RHdju11 H t• rn •I Hro or ofh•t end gein. 
4 . R•pe111tept 2 ind 3 e1 nec:etury. 

Input Voltage Output Code Adjustm•nt 

Unipol., 10 to - 10V) Bipot., l.i:.5V ) 

-0.625V -1 12 LSB +4.375V -1 12 LSB 00010 . .. 01 Gain Trim 
1-0.62531 VI l+4.37469VI 00010 . . 00 

-1 .25V-112 LSB +3.75V-1 / 2 LSB 00100 . . 01 Tr im •3 
l-1 .25031VI I +3. 74969VI 00100 . . 00 (8 1t J) 

-2.5V - 112 LSB +2.50V - 1/2 LSB 01000 . . 01 Trim 112 
1-2.50031 VI 1+2.49969VI 01000 . . 00 (811 21 

-5.0V - 112 LSB av - 112 LSB 10000 . .. 01 Trim •I 
1-5. 00031 VI l-0.00031VI 10000 . .. 00 (B it 1) 
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1020G Turnpike Stree t , Budding S 
Canton, Massachusetts 02021 U.S.A. 
TEL : 161 71 828-8000 
TW X: 710-348-0135 TELEX : 924461 

FEATURES 

"' AUTOMATIC SHUTDOWN BETWEE N 
CON V ERSIONS 

IJ> CHOICE OF C/MOS OR TTL OUTPU TS 

"' UP TO 3000 CONVERSIONS 
PER SECOND 

"' ±0.025% ACCURACY 
IJ> FOUR INPUT RA NGES 

GENERAL DESCRIPTION 
The most unique feature of the A DC-CM 
ser ies ana log-to-digital converters is their low 
power consumption, approximately two 
orders of magn itude lower than those 
attainable with conventiona l A / D converte rs. 

ADC -CM series are well adapted for 
applications in remote areas w ith limited 
power . Idea lly su ited for operation fro m 
battery power , they will find wide use in 
oceanog r aphy, pollution monitoring, 
metero logy and seism o logy. They are also 
ideal for other scienti f ic uses both in the 
laboratory and in the field . 

Power consumption is a function o f the 
convers ion rate . For 100, 500 and 1000 
conversions per second, the average power 
drain is approximate ly 5, 25, and 50 
milliwatts, respectively . 

Model ADC-CM converters have the capability 
of operating from either a single t 12V DC to 
+ 15VDC power source (interrupt power 
model or f rom a • 12VDC to• 15VDC power 
supply (continuous power mode) a1 
maximum convers ion rate of 3KHz 

Another key feature of the AOC -CM series 
when operating in the interrupt power mode 
1s its ability to normally reset m a standby 
state (power turned off to the analog sectton) 
and upon receipt of a convert command signal 
the converter w ill turn on, stabilize m 50 
microseconds. make a complete conve rsion 
and automat ica lly return to standby status 

All input/output con trol signals and output 
data are C/ MOS compatible p lus a separate 
logic power supply connection ( t VDC-Pm 
17) is provided to allow the user the 
conven ience of T TL compat ibilit y when 
required . 

The ADC -CM series converters utilize C/MOS 
log ic t hroughput and employ the inherently 
accurate successive approx irTiation conversion 
method to compare an unknown ana log input 
signa l against the output of a precision 
digital -t o-analog co nverter in a high gain 
feedback loop . Thi s meth od insures a fu ll 
m onoton ic conversion and exce ll ent linearity 
over the full sca le input voltage range. 

Full :>ca le input can be unipo lar (0 to 5V or 
0 to - 10V) or bipolar (±5V or i 10V) by 
si mply making the appropriate pin 
connec ti ons. 

The entire converter is con tained in a 2"W x 
3" L x 0 .8 " H pl ast ic encapsulated module , yet 
f ully repairable a very significant 
consideration . Full sca le accuracy is specified 
at ±0 .025% with a tempera ture coefficient of 
±30ppm /° C 

50 MILLIWATTS TOTAL POWER CONSUMPTION 
WILL OPERATE FROM 12 VOLT BATTERY 

ANALOG TO DIGITAL CONVERTER 

ADC-CM SERIES 

Vool• 11VOC TO• 15VOCI 

SH POWER SUPPLY CONNECTIONS 
POWER 

GROUND +15VDC lSVOC V« 

ri81 [19~ ,- · 'r' r ·~7 .. 

TO CfMOS LOGIC 

t 12VOC - 12VOC 

REFERENCE 

SOURCE 

!OV TO -lOVFS OR 15VFSJ 

ANALOG INPUT (;2'•}--+-f--.NV_,..;..7:..5K,+..-{~J'----.i 
IOV TO- 5V FS I 

ANALOG GROUND i<•r-r--i-------,,.__L 

CLOCK OU TPUT MSB LSB ENO 

-------------- OF 
DATA OUTPUT S CONV ER SION 

BLOCK D 'A GR AM -INTERRUPT POWER MOOE 

ADC CM SERI ES.=_ 12 BINARY BITS SHOWN 

REFERENCE 
OUT 

MECHANICAL DIMENSIONS (INCHES) INPUT/OUT CONNECTIONS 

" ' .,. 

SIDE VIEW 

BOTTOM V IEW 

, . .. ,. .. 

- -------------- -
• ?! - - - - - - - - - - - - - - •U - 1!>0 

--~·oo' 

PIN FUNCTION 

7 BIT 3 OUT 
B BIT4 OUT 
9 BIT 5 OUT 

10 BIT60UT 
11 BIT 7 OUT 
12 BIT80UT 
13 BIT 9 OUT 
14 BtT 10 OUT 

PINj_ FUNCTION 
15j_ BIT 11 OUT 
16j_ BIT 12 OUT LLSB~I ____ _, 
17_1 Vee (+SVDCI 
18 '15VDC 
19 t5VDC 
20 POWER GROUND 
21 VOO (+12VDC TO +15VDCI 
22 REFERENCE IN 
23 RE FERENCE OUT 

26 INPUT 3 IOV TO 5VI 
27 INPUT 2 IOV TO - 10V OR!sv 
28 INPUT 1 (±10V) 
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SPECIFICATIONS (Typical @25°C unless noted) 

ELECTRICAL 

Inputs: 
Analog Input Voltage Range 

Input Overvoltage 
Input Impedance 

Start of Conversion 

OVto - 5VFS - PIN26 
OV to - 10V FS - PIN 27 
±5V FS - PIN 27 
±10V FS - PIN 28 
±30VDC without damage to un it 

25K Ohms, - 5V Range 
50K Ohms, - 1 OV Range 
50K Ohms, ±5V Range 

100K Ohms, ± 10V Range 
Interrupt Power Mode 
Positive Pusle With Duration of 50 µ sec, ± 10 µsec . 
Continuous Power Mode 
Posit ive Pul se With Duration of 10 µsec. 
Note : For ei ther mode, t he lead ing edge resets the converter and the trailing edge initiates 
a conve rsion. Pulse amplitude is determined by power supp ly used as shown below. 

PIN 17 

COMPATIBILITY POWER SUPPLY LOGIC " O" LOGIC " 1" LOAD 

TTL +5VDC ..;; +0.4V ;;> +2 .4V 1 TTL Load. Terminate Pin 3 to Pin 17 with 4 .7K 

C/MOS +12VDC to +15VDC ov VDD Input Impedance 20K to Ground 

Outputs: 
Para llel Output Data. Up to 12 parallel lines of data held until next conversion command. 

Output logic leve ls determined by power supply used, as per Table 'A'. 

TABLE'A' 

COMPATIBILITY POWER SU PPLY LOGIC " O" LOGIC " 1" FAN OUT 

TTL 

C/ MQS 

Coding 

End of Conversion 

Clock 

PERFORMANCE : 

Resolution 

Accuracy 
Linearity 
Temperature Coeff icient 
Encoding Time . 
Input Settling Time 
Throughput Time . 

Word Rate 

Input Power Requirements 

+5V DC 

+12 voe 
to 

+15VDC 

PHYSICAL- ENVIRONMENTAL 

Operating Temperature Range 
Storage Temperature Range 
Relative Humidity .. 
~ll ········· · · · · 
Pins .. .. 
Case Material 
Weight 

.;; +0.4V ;;>+2.4V 2 TTL Loads 

Output Impedance 
OV VDD V out Low - 100 Ohms 

V out High - 1.5K 

Straight Binary (Unipolar Inpu t) 
Offset Binary (Bipolar Input 
2's Complement (Bipolar Input) 
Conversion status signa l high during conversion . 
Output logic levels - See Table 'A' 
Internal clock out. Posit ive pulse train . 
Pulse width : 20 µsec. 
Pulse Amp litude - See Table ' A ' 

One part in 2" (max . resolu tion 12 binary bits) 
In ~ Number of Binary Bits) 
±0 .025% of FS ±Y, LSB (Externally adjustable) 
± Y, LSB 
±30ppm /° C of F .S. 
25 µsec . per bit 
10 µsec for a full sca le step at the input . 
310 µsec - con tinuous power mode 
350 µ sec - interrupt power mode 
Up to 3.2KHz - continuous power mode (12-bit) 
Up to 2.8KHz - interrupt power mode (12-bit) 
Continuous power mode : 
+12V DC to +15VDC - See power curves next page 
- 12VDC to - 15VDC 
+5VDC for T TL Compatibility 
Interrupt power mode : 
+12VDC to +15VDC - See power curves next page 
See Input Power Connections 

0° C to +70° C (- 25° C to +85° C - add Suffix " EX " to Part Number) 
- 55° C to +85° C 
Up t o 100% non-condensi ng 
2"W x 3"L x 0 .8 " H 
0 .020" round gold plated , 0 .250" long min . 
Black Diallyl Phthalate per Ml L-M-1 4 
8 oz. Max . 
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TIMING - INTERRUPT POWER MODE 

OUTPUT:OOOOOOOOOOOO - 12 BINARY BITS 
POWER INPUT +12VDC TO +15VDC 

-+l :.. 50 µSEC. !NOTE 1 I 
co~~--------------------- --- - ---- ----- " l " 

I I "0" 
111 

--,,....__ .5 µSEC 
111 

SERIAL I l'BIT 11 BIT 2 1 BIT 3 I BIT 4 I BIT 51 BIT6 l91r 7 I BIT 8 1 a1r9 le1T 1~BIT 11• BIT 12 ( LSB ) 
OU.I~LI_T..J ____ t:M_:~:_ __ L_ __ : ___ : ___ : ___ ~ ___ : __ J __ j __ L __ : ____ _ 

5 µsEc-l !- -1 f- 5 µSEC ! : 
(~----------------------- ---:--:----

• I II 

.5 µSEC~:-+...!:...- .5 µSEC 
Ii I, 

BIT1 2 I~ 
(LSBI : 

NOTE (1) Start Convert Input must have a minimum width of 50 µSec . This time 1s required to 
interna lly generate .t 12VOC for the linear circuits. 

TIMING - CONTINUOUS POWER MODE 

OUTPUT : 000000000000 - 12 BINARY BITS 

POWER INPUT ±12VDC TO ±15VDC 

-+l :.. 10 µSEC 
START H-- --- -------- -- -- ---- ---- ---- - ---- " l " 

CON~ I 
I I " Q'' 

111 
__..,,....__ .5 µSEC 

111 

SER IAL I I BIT 1 I BIT 2 : BIT 3 1 BIT 4 I BIT 5 1 BIT 6 I BIT 7 I BIT 8 I BIT g IBIT IQIBIT 111 BIT 12 ( L SB) 
OU.!~LI_T...l ____ c_M_:~I ___ ~ __ : ___ : ___ : ___ ~ ___ : __ j __ J __ L __ : ___ _ _ 
5µSEC__..!~ ~~ 5 µ SEC : J 

-1, lo I I 

(~---------------- -- --------: - -:,----

5 µ SEC ~1"4--lr-- 5 µ SEC 

BIT12 'II 
ILSBI ii L__ 

POWER DISSIPATION VERSUS CONVERSION SPEED SUGGESTED LOW POWER EXTERNAL INPUT AMPLIFIER 
FOR NON -INVERTED CODING (See coding pg. 4) 

INTERRUPT POWER MODE 
120 

500 1 ()()() 1500 2000 
CONVERSIONS 

PER SECONO 

GOLD BOOK 76/77 

CONTINUOUS POWER MODE . 

OV INPUT 

;;; 
6 60t-~~-t~~~-j 
;:: 
~ 
Bi 
0 40t----t----j 
a: 
w 
;:: 
:2 

20>----+-----< 

1000 2000 
CONVE RSIONS 
PER SECONO 

100K 

l t-h ) 0----'ll>N'--+---i 2s 11ov 
Eon 27 ·10V, tSV 

26 sv 
25 Lo 

'-~~~~~~~~--1 19 1SV 

~-----------; 18 +1SV 

NOTES 

11 CONNECT A TO PIN 

26 
27 
28 

FOR OUTPUT 

0 to +5V l 
0 to+10V,! 5V 
± lOV 

2) The inverting amplifier does not affect the con· 
nec1ions for 1he ZERO, GAIN & OFPSET Ad· 
justments . 

3) The inverting amplifier requires a maximum of 
5.5 mw of extra power for the continuous mode 
of operation. 

4) The inverting amplifier will cause a zero drift of 
1.4 mv for a 0°C to 70° C temperature change. 
For a 0 to +10V, 12 bit ADC-CM this is about 
~ LSB. 

conventional dig. 
output code. 
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OUTPUT DIGITAL CODING• I i~Q EL 
Analog Input An alog Input Straight Binary Analog Input Analog Input Offset Binary 
OV to - 5V FS OV to - l OVFS ±5V FS ±lOV 

0 000 o ooo 000000000000 15 000 110.000 000000000000 • Reverse coding sense: 

0 625 1 250 00 1 000000000 13 750 17 500 00 1 000000000 Note that the most 

1 250 2 500 010000000000 I 2 500 15 000 0 1 0000000000 negative ana log input 

1 875 3 750 01 1000000000 I 1 250 12500 0 1 1 000000000 corresponds to full 

2 500 I lLSB 5 000 I lLSB 011111111111 0 000 I ILSE, 0.000 I lLSB 011111111111 scale digital output 

2 500 5. 000 100000000000 0 000 0 000 100000000000 111 - 1 binary) . Normal 

2 500 l LSS 5. 000 lLSB 100000000001 0 000 lLSB 0 000 lLSB 100000000001 coding sense can be 

3 125 6 250 10 1 000000000 1 250 2.500 1 0 1 000000000 
obtained by using an 

3 750 7 500 1 10000000000 2 500 5 000 1 10000000000 
external inve rting in-

4375 8 750 11 1000000000 3 750 7 500 1 1 1 000000000 
put amplifier. See page 3 

5 000 I lL SB 10 000 I 1LSB 111111111111 5 000 I lLSB 10.000 I l LSB 111111111111 
for a suggested circuit. 

INPUT POWER CONNECTIONS 
INTERRUPT POWER CONNECTIONS CONTINUOUS POWER CONNECTIONS 

17 

· 15VDC 15VOC GAD GAD 15VDC • 15VDC ·SVDC 

'12VDC GRD · 12VDC GAO •SVDC 

---- - - - - - CMOS COMP/'IT!BLE l 0 ---- - - - - - CMOS COMPATIBLE I 0 

- -- --- TTL COMPATIBLE I 0 --- - - - - TTL COMPATIBLE I 0 

GAIN & OFFSET EXTERNAL ADJUSTMENT CONNECTIONS 

UNIPOLAR INPUT 

OF FSET 
A OJ 

500 K H 

2 Mll 

NOTE ALL T A IMPQTS AR E lQQPPM / C 
AV A I LABLE FR OM DA TEL $3 00 each 

Adjustment Procedure - Unipolar Input 
A. Connect a precision pulse generator to the " Start Convert " input 

terminal. See specifications for pulse width and amplitude. 
B. Connect a precision voltage reference source to the appropriate 

analog input terminals. See I/ O Con nections. 

Zero Offset Control 
Adjust the voltage input to the converter to minus Y:l LSB 
Rotate the zero offset control until the LSB output (Least 
Significant Bit ) flickers between logic "zero" and logic " one ' 

Full Scale Gain Control 
Adjust the input to the converter to full scale minus 1 Y~ 
LSB . Rotate the gain control until the LSB output (Least 
Significant Bit) flickers between logic · zero' and logic " one". 

ORDERING INFORMATION 

ADC.CM I T 
NUMBER OF BITS 

AND CODING 

BB = 8 BINARY BITS ADD SUFFIX 2 
108 • 10 BINARY BITS FDR 2'S COMPLEMENT 
12B =12BINARY BITS OUTPUT CODING 

BIPOLAR INPUT 

GAIN AOJ 

OFFSET ADJ 

0 17 

0" 0" 
0 20 
0 21 

NOTE ALL TRIMPO TS ARE IOOPPM / 
AVA ILABLE FRO M 0..0.TEL SJ OD EA CH 

Adjustment Procedure - Bipolar Input 
A . Connect a precision pulse generator to the " Start Convert" input 

termina ls. See specifications for pulse width and ampl itude. 
B. Con nect a precision voltage reference sourse to the approp ria te 

analog input terminals. See I/O Connections . 

Zero Offset Control 
Ad1ust the voltage input to the converter tO plus full scale minus 
y, LSB. 
Rotate the offset control until the L SB output ! Least Significant 
Bit) flickers between logic " zero ' and logic "one". 

Gain Control · 
Adjust the input to the converter to minus full scale minus 
1% LSB . 

Rotate the gain control until LSB ou tput (Least S1gn1f1cant Bit) 
fltckers between logic " zero" and logic "one". 

PRICE LIST (Single Quantity) 

ADC -CMBB .... . . ... .. . $149. 
ADC-CM 108 ... $159. 
ADC-CM12B ..... $169. 
MATING SOCKET DILS-2 

NOTE 

AOC-CM Series feature dual 1n-lme p1'"lntng 
compaltblltty . 100" grid pm spacmg 

2 Req· d per 
module, $5/pr 
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1020G Turnpike Street, Building S 
Canton, Massachusett s 02021 U.S.A. 
TEL: 1617} 828.SOOO 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

... 4 Wire Ratiometric Operation 

... Single +SV Power Requirement 

... Differential Inputs 

... 40 dB Normal Mode Noise Rejection 

... 70 dB Common Mode Rejection 
Ill> Binary or BCD Coding 

GENERAL DESCRIPTION 

The ADC-ER series dual slope A / D con

verters feature ratiometric operation pow
ered by a single +5 volt logic supply. Four

wire differential inputs give high com
mon mode rejection with the useful capabil

ity of operating with input signal and 

external reference at different common 
mode levels ; the external reference voltage 

can be varied over ±50% of nominal refer

ence value . In addition , the conversion time 
can be externally adjusted to a 50 or 60 Hz 

period to give 40 dB minimum normal mode 
rejection of AC power line noise. 

This series is available in 5 different models 
with resolutions of 8 , 10, or 12 binary bits 

and sign and 2-1/2 or 3-1 / 2 BCD digits and 

sign. Important applications for these con

verters include test and instrumentation 
systems and signal conversion at transducer 

locations. Other operating features include : 

a gated clock output with a counter reset 

pulse for transmitting data to an external 

counter ; an internal start pulse generator 

with externally adjustable rate; and a 

- 5VDC power output supplying up to 5mA 

for externally powering a transducer bridge 

or auxiliary amplifier. 

This combination of features makes the 

ADC-ER an extremely versatile A / D con
verter for systems applications. It contains 

an internal precision reference of 1 V for 
binary models and 2V for BCD models 
which is used for normal , non-ratiometric 
operation. In ratiometric operation the in
put switches between input signal and ex 
ternal reference during the conversion cycle. 
Full scale input signal is ±1 V for binary and 
±2V for BCD ; the input common mode 
voltage range is ±3V . 

The external reference voltage range is 0 .5 
to 1.5V for binary models and 1 to 3V for 
BCD models. Common mode rejection for 
both signal and referen ce inputs is 70 dB 
minimum. Optimum normal mode AC line 

noise rejection is achieved by external ad
justment of the clock frequency to syn

chronize the signal integration time to either 

50 Hz or 60 Hz line period. Sign-magnitude 

coding is used in all models. 

Input power requirement is +5VDC at 

250mA maximum and the module size is a 

low profile 4 x 2 x 0.4 inches. 

ANALOG 

REF 

ANALOG 
GNO 

RATIOMETRIC DUAL SLOPE 
ANALOG TO DIGITAL CONVERTERS 

ADC-ER SERIES 

•S VOLT POWER 
POWER IN GNO 

PARALLEL OAT A OUT 
!SEE INPUT/OUTPUT CONNECTION TABLE I 

ZERO GAIN 
AOJ. AOJ. 

REF . 
OUT 

-svoc 
OUT 

LOGIC 
GNO 

MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS 
INCHES (MM) 

PIN FUNCTION PIN DIGITAL OUTPUTS 

r--l~oc: ----1 1 ANALOG GROUND BINARY BIT 8CDDIGIT 
ANALOG IN, LO 88 108 128 8D 12D 3 

$10E \ll[W .00!102) 5 ANALOG IN. HI 57 x x x x 1 
_I__ x 12 2 ~2001 ... (05) U. 200M•1*!6,<&) 7 +REFERENCE IN 58 x x 

t10PIN$ -r- 9 - REFERENCE IN 59 x x 11 x 4 

T~ 
17 ZERO ADJUST 60 x 10 10 x 8 

f l6---- - --- - ---·31~ 
26 - REFERENCE OUT 61 x 9 9 1 10 

~~ J9~ 
28 +RE FERENCE OUT 62 8 8 8 2 20 

~ J1 <&l~ 
• JO 43• 30 GAIN ADJ. 63 7 7 7 4 40 
0 0 17SP ... CES 

I ~" a: AT 100 32 - SVDC OUT 64 6 6 6 8 80 

r o E"'Cl'I 
POWER GROUND 65 5 5 5 10 100 ~1 : 34 

0 """ 36 +SV POWER IN 66 4 4 4 20 200 0 (101.ll! 0 40 400 0 
_1__2100 

37 CLOCK ADJUST 67 3 3 3 
019----- - ----640 

80 800 r -- -------ssg 

II.·~ 
39 START RATE ADJ. 68 2 2 2 

"I 
41 START OUT 69 1 1 1 100 1000 

43 GATED CLOCK OUT 

17SP ... CES ~ ~o. c. ISTATUSI X INDICATES NO PIN 

~; 
AT 100 46 CLOCK OUT 

II~ 
48 START CONVERT 
49 COUNTER RESET 

§~ 70 LOGIC GROUND - - n• 
o--' 71 OVERLOAD 

r '800 -1 r l•Slf "" 72 SIGN 

Notes : 1 . Open dots designate omitted pins 
2. 0 .100 inch ~ 2.5mm 
3. Pin position tolerance is ±0.005" from datum, non-accumulative 
4 . Analog Ground, Power Ground, and Logic Ground are all connected together internally . 
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SPECIFICATIONS, ADC-ER SERIES I TECHNICAL NOTES 
Typica l a t 25 C and +5V Supply unless otherwise noted 

INPUTS 
Analog Input Range .... . 
Reference Input Range .. . 
Input Overvoltage, no damage 
Input Impedance, both inputs 
Input Bias Current, both in puts 
Common Mode Input Range .. 
Common Mode Rejection, OC-60Hz. 
Normal Mode Rejection, 50 or 60Hz 

Start Conversion 

OUTPU"':"S 
Parallel Output Data 

Sign ... 

Overload . . . 
E.O.C. (Status) . 

Gated Clock 

Counter Reset 

Clock Output 

Start Output 

Power Output . . 

PERFORMANCE 
Error. max .. . 
Resolution . . . 
Coding .... . 
Temp. Coeff. of Gain, converter . 
Temp. Coeff. of Gain, reference . 
Temp. Coeff. of Zero .... 
Internal Reference • •. ..... 
Power Supply Rejection .... 
Conversion Time, 60Hz period 

50Hz period 
Warm Up Time ..... . 

POWER REQUIREMENT 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range 
Storage Temperature Range 

Relative Humidity ... . 
Case Size . . . . 
Case Material 
Pins . • • . 
Weight •. .. 

. . . . 
. . 
. . 
.. 
. . 
.. 
.. 
.. 

ADC-ER8B/10B/12B 
(BINARY) 

±1V 
+0.5 to +1.5V 
±20V 
100 Meg. min. 
45nA typ., 500 nA max. 
±3V min. 

70 dB.min. 
40dB min. 

ADC -ER8D/12D 
(BCD) 

±2V 
+1 to +3V 

2V min. to 5.5V max. positive pulse 
with durati'on of 100 µsec. min. 
Logic "1" resets converter 
Logic 0 0" initiates conversion 
Loading : 1 TTL load 

8/10/12 parallel 
lines 

8/12 parallel lines 
and overrange 

Output data held until next start convert pulse. 
Vout ("0") .;;; +0.4V 
Vout I "1 ") ;;. +2.4V 
Loading: 6 TTL loads 

Output HI for positive input 
Loading: 10 TTL loads 

Output HI for ± input > FS 
01.Jtput HI during reset and conversion and LO 
when conversion is complete 

Loading: 4 TTL loads 
Output pulse train giving : 

N+4096 pulses N+2000 pulses 

where N is converted count 
Loading : 8 TTL loads 

Pulse HI for resetting external counters 
Loading: 4 TTL loads 

Continuous clock pulses with nominal frequency 
of fOO kHz 

Loading: 1 TTL load 
Internally generated 100 nsec. start convert 
pulse at 2/sec. Can be externally adjusted 
for faster rate . 
- 5VDC ±5%@ 5mA max. 

.05% Reading ± 1 count . 
8/10/1 2 Bits 2 Y./3Y, Digits 
Sign-Mag. Binary Sign-Mag. BCD 
±5ppmr c max. . 
±30ppmr c max. . 
±30 µVrc max. . 
1V ±0.1% 2V ±0. 1% 
.01 %/% max. . 
76.6 msec. max. 43.3 msec. max. 
90. 0 msec. max. 50.0 msec. max. 
5 minutes . 
+5.0VDC ±5% @ 250mA max. 

0°Cto 70° C 
- 55° C to +85° C 

Up to 100% non-condensing 
4 X 2 X 0.4 inches (101 ,6 X 50,8 X 10,2 mm) 
Black diallyl phthalate per MIL-M-14 
.020" round, gold plated, .200" lg. min . 
4 oz. max. (114 g.) 

1. Both analog input signal and external 
reference look into identical differential 
inputs with an electronic switch switching 
between the two during the conversion 
cycle. A bias current of typically 45nA 
flows out of the input terminals and must 
be returned to ground. For single-ended 
operation Analog LO and either reference 
input should be connected to Analog 
Ground. Only one reference is required for 
either polarity of analog input . 

2. Zero adjustment is required for either 
ratiometric or normal operation, but the 
gain adjustment is required only for nor
mal operation (using internal reference) or 
applications where the internally trimmed 
accuracy of 0.1% is insufficient. 

3. Optimum normal mode noise rejection for 
AC line frequencies is obtained by exter
nally adjusting the clock frequency to give 
a signal integration time equal to the line 
frequency period of 50 or 60 Hz . This is 
most easily done by using a d igital counter 
connected to the Clock Output (pin 46). 
If normal mode noise is negligible or of 
high frequency , the adjustment is not 
necessary . For short term measurements 
an adjustment to within 0 .1% of line 
period can be achieved, resulting in 60 dB 
of rejection. For longer term measure
ments, both line frequency and clock 
frequency drift slightly and a more reason
able match to within 1% results in 40 dB 
rejection. 

4. The start rate adjustment allows operat
ing at an inte rnally set rate of 2 conver
sions/sec. or at faster rates up to 23/sec. 

ORDERING INFORMATION 

ADC ·ER_I_ 

NO. OF BITS & CODING 

88 = B Bina ry Bits 
108 = 10 Binary Bits 
12B = 12 Binary Bits 
80 "" 2% BCD Digits 

120 = 3)1 BCD Digits 

PRICES (1 -9) 

ADC-ERSB . ..... $79.00 
ADC-ER10B , . . , .. $89.00 
ADC-ER12B . .• .. . $99.00 
ADC·ERSD ...... $79.00 
ADC-ER12D ...... $99.00 

Mating Sockets: DI LS-2 (4/module) $5.00/pair 
Trimming Potentiometers: 

TP100K , TP10K at $3.00 each 

For extended temperature range operatio n, the 
following suffixes are added to the model number. 
Consult factory for pricing and delivery. 

-EX 
-EXX- HS 

-25° to +85° C opera tion 
-55°C to +85° C operation with he r-
metically sealed semiconductor com· 
ponents. 

The ADC-ER Series Converters are covered by GSA 

Contract 
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TECHNICAL NOTES (Cont'd) I TIMING DIAGRAM 

(BCD) or 13/sec. (Binary) by external 
adjustment. To operate with the internal 
start convert, pin 41 must be connected to 
pin 48. The converter may also be started 
externally by means of a 100 nsec. min. 
start convert pulse applied directly to pin 
48. 

5. The - 5V power output from the converter 
may be used to power a transducer bridge 
or an auxiliary input amplifier such as 
µA 776, LM308, or 4250 in conjunction 
with the +5V input power. The 5mA 
maximum output should not be exceeded 
or it will affect the operation of the 
converter. This output is short circuit 
protected to ground but should not under 
any circumstance be connected to +5V or 
anv other power supply output voltage 
since damage to the converter will result. 
The - 5V output is regulated to give a 
constant 1 OV difference with respect to 
the +5V power input with a typical 
tempco of ± 1 OOppm/° C. 

6. Analog inputs exceeding the ±5V supply 
voltage, although they will not cause any 
damage up to ±20V, will cause the input 
switch to malfunction . This will cause the 
overload output to remain high and the 

sign output may be invalid. If inputs 
exceeding ±SV are to be encountered in an 

application, it is recommended that clamp
ing diodes be used from the inputs to ±5V. 
Overload recovery time, T 0 L , after a ± 5V 
input overload is 30 msec. for al I BCD 
models and 50 msec. for all binary model s. 
See timing diagram. 

BCD CODING 

STA RT 

---{}-- 100 nseo . mm n CONVERT 

I I 
I I 

E.OC . 

(STATUS) 

COUNTER 
RESET 

GATED 

CLOCK 

IN11'GRATOR 
RAMP 

OVER LOAO 

SIGN 

I 
I 

CONV ER SION 

T COMPLETE 10 msec 

T = 33.3 msec (BCD )• 
DATA VALID 

T "' 66 7 msec _ (Bini " ~ T OL __,..: 

I See Tech No te 6 

8 µsec max I 
I 
I 

I I 
I I 

.11111111111111111111111111111111111111111111111111111111111111111 1 111111111111111!111 
I 
I 
I 
I 
I 
I 
I 
I 

' . 
NO PULSES 0 2000 • N IBCOJ (N +!. count propon 1onal to E1N) 

4096 + N (Binary) ' I 
I 
I 
I 

I I 
I 

~SIGNA L IN TEG -+-REF INTEG -+' 
I 

I I 

I I 
I > FS I I r- - - -- - - r--1 

I I I I 
I 1 I I I I < FS I 

I --- --r-
f.- ------p~~12~-----: 
I I I 
I I I 
I NEGATIVE - - --- ---r-----

DAT A OUTPUTS I loATA OUTPU TS 
ZERO I : ZERO I 

DATA OUTPUTS COUNTING 
DATA OU T 

VALID & HELD 

*When sy nchronized to 60 Hz period. For 50 Hz period: T = 40.0 msec. (BCD ) 
T = 80.0 msec. (Bin) 

CODING TABLES 

SCALE 
21/2 DIGIT 31 /2 DIGIT 

INPUT(±) OUTPUT CODE INPUT(±) OUTPUT CODE 

FS-1 LSD 1.99V 11001 1001 1.999V 1 1001 1001 1001 
314 FS 1.50V 1 0101 0000 1.500V 1 0101 0000 0000 
1/2 FS 1.00V 100000000 1.000V 1 0000 0000 0000 

1/2 FS-1 LSD o.pev 010011001 0.999V 0 1001 1001 1001 
1/4 FS 0.50V 0 0101 0000 0.500V 00101 00000000 
1 LSD 0.01V 0 0000 0001 0.001V 0 0000 0000 0001 

0 O.OOV 0 0000 0000 O.OOOV 0 0000 0000 0000 

BINARY CODING 

8 BIT 10 BIT 12 BIT 
SCALE 

INPUT(±) CODE CODE INPUT(±) CODE INPUT(±) 

FS-1 LSB .996V 11111111 .9990V 1111111111 .99976V 1111 1111 1111 
7/8 FS .875V 1110 0000 .8750V 1110 0000 00 .87500V 1110 0000 0000 
3/ 4 FS .750V 1100 0000 .7500V 11000000 00 .75000V 1100 0000 0000 
1/2 FS .500V 1000 0000 .5000V 1000 0000 00 .50000V 1000 0000 0000 
1/ 4 FS .250V 0100 0000 .2500V 0100 0000 00 .25000V 0100 0000 0000 

1/8 FS .125V 0010 0000 .1250V 0010 0000 00 .12500V 0010 0000 0000 

1 LSB .004V 0000 0001 .0010V 0000 000001 .00024V 0000 0000 0001 

0 .ooov 0000 0000 .oooov 0000 000000 .ooooov 0000 0000 0000 ... 
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CALIBRATION & APPLICATION 

PWR 
GNO 

STANDARD CONNECTIONS AND CALIBRATION 

,, STA RT PULSE ~ATE 
440 RATE 

R$l KH! RATE 2 

t•Convttt.1<>r>,F"<Sei;ond 
Gov~fh"" 220K) 

CLOC K ADJ 31 o-<-+-~ 

START RATE 39 
CLOCK FREQ 

100K ADJUST 
STARTOUT41 

JO GAIN AOJ 

28 •REF OUT 

CLOCK OUT 46 cHH--'-- TO FREOUE'llCY 

9 REF JN 

-------+--OS ANALOG IN HI 

~---+--OJ ANALOG IN LO 

1 ANALOG GND 

START IN 48 

RATIOMETRIC OPERATION 

•SVDC ----.------+--0 36 +-SV IN 

COM - ---+-----+--O 34 PWR GND 

lllOK 
ZERO 
AOJ 

jvRH •Vc'-'l l<JV 

32 svour 

0 30 GAIN ADJ 

0 28 •REF OUT 

0 26 REF OUT 

~---j---0 17 ZE AO ADJ 

7 •REF IN 

------+--+-<> 5 ANALOG IN HI 

~--+--+-<> 3 ANALOG IN LO 

>-+--+--0 1 ANALOG GNO 

COUNTER FOR 
NORMAL MOOE 
NOISE REJECTION 
ADJUSTMENT 

CLOCK FREQUENCY FOR 
Qf>TIMUM NORMAL MOOE 

NOISE REJECTION 

50Hr 

BCO 

'" OUTPUT · vAEF X 2000 (BCD 3 ''• d•g1t! 

CM •COMMON MODE "" - x 4096 !8inl2b1t) 
VAEF 

USING WITH BRIDGE TRANSDUCER AND - 5V OUTPUT 
TO MINIMIZE INPUT COMMON-MODE VOLTAGE 

+svoc -----<o-------+------1--~ 

COM -------<------+------1---0 

36 +SV IN 

34 PWR GND 

R, 32 - 5VOUT 
BRIDGE 

0 30 GAIN ADJ 

0 28 + AEF . OUT 

0 26 - REF . OUT 
R, 

R, 

9 REF IN 

7 +REF IN 

5 ANALOG IN HI 

3 ANALOG IN LO 

For BCD Models: R1 • A3 • 2R 1 
For Bmary Models: R1 '"' R1 -=- 4.5R 1 

CALIBRAT ION 

1. Connect the converter as shown in the diagram. Allow a 5 minute warm-up before 
making final adjustments. 

2. Zero Adjustment. Short together Analog In HI (pin 5). Analog In LO (pin 3), and 

Analog Ground (pin 1). Adjust zero trimming potentiometer to obtain a flickering 
Sign (pin 72) and logic zero on all parallel data output lines . 

3. Gain Adjustment . Apply a precision reference input voltage between Analog In HI 
(pin 5) and Analog In LO (pin 3) with the latter connected to Anatog Ground 

(pin 1 l. Set the precision reference to a voltage near full scale (see coding tables) 

and adjust the gain trimming potentiometer to give the correct digital output 

code. 

NOTE : The gain adjustment is internally trimmed to within ±0.1 % accuracy. tf 
this accuracy is sufficient, then pin 30 shou ld be left open. The gain adjustment 1s 

not necessary for ratiometr ic operation. 

ADJUSTMENT OF CLOC K FREQUENCY AND START RATE 

1. To obtain optimum normal mode noise rejection at either 50 or 60 Hz, the Clock 

Frequency Adjust potentiometer should be adjusted to give the appropriate clock 

frequency shown in the table. This is most easily done using a frequency counter 

connected to the Clock Out (pin 46) . Although a 200K adjustment potentiometer 
gives a full range of adjustment, most accurate adjustment is achieved by a 10K 
trimming potentiometer in series with an appropriate fixed resistor value. 

2. The internal start pulse generator operates at a nominal rate of 2 pulses/second 

with no con nect ion to pin 39. To increase the conversion rate a resistor may be 
connected as shown from pin 39 to +5V as illustrated in the calibration diagram . 

USING WITH BRIDGE TRANSDUCER 
EXCITED BY 5V SUPPLY 

+5VOC - ----+>------.-----+--0 36 +5V IN 

COM - ----lf------+--..---+--0 34 PWR GNO 

BRIDGE 

0 32 - SVOUT 

0 30 GAIN ADJ . 

0 28+REF . OUT 

026 - REF . OUT 

7 +REF IN 

~-------+---O 5 ANALOG IN HI 

~--------------+--<> 3 ANALOG IN LO 

DRIVING AN EXTERNAL COUNTER 
WITH THE GATED CLOCK & COUNTER RESET 

--i1111111111111n1111111 
GATED CLOCK 43 O--+-----.'---,:----f-+----~~::eos CLOCK 

I 
I 

_L___L 
co~~;:: 49 0--+-------~' -----<-+----~~~:rT!~LSE 

LOGICGNO 70 <>-+-------0------+--+--- LOGICGNO 
StGN n SIGN LOGIC 

I 

__n_ 4 WIAE LINE 

TO EXTERNAL 

COUNTER 

FOR LENGTHS GREATER 
THAN 3 FT USE LINE 
ORIVERS AT ADC EA 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

"' 4% Digit BCD or 14 Bit Binary 
"' 4 Wire Ratiometric Operation 
.,. Auto-Zero Drift Correction 
"' Quartz Crystal Controlled Clock 
.,. Floated Input, ±300V Range 
"' 60dB AC Line Noise Rejection 

GENERAL DESCRIPTION 
The ADC-EP series are high resolution, ra
tiometric A/D converters using the dual 
slope conversion principle. The analog input 
is electrically floated from digital ground by 
means of optical and magnetic coupling of 
digital signals , to permit a ±300V common 
mode input voltage range with greater than 
100dB common mode rejection. A four-wire 
ratiometric input permits separate connec
tion to input signal and reference; the refer
ence input is a flying capacitor circuit which 
allows the reference to operate at a different 
common mode level from the input signal , 
with greater than 70dB common mode re
jection. The external reference may vary 
±50% from the nominal value of 1.0 volt for 
ratiometric measurements; a stable internal 
reference of 1.00V ±0.1 % is also provided 
for fixed reference operation . 

These converters are available in two basic 
models: a binary coded version with 14 bit 
resolution, and a BCD coded version with 
4Y. digit resolution . Both models use sign
magnitude coding . An internal quartz crys
tal controlled clock sets the signal integra
tion time to a precise multiple of the AC 
l ine frequency to achieve greater than 60dB 
noise rejection of AC line noise. The con
verters can be ordered with clock frequency 
synchronized to either 50 or 60 Hz. An 
auto-zeroing circuit stabilizes the zero drift 
of the converters to less than ±1µVf C. The 
conversion time, which includes an 80 msec. 
period for auto-zeroing, is 230 msec. for a 
60Hz synchronized model and 260 msec. 
for a 50Hz synchronized model. Conversion 
can be initiated by either an external start 
pulse or by an internally generated pulse. 
Accuracy of both converters is .01 % of read
ing ± 1 count . 

All digital outputs are from a CD4050 
buffer, which will drive 1 TTL load or 
numerous CMOS loads. Other digital out
puts include overrange on the BCD model , 
overload, sign, clock out , start out, and end 
of conversion (statust. Two additional out
puts, a gated clock and counter reset, permit 
serial transmission of output data to an ex
ternal counter. 

The unique features of these converters 
make them useful in a wide range of instru
mentation and measurement applications. 
Power requirements are ±15VDC and + 5V 
to + 15VDC. Package size is 4 X 2 X 0.8 
inches and operating temperature range is 
0° C to 70° C. 
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PRECISION RATIOMETRIC DUAL SLOPE 
ANALOG TO DIGITAL CONVERTERS 

ADC-EP SERIES 

MECHANICAL DIMENSIONS 
INCHES (MM) INPUT/OUTPUT CONNECTIONS 

.. 
' " .. 

~F _U~N~C~T"-IO~N~-----< 
1 ANALOG COMMON 
5 ANALOG INPUT 
7 REFERENCE HI INPUT 
9 REFERENCE LO INPUT 

11 REFERENCE HI OUTPUT 
13 REFERENCE LO OUTPUT 
14 REFERENCE ADJUST . '""' 15 REFERENCE ADJUST 
17 ZERO ADJUST 
28 Vee POWER COMMON 
30 +Vee POWER IN 
32 - 15VDC POWER IN 
34 15V POWER COMMON 

~·. J ~oogg
1 101

t.
1 

'--'36-=-"-'·'-=15-"V-"D"-C~P'-"0"-W-E_R_l_N _ _ _J - I .. 42 CLOCK OUT 
.... _ , 100 43 START OUT 

~ ::': IT""' I 45 START ADJUST 46 COUNTE R RE SET 
4 7 START IN 
49 GAT ED CLOCK OUT 

• P.to<:u 50 CLOCK IN 
• 1.to<:" 51 E.0.C. (STATUS) 

j 
70 LOGIC GROUND 
71 OVERLOAD 

---::J L_ '-----'- NOTES 
-I I 100 

1. Open dots designate omitted pins 
2. 0 .100 inch= 2.5 MM 

PIN DIGITAL OUTPUTS 

r-:::--1--'e~IN~A~R"-Y'-"e~IT'--jf--~e~c~o~o~IG~l~T--J 
~ ADC·EP1 4B ADC·EP16D 

53 BIT 14 (LSB) BIT 17 (1) 
54 13 16 (21 
55 12 15 14) 
56 11 14 (81 

1---'5'-'7_,_ __ 1 0 13 ( 1 01 
58 9 12 (201 
59 8 11 (4 0) 
60 10 180 1 
61 9 11001 
62 8 12001 
63 7 14001 
64 6 18001 
65 5 110001 
66 x • 120001 
67 x 3 140001 
68 x 2 180001 
69 BIT 1 (MSBI BIT 1 (10,0001 

X IND ICATES NO P1N 

3. Pins 66 , 6 7, 68 are omitted on Bmary mod1l1 
4 . Pin pos111on tolerance is ! 0 .005°0 from 

datum , non-accumulative 
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SPECIFICATIONS, ADC-EP SERIES I TECHNICAL NOTES 
Typical at 25°C, • 15V and +5V supplies unless otherwise noted 

INPUTS 
Analog Input Range 
Reference Input Range . ... 
Input Overvoltage, no damage' .. 
Input Impedance' .. . .... . 
Input Bias Current1 

• • •••• 

Common Mode Voltage Range ' . 
Common Mode Rej ., DC-60Hz, 1 K unbal .' 
Common Mode Range, ref. to analog com . . . 
Common Mode Raj. of Reference, DC-60Hz. 
Normal Mode Raj., 50 or 60 Hz . . . 
Start Conversion . . . . . . . . . . . . . . .. 

Clock In 

OUTPUTS' 
Parallel Output Data 

Sign ...... .. . . 
Overload . . . 
E.O.C. (Status) . 

Counter Reset . 

ADC-EP14B ADC-EP16D 
(Binary) (BCD) 

±2V . 
0.5 to 2 .0V 

. 
±25V 

. 
100 Meg. min . . 
100pA max . . 
±300V max . . 
100dB min . . 
±5V . 
70dB min . . 
60dB min . . 

CMOS input, positive 0 to +Vee pulse with 
1 µsec min. duration. 1 OOK input impedance. 
Logic " 1" resets converter. 
Logic "O" initiates conversion. 
CMOS input, positive 0 to +Vee pulse with 
approx. 50% duty cycle. 

14 parallel lines 16 parallel lines 
and overrange 

Output data held until next start convert pulse. 
Positive true buffered CMOS outputs 
Vout ("O" ) .;; + 0.4V } 
Vout ("1 " ) ;. + 2.5V for Vee = + 5V 

Loading: 1 TTL load. 
Output HI fo r + inputs 
Output HI for ± input > F .S. 
Output HI during conversion and LO when con
version is complete. 
Output HI during and up to 1 clock period 
after start pulse for resetting external counter. 

1. In order to make use of the floated analog 
input capability of the ADC-EP series, the 
±15VDC analog power supply must be 
floated with respect to the digital logic 
supply (Vee). If floated analog input is not 
required, then analog and digital grounds 
may be connected together. The analog 
input is single-(lnded with 100 megohm in
put impedance. The input bias current be
tween ANALOG IN and ANALOG COM
MON is 100 pA max. and this value 
doubles every 1D°C. 

2. The reference input is a flying capacitor 
circuit which permits the external refer
ence to operate at a ±5V common mode 
voltage with respect to analog common 
with greater than 70dB CMR. The 1µF fly
ing capacitor is charged from two 10K re
sistors which give a time constant of 20 
msec. (not counting reference source im· 
pedancel. This means that if the external 
reference changes value, 9 time constants 
or 180 msec. should be allowed before a 
correct conversion can be initiated. Or, 
more simply, after the reference changes 
to a new value approximately one full con
version period should be allowed before 
the next correct conversion . It should be 
noted that only one reference is required 

Gated Clock Output pulse train of !------------------------; 

Clock 

Start Output 

PERFORMANCE 
Error, max ... 

Resolution . . . . . 
Coding . . . ... .. . 
Temp. Coeff. of Gain, Converter 
Temp. Coeff. of Gain, Reference .. 
Temp. Coeff. of Zero . . . . . . . . 
Internal Reference Voltage . . . . 
Conversion Time. 60Hz period .. 
Conversion Time, 50Hz period 
Warm-Up Time ... .. .. ... . 

POWER REQUIREMENT 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity . . . . 
Ca1eSize • . . . • . • . 

Case Materiel .... . 
Pins.. . . . . . • . . . . . . . . 
Weight .... . .. .... .. . . . . 

N+ 8 ,192 N+ 10,000 

pulses where N is converted count. 
Continuous clock pulses from crystal controlled 
clock . 
Internally generated 1 µsec . pulses at 2/second 
for starting converter. 

.01 % Reading ± 1 count 

14 Bits 
Sign-Mag. Binary 
±5ppmf C max . 
±8 ppmf C max . 
±1 µV f C max. 
1.00V ±0.1 % 
230 msec. 
260 msec. 
15 minutes 

+ 15VDC ±0.5V at 45 mA 
- 15VDC ±0.5V at 20 mA 

4 % Digits 
Sign-Mag. BCD . 

+ 5VDC to + 15VDC (Vee) at 6 mA 

0°C to 70° C 
- 55° C to + 85° C 
Up to 100% non-condensing 
2 X 4 X 0.8 inches 150,8 X 101,6 X 20,3 mm) 

Black diallyl phthalate per MIL-M -14 
.020" round, gold plated, .150" long min. 
8 oz . max. (227 g) 

*Specifications same as first column. 
1. Between ANALOG IN and ANALOG COM Terminals. 
2. Between either ANALOG IN or ANALOG COM and DIGITAL GND. 
3. All outputs are from a CD4050 buffer which can drive 1 TTL load or CMOS circuits. 

ORDERING INFORMATION 

ADC-EP _T-T_r'------, 
NO. OF BITS & CODING 

148 = 14 Binary Bits 
16D = 4 Y, BCD Digits 

PRICES (1-9) 

NOISE REJ. FREQ. 

5 = 50Hz 
6 = 60Hz 

ADC-EP16D-5 . . ... . $179.00 
ADC-EP16D-6 .. . .... $179.00 
ADC-EP14B-5. . . . . . $179.00 
ADC-EP14B-6 . ..... . $179.00 

Mating Sockets: DILS-2 (4/module) $5.00/pair 
Trimming Potentiometers: 

TP200. TP100K at $3.00 each 

For extended temperature range operation, the 
following suffixes are added to the model number. 
Consult factory for pricing and delivery. 

-EX -25° to +85° C operation 
-EXX-HS - 55° C to +85° C operation with her-

metically seaied semiconductor com
ponents. 

The ADC-EP Series Converters are covered by GSA 
Contract 
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TECHNICAL NOTES (cont'd) I PERFORMANCE DATA 

for either polarity of analog input. The 
polarity of the analog input is automati
cally sensed by the converter. 

3. Both ADC-EP models are internally cali
brated to within ±2 LSB's at zero and 
±0.1 % at full scale. If this accuracy is suffi
cient in an application, no external adjust
ments are required. The internal 1.0 volt 
reference may also ba used as a reference 
for other AID converters or other circuits 
provided that its output is buffered with a 
voltage follower op amp of sufficient 
stability. Temperature coefficient of this 
reference is only ±8 ppmf C and output 
impedance is 1.3K ohms. 

4. For both models BO milliseconds of the 
total conversion time is devoted to drift 
correction (auto-zeroing) bafore the next 
conversion cycle bagins. A full scale input 
will ba converted with parallel data ready 
in either 150 msec . (60Hz synchr.) or 180 
msec. (50Hz synchr.). The E.O.C. (status} 
output changes state at this time, indicat
. ing that data is ready. The next conver
sion, hov.iever, should not ba initiated un
til the 80 msec. auto-zero is completed. 
For inputs less than full scale, the output 
data is ready even sooner than 150 or 180 
msec. 

5. The converters can ba operated with the 
internal start generator at 2 conversions/ 
second or they can be started with an ex
ternal start pulse at 3.8' conversions/sec. 
(50 Hz models} or 4.3 conversions/sec. (60 
Hz models). The internal start pulse gen
erator can also be slowed to less than 2 
pulses/sec. by means of an external capaci
tor as shown in the application diagram. 

6. The GATED CLOCK OUT and COUNT
ER RESET are convenient outputs for use 
with an external or remote counter in 
applications where serial data transmission 
is required . 

7. An external clock may also ba used with 
the ADC-EP converters by providing an in
put pulse train from OV to +Vee at ap
proximately 50% duty cycle. For proper 
operation , the external clock frequency 
should be within ± 10% of the internal 
crystal clock frequancies which are given 
here: 

50 Hz ~nc. 60 Hz ~nc. 
BCD 166.66kHz 200.00kHz 
Bin 136.53kHz 163.B4kHz 

8. The excellent normal mode rejection of 
AC power line frequency noise of the 
converters 11 due to the accurate and 
1ubi1 synchronization of the signal inte
gration p1rt of the conversion cycle with 
the lin1 frequency. This synchronizetlon 11 
held to within 0.1 % by the quartz cry1t1I 
controllld clock. The correct model 
should bt specified for operation with the 
appropriata AC llne frequency. 

TIMING DIAGRAM 

•V<=n--START 

-CO_N_V_E-RT----~ ~ µMC., min nL___ 
E.OC 
!STATUSI 

i 
1.--~~~r-----<~ 
I T • 150 msec !60Hz 1vnc) 
j T • 180 msec (50 Hz 1ync) 

------- 1 

COUNTER 
RESET 

5,,i~ max t60 Hz syl'IC) 

s,.1ec ma ... 150 Hz sync l 

CONVERSION 
COMPLETE 
DATA VALID 

I 
I 

l4--- 80 msec mm 

GATEC 
CLOCK 111111~111111111111~111111111111111111~111111111111111~ i 11111111111111111111~ 

NO PULSES • 10,000 + N !BCDI I (N 11 count propor11ooal to E1NI 

INTEGRATOR 
RAMP 

• 8,192 + N (Bm I 

I 
I 
I 

------~"T"i"i--,N~~~~TE~INT~~~ATE -<-------.--
1 I 

~------L , 
I > FS I I 
I <FS I I 

OVERLOAD 

-----~+------+------' - -- - - - 4 ·'----
1 I I 

r--- --PO-;.~;- - ---1 
: NEGJTOVE I 

SIGN 

---------;~-------' - - --- - t- - - - - - ·'------

D AT A OUTPUTS 

I DA l A OUTPUTS 
ZERO 

1 

I 

DATA OUTPUTS COUNTING 
DATA OUT 

VALID & HELO 

CODING TABLES 

BCD COOING 

4% DIGIT 
SCALE 

INPUT(±} OUTPUT CODE 
FS-1 LSB 1.9999V 1 1001 1001 1001 1001 
3/4 FS 1.5000V 1 0101 0000 0000 0000 
1/2 FS 1.0000V 1 0000 0000 0000 0000 
1/2 FS-1LSB 0.9999V 0 1001 1001 1001 1001 
1/4 FS 0 .5000V 0 0101 0000 0000 0000 
1 LSB 0.0001V 0 0000 0000 0000 0001 

0 O.OOOOV 0 0000 0000 0000 0000 

BINARY CODING 

14BIT 
SCALE INPUT(±) OUTPUT CODE 

FS-1 LSB 1.99988V 1111 1111 1111 11 
7/8 FS 1.75000V 1110 0000 0000 00 
3/4 FS 1.50000V 1100 0000 0000 00 
1/2 FS 1.00000V 1000 0000 0000 00 
1/4 FS 0.50000V 0100 0000 0000 00 
1/8 FS 0.26000V 0010 0000 0000 00 
1 LSB 0.00012V 0000 0000 0000 01 

0 o.ooooov 0000 0000 0000 00 

DAT A OUTPUTS 
/ ZERO 

r 
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CALIBRATION & APPLICATION 

STANDARD CONNECTIONS & CALIBRATION 

,------~-------+_., 36 •1SVDC 

~+-------+-o 34 1SV PWA COM 

.----+-+--+--------+-<> 32· 15VDC CLOCK OUT 42 
START OUT 43 

,----1-o 18 Vee ?WR COM 
START IN 47 

CLOCK IN SO 

>o----------+o 17 ZE~O ADJ 

~-------+<> 15 REF ADJ 
~------<f-0 14 REF ADJ 

ZERO 
AOJ 
(:Sb11d 

13 REF LO OUT 

>o--.--+-l-0 11 REF HIOUT 

9 REF LO IN 

7 REF HI IN 

"" 

RATIOMETRIC OPERATION 

,--------------+----+o36 •15VDC 

~------------+-----+<>34 ISV PWR COM 

~---------<>---+----+-032 - 15VOC 

~------+--+-----+<> 30 •Vee 

~---<>----<>--+----t-O 28 Vee PWR COM 

DIGITAL 
SUPPLY Neel 
•Sio '15VDC 

l vREF • VcMI < 5V 

EcM < 300V 

lOOK 
>4---t--O 17 ZERO ADJ 

o 15 REF . ADJ 
0 14 REF ADJ 

ZERO 
AOJ 

0 13 REF LO OUT 

0 11 REF HI OUT 

r--i---t-<> 9 REF LO IN 

7 REF HI IN 

5 ANALOG IN 

1 ANALOG CO M 

CALIBRATION INSTRUCTIONS 

1. Connect the converter as shown in the diagram . Allow a 15 minute warm-up time before 
making final adjustm ents. 

2. Zaro AdjuS1mants. Short together ANALOG IN {pin 5) and ANALOG COM (pin 1) . 
Adjust the ZERO ADJ . potentiometer to obtain a flickering SIGN bit output (pin 72) 
along with togic zeros on all parallel data output lines. NOTE : The auto zeroed initial 
offset is factory calibrated to within ! 2 LSB's of zero (for either binary or BCD ver· 
sions) . If this is accura te enough for the required application, then no zeroing adjustment 

is required and pin 17 should be left open . 

3. Gain Adjustment . Apply an external precis ion reference voltage between ANALOG IN 
(pin 5) and ANALOG COM (pin 1 ). Set the precision reference voltage to a voltage near 
full scale, say FS-1 LSB (see coding tables), and adjust the GAIN ADJ . potentiometer to 

give the correct digital output code. 

NOTE: The gain (set by internal reference) is factory calibrated to within ±0 .1%. If this 
is accurate enough for the required application , then no gain adjustment is required and 

the GAIN ADJ. potentiometer should be omitted. For ratiometric operation, a ga in 

adjustment is not required . 

TWO WAYS TO ALTER CONVERSION RATE 
REDUCING CONVERSION 
RATE WITH EXTERNAL CAPACITOR 

CLOCK OUT 47 <>-<----~ 
START OUT ~3 ---, 

·H-.-~ 

CONV 2 
SJ 0 Sfc- I • CEXT 

ICEx T IN .,Fl 

CONTROLLING CON VERSION 
RATE WITH EX TERNAL START PULSE 

CLOCK OUT 42 
START OUT 4 3 O 

START ADJ 45 o 

•SVDC 

FOR TTL 
EXTER ... AL 
START 
DRIVE 

START IN 4 7 <>-t-+-+--Q 

CLOCK IN 50 
51 0 

530 ' •5V~ 
1.,S, M 1n 
START CONVERT 

OV PULSE 

Vee muu be •SV 101 
TTL 1npu1 

''" - X 10,000 (BOC 411. d1g11I 
VREF 

The internal start pulse generator operates at a nominal rate of 2 pulses /sec· 
and . Th is rate may be decreased, however, by means of an external capacitor 
betvveen START OUT (pin 431 and START ADJ . (pin 45) . A tantalum capaci · 
t or may be used to give a conversion time as shown in the formula . Since the 
conversion time of the ADC-EP is either 230 or 260 msec ., depending on the 
model , a conversion rate as fast as 4.3 conversions per second may be achieved 
using an external start convert pulse as shown in the second diagram. If the 
pulse is from a TTL logic source, a 1 K pull-up resistor must be used along with 
Vee voltage of + SVOC for the converter . The external start pulse may also be 

derived f ro m CMOS logic in which case the same supply voltage must be used 
for the external logic and V ee of the converter. 

DIGITAL 
GROUND 

ANALOG 
GROUND 

' '" v;;; ._ 8,192 \Bin 14 b11I 

MEASUREMENT OF LOAD CELL OUTPUT OVER LONG WIRES & HIGH COMMON MODE VOLTAGE 

l. Th is circu it withstands a common mode voltage. Ecm, of :.JOOV Max. 
2. Common mode rejection of Ecm is 100dB, D.C. to 60 HZ. 

,---- -...-------t-0 36 •15VOC 

~+--------<k> 34 15VPWR co~ 

3. Normal mode rejection of line frequency no ise is 60 dB . 
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r------1 
: LOAD CELL I 

I 
I 
I 

I L _______ J 

LOGIC 
GNO 

-=-

:!JOOV 
MAX 

>-----------+-<> 17 ZERO ADJ 

~------4-o 1~ REF ADJ 
~------+-o 14 REF ADJ 

13 REF LO OUT 

">4-----+-_,k> 11 REf H I OUT 

9 REF LO IN 

7 REF HI IN 

~----< >-------+--------------~--+<> 5 ANALOG IN 

~----< >------~-+------------~---+_., 1 ANALOG COM 

ANALOG 
GNO 
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Cl..OCK OUT 42 
START OUT 43 

START IN 4 7 

CLOCK IN 50 
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DIA Converters 
Rapid Selection Guide 

The Rapid Selection Guide presented below is a capsule sum
mary of all of Date! Systems' D/A converter series. Because we 
manufacture the broadest line of DAC's in the industry, this 
table is a useful guide for quickly locating the converters, by 
price range and performance, that are most suitable for your 
application. 

After locating the desired converter series, turn to the follow
ing pages which present more detailed specifications of the 
various models in tabular form. 

Converter Settling 
Type Series Resolution Ou.tput Time Tempco Price Range See Page 

DAC-9, 19, 29 8 Bits Current, 300-500 nsec, 50-100 ppm/"C $14.95 - $39 70 

Low Cost Voltage 5-20µsec. 

General DAC-49 10 Bits Current, 300 nsec, 50 ppm/°C $49.00 70 
Purpose Voltage 5 µsec . 

DAC-69 12 Bits Current, 300 nsec, 50 ppm/°C $59.00 70 
Voltage 20 µsec. 

High Per-
DAC-HB 8, 10, 12Bits Voltage 5 µsec . 30 ppm!°C $65- $89 72 

formance DAC-1 8, 10, 12 Bits Current 150 nsec . 15 ppm/°C $69- $89 72 
Moderate DAC-R 8, 10, 12 Bits Voltage 5 µsec. 30 ppm/°C $69- $79 72 
Cost 

DAC-V 8, 10, 12 Bits Voltage 2 µsec. 20 ppm!°C $79 -$119 72 

DAC-Fl-GI , HI 8, 10, 12 Bits Current 25-100 nsec. 15-30 ppm/°C $79 - $129 74 
High Speed 

DAC-HV-100 6, 8, 10 Bits Voltage 50-100 nsec. 60 ppm/°C $169-$189 74 

DAC-169 16 Bits Current, 750 nsec, 10 ppm/°C $109.00 76 

Low Drift 
Voltage 30 µsec. 

and High DAC-HR 13, 14, 15, Current 1 µsec. 1.5 ppm/°C $249- $299 76 
Resolution 16 Bits 

DAC-TR 8, 10, 12 Bits Voltage 5 µsec. 7 ppm!°C $129- $179 76 

DAC-CM 8, 10, 12 Bits Voltage 25 µsec. 30 ppm/°C $119 - $139 78 

Special DAC-DG 12 Bits Voltage 600 nsec. 35 ppm!°C $249.00 78 

Purpose DAC-MI, MV 8, 10, 12 Bits Current, 150 nsec, 30 ppm/°C $119 - $159 78 
Voltage 4 µsec. 

DAC-VR 8, 10, 12 Bits Voltage 2 µsec. 20 ppm/°C $ 89- $129 78 

DAC-IG 8, 10 Bits Current 250-300 nsec. 20 ppm/°C $ 8.95 80 

Hybrid and 
DAC-HZ, HK 12 Bits Voltage 3 µsec. 10-20 ppm/°C $ 39 - $139 80 

Monolithic DAC-HF 8. 10, 12 Bits Current 50 nsec. 30 ppm!°C 80 

DAC-HA 12 Bits Current 500 nsec. 3 ppm /°C * 80 

DAC-HC 12 Bits Voltage 10 µsec. 20 ppm/°C 80 

DAC-HU 4 Bits Current 20 nsec. 40 ppm!°C 80 

*To be announced. 
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Cost, General LO\N 
Purpose DIA Converters 

Accuracy Settling 
Model Resolution (% FS) Output Time Linearity 

DAC-98BI (1) 8 Bit s 0 .2% 

Lowest Cost DAC-9801 (1) 2 Digits 0 .5% 
Cu rren t 500 nsec. 1/ 2 LSB 

Current Output DAC-98BIR 8 Bit s 0 .2% 

DAC-98DIR 2 Digits 0 .5% 

OAC-198B 8 Bit s 0.2% Vo ltage 20 µsec. 

8 Bit Voltage & OAC-1980 2 Digits 0.5% Vo ltage 20 µsec . 1/ 2 LSB 
Current Output OAC-198BI 8 Bi ts 0 .2% Current 300 nsec. 

OAC-19801 2 Digits 0.5% Current 300 nsec . 

5 µ sec . OAC-298B 8 Bits 0 .2% 
Vo ltage 5 µsec. 1/2 LSB 

Settling Time OAC-2980 2 Dig its 0.5% 

OAC-4910B 10 Bi ts .05% Vo ltage 5 µ sec. 

10 Bit Voltage OAC-4910BI 10 Bi ts .05% Current 300 nsec. 
1/2 LSB & Current Output 

OAC4912D 3 Digi ts .05% Voltage 5 µsec. 

OAC-491201 3 Digits .05% Current 300 nsec. 

12 Bit Voltage OAC-6912B 12 Bits .01 % Vo ltage 20 µsec. 
1/2 LSB & Current Output 

DAC-6912BI 12 Bits .01 % Current 300 nsec. 

NOTES : 1. These mode ls derive t heir reference from t he +15V supp ly. 

2 . Coding: Bin =Straig ht binary or offset bi nary 
BCD = Bi nary coded deci mal 
2C = Two's co mple ment 
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DAC-9 SERIES: These low cost modular DAC's feature an ex
cellent choice of both current and voltage output models with 
8 to 12 bit resolutions. All units have internal voltage refer
ences except for DAC-98B I and DAC-98DI which derive their 
reference voltage from the +15 volt supply. Output settling 
times vary from 300 to 500 nsec. for current outputs and from 
5 µsec. to 20 µsec. for voltage outputs. 

ALL MODELS: have operating temperature range of 0°C to 
70°C; have DTL/TTL compatible inputs; use DIL-1 or DILS-2 
dual-in-line strips for sockets. 

See pages 284 and 285 for information on Extended Per
formance versions. 

Input Power Case Size Price See 
Coding (2) Output Ranges Gain Tempco Requirement (inches) (1-9) Page 

Bin 0 to +2.6 mA $14.95 

BCD 0 to +1.6 mA 
100 ppm!°C +15V 2 x 1 x 0 .375 

$14.95 

Bin 0 to +2.6 mA $16.95 

BCD Oto +1.6 mA $16.95 

Bin, 2C 0 to +10V, ±5V $29.00 

BCD 0 to +1 0V 
50 ppm/°C ±1 5V 2 x 2 x 0.37 5 

$29.00 

Bin 0 to +2.5 mA $29.00 

BCD 0 to +1.54 mA $29.00 

Bin, 2C 0 to +10V, ±5V 
50 ppm/°C ±15V 2 x 2 x 0.375 

$39.00 

BCD 0 to +10V $39.00 

Bin, 2C 0 to +10V, ±5V 2 x 2 x 0.375 $49.00 

Bin 0 to +2.5 mA 
50 ppm!°C ±15V 

2 x 2 x 0.375 $49.00 

BCD 0 to +lOV 
2 x 2 x 0 .375 

$49.00 

BCD 0 to +1.54 mA $49.00 

Bin, 2C 0 to +10V, ±5V 
50 ppm/°C ±15V 2 x 2 x 0 .375 

$59.00 

Bin 0 to +2.5 mA $59.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet. 
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High Performance, Moderate 
Cost DIA Converters 

Accuracy Settling 
Model Resolution (% FSI Output Time Linearity 

OAC-HB8B 8 Bits 0.2% 
Voltage Output, OAC-HB10B 10 Bits .05% 
5 µsec. Voltage 5 µsec 1 /2 LSB 
Settling OAC-HB12B 12 Bits .01 % 

OAC-HB120 3 Digits .05% 

OAC-18B 8 Bits 0.2% 

Current Output, OAC-110B 10 Bits .05% 
150 nsec. 
Settling OAC-112B 12 Bits .01 % Current 150 nsec. 1 /2 LSB 

OAC-180 2 Digits 0.5% 

OAC-1120 3 Digits .05% 

OAC-R8B 8 Bits 0.2% 

OAC-R10B 10 Bits .05% 
OAC-12QZ .. OAC-R12B 12 Bits .01% Voltage 5 µsec. 1/2 LSB 
Equivalent 

OAC-R80 2 Digits 0.5% 

OAC-R120 3 Digits .05% 

OAC-V8B 8 Bits 0.2% 

Fast, Voltage OAC-V10B 10 Bits .05% 
Output 

OAC-V12B 12 Bits 2 µsec. .01% Voltage 2 µsec. 1 /2 LSB 

Settling OAC-V80 2 Digits 0.5% 

OAC-V120 3 Digits .05% 

NOTE: 1. Coding: Bin = Straight binary or offset binary 
BCD = Binary coded decimal 

C Bin = Complementary binary 
C BCD= Complementary BCD 
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DAC-HB SERIES: These models feature voltage outputs with 
settling time of 5 µ sec. Resolution is 8- 12 bits with a 3 digit 
BCD model. Unipolar or bipolar operation is obtained by pin 
connection. 

DAC-1 SERIES: Thi s series features low drift (15ppm!°C) 
current outputs with 150 nsec. settling time. Resol ution is 8 
through 12 bits with 2 BCD models . 

DAC-R SERIES : Thi s general purpose series features 8 through 
12 bit performance with complementary input coding. Voltage 
output sett l ing time is 5 µsec . The DAC-R 12B is a pin and per
formance equivalent of the popular DAC-1202 converter. 

DAC-V SERIES : These models are fast sett ling (2 µsec.) volt
age output devices with 8, 10, and 12 bit resolutions. 

ALL MODELS: have operating temperature range of 0°C to 
70°C; have DTLfTTL compatible inputs; use DILS- 1 or DILS-2 
dual-in-line strips for sockets . 

See pages 284 and 285 for information on Extended Per
formance versions . 

Input Power Case Size Price See 
Coding (1) Output Ranges Gain Tempco Requirement (inches) (1-9) Page 

$ 65.00 

Bin 0 t o +10V, ±5V 30 ppm/"C ±15V 2 x 1.5 x 0.375 
$ 79.00 

$ 89.00 

BCD 0 to +lOV $ 89.00 

$ 69.00 

Bin 0 to +2, ±1 mA $ 79.00 

15 ppm/"C ±15V 2 x 1 x 0.375 $ 89.00 

BCD 0 to + 1.25 mA 
$ 69.00 

$ 89.00 

±2.5, ±5, ±10V 
$ 69.00 

C Bin 0 to +5, +10V $ 75.00 

30 ppm!°C ±15V,+5 V 2 x 2 x 0 .375 $ 79.00 99 

C BCD 0 to +5, +10V 
$ 69.00 

$ 79.00 

±5, ±10V 
$ 79.00 

Bin 0 to +5, +10V $ 99.00 

20 ppm/°C ±15V 2 x 2 x 0.375 $119.00 

BCD 0 to +5, +10V 
$ 79.00 

$119.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT * Contact nearest Datel sales office for data sheet. 
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High Speed DIA Converters 

100 nsec. 
Current Out 

50 nsec . 
Current Out 

25 & 50 nse c. 
Cu rrent Out 

50 & 100 nsec. 
Voltage Out 

Vol 3/74 

DAC-FI, GI , HI SERIES : These fast current output models 
feature settling times from 100 nsec. down to 25 nsec. Resol· 
ution is from 8 bits to 12 bits with temperature coefficients 
from 30 ppm/°C down to 15ppm!°C. This series is designed to 
drive a small va lue load resistor directly or the summing junc
tion of a fast operational amplifier. 

DAC-HV-100 SERIES: T hese ultra fast voltage output models 
have settling ti mes from 100 nsec. to 50 nsec. with an output 
drive capabi lity up to 100mA. These devices are ideal for fast 
app licatio ns where it is necessary to drive a 50 ohm cable 
d irectly. 

ALL MODELS : have operating temperature range of 0°C to 
7 0°C; have DT L/TTL compatible inputs; use DILS-1 or D ILS-2 
dual -i n-line strips for sockets. 

See pages 284 and 285 for information on Extended Per
formance versions. 

Accuracy Settling 
Model Resolution (% FS) Output Time Linearity 

DAC· F18B 8 Bits 0 .2% 
Current- 100 nsec. 1/ 2 LSB 

DAC-F110B 10 Bits .0 5% 

DAC-Gl8B 8 Bits 0.2 % 
Current 50 nsec . 1/ 2 LSB 

DAC·Gl10B 10 Bits .05% 

DAC· Hl8B 8 Bits 0.2% 25 nsec. 

DAC-Hl10B 10 Bits . 05% Current 25 nsec . 1/ 2 LSB 

DACHl128 12 Bits . 01 % 50 nsec . 

DAC-HV6B-100 6 Bits 0.8% 50 nsec. 

DAC-HV8B· 100 8 Bits 0.2 % Voltage (1) 50 nsec. 1/ 2 LSB 

DAC-HV1OB-100 10 Bits . 05% 100 nsec . 

NOTES : 1. Has 100 mA output current drive capability. 

2. Coding : Bin = Straight binary or offset binary 
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Input Power Case Size Price See 
Coding (2) Output Ranges Gain Tempco Requirement (inches) (1-9) Page 

Bin ±2.5, +5 mA 30 ppm/°C ±15V 2 x 2 x 0.375 
$ 79.00 

91 
$ 99.00 

Bin ±2.5, +5 mA 30 ppm/°C ±15V 2 x 2 x 0 .375 
$ 89.00 

91 
$109.00 

15ppmf C $ 99.00 

Bin ±2.5, +5 mA 15 ppm!°C ±15V 2 x 2 x 0.375 $119.00 91 

20 ppm!°C $129.00 95 

$169.00 

Bin 0 to +5V 60 ppm!°C ±15V 3 x 2 x 0.375 $179.00 97 

$189.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT 

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/75 



La\N Drift and High 
Resolution DIA Converters 

Low Cost 
16 Bits 

Ultra Low Drift, 
1.5 ppm/°C 

Low Drift, 
7 ppm/°C 

Vol 3/76 

Accuracy Settling 
Model Resolution (% FS) Output Time Linearity 

DAC-169-16B 16 Bit s 
. 005% Voltage (1) 30 µsec . 

DAC-169-16D 4 Digits 

DAC-HR13B 13 Bits .006% 

DAC-HR14B 14 Bits .003% 

DAC-HR15B 15 Bits .0015% 
Current 1 µsec. 

DAC-HR16B 16 Bits .0015% 

DAC-TR8B 8 Bits 0 .2% 

DAC-TR10B 10 Bits .05% 

______________________ Voltage DAC-TR-12B 12 Bits .01 % 5 µsec. 

DAC-TR-8D 2 Digits 0 .5% 

DAC-T R-12D 3 Digits .05% 

NOTES: 1. Can also be connected for current output. Current output is 0 to+ 2mA or 
±1 mA for binary version and 0 to+ 1.25 mA for BCD version. 

2. Coding: Bin =Straight binary or offset binary 
BCD = Binary coded decimal 
C Bin =Complementary binary 
C BCD =Complementary BCD 

4 LSB 

1/ 2 LSB 

1/ 2 LSB 

1/ 2 LSB 

1 /2 LSB 

1 LSB 

1 /2 LSB 
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DAC-169 SERIES: Th ese low cost, high resolution DAC's 
feature 16 bit or 4 BCD digit resolution with .005% linearity 
and 10ppm/°C temperature coefficient. By pin connection the 
output can be configured for either voltage or current output. 

DAC-HR SERIES: This series features 13 through 16 bit resol
utions with an ultra-low tempco of only 1.5ppm!°C. Thi s is 
achieved by a low T.C . resistor network and an oven controll
ed zener reference. Linearity is .00 15% and these models have 
current outputs. 

DAC-TR SERIES : These models feature low tempco (7ppm/°C) 
voltage outputs with 5µsec . settling time. Input coding is com
plementary binary or complementary BCD. 

ALL MODE LS: have operating temperature range of 0°C to 
70°C; have DTL/TTL compatible inputs; use DILS-1 or DILS-2 
dual-in-line strips for sockets. 

See pages 284 and 285 for information on Extended Perform
ance versions. 

Input Power Case Size Price See 
Coding (2) Output Ranges Gain Tempco Requirement (inches) (1-9) Page 

Bin +10V, - 10V, ±5V 
10 ppm!°C ±15V 2 x 2 x 0 .375 

$109.00 
101 

BCD +10V, - 10V $1 09.00 

$249.00 

C Bin 0 to +2mA, ±1 mA 1.5ppmf c ±15V 4 x 2 x 0.4 
$263.00 

103 
$276.00 

$299.00 

±2.5, ±5, ±10V 
$1 29.00 

C Bi n 0 to +5, +10V $159.00 

7 ppm/°C ±15V, +5V 2 x 2 x 0 .375 $179.00 99 

C BCD 0 to +5, +10V 
$129.00 

$179.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT 
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Special Purpose 
DIA Converters 

Accuracy Settling 
Model Resolution (% FS) Output Time Linearity 

DAC-CM8B 8 Bits 0.2% 
Low Power 

DAC-CM10B 10 Bits . 05% Voltage 25 µsec . 1/ 2 LSB 
CMOS 

DAC-CM12B 12 Bits .01 % 

Deglitched DAC-DG12B1 12 Bits .01 % 

DAC Vo ltage (1) 600 nsec. 1/ 2 LSB 
DAC-DG12B2 12 Bits .01 % 

DAC-Ml8B 8 Bits 0 .2% 

Multiplying DAC-Ml10B 10 Bits .05% 
DAC, Two 

DAC-Ml12B 12 Bits .01 % Current 150 nsec. 1/ 2 LSB 
Quadrant 

DAC-Ml8D 2 Digits 0 .5% 

DAC-Ml12D 3 Digits .05% 

DAC-MV8B 8 Bits 0 .2% 

Multiplying DAC-MV10B 10 Bits .05% 
DAC, Four 

DAC-MV12B 12 Bits . 0 1% Voltage 4 µsec . 1/ 2 LSB Quadrant 

DAC-MV8D 2 Digits 0.5% 

DAC-MV12D 3 Digits .05% 

DAC-VR8B 8 Bits 0 .2% 

Digital Input DAC-VR10B 10 Bits .05% 
Register 

DAC-VR12B 12 Bits . 01 % Voltage 2 µsec . 1/ 2 LSB 

DAC-VR8D 2 Digits 0 .5% 

DAC-VR12D 3 Digits .05% 

NOTES : 1. Gl itch amplitude is ±2 LSB's maxi mum. 

2. Coding : Bin = Straight binary or offset binary 
BCD = Binary coded decima l 
2C = Two's comp lement 
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DAC-CM SERIES : These 8, 10, and 12 bit models are low 
power CMOS devices consuming on ly 40 milliwatts of 
power. They are ideal for portable and remote instrumen
tation systems. 

DAC-DG SERIES: These devices are 12 bit se lf-contained 
deg litched DAC's in a compact 4 x 2 x 0.4 inch module . 
Output settling is a fast 600 nsec. and glitch ampl itude is 
less than 2 LSB 's . 

DAV-Ml, MV SERIES : These 8, 10, and 12 bit DAC's 
feature 2 and 4 quadrant multiplying capability with 
voltage or current outputs and excellent bandwidth. 

DAC-VR SERIES : These 8, 10, and 12 bit models have a 
fast (2 µsec.) voltage output w ith a 20ppmf C tempco. 
Th ey feature a digital input storage register for maximum 
flexibil ity in transferring input data. 

ALL MODELS : Have operating temperature range of 
0°C to 70°C; have DTL/TTL com patible inputs, except for 
DAC-CM,which is CMOS; use DILS-1 or DILS-2 dual-in-line 
strips for sockets. 

See pages 284 and 285 for information on Extended 
Performance versions . 

Input Power Case Size Price See 
Coding (2) Output Ranges Gain Tempco Requirement (inches) (1-9) Page 

$119.00 

Bin 30 ppm/°C ±15V 2 x 2 x 0.375 $129.00 

$139.00 

Bin - 10V; ±5, ±10V 
35 ppm/°C ±15V,+5V 4x2x0.4 

$249.00 

2C ±5V, ±10V $249.00 

$119.00 

Bin ± lmA $129.00 

30 ppm/°C ±15V 3 x 2 x 0.375 $159.00 

BCD 0 to - 1.25 mA 
$119.00 

$159.00 

$119.00 

Bin ±5V, ±10V $129.00 

30 ppm/°C ±15V 3 x 2 x 0.375 $159.00 

BCD 0 to +5, + lOV 
$119.00 

$1 59.00 

$ 89.00 
Bin ±5V, ±10V $109.00 

0 to +5, + lOV 
20 ppm/° C ±15V,+5V 2 x 2 x 0 .375 $129.00 

$ 89.00 
BCD 0 to +5, + lOV $129.00 

THESE CONVERTERS ARE COVERED BY GSA CONTRACT * Contact nearest Datel sales office for data sheet. 
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Hybrid and 
Monolithic 
DIA 
Converters 

DAC-IC SERIES: These 8 and 10 bit DAC's are low cost 
current output models. They are monolithic devices in 16 pin 
DIP packages. The 10 bit models are coming soon. 

DAC-HA SERIES: These models are new 12 bit multiplying 
CMOS DAC' s with current output. Coming soon. 

DAC-HC SERIES: These new models are high performance, 
low power CMOS units with internal reference and output 
amplifier Unipolar or bipolar operation is achieved by external 
pin connection. Coming soon. 

8 Bit 

Monolithic 

Coming! 10 Bit 

Monolithic 

Coming! 12 Bit 
Hybrid CMOS 

Coming! 12 Bit 
Hybrid CMOS 

Coming! 16 Bit 

Hybrid 

High Performance 
12 Bit Hybrids 

Coming! Hybrid 
w. Input Register 

Coming! Fast, 

Current Output 

Hybrids 

Coming! Ultra-Fast 

Vol 3/80 

DAC-HP SERI ES: This series consists of a 16 bit binary and a 
4 digit BCD model. The two models have voltage outputs and 
are housed in a metal case. Coming soon 

DAC-HZ SERIES: These high performance 12 bit DAC's have 
pin-programmable outputs and a 20 ppm /° C tempco Models 
are available with either complementary binary or comple
mentary BCD coding. A low drift version has a 10 ppm/° C 
max tempco. The different models in this series operate over 
3 different temperature ranges and are in glass or metal cases. 

Accuracy Settling 
Model Resolution (% FSl Output Time Linearity 

DAC-ICBBC 8 Bits 0.2% 
Current 300 nsec. 1/2 LSB 

DAC-ICBBM 8 Bits 0.2% 

DAC-IC10BC 10 Bits .05% 
Current 250 nsec. 1 /2 LSB 

DAC-IC10BM 10 Bits .05% 

DAC-HA12B 12 Bits .01% 
Current 500 nsec. 1/ 2 LSB 

DAC-HA12D 3 Digits .05% 

DAC-HC12B 12 Bits .01% 
Voltage 5 µsec. 1/2 LSB 

DAC-HC12D 3 Digits .01 % 

DAC-HP16BM 16 Bits .005% 4 LSB 

DAC-HP16DM 4 Digits .005% 
Voltage 10 µsec. 

1/2 LSB 

DAC-HZ12BGC 12 Bits .01% 

DAC-HZ12BGR 12 Bits .01% 

DAC-HZ12BMC 12 Bits .01% 
Voltage 3 µsec. 1/2 LSB 

DAC-HZ12BMR 12 Bits .01 % 

DAC-HZ12BMR-1 12 Bits .01 % 

DAC-HZ12BMM 12 Bits .01 % 

DAC-HK12B 12 Bits .01% 
Voltage 3 µsec. 1/2 LSB 

DAC-HK12D 3 Digits .05% 

DAC-HFBB 8 Bits 0 .2% 

DAC-HF10B 10 Bits .05% Current 50 nsec. 1 /2 LSB 

DAC-HF12B 12 Bits .01% 

DAC-HU4B 4 Bits 3.0% Current 20 nsec. 1/4 LSB 

NOTES: 1. All models in this series are also available with 3 digit BCD coding. 
Prices are same as binary. For correct model designation, change 
"B" to "D" in model number. 

2. Coding: Bin Straight binary or offset binary 
BCD = Binary coded decimal 
C Bin = Complementary binary or comp. offset Bin 
C BCD = Complementary binary coded decimal 
15 line = 8 bit input, no coding 

See inside back cover for DATEL sales offices Electronic Design's 



DAC-HK SERIES : These models are identical in performance 
wit h the DAC-HZ series except that they have an input digital 
register. Coming soon 

DAC-HF SERIES: This series of 8, 10, and 12 bit current out
put models feature a 10 mA full sca le output current which 
settles in 50 nsec. for high speed applications. Coming soon 

DAC-HU4B: Th is model is a 4 bit, 15 line ECL input DAC for 
very fast applications The 15 mA full scale output current 
settles in 20 nsec Coming soon. 

ALL MODELS: Have operating temperat ure range of 0°C to 
70° C except for those models specified otherwise; have 
DTL/TTL compatible inputs except for DAC-HU4B which is 
ECL compatible; use DI LS-3 24 pin socket except for DAC-IC 
series, DAC-HA series and DAC-HU4B. 

::\El'UEL 
UJSYSTEMS.INC 

O/A CONVERTER 
OAC-HZ12BGC 

~ ~ -- --

•••••••• • 1 

Input Power Price See 
Coding Output Ranges Gain Tempco Temp. Range Requirement Case (1-9) Page 

20 ppm f C 
0 to 70C $8.95 

Bin 0 to -2 mA +5V, -1 5V 16PinDIP 83 
-55 to +125C $12.45 

20 ppm /°C 
0 to 70C $14.90 

Bin 0 to -4 mA +5V, -1 5V 16 Pin DIP ** 
-55 to +125C * 

Bin * 
±1 mA 3 ppm /°C 0 to 70C +5V 18 Pin DIP ** 

BCD •· 
Bin +5, +10, ±2.5, ±5, ±10V * 

20 ppmf C 0 to 70C ±15V 24PinDIP ** 
BCD 0 to +5, +10V * 

C Bin 0 to +10, ±5V 24 Pin DIP * 
20 ppmf c 0 to 70C ±15V ** 

C BCD 0 to +10V (Metal) * 

20 ppm/°C 0 to 70C $39.00 

20 ppm/°C 
24 Pin DIP 

-25 to +85C $65.00 

±2.5, ±5, ±10V 20 ppm/°C 0 to 70C $49.00 
C Bin (1) 

Oto+5,+10V 20 ppm/°C 
±15V 87 

-25 to +85C 24 Pin DIP $69.00 

10 ppm/°C -25 to +85C (Metal) $139 .00 

20 ppm/°C -55 to +125C $119.00 

Binary 0 to +10, ±5, ±10V * 
20 ppm/° C 0 to 70C ±15V, +5V 24 Pin DIP ** 

BCD 0 to +5, +10V * 

* 

24PinDIP * ** 
Bin 0 to +10 mA 20 ppm f c 0 to 70C ±15V 

(Metal) * 
* 

** 
15 Line Oto - 15mA 40 ppmf C 0 to 70C -4.4V 32 Pin DIP * 

*To be announced 
THESE CONVERTERS ARE COVERED BY GSA CONTRACT ** Contact nearest Datel sales office for data 

sheet and availability. 
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Vol 3/82 

From radar to computer ... 

~ the 
DATEL* 
CONNECTION 
The Daiei ADC-UH series gives you a choice of three 
state-of-the-art ultra-high-speed analog to digital 
converters. Available are four , six and eight binary 
bits operating at word repetition rates of up to 25 MHz 
and a four bit version capable of making a conversion 
every forty nanoseconds. 

They measure a mere 3"x5"x1 .15" or about one fifth the 
size of their nearest rival. Power drain has been 
reduced to eight watts , temperature coefficient is 
50ppm/ C and long term stability :!:. 25% I year. 

Output digital coding is straight binary for a unipolar 
input and inverted offset binary for the optional 
bipolar input. All control inputs . outputs and data 
ou tput lines are compatible with standard TTL logic 
levels . A companion to the ADC-UH series is our 
SHM-UH Sample / Hold amplifier unit, which features 
a tracking capability of 35 nanoseconds with an 
aperture time of less than 200 picoseconds . For 
complete details on both devices, call or write 

1020G Turnpike Street . Bu1ld 1ng S 
Canton, Massachusetts 02021 US.A. 
TEL' 16171828-8000 
TWX : 710-348-0135 TELEX : 924461 

See inside back cover for DATEL sales offices Electronic Design's 



1020G Turnpike Street, Build ing S 
Canton, Massachusett s 02021 U.S.A. 
TEL 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

"' Low Cost-$5.95 in 100's 

"' 8 Bit Resolution 

"' Fast Settling-300 nsec. 

"' 1 or 2 Quadrant Multiplication 

"' ±%LSB Linearity 

"' DTL/TTL Compatible Inputs 

The DAC-ICBBC and DAC-ICBBM are 8 bit 

monolithic DAC's with fast settling current 
outputs. The units are housed in a 16 pin 
ceramic DIP and require only an external 
reference and output amplifier for fast volt

age output operation. A full scale output 
change settles in only 300 nanoseconds for 
current output operation and 600 nano
seconds for voltage output operation using a 
fast monolithic output amplifier (Datel Sys
tems AM-452) . Digital input coding is 
straight binary for unipolar operation and 
offset binary for b ipolar operation and is 
compatible with standard DTL/TTL logic. 

The DAC-ICBB converters consist of 8 fast
switching current sources , a diffused R-2R 
resistor ladder network, a bias circuit, and a 
reference control amplifier. The diffused re
sistor ladder gives excellent temperature 
tracking resulting in a gain temperature co· 
efficient of - 20ppm/° C. The monolithic 
fabrication results in excellent linearity and 
tempco , fast output settling, and low cost. 
Linearity is ±Y..LSB . 

An external reference current of 2mA nom· 
inal programs the scale factor for the DAC; 
this is done by means of an external voltage 
reference source (such as a Zener diode) and 
a resistor . This reference current can also be 
varied, resulting in one or two quadrant 
multiplying operation . The output voltage 
can be unipolar or bipolar depending on 
whether an external offsetting current (de
rived from the reference) is used. Output 
voltage compliance of the DAC is --0.6V to 
-+-0.5V; this can be made as large as -5V to 
+0.5V by external pin connection for cases 
where direct voltage output from a load re· 
sistor is desired. 

Power supply requirement is +5VDC and 
-5V to - 15VDC. Model DAC-ICBBC has an 
operating temperature range of 0° C to 70° C 
while DAC-ICBBM operates over - 55° C to 
+125° C. The two models are pin compat ible 
with Motorola devices MC 1408L-8 and 
MC 1508L-8 respectively . 

LOW COST, 8 BIT MONOLITHIC 
DIGITAL TO ANALOG CONVERTERS 

MODELS DAC-ICBBC, OAC-ICBBM 
$5.95 IN 100's 

DIGIT Al INPUTS 

MSB 
BIT 1 2 3 

LSB 

• 

1-----i 4 OU TPUT 

COMP EN SA TION 

FAST CUR RENT SWITCH ES 

DIFFUSED A·2A 
LADDER NETWORK 

· VEE GNO RANGE 

CONTROL 

MECHANICAL DIMENSIONS 
INCHES (MM) 

INPUT/OUTPUT CONNECTIONS 

PIN FUNCTION 
16 15 ,. 13 12 11 10 9 

1 RANGE CONTROL 
2 GROUND 
3 VEE 
4 OUTPUT I .27SMAX 

11,0) .... ~~~~~~~-
5 BIT 1 IN (MSB) 
6 BIT 2 IN 
7 BIT 3 IN 
8 BIT 4 IN 
9 BIT 5 IN 
10 BIT6 IN 
11 BIT 7 IN 
12 BIT 8 IN (LSB) 
13 Vee 
14 +REFERENCE 
15 - REFERENCE 
16 COMPENSATION 
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SPECIFICATIONS, DAC-ICBBC & DAC-ICBBM (Typical 11t 25°C, I TECftNICAL NOTES 
Vee= +5V, VEE = - 15V, and IREF = 2mA unless otherwise specified) 

INPUTS 
Resolution . . . . 

Coding, unipolar output 

Coding, bipolar output 

Input Logic Level, bit ON {"1") 
Input Logic Level, bit OFF {"O") 

Logic Loading . ... .. . .. . . 

Nominal Reference Current (+ Ref.) 

Reference Current Range ( + Ref.) 

Reference B ias Current ( Ref .) 

OUTPUTS 

Output Current , IREF = 2 .0mA .... . 
Output Current Range , VEE = -5V . . . . 
Output Current Range , VEE = 6 to 15V 
Output Current, all bits OFF .. ... .. . 
Output Voltage Compliance, pin 1 gnded 

Output Voltage Comp. , pin 1 open, VEE < 1 OV 

PERFORMANCE 
Relative Accuracy 1 

Nonlinearity . . . . . . 

Differential Nonlinearity 

Temp. Coefficient of Gain . 

Power Supply Rejection {VEE) 
Settling Time, 2mA to lS LSB 
Update Rate. 
Reference Current Slew Rate 

POWER REQUIREMENT 

Vee Voltage 
Vee Current 
VEE Voltage 
VEE Current 

PHYSICAL-ENVIRONMENTAL 
Operating Temp. Range , DAC-IC8BC 
Operating Temp. Range, DAC-ICBBM 

Storage Temp . Range, either model 

Package 

1 With zero and full scale adjustments m ade. 

ORDERING INFORMATION 

DAC-ICSB _I_ 

OPER . TEMP. RANGE 
C = 0°C TO 70 C 
M = --ss ' c TO +125° C 

PRICES 
DAC-IC8BC 
DAC-IC8BM 

{1-9) 

$8.95 
$12.75 

8 bits 
Straight Binary 

Offset Binary 

+2.0V to +5.5V @ 40µA 
OV to +0.8V @ - 0.SmA 
1 TTL load 
2.0mA 
0 to 4.2mA 
- 3µA max. 

2.0mA ±0 .1 mA 
0 to 2.1mA 

0 to 4.2mA 
4µA maximum 
--0.6 to +0.5V 

5.0V to +0.5V 

±% LSB (±0.19%) max imum 

±Yl LSB (±0.19%) ma x imum 
±:.I LSB 1±0.19%) 
- 20ppm/° C 
2.7µA/V max . 
300 nsec. 
3.3MHz 
4.0mA /µsec 

+5V DC ±0.5V 
22mA maximum 
-4.5V to - 16.5VDC 
13mA max imum 

0° C to 70° C 
- 55° C to +125° C 
-65° C to +150° C 
16 pin ceramic DIP 

{100's) 

$5.95 

$8.50 

Trimming Potentiometers : TP500, TP1 K, and TP20K are available from 
Datel Systems at $3.00 each. 

The DAC-ICSBC and DAC-ICSBM converters are covered under GSA contract . 

1. 

2. 

3. 

4. 

The General Connection Diagram shows the basic connec
tions for the DAC-ICBB converter. The scale factor is set 
by a reference current injected into pin 14. Pins 14 and 
15 are the input terminals to the reference control ampli
fier . When connected as shown, pin 15 is grounded 
through R15 and pin 14 is at virtual ground. Therefore, 
the reference current is determined by the external volt· 
age reference and R14: IREF = VREFIR14 . R14 should 
be a stable metal f ilm resistor. R 15 is used only to com
pensate for the input bias current into pin 15 ( 1 µA 
typical) and can be shorted out with negligible effect. 
R 15· if used, shou Id be equal to R 14 and may be a 
carbon composition type . An IREF of 2.0mA is recom
mended for most applications . 

There is a second method of connecting the reference 
shown in Two Ways to Connect Reference. A negative 
reference can be applied to pin 15. In this case only the 
bias current must be supplied from the reference since pin 
15 is a high impedance input. Pin 14 is at the negative 
voltage and IREF still flows into pin 14. Again, R15 is 
used only to compensate for bias current and may be 
omitted. There is an important requirement for this con· 
nection : the negative reference voltage must always be 3 
volts above VEE· 
The reference amplifier must be externally compensated, 
and this is done by capacitor Cc, connected from pin 16 
to pin 3 {VEE). Cc may also be connected from pin 16 to 
ground, but connection to pin 3 improves the negative 
supply rejection . The value of Cc depends on R14. and 
typical values are given in the compensation table. Com· 
pensation is particularly important when the DAC-IC8B is 
used as a multiplying D/A converter. Proper compensation 
assures that output peaking does not occur when the 
reference voltage steps to a new value. If pin 14 is driven 
from a high impedance current source such as a transistor 
collector, then much larger values of Cc must be used and 
the bandwidth of the reference amplifier is significantly 
reduced. 

The Alternative Compensation Diagram shows another 
way of achieving the desired compensation. Here a 1.01< 
resistor is always used at pin 14, but it is in series with 
another A to the reference voltage. Ttie junction of the 
two resistors is bypassed to ground by a 0 .1 µF capacitor. 
For high frequencies pin 14 always "sees" a 1 K resistance, 
thus allowing a 15pF capacitor for Cc. R 15· if used, 
should be the sum of 1.0K and R . This compensation 
scheme is useful with voltage references such as 6.2 or 6.4 
volt Zener diodes. 

5. It is recomme nded that pin 13 {Vccl and pin 3 {VEE) 
always be bypassed to ground with at least 0.1µF capaci
tors located close to the pins. 

6. As shown in the General Connection Diagram, pin 1 may 
be either connected to ground or left open. This connec
tion determines the voltage compliance at pin 4 { louTl. 
For pin 1 grounded, the output compliance is -0.6 to 
+0.5 volt. This is satisfactory when pin 4 is used to drive 
a current to voltage converter and pin 4 is held at virtual 
ground. It is also satisfactory for low values of AL con
nected to pin 4 to directly convert the output current to 
a voltage . The voltage compliance may be extended to 
- 5.0 volts by leaving pin 1 open and using a VEE more 
negative than - 10 volts. In this way a 2.5K load resistor 
may be used at pin 14 to give an output voltage range 
of 0 to - 5 volts {with reference current of 2mA). As 
shown in the table of Setrling Time vs R L , the output 
settling time 1s constant (300 nsec.) for AL values from 
0 to 500 ohms; thereafter it increases to 1.2µsec for 
RL = 2.5K. 

7. The accuracy of the DAC-IC8B is specified for a reference 
current of 2.0mA; the accuracy, hol/llever, is essentially 
constant for reference currents from 1.5mA to 2.5mA. 
Typically , this device is monoton ic for all values of refer
ence current above 0.5mA . Reference currents up to 
4 .2mA may be used. When using a 4mA reference current, 
VEE must be more negative than -6 volts. 
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TECHNICAL NOTES (Cont'd) I CON~ECTION DIAGRAMS 

8 . For fastest voltage output settling times in either unipo lar 
or bipolar modes, two circuits using Date! Systems 
AM-452 monolithic operational amplifiers are recom
mended. These circuits, with the compensation shown, 
result in output settling times of typically 600 nsec. for a 
10 volt change to 1 LSB. This is the worst case settling 
time which occurs when all bits are turned on. For current 
output and AL less than 500 ohms, this time is 300 nsec.; 
when all bits are turned off the time is shorter. typically 
100 nsec. The two circuits shown also illustrate a simple 
method of deriving both reference current and offset 
current from a precision 6.4 volt Zener reference diode. 

9. Both one and two quadrant multiplication are also possi
ble with the DAC-ICBB as shown in the two diagrams. 
V1N is shown operating into pin 14; this results in an 
input impedance of 2.5K. Alternatively, V1N can be 
applied to pin 15 for a high impedance input as explained 
previously. The range of VIN is then 0 to - 1 OV . For two 
quadrant multiplication V1N is unipolar and the digital 
input is bipolar with offset binary coding . VouT then 
varies over the bipolar range of ±5 volts. In multiplication 
applications, it is recommended that full scale IREF be 
set to 4.0mA; the output is then monotonic as the refer
ence current varies over 0.5mA to 4.0mA. 

LSS 8 

ALTERNATIVE COMPENSATION 
+Vee 

13 
"1• 
1 OK 

14 

15 VREF 

A+1K -=-

-=-

16 

15pf 

HIGH COMPLIANCE OUTPUT 

0 1 

•'I 
15V 

1 OK,l'lt. 2 21K, 1% 

f-0--'VV....-+--'VV'---O 0 .. 6 4V REF 

f-0-----...----<:J VouT 

15pF 

2 49K 
1% 

10 TO 5VI 

BIT 

MSB 1 

0.1 

"FI 

10 

11 

12 

0.1 

"F I 

Vee 1+5VI 

13 

16 

Vee 1- 5 TO 15V ) 

GENERAL CONNECTION DIAGRAM 

e OPEN 

GND 

COMPENSATION TABLE 

A14 Cc 

1.0K 15 pF 
2 .SK 37 F 
5 .0K 75 pF 

For high compliance outpu1 (•0 5V to -5 OVJ 

leave pin 1 open and use - 10 to - 15V tor VEE 

TWO WAYS TO CONNECT REFERENCE 

- ZIN = A14 

R1 4 1REF A14 1AEF 
14 

A15 -=-
15 

..,...._H IZIN 

VAEF 

1AEF = VAEF I A14 
NOTE : - VREF must be 3 volts above Vee 

OUTPUT CONNECTIONS 

A 

1our vour 

SETTLING TIME VS. AL 

R_1, S.T. 
0 ~O nsec. 

500 300 nsec. 
1 K 400 nsec. 

2.5 K 1.2 µsec. 
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LS B 

APPLICATION DIAGRAMS 

ONE QUADRANT MUL Tl PLICATION TWO QUADRANT MUL Tl PLICATION 
+SV 

01,F I 
A- MUST BE EXACTLY 

10 

11 

12 

Ol""I 

13 2.49K 1% M F 
1' f-0·-'V\.t\r-·<J VIN IO TO -+ IOV) 

-= 

J7p F 

- 15V 

FAST, UNIPOLAR VOLTAGE OUTPUT 

13 

,,, ''°' 
NOTE • 15V POWER SUPPLY 
CON N EC TIONS NOT SHOWN FOR 
AMPLIFIER 

11our 
10 TO -+10\l l 

70-

LS B B 

MSB 1 

LSB 8 

10 

12 

A, 2 ~ A1 
13 2 491( 1% MF 

15 p---
2
v_

4
·vKv-l 

-= 16 

37pF 

15V 

FAST, BIPOLAR VOLTAGE OUTPUT 

''°' 
15V 

GAIN ADJ 

NO TE • 15 V PO WER SU PPL Y 
CONNE CTI ONS NOT SHOWN FOR 
AMPLI F IER 

CALIBRATION AND CODING TABLES 

1. Select the desired output range by means of the feedback resistor of the external operational amplifier and the externally programmed reference 
current. 

2. Zero and Offset Adjustments 

For unipolar operation, set all digital inputs to " O" (OV to +0.8V) and adjust the output amplifier ZERO ADJUSTMENT for zero output voltage. 
For bipolar operation, set all digital inputs to "O" (0 to +0.8V) and adjust the OFFSET ADJUSTMENT for the negative full scale voltage shown in 
the Coding Table . 

3. Gain Adjustment 

For either unipolar or bipolar operation, set all digital inputs to "1" (+2 .0 to +5.5V) and adjust the GAIN ADJUSTMENT for the positive full scale 
voltage shown in the Coding Table . 

UNIPOLAR OPERATION-STRAIGHT BINARY CODING BIPOLAR OPERATION-OFFSET BINARY CODING 

INPUT CODE UNIPOLAR OUTPUT RANGES INPUT COOE BIPOLAR OUTPUT RANGES 
MSB LSB 0 TO +SV 0 TO +10V 0 TO 2MA 0 TO -4MA MSB LSB i SV ±10V ±1MA ±2MA 

1111 1111 +4 .980 +9.961V i .992MA 3.984MA 1111 1111 +4.961V +9.922V --0.992MA - 1.984MA 
1110 0000 +4.375 +8 .750 1.750 - 3.500 111 0 0000 +3.750 +7 .500 --0.750 - 1.500 
11000000 +3.750 +7.500 - 1.500 - 3.000 11 00 0000 +2.500 +5 .000 --0.500 - 1.000 
1000 0000 +2.500 +5.000 - 1.000 - 2.000 1000 0000 0 .000 0 .000 0.000 0.000 
01000000 +1 .250 +2 .500 --0.500 - 1.000 0100 0000 - 2.500 -5 .000 +0.500 +1 .000 
0000 0001 +0.020 +0.039 --0.008 --0.016 0000 0001 -4.961 -9 .922 +0.992 +1.984 
0000 0000 0.000 0.000 0.000 0.000 0000 0000 - 5.000 - 10.000 +1.000 +2.000 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U .S.A. 
TEL: (6171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

"' 12 Bit Binary or 3 Digit BCD 
"' Pin-Programmable Outputs 
"' Internal Reference & Output Amp. 
"' Glass or Metal Package 
"' ±15VDC Supply Only 
"' Fast Settling Time 
"' 12 Different Models 

GENERAL DESCRIPTION 

The DAC-HZ series are high perfor
mance, hybrid 12 bit binary and 3 digit 
BCD digital-to-analog converters . These 
converters are manufactured in volume 
in Datel Systems' modern in-house thin 
film hybrid facility . They are complete 
and self-contained with a precision in
ternal reference and fast output opera
tional amplifier . Pin programmable out
put voltage ranges are provided for a 
high degree of application flexibility; 
the output voltage ranges are 0 to +5V, 
0 to +lOV, ±2 .5V, ±5V, and ± lOV with 
only unipolar ranges available on the 
BCD models. Current output is also 
provided . 

The internal design utilizes three quad 
current switches, two thin film resistor 
networks , a precision zener reference 
circuit, reference control circuit and 
output amplifier. The thin film res istor 
networks are functionally trimmed with 
a laser to precisely set the bi nary 
weights of the current switches. The ex
cellent tracking of the thin film resistors 
in conjunction with the tightly matched 
current switches results in a differential 
nonlinearity tempco of only 2ppm/° C. 
Temperature coefficient of gain is 
±20ppm/°C max . and tempco of zero is 
±5ppm/°C of FS max. There are also 
two low drift models in the series with 
maximum gain tempco of ±10ppmf C. 

The DAC-HZ series consists of 12 differ
ent models covering the operating tem
perature ranges of 0°C to 70°C, -25°C 
to +85°C, and -55°C to +125°C. The 
models are available in miniature glass 
or metal hermetically sealed cases. Pow
er requirement is ±15VDC at 35mA 
with no 5V logic supply required. Input 
coding is complementary binary or com
plementary BCD. Voltage output set
tling time is 3 µsec. to 1/2 LSB . 
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LOW COST, 12 BIT HYBRID 
DIGITAL TO ANALOG CONVERTERS 

DAC-HZ SERIES 

• • u• . .. 
• • • • ••••• • • • 1 - --

D/A CONVERTER 
DAC-HZ12BMR 

(ACTUAL SIZE) 

ii) SYSTEMS. INC 

DIA CONVERTER 
DAC·HZ12BGC 

-- ----- - -

BCD BIN 
BIT BIT 

MSB 800 

400 

200 

100 

BO 
WEIGHTED 

40 CURRENT 

20 
SWITCHES 

10 

LSB 

N.C. 

For BCD model these resistors are 4 Kfl. 

For BCD m odel this resistor is open circu it. 

+15V GND -15V 

THIN FILM 
RESISTOR 
NETWORK 

REF . IN . REF OUT 

MECHANICAL DIMENSIONS - INCHES (MM) 

GLASS PACKAGE 

r-1;0~1-j_L 
_1__1 I .1so (3.a1 

.230 r ~ T 
---.- ' .020 DIA . MAX. 

I KOVAR 

.023" HIGH 
STAND-OFFS 

OOTON 

TOP REF - -
ERENCES 
PIN 1 

~/:o-"·TI 
• BOTTOM SPACES 1 300 

~'S:~ ·i~" .,00 T 
.soo I I _,

00 
11s.21--i r-

NOTE : .100 inch "' 2.5 MM 

METAL PACKAGE 

_.J8=1,:'1,~+ 
200 

020 DIA 

DOT ON TOP 
REFERENCES 
PIN 1 

MAX KOVAR 

• 12-----13 • 1 1875 

11 

BOTTOM SPACES 
VIEW AT 

., ~ ~" : l·.,. 
I_ soo . I I_ 1B1s 
r-11s.2;--i I 

1 275 
132.4 ) 
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SPECIFICATl,?NS, DAC-HZ SERIES I TECHNICAL NOTES 
(Typical at 25 C and +: 15V supplies unless otherwise noted) 

INPUTS 
Resolution •..••••• 
Coding, unipolar output 

Coding, bipolar output ..... 

Input Logic Level, bit ON ("O"} • 
Input Logic Level, bit OFF ("1"} 
Logic Loading 

OUTPUTS 
Output Current, unipolar . 
Output Current, bipolar 
Voltage Compliance, lout. 
Output lmpedanc,, lout, unipolar 
Output Impedance, lout, bipolar. 
Output Voltage Ranges, unipolar 

Output Voltage Ranges, bipolar •.•••..• 

Output Current, Vout . ..• 
Output Impedance, Vout .. 

DAC-HZ12B 
(Binary} 

DAC-HZ12D 
(BCD} 

12 Binary bits 3 BCD digits 
Complementary Binary Complementary BCD 

Comp. Offset Bin . -

ov to +o.sv@ -1mA 
+2.0V to +5.5V@ +40µA 

1 TTL load 

0 to -2mA, ± 10% Oto -1.25mA, ±10% 
±1mA, ±10% -
±2.5V . 
5K ohms . 
2.SK ohms -
OV to +5V 0 to +2.5V 
OV to +10V 0 to + 5V 

0 to + 10V 
±2.5V -
±5V -

±1 0V -
±5mA min. . 
.05 ohm . 

1. The DAC-HZ12 series converters are designed 
and factory calibrated to give ±Y, LSB linearity 
(binary version} and ±~LSB linearity (BCD ver· 
sion} with respect to a straight line between end 
points . This means that if zero and full scale are 
exactly adjusted externally, the relative accuracy 
will be ±1/2 LSB (±1/4 LSB, BCD) everywhere 
over the full output range without any additional 
adjustments to achieve a best straight line fit. 
The linearity specification is therefore a conser
vative one since the user does not have to make 
more compl icated adjustments for a best straight 
line fit . 

2 . The external zero or offset adjustment for the 
converters has a range of ±0.2% of full scale and 
the external gain adjustment has a range of ±0.3% 
of full scale . 

3. These converters must be operated with local 
supply by-pass capacitors from + 15V to ground 
and - 15V to ground . Tantalum type capacitors of 
1 µF are recommended and should be mounted as 
close as possible to the converter . If the convert· 
ers are used in a high frequency noise environ
ment a .01µF ceramic capacitor should be used 
across each tantalum capacitor . 

4. When operating in the current output mode the 
~-------------------+---------+----------! equivalent internal current source of 2mA 

PERFORMANCE, Voltage Output 

Nonlinearity 
Differential Nonlinearity .• 
Gair. Error, before trimming 
Zero Error, before trimming 
Gain Tempco, max. 2 •••• 

Zero Tempco, unipolar, max. 
Offset Tempco, biopolar, max.' 
Diff. Nonlinearity Tempco 
Monotonicity . . . . . . . . . . 

Settling Time, lout to 1 /2 LSB' 

Settling T ime, Vout to 1/2 LSB 
Slew Rate .. . .... . 
Power Supply Rejection . . . . . . . 

POWER REQUIREMENT 
Power Supply Voltage 
Quiescent Current .... 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Ranges 

Storage Temperature Range 
Package Size . . . . • . . . 

Package Type 
Pins . . . . 
Weight .. .•. 

±1 /2 LSB max. ±1/4 LSB max. 
± 1 /2 LSB max. ±1/4 LSB max. 
±0.1% of FSR ' 
±.05% of FSR ' 
±20ppm f C 
±5ppm f C of FSR' 
±10ppmf C of FSR' 
±2ppm f C of FSR' 

Over oper. temp. 
range 
300nsec. 

3 µsec.' 
20V /µsec. 
±.002% FSR / 

% Supply' 

±15VDC ±0.5V 
35mA 

0°C to 70° C, - 25° C to +85° C, 
and - 55° C to +125° C 
- 55° C to +125°C 

. . . . . . . 

. . . . 

1.300 x 0.800 x 0 .150 inches (Glass) 
1.275 x 0 .775 x0.200 inches (Metal) 
Hermetically sealed glass or metal 
Kovar 
0 .15 oz . (Glass), 0.27 oz . (Metal} 

•specifications same as first column 

1. FSR is full scale range and is 10V for 0 to +10V or - 5V to +5V output; 20V for ±10V 
output, etc. 

2. For models DAC-HZ12BMR-1 and DAC-HZ12DMR-1 the temperature coefficients are : 
Gain, ±10ppmf C max.; Bipolar Offset, ±5ppm f C max. 

3. Current output mode. 
4. For 2.5K or 5K feedback (2K or 4K, BCD}. For 10K feedback (SK, BCD} the settling time 

is 4 µsec. 

(1 .25mA, BCD) must drive both the internal 
source resistances and the external load resistor . 
A 300 nsec. output settling time is achieved for 
the voltage across a 100 ohm load resistor; for 
higher value resistors the settling time becomes 
longer due to the output capacitance of the con
verter . For fastest possible voltage output for a 
large transition , an external fast settling amplifier 
such as Datel Systems AM-1 00 should be used in 
the inverting mode. Settling time of less than 
1 µsec. can be achieved . See application diagram . 

ORDERING INFORMATION 

Model Temp. Range Case Price (1-9} 

DAC-HZ 12BGC 0 to 70C Glass $ 39 .00 

DAC-HZ12BMC 0 to 70C Metal $ 49.00 
DAC-HZ12BGR - 25 to +85C Glass $ 55.00 
DAC-HZ12BMR - 25 to +85C Metal $ 69.00 

*DAC-HZ12BMR-1 -25 to +85C Metal $139 .00 
DAC-HZ12BMM -55 to +125C Metal $119.00 

DAC-HZ12DGC 0 to 70C Glass $ 39.00 
DAC-HZ12DMC 0 to 70C Metal $ 49.00 

DAC-HZ12DGR -25 to +85C Glass $ 55 .00 

DAC-HZ12DMR -25 to +85C Metal $ 69.00 
DAC-HZ12DMR-1 -25 to +85C Metal $139.00 
DAC-HZ12DMM - 55 to +125C Metal $119 .00 

*NOTE: Models DAC-HZ12BMR-1 and DAC-HZ12DMR -1 

are low drift models with gain tempco's of ±10ppmf C 

max. 

Mating Socket : DI LS-3 124 pin socket} $1 .95 ea. 
Trimming Potentiometers: 

TP10K OR TP100K at $3.00 each. 

THE DAC-HZ12 SERIES CONVERTERS ARE COV
ERED BY GSA CONTRACT. 
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INTERCONNECTIONS AND CALIBRATION 

CALIBRATION PROCEDURE OUTPUT RANGE SELECTION 
BIN.RANGE CONNECT THESE PI NS T OGE T HER 

1. Select the desired output range and connect the converter up as shown in the Output Range Selection table and the 
Standard Connection diagrams below. 

2. To calibrate refer to the Coding Tables below. Note that complementary coding is used . 

3. Zero and Offset Adjustments 

± lOV 15 & 19 
±SV 15 & 18 

±2.SV 15& 18 
+10V 15 & 18 
+5V 15 & 18 
± lmA 

2m A 

17 & 20 16 & 24 

17 & 20 16 & 24 
17 & 20 19 & 20 16 & 24 
17 & 21 16 & 24 
17 & 21 19 & 20 16& 24 
17 & 20 16& 24 
17 & 21 16& 24 

For unipolar operation set all digital inputs to "1 " (+2 .0 to +5 .SVI and adjust the ZERO ADJ . potentiometer for zero 
output voltage or current . For bipolar operation (binary model only) set all digital inpu ts to "1" and adjust the 

OFFSET ADJ . potentiometer for the negative full scale {for voltage out) or positive full scale (for current outl output 
value shown in the Coding Table . 

4. Gain Adjustment 
BCD RAN GE CONN ECT T H ESE PINS TOGETH ER 

For the binary model set all digital inputs to "O" (OV to + 0.8V) and adjust the GAIN ADJ . potentiometer for the 

positive full scale (for voltage out) or negative full scale (for current out) output value shown in the Coding Table . 

+ 10V 
+ 5V 

15 & 19 16 & 24 
15 & 18 16 & 24 

For the BCD model (unipolar only) set each BCD digit to 0110 and adjust the GAIN ADJ . potentiometer for the 
positive full scale (for voltage out I or negative full scale (for current out) output value shown in the Coding Table . 

+ 2 .5V 15 & 18 19 & 20 16& 24 

STANDARD CONNECTIONS 

1.25MA 

V OLTAG E OUTPUT IS A T PIN 15 . 
CURRENT OUTPUT IS A T PI N 20 . 

VOLTAGE OUTPUT CONNECTIONS CURRENT OUTPUT CONNECTIONS 
(FOR DIFFERENT OUTPUT SCALING REFER TO OUTPUT RANGE 
SELECTION TABLE) 

.... " 

OIGITAl 7 
INPUTS 

INPUTS I 

OAC.HZ 128 
OR 

1 OAC-HZ 120 1a 

! BOTTOM 
V I EW) 

(BOTTOM 
V I EW) 

CODING TABLES 

UNIPOLAR 

GAIN 
AO' 

LS8 12 

OIGITAl 
INP UTS 

OIGITA l 6 

I BOTTOM 
V t EW ) 

1 DAC-HZ 128 

~BOTTOM 

V I EW ) 

UNIPOLAR OUTPUT - COMPLEMENTARY BINARY UNIPOLAR OUTPUT - COMPLEMENTARY BCD 

UNIPOLAR 

I OOlto 

01., f l 

G .. tN .. OJ 
1()1( TO IOOK 

BIPOLAR 

l9 MEG 

1out 

BINARY INPUT CODE UNIPOLAR OUTPUT RANGES BCD INPUT CODE UNIPOLAR OUTPUT RANGES 

MSB LSB 0 TO +10V 0 TO +SV 0 T0 -2MA MSD LSD 0 TO +1 0V 0 TO +SV 0 TO + 2 .SV 0 T O - 1 .25MA 

0000 0000 0000 +9.9976V +4.9988V -1 .9995MA 0110 0110 0110 +9.990V +4.995V + 2. 498V - 1 .2488MA 

0011 1111 1111 +7 .5000 +3.7500 -1.5000 0111 1010 1111 +7.500 +3.750 + 1 .875 - 0 .9375 

0111 1111 1111 +5.0000 +2.5000 -1.0000 1010 1111 1111 +5.000 +2.500 + 1 .250 - 0 .6250 

1011 1111 1111 +2.5000 +1 .2500 -0.5000 1101 1010 1111 +2.5000 +1.250 + 0 .625 - 0 .3125 

1111 1111 1110 +0.0024 +-0.0012 -0.0005 1111 1111 1110 +-0.0100 +0.005 + 0.003 -0 .0013 

1111 1111 1111 0.0000 0.0000 0.0000 1111 1111 1111 0.0000 0.000 0 .000 0 .0000 

BIPOLAR OUTPUT - COMPLEMENTARY OFFSET BINARY 

INPUT COD E BIPOLAR OUTPUT RANG ES 
MSB LSB .t 10V ±SV ±2.5V ±1MA 
0000 0000 0000 +9.9951V +4.9976V +2.4988V -0.9995MA 
0011 1111 1111 +5,0000 +2.5000 +1 .2500 -0.5000 
0111 1111 1111 0.0000 0.0000 0.0000 0.0000 

16 & 24 

ll'our •O 
!O -100mll' 

II' our 

1011 1111 1111 -5.0000 -2.5000 -1 .2500 +0.5000 
1111 1111 1110 -9.9951 -4.9976 -2.4988 +-0.9995 

-5.0000 -2.5000 +1 .0000 
DAJEL 

111 1 1111 1111 -10.0000 
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EQUIVALENT CIRCUITS & APPLICATIONS 

EQUIVALENT CURRENT MODE OUTPUT CIRCUIT 

6.JV ~ 1our 
Ro 
SKH 
(8m or 

BCDI 

DAC·H Z12B OR DAC·HZ1 20 

"Open circuit m DAC-HZ1 2D 

Vour "'t2 5V MAXIMUM 

(OU TP UT VOLT AG E 

CO MP LIANCE I 

REG = R
0 

= SK for unipolar operation 

Rea "' RA M R0 "' 4K for bipolar operation 

'ouT "' 2mA bmary 
= 1.25mA BCD 

USE OF HIGH SPEED EXTERNAL OP AMP 
FOR FASTER SETTLING 

OAC·HZ12B 
OR 

0AC -H Z120 

Refer to the 

81POLAA OFFSET >--------- P1n20or 21 

Output Range 
Selection Table. 
Where pin 15 appears 
use pin X of external 

amplifier and scale as 
desired 

10 V RANGE 

l}-'~"-'-V~R~AN~G~E _______ _ s 

CURRENT OUT 
1our 

A 1 a EXTERNAL HIGH SPEED INVERTING 
OP AMP. USE DA TEL SYSTEMS AM-100 

FOR LESS THAN 1.0 .uSEC. OUTPUT 
SETTLING 

USE OF A SINGLE BUFFERED REFERENCE IN A MUL Tl-DAC SYSTEM FOR IMPROVED TEMPERATURE TRACKING 

DAC #1 

012 130 
0 0 
0 0 
0 16 
0 170 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
01 24 

EACH REFERENCE INPUT (PIN 16) DRIVEN 

BY THE BUFFER AMP. DRAWS .125 MA 

IN UNIPOLAR OPERATION AND 1.125 MA 
IN BIPOLAR OPERATION . 

012 

0 
0 
0 

0 
0 
0 
0 
0 
0 

µA 741 0 

OR EQUIVALENT 01 

DAC #2 DAC #3 

130 012 

0 0 
0 0 

16 0 
·17 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

24 0 01 

"PIN 17 SHOULD BE CONNECTED TO 

PIN 20 FOR BIPOLAR OPERATION OR 

LEFT OPEN FOR UNIPOLAR OPERATION 

OF DAG'S #2 AND #3. 

130 
0 
0 

16 
•17 0 

0 
0 
0 
0 

0 
0 

240 

PRECISION, LOW COST BASE LINE RAMP GENERATOR INPUT/OUTPUT CONNECTIONS 

TIMING 

CIRCUIT 

RATE 
ADJUST 

JUL 
12 BIT 

BINARY 

COUNTER 

RESET 

THIS CIRCUIT DEVELOPS A HIGHLY LINEAR ( .01%) 

OUTPUT VOLTAGE RAMP FROM 0 TO +lOV. THE RAMP 
CAN BE MADE AS SLOW AS DESIRED WITHOUT 
AFFECTING LINEARITY BY SETTING THE PULSE 
RATE OF THE TIMING CIRCUIT TO THE PROPER 
VALUE. THE OUTPUT RAMP IS GENERATED IN 
DISCRETE STEPS OF .024% FS 14096 STEPS FOR 
FS CHANGE!. 

12 

OAC-

HZ12B 

•lOV 

130 

<>-<-41------< 1 Vo uT 
16 

0 
0 
0 
0 

!OT0+10VI 

EX TA EMEL V LINEAR 

OUTPU T 

ov ~----------

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
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FUNCTION PIN FUNCTION 
BIT 1 IN 13 NO CONN. 
BIT 2 IN 14 -15VDC 
BIT 3 IN 15 VOLT. OUT 
BIT4 IN 16 REF . IN 
BIT5 IN 17 BIPOLAR OFF 
BIT6 IN 1B 10V RANGE 
BIT 7 IN 19 20V RANGE 
BITS IN 20 CURRENT OUT 
BIT9 IN 21 GROUND 
BIT 10 IN 22 +15VDC 
BIT 11 IN 23 GAIN ADJ. 
BIT 12 IN 24 REF . OUT 
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@D'\IEL 
~ SYSTEMS, INC. 

1020G Turnpike Street, Bu1 ld 1n9 S 
Canton, Massachusetts 02071 U.S.A . 
TEL 16171828-<3000 
TWX o 710-348-0 135 TELEX o 924461 

FOR ULTRA-HIGH SPEED APPLICATIONS 
25 NANOSEC. OUTPUT SETTLING TIME 

DIGITAL TO ANALOG CONVERTERS 

. DAC-Fl-Gl-HI SERIES 

FEATURES 

I> Fastest settling time available 
1> High Resolution 

I> Small Size 
I> Low Temperature coefficient 
I> Ultra linear 

1> Adjustment -Free operation 

GENERAL DESCRIPTION 

This series of D/A converters are min
iature ultra high speed devices offering 
the user state-of-the-art output settling 
time. Twenty -five nanoseconds for 
DAC-H I, fifty nanoseconds for DAC
GI and one hundred nanoseconds for 
DAC-F I series. Standard versions are 
avail abl e with either eight bit or ten 
bit resolution. Accuracy specifications 
include ± 1/ 2 LSB linearity, 
±15ppmf C temperature coefficient, 
and ±0.05% full scale accuracy. 

Bipolar operation is achieved by exter
nally connecting the built-in offset
ting reference. Input coding can be 
straight binary for unipolar output or 
a choice of offset binary or two's 
complement for bipolar output . 

Each D/ A is completely self-contained 
requiring only ±15 volts D.C. power . 
Packaged in 2" x 2" x 0.375" , low pro
file modules, they are readily soldered 
or plugged directly into P.C. cards or 
other mother board hardware . In
cluded in each module is digital inter
face logic, a precision resi5,or ladder 
network, high speed electronic 
switches, and a temperature compen
sated precision voltage reference 
source. 

One of the many prime features is the 
output flexibility - 5 ma current 
output can be fed directly into an 
external resistor to develop a 1.2V 
maximum output or by external pin 
strapping a bipolar output of ±1.2V 
maximum can be generated across the 
output load resistor. The output cur
rent can also be fed into an operation
al amplifier for those who require sign 
inversion, scaling, etc. This amplifier 
can be selected to suit a particular 
application . 
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+1!>VOC -l~VOC 

DIGITAL 
INPUTS 
OTLIT l L 

COMPA TIBLE 

VOLTA.GE 
REFERENCE 

SOURCE 

OUTPUT 

BLOCK DIAGRAM MODEL DAC-Fl, GI , HI 

MECHANICAL DIMENSIONS 
INCHES - (MM) 

2.000 r - ±.015(50.811 
2.000 

.020 DIA 
1/0 PINS 

"" "" "" "' I 

I 

I 
0 t 6 --

1 

BOTTOM 
VIEW 

,'-- 1. 800 

Al .100£ ACH 

- - ' 0 -'--- 1.350 
2 • - 1 . 2~ 
,. -- 1.150 

I 
4. r---. 850 

~: T6SPAC£S 
lo 
8 o AT . \QO [ACM 

- l ~: _1__ . 250 

-~ ~ "o~2~J l 
0 .100 MIN j 

l 
2.000 
(50.81 

L 0.375 

PIN 
1 
2 
3 
4 
5 
6 
) 

8 

INPUT/OUTPUT 
CONNECTIONS 

FUNCTION PIN FUNCTION 
Btt 1 input (MSB) 9 811 9 1nµut 
Btt 2 input 10 811101nµut (LSBI 
Bit 3 input 11 t 15V Power 1nµul 

811 4 mµut 12 - 15V Power mµut 
811 5 input 13 Common y1ound 
811 6 tnpuT 14 O ff set 
811 7 mput 15 An.ilog oulpul 
811 8 1nµut 16 N o 1.:onnec11011 

NOTES o 
1. Pins 9 and 10 omitted on 8 bit models 
2 . Pin position toleran ce ±.005" from da

tum, non -accumu lati ve 
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SPECIFICATIONS (TYPICAL@ 25°C UNLESS OTHERWISE NOTED) DAC-FI - DAC-GI - DAC-HI 

PARAMETERS DAC-FI SERIES (1aansec settling) DAC-GI SERIES (50nsec set tling) 

DIGITAL INPUTS 

RESOLUTION Optional Opt iona l 
8 or 1a Binary Bits 8 or 10 Binary Bits 

CODING Straight Binary (Unipolar Output) Straight Binary (Unipolar Output) 

(Parallel Data in the following Formats I Offset Binary (Bipolar Output) Offset Binary (Bipolar Output) 
Two's Complement (Bipolar Output ) Two's Complement (Bipolar Output) 
with MSB (1) with~(1) 

DATA INPUTS 

INPUT VINPUT BIT DTL or TTL Compat ib le DTL or TTL Compatibl e 
CODE MIN . MAX. STATUS Posi t ive Logic Posi t ive Logic 

"a" av +a .BV OFF Loading: 2 standard TTL loads Loading: 2 standard TTL loads 

" 1" +2.aV +5.5V ON 

ANALOG OUTPUT (@ 25"°cl 

ACCURACY Ad j. to ±a .a5% Ad j . to ±a .a5% 

TYPE OF OUTPUT Curren t Current 

FULL SCALE OUTPUT 5 ma@ +1 .2V ma x . (Unipolar) 5 ma @ +1.2V max . (Un ipo lar) 
±2 .5 ma@ ±1.2V ma x. (Bipola r)( 11 ±2.5 ma @ ±1 .2V max . (B ipo lar ) (1) 

OUTPUT IMPEDANCE 6aa Ohms ±1% 600 Ohms ±1% 

OUTPUT ZERO OFFSET 15 na 15 na 

3aa ohms for a to +1 V Output 3aa ohms for a to +1 V Out put 
OUTPUT LOADING 2.325K for ± 1 .av Output 2 .325K for ± 1 .av Outpu t 

OUTPUT SETTLING TIME 1ao nsec to ±a .1% of FS 5a nsec to ±a .1% of FS 

OUTPUT RESOLUTION ± 1 LSB(5µa for 1 a Binary Bits) ± 1 LSB(5µa for 1 a Binary Bits) 

LINEARITY ± 1 /2 LSB(± 2.5µa for 1a Binary Bits) ± 1 /2 LSB(± 2.5µa for 1 a Binary Bits) 

TEMPERATURE COEFFICIENT ±5a ppmf C of FS ±30 ppmf c o f FS 

LONG TERM STABILITY ±a .5%/ Yr. ±a .5%/Yr . 

REFERENCE SOURCE Interna l Interna l 

INPUT POWER REQUIREMENTS +15VDC, ±a.5V @ 75mA max +15VDC, ±a.5V @ 75mA max 
- 15VDC, ±a.5V @ 2amA max -15VDC, ±a.5V @ 20mA max 

POWER SUPPLY 
REJECTION RATIO 0.05%/V 0.05%/V 

PHYSICAL - ENVIRONMENTAL 

OPERATING TEMPERATURE RANGE 0° to +10° c 0° to +10° c 

STORAGE TEMPERATURE RANGE - 55° C to +85° C - 55° C to +85° C 

RELATIVE HUMIDITY Up to 100% Non -Condensing Up to 100% Non -Condensi ng 

SIZE 2"L x 2"W x 0.375" H 2" L x 2"W x 0.375" H 
Plug-in Module Plug-in Module 

PINS 0 .02a" Round Gold Plated 0 .020" Round Gold Plated 
a .250" Long Min. 0 .25a" Long M in . 

MATING SOCKET DILS-2, 2 per module req 'd , $5/pr. DI LS- 2, 2 per module req 'd , $5/pr . 

CASE MATERIAL (2) Black Diallyl Ph thalate Per MIL-M-14 Black Diallyl Phthalate Per MIL-M-14 

WEIGHT 2 oz . 2 oz. 

DAC-Fl....:::r._ PRICE (1 -9) DAC-Gl _T_ PRICE (1 -9) 

ORDERING INFORMATION l Number of Bits J $79. [ Number of Bits ] 
$ 89. l 8 B = 8 Binary Bits J S99. [ 8 B = 8 Binary Bits J $1a9. 

10 B = 1a Binary Bits 10 B = 1a Binary Bits 

NOTE 1 : Th• convuter doH not directly accept 2 ' s 
complem.nt coding without first externally comple -
m•ntlng the 2 ' t_comp MSB by using an external 

NOTE 2 : All converters are fully repairable. Inverter or FF a output. Aft.,r this bit Is comole-

D/\j EL mentltd the code- •Pi:> .. rs as nbrm•• offset btnaty 
wn1cn the conw1ter cen .procni, -
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I IA1 - EL 

DAC-HI SERIES (25nsec settlinR) 

Optional 
8 or 10 Binary Bits 

Straight Binary I Unipolar Output) 
Offset Binary (Bipolar Output) 
Two's Complement I Bipolar Output) 
with MSB (1) 

DTL or TTL Compatible 
Positive Logic 
Loading: 2 standard TTL loads 

Adj . to ±0 .05% 

Current 

5 ma@ +1 .2V max . (Unipolar) 
±2.5ma@ ±1.2V max. I Bipolar) 11) 

600 Ohms ± 1% 

15 na 

300 ohms for 0 to +1 V Output 
2 .325K for ± 1.0V Output 

25 nsec to ±0.1 % of FS 

± 1 LSBl5µa for 10 Binary Bits) 

± 1 /2 LSBI± 2.5µa for 10 Binary Bits) 

±15 ppmf C of FS 

±0 .5%/Yr. 

Interna l 

+15VDC, ±0.5V@ 75mA max 
- 15VDC, ±0.5V@ 20mA max 

0.05%/V 

0° to +10°c 

- 55° c to +85° c 
U_E_to 100% Non -Condensing 

2"L x 2" W x 0.375" H 
PllJ9-:in Module 

0 .020" Round Gold Plated 
0 .250" Long Min . 

DI LS- 2, 2 per module req'd, $5/pr. 

Black Diallyl Ph thalate Per MIL-M-14 

2 oz. 

DAC-Hl..::r:_ PRICE (1-9) 
[ Number of Bits ] 

$ 99 [ 8 B = 8 Binary Bits J 
10 B = 10 Binary Bits $119 
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APPLICATION NOTES 

r----------, 
1 R OFFSET 114 

: OFFSET 

I 
I 
I 
I 
I 
I 
I I 

I • 0 TO + 5 MA I 

CURRENT CONTROLLED 
INPUT DIGITAL CODE 

BY 

I 
L - - - - - - - - J NOTE : Output Voltage 

Figure 1 L imited to ±1.2V max . 

r---------1 
R OFFSET 114 

..---~V'l.r---HJOFFSET 

2 . 4BK I 
soon 115 

-_J"' A.-+-<> 0 u T p u T 
1 SEE NOTE 
I 
I 
113 

~-,,_-+-+---+ou COMM ON 

V • D TO +3V 
VOLTAGE CONTROLLED BYL - - --- - - - ....J 

DIGITAL INPUT CODE Figure 2 

UNIPOLAR CURRENT OUTPUT 
14 

(MSB) BIT I 

15 DIGITAL 
INPUTS 

DIA 
CONVERTER 

1----<>--•0 UT PUT 

Connect external 
.oad resistor of 2.32K 
Ohms across pin.; I J 
& 15. 

Connect a 500 Ohm 
potentio meter* 
between p1 ns 14 
& 15 and with input 
code of 1000000000. 
adjust for zero volts 
output. 

BIT 9 

(LSB) BIT ID 

Figure 3 

30011. 

13 

BIPOLAR CURRENT OUTPUT 

DIGITAL 
INPUTS 

DIA 
CONVERTER 

•Available from Datel, $3/each FIGURE FOUR 

OV TO +IV F,S, 

14 

5001l 

15 

2,32K 

13 
f-<>----_. C 0 MM 0 N 

UNIPOLAR OR BIPOLAR VOL TA!:JE OUTPUT 

For Unipolar voltaye 
output connect jumper 
between pins 13 & 14. 
For Bipolar "oltage 
output co nnect a 500 
Ohm potentiometer* 

DIGITAL 
INPUTS 

r
lM_SBJ 
BIT I 

BIT 9 

I 

DIA 
CONVERTER 

Rt x 600!1 
R•-'---

Rt + 600!1 

VOLTAGf 
+ OUTPUT 

(VOUT =-'Rf 
EXTERNAL x 5MA) 
AMPLIFIER between pins 14 & 15. 

• Available from Date!, $3/each l 9 : 

(LS B) IO f..
1
o
3
--+------Q COMMON 

BIT 10 ~-------' 

FIGURE FIVE 
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Input Cod ing for DAC-Fl, DAC-GI and DAC-HI Series (10 Bits shown) 

Analog Analog 
Output Range 2's Complement Output Range 
(±2.5 ma FS) Offset Binary (See Note) (0 to +5ma FS) Straight Binary 

+2.495 1111111111 0111111111 +4 .995 1111111111 
+2.187 1111000000 0111000000 +4.375 1110000000 
+1.875 1110000000 0110000000 +3.750 1100000000 
+1.250 1100000000 0100000000 +2.500 1000000000 

0.000 1000000000 0000000000 +1.250 0100000000 
- 1.250 0100000000 1100000000 +0.625 0010000000 
- 1.875 0010000000 1010000000 0.000 0000000000 
-2.187 0001000000 1001000000 
-2.495 0000000001 1000000001 
-2.500 0000000000 1000000000 

Note 1 : The converter does not directly accept 
2 's complement coding without first 
externally complementing the 2's comp 
MSB by using an external inverter or 

FF Q output . After this bit is comple
mented, the code appears as normal 
offset binary which the converter can 
process . 

MEASURING OUTPUT SETTLING TIME 

Because of the phenomenal output settling time of these devices, great care must be taken when measuring 
the output performance. Model 454 Tektronix Oscilloscope with low capacitance probe and probe ground 
lead is recommended for measuring output settling time. Input/Output connections should be made as close 
as possible to the " DAC" pins. Best results occur when the digital input source has a time skew of less than 
5 nanoseconds. 

Output settling time for these devices can be defined as that time between application of an input digital 
word and the analog output settling to ±0.1 % of full sca le , it includes switch delay, slewing time and final 
exponential decay time. 

BIT 
CO NTROL 

(MSB) 
BIT I 

I 
I 
I OSCILLOSCOPE 

I 0/A 

PULSE 
GENERATOR 

J-1( Q 
c Ff' 

9 

10 BIT 
LOW SKEW 
REGISTER 

I CONVERTER 

I OAC-Fl 
OAC- GI 

0 
I OAC- HI 

9 I 
BIT 9 

10 
STROBE BI T 10 

- THRE~ (LSB) 

- POS ITI ON 
TOGGLE SWITCH TRIGGER TO SCOPE 

DELAY 

Typical Test Set Up For Measuring Output Settling Time. 
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1020G Turnpike Street, Bui lding S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (6171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

~ ULTRA FAST SETTLING 

~ HIGH RESOLUTION 

~ SMALL SIZE 

GENERAL DESCRIPTION 

The DAC-Hl12B is a 12 bit Digital to 
Analog converter featuring a state-of

the-art output settling time of 25 

nanoseconds combined with a 

±l / 2LSB linearity and a temperature 

coefficient of ±20ppm/° C. 

Bipolar operation is achieved by exter

nally pin strapping a built-in offsetting 

reference . Input coding can be straight 

binary for unipolar output, or a choice 

of offset binary or two's complement 
for bipolar output. 

The DAC-H 1128 is completely self· 
contained, requiring only ± 15 volts 

D.C. power. Packaged in a 
2"x2"x0.375", low profile module, it 
is readily soldered or plugged directly 

into P .C. cards or other mother board 
hardware. Included in each module is 
digital interface logic, a precision re· 
sistor ladder network, high speed elec

tronic switches, and a temperature 
compensated precision voltage refer
ence source . 

One of the prime features is the unit's 
output flexibility with a 5 ma current 
output which can be fed directly into 
an external resistor to develop a 1.2V 
maximum output or, by external pin 
strapping, a bipolar output of ± 1.2V 
maximum can be generated across the 

output load resistor. The output cur

rent can also be fed into an opera

tional amplifier for those who require 
sign inversion, scaling etc. This ampli

fier can be selected to suit a particular 

application. 
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12 BINARY BIT RESOLUTION 
25 NSEC OUTPUT SETTLING TIME 

DIGITAL TO ANALOG CONVERTER 
MODEL DAC-HI 128 

DIGITAL 
INPUTS 

DTUTTL 
COMPATIBLE 7 

BLOCK DIAGRAM 
MODEL DAC-Hl12B 

MECHANICAL DIMENSIONS-INCHES (MM) 

'} 000 • 015(50,81 

601850 
'o 
Bo 

&SPACES 
AT 100 EACH 

-· -~======-------~ :;f _Lo 
Jo-

o •oo 

SIDE 
VIEW 

REF REF 
IN OUT 

See inside back cover for DATEL sales offices 

INPUT /OUTPUT 
CONNECTIONS 
PIN FUNCTION 

1 BIT 1 INPUT (MSB) 
2 BIT 2 INPUT 
3 BIT 3 INPUT 
4 BIT 4 INPUT 
5 BIT 5 INPUT 

6 BIT 6 INPUT 
7 BIT 7 INPUT 
8 BIT 8 INPUT 
9 BIT 9 INPUT 

10 BIT 10 INPUT 

11 BIT 11 )NPUT 
12 BIT 12 INPUT (LSB I 

13 +15VPOWER INPUT 
14 - 15V POWER INPUT 

15 COMMON GROUND 
16 OFFSET 
17 ANALOG OUTPUT 
18 REFERENCE OUTPUT 
19 REFERENCE INPUT 
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SPECIFICATIONS (typical@ 25° C unless otherwise noted) 

MODEL NUMBER DAC-HI 12B 

DIGITAL INPUTS 
RESOLUTION 12 Binary Bits 

Straight Binary 
(Unipolar Output) 

CODING Offset Binary 
(Parallel Data in the fol lowing Formats) (Bipolar Output) 

Two's Complement (Note 1 I 
(Bipolar Output) 

DATA INPUTS 

INPUT VINPUT BIT DTL or TTL Compatible 
CODE MIN.}MAX. STATUS Positive Logic 
"O" OV I +-0.8V OFF Load ing: 2 standard TTL 
" 1" +2.0V +5.5V ON loads 

ANALOG OUTPUT (@25°C) 
ACCURACY Adj. to±0.01 % 
TYPE OF OUTPUT Current 

5 ma@ +1.2V max. 

FULL SCALE OUTPUT (Unipo lar) 
±2.5 ma@ ±1.2V max . 

(Bipolar) 
OUTPUT IMPEDANCE 600 Ohms ±1% 
OUTPUT ZERO OFFSET 15 na 

OUTPUT LOADING 300 ohms for 0 to +1 V Output 
2.325K for ± 1.0V Output 

OUTPUT SETTLING TIME 50 nsec to ±0.025% of FS 

OUTPUT RESOLUTION 1 LSB (1 .25µa for 12 
Binary Bits) 

LINEARITY ± .625µA (1 /2 LSB) 
TEMPERATURE COEFFICIENT ±20 ee_~C of FS 
LONG TERM STABILITY ±0.5%/Yr. 
REFERENCE SOURCE Internal 

INPUT POWER +15VDC, ±0 .5V @ 40 ma 

REQUIREMENTS - 15VDC, ±0.5V@ 20 ma 

POWER SUPPLY 
.0085%/V REJECTION RATIO 

PHYSICAL - ENVIRONMENTAL 
OPERATING TEMPERATURE RANGE 0° to +70° C 
STORAGE TEMPERATURE RANGE - 55° C to +85° C 
RELATIVE HUMIDITY Up to 100% Non-Condensing 

SIZE 2"L x 2"W x 0.375" H 
Plug-in Module, fully repairable 

PINS 0.020" Round Gold Plated 
0.250" Long Min. 

CASE MATERIAL Black Diallyl Phthalate 
WEIGHT 2 oz. 

MATING CONNECTOR DILS-2 2 per module required 
$5.00_.e..er_.e..air 

PRICE (1 -9) $129 ea. 

INPUT CODING 
ANALOG OUTPUT OFFSET BINARY Z'S COMPLEMENT (1) ( ± 2.5mA FS) 

+2. 49875mA 111111111111 01 1 1 1 1 1 1 1 11 1 
+1.25000mA 110000000000 01 0000000000 

Om A 100000000000 000000000000 
- 1.25000mA 010000000000 110000000000 
- 2.50000mA 000000000000 100000000000 

ANALOG OUTPUT STRAIGHT BINARY (0 to +5mA FS) 

+4.99875mA 11 11 11111111 
+3. 75000mA 110000000000 
+2.50000mA 100000000000 
+1.25000mA 01000000000 0 

OOOOOOmA 000000000000 

DAC-HI 128 
APPLICATION NOTES 

CURRENT EQUIVALENT CIRCUIT 
,------------, 
I R OFFSET 116 
I OFF~T 
I 117 
I 

1 
OUTPUT 

1 - 6.2V o SEE NOTE 
1 v soon: 
I + 115 
: COMMON 
I I 
I l ' 0 TO +5 MA I 

CURRENT CONTROLLEO BY ___________ J 
INPUT DIGITAL COOE 

VOLTAGE EQUIVALENT CIRCUIT 
r-----------.., 
I R OFFSET 116 
I OFFSET 
I I 
I 117 
I OUTPUT 
: - I SEE NOTE 
1 V I 
:· + 1

15 

1 _ I COMMON 
1 V' 0 TO +3V I 

VOLTAGE CONTROLLEO BY ___________ _J 

DIGITAL INPUT CODE 

UNIPOLAR CURRENT OUTPUT 

?~i1J~§ l '-"' ' i ,,.:i:m 
BIT 11 

!LSB)BIT 12 OM MON 

17 

BIPOLAR CURRENT OUTPUT 
Connect external load res11tor of l 1 
2 32K Ohms across pins 15 & 17 ( MSB) BIT 1 
Connect a 500 n pot as shown I 
&crou ptns 16 & 17 Connec t a : 

~-----,16 
i-<>--..--, 

ZE RO 

100 n pot as shown across DIGITAL I 
500J1. 

O/ A 17 
pins 18 & 19 INPUTS : CONVERTER t-<>--..-
Cahbf'•t1on Proc.dur• BIT l1 1l 

1 
2.32K 

With input code 000000000000 12 15 

~t~e"~!!,~p~t. for (LSB) BIT 12 L~~--....t~-:-~COMMON 
With input code 111111111111 RC'F, IN }EXT. 
adjust the 100 n pot . for 100.!l POT. F. S. 
+0.99976 volts output. ' ADJ. 

UNIPOLAR OR BIPOLAR VOLTAGE OUTPUT 

TR IMPOTS - $3 . each 
DATEL NO. TP100 (100 !1) 
DA TEL NO. TP500 (500 !1) 

At x 600l'f' 
R•---

At +600n 

Note: (1) The converter does not directly accept 2's complement 
coding without first externally complementing the 2's 
comp MSB by using an external inverter or FF Q output. 
After this bit is complemented , the code appears as 
normal offset b inary which the converter can process. 

2'S COMPLEMENT TO 
OFFSET BINARY CONVERSION (1) ~~~~{' ~;~:!_,~}}Digital 

Vol 3/96 See inside back cover for DATEL sales offices 
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1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U .S. A. 
TEL: 16171 828-13000 

HIGH SPEED 50Q LINE DRIVER 
DIGITAL TO ANALOG CONVERTERS 

TWX : 710-348-0135 TELEX : 924461 

FEATURES 

.,. Ultra High Speed 

.,. High Output Current 

.,. High Reso lution 

.,. Exce llent Linearity 

.,. Adjustment Free Operation 

DESC RI PT ION 

The Model DAC-HV-100 Series Digital 
to Analog Converters are ultra high 
speed devices with a settling time of 50 
nanoseconds. Standard versions are 
available with six, eight or ten binary bit 
input resolution . The output swings 
from 0 to +5 volts and is capable of 
driving a 50 ohm transmission line. 

The superior transfer characteristic of 
the DAC-HV-100 Series include an ac
curacy of 0.1% of full scale, a linearity 
of ±1/2 LSB and a temperature coeffi
cient of ± 100 PPM /° C. Long term 
stability of these converters is ±0.5% per 
year. 

Each D/A is comp letely self contained 
requiring only ±15 VDC power. Pack
aged in a 2"Wx3" L x.375"H low profile 
module, they are readily soldered or 
plugged into PC boards which can then 
be mounted on 1 /2 inch centers. The 
modu le includes digital interface logic 
and precision resistor ladder networks, 
high speed electronic switches, a tem
perature compensated precision voltage 
reference source and featuring an ultra 
high speed amplifier capable of settling 
to within 0.4% accuracy in 50 nano
seconds after a full scale output excur
sion. 

GROUND 

+15V 
POWER 

-15V 
POWER 

MECHANICAL DIMENSIONS (INCHES) 

DAC-HV-100 SERIES 

REFERENCE 
SOURCE 

BIT BIT BIT 
1 2 3 

MSB 

MODEL DAC-HV-100 SERIES BLOCK DIAGRAM 

INPUT/OUTPUT CONNECTIONS 

...... ------3.000 ------+l .020 

-1 1-------- - ------------- 1-~:~~~ ~ 1/0 PINSl 
i 12------- --------------- -1.650 
913---------------------- - 1.550 

•14-------------------- 1. -1.350 
2. -1.250 
3• -1.150 

PIN 

1 

2 

3 

FUNCTION PIN FUNCTION 

BIT 1 (MSB) 9 BIT 9 

BIT 2 . 10 BIT 10 

2.000 
BIT 3 11 +15V POWER INPUT 

4 BIT 4 12 -15V POWER INPUT 

5 BIT 5 13 GROUND 

6 BIT 6 14 ANALOG OUTPUT 

7 BIT 7 15 NO CONNECTION 

BOTTOM VIEW SIDE VIEW 
8 BIT 8 

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/97 



ELECTRICAL SPECIFICATIONS (typical@ 25°c, ±15 voe unless otherwise specitiedl 

DIGITAL INPUTS: INPUT POWER REQUIREMENTS 

Resolution 
Coding 

Data Inputs 

Input Code 

0000000000 

Voltage 
Output 

OV 
1111111111 +5V-1 LSB 

ANALOG OUTPUT (@25° Cl 

Accuracy . 

Output Voltage Range 
Full Scale Output 
Output Load . 
Output Settling Time 

Linearity . 
Temperature Coefficient 

of FS . 
Temperature Coefficient 

of Zero 

Optional 6 , 8, or 10 Binary Bits 
Parallel data in Straight Binary 
input format 
Binary " O" ,,;; +o.av (Switch off) 
Binary " 1" ;;;. +2.ov (Switch on) 
DTL or TTL compatible , positive 
logic 

Loading; 2 standard TTL loads 
(See coding chart below) 

±.2% of FS(6&8 Bits); ±.1% of FS 
(10 Bits) 

OV to +5V 
+5V @ 100mA 
500hm (m ini 
50 typ., 75 max. nanoseconds to 
. 4% of F .S. (6 & 8 Bits); 100 typ, 
250 max. nanoseconds t o .1 % of 
FS (10 Bit) 
±1/2 LSB 

±60 ppm/°C 

±40 ppm/° C 

+15VDC, ±0.5VDC@ 70mA max. 
-15VDC , ±o.5VDC@ 50mA max. 
Power Supply Rejection 

Ratio . 0.1% per Volt 

PHYSICAL - ENVIRONMENTAL 

Operating Temperature 
Range . 

Storage Temperature 
Range . 

Relative Humidity 
Size 

Pins 

Case Material . 
Weight 
Mating Socket 

0°C to +70° C (extended operating 
temperature ranges optionally avail 
able) 

-55° C to +85° C 
Up to 100% Non-Condensing 
2"W X 3" L X 0.375"H 
Plug-in Module 
0.020" Round Gold Plated 
0.250" Long, min. 
Black Diallyl Phthalate Per MIL-M-14 
4 oz . 
Model DILS-2 2 Req'd per module, 
$4 per pair 

INPUT CODING FOR DAC-HV-100 SERIES 

Vol 3/98 

STRAIGHT 

BINARY INPUT 

6 1 ;o 
1 1 1 1 1 1 1 1 1 1 

1 1 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

010000 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

MODEL 

DAC-HV6B-100 

DAC-HVBB-100 

DAC-HV10B-100 

( 

6 BIT 
DAC-HV6B-1 00 

+4.9219V 

+3.7500V 

+2.5000V 

+1.2500V 

o .oooov 

ANALOG OUTPUT 

(+5V, FS) 

8 BIT 
DAC-HVSB-100 

+4.9805V 

+3.7500V 

+2.5000V 

+1.2500V 

o .oooov 

\ 
10 BIT 

DAC-HV10B-100 

+4.9951V 

+3.7500V 

+2.5000V 

+1.2500V 

o.oooov 

ORDERING INFORMATION 

NUMBER OF BITS 

6 BINARY BITS 

8 BINARY BITS 

10 BINARY BI TS 

PRICE (1-9) 

$169. 

$179. 

$189. 

OPTIONS• 

-EX (-25° C to +85° Cl 

-EXX (-55°C to +85°CI 

•(Extended operating temperature ranges) 

See inside back cover for DATEL sales offices Electronic Design 's 



1020G Turnpike Street, Building S 
Can ton, Massachusett s 02021 U.S.A. 
TEL : 16171828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 
.... 8, 10, 12 Bit Resolutions 
.... 5 µsec Settling Time 
.... 5 Voltage Output Ranges 
.... Temp. Coeff. to 7ppm/°C 
.... 2 x 2 x .375 Inch Module 

GENERAL DESCRIPTION 

The DAC-R and DAG-TR series digital 

to analog converters feature high per
formance voltage outputs for 8, 10, 
and 12 bit resolutions. There are 5 
different output voltage ranges which 
can be selected by external pin con
nection: 0 to +5V, 0 to +10V, - 2.5V 
to +2.5V, - 5V to +5V, and - 10V to 
+10V. Internally these models contain 
input buffer logic and an electronic 
switch array, a precision resistor net
work, a precision stable zener voltage 
reference, and an output amp I ifier . 

The output voltage settling time is 5 
µsec. to specified accuracy, result
ing in an update rate of 200kHz. 

The output can drive a load up to 
5mA on the 0 to +10V and - 10 to 
+ 1 OV ranges and up to 1 Om A on the 
other ranges. Input coding is com
plementary binary or complementary 
BCD for unipolar operation and com
plementary offset binary for bipolar 
operation . The logic inputs are DTL/ 
TTL compatible. External offset and 
gain adjustments are made using two 
100K ohm trimming pots., resulting in 
an accuracy of .01 % FS±Y:. LSB . The 
DAC-R models have a gain temperature 
coefficient of 30 ppm/°C while the 
DAG-TR models feature an exception
ally low coefficient of 7 ppm/°C. 

These converters are encapsulated in 
compact 2 x 2 x .375 inch modules 
with DIP compatible .100" pin spac
ing. Pins are .020" diameter gold 
plated. Input power requirements are 
+5VDC and ±15 VDC and are available 
from Date! Systems' broad line of 
modular power supplies. Extended 
temperature range versions are also 

available by consulting the factory. 

GOLD BOOK 76/77 

GENERAL PURPOSE, ·HIGH PERFORMANCE 
DIGITAL TO ANALOG CONVERTERS 

DAC-R, DAC-TR SERIES 

OUTPUT 

j•6.2Vl 

MECHANICAL DIMENSIONS 
INCHES (MM) 

SIDE V IEW 

.020 OIA 
1/0 PINS 

• 28-------------

J • 

5 • 

375 

~ 
.250 MIN r -.--

I -1.800 

7 SPACES 
AT 100 

EACH 

GAIN 

• 22 BOTTOM 7 • _L, 100 2.000 

VIEW 
• 21 

• 18 

• 15-----------

8 • j--_-r_ .900 

: 6 SPACES 
AT .100 

EACH 

-1 4 : _L_.300 

~---- 1.800 ---~~ ... ~ 100 

NOTE : Open dots indicate omitted pins. 
Pins 17 and 18 are omitted on 10 bit models. 
Pins 15, 16, 17, and 18 are omitted on 8 bit 
models. Pin position tolerance is t 0 .005" 
From datum, non-accumulative. 

150 .81 

0 TO 10V ____ _,2• ·sv 
FEEDBACK 

SUMMING 
27 JUNCTION 

BIPOLAR 
'-----------.J21 OFFSET 

ADJUST 

INPUT/OUTPUT CONNECTJONS 

PIN FUNCTION 

K KEY 

1 - 15 Volt Power l!l.e_ut 

~ + 15 Volt Power 1 '~ut 
3 + 5 Volt Power 1rl"Put 
4 No Connection I pin is omitted) 
5 Power andSignal Ground 

~ No Connection (pin is omitted) 
7 Bit t (MSB) 

Bit 2 
9 Bit 3 

10 Bit 4 
11 Bit 5 
12 Bit 6 
13 Bit 7 
14 Bit 8 
15 Bit g• 
16 Bit 10• 

17 Bit 11 • •• 

18 Bit 12• •• 

19 No Connection (pin 11 omitted) 
20 No Connection (pin is omitted) 
21 Bipolar Offset 

22 Full Scale Gain Adjust 
23 i 1 OV Feedback 
24 0 to +10V, t 5V Feedback 
25 Reference Output 
26 Ampliflet" Output 
27 Summing Junction 

28 z8r0A.djust 

Omitted on eight bit models 
• • Omitted on ten bit models 

See inside back cover for DATEL sales offices Vol 3/99 



SPECIFICATIONS 
(Typical @ 25 ° C unless otherwise noted) 

INPUTS 
Resolution 

Coding, Unipolar Output 

Coding, Bipolar Output . 

Input Vo l tage Inp ut Bit 

Input Logic ,_c_o_d_e_.,_M_i_n_.1-+-_M_a_x_._.__s_ta_t_u_s_. 

Update Rate. 

OUTPUTS 
Accuracy, .25 °. 
Linearity . 

"1" +2V I +5.5V OFF 
"O" OV +0.8V ON 

Temperature Coefficient 

Gain, FS . 

Zero, Unipolar . 

Offset , Bipolar. 

Output Voltage R anges 
(selected by external pin connection). 

Settling Time 
Output Impedance 
Internal Reference 

Power Supply Rejection 

POWER REQUI A EMENT . 

PHYSICAL -ENVIRONMENTAL 

Operating Temperature Range 

Storage Temperature Range . 

Relative Humidity 

Size. 

Pins . 

Case Material 

Construction 

Mating Socket 

Weight . . 
Specifications same as model DAC· R 

CALIBRATION PROCEDURE 
1 . Refer to the unipolar and bipolar adjustment 

diagrams and the coding tables. Note that 

complementary binary coding is used. 

2. OFFSET OR ZERO ADJUSTMENT : Set all 

DAC-R 

8, 10 , 12 Bits 
Complementary Binary 

Complementa ry BCD 

Complementary Offset Binary 

OTL/TTL Compatible 

One TTL load / B it 

200 kHz 

Adj. to .01 % FS ±% LSB 

±!ta LSB 

DAC-TR 

30 ppm/° C of FS 7 ppm /° C of FS 

1011V/° C 

100µV /° C 20µV /° C 

0 to +10V@ 5mA max . 
0 to +5V@ 10 mA max. 
- 5V to +5V@ 10mA max. 
- 10V to + 10V @ 5mA max . 
- 2.5Vto+2.5V@ 10mA max. 
5 µsec to +.01 % of FS 
.02n -
Precision temperature 
com pensated , derived from 
Zener diode 
20 ppm /% 

+ 5VDC ±. 25V@ 30mA max. 
+ 15VDC ±.5V@ 35mA max . 

- 15VDC ±.5V@ 45mA max . 

0 ° C to +70° C 

- 55 ° C to +85° C 

Up to 100% non -condensing 

2" x 2" x .375" 

0.020" dia. round , go1d 

plated brass, .250 " long , min . 

Black Diallyl Phthalate 

Epoxy -enc apsulated 

(fully repairable) 

DILS-2 , 2 per module 

@ $5/pr. 
2 oz. (56.7 g) 

digital inputs high (+2.0V to +5.5V). For uni 

polar output adjust the zero trimming poten 

tiometer for zero output voltage. F or bipolar 

operation adjust the offset t r imming poten

tiometer to gi ve - FS output voltage as shown 

CODING TABLES 
UN I POLAR OUTPUT - Complementary Binary & Complementary BCD 

O FFSET ADJ . OUTPUT GA IN ADJ. I OUTPUT VOLTAGE RANGE 

NO . BITS DI GITA L INPUT VOLTAGE DIGITAL INPUT 0 TO + lOV 0 TO + 5V 

8 B in 1111 1111 ov 0000 0000 +9.9609V +4 .9805V 

10 B in 1111 1111 11 OV 0000 0000 00 +9.9902 V +4 .9951 v 

12 B in 1111 1111 1111 ov 0000 0000 0000 +9.997 6V +4 .9988V 

8 BCD 1111 1111 ov ! 0110 0110 

011101 

+9.9000 V +4 .9 500V 

12 BCD 1111 1111 1111 ov 0110 0110 +9.9900V _l +4 .9950V 

BIPOLAR OUTPUT - Complementary Offset B ina ry 

OUTPUT OFFSET ADJ. OUTPUT GAIN ADJ . OUTPUT 

NO. BITS VOLTAGE RANGE DI G ITAL INPUT VOLTAGE DIGITAL INPUT VOL T AGE 

8 1111 1111 - 2.5000V 0000 0000 +2 .4805V 
10 ±2.5 V 1111 1111 11 - 2 .5000V 0000 0000 00 +2.4951 v 
12 1111 1111 1111 - 2.5000V 0000 0000 0000 +2.4988V 

8 1111 1111 - 5 .0000V 0000 0000 +4 .9609V 
10 ±5V 111, 1111 11 - 5.0000 V 0000 0000 00 +4 .9902V 
12 111 l 1111 1111 - 5.0000V 0000 0000 0000 +4 .9976V 

8 1111 1111 - 10.0 000V 0000 0000 +9.92 19V 
10 ± 10V l 111 1111 11 - 10.0000V 0000 0000 00 +9.98 05V 
12 1111 1111 1111 - 10,0000V 0000 0000 0000 +9 .9951V 

GAIN & OFFSET ADJUSTMENTS 

- 15V +15V 

ZERO 
ADJ . 
100Kf! 

.----l- -H) 28 

2 2 

U NI POL A R ZER O A ND G A I N ADJU ST 

- 15V + 15V 

O FFSET 
ZERO 
ADJ . 
100Kf! 

.----1f--+o 28 

27 

22 

21 

OUTPUT VOLTAGE RANGE 
EXTERNAL PIN-STRAPPING 

FULL SCALE CONNECT THE FOLLOWING 
O U TPUT RA NGE PINS TOGETHER 

-2.5V to +2,SV 21 , 23 & 27 24 & 26 

- 5 V to +SV 21 & 27 24 & 26 

- 10V to +10V 21 & 2 7 23 & 26 

0 to +5V 23 & 2 7 24 & 26 21 & 5 

0 t o +10V 24 & 26 21 ' & 5 

in the coding table. 

3. GAIN ADJUSTMENT : Set all digital inputs 

low (OV to + 0 .S V) and adjust the gain trim

ming potentiometer to give +FS output volt

age as shown in the coding table. 

ORDERING INFORMATION 

DAC-R 
DAC-TR __ I __ _ 

NUMBER OF BITS ANO COOING 

8B = 8 BIT COMPLEMENTARY BINARY 

10B = 10 BIT COMPLEMENTt\RY BINARY 

12B = 12 BIT COMPLEMENTARY BINARY 

8D = 2 DIGIT COMPLEMENTARY BC D 

12D = 3 OIG IT COMPLEMENTARY BCO 

PRICES (1-9 ) 

DAC-R8B $69 .00 
DAC-R 108 $75.00 
DAC-R 128 $79. 00 
DAC-R8D $69.00 
DAC-R 120 $79.00 

DAC-TR8B $129.00 
DAC-TR 10B $159.00 
DAC-TR12B $1 79.00 
DAC-TR8D $129.00 
DAC-TR 120 $179.00 

MATING SOCKET DILS-2 (2 per module 
@ $5/pa ir) 
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1020G Turn pike St reet , Bui lding S 
Canton, Massachusett s 02021 U.S.A. 
TEL: 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

., High Resolution - One Part In 65,535 

., 4 Digit BCD Version 

., 3 Selectable Voltage Outputs 

., 2 Selectable Current Outputs 

GENERAL DESCRIPTION 

The DAC-169 series Digital-to-Analog 
Converters are low cost, mocterate perform
ance 16 binary bit or 4 digit BCD units 
contained in compact modular form , 
2"Lx2"Wx0.375"H case, ideal for 0.5 inch 
card spacing. 

Both models offer selectable current and 
voltage outputs. The user selects the desired 
output by externally jumping selector pins on 
the unit. There are five available output 
ranges for the 16 binary bit unit and three 
output ranges for the 4 digit BCD model. 

Input digital coding is straight binary or 
binary coded decimal for unipolar operation 
and offset binary for bipolar applications. 
DAC-169 series were specifically designed for 
incorporation in systems and equipment 
demanding a wide dynamic range. For 
example, with a full scale output of ten volts, 
DAC-1 69 can resolve down to 150 microvolts, 
a 96.3 db change. 

Output settling time is specified at 750 
nanoseconds and 30 microseconds for current 
and voltage outputs respectively. Output 
settling time is defined as that time between 
the application of an input digital word and 
the output settling to ±0.005% of full scale , 
and it includes switch delay, nonlinear slewing 
time and final exponential decay time. 

Full scale output ranges for the binary version 
are 0 to +10V , 0 to - 10V, or +5V@ ±5ma. 
The current output can be selected for 0 to 
+2ma or ± 1 ma. The BCD model can have a 
full scale voltage output of O to +1 OV or 0 to 
- 10V@ 5ma. The current output can be pin 
strapped for 0 to +1.25ma full scale. 

MECHANICAL DIMENSIONS (INCHES) 

-T 
'-r---------.-'-±~,~ 

- )-- 010 OIA J10 PINS 

·-•11!.0 ... . ,, 15rAClS .. IOOf•t>• .,, .. . ,, .. , 
"" 

- , - 8!.0 

,,. ISl'ACfS ,,. • T lOOl•t>< 

L .. 
F·: 

16 BINARY BIT 
D/A CONVERTER-$109. SINGLE QUANTITY 

DIGITAL TO ANALOG CONVERTERS 

BCD 
CODING 
(DAC-169-

160 ONLY) 

ELECTR . 
SWITCHES 

PRECISION 
LADDER 

NETWORK 

DAC-169 SERIES 

+INPUT 

RANGE SELECT 

Rl R7 Al R4 

OAC 190-1158 !65.0 SK 55!.0 6K 

OAC lfi.180 8flQ(l BK 951{1 N.U. 

BLOCK DIAGRAM MODELS DAC-169-16B, DAC-169-16D 

INPUT/OUTPUT CONNECTIONS 

MODEL DAC-1 69-168 DAC-1 69-160 MODEL DAC-169-168 DAC- 169-160 
PIN FUNCTION FUNCTION PIN FUNCTION FUNCTION 

1 BIT 1 (MSB) BIT 8000 (MSBI 15 BIT 15 Bl 2 
...1. BIT-2_ OOT 16 BIT 16 ILSBI BIT 1 ILSBI 

3 BIT 3 BIT 2000 17 '15 VD~~INPUT •15 voe POWER INPUT 
4 BIT 4 BIT 1000 1B - 15 voe INPUT - 15VOCPOWER INPUT 
5 BIT 5 BIT 19 COMMON 0 COMMON GROUND 
6 BIT 6 BIT 400 20 VOLTAGE OUTPUT VOLTAGE OUTPUT 
7 BIT 7 BIT 200 21 - INPUT - INPUT 
8 BIT 8 BIT 100 22 +INPUT +l~UT 
9 BIT 9 BIT 80 23 RANGE SELECT RANGE SELECT 
10 BIT 10 BIT 40 24 CURRENT OUTPUT CURRENT OUTPUT 
11 BIT 11 BIT 20 25 OFFSET {B INARY MOOELS ONLY! N/ A 
12 BIT 12 BIT 10 26 REFERENCE OUT REFERENCE OUT 
13 BIT 13 lfilT.JL 27 REFERENCE IN REFERENCE IN 
14 BIT 14 BIT 4 

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/101 



SPECIFICATIONS (typical@ 25°C, unless otherwise noted) 

PARAMETERS 

DIGITAL INPUTS 

~!!~:~~•ta in the following formats 
DATA INPUTS 

[

lnpt,it 1 V Input "Sii --, 
Cod• ~n-~•• . Status _J 

l :?: l ov •O.SV l ~' I 
" 1" 2.0 V •5. 5V ON I 

UPDATE RATE 
Voltage output limit ed bY output 
am p lifi.r 1attti ng t i ma 

ANALOG OUTPUT 1@25 Cl 

MODEL DAC- 169- 168 

Str• ight B in.ry """fUn ipol• r?utpu'il 
O ff H t B inuy ( B lpol• r Output) 

OTL o r TTL com~tibla 
po1i tlva TRUE logic 
LOADING : O na Standard TTL Load 

5 MHz typical 

ACCURACY Adj. to 0.005% of F.S. 
LI NEARITY .t 0 .005% o f F .S. 14} 
LI NEARITY T EMPERA TURE COE~ 10.0005~C 
TEMPERATURE COE FFICIENT IGAIN I 110ppm/ C 111, '15oo'!![C 151 

MODEL DAC- 169- 160 

4 Otg it BCD 
BC'DTB-•2· 1 !Unipola r Output 

OTL o r TTL compa tible 
positive TRUE log ic 
LOADING : O n a Stand ard TTL Load 

5 MHz tVPical 

Ad j. to 0.005% ot F .s . 
.t 0 .005% of F.S . ~ 
10 .0005% c 

TE MPERATURE COEFFICIENT (OFFSET) 150 µ"!.r._C typ l+10VI, 110 µ"!.r._C l - 10V , 15V ) , 50 µ vt c typ I • tOV I, '1 0 µ V f CI - 10V ' •SV I 
TYPE OF OUTP~ Currant or Voltage Curr.nt or Voltage 

OUTPUT E•tun•llv Ml•ctab l• Oto +1 .25mA 
Current output conf1guru1on Oto +2 .0 mA or t 1 mA 

- -VOTtege OUieO"Oliguiafi'On- ------- - - txtirn.llvSitiCUbli" ___ - - --- ---lT•iirneliVtiTec:fibi.---------
0 to +10V , 0 to - 10V , or 15V Oto +10V or Oto - 10 V 

g~:~~~~guratton ~~;7~h0~·~~~;,\~~0~u~~~~ut 952 Ohms for +1. 0 V outp u t 

t---vofiiQeOUtputconl igurailoii-- - - --- - - 2K~mi'"for?f 10'+ 10VOToto =mv outPUt- ---+2KOhm1forOto710v orO'to-=lOVoutpul __ _ 
1 K Ohms f or ! SV output 

~~~u:~~~f~.~:;:';!n 750 nooc •o 10.005% of F .S . 750 nm •o 10.005% of F .S . 
f-- - VoftiieOutP'UtconTiguri"tlon - - - - - - - - ~cfiJiiCio!'b~o~. S-:- - - - - - - - - +--J~ .. CTo~cm5%0f1!"'~~~ - - - - - - - -

~~~:n~~:~c~o~t i~~~at ion 30 nA (1 LSB ) ---- 200 nA (1 LSD ) --
- - Vo118;. OUipU'tconTlgU"iiHOO - - - - - - - - - ---,slfiJvlfLSB1 - - - - - - - - - - ---1 --,--n,V(1L$0) - - - - - · - - - - -

LON G TERM STABILITY ! 0.005%/yr . ---+--;Q.005%/yr . - - -

REFERENCE ~U~ lnt•n•I : TC .. ! 0 . 0005~C 121 ~9rna1 : TC• t. 0 .0005%f C 121 

INPUT POWER REQUIREMENTS ~11~~~~ !1·.~~~~ ':i ;~ :~ locluding output current I ~~~~~~ ~-.~~~~:;~:'ii. lexcludong ~u tPut curr ent ! 

0 ° Cto +7 0 ° C 

STORAGETEMPER~UR~HAN~t ·· 55 C to +85 C 

PHYS ICAL~V~N~NTAL 
OPEllMING ~ ~ 

RELATIVEH~ Up to 100 % non-condensing 

0° c to +7 0° C 
55 C to +8 5 C 

Up 10 100% non-cond en11ng 
SIZE 2"''-•2''Wx0.375" H 2 " L•2" Wx0. 375" H 

f--~P~IN~S~------·--------------+~~.'~~-=-~-0~'~~.';-:--ud_n~-':-o~ld~pt~a,-e-d-------------+-~~'.~'f!-~2~~ r;;,::~1:otd pl•ted 

0 .250" tong minimum 0 .250 "' long mi n imum 

CASE MATER I AL Stack 01allylPhthalate~ Black 01atlyl Ph thalate ( J ) 

~ 2o•. 
PRICE 11-91 $109.00 Each 
MATING SOCKET OILS-2 (2 per module) 

$5 .00 per p1 1r 

NOTES' 111 
121 
131 

Current output 
Power Supply rejecti on 0 .005%/% 
Converters are fully repairable 

(4) L1near1ty 10 .012% o f F .S. for 
Unipolar positive outputs . 

(5) Volta9e output 

INPUT DIGITAL CODI NG TABLE FOR DA C-169 SERI ES 

BINARY INPUT WORD 
ADJUST· 111 BINARY a1TS I 

ANALOG OUTPUTS 

MENT 
MSB LS B 0 to +2mA 11mA 0 to •10V 0 to -10V 

GAIN 1111111111111111 1.99997mA +.9999 7mA +9.99985V - 9.9998SV - 4.99985V 

N IA '000000000000000 OA •5V -•v 
OFFSET OOOX>001C100000 OmA - 1m.A. ov ov 

ADJUST-
MENT 

GAIN 

OFFSET 

4 DIGIT BCD Cl-4·2-11 
INP'UTWORD 

ANALOG OUTPUTS 

0------------<1----~--~-~-~ .... LSB 0 to +l .2SmA 0 to +10V 0 to - 10\I 

1001 - 1001 - 10()1 - 1001 + 1 2499mA +9.999V - 9 .999V 

0000 - 0000 - 0000 - 0000 OmA OV OV 

CALIBRATION PROCEDURE 

OV 

MODEL 
NUMBER 

OAC-
169- 168 
BINA.A 
I NPUT S.I 

OAC-

169- 160 

c:~~TS 

2 oz . 
$109 .00 Each 
01 LS ·2 12 p ef module ) 

$5 VO...!!_-'_£;'" 

OUTPUT RANGE SETTING TABLE 

AVAILABLE 
EXTERNALLY 

OFFSET ADJUSTM ENT USIN G 
"NS OUTPUTS A N EXTERNAL POTENTI OMETER Ill 

AT 
JUIMPER NOT 

F.S. VALUE PIN 
PINS 

VALUE HIGH END WIP'f.R L OW EN O 
USED 

Oto •2mA 24 19 to 25 N IA 
20. 21 . 

22.23 ,. N IA soon 1opin 24 1o p1n 25 20. 21 . 
22. 23 

0 10 <IOV 20 19 to 23 10 25. 
100Kll 

22 to 24 
1hru 1M n 

IOpon 17 
to pin 22 

1opm 18 NI A 

0 10 - IOV 20 2110 24. 
IOOKn IOPtn 17 

1hru l M ll 
1op1n 18 NIA 

19 10 25 1opon 22 

•5V 20 
211024. 

IOOKH !O pm 17 
thft.1 I M n 

to p 1n 18 NI A ,. ,. 1op1n 22 

010 •1 . 25m~ " N IA N IA 
20. 2 1, 22. 

23. 2S 

0 to •IOV 20 
1910 23. 

IOOKU to pon 17 
thru 1Mn 

IOP•n 18 25 
22 10 24 IOPm 22 

010 - lOV 20 21 10 24 IOOKn !O p1n 17 
1hru 1M n 

top1n 18 25 
1op1n 22 

EXTERNAL GAIN POTENTIOMETER tJIUw cer""t tYP' 
trompou <11Xlppmf C 

FOR All OUTPUT CONFIGURATIONS Dtt• I rnod• I TP500 

500n 
trimpot SJ 00 Heh 

® ~® 

( 1 ) Make the appropri ate connections as shown in the o utput range 
setting table . 

(3) GAIN ADJUSTMENT 

(2) OFFSET ADJUSTMENT 
Refer to the Input D igi tal Codi ng T ab le and connect the ap 
propriate digital inpu t. 

Adjust t he offset potentiometer in order to bring the analog ou t 
put to the correspond ing value as shown in table. 

Refer to the ln f) ut Digital Cod ing Tobie and connec1 th e ap 
propriate digital input. 

Adjust lhe gain µo tent iometer 1n order 10 bring the analog out 
put to the corresponding val ue as shown in table . 
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1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U.S.A. 
TEL : 16171 828-8000 
TWX : 710-348-0 135 TELEX : 924461 

FEATURES 

"" Output Dynamic Range of 96db 

"" 1.5ppm/°C Temperature 
Coefficient 

"" ±o.0015% Accuracy 
"" 1 µsec Output Settling Time 

(.0015%FS) 

"" ±Y, LSB Linearity 

"°' 2"Wx4"Lx0.4"H 

GENERAL DESCRIPTION 
The DAC-HR series Digital -to-Analog convert 
ers are characterized by a resolution of up to 
one part in 65,535, with a linearity error of 
±0.0015% and the lowest temperature coef
ficient of any commercially available D/ A 
converter of 1.5ppm/° c_ 
DAC-HR's excellence in both linearity and 
stability has been achieved by utili z ing a pre
cision thin film resistor ladder network which 
tracks to within 1ppm/° C; an oven controlled 
zener reference which exhibits a temperature 
coefficient of 0_25ppmf' C and is current 
controlled within a high gain servo loop; plus 
the use of four individual monolithic quad 
switches_ These switches all being in close 
proximity on the same monolithic chip, have 
beta 's which tend to track , both initially and 
with temperature. Also , the superior unifor
mity of these monolithic transistor switches 
leads to inherently high accuracy of matching 
thus requiring minor trimming . 
The DAC-HR series are completely self con
tained in a 2"Wx4"Lx0.4"H plastic encapsu
lated module, yet fully repairable - a very 
significant consideration. 
DAC-HR series were specifically designed for 
incorporation in systems and equipment de
manding a wide dynamic range . For example, 
with a full scale output of one volt, DAC-HR 
can resolve down to 15 microvolts, a 96.3db 
change. 
The output settling time is specified at 200 
nanoseconds to 0.025% of fu 11 sca le, and a 
maximum of 2 microseconds to 0.0015% of 
full scale. Output settling time is defined as 
that time between the application of an input 
digital word and the output settling to 
0.0015% of full scale, it includes switch 
delay, nonlinear slewing time and final ex
ponential decay time. 
DAC-HR series may be used for either uni 
polar or bipolar applications. For unipolar 
operation full scale output is 0 to - 2ma and 
±1ma for bipolar output. Maximum vol tage 
compliance is ±lV . Provisions have been 
provided for the user to connect an external 
operational amplifier for scaling, sign inver
sion, impedance transformation , etc . Feed
back and offset resistors are included inter
nally_ These resistors have temperature coeffi
cients matched to the ladder network . The 
values of the internal feedback and offset 
resistors are set to produce a unipolar (OV to 
+10V) or bipolar (±5V or ± 10V) output from 
an external amplifier_ The amplifier should be 
selected to suit particular applications. 

GOLD BOOK 76/77 

16 BINARY BIT RESOLUTION 
DIGITAL TO ANALOG CONVERTERS 

DAC-HR SERIES 

DIGITAL 
INPUTS 

MSB 

LSB 

·H 
:~ 
· H :R 
·H •H .:R 
~H 
:,~ 
~H H 
"H 

INPUT 
BUFFER 
LOGIC 

OTLITTL 
COMP 

•15VCO - 15VCO POWER GNO. 

@ __®._ @) 

i:---~ SK R12 

~ ~ 
SK R11 PRECISION 

ELECTRONIC WEIGHTED r.. 
SWITCHES NETWORK !'"" 

TC M~tched 

} 

FEEDB ... CK 
FOR 

EXT . AMPL IFIER 

AN ... LOG OUT IHO 

~ ANALOG GHD. !LOI 

r----------, 
' PRECISION ' kl> I 
I VOLTAGE s•b_ I"' 

BLOCK DIAGRAM I REFERENCE : K o @ I SOU RCE 
0 ' 

REFERENCE OUT 

L----,-,----..! s 
.,, OFFSET OUT 

REFERCNCE IN 

MECHANICAL DIMENSIONS 
INCHES (MM) 

020 DIA 1/0 PINS 

SIDE VIEW 

CALIBRATION 
TRI M POTS 

®lit 
d5~DC 

OVEN POWER 

~oo no 21 

-----------------------,--~ll00(50 8 1 

I. 

. ,, . ,,, BOTTOM VIEW 
, . ,. 

. ~) - - - - - - - - - - - - - - - - - - - - - - - ;.; • 

. ~ ---------------------- - .. 
11! • 

• J<. - - - - - - - - - - - - - - - - - - - - - - - 11 . ,, . 
' . .. •/ - - - - - - - - - -- - - - - - - -- - - - - '. 

• -~ - - - - - - - - - - - - - - - -- - - - - - - \l> . 

'" (10 1 6 1 

See inside back cover for DATEL sales offices 

INPUT /OUTPUT 
CONNECTIONS 
PIN F U NCTION 

1 BIT 1 IN (M Slli. 

2 B IT ' 3 BIT 3 
4 BIT 4 

5 BOT 5 
6 BOT 6 
J BOT 7 

s SIT s 
9 SIT 9 

10 BIT 10 

11 BIT 11 

17 81 T 12 
13 B IT 13 

14 BIT 14 ,, BIT 15 

lb B IT 16 IN !LSB l 

17 • 15V 

lS 15V 
19 GROUND 

?O ANALOG OU T PU T ( H I) 

8 FEEDBAC K RE S SK 

77 :~EA~~~C~~~~ 73 ,. OFFSET OUT 

" REF OUT -'" REF IN ,, • 15V OVEN POWEH 

7S ISV OVEN POW ER 

Vol 3/103 



SPECIFICATIONS (typical @25°C, unless otherwise noted) 
ELECTRICAL DIGITAL INPUTS : "'\IEL 
Resolution ........ . .. .. ..... Up to 16 Binary Bits 
Coding ..... . .. .. ...... . .... Parallel data in the following 

format : 
Straight Binary (Unipolar Output) 
Offset Binary (Bipolar Output) 
NOTE: Two's complement bi-

polar output can be achieved 
when an externally 
complemented MSB is 
provided . 

Logic Levels .... . . .. . ...•.... DTL/TTL compatible. NEGA
TIVE LOGIC TRUE 

INPUT 'V INPUT BIT 
CODE MIN. MAX. STATUS 

"'O"' +2.0V +5.SV OFF 
"1"' ov +O.BV ON 

Full Scale Output Current ...... - 2ma - Unipolar Output 
• 1 ma - Bipolar Output 

Output Voltage Compliance .. . . . -1V - Unipolar Output 
± 1 V - Bipolar Output 

Output Impedance ...... .... .. SK !1 
Output Settling Time .. .. .•.... 200 nanosec. to ±0.025% of FS 

2 microsec. to ±0.0015% of FS 
Reference Source ..... ..... ... Internal - Oven Controlled 
Input Power Requirements . .. ... D/A } + 15VDC. ±0.5VDC@30ma 

•ONLY -15VDC,±0.5VDC@35ma 

REF . } + 15VDC. ±0.5VDC@41ma 
OVEN -15VDC,±0.5VDC@41ma 

PHYSICAL ·ENVI RONMENT AL : 
Operating Temperature Range ... CJ'C to +7CJ'C 
Storage Temperature Range . .. .. - 55° C to +85° C 
Relative Humidity ... . ........ Up to 100% NON-CONDENSING 

Loading ....... . .......... . . One standard TTL load Size ..... ... .... .... ....... 2"'Wx4"'Lx0.4"'H 
ANALOG OUTPUT 1@25 Cl Pins ............... • . .. ... . 0 .020'" round gold plated 
Accuracy ................... Adjustable to ±0.0015% of FS 0.250'' long minimum 

±Y, LSB Case Material .. ..• . . _ • .. _ .... Black Diallyl Phthalate, per MIL-M -14 
Resolution ... .•....•...•.. . . 1 LSB (30na for 16 Binary Bits) Modules are fully repairable 
Zero Off11t . . . . . . . Sna w · h 4 
Linearity . ........ .......... ±1/2 LS8 {1) 819 t · · · · · · · · · · · · · · · · · · · · · oz . 

Temperature Coefficient . .. .... 1.Sppmf C w~th reference oven ON . NOTE : An 09erating temperature range from - 2soc to +a soc is 
. 5.0ppm/° C with reference oven OFF available at additional cos t . Add suffix " EX " to part number . 

111 Differential linearity is± 1 LSB for 16 Binary Bits !i .e ., remains monotonic) 

CODING FOR DAC-HR SERIES 

ANALOG ANAL OG 
Output Range OFF SET BINARY Output Range STRAIGHT BINAR Y 

l • lma, FS) !010 '2ma, FSI 

- 0 .99997 1111111111111111 - 1.99997 11 11111111111111 
.:.0.15000 111 0000000000000 - 1.75000 1 1 1 0000000000000 
- 0.62500 11 01000000000000 - 1.50000 1 1 00000000000000 
-0.50000 11 00000000000000 - 1.00000 1 000000000000000 

0 .00000 1 000000000000000 - 0.50000 0 1 00000000000000 
• 0.50000 0 1 00000000000000 - 0.25000 001 0000000000000 
+0.62500 00 11000000000000 0 .00000 0000000000000000 
+0.75000 00 1 0000000000000 
+ 1.00000 0000000000000000 

Note that 2 's com plement bipolar output is avai lable when an ex 
ternalty complemented MSB 1s provided . 

CURRENT EQUIVALENT CIRCUIT 

DAC·HR SERIES 

r--- - - - -- 'lf"o-- - - -~ 

I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L--

CU RRE N T CONTROLLED 
BY INPUT DIGITAL CODE 

APPLICATION NOTES -WHEN USING AN EXTERNAL OUTPUT AMPLIFIER 
(Use a high accuracy, low drift output amplifier to avoid degrading system performance) 

VOLTAGE EQUIVALENT CIRCUIT 

DAC·HR SERI ES 

r----- - --Ro-----., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L-

VOLTAGE CONTROLL ED v. O T0 - 10V NOTE OUTPUT VOLTAGE 
BY INPUT DIGITAL CODE U NITED TO - I V f : 

DAC·HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING) DAC·HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING) DAC·HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING) 
UNIPOLAR OUTPUT OV TO +lOVFS BIPOLAR OUTPUT ±SVFS BIPOLAR OUTPUT ±lOVFS 

r---- ---- -- - -, . 
' I 
I 
I 

I 
I 
I 
I 
I 
I I 
I DACHR I 

L-----------· L ___________ ! -----------· 

Note: Use external trim pots and resistors with 100 PPMf C max tempco (available from Datel) 

ORDERING INFORMATION 
DAC-HR --c::_~--~ 

NUMBER OF BITS AND CODING 

13B = 13 BINARY BITS 
148 = 14 BINARY BITS 
15B = 15 BINARY BITS 

16B • 16 BINARY BITS 

LIST PR ICE (single quantity) 

DAC-H R 13B ... $249. 
DAC-HR 14B . . . $263. NOTE : Add 30% to List Price for 
DAC-HR 15B ... $276. Extended Temperature Range 
DAC-HR 168 ... $299. and Suffix "'EX" to Model Number 

MATING SOCKET DI LS-2; 2 req'd per module 
$5.00 per pair 
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I ,,, I E ____________________ _ 
SYSTEMS. INC. 
1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A . 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX : 924461 

Data Conversion 
Accessory Circuits 
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Analog Multiplexers 

Number of Channels 8 8 16 

Type Input Sing. End. Differ. Sing. End. 

Input Voltage Range ±10V ±10V ±10V 

Input Overvoltage, max. ±15V ±35V ±35V 

Channel ON Resistance 300 ohms 2K 2K 

Channel OFF Resistance 100 Meg. 200 Meg. 200 Meg. 

Channel OFF Leakage 30 pA 30 pA 30 pA 

Channel Addressing 3 bit code 3 bit code 4 bit code 

Address Logic Compatibility DTL/TTL DTL/TTL/CMOS DTL/TTL/CMOS 

Internal Buffer Amplifier No Yes Yes 

Output Current Drive, max. ±10 mA ±5 mA 

Output Settling Time 4 µsec. (1) 3 µsec. (1) 

Output Slew Rate 100V/µsec. 120V/µsec. 

Output Offset Drift ±60µV(C ±30µV(C 

Transfer Accuracy .01 % .01% .01% 

Crosstalk -80 dB -80 dB -80 dB 

Common Mode Rejection 110 dB 

Turn ON Time 300 nsec. 500 nsec. 500 nsec. 

Turn OFF Time 1 µsec. 500 nsec. 500 nsec. 

Power Requirement +1 5V, -20V ±15V ±15V 

Package Size, inches 1 x 2 x 0.375 2 x 2 x 0.375 1.5 x 2 x 0.375 

Operating Temp. Range 0 to 70°C 0 to 70°C 0 to 70°C 

Price (1-9) $69.00 $169.00 $129.00 

NOTES: 1. For 20V step to .01% 
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This complete line of analog multiplexers offers a choice of 
operating features and prices for data acquisition system appl i
cations. The four modular models offer 8 and 16 channel 
capability. The MMD-8 is an 8 channel model with differential 
inputs and output and an internal differential buffer amplifier. 
The MM-16 features single-ended 16 channel operation and 
also includes an internal buffer amplifier. 

The four monolithic models use dielectrically isolated CMOS 
circuitry . The analog and digital inputs are protected from 
both the loss of power and from overvoltages that exceed the 
power supplies. The CMOS FET analog channel switches have 
fast settling time, low capacitance, low leakage current, and 
high OFF resistance. These monolithic devices offer 4, 8, and 
16 channel single-ended operation and 8 channel differential 
operation at economical prices. Channel addressing is done by 
a 2, 3, or 4 bit binary code, depending on the particular 
model. There is also an inhibit input which enables or disables 
the multiplexer. 

16 4 8 

Sing. End. Differ. Sing. End. 

±10V ±15V ±15V 

±35V ±35V ±35V 

2K 1.5K 1.5K 

200 Meg. 200 Meg. 200 Meg. 

30 pA 30 pA 30 pA 

4 bit code 2 bit code 3 bit code 

DTL/TTL/CMOS DTL/TTL/CMOS DTL/TTL/CMOS 

No No No 

.01% .01 % .01 % 

-80d8 -86dB -86 dB 

120 dB 

500 nsec. 500 nsec. 500 nsec. 

500 nsec. 300 nsec. 300 nsec. 

±15V ±15V ±15V 

1.5 x 2 x 0.375 16 Pin DIP 16 Pin DIP 

0 to 70°C 0 to 70°C 0 to 70°C 

$119.00 $14.00 $14.00 

8 16 

Differ. Sing. End. 

±15V ±15V 

±35V ±35V 

1.5K 1.5K 

200 Meg. 200 Meg. 

30 pA 30 pA 

3 bit code 4 bit code 

DTL/TTL/CMOS DTL/TTL/CMOS 

No No 

.01 % .01% 

-86 dB -86 dB 

120 dB 

500 nsec. 500 nsec. 

300 nsec. 300 nsec. 

±15V ±15V 

28 Pin DIP 28 Pin DIP 

0 to 70°C 0 to 70°C 

$34.00 $34.00 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

Ii> Dielectrically Isolated CMOS 
Ii> Break-Before-Make Switching 
Ii> Single-Ended and Differential 
Ii> Overvoltage Protection 
Ii> DTL/TTL/CMOS Compatible 
Ii> 7.5 mW Standby Power 

GENERAL DESCRIPTION 

The MX series analog multiplexers 
are 4, 8, and 16 channel monolithic 
devices manufactured with a dielec
trically isolated complementary 
MOS process. The circuits incorpo
rate analog and digital input protec
tion which protects the units from 
both overvoltage and loss of power. 
The digital inputs are DTUTTU 
CMOS compatible and address the 
proper channel by means of a 2, 3, 
or 4 bit binary code. An inhibit in
put enables or disables the entire 
device and thus permits expansion 
of the number of channels by using 
several devices together. Another 
important feature of these multi
plexers is the use of break-before
make switching to insure that no 
two channels are ever momentarily 
shorted together . 

Transfer accuracies of .01 % can be 
achieved at channel sampling rates 
up to 200 kHz and over ±10V signal 
ranges. These multiplexers are ideal 
for multi-channel data acquisition 
systems where the multiplexer op
erates into a high impedance load 
such as a sample-hold, buffer am
plifier, or instrumentation amplifier. 
Channel ON resistance is typically 
1.5K at 25°C and is less than 2K 
over the operating temperature 
range. 

Power consumption is only 7.5 mW 
at standby and 15 mW at 100 kHz 
switching rate. Power supply range 
is ±5V to ±20V. The devices are 
packaged in 16 pin or 28 pin DIP's 
and operate over the 0°C to 70°C 
temperature range. 

4,8, AND 16 CHANNEL 
CMOS MULTIPLEXERS 

+Vs GNO -Vs 

CA1 [ l---------1 

CA2 r l----------1 
CA3 0---------l 
CM U -----------1 

CMOS 
SWITCHES 

INHIBIT 

MX SERIES 

MECHANICAL DIMENSIONS (INCHES) 

MX-1606, MXD-807 
28 Pin DIP 

,. 
P'IN ONE 
IOUU 

MX-808, MXD-409 
16 Pin DIP 

,. 

INDEX NOTCH 

T 
.250 

__L 

~~/~~I~ 
200 MA X ' r1 1- rll- ''°"" 

100TYP 018 040 
NON CU MUL AT IVE 
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SPECIFICATIONS, Typical at 25°C, ±15V supplies, R source < 1K, unless otherwise noted. 

MX-808 MX-1606 MXD-409 MXD-807 

ANALOG INPUTS 

Number of Channels 8 16 4 8 

Type Inputs Single Ended Single Ended Differential Differential 

Input Voltage Range ±15V ±15V ±15V ±15V 

Input Overvoltage, max. ± I Vs +20V I ±I Vs +20V I ±I Vs +20V I ±I Vs +20V I 

Channel ON Resistance 1.5K 1.5K 1.5K L5K 

Channel ON Resistance, max., 0 to 70°C 2.0K 2.0K 2.0K 2.0K 

Channel OFF Input Leakage 30 pA 30 pA 30 pA 30 pA 

Channel OFF Output Leakage 1.0 nA 1.0 nA 1.0 nA 1.0 nA 

Channel ON Leakage 100 pA 100 pA 100 pA 100 pA 

Channel OFF Input Capacitance 5 pF 5 pF 5 pF 5 pF 

Channel OFF Output Capacitance 25 pF 50 pF 12 pF 25 pF 

DIGITAL INPUTS' 

Logic "O" Threshold, max. +o.8V +o.8V +0.8V +0.8V 

Logic "1" Threshold, min. (TTL) 2 +4.0V +4.0V +4.0V +4.0V 

Logic "1" Threshold, min. (CMOS) 3 +6.0V +6.0V - -

Input Current, max., high or low 5µA 5µA 5µA 5µA 

Channel Address Coding 3 Bits 4 Bits 2 Bits 3 Bits 

Channel Inhibit, all channels OFF Logic "O" Logic "O" Logic "O" Logic "O" 

PERFORMANCE 

Transfer Error, max. 4 .01 % .01 % .01 % .01 % 

Crosstalk, 10 kHz -86 dB -86 dB -86 dB -86 dB 

Common Mode Rejection - - 120 dB 120 dB 

Settling Time, 20V step to 0.1% 2 µsec. 2 µsec. 2 µsec . 2 µsec. 

Settling Time, 20V step to .01% 5 µsec. 5 µsec. 5 µsec. 5 µsec. 

Turn ON Time 500 nsec. 500 nsec. 500 nsec. 500 nsec. 

Turn OFF Time 300 nsec. 300 nsec. 300 nsec. 300 nsec. 

Break Before Make Delay 80 nsec. 80 nsec. 80 nsec. 80 nsec. 

Inhibit/Enable Delay 300 nsec. 300 nsec. 300 nsec. 300 nsec. 

POWER REQUIREMENT 

Rated Power Supply Voltage ±15 voe ±15 voe ±15 voe ±15 voe 

Power Supply Voltage Range ±5 to ±20V ±5 to ±20V ±5 to ±20V ±5 to ±20V 

Quiescent Current, max. +5, -2mA +5, -2mA +5, -2mA +5, - 2mA 

Power Consumption, 10 kHz sampling 7.5 mW 7.5 mW 7.5 mW 7.5 mW 

PHYSICAL-ENVIRONMENTAL 

Operating Temperature Range 0 to 70°e 0 to 70°e 0 to 70°e 0 to 70°e 

Storage Temperature Range -65to+150°e -65 to +150°e -65 to +150°e - 65 to +150°e 

Package 16 Pin DIP 28 Pin DIP 16PinDIP 28 Pin DIP 

Package Dissipation, max. 725 mW 1200 mW 725mW 1200 mW 

PRICE (1-9) $14.00 $34.00 $14.00 $34.00 

NOTES: 1. The digital inputs are the channel address inputs and the inhibit input. 
2. To drive from DTL/TTL circuits 1 K pull-up resistors to +5V are recommended. 

With models MX-1606 and MXD-807 pin 13 shou Id be left open. 
3. For a +6.0V threshold with models MX-1606 and MXD-807 pin 13 is connected to +10V. 
4. For output load > 20 megohms. 

THESE MULTIPLEXERS ARE COVERED BY GSA CONTRACT. 
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CONNECTION & APPLICATION 

PIN CONNECTIONS 

MX-808 MX-1606 

CA1 1. 16 CA2 +Vs 1 . OUT 

INHIB 1S CA4 NC -Vs 

-Vs 14 GND NC BIN 

11N 13 161N 2S 71N 

21N 12 SIN 151N 61N 

31N " 61N 14 IN SIN 

4 IN 10 71N 131N 4 IN 

OUT 9 BIN 121N 31N 

1l IN 21N 

101N 10 11N 

91N INHIBIT 

GND 12 CA1 

MXD-409 
VR 13 CA2 

CAB 14 CA4 

CA1 1 . 16 CA2 

INHIB 1S GND 

-Vs 14 +Vs MXD-807 
1AIN 13 1BIN 

2AIN 12 2BIN 
+Vs 1 • 2B AOUT 

3A IN 
BOUT 27 -Vs 

" 38 IN 

4AIN 48 IN 
NC 26 8A IN 

AOUT BOUT 
8BIN 2S 7A JN 

78 IN 24 6AIN 

6BIN 23 SA IN 

SBIN 22 4AIN 

NOTES: 48 IN 21 3A IN 

CA "' CHANNEL ADDRESS 381N 20 2A IN 
Vs "' SUPPLY VOLT AGE 2BIN 10 19 lAIN 
VR = REFERENCE VOLT AGE 

1BIN NC = NO CONNECTIONS 
11 1B INHIBIT 

GND 12 17 CA1 

VR 13 16 CA2 

NC 14 IS CA4 

TECHNICAL NOTES 

1. The transfer accuracy of these multiplexers depends on both 
the source resistance and the load resistance. With zero 
source resistance, and assuming 2K ohms max. channel ON 
resistance, the. load impedance should be at least 20 meg
ohms to achieve .01 % accuracy. In practice it is recom
mended that a load impedance of at least 100 megohms be 
used to minimize errors. This can be done by using a good 
high gain, high CMR operational amplifier as a buffer (such 
as Datel's AM-462) . Source resistance should be kept as low 
as possible so that accuracy is not affected; less than 1 K 
ohms is recommended. Higher source resistance, in addition 
to affecting accuracy, will degrade the settling time of the 
multiplexer. 

2. For differential operation two buffer amplifiers or a good 
quality instrumentation amplifier (such as Datel's AM-201) 
should be used. To maintain high CMR, source impedance 
unbalance should be kept to a minimum, the highest pos
sible load impedance should be used, and an amplifier with 
high CMR should be chosen . 

3. The maximum analog input overvoltage for these models 
is ±IVs +20VI. Maximum logic input overvoltage 
is ±1Vs+4VI. 

4. Channel expansion is accomplished by use of the inhibit 
input of the multiplexer. A logic "O" on this input disables 
the multiplexer . The expansion technique shown in the 
diagram to the right applies to all of the multiplexer models. 

5. The reference terminal (VR) sets the noise immunity level 
of the input logic for models MX-1606 and MXD-807. In 
most cases this terminal is left open (TTL inputs). For 
higher level inputs (+6V min.) this terminal should be con
nected to +lOV. When addressing from DTL/TTL logic it is 
recommended that 1 K ohm pull-up resistors to the +5V 
supply be used. 

8 4 

x x 
0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

ANALOG 
IN __, 

16 --1 

--j 

32 __, 
33 __, 

.. --1 

49 -I 

64 --1 

2 

x 
0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

CHANNEL ADDRESSING 

MX-1606 MX-808, MXD-807 

Olli ON 
1 INHIB. CHANNEL 4 2 1 INHIB. CHANNEL 

x 0 NONE x x x 0 NONE 

0 1 1 0 0 0 1 1 

1 1 2 0 0 1 1 2 

0 1 3 0 1 0 1 3 

1 1 4 0 1 1 1 4 

0 1 5 1 0 0 1 5 

1 1 6 1 0 1 1 6 

0 1 7 1 1 0 1 7 

1 1 8 1 1 1 1 8 

0 1 9 
MXD-409 

1 1 10 
ON 

0 1 11 2 1 INHIB. CHANNEL 

1 1 12 x x 0 NONE 

0 1 13 0 0 1 1 

1 1 14 0 1 1 2 

0 1 15 1 0 1 3 

1 1 16 1 1 1 4 

EXPANSION TO 64 CHANNELS 

OUT 

~ 
MX-1506 ~ " CAB 

INHIB 

OUT 

CA> 

MX-1606 CA2 

" CA4 

CA8 

INHIB 

OUT 

MX-1 606 
~ 

" ~ CA8 

INHIB 

OUT 

~ 
MX- 1606 ~ .. CA4 

CA8 

INHIB 

~ 

CHANNEL 
ADDRESS 

CA 1 

-v CA2 

CA< 

CA8 

~ 
-u CA 16 . ~CA32 

ANALOG 
OUT 
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PERFORMANCE GRAPHS 

BREAK-BEFORE-MAKE DELAY 
(t OPEN) 

I I 

1---+---+V A INPUT+---+--"' ...... OARDDIVREESS t--
2V/OIV 

ii 
c: 
.2' 
IJ) 

Qi 
c: 
c: .. 

.::. 
u 
u. 

100ns/Div. 

CROSSTALK VS. FREQUENCY 
OF INPUT SIGNAL 

0 .1 

~ 0 .01 1----j--4 ... 
0 

..>: 0. 001 1---J<.f--;...,,,o'--jf-.. 
'ei 
E 
u 0 .0001 ....... _.__ ......... ~..._..____.__. _ _.__, 

1 10 100 l k 

Signal Frequency (Hz) 

SETTLING TIME VS. SOURCE 
RESISTANCE (20V STEP) 

1000 

10k 

~ 1 oo t----+-+----+--+---+--+--L-~_,, 
i= u TO o, 0

1
1% ~ 

"'c: 5l 1--+-+-+_)lj~,,.-"'+1 --lllC.-+-I :: :::i. 10 ,_ I ./ 
il - ......... ~~~=+--,...-+· l ~~~--1-~ 
IJl ~T00.1%· 

0 . 1 ..__.__.____.__. _ __.. ........ _ __..___. 

0 .01 0 .1 10 

Source Resistance (R 5 ) 

(k r2 ) 

100 

LEAKAGE CURRENT VS. TEMP. 

OFF OUTPUT V' 
1-LEAKAGECURREN~\tz_,,t. 

lo IOFF I 

1onA~~~E~~~~~3~~~ ~ ~ 
.L z 

~'.L..oN LEAKAGE ILLL...Ll 
.L_ CURRENT ,. __ ........,,,,_---i 

I ./ 1 0 1 0N 1~ 

" 1nA~IL~ -~~~~~~§§ g> 
..>: 
m z z 
..J -r .r-

"' f:~ 1.5 
c:> 
!9 U') 1.4 
"'~ "ii; + I 

;_ ~ 1.3 

2 ~ 12 
Ot;; 
"O > 1.1 

~~ 
:; !l 1.0 

E :: o.9 
o~ 
2~ 0.8 

~ 

v- /~OFF INPUT 

L I .7 LEAKAGE CURRENT 

1 oopA~~~llL_~~~§1~s ~1 o~FF~1I~~§ 
L 

IOpA .___ __ _.._ __ ___.._ __ ........ __ __, 

25° 50° 75° 100° 
Temperature 0 c 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

125° 

ooc < ;A< 70°C - - --1 
VIN • +SV 

~ 

"' """-
~ 

......... ""'-

t8 t.I t10 ;11 

Supply Voltage 

SUPPLY CURRENT VS. 
SAMPLING FREQUENCY 

~ Br----.----r---r---.------, 
E 

c~ s1-----+---+---+---+41-----1 
~ 
8 
> 41-----+---+---+---" ...... ~---I 
c. c. 
::J 

Cl) 

I 

+I 

Vs uPPL y ' •10V 

1K IOK 100K 1M 10M 

Sampling Frequency, Hz 
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1020G Turnpike Street, Building S 
Canton , Massachusetts 02021 U.S.A. 
TEL 16171 828-8000 
TWX o 710-348-0135 TELEX o 924461 

FEATURES 
I> Differential Output Amplifier 
I> High Transfer Accuracy 
I> Fast Settling Time 
I> Break-Before-Make Switching 

DESCRIPTION 
The Datel Systems Model MMD-8 is a complete 
analog multiplexer with buffer amplifiers and a 
differential output amplifier for selectively 
switching one of eight differential input chan
nels . 
The MMD-8 exhibits excellent transfer charac
teristics with high speed break-before-make 
switching. A channel select inhibit (all channels 
off) is provided so that two MMD-8 multi
plexers can be stacked to provide 16 differen
tial input channel multiplexing with a four bit 
binary address. 
The 1.6 cubic inch module contains an elec
tronic switch array with an associated decoder 
and digital input buffers, two analog buffer 
amplifiers and a differential output ampl ifier . 
The common differential pair from the switch 
is brought out through an 1/ 0 pin along with 
the inputs and outputs of the two buffer 
ampl ifiers and the differential amplifier. 

The MMD-8 can accept differential analog 
inputs of up to ±10 volts with a transfer 
accuracy of 0 .01 %. Without the amplifiers. the 
switching time is typically 500 nanoseconds. 
With the amplifier, the settling time is only 4 
microseconds to 0.01 % of full scale. 
The differential output amplifiers will deliver 
±10 milliamps at ±1 0 volts full scale. Linearity 
of this amplifier is 0 .01 % with an offset 
adjustable to less than 1 mill ivol t and an offset 
vs. temperature of 60 microvolts per degree 
centigrade. The amplifiers can be slewed at a 
rate of 100 volts per microsecond . 
The entire 8-channel differential mult iplexer is 
completely encapsulated in a 2" X 2"X .375" 
module with dual in-line pinning (0.1" grid) and 
requires only ±15 volts at ±20 mA max for 
power . 

8 CHANNEL DIFFERENTIAL-ANALOG 
TIME SHARING, WITH THREE OUTPUT AMPLIFIERS 

ANALOG MULTIPLEXER 

CHAN 
1 

'HiLO' 

CHAN 
2 

'Hi'LO' 

BINARY 
CHANN EL 
AOOR£SS 

MODEL MMD-8 

BLOCK DIAGRAM 
MUX INPUTS 

~· 
~ 
1 • 

BUFFER 
I 

CHAN • CHAN 
7 

~ 'HILO' 

OI FrEREfo TI AL 
AMPLI F IER 
IN PUT 

C><AN 

• 'Hi'"Lo' 

MECHANICAL DIMENSIONS - INCHES (MM) INPUT/OUTPUT CONNECTIONS 
OIFF AMP GAIN AD.':!..z_ ..L._OC CMR AOJ 

AC C~OOJ t_0 0~ 7 ~::rLO 
O 020 o;-;;:ir OIFF AMP ZERO A~ ?r?r M\N 
(0.5) --tl ---,-

r ~J.j- ~g?0 ,50.e1 ~ ·17--- -- ----1· Tfe~ 

I 

. '"'" . • ADJUSTMENTS o 
0 0 1 SPACES 

: : J_ATOIOO 

:24------------- a: 1150 

BOTTOM \llE W 

0 25- - - - - - - - - - - - - - - 9 • 

. . 
• 32---------- ----16 . 

10850 

I 
7 SPACES 
AT 0100 

_l__0.150 
,_,_ _________ ....,..." __ ·o· 
I~ 1eoo-----I ~010012,51 
f----2.000 ! 0.015 (50, 8)-

PIN POSITION TOlERANCf :!0.005 NON-ACCUMULATIVE 
FROM DATUM 

AC CMR ADJ 
(SINGLE TURN POTS) 

15-TURN POTS: 
DIFF AMP ZERO ADJ 
DIFF AMP GAIN ADJ 
DC CMR ADJ 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

FUNCTION 

CHANNEL 1 HI INPUT 
CHANNEL 1 LO INPUT 
CHANNEL2 HI INPUT 
CHANNEL 2 LO INPUT 
CHANNEL 3 HI INPUT 
CHANNEL 3 LO INPUT 
CHANNEL 4 HI INPUT 
CHANNEL 4 LO INPUT 
CHANNEL 5 HI INPUT 
CHANNEL 5 LO INPUT 
CHANNEL 6 HI INPUT 
CHANNEL 6 LO INPUT 
CHANNEL 7 HI INPUT 
CHANNEL 7 LO INPUT 
CHANNEL 8 HI INPUT 
CHANNEL 8 LO INPUT 
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PIN FUNCTION 

17 DIFF AMP. POS. IN 
18 +15V POWER 
19 - 15V POWER 
20 PWR & SIG . GND 
21 ADDRESS INPUT 1 
22 ADDRESS INPUT 2 
23 ADDRESS INPUT 4 
24 BUFFER 1 INPUT 
25 ADDRESS INHIBIT 
26 DIFF . A~~ 
27 BUFFER 1_Q_UTI'_UJ: 
28 MUX . HIOUTPUT 
29 BUFFER 2 INPUT 
30 DIFF. AMP. NEG . IN 
31 BUFFER 2 OUTPUT 
32 MUX. LO OUTPUT 

Electronic Design's 



SPECIFICATIONS (Typical@ 25° C) 

ANALOG INPUT Enable/Inhibit Delay 300 ns Typ. 
No.# of Inputs 8 channel differential Break Time (Break before 
Input Voltage Range ±10V make) 80ns Typ. to 50% points 
Input Overvoltage ±35V max . Common mode Voltage Ein Dill + CMV = ±1 OVpk 

Input Impedance Common mode rejection ratio, Adjustable for both > Adjustable 

Without Buffer or Differential 2k Ohm switch Res. with At 0 to 100 Hz AC & DC to : DC & AC 
amplifier 50 pf to Gnd. (High & Low inputs) 11 OdB with 1 K!1 unbalance 

With Buffer Amplifier 100 meg Ohms (Channel on ) OUTPUT AMPLIFIER CHARACTERISTICS 

200 meg Ohms (Channel off) Ou!e_ut Voltage ±10V max . 

Leakage .03 nA typ. from off channels into Output Current ±10mA max. 

source (+20V differential) Output Loading 1 k!1 in parallel with 1000 p f max. 

Channel Select 3 lines straight binary code (1 Gain 1.000 adjustable 

through 8 channel select) Linearity 0.01 % of Full Scale 

Inhibit (All channels off) Logical "O" Offset (Vout Vin) Adjustable to <+ 1mV 

Input Logic Levels Offset - vs - Temperature ±60µV f C 

DTL/TTL/CMOS compatible INPUT VINPUT 
Slew rate 100 V / µs 

(For TTL compatabi l ity use an CODE MIN.1 MAX. Settling Time (20 V step in) 4µs to 0.01 % of Full Scale 
open collector device with Input Power Requirements ±15V@ ±20 mA max . 
resistor pull up to + 5V) . "O" ov I + O.BV 

"1" +4V + 15V PHYSICAL ENVIRONMENTAL 

SWITCHING CHARACTERISTICS Operating Temperature if to+ 70° C 

(Independent of Amplifier) Storage Temperature -55° C to + 85° C 

Switching Time 500 ns typ ., lµSec max. Relative humidity Up to 1 OC% non-condensing 

Sequence Rate 500kHz Size 2" L X 2" W X .375" H 

Crosstalk @ 10kHz 1 mvp-p Price (1-9) $169.00 
@100kHz 4 mv p-p 
@1MHz 40mv p-p Mating Socket DI LS-2, 2 req'd per module , $5/pr. 

MULTIPLEXER SWITCH 
EQUIVALENT CIRCUIT 

CHANNEL 
ADDRESSING 

SELEC TE D 
CHANNE L 

TIMING DIAGRAM 

NONE -+CHANNEL !+CHANNEL 2-tJcHANNEL 1 rcHANNfl B +-NONE 

CHl 
H I 

I 
I 
I 

IN 1 
I 
I 
I 
I 

CHS 
H I 

Ol.11 1-'LIT 
H I LO 

!~• 

50pF J J 50pF 2XlOBJl 

CHl 
LO 

I 
I 
l 1N 
I 

' CH8 
LO 

TYPICAL SYSTEM APPLICATION -

An 8 Channel. Differential. 
Noninverting Data Acquisi 

tion System , using the 
MMD-8 along with other 
off-the -shel f Modules from 
Datel Systems. 

4 2 1 
" ON" 

INHIB 
CHANNEL 

x x x 0 NONE 

0 0 0 1 1 

0 0 1 1 2 
0 1 0 1 3 

0 1 1 1 4 

1 0 0 1 5 
1 0 1 1 6 

1 1 0 1 7 
1 1 1 1 8 

FOR EXPANDER OPERATION. 
CONSULT FACTORY 

I& I ll I ( ~ANNtl OI HfttNTIAl DATA 4 ( QU ISll10N SYS U M 

01 '4 ACCUIACT 

INHIBIT 

CH ADDRESS 1 ~---~ 

CH ADDRESS 2 ----~----' 

CH ADDRESS 4 ~---~----' 

OU TPUT 

Tl ENABLE/INHIBIT DELAY 
T2 SWITCHING TIME 
T3 BREAK TIME (BREAK- BEFORE-MAKE) 

500nsec typ. 
500nsec typ 1_µ.sec max 
BOnsec typ. to 50% points 

DIFFERENTIAL AMPLIFIE;R 
CALIBRATION PROCEDURE 

1. Ground both the d1lferent1al amplifier in 
ver11ng and non-mver11ng 1nputs. Adjust the 
output to zero volls using the ZERO trim as 
seen on a DC-coupled scope . 

2 . Connect both the invert mg and non-mver11ng 
inputs to a 100 Hz, 20V pk-pk squarewave 
source referenced to ground. Adjust the DC 
CM R trim for mm1mum output on a DC 
scope . 

J . Repeat step 2 but use a 1 kHz smewave source 
and ad1ust the AC CMR for minimum output . 

4 . Ground the invert mg mput . Connect the non
inverting input to a 20V pk-pk, 100 Hz sme
wave source. Connect the ddferent1al inputs 
of a calibra ted scope between the amplifier 's 
non-1nvert1ng input and the ampl1f1er ou1put . 
Ad1ust the GAIN tom for minimum outpu1 
on the scope Note that the CMR trim is 
essen11ally independent of GAIN ad1 u s1· 
men1s bul the GA IN is affected by CMR ad· 
1ustments. 
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Sample-Holds 

Acquisition Aperture Voltage 
Model Accuracy Time Delay Range Gain Band-Width 

SHM-1 . 025% 5 µsec. 50 nsec . ±10V + 1.00 650 kHz 

SHM-2 0.1% 100 nsec. 10 nsec. ± 10V + 1.00 10 MHz 

SHM-2E 0.1 % 100 nsec. 10 nsec. ± 10V + 1.00 10 MHz 

Modular SHM-3 . 005% 50 µsec. 40 nsec . ±1 0V + 1.00 100 kHz 

SHM-4 . 005% 7 µsec. 40 nsec . ± 10V + 1.00 1 MHz 

CD SHM-5 . 01 % 350 nsec. 20 nsec . ± 10V - 1.00 5 MHz 

SHM-CM . 01 % 100 µsec. 20 nsec . ± 12V + 1.00 40 kHz 

SHM-CMI 01 % 150 µsec 20 nsec. ± 12V -1.00 40 kHz 

SHM-UH 0.25% 50 nsec. 10 nsec. ± 5V + 0.95 45 MHz 

Monolithic SHM-IC-1 . 01 % 5 µsec. 50 nsec . ± 10V ± 1.00 ( 1) 2 MHz 

GD SHM-LM-2 0.1% 5 µsec. 100 nsec. ± 10V + 1.00 1 MHz 

Hybrid SHM-HU 0.1% 25 nsec. 6 nsec. ± 2.5V + 0.975 20 MHz 

•MM'd+ SHM-6 . 01 % 1 µsec . 20 nsec. + 10V + 1.00 (1) 5 MHz 

NOTES: 1. Can also be co·nfigured for gains greater than ± 1. 
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This line of sample-hold devices includes modular, hybrid, and 
monolithic models and is the most comprehensive line in the 
industry. The models listed here cover a broad range of appli
cations from ultra-fast and high accuracy down to low cost, 
moderate performance units. 

SHM-1 : General purpose, high accuracy model with 5 µsec. 
acquisition time. 

SHM-2, SHM-2E: Very high speed units with open loop cir· 
cuit to achieve acquisition times as fast as 100 nsec. 

SHM-3: A low cost, .005% accuracy model with 50 µsec. 
acquisition time. 

SHM-4: A low cost, .005% sample hold with a faster 7 µsec. 
acquisition time. 

SHM-5: A new ultra-fast sample hold designed for use with 
fast 10 and 12 bit A/D converters. Acquisition time is 350 
nsec. to .01 % and 200 nsec. to 0 .1 %. The SHM-5 also features 
high input impedance. 

SHM-CM, SHM-CMI: These two CMOS models are designed for 
low power applications such as portable data acquisition sys
tems. They offer inverting or noninverting performance and 
can operate from a single polarity power supply. 

SHM-UH: This ultra-fast model features acquisition time of 
50 nsec. and is ideal for use with ultra-fast 8 bit A/D con· 
verters such as ADC·UHBB. 

SHM-IC-1 : This monolithic sample-hold offers excellent per· 
formance characteristics for .01 % accuracy at a low cost. 

ULTH/\ t/\ST DATA ACO\HSn\ON 

SHM-LM-2: This "coming soon" monolithic unit also gives 
excellent performance at even lower cost. 

SHM-HU: Thi'S "coming soon" hybrid model is specifically 
designed for ultra-fast video data conversion applications. 

SHM-6: This "coming soon" hybrid unit features .01 % ac· 
curacy with 1 µsec. acquisition time. 

Hold-Mode Power Case Size Price See 
Droop Tempco Requirement (inches) (1 -9) Page 

1 µV /µs ec. 20 ppmf'C + 15V, - 20V 2 x 1 x 0 .375 $ 69.00 ** 

50µV /µsec . 30 ppmt'C ± 15V 2 x 1 x 0 .375 $ 89.00 120 

330 µV /µs ec. 30 ppm/°C ± 15V 2 x 1 x 0 .375 $ 95.00 120 

20 µV / msec. 30µVt'C ± 15V 2 x 1 .5 x 0 .375 $ 49.00 ** 

20µV / msec. 30µVt'C ± 15V 2 x 1.5 x 0 .375 $ 59.00 122 

20 µV/µsec. 15 ppmf'C ±15V 2 x 2 x 0 .375 $189.00 ** 

2µV /µsec. 30µVt'C + 10 to +15V 2 x 2 x 0.375 $ 89.00 ** 

2 µV /µsec. 60µV t'C + 10to +15V 2 x 1.5 x 0 .375 $ 89.00 ** 

50µV /µsec . 50 µVt'C ± 15V,+ 5V 2 x 1.5 x 0 .375 $229.00 124 

50 µV /msec. 20 µV!°C ± 15V 14 Pin DIP $ 19.00 116 

200 µV /msec. 40µV(C ± 15V 8 PinT0-99 $ 7.95 ** 

20 µV /µsec. 50 µV /°C ± 15V,± 5V 24 Pin DIP * ** 

10 µV /µsec. 50 µV /°C ± 15V, + 5V 32 Pin DIP * 

*To be announced. 
THESE SAMPLE-HOLDS ARE COVERED BY GSA CONTRACT **Contact nearest Datel sales office for data sheet. 
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1020G Turnpike Street, Build ing S 
Canton, Massachusetts 02021 U.S.A. 
TEL 16171 828-8000 
TWX : 710-348·0 135 TELEX : 924461 

FEATURES 

II> 5 µsec . Acquisition to .01% 
II> 50 nsec. Aperture 
II> Inverting or Noninverting 
II> 2MHz Bandwidth 
II> .01 % Feedthrough 

II> 14 Pin DIP Package 

GENERAL DESCRIPTION 

The SHM- IC-1 is a new monoli thic 

in tegra ted circui t samp le and ho ld 

w i th excellent performance fea tures. I t 

is a sel f -con tained device requ iring 

on ly an ex ternal ho lding capacitor , the 

va lue of which can be chosen by the 

user to achieve h is desired speed and 

accuracy requi rement. T he uni t con· 

sists of a high gain di fferentia l input 

amplifier, a digitally contro l led elec· 

tronic switch, and a high input 

impedance buffer ampl ifier. T he 

SHM -IC-1 operates in a closed loop 

configuration, either invert ing or non· 

inver ting, with accuracy and speed 

determined by the input amp l ifier 

characteristics and the value of the 

holding capacitor. The elec tronic 

switch is controlled by a DTL/TTL 

compatible logic input 

The most common configuration for 

the SHM -IC-1 is a unity gain, nonin· 

verting sample and hold. In this con · 

figuration t he device has a ± 1 OV input 
and output range with 10K ohms input 

impedance . Specifications are given for 

this unit with two different values of 

holding capacitor, .00 1µF and .01µF . 

The .001µF capacitor gives a 4 µsec. 

acquisition time to 0. 1% for a 1 OV 

change, a 2M Hz tracking bandwidth 

and 50mV / sec. maximum hold mode 

droop. T he .OlµF capacitor gives a 10 

µsec. acquisition t ime. 1 MHz tracking 

bandwidth. and 5mV/ sec. maximum 

droop . Characteristics for o ther values 

of holding capacitor can be deter· 
mined from graphs which are shown . 

The SHM-IC· 1 can also be configu red 

as either an inverting or noninvert1ng 

sample and hold w ith gain by the use 

of two ex tern al resistors. 

This device is housed in a 14-pin 

hermetical ly sea led dual -in -l ine pack · 

age. Operating temperature range is 

0° C to+ 75°C. 

INTEGRATED CIRCUIT SAMPLE AND HOLD 

MODEL SHM-IC-1 

- 15VOC ~15VOC GND 

HIGH GAIN 

01FF INPUT 
Al>,PLIFIER ELECHONIC 

SWITCH 

r--------, 
I I 
I I 
I 

' 
' I L__ _ _ ..J HIG H l 

OUTPUT BUFFER 

MECHANICAL DIMENSIONS 
INCHES (MM) 

~ 
PIN 

·~ El OATEL SYSTEMS 1 .' SH M !C 1 

PIN ~~ 
2 
3 

ONE ~~'51 lf y 

I 
3

~ I 
4 IOENT - 17 6 )-

'"~ 
5 

I I- 2so _ 1 6 16.41 

13 31 I .. _r:t 7 

I w :!:.:: ~ 8 

I 9 
140 10 

, II _ -100 

!3 6 ) 11 
,_ - 12 

.0 50 
13 

- -- 0 18 ~ 0 02 
14 

INPUT/OUTPUT 

CONNECTIONS 

AJNCTION 

- IN 
+IN 
OFFSET TRIM 
OFFSET TRIM 
- 15VDC POWER 
NO CONNECTION 
OUTPUT 
CASE 
+15VDC POWER 
GUARD 
HOLD CAPACITOR ICHI 
GUARD 
GROUND 
DIGITAL CONTROL 
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SPECIFICATIONS. SHM-IC-1 I TECHNICAL NOTES 
(Typical at 25° C, ±15V Supplies, unless otherwise noted) 

INPUT AMPLIFIER SPECIFICATIONS 
DC Gain, volts/ volt 

Bias Current .• 

Offset Current . . . . . . 

Offset Voltage (adjust. to zero) 
Offset Voltage Drift. . . 
Common Mode Voltage Range 
Common Mode Rejection Ratio 
Power Supply Rejection 
Gain Bandwidth Product 

GENERAL SPECIFICATIONS, SAMPLE & HOLD, G = +1 
Input Voltage Range 
Input Impedance 
Output Voltage Range 

Output Current, S.C. protected 
Output Impedance 
Aperture Delay 

Aperture Uncertainty. 
Gain Error, sampling mode 
Hold Mode Noise . . . . 
Digital Input, Sample Mode. DTL/TTL 

Hold Mode, DTL/TTL 

SAMPLE & HOLD, G = +1, CH = .001µF 
Acquisition Time, lOV to 0.1% 
Acquisition Time, 10V to .01 % 
Bandwidth, small signal, sampling. 
Slew Rate ... . 
Hold Mode Voltage Droop . . . 
Hold Mode Feedthrough . . . . . 
Sample-to-Hold Offset Error. V 1N = 0 
Sample-to-Hold Gain Error, V 1N = ±10V 
Sample-to- Hold Nonlinearity Error . 

SAMPLE & HOLD, G = +1, CH = .Ol µ F 
Acquisition Time, 10V to 0.1% 
Acquisition Time, 10V to .01 % 
Bandwidth, small signal, sampling . 

Slew Rate ..... . 
Hold Mode Voltage Droop ... . 
Hold Mode Feedthrough ... . . 
Sample-to-Hold Offset Error, V 1 N = 0 
Sample-to-Hold Gain Error. V1 N = ±lOV . 
Sample-to-Hold Nonlinearity Error . 

.. 
. . 

POWER REQUIREMENT . . . . • . ... . 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range . 
Storage Temperature Range .. 
Package, hermetically sealed ceramic DIP 

PRICE (1-9) . . . . . . . . . . . . . . . . . 

SOK, 25K min. 
50nA, 200nA max. 

1 OnA, 50nA max. 

3mV, 6mV max. 
20 µV/ ° C 
±10V min. 

74dB min. 
±30µV /% max. 
2MHz 

±lOV min. 
108 ohms 
+10Vmin . 
±10mA min. 

0.2 ohm 
50 nsec. 
5 nsec. 
.01 % max. 
350µ V RMS 
0 to +0.BV @-0.BmA 
+2.0 to +5.SV@ + 20µA 

4 µ sec. 
5 µsec . 
2.0MHz 
SV/µ sec. 
50mV/sec. max. 
.01% max. 
20mV max. 

.05% max. of output 
.01% max. of output 

10 µsec. 
12 µsec . 
1.0MHz 
3V /µsec. 
SmV/sec. max. 
.002% max. 
2mV max. 

.005% max. 

.001% max. 

±15VDC @ SmA max. 

0° C to +75° C 
- 65° C to + 150° C 
T0-116 

S19.00 

The most commonly used sample and hold 
configuration for the SHM-IC is the noninvert

ing unity gain circuit. This gives a high input 
impedance of 1 o• ohms, and the output voltage 
in the sample mode follo1NS the input. Specifi
cations are given for this configuration for two 
values of CH, .001µF and .01µF. The .001µF 
capacitor gives excellent speed (4 µsec. acquisi
tion) with good hold mode voltage droop (only 

50mV /sec. max). For even better speed, a 100 
pF capacitor may be used to give an acquisition 
time of only 2 µsec . The hold mode droop, 
however, increases by an order of magnitude to 

SOOmV/sec .. and the sample-to-hold errors also 
increase. For excellent accuracy a .01 µF 
capacitor should be used, giving an acquisition 
time of 10 µsec., and a hold mode droop of 
only SmV/sec. max. Even larger values of 
holding capacitor can be used with propor
tionate increases in accuracy but slower speed. 
The application graphs show the results for the 
different values. 

For best results, CH should be a good quality 
capacitor with very high insulation resistance 
and low dielectric absorption. For temperatures 
up to +85° C polystyrene type capacitors are 
recommended. It is also recommended for 
lowest hold mode droop that a guard ring be 
used around the CH terminal (pin 11) in the 
circuit board layout as shown on the last page. 
This is done to present leakage to other 
conductors on the circuit boerd due to board 
leakage and contamination. If a large value 
polystyrene capacitor is used, such as 1µF, hold 
mode droop as low as 20µV /sec. (typical) can 
be achieved with an acquisition time of about 3 
milliseconds. 

Three error contributions are specified for 
sample-to-hold errors: offset error. gain error, 
and nonlinearity error. These sampling errors 
are caused by e small amount of charge being 
dumped to or from the holding capacitor by 
the sampling switch and are reduced by a larger 
value of CH · It is possible to compensate for 
these errors by changing the gain and offset 
elsewhere in the external circuitry for the 

noninverting unity gain case. For the inverting 
case, the gain can be accomplished by adjusting 
the external resistor values and an offset can be 
applied to pin 2 of the input amplifier. When 
this external compensation is used, the output 
will be in error during sampling, but will be 
accurate in the hold mode. Only the nonlinear
ity error wi II remain of the sample-to-hold 
errors. The offset adjustment of the input 
amplifiers should be used only to zero the 
device in the sample mode. 

In the inverting gain of one operating mode, the 
feedback and input resistors should be carefully 
matched or trimmed to give the desired gain of 
one. In general, the operating parameters are 
the same as in the noninverting unity gain 
configuration except that the sampling band
width is reduced by a factor of two. Likewise, 
for higher gain configurations the sampling 
bandwidth is proportionately reduced. 
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OPERATING MODES 

OUTPUT 

OUTPUT 

SAMPLE & HOLD, UNITY GAIN, 

NONINVERTING 

GAIN= +1 

The 1 OOK ohm offset trimming potentiometer 

should be a 100 ppmf C cermet 15 turn type . 

These are available from Datel Systems at $3.00 

each. To zero, ground input (pin 2) and digital 

control (pin 14) and adjust 100K offset trim 

for zero output (pin 7) . 

SAMPLE & HOLD, NONINVERTING 

WITH GAIN 

GAIN = 1 + _& 
R1 

Bandwidth dec reases proportionately with gain. A, 
is equal to the parallel combination of A, and A, 
and is used to compensate for voltage offset 
cau sed by input bias current. A 1 and A, should be 
100 ppm/° C metal fi Im type resistors. 

SAMPLE & HOLD, INVERTING 

GAIN = - R2 

R1 

For a gain of - 1 the bandwidth is one half of that 
given for the noninverting mode. A, is equal to the 
parallel combination of A, and A, and is used to 
compensate for voltage offset caused by input bias 
current. R1 and A, should be matched 100 ppm/° C 
metal film type resistors for a gain of - 1. For 
higher gains the ratio should be matched closely or 
trimmed with a small value carbon composition 
type resistor. 
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PERFORMANCE PARAMETERS 

"' -:: .. 
i 

"' " 
~ .. 
0 
> • 

! lO 

c 
& " 
0 

OPEN LOOP FREQUENCY RESPONSE 
Typical at 25° C, ±15V Suppl ies 

[ Ili lllll 
ill_ Ililllll 

~ rs: cH ... 1.o'OQ;F 

vcH.;;; WopF 
,.., ,.., 

~ ~ CH • .01,,,F 

v 
CH " 1 .0µF ~ ~ 

C H • 0 . 11J.F 

""" 
~ 

~ 

r-t-

Frequency , Hz 

SPEED CHARACTERISTICS VS. CH 
Typical at 25° C, ±15V Supplies 

UNITY GAIN PHASE MARGIN, ~ DEGREES 

z 
~ 

UNITY G AIN 

~NOWI DTH. MH z 

r-- i :::s: 
SL El,~ E ACQUlStTION TIME ~A~6 LTS 

~ ~NH~SNE~EF~; 01. ~~ ~µSEC---4 

~ 

, ... 

RECOMMENDED Cl RCUIT BOARD LAYOUT 
USING GUARD RING 

RIN G 

DIGITAL 

GND CO~R: °"' r- - ~ 
f ~ ~ I N I 

~ IN+ 

¢ OFFSET TRIM 

~OFFSET TRIM 

~- 1 5VDC 

$ N.C . 

OUTPUT 

!BOTTOM VI EW) 

ACCURACY CHARACTERISTICS VS. CH 
Typical at 25° C, ± 15V Supplies 

~ I 
~~OLD MOOE VOLTA.GE 

DROOP (m\1 1$«.I 

-"s: IS 

~ is:: f-----j 

=" 
~ ~ 

~ ~ 
E.SA MP LE TO HQ~O OF F SET EA A O R 

MILLIVOLTS 

~ 

HOLD MODE VOLTAGE DROOP VS. TEMPERATURE 
Typical, ±15V Suppl ies . 

IZ 
_t-

C H ~ .001µF~ 

17 
~ l---1 

t-- I_ 

~ 
~ CH • .OlµF 

~ 

Temperatu re, Degre£S C 

ORDERING INFORMATION 

PRICE (1 - 9) 

Model SHM-IC-1 

Trimming Potentiometer 
TPlOOK (100K!1) 

$19.00 

$3.00 

Contact Factory for Quantit y Pr icing 

The SHM-IC-1 is covered under GSA Contract 
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1020 G Turnpi ke Street, Build ing S 
Canton, Massachusetts 0202 1 U.S.A. 
TEL' 16171828-8000 
TWX : 71 0-348-0135 TELEX : 924461 

FEATURES 

~ Ultra Fast Acquisition Time 
~ Short Aperture Time 
~ Wide Frequency Response 
~ Fast Output Settling 

~ Low Temperature Coefficient 

DESCRIPTION 
Model SHM-2 Sample and Hold is the 
ultimate in speed. Designed to operate 
in conjunction with Datel 's analog to 
digital converters; Series H, P, N, M 
and L. SHM-2 can track a full scale 
analog input in less than 100 nsec's to 
within ±0. 1% of full scale accuracy. 
Additional features include wide fre· 
quency response (D.C. to 500 KHz) , 
an aperture uncertainty of less than 10 
nsec's and an output settling time of 
one µsec to with in ±0.1 %. 
SHM-2 is usually connected between a 
signal source to be quantized and 
analog to digital converter, providing 
an excellent throughput rate for an 
overall data system . 

APPLICATION 
When digitizing an analog signal which 
varies with t ime and having a fre
quency spectrum, it is difficult to 
determine what point of this signal is 
exactly represented by the resultant 
digital output. Since the maximum 
time "uncertainty" of the conversion 
is the total conversion time of the 
converter which may be called "aper
ture time or ambiguity time"; there 
fore, the maximum error due to this 
uncertainty is the difference of two 
points of the analog signal under mea
surement from To to time, Ti repre
senting the time required to con
vert the changing analog signal. 
A faster converter will obviously 
shorten the aperture and the error will 
be reduced proportionately, but a 
device such as the SHM -2 with very 
narrow aperture characteristics, con 
trolled by command, is far more use
ful in trying to determine the exact 
point of the changing analog signal 
when converting. The purpose of 
SHM-2 is to "hold" upon command at 
the beginning of the conversion (To 
time) the analog voltage applied at its 
input . The "held" value will remain 
constant during the conversion process . 
Relationships of error due to time 
uncertainty versus input frequency is 
plotted on the reverse side ot this sheet . 

ULTRA FAST / ACCURATE ANALOG STORAGE 
SAMPLE & HOLD 

MODEL SHM-2 

BLOCK DIAGRAM - SHM-2 

+15 VDC GND - 15 VDC 

HI 
ANALOG 

INPUT 
LO 

SAMPLE/ 
HOLD 

CONTROL 

ELECTRONIC 
SWITCH 

HOLD 
CAP. 
200 
pF 

~L~~r€~;.) HOLD = '---------1 
LOGIC " 1" NO. LO HI 

CONN . EXTERNAL 
CAPACITOR 

MECHANICAL DIMENSIONS (INCHES) 

~---~-2000 

0 6 --- 1750 
• 7 - ---+--1 650 
0 8 l 550 

0 9 -- '350 

NOTE 

020 DIA 

L 

' 
( 

I ADJUST FOR HOLD OFFSET AT V1N 0 VOL TS 
OR GROUNDED ANALOG INPUT 

PIN 

1 

2 

J 
4 
5 
6 

7 

8 

9 
10 

11 

HI ANALOG 
OUTPUT 

LO 

INPUT/OUTPUT 
CONNECTIONS 

FUNCTION 

NO CONNECTI ON 

LO EXTERNAL CAPACITOR 

HI EXTERNAL CAPACITOR 

LO ANALOG OUTPUT 

HI ANALOG OUTPUT 

+ 15 V POWER IN 

- 15 V POWER IN 

GROUND 
SAMPLE/HOLD CONTROL 

LO ANALOG INPUT 

HI ANALOG INPUT 

USE POLYSTYRENE 

TY PE CAPACITOR 

} 
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SPECIFICATIONS (Typical @ 25°C unless noted I 

ELECTRICAL 

Analog Input: 
Analog input voltage range 

Input overvoltage .. 

Input source current 

. Upto ±1 0VFS 

. ± 15V (max .) with a recovery 
time of 500 nsec 

· ± 12mA max drive during transition 
±2mA bias during steady state. 
(Switching circuit is a diode bridge 
driven by 2 current sources.) 

Mode control input ....... . DTL or TTL compatible, positive 
logic 

Analog Output 
Output voltage range 

Output current . 

Dynamic Characteristics: 
Bandwidth 

Acquisition time 

Aperture time 

Feedthrough@ any input 
frequency .... 

Input V1np ut 
Status Code M in.J Max. 

Sample "O" OV I +0.8V 
Hold .. , .. +2 .0V +5 .5V 

Rise and Fall time .;; 10 nsec to 
maintain aperture time spec s. 

.. Up to ±10 VFS 

±5 mA 

. DC to 500 KHz (max .) full power 
@ 3 db point 

.100nsec(max .)to±0.1%of FS 
of input signal (5V step) 
10 nsec max. (8 nsec delay, 2 nsec 
jitter} 

0 .5% 

Settling time ..... 
Hold decay r•t• . . . 

Output sl-ing r•te . 

Performance: 
Gain . .... . 
Accuracy (@ 25°C) 

Linearity . . . ..... . 
Temperature coefficient . 
Long term stability .... 

Input power requirements 

. 1 µsec (max.I to ±0.1 % 

. 50 µVin 1 µsec 

. 30V/µsec 

. + 1 .00 Max . to +0.999 Min 

. ±0.1% of FS 

±0.1% of FS 
±30 ppmf C of FS 
±0.025%/6 months (gain & offset) 

+15±.5VDC@ 35 ma 
-15±.5VDC @ 35 ma 

PHYSICAL-ENVIRONMENTAL 
Operating temperature range 

Storage temperature range 
Relative humidity 

Size 

Pins 

Case material 

Weight 
Mating Socket 
Price (1·91 

. 0°C to +75°C 
-55°C to +85°C 

. Up to 100% non-condensing 

. 2'"L x 1 " W x 0 .375"H plug-in 
module 

. 0 .020" round gold plated 
0 .250" long minimum 

. Black diallyl phthalate . per 
MIL-M-14. Fully repairable 

2 oz. 
DILS-2, 2 Req'd ., 
Model SHM-2 

Model SHM-2 sample and hold module is fully encapsulated and 
features dual in-line pinning compatibility (i .e., 0 .100" grid pin 
spacing and 0.800" between rows of pins ). 

TYPICAL SYSTEM CONFIGURATION 

ANALOG 
OUTPUT 

ANAL OG 
INPUT 

SAMPLE / HOLD 
SHM-2 

i rA_N_A_L_O_G_/_ D-IG-1 T_A_L_C_O_N_V_..., M~B} DIGITAL 
1 OUTPUTS 
I 

HOLD 1.-..=Ec..;O:...:C~-----.::.S..:.T~A..:.R..:.T_,-~ L SB 

ENO OF CONVERSION 

ERROR DUE T O T IME UNCERTAINTY (A PERTURE TIME) 

AS A FUNCTION OF INPUT SIGNAL FREQUENCY 

w 

~~ 
l-a: u. 
w 0 

0.. * <( -
Q > 01 

I- 1-
w z 
:J -
0 ;: 
a: a: 
ow 
a: u 
a: z 
w :J 

....... ~~ vf'l ;:..- @I,..d 
,•' ;;.::;$ ', .. ' 

L ,,.~ V' 

l:'.'l ~' 1-:7 
L P1 ,. c-' yq. 

,o 

V1 _y J:a"" [ 

INPUT SIGNAL FREQUENCY TO BE DIGITIZED 

FULL SCALE 
ACCURACY 

06'\, 

01 '\, 

START 

TYPICAL EXAMPLE 

ANALOG DIGITAL CONV W WO SAMPLE & HOLD 

WITHS & H 110 NANOSEC APERTURE) 
WITHOUTS & H 
120 µsl'!.: CONVERSION TIME I 

10 KH1 !MAX INPUT FREQUENCY! 400 H1 IMAX INPUT FREOUENCYI 

2000 Ht IMAX INPUT FREOUENCYI -... 1 H1 !MAX INPUT FREQUENCY\ 

"KIEL 
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@D'\JEL 
~ SYSTEMS, INC. 

l020G Turnpike Street , Bu1ld1ng S 
Can ton, Massachusett s 02021 U.S.A. 
TEL' 16171 828-8000 
TWX ' 710-348-0135 TELEX ' 924461 

FEATURES 

~ Fast Acquisition Time 
~ Low Droop 
~ Adjustable Aperture Delay 
~ Low Gain Error 
~ High Input Impedance 

DESCRIPTION 

The SHM-4 is ideally suited to simultaneous 
sample and hold applications, where the gain 
and aperture delay between units must be 
matched, and where the output droop of the 
sampled signal is minimized for time shared 
A/D conversion. 

A double inversion circuit in the SHM-4 
places the FET sampling switch near ground, 
which means that all variations of hold step 
and of aperture delay with input voltage are 
eliminated . 

A unique closed loop design gives high accura
cy and allows the rate error 1 to be factory 
nulled. Rate error is the delay by which the 
output lags an input ramp and may be 
expressed in nsec or in mV/V/µsec. For conven
tional sample and hold applications rate error 
is not serious because it merely causes an 
advance in the effective time of hold and 
tends to cancel out part of the aperture delay . 
However, for simultaneous applications the 
aperture delay minus the rate error must be 
matched between units so that the effective 
time of hold is the same for all. The SHM-4 
accomplishes this by nulling the rate error to 
less than 1 nanosecond and for critical appli
cations, by providing an external 5 nano
second adjustment of aperture delay . Also, 
the high accuracy and low droop of the 
SHM-4 make it useful in conventional sample 
and hold applications. 

Careful attention to circuit detail in elimi
nating leakage currents has decreased the 
output droop to less than 20 microvolts per 
millisecond allowing several SHM-4 modules 
to be time shared between one A/ D converter. 

I I I 
111 

£ffl:CT•VE ~j 
AP[RlUR[ : I 

"M' I I I 
I I 
I I 

APERT U R E 0( LAV 

FOR SIMULTANEOUS SAMPLE AND 
HOLD APPLICATIONS 
SAMPLE AND HOLD 

SHM-4 

- 1svoc1 10Krl 

BLOCK DIAGRAM - MODEL SHM-4 

EXT. OFFSET ADJ . (OPTIONAL) Adj . for zero out
~---+--+------------------,put with groundcd 

>Ofl TTL 01 L ONPVTS (";fl0VN0 PIN• 
f0fl ·~v C· ... OSCONNECf ~•v .i'lN E fl 
ffl0M PI N 8 IOG A OV N D 

~------_1 
H OLOOF FS( T 

AO JUST M ( N l --+(]) .375 

__j__'-cr-~~~~--,.~--
SIDE VIEW I 

-it~ ~ 
0 5 -- ----------1 0 

0 6 2 0 

0 7---------+ 
o B------ - -+ 
0 9--------+ 

BOTTOM VIEW 

0 10--- -----+ 
0 11 --------+ 
0 12 3 0-1 
0 13- -------- 4 0 

.....,----------~-- 0 

I f---- 1.300 .10. 100 
. • 1.500 

input and in sam
ple mode. 

ANALOG 
OUTPUT 

ANALOG 
GROUNO 

TEST 
POINT 

APERTURE DELAY 
ADJ . (OPTIONAL! 

MECHANICAL DIMENSIONS (Inches) 

PIN FUNCTION 

EXT . APERTURE DELAY 
2 APERTURE TEST POINT 
3 ANALOG GROUND 
4 ANALOG OUT 
5 +15 voe 
6 -15 voe 
7 POWER GROUND 
B THRESHOLD 
9 HOLD COMMAND INPUT 

10 OFFSET 
11 OFFSET 
12 ANALOG GROUND 
13 ANALOG IN 

Note : Adjust hold offset for minimum output 
with analog input at ground while 
toggling sample/hold control with mod
erate speed 0 to +2. 4V . SQuarewave. 
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SPECIFICATIONS (typical@ 25°C unless 

ELECTRICAL 
Analog Input 

Input Voltage Range 

Max. Safe Input 

Impedance 

otherwise noted) 

±10V 

± 15V 

10
8 

ohms in parallel with: 

Hold to Sample 

Acquisition Time (0 

Output 

Max. Current . 

Impedance 

20V step, to ± .05% 6 µsec 
to ± .005% 7 µ sec 

±5 mA 

50 milliohms 

Digital Inputs 

1) 400 nA current source and Short Circuit Protection 
2) 33K ohm in series with 20pF . 

Input Power . 

Output to GND indefinitely 

+15VDC@ 14 mA max 

-15VDC@ 12 mA max 
(TTL, DTL, C/MOS Compatible) Nominal Limits 

Sample OV o to+ .av@ -1.5 mA 
Hold . . . . . . . . . . 4V + 2 to + 15V @ +O. 1 mA 
(For 15V C/ MOS threshold may be raised to 6.5V with a 
5.6V zener from pin 8 to ground} 

Sample 
Offset V , (Vout -Vin)@ Vin = O 

Offset V over temp. range ( 0 
Offset V vs Supply Voltage 

Gain Error (offset V vs Vin) 

Gain Error over temp. range 

Rate Error (offset V vs dVin/dt) ( 1) 

Bandwidth , 3db, 20V .p-p ( 1) 

Bandwidth, 3db, 1V .p-p (1) 

Slew Rate (1) 

Ext. Adj . to 0 

±JOµ V/° C 

±100µV/V 

± .005% 

± .001 %/70°C 

1 nsec 

200 KHz 

1.0 MHz 

5V/ µsec 
Settling Time, 20V step, to± .05% (1) 6µ sec 

Noise, wideband . 

Sample to Hold 

Hold Step (2) . 

Peak Transient 

to ± .005% ( 1) 7 µsec 
300µV rms 

Int. Adj . to 0 

400mV 

Aperture Delay (3) 

Aperture Jitter (One Unit) . 

Hold 

Ext. Adj . 40-45 nsec 

1 nsec 

Droop 

Droop vs Temp. 

Feedthrough . 

20µ V / msec 

x2/10°C 

+.01% 

TYPICAL SYSTEM CONFIGURATION 

0 

0 

ANALOG 
INPUTS 

0 

MULTI 
PLEXER 

MM-8 
ADC 

LOGIC 

DIGITAL 
OUT 

Note: The (8) Channel Select Input of the Mux 8 should go to 
the Inhibit Level (1 State) for 200 nsec beginning with an 
address change to protect the outputs of the SHM-4's. 

PHYSICAL - ENVIRONMENTAL 

Operating Temperature Range . 

Storage Temperature Range 

Relative Humidity 

0° C to +70° C 

-55° C to +85° C 

Up to 100% non-condensing 

2"Lx 1.5"Wx0.375" H plug-in 

module 

Size 

Pins .020" round gold plated 

.250" Long Min. 

Case Material Black diallyl phthalate , 

per Mll-M-1 4 

Weight 3 oz. 

Mating Connector DILS-2, 2 Req 'd per module, 

$5/pr 

Price (1-9) $59 .00 

Model SHM-4 sample and hold module is fully encapsulated and fea
tures dual in-line pinning compatibility 

NOTES : ( 1 )Source resistance of 5K ohm or less 
(2)Adjust for hold offset at Vin=O Volts or with analog input 

at ground. 
(3)Aperture delay is nominally 40 nsec independent of V in . 

This delay may be increased by up to 5 nsec by connect
ing a 1K ohm pot from pin 1 to ground and viewing the 
delay at pin 2 when the test point voltage crosses -5V. 

J 4> = 180° 

.01 % ~~~~~~~~~~~~~~~~~~~ 

100H• 1KH• 10KH• 100KH• 1MH• 

INPUT FREQUENCY -20Vpp SINE WAVE 

Curve A represents the SHM-4 before rate error nulling where 
the rate error is 450 nse~ . Curve B shows a nulled production 
SHM-4. The quadrature error due to the first order pole has 
been removed leaving only a residual gain error due to a 
second order pole. 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (6171 828-l!OOO 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

• 100 MEG OHM Input Impedance 
• 35 Nanosec Acquisition Time 
• 500 V /µsec. Output Slew Rate 

• 10 MHz Sample Rate 
• ±30ma Output Current 
• 2"Wx2"Lx.375"H 

GENERAL DESCRIPTION 

Model SHM-UH is characterized primarily by 
very high speed. Its tracking capability of 35 
nanoseconds with an aperture uncertainty 
time of less than 200 picoseconds is the 
most unique feature of the device. 

A 200 picosecond aperture time (uncer
tainty) enables tracking and holding of high 
bandwidth Video, Radar, or Television sig
nals as well as wide band data for communi 
cation systems. The SHM -UH ingredients 
consist of a high impedance F ET input 
buffer amplifier, a floating high speed elec
tronic switch, holding capacitor, and a high 
power FET output amplifier . 

Model SHM-UH was primarily designed to 
"freeze" fast moving video signals during 
A/D conversion or to store multiplexed 
outputs while the signal is being digitized 
and the multiplexer is seeking the next 
signal to be converted. In wideband data
reduction, SHM -UH may be used to deter
mine peaks or valleys, or measure fast single 
shot pulses of arbitrary width . 

Model SHM -UH can track a full scale input 
(±5V) in 35 nanoseconds. Input impedance 
is 100 megohms shunted by 20 pf. An 
aperture time of 200 picoseconds has been 
obtained by util izing a proprietary ultra 
high speed electronic $Witch . 

Output characteristics include a slewing rate 
of 500V /µsec, settling time (includes input 
acquisition time) of 50 nsec, output voltage 
range of ±5VFS @ ±30 ma and an output 
impedance of less than 10 Ohms. Other 
specifications include a Hold Decay Rate of 
50µ volts/µsec, a feedthrough attenuation of 
-60db @ 10 MHz (Sine Wave input) and 
-46db for a step input. 

The Sample Command input is transformer 
coupled to the electronic switch and has an 
input impedance of 50 Ohms and requires a 
35 nanosecond positive going pulse. The 
maximum sample rate is 10 MHz. Input 
power requirements are ±15VDC@ ±50 ma 
and +5VDC @ 100 ma. 

ANALOG 
INPUT 

200 PICOSECOND APERTURE TIME 
SAMPLE I HOLD 

SHM-UH 

BLOCK DIAGRAM - MODEL SHM-UH 

OFFSET 
ADJUST 

(

HI 
11 4 

HI ;' ANALOG 
OUTPUT 

LO l}-~~~~~~~~~~~t-~ ..... ~~~~~~~-..~~ LO 

SAMPLE 
COMMAND 

INPUT 

100H112w 

SN74S140 

SAMPLE COMMAND INPUT 
MUST BE INVERTED. 

MECHANICAL DIMENSIONS (INCHES) INPUT /OUTPUT 
CONNECTIONS 
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BOTTOM VIEW 
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O fF S[I ADJ 

PIN FUNCTION ~ 
1 SAMPLE COMMAND'INPUT (HI ) 

2 SAMPLE COMMAND INPUT ILO) 
3 ANALOG OUTPUT ! LO I 
4 ANALOG OUTPUT ;HI ) 

5 +SVDC POWER INPUT 

6 +SVDC POWER RETURN 

7 + 15VOC POWER INPUT 

~ 8 - 15VDC POWER INPUT 

9 • lSVDC POWER RETURN 
10 ANALOG INPUT !LOI 1 
11 ANALOG INPUT IHI) 

2 PINS #3 AND #10 ARE INTEANALL Y 

CONNECTED TO PIN #9 
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SPECIFICATIONS 

INPUTS: 
Analog Input Range . 

Input Impedance . 

"'UEL 
Up to ±5VFS 

100 Megohms (shunted with 

20pf) 

Sample Command .. . .. ...... 35 ± 10nsec OV to +5V, POSI

TIVE PULSE. (3nsec max . rise 

Sample Command Input 

Impedance . ...•.. . 

PERFORMANCE: 
Output Voltage Range 

Output Current • . 

Output Impedance. 

Gain 

and fall time) NOTE : This input 
is transformer coupled to the 
electronic switch. 

50 Ohms - Requires 100 ma 
of Source Current. 

NOTE : See Block Diagram for 
Buffer Input. 

Up to ±5VFS 

±30 ma, max. 

10 Ohms, max . 

0.92 to 0 .95 non
inverting 

Linearity ...... . .....•• ±0.25% of F.S. 

Input Acquisit ion Time/ . .. . . . 35nsec for full scale inpu t 

Output Settling Time to 0.2% 50nsec for full scale output 
(including input acquisition time) 
Aparture Delay . . • . . . . 1 On sec 
Aperture Uncertainty . 200 psec 

Output Slewing Rate . . 500V /µsec 

Maximum Sample Rate . 

Hold Decay Rate. 

Feedthrough . . . 

10MHz 

50 µV /µsec 

-60db@ 10 MHz (Sine Wave 
Input) 

- 46db (Pulse Input) 

Output Zero T.C • .. . . ..... . . ±50µV!° C 

Input Power Requirements .... ±15VDC, ±0.2VDC@ ±50 ma 

+5VDC, ±0.25VDC@ 100 ma 

Operating Temperature Range . 0° C to + 70° C 

Storage Temperature Range 

Relative Humidity . 

Size ..•..• 

Case Material . 

Weight ..... 

- 55° C to +85° C 

Up to 100% NON

CONDENSl NG 

2"Lx2"Wx.375"H 

Black Dyallyl Phthalate, per 
MIL-M-14 

3 oz. 

ZORO OFFSET ADJUSTMENT PROCEDURE 

1) Connect the Analog Inputs together - Pin 11 to Pin 10. 
2) Connect a precision pulse generator via a coaxial cable 

to the " Sample Command Input" terminals. Pin 1 (High) 
and Pin 2 (Low) . 
Adjust its output to display the following : 

Pulse Repetition Rate. . 10 KHz 

Pulse Width .... . . •. ... ... 35 nsec, ±1 0 nsec 
Pulse Amplitude ..........•. +5V 

NOTE: Sample Command Input Impedance is 50 Ohms 
3) Connect a precision D.C. digital voltmeter to the Analog 

Output terminals. Pin 4 (High) and Pin 3 (Low). 

4) Adjust the offset control until the analog output is CV. 

TYPICAL TIMING DIAGRAM - SQUARE WAVE INPUT 

io--os,-.---.1 
•SV 

ANALOO INPUT OV Sl---fl
•SV~ ... _ ! 

SAMPLE COMMAND INPUT OV 

ANALOG OUTPUT 0V ~ ~:+~.i ~,.-~ I 
~

FEEOTHAOUGH - .5'11.1-.tedbl OF INPUT 
FDA A •SV ST EP INPUT THE OUT .. UT w0ULO 

av Bf :l5MILLIV0LTS. 

..i,,._ 
OUTPUT SETTLI NG TIME 
ONCLUDES INPUT ACQUISITION TIMEI 

APERTURE 

ANA LOG INPUT 
SIGNAL 

;:;~see~ROR Acquisition Time 
The acqu isition time is the time necessary to charge the holding 
capacitor and start to track the input signal. To sample the input 
signal the Sampl e Command input must be a positive five volt 
signal with a duration of 35 .t 10 nsec . 
The total acquisition time for a five volt input step is 35 
nanosec. 

Aperture Time 

" I' 
J ~ ~ APE RTU RE TIME 

~ACQUISIT I ON TIME 
3SNSEC 

The aperture time is the uncertainty of the actual point in time 
the sw itch is opened. It is a measure of the repeatability of the 
switch characteristics . Aperture time for the SHM-UH is less than 
200 psec . This time should not be confused with the fixed delays 
which can be compensated for . Typical delay between the hold 
command input and the actual switch open is approximately 10 
nanosec . 

SINEWAVE INPUT 

3 
~ 

I~ 

lOHZ 100HZ lKHZ 10KH Z lOOKHZ 1MHZ lOMH Z 

FEEOTHAOUGH ATTENUATION 

'°' MOOE l SHM Utt 

Feedthrough Attenuation 

A fter the switch has been 
opened and the signal is 
being held, a cer tain am -
ount o f the signal still on 
the input will coup le over 
to the output . 

EQUIVALENT CIRCUIT OF SAMPLING SWITCH 

INPUT BUFFER 

r-----1 
I 1,.,,,. I 
I I 

I 
I 

I 

I 
SAMPLING I 
SWITC H I 

I (OFF CONDIT ION) 

L-- - -~ 

ORDERING INFORMATION 

MODEL-SHM-UH 
PRICE (1-9) . • . • $229.00 

OUTPUT BUFFER 

1 200 J,111 F 
~ HOLDING CAPACITOR 

MATING SOCKET 

MODEL DILS-2 

2 req'd/module, $5/pr. 
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Monolithic and Hybrid l.C. 
Operational Amplifiers 

DC Open Loop Gain 25K 15K 150K 150K 
Gain Bandwidth Product 12 MHz 20 MHz 12 MHz 100 MHz 
Slew Rate 30V /µsec. 120V /µsec . 7V!µsec . 35V/µsec . 
Settling Time, 10V to 0.1% 330 nsec . 200 nsec. 1.5 µsec . 1.0 µsec . 

Output, min. ±10V @ 10mA ±1 0V@ 10mA ±10V@ 10mA ±10V@ lOmA 
Common Mode Range, min. ±10V ±lOV ±11V ±11V 
Common Mode Rejection 90 dB 90 dB 100 dB 100dB 
Input Impedance 50 Meg . 100 Meg. 300 Meg. 300 Meg. 
Input Bias Current, max . 250nA 250nA 25nA 25nA 
Input Offset Current, max. 50nA 50nA 25nA 25nA 
Input Offset Voltage, max., adj. to 0 ±8mV ±10mV ±5mV ±5mV 
Input Offset Voltage Drift 20µV /° C 30µV /° C 10µV /° C 15µV /° C 

Power Requirement ±15V @4mA ±15V@4mA ±1 5V @3mA ±15V@3mA 
Temperature Range 0°C to 70°C 0°C to 70°C 0°C to 70°C 0°C to 70°C 
Package T0 -99 T0-99 T0-99 T0-116/T0-99 

Price (1-9) $7.50 $10.50 $6.50 $9.00 

See page 136 

THESE AMPLIFIERS ARE COVERED BY GSA CONTRACT 
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This broad line of monolithic and hybrid operational 
amplifiers is designed for data acquisition and conversion 
applications where high speed and smal I size are required. 
The devices shown in this table are wide bandwidth, high 
slew rate, fast settling amp I ifiers. In add it ion to high 
speed, they also have excellent DC characterist ics making 
them good choices for high accuracy applicat ions. 

Four basic models of bipolar input amplifiers are offered 
along with two FET input models. The AM-464-2 is a 
new high voltage, fast settling amplifier with ±35V out
put swing. The AM-500 is a new hybrid, ultra-fast 
amplifier for inverting-only applications. It features 
1000V/µsec. slew rate, 100 MHz gain bandwidth product, 
and 200 nsec settling time to .01 % for a 10V step input. 
The AM-490-2 series are monolithic, chopper stabilized 
operational amplifiers with open loop gain of 5 x 108 

and input offset drifts of 1.0, 0.3, and 0.1 µ V /°C maximum. 

15K 150K lOOK 
20 MHz 100 MHz 4 MHz 

120V/µsec. 35V/µsec. 5V /µsec. 
400 nsec. 

± lOV@ lOmA ±lOV@ lOmA ±35V @ 10mA 
±lOV ±lOV ±35V 
90dB 90 dB 74 dB 

1012 ohms 1012 ohms 200 Meg. 
20 pA 20pA 30nA 
20 pA 20pA 30nA 

±30mV ±15mV ±6mV 
50µV/°C 50µV/° C 15µV/° C 

±15V@6mA ±15V@4mA ± lOV to ±40V @ 3.2mA 
0°C to 70°C 0°C to 70°C 0°C to 70°C 

T0-99 T0-99 T0-99 

$16:00 $13.75 $6.75 

Contact Factory 

AM-490 Series: Monolithic Chopper Amplifiers 

1x 106 
5 x 108 

100 MHz 3 MH z 
1 OOOV /µsec. 2.5V/µ sec. 
100 nsec. ( 1 ) 

± lOV @50mA ±10V @7m A 
.t l OV 
120 dB 

30 Meg. 100 Meg 
4nA 150 pA 
0.5nA 50 pA 
±3mV ±20 µV 

5µV/° C 1.0 (2) 0.3 (2) 1.0 (2) 

±15V@22 mA ±12V to ±20VDC @ 5mA 
0°C to 70°C 0°C to 70°C 

0.76 x 0.45 x 0.25" T0·99 

$75.00 $29.00 $34.00 $39.00 

Contact Factory See page 140 

Notes: 
(1.) Max. settling time for 10V to .01% is 200 nsec max. 
(2.) µV/°C maximum. 
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Modular Operational Amplifiers and 

Instrumentation Amplifiers 

Fast Settling FET Operational Amplifiers 

DC Open Loop Gain 
Gain Bandwidth Product 
Slew Rate 
Settling Time, 10V to .01% 

Output, min. 
Common Mode Range, min. 
Common Mode Rejection 
Input Impedance 
Input Bias Current, pA max. 
Input Offset Current, max. 
Input Offset Voltage 
Input Off. Voltage Drift, µV/ °C max. 

Power Requirement 
Temperature Range 
Package 
Socket 

Price (1-9) 

300K 300K 
13.5 MHz 5.5 MHz 
45V/µsec. 45V/µsec. 

550 nsec. ( 1 ) 1.0 µsec. (1) 

±10V @20mA ±10V@20mA 
±lOV ±10V 
3,000 45,000 

1012 ohms 1012 ohms 
100 50 20 50 20 

10pA lOpA 
Adj. to 0 Adj . to 0 

50 25 10 40 20 

±15V @ 13mA ±15V@13mA 
0°C to 70°C 0°C to 70°C 

1.12 x 1.12 x 0.4" 1.12 x 1.12x0.4" 
MS-6 MS-6 

$40 $45 $52 $46 $52 

Notes: 
( 1) Unity gain inverting 
(2) Unity gain follower 

Vol 3/128 See inside back cover for DATEL sales offices 

130K 130K 
32 MHz 32 MHz 

140V/µsec. 400V/µsec. 
550 nsec. (2) 350 nsec. ( 1) 

±10V@ 20mA ±10V@20mA 
±10V ± lOV 

45,000 3,000 
1012 ohms 1012 ohms 

50 50 
10pA 10 pA 

Adj. to 0 Adj. to 0 
40 20 40 20 

±15V@ 18mA ±15V@ 18mA 
0°C to 70°C 0°C to 70°C 

1.12x1.12x0.4" 1.12x1.12x0.4" 
MS-6 MS-6 

$49 $55 $49 $55 

See page 134 
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DESCRIPTION 

The AM-100 series of fast sett I ing, F ET input amp I ifiers, 
is designed for data conversion applications where optimum 
settling time is desired for up to 12 bit accuracy. While 
featuring exceptionally fast slew rates, wide bandwidths, 
and settling times faster than one microsecond, these 
amplifiers also have low drift and exceptionally low 
input bias currents. Output currents are rated at 20mA 
for good load driving capability. 

Datel Systems' new AM-201 amplifiers are high perform
ance instrumentation amplifiers designed for critical data 
acquisition applications where programmable gain at very 
low drifts is required. Input offset voltage drifts are 1.0, 
0.5, and 0.25µV/°C maximum for these models. In addi
tion, these units have a bandwidth of 45 kHz at a gain 
of 1000. 

AM-201 Series: High Performance, Instrumentation Amplifiers 
Feature Low Cost 

Instrumentation Amplifiers 
' 140V FET SP ECIFI CATION S 1T y p1 c.1I .i t 2S C Hl l, H f' t H fl JH\1i\I\:( f 

AM 301 1SV suµµl11•; uni t'" utherw 1S1• nut t> d l Al\1 201 

Gain Range 1 to 1000 
106 

10 MHz 
Gain Nonlinearity, max. .01% 

lOOV/µsec . Gain Equation 200K/RG 
2.5 µsec. Bandwidth, G=1000 45 kHz 

Slew Rate 1 V /µsec . 
±140V@20mA 

±140V Output, min., S.C. protected ±1 0V@5mA 

100,000 
1012 ohms 

Common Mode Range, min .• ±15V Supply ±l OV 

Common Mode Rejection, min. G=1000 100 dB l 106 dB l 114 dB 

100 pA Input Impedance, differential 109 ohms 
30 pA 
±1mV 

50 I 20 

Input Bias Current, max. 50nA i 25nA ± 25nA 
Input Offset Current 2.5nA lnA lnA 
Input Offset Current Drift, nA/°C .02 

±15V to ±150V@ 12mA Input Offset Voltage Adj. to zero 

0°C to 70°C 
1.8 x 2.4 x .61" 

MS-11 

Input Off. V. Drift, µV/ °C max., G=1000 ±1.0 l ±0.5 1 ±0.25 

Output Offset Voltage Drift, G=1 ±100µV /°C 

$90 I $120 

Power Requirement ±12V to ±18VDC 
Quiescent Current 5mA 
Temperature Range 0°C to 70°C 
Package 1.5 x 1.5 x .375" 
Socket MS-9 

Price (1 -9) $69 I $79 I $89 

See page 130 
THESE AMPLIFIERS ARE COVERED BY GSA CONTRACT 
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1020 G Turnpike Street , Building S 
Canton, Massachusetts 0202 1 U.S .A. 
TEL 16171 8 28-8000 
TWX 710-348-01 35 TEL EX . 92446 1 

• Gain Range 1to1000 
• Input Drift to .25 µVfC 
• CMRR to 114 dB 
• Gain Nonlinearity .01% Max. 
• 180kHz Bandwidth at G=100 
• Small Size - 1 .5" x 1 .5" x .375" 

The AM-201 series instrumentation ampli 
fiers offer the highest available performance 

in a compact. low cost module. These 

amplifiers are specifically designed for crit
ical applicati ons where the lowest input 

drifts and noise are required together with 
the highest possible common mode rejec

tion ; al the same time wide bandwidth and 

excellent set11ing time are achieved. This 
series rivals the performance of expensive 

rack-mounted instrumentation amplifiers 
and yet is packaged in a small 1.5 x 1.5 x 
_375 inch module_ 

The key to the performance of the AM-201 

series is a unique very high t ranscon
ductance (gm = 50 mhos) input stage which 

gives optimum results for high gains of 100 
to 1000. The amplifiers are programmed by 

a single external resistor for gains of 1 to 
1000 and give guaranteed total voltage 

offset drifts referred to the input of 1.0. 
0.5. and 0.25µVf C at a gain of 1000 for 
the three models AM-201 A, AM-201 B, and 
AM-201C respectively. At a gain of 1000 

the common mode rejection ratio is 100, 
106, and 114 dB minimum for the three 
models, with a source unbalance of 1 
kilohm. The input stage gives very low bias 
currents and an input offset current drift of 
only 20pAf C, allowing use of up to 50 
kilohm balanced input source impedances. 
These performance characteristics are 
achieved without sacrificing good band· 
width : 3 dB bandwidth is 45 kHz at G =1000 

and 180 kHz at G= l 00. Output settling time 
is 20 µsec. for a 1 OV step to .01 %. 

The gain equation for these models is : 

G=200K/RG . Gain equation accuracy is 
±0.5% with a gain nonlinearity of .01 % 

maximum and gain temperature coefficient 
of 20ppmfC maximum. Other input speci 

fications include input voltage noise of lµV 

peak to peak from 0.1 to 1 0 Hz and 1 µ V 

RMS from 10 Hz to 10 kHz. The input 
offset voltage is adjustable to zero by means 

of a.n external trimming potentiometer. 
These amplifiers also have sense and refer

ence terminals for load sensing and ex

ternally offsetting the output voltage. Out
put capability is ± 1 OV at 5mA, with output 
short circuit protection. 

HIGH PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 

IOK 

6I 

61 

IOK 

MECHANICAL DIMENSIONS 
INCHES (MM) 

1.500 
138,111 

SIDE VIEW I~ 
0 O_ .250 MIN 15 .1 I 

f-

So 

' 040 DI A PINS 
11.0) 

01 

02 

03 

t 1.350 

I 1.050 

6 SPACES 9 o BOTTOM 
VIEW O 4 AT .200 

AM-201 SERIES 

r 
1.500 
(38, 11 

lOOK 

OUTPUT 
STAGE 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

INPUT/OUTPUT 
CONNECTIONS 

FUNCTION 

+15V POWER IN 

COMMON 

-15 V POWER IN 

OUTPUT 

TRIM 

REFERENCE 

SENSE 

RG 
100 

0 5 
EACH 

llr --- _ ---.; 6--- =-_t450 

: 0 7 _150 

0 

.350 
18,91 

J 9 - INPUT 

10 +INPUT 

11 RG 

I _ .800 I 
r120.311 
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SPECIFIC~TIONS, AM-201 SERIES 
Typical at 25 C and ±15V supplies unless otherwise noted. TECHNICAL NOTES 

INPUT CHARACTERISTICS 

Differential Input Voltage Range .... . 
Common Mode Input Voltage Range .. . 
Input Overvoltage, no damage . . .... . 
Input Impedance, D iff. or Com. Mode .. 
Input Bias Current, nA max. . ..... . 
Input Offset Current, nA ... . .... . 
Input Impedance, Ref. & Sense Inputs 
Input Offset Voltage •........... 

OUTPUT CHARACTERISTICS 
Output Voltage ........ . 
Output Current, S.C. protected 
Output Impedance . .... . 
Capacitive Load ... 
Output Offset Range 

PERFORMANCE 
Gain Range .. . 
Gain Equation 

Gain Equation Accuracy .. . 
Gain Nonlinearity ...•..... 
Gain Temperature Coefficient ... 
CMR. ±10V, 1K unbal., DC-120 Hz 

G=1 000, dB min. 
G=1 00 dB min. 
G=10 dB min. 
G=1 dB min. 

DRIFT AND NOISE 
Input Offset Voltage Drift'. µV / ° C max. 

at G=1000 ......••....... 
Output Offset Voltage Drift, G=l 
Input Bias Current Drift ... .. .... . 
Input Offset Current Drift . . . . . . .. 
Power Supply Rej., µV/V at G=1000 .. 
Input Voltage Noise, 0. 1 to 10 Hz ....• 
Input Voltage Noise, 10 Hz to 10 kHz 
Input Current Noise, 10 Hz to 10 kHz 

DYNAMIC RESPONSE 
Small Sig. Bandwidth, - 3 dB, G=1 000 

G= 100 
G=10 

Slew Rate 
Full Power Response, 20V p.p . .... . 
Settling Time, 10V to .01 % at G=1000 
Overload Recovery 

POWER REQUIREMENT 
Voltage, rated performance 
Voltage Range, operating2 

•• 

Current, quiescent ....... . 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity .. 

Case Size . • . . • . 

Case Material .... 
Pins 

Weight 

PRICE (1-9) 

A 

50 
2.5 

100 
80 
60 
40 

±1.0 

10 

B 

±10V min. 
±10V min. 
±V supply 

109 ohms 

25 
1 

110K 
Adj. to zero 

±10V min. 

±5mA min. 
0.1 ohm 
.01µF max. 
±10V min. 

1 to 1000 

200K / RG 
±0.5% 
.01 % max. 
±20ppm / ° C max. 

106 
86 
66 
46 

±0 .5 

±100µV/°C 
100pA/°C 
20pA /° C 

5 
1µV p.p 

1µV RMS 
20pA RMS 

45 kHz 
180 kHz 
300 kHz 
1 V /µsec. 
15 kHz 
20 µsec. 
10 µsec. 

±15VDC ±0.5V 
±12V to ±18VDC 
5mA 

0° c to 10° c 
-55° C to +85° C 
Up to 100% non-condensing 
1.5 x 1.5 x .375 inches 
(38, 1 x 38, 1 x 9,5 mm) 

c 

25 
1 

114 
94 
74 
54 

±0.25 

2 

Black Diallyl Phthalate per MIL-M-14 
.040 round, gold plated, .250" long min. 
2.5 oz. max. (71 g.) 

$69.00 I $79.00 $89.00 

1. With input offset vol tage initially zeroed. 
2. Signal input and output range is ±7V to ±13V. 

1. The guaranteed input offset voltage drift 
specification requires that the input offset 
voltage be zeroed. This is done by means 
of an external 50K trimming potentio
meter connected from the TRIM pin to 
+15V. For minimum effect upon input 
offset drift, a low tempco trimming pot is 
recommended such as Vishay type 1203 
(20ppm/°C). 11 the operating temperature 
range is relatively constant. then a 

100ppm/° C cermet type trimming pot 
may be used ( Datel Systems TP50K at 
$3.00 each!. A 1 OOppm/° C drift in the 
trimming pot causes a 0.3µ VI° C input 
offset voltage drift in the amplifier. 

2. For optimum gain stability a low tempco 
gain setting resistor is recommended . The 
temperature coefficient of this resistor 
adds directly to the 20ppm/°C maximum 
gain tempco of the amplifier. For negli 
gible effect on tempco Vishay type S102 
(± 1 ppm/° C) is recommended. For less 
critical applications a 5 or 10ppm/° C 
metal film resistor is recommended. The 
resistor should be located as close as 
possible to the AG terminals of the ampli
fier. and shunt capacitance across the 
resistor should be kept to a minimum in 

order to prevent noise pick-up or in
stability at low gains. For gain-switched 
applications it is recommended that reed 
relays located close to the amplifier be 
used rather than running leads from a 
panel switch to the RG terminals . 

3. The differential input terminals require a 
bias current path to ground and therefore 
cannot be used with floating inputs. Due 
to the very low input offset current drift 
of 20pA/° C, balanced source resistances 
up to 50 K ohms can be used with these 
amplifiers. For example, 50K ohms x 
20pA/° C gives an equivalent input offset 
voltage drift of 1 µVI° C. 

4. The guaranteed input offset voltage drifts 
of 1.0, 0.5, or 0.25 µV/°C include both 
input and output drifts referred to the 
input at a gain of 1000. Drifts at other 
gains are approximately (referred to input): 

100 
ti Eos (µV/°CI ~(ti Eosl1000 + G 

ORDERING INFORMATION 

PRICES (1-9) 
AM -201 A. $69.00 
AM-201B . $79.00 
AM·201C . $89.00 

Mating Socket : MS-9 . . . $3.50 each 
Trimming Pot : 100ppm/° C Cermet Type 

TP50K . • . . $3.00 each 

THE AM-201 SERIES AMPLIFIERS 
ARECOVEREDBYGSACONTRACT 
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TECHNICAL NOTES (Cont'd) PERFORMANCE DATA 

where [ t. Eos] 1000 is the drift spec. at 
G=1000 and G is the programmed gain. 

5. The sense terminal is normally connected 
to the output terminals , and the reference 
terminal is normally connected to ground. 
For remote loads or for load current 
sensing, the sense terminal is run sep
arately to the load or to the current 
sensing resistor . The reference terminal 
may be connected to a voltage source in 
the range ±10V in order to directly offset 
the output of the amplifier by the same 
amount. Both sense and reference ter
minals should be connected only to low 
impedance sources (less than 10 ohms) , as 
any impedance seen by these terminals 
will degrade the power supply rejection of 
the amplifier in proportion to the source 
impedance. A unity gain buffer ampl if ier 
can be used to isolate the reference ter
minal from high impedance sources . See 
application diagram. 

6. The AM-201 series amplifiers have a dis
tinct advantage over many other instru
mentation amplifiers in gain-switched 
applications. Because the gain formula is 
200K /RG the switched gain varies pre
cisely inversely with RG . If RG is halved, 
fo r example, the gain is exactly do ubled. 
Therefore, unl ike instrumentation ampl i
fiers with a constant term of 1 in the gain 
formula, the selection of gain setting 
resistors is greatly simplified . In switched 
gain applications the AM-201 amplif iers 
should be zeroed at the highest gain. The 
input offset voltage then will not change 
with gain. 

COMMON MODE REJECTION 
RATIO VS. GAIN 

SMALL SIGNAL BANDWIDTH AT SELECTED GAINS 

100 

> 
~ 
z 10 
;; 

" 

01'----~-,-o~--~-:-~--~--,-:c-'------"-:":::-<----~~ 
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHi 

FREQUENCY (Hzl 

ANALYSIS OF SIGNIFICANT ERROR SOURCES 
USING BRIDGE TRANSDUCER 

The following errors ar~ computed for an AM-201 C operated from a bridge 
transducer over a ±1 0 C ambient temperature range at a gain of 1000. 

Error Source 

Volt. Offset Drift 

Cur. Offset Drift 

Gain Change 
Noise (. 1to10 Hz) 

Gain Nonlinearity 
Power Supply Drift 

Error 
Calculation ( % 10V FS) 

.25 µV/° C x 10° C x 1000 .025% 

20 pA/° C x 10° C x 10K x 1000 .020% 

.002%/ ° C x 10° C .020% 
1 µV P-P x 1000 

.01 % 
Negligible 

.010% 

.010% 

TOTAL OUTPUT ERROR .085% 

Power supply drif: ( a~sumi~g .02%/°C) contributes a negligible ~mount to the error and there

fore the computation 1s omitted. The total output errors for a 1 0 C temperature chan ge are less 

than a. 1 %. 
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APPLICATION DIAGRAMS 

STANDARD CONNECTION 
- 15V +15V 

INPUT OFFSET TRIMMING : Short input terminals together and 
connect to ground or to common mode voltage at which input will be 

used. Adjust SOK trimming pot for zero output voltage. For critical 
applications RG should be a Vishay type S102 and the tr imming pot 
should be a Vishay type 1203. See technical notes. 

OFFSETTING THE OUTPUT BY USE OF 
THE REFERENCE TERMINAL 

- 15V+15V 

i-----uVo 

I 10 ..... Vo < •10) 

DRIVING A GROUNDED LOAD USING 

CURRENT SENSING 

- 15V +15 V 

"'\IEL 

USING AN OUTPUT CURRENT BOOSTER 

- 15V -1-lSV 

CONNECTION FOR DRIVING LOAD WITH CURRENT 
BOOSTER USING LOAD CURRENT SENSING 

15V •15V 

NOTE: The output voltage using the gain equation will appear across 
R5 . The load impedance and output of the current booster mutt be 
compatible with this. Highly inductive loads m•y cause ringing or 
oscillation. In this case add Rp and Cp as shown. 

GAIN SWITCHING WITH THE AM-201 

REED 
RELAYS-

- lSV •15V 

Gain is inversely proportional to RG. Thus if RG is halved the gain is 
exactly doubled . Input offset voltage does not change with RG . 
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WIDE BAND FAST SETRING 
1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U.S.A. 
TEL : 16171 828-8000 FET INPUT OPERATIONAL AMPLIFIERS 
TWX : 710-348-0135 TELEX : 924461 

, AM-100-SERIES 

DESIGNED SPECIFICALLY 
FOR HIGH SPEED 
APPLICATIONS 

MODEL AM- 100 A/ B/C 
DESCRIPTION : 
Designed specifically 10 drive C.R.T _ displays, the DATEL Models AM-100 A/B/C permit 
settling (to 0.01 %) of a 0.5 V step within 0.15 µsec. Clean, crisp alpha/numeric characters, 
together with sharp, linear vectors are the result on the screen face when these amplifiers 
with their fast settling, true 6dB/octave response and minimum overshoot and undershoot 
characteristics are used. These devices are also excellent choices for use in high speed 
applications such as D / A output drivers, integrators, comparators, buffers and many other 
analog sampling circuits. 

MODEL AM-1 01 A/ B 
DESC RI PTI ON : 
Models AM -101 A / Bare FET -input differential operational amplifiers designed specifically 

for applica tions requiring a combination of high accuracy, high gain and fast settling with 

the ab1l1ty to drive substantial capac itive loads. They have a gain bandwidth product of 5 

MHz and wdl settle to 0.01 % within 1.5 µsec .. min . 1n a unity gain inverting mode while 

dr1v1ng a capac1t1ve load o f 300 picofarads. These amplifiers wdl sett le to 0.01 % within 1 

µsec., mtn., tn the same mode driving a 1000 picofarad load and are stable driving a load of 

2000 picofarads. minimum. Typically they are stable up to 5,000 picofarads. In addition, 

low drift. low noise and excellent overload recovery charac teristics together with a 

reasonable price make these amplifiers a must to consider wherever analog voltage sampli ng 

is required . 

Model AM-101 A / B has a CMR R of 40,000 typ,cal and 20,000 minimum and shou ld be 

cons idered w her eve r a non -inverting ampl1f1er is necessary such as in buffer or multiplexer 

appltcat1ons. Since settling time to 0.01 % 1s approximately the same in the non- inverting 

mode. excellent gain and linearity characteristics are achieved with the high CMR R of the 
AM · 101 Series. 

MODEL AM- 102 A/ B 
DESCRI PTION : 
The Model AM -102 A / B 1s a differential FET input fast settling operational amplifier 

designed primarily for use 1n ci rcuits where polarity reversal is not desired. All the 

ingredients of a good, fast and accurate FET Follower can be found in the AM-102 A / 8. 

High CMRR, very high common mode resistance, high gain, wide bandwidth and fast 

settling along wi th high input impedance, excellent drift and noise characteristics all 

combine to make the AM -102 A / B one of the best all around Follower Amplifiers available. 

MODE L AM- 103 A/ B 
DESC RIPTION : 
The fastest yet of the OATEL Systems operational amplifiers, the AM-103 A / B features a 

250 Volt per microsecond slew rate . a guaranteed 400 nanosecond settling time (to 0 .01 %), 

an overload recovery time of l microsecond, max . together with a minimum gain of 

100,000. Designed especially for use m high speed comparators, mtegrator, A / D and D / A 

converter c1rcu 1 ts . the AM -103 A / B is an excel lent choice for consideration whenever analog 

sampling 1s necessary . 

MECHANICAL DIMENSIONS (INCHES) INPUT/OUTPUT 
CONNECTIONS 

EXTER,,.AL 
ui:n is) -r-t 

.562 •. 025 

FEATURES : 
I> 60 Volts/µsec . Slew Rate 
I> Settles to 0 .01 % Within 0 .15µsec_ (Small 

Step) 

• Recovery From Overload in 0.5 µsec. 
1> Gain of 500,000 

• 10 11 f! Differential Input Resistance 

• True 6 dB/Octave Response 

FEATURES : 

• Will drive high capacitive load . 2000pF, 
min. 

• Gain Bandwidth Product . 7 MHz 

I> D .C. Gain at Rated Load . 500,000 

• Differential Input Resistance . 10 11 n min. 

•Output ±10V @± 20mA,min . 

• CMRR _ 40,000 

• Fast Overload Recovery Time 

• Low Profile Case 

FEATU RES: 
• 140 Volts /µsec. Slew Rate 

• 0.4 µsec, Settling Time to 0 .01 % as 

Follower 

• 0.5 µsec. Overload Recovery Time 

I> 400,000 Gain at Rated Load 
• 45 MHz Gain Bandwidth Product 

FEATURES : 

• 400 Volts/µsec. Slew Rate 

• Settles to 0.01 % Within 0 .3 µsec. 
• Recovery From Overload in 0 .5 µsec . 
1> Gam of 400,000 

• 10 1 1 Differential Input Resistance 

1 µsec. 
0-4" 

• Stable Unity Gain Frequency 37 MHz 

Mating Socket MS-6 
For All Models 

-*:,, 
--, 

50l0lll llGS 

_J_ PIN SPACING 0.2" ' ,010 
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THESE AMPLIFIERS ARE COVERED UNDER GSA CONTRACT 

"'\I EL MODEL MODEL MODEL MODEL 
AM-100 AM-101 AM-102 AM-103 -

A l B I c A I B I A l B l A l B 
SPECIFICATIONS 
Typical o 25°C, :1:15 voe. r•ted loMI 

HIGH SPEED HIGH SPEED HIGH SPEED SUPER FAST 
DIFFERENTIAL FET DIFFERENTIAL FET FET FOLLOWER DIFFERENTIAL FET 

unless otherwise specified. 400 NANOSEC. WILL DRIVE 45 MHi 400 V/µSEC 
SETTLING TIME 2000pF CAP. LOAD GAIN BANDWIDTH SLEW RATE 

PARAMETER 
Input 

Dlfferentlel Voltege, max., no damage ±1sv ±15V ±15V ±1sv 
Common Mode Voltage Range IlOVmin. T10Vmin. I10Vmln. I10Vmln. 
~mmon ~·::!!:•1ect1on :!!:•too ::!!!;OOO 40,000 40,000 10,000 
Common Mode Resistance 1 c)'IT n min, 10T'Tn min. 1c)ITn min. 1()TTnm1n. 
Differential Input Resistance 10Trn min. 1c)IT nmln. 10•2nmln. 10T'Tnm1n. 

Output 
Voltage ±10Vmln. ±10Vmln. ±10Vmln. ±1ov min. 

--current,- continuous :_2_Clm~ m_l_n. ~m~mJn. 20mAm_l_n . ::!:20mA m:!n. 
.::.£urrent, :!ran11ent -30mA -30mA -30mA -30mA 
Capacitive Load 300 pF 2000pF min. 300 pF ;ioo pF 

Gain and Frequency Response 
D .C. Gain at Rated Load 500,000 500,000 400 000 400 000 
Gain Bandwidth Product 18 MHz 7 MHz 45 MHz 45 MHz 
Stable Unity Gain Frequency 18 MHz 7 MHz 37 MHz 37 MHz 
Full Power Response 900 KHz ( 1) 900 KHz (1) 2 MHz (2) 6 MHz (1) 

Transient Response 
Slew Rate 60Vf.E._s. (1) 60V~. (1) 140V/µs. (2) 400V/µs. (1) 
Settling Time to 0 .01 % 0 .4µs. (1) 1 µs. (1) 0 .4 µs. (2) 0.3µ1. (11 
Settling Time to 0.01% 0.15µs. (31 1.5 µs. (4) 

_Q_verload _!!ecove.':Y...!ome ][[]Is. 1 l's. 0 .5µs. 0 .5 µs . 
Rise Time to 90% (Small Signal) 50 ns. (1) 100 ns. (1) 20 ns. (2) 20 ns. (1) 

Offset and Noise (5) (51 (5) 151 
Offset Voltage (Initial)@ 25°C Adj . to 0 Adj . to 0 Adj . to 0 Adj . to 0 

Vs. Temp. Range -25"c to +85"C, µVfOC 50 maxI25 maxI10 max 40 max .J2omax_J_ 40 maxJ.20 maxl 40 max . 20 max . 
Vs.~ower Supply -±1<11!_V / % ±1QA!_V/ % ±1QA!_V/ % :!:10µV/% 
Vs. Time IS@:V / dllY_ ~@:V/dllY_ ::I:501'V Id.ii: T501.IV /diiY_ 
Input Offset Current ±top_Amax. ±tQp_Amax. j:_llll1_A max. ±1Q£_Amax. 
Bias Current@ 2SoC pA ~xI 50 ma xlio ma x j_o ma xhmw .2Q_ max. ~x 
Vs. Temperature Range 
.:l._5~ to +85°c Doubles eve[Y_ 1 o0 c Doubles eve!.Y_ 10°c Doubles eve!.Y._ 1 o0 c Doubles eve!'.:t...10°C 

Input Noise (Voltage) 25nVyHZ 25n V _'l[_H z 25nV ."[_Hz 25nV ."[_Hz 

Power Requirements 
Operating Voltage Range ±15V ±15V ±15V ±15V 
Quiescent Current I13mAmax. I13mAmax. -18mAmax. -18mA max. 

Temperature Range 
Operating ·25 to +85° C -25 to +85°c -25 to +ss0 c ·25 to +85°c 
Storage -55 to + 125"C -55 to + 125°C .55 to + 125°C -55 to + 125°C 

CASE SIZE 1.12" L x 1.12" W x 1.12" L x 1.12"W x 1.12" L x 1.12"W x 1.12" L x 1.12"W x 
0 .4 " H 0 .4 " H 0 .4 " H 0 .4"H 

Mating Socket MS-6 $3.50 ea . MS-6 $3.50 ea. MS-6 $3.50 ea . MS-6 $3.50 ea. 

Price 1 - 9 $40 I $45 I $52 $46 I_!_52 I :!49 I :!55 I ¥I~ I 
NOTES : ( 1) Unity gain inverting . (2) As Follower. (3) Unity gain inverting 0 .5 volt step . (4) Un ity gain inverting w i th 1000pF capacitive lo•d 

(5) Ext. balance pot, Model TP-1 K - $3 .00 

SETTLING TIME 
Settling time is one of the most important requirements an amplifier should meet for high speed applications. It is defined as the time that is required, 
after a full scale input step is applied, for the output voltage to reach a predetermined percentage of its final value . Settling time contributes a dynamic 
error. It characterizes the transient behavior of the amplifier, encompassing slew rate and other important effects. For high speed data system 
applications, the output signal should be within a specified error band before it is ready to be further processed. In all applications involving abrupt 
changes in gradient, the settling characteristics of an amplifier determine how long the output signal deviates from the true value and should be a 
prime consideration for its selection . 

Settling time is a complex function of the open loop response and slewing rate under operating conditions. For optimum settling characteristics, the 
DATEL amplifiers have true 6 dB/octave stabilization determined by a single component instead of the usual multielement response shaping which 
introduces irregularities in the response curve . 
Test circuits for measuring a settling time in both the inverting and non-inverting modes are shown. The test circuits are self explanatory but it is wise 
to .keep the leads short, stray capacitance to a minimum and wse a signal source that is a good clean squarewave with minimum aberrations.The 
oscilloscope and plug-in recommended in the test circuit will , in general , give good results on amplifiers with settling t imes of 1 microsecond or less. 
Many oscilloscopes of other types will introduce errors far in excess of the amplifier errors due to the overload condition to which they are subjected 
by this method of measurement. 

SETTLING TIME TEST 
CIRCUIT FOR 

INVERTING 
AMPLIFIERS 

GOLD BOOK 76/77 

F0<1rnphh., • wuhle.,th1n 
15m1outP<11~1>o i.1 v 

t--~-~ ~; : :~F·dR 1• R, • 499KRN600 

F0<..-npi•l• .. I"'"" ISm• O< 
mot•oo.> l pUl ~l><h • y 
R1•RJ • 11( RN600 
R3 • R4 • 2KRN600 
C1 • :10pFd 

SETTLING TIME TEST 
CIRCUIT FOR 

NON-INVERTING 
AMPLIFIERS 
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1020G Turn pike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL : 16171828-8000 
TWX: 710-348-0135 TELEX : 924461 

FEATURES 
"'120V/µSecSlewRate 
"'2 MHz Full Power Bandwidth 
"'200n Sec Settling to 0.1 % of FS 
"'10 12 n Input Impedance 
"'FET or Bipolar Differential Input 

GENERAL DESCRIPTION 

HIGH SPEED MONOLITHIC 
OPERATIONAL AMPLIFIERS 

AM-400 SERIES 

Datel's AM-400 Series operational am
plifiers are designed specifically for 
fast acquisition of wide bandwidth sig
nals. They feature high input imped· 
ance ( 101 2 Ohms, AM-405 and 
AM-406) and high full power band
width (2MHz, AM-405). Models 
AM-405 and AM-406 feature FET dif
ferential inputs and the remaining 
models employ bipolar differential in· 
puts. Settling time less than 200 nsec 
(within 0 .1% of FS, AM-452) and slew 

rates up to 120V /µsec (AM-452) are 
available and all models may be oper· 
ated in non-inverting as well as invert
ing configurations. Because of their 
superior high speed, high input im
pedance characteristics, these devices 
are ideal for applications such as fast 
acquisition sample and hold amplifiers, 
D/A and A/D converter amplifiers. 

BLOCK DIAGRAM AND INPUT/OUTPUT CONNECTIONS 

Vol 3/136 

BANDWIDTH 
CONTROL 

TOP VIEW 

T0-99 PACKAGE 

Models AM-405-2 
AM-406-2 
AM -452·2 
AM-462·2 

NO CONN. 1 

NO CONN . 2 

Not• (1) lnt1rn•I f-it>Kk C91)« itCM" 
prcwio.d on model• AM-405 9nd AM-406 
only 10 C91"1C91 input QS>Kit-. pn.. 
shift . 

IDENTIFICATION MARK 
ON LEAD NO. 1 

13 NO CONN , 

12 NOCONN. 

TOP VIEW 

T0-116 PACKAGE 

Model AM-462·1 Only. 

MECHANICAL DIMENSIONS (INCHES) 

JEDECT0-99 

8-Pin Metal Can Package 

= 
~ 

MODELS AM-405-2 
AM-406-2 
AM-452-2 
AM-462-2 

.IOOTYP 

.700TYP 

8LE40S ·~~ .011 TVPIC4l 

SO TING PLAN( 

Note 1: All leads gold plated KOVAR 

.,, 

JEDEC T0-116 

14-Pin Dual lnline Ceramic Package 
Model AM-462-1 Only 

14 1) 12 l1 10 

"'""""& MARK ON 
NO 1 LEAD 

Note 1: All leads and base gold plated KOVAR 
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SPECIFICATIONS MODEL MODEL MODEL MODEL 
AM-405-2 AM-406-2 AM-452-2 AM-462-1, AM-462-2 

TypiQI 0 25°C Differential Differential Differential Differential olar 
Vs• ±15VDC FET input, 2MHz FET inpu t Bipolar input Bipolar input 
RL • 2K Ohms unless Full Power 150 K DC Gain 200 nsec settling 150 K DC Gain 
otherwise noted Bandwidth 100 MHz ft Slew 120 V/µsec 100MHzft 

input 
Characteristics 
Differentiel Voltege ±15V max . ±12V max . ±1 5V max . ±12V max . 
Common Mode Voltege 

±10V min. ±10V min. ±10V min . ±11Vmin. Opereting Renge 

~ommonMode 90 db typ. 90 db typ. 90 db typ. 100 db typ. Rejection Retio 
70db min . 70dbmin. 74 db min. 74 db min. (VcM • ±5VDC) 

Input lmpedence 
10 12 0hms 11 5pF 1 O" Ohms 11 5pF 100 MegOhms typ. 300 MegOhms typ. 

(Differenti•ll 40 MegOhms min. 40 MegOhms min. 
Voltege Offset Initial 30mV typ.@ 25° C 15mV typ. @ 25° C 5mV typ . @ 25° C 3mV typ.@ 25° C !without external trim. 60mV max .@ 25° C 60mV max . @ 25° C 10mV max . @ 25° C 5mV max . @ 25° C Adjustable to zero 65mV max , Oto 75° C 65mV max, Oto 75° C 14mV max, Oto 75° C 7mV max, 0 to 75° C with trim) 

Voltage Offset vs. Temp - - 30µV / C, 0 to 75° C 15µV / C, 0 to 75" C 

Zero Adjust (optionall 100K Ohms trimpot 100K Ohms trimpot 20K Ohms trimpot 100K Ohms trimpot 

Bias Current 
1pA typ. @ 25° C 125nA typ. @ 25° C 5nA typ. @ 25° C 

=ILf-LI 20pA max. @ 25° C 250nA max.@ 25° C 25nA max.@ 25° C 
20pA typ , 0 to 75° C 500nA max , 0 to 75° C 40nA max.Oto 75° C 

1nA max, 0 to 75° C - -
Offset Current 

0.5pA typ. @ 25° C 20nA typ . @ 25°c 5nA typ. @ 25° C 
20pA max . @ 25° C 50nA max . @ 25° C 25nA max . @ 25° C 

-11+-1-1 5pA !VP. 0 to 75° C - -
500pA max, 0 to 75° C 100nA max, 0 to 75° C 40nA max, 0 to 75° C 

Equivalent Input Noise 
(10Hz to 10KHz, 10µV rms 2 µ V rms 
zero source impedance) 

Output 
Characteristics 

Voltage ±10V min. 
IFull Temperature Range) 
Current, Continuous 

±10mA min . 
IVouT. ±10V) 

Short circuit protected Short circuit protected 
Current, PNk 50mA max . !output to common) 50mA max . !output to common) 

current limited current limited 

Gain and Frequency 
Response 

Open loop gain, DC 15K V/V typ. 150K V/V typ. 15K V/V typ. 150K V/V typ . 
Voui• ±10V 7.5K VIV min . SOK V/V min. 7 .5K V /V min . SOK V/V min . 

Full Power 2MHz typ. 600KHz typ. 1.6MHz typ. 600KHz typ. 
Bendwidth - - 1.2MHz min . 320KHz min. 

SI- Rate 
120V /µsec typ. 35V /µsec typ. 120V /µsec typ . 35V /µsec typ . IVouT. ±10 Volt step 

trensition, CL • 50pF I - - 80V/µsec min. 20V /µsec min. 

Unity Gain, 20MHz !closed 100MHz !closed 20MHz !closed 1 OOMHz (c losed loop 
smell signal loop gain > 10 loop gain > 101 loop gain > 101 gain - 100, CL 2 50pFI 

Ext. comp. Ext. comp. Ext. comp. Ext. comp. 
Stability required at required at required at required at 

closed loop gain < 3 closed loop gain < 5 closed loop gain < 3 closed loop ga in < 5 

Settling time to within 
0 .1 % IVouT = ±10v step, 400 nsec - 200 nsec 
CL = 50 pF, Av • +31 

Power Supply 

~ating Voltege + 15VDC, rated specifications 
Max . Voltage Difference between 35V max 40V max 45V max 
Vs+ and Vs- Terminals 

---
Absolute Max . Internal 
Power Dissipation 300mW 

Ouincent Current 
6mA typ. 4mA typ. 4mA typ. 3mA typ. 
8mA max. 6mA max . 6mA max . 4mA max . 

Temperature 
Range 
Opereting, reted specs. 0° C to 75° C 
Storege - 65° C to +150° C 

Pec:kege T0-99 T0-99 
AM-462-1 T0-116 

T0-99 AM-462-2 T0-99 
Price 11 -9) Contact factory 

$16.00 $1 3. 75 $10.50 $ 9.00 for quantity pricing 
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TYPICAL PERFORMANCE CURVES "'\IEL 
Open Loop Frequency Response 

and External Bandwidth Compensation 

(25°C, RL = 2K.f2, v5 = ±15V, small signal) 

(Values of capacitance shown are to be connected between 
the bandwidth terminal and ground.) 

Models AM-405-2 and AM-452-2 

Frequency (Hz) 

Model AM-406-2 

Frequency I Hz) 

Model AM-462-1,2 

JOO 

100 1K 10K 100K 1M 10M 

Frequency IHz) 

lOOM 

<t: 100 
c. 

c: 
~ 
" u 

10 

Input Bias and Offset Current 
Vs. Temp (Vs= ±15V) 

Models AM-405-2 and AM-406-2 

0 

i 
IL 

.ll 

ii 
+25 +SO +75 +100 +126 

0 
Temperature C 

Model AM -452-2 

• 100 t---,-+~--"<-+---+--t---+--+--+----1 
~ ·•o i-ll--'[o;;;;;;;~~·:,:' • s~c~u·::·~'"'.'..' .::::-:t-~ 

~ '60 1---1-----1---t--+--+---+---+t'\-~, 
c: 
~ • 40 1-----11----t--+--t---+---+--+---I :; 
u 

•10 1-----1~1--" ........ or-t--+--+--+---+--+---I 

~ OHSET CU A REN T 

10---------------
•1 5 •SO •1 5 • 100 • 115 

0 
Temperature C 

Model AM-462-1,2 
JS .-r----..--.----,---.----,,---~ 

JO .......... ---;---.--- -,-- -r- --,r-- -,.-4 

Off5l1 

· JO v 
· 1s~----~---~----~~ 

·50 -ZS •25 ·50 • 75 •JOO•IZS 
0 

Temperatu re C 
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TYPICAL OPEN LOOP FREQUENCY AND PHASE RESPONSE 
(25° C, Vs = ±15VDC, Small Signal , Rated Load) 

120 

100 
Cll 

~ "t) 80 
0 -~ 60 0 .. 

Model AM-405-2 
..J(!) 

5 ~ 40 

Model AM-452-2 
~ .. 
Q.!:! 20 0 

> 0 

t... !! t\. 
~ ti.. PHASE 

tit-J l ~ 
GA~ ,..... 

~11 
,.... ~ 

!-... 
IJj 

1 

30° 

600 -! 
c 

90° < 
200 ! .c 

0 ... 

150 

180° 

- 20 
10 100 1K 10K 100K 1M 10M 100M 

Model AM-406-2 

120 
Cll 100 

~ ~ 80 8 ·;;; 
..J <!> 60 
c & & .. 40 
0 ~ 20 

> 

T 
~ ~ 

t--. 

Frequency (Hzl 

l"-1 
PHASE ?f b,, 

i "''-v r--

1 ~ 
l 

~ 

00 
0 

30 .. 
0 c;, 

600 ~ 
90 a 

0 .. 

1200 f. 
150 
180° 0 

-20 
10 100 1K 10K 100K 1M 10M 100M 

Model AM-462-1, 2 

Frequency (Hz) 

100 ~::;t::::::::..i, 
"'" G o

0 

Cll r:~.J"k4 20° .. 
~"t) ~ 8' 
8 = 60 1--t--+--t-="""'~--+--t----i 600 < 
..J ~ ~"" 
§; l ~!Z1.... 0 .cl gt 40 l---+----11---+---if--.,.,~~~---t 100 

0 20 t----+--+---+--+---1-~""-+''---l 140° ... 

> 01----+~+---t~-+-~+--+~~:;s:n..i1aoo 
- 20 .___.__...__.___.__...__..___J..L..I 

10 100 1K 10K 100K 1M 1UM 100M 
F requency (Hz) 

EXTERNAL OFFSET ADJUSTMENT AND BANDWIDTH COMPENSATION (All Models) 

- IN 

+IN 

GOLD BOOK 76/77 

OFFSET ZERO ADJ 
100KO (AM-405, AM-406, AM-462) 

20Kn (AM-452) 

(SELECT CAPACITOR FROM CURVES 
ON REVERSE SIDE TO ACHIEVE 
DESIRED ROLLOFF) 
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1020G Turnpi ke St reet , Building S 
Canton, Massachusetts 0202 1 U.S.A. 
TEL : 16171 828-8000 
TW X: 710-348-01 35 TELE X: 924461 

FEATURES 
... Differential Inputs 
... 120 dB CMR 
... Drift to 0.1µV/ °C max . 
... 5 x 108 Open Loop Gain 
... 20µV Input Offset Voltage 
... 200 msec. Warm-Up 

GENERAL DESCRIPTION 
Model AM-490-2 is a monolithic, chopper 
stabilized operational amplifier with differ

ential inputs ; it is specifically designed for 

applications requiring ultra-stable DC char 

acteristics together with good bandwidth . 
This device is available in three different 

grades of maximum input offset voltage 

drift : 1.0, 0 .3, and 0 .1µV/° C. The ex
tremely low input offset voltage drift and 
initial input offset voltage of only 20µV 
eliminate the requirement for zero adjust

ment in most applications . Other important 

input characteristics include an input imped

ance of 100 megohms, input bias current of 
15()pA, and input offset current drift of 
1pA /° C. This perm its the AM-490-2 to 
operate accurately with source impedances 

over 100 kilohms . A common mode rejec

tion of 120 dB minimum and open loop 

gain of 5 x 108 result in extremely low out 
put errors. Long term stability is typically 

5µ V per year . 
The circuit of the AM-490-2 utilizes a 

complex monolithic chip 93 x 123 mils with 

256 active devices . Both bipolar and N 
channel MOS FET's are used to implement 
the linear and switching portions of the 

circuitry . The chopper circuitry utilizes two 

DC coupled sample-hold circuits driven by a 

multivibrator circuit . The DC coupling, con
trasted with AC coupling commonly used in 
chopper amplifiers , results in fast overload 

recovery . Three external capacitors are re
quired for the sample-hold circuits and the 
multivibrator which generates a 750 Hz 
chopping square wave . 
Other specifications of the AM-490-2 in
clude t 1 OV input common mode range and 

±10V output at 7mA which is short circui t 
protected . The operating power supply 
range is ± 12V to ±20VDC with a constant 
quiescent current drain of 3 .5mA typical 

over this range. Power supply rejection is 
120 dB. The low power drain and last 
Vt1Brm-up time of 200 msec . make this device 

ideal for use in battery operated, inter

rupted service circuits. Other applications 

include inverting, noninverting, and bal 
anced gain amplifier configurations in addi· 

tion to very accurate integrators and 

sample-holds. The AM-490-2 is packaged in 
a hermetically sealed, 8 pin T0-99 case. 

CAUTION : The AM·490-2 has MOS FET 
input devices and should be handled care· 
fully to prevem static charge pick-up which 

might damage the devices . The amplifiers 

should be kept in the shipping carriers until 

ready for installation. 

MONOLITHIC, DIFFERENTIAL INPUT, CHOPPER 
STABILIZED OPERATIONAL AMPLIFIER 

CHOPPER 
CIRCUITRY 

- 15VDC 

Seating Plane no 0 OD .040 .500 Min. 

8 Leads~ __j_ 
.017 Typ. .200 Typ. 

(5,1) 

T0-99 

BOTTOM 

VIEW 

MODEL AM-490-2 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

BLOCK DIAGRAM 

+15VDC 

INPUT/OUTPUT 
CONNECTIONS 

FUNCTION 

HOLD CAPACITOR (CA) 

-IN 

+IN 

-15VDC POWER 

HOLD CAPACITOR (C 8 ) 

OUTPUT 

+15VDC POWER 

TIMING CAPACITOR (Cc) 

NOTE : All leads gold plated KOVAR 
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SPECIFICATIONS, AM-490-2 
(Typical at 25°C, ±16V suppli• and CA= c 8 •0.1µF, Cc• -~15µF unlaa etherwi9 not9dl 

INPUT CHARACTERISTICS 

Common Mode Voltage Range .. .. • .. 

Maximum Diff . Input Voltage, no damage . 

Input Impedance, diff . or com. mode 

Input Capacitance . 

Input Bias Current . 

Input Offset Current 
Input Offset Voltage 

OUTPUT CHARACTERISTICS 
Output Vol t age ... . .... . . 

Output Current, S.C. protected 
Output Resistance . . 

Stable Capacit ive Load 

PERFORMANCE 
DC Open Loop Gain, 2K load 
Common Mode Rejection , DC , ±5V 
Warm -Up Time . . 

DRIFT AND NOISE 

Input Offset Voltage Drif t , µV / ° C max. 

Input Offset Current Drif t 
Input Vol tage Noise, .01 to 10 Hz . • 

Input Voltage Noise, 10 Hz to 10 kHz 
Input Current Noise, .01 t o 10 Hz . . 
Input Current Noise, 10 Hz to 10 kHz 
Chopper Voltage Noise, RTI , 100K unbal. 
Power Supply Rejection 
Long Term Stab ility . . ... . . 

DYNAMIC CHARACTERISTICS 
Gain Bandwidth Product 
Rise Time, small signal , 10%- 90%' 
Slew Rate . .. . ... . . 

Full Power Frequency .. 
Overload Recovery Time 

POWER REQUIREMENT 
Voltage, rated performance 

Voltage, operating 

Current, quiescent . .. . . 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range 

Storage Temperature Range . 
Package, hermetically sealed 

PRICE (1·9) 

1. Connected as voltage fo ll ower. 

1.0 

$29 

±10V min . 

±Vs 

100 megohms 

10pF 

150pA 

50pA 
±20µV 

±10V min . 

±7mA min . 

200 ohms 
1000p F 

5 x 10' 
120 dB min. 

200 msec. 

0.3 

± 1pA/" C 
13µV P-P 

33µV RMS 
8pA RMS 
700pA RMS 
200µV P-P 

120 dB min. 
±5µV/ year 

3 MH z 

200 nsec. 
2.5V /µsec. 
40 kHz 

200 msec. 

±15VDC, ±0 .5V 

± 12V to ±20V DC' 

3.5mA typ ., 5mA max . 

0° C to 70° C 

- 65° C to + 150° C 

T0-99 

$34 

2. Input com mon mode range and ou tpu t range are ± 7V to ± 15V . 

ORDERING INFORMATION 

PRICES (1 ·9) 

AM -490-2A 
AM-490-2B 
AM-490-2C 

1.0µV /° C max. 
0.3µ V /° C max. 

0.1µV /° C max . 

AM-490-CK1 CAPACITOR K IT 

$29 .00 

$34.00 
$39.00 

$4.50 

Consists of 3 min iatu re metall ized po lycarbonate capaci tors for CA' C8 , and Cc : 

2 ea. 0.1µ F ± 10% (.203 " D x .438" L ) 
1 ea .. 001 5µ F ±10% (.156" D x .438" L ) 

THESE A MPLIFIERS ARE CO VERED BY GSA CONTR ACT 

0.1 

$39 

TECHNICAL NOTES 

1. Three external capacitors are required for 

operation of the AM-490-2. One of these, 

Cc (.0015 µFl is used to set the timing 
osci II ator to give a chopper frequency of 
750 Hz; the other two , CA and C8 (both 
0 .1µF). are used as holding capacitors for 

the direct coupled internal sample-holds . 
All three of these capacitors should have 
good temperature stability, low leakage, 

and low dielectric absorption. Polystyrene, 
teflon or polycarbonate types are recom

mended . As a convenience, the capacitors 
are available 
metall i zed 
AM-490-CK1 

$4.50 . 

as a kit of three miniature 
polycarbonate types ; the 

capacitor kit is priced at 

2. In most requirements the AM-490·2 el im· 
inates the need for a zeroing adjustment. 
Typical i nput offset voltage is only ±20µV 

while the maximum is only ±80µV over 
the operat ing temperature range . In cases 
where zeroing is sti ll necessary , hovvever , 

there are two methods shown in the 
appl icat ion diagrams . In the inverting 
mode where the negative summing junc· 
tion is at vi r tual ground, the zeroing can be 

accomplished by injecting an offset current 
into the summing junction by means of a 
high value resistor connected to a potenti· 
ometer . (See " Precis ion Integrator" d i
agram). In al l other cases, zeroing is accom
plished by means of a voltage divider 
connection to the positive input terminal. 
(See " Different ial Amplifier Connection " ). 

3. The superior input offset vol t age drift (1 .0, 
0.3 or 0.1µV /° C max.) and input offset 
current drift ( 1 pA/° Cl of this amplifier 

permit it, when properly applied , to re
solve microvolt and picoampere level sig· 

nals . To successfully ampl i fy these very 

low level signals, it is necessary to use great 
care in circuit layout and assembly with 
particular attention given to proper 
grounding and shieldi ng. Other potential 

error sources include leakage , thermal envi
ronment, and thermocouple effects. 

4. The highest practical i nput impedance 
which can be used with the AM-490·2 is 
determined by the po int where input 
offset current drift and input offset voltage 
dri ft produce equal errors . Thus : 

R = llEos/ llT 
MAX ll los/llT 

Where AMAX is the maximum practicable 
input resistance seen by either input termi

nal of the amplifier . This comes out to 1 
megohm for the A version, 300 kilohms 
for the B version , and 100 kilohms for the 
C version . 

5. The amp I ifier input terminals are differen

tial and symmetrical; for best results the 
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TECHNICAL NOTES (Cont'd.) OPERATION AND APPLICATIONS 

impedance to ground seen by each input 
terminal should be equal. Matched imped
ance (resistance and capacitance) as shown 
in the application diagrams result in min
imum output offset drift due to bias 
currents and also minimum output chop
per noise. Chopper noise appears as a 
common mode input current signal, and 
under balanced conditions of both resis
tance and capacitance this noise can be 
minimized to less than random noise at the 
output. 

6. The AM-490-2 is dynamically stable with 
100% feedback (unity gain follower) and 
1 OOOpF capacitive load. In very high 
closed loop gain configurations (>70 dB), 
it may become desirable to put a capacitor 
in parallel with the feedback resistor for 
better stability . This should be done to 
yield a gain-bandwidth product of 2MHz 
(RC=BO µsec .) to insure absolute stability. 
In general, the closed loop bandwidth 
should be limited to that necessary to pass 
the required signal frequency components 
only; this results in minimum output noise . 
Minimum bandwidth should also be used 
to eliminate smell modulation effects of 
input signal frequencies near the chopper 
frequency (750 Hz). 

7. Other features of these amplifiers include 
en exceptionally high open loop gain of 5 
x 101• For an output voltage swing of 
± 1 OV, this reduces the Input error due to 
gain to only ± 20 nanovoltl. Common 
mode rejection is very high (120 dB min
imum) at DC, but falls off rapidly with 
frequency 81 shown in the graph under 
Performence Parameters. CMR is typ
ical ly greater than 100 dB at 10 Hz. For 
bast common mode rejection, therefore, 
the signal frequency should be limited to 
about 10 Hz. The noise performance of the 
amplifier can be readily computed from 
the two noise graphs shown under Perfor
mance Parameters. 

8. The AM-490-2 amplifiers draw a quiescent 
current of only 3.SmA typical and SmA 
maximum; the current is virtually constant 
over the operating power supply range of 
± 12V to ±20V. Bandwidth and slew rate 
change only slightly over this range as 
shown in the graph "Normalized AC Pa
rameters vs. Power Supply" . For the ±12V 
to ±20V supply range input common mode 
voltage range and output voltage range 
become ±7V to ±15V. The wide supply 
range together with the fast warm-up time 
of only 200 msec. make the AM-490-2 an 
excellent amplifier for precision, low 
power , interrupted supply operation in 
portable and remote instrumentation 
systems. 

EL 

BATTERY POWERED LOAD CELL AMPLIFIER FOR DISCONTINUOUS SERVICE 

1 OlK 

01 
µF 

0 1;.if 

~ 
I 

12V = 
Eour • l OCME b 

: 12V-=:-

~_...~..._~~~~-<>~ 
' POWER INTERRUPT 

For pow er interrupt applications the ampl i f ier has a warm -up t ime of only 200 msac . 

INPUT OFFSET CURRENT AND CHOPPER NOISE CONSIDERATIONS 
c, 

'" 1eol 

" R2 
Eour"' ~IE 1 - E 2 1 

Ro 

" • !la1 le2IR2 

1sl 
Is • chopper 'P•ke 

Errors due to bias current and 
chopper spike current are 
m inimized by making both 
amplifier i nputs look back into 
equal impedanc es to ground. '• b•ascuuent 

,, 

+15V 

SOK r 

-

15V 

- 15V 

PRECISION INTEGRATOR 

15V 

This configuration shows zeroing 
by use of• current into the 
summing junction . 

DIFFERENTIAL AMPLIFIER CONNECTION 

10K' 

1 Meg.' 
1 Meg. 

100 

-

100 

~ 15V 

•For .01 % match betw een 
1 Meg. resistors and 10K 
resistors , common mode 
rejection rati o will be approx . 
120 dB for this c i rcu it . 

Capacitors Care used on l y to reduce bandwidth and hence output noise. 
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PERFORMANCE PARAMETERS !Typical at 2s0 c. ±1&voc uni- otharwi• not9cll 

200 

al 1IO 
"Cl 

c: 
~ 120 

~ o IO 
> 
a. 
0 

.3 40 

c: .. 

f"'..... 

OPEN LOOP FREQUENCY RESPONSE 

............ 

~ 
h 

r'::::: !'--..... 
a. 
o, 

~ 
~ 

... 
1 10 100 1K ... 

Frequency (Hz) 
100• 1• Hiii 

NORMALIZED AC PARAMETERS VS. POWER SUPPLY 

"Cl lt---t-----lt----t--+---+-- -+--+--t-----1---1 :!! .. 
~ ..LJ 
~> ~ 
O> LO SLEW OATE-.i ....-1 
~ +1 8AHOWIOT~ ~ I ~ 
~ 1V 1 .01--+-=~~~-+-+-+-it:==;;..,....~::'.::=! 
~::; I ~IL::I-""" 
"'02 ~ l .. "' 
.!::!> 21 c;; 0 e-
0 ·' l--l'--t-----lt----t--+---+---t--+--1-----1-~ 
z I 

! 10 ..t: l l ..t 12 .!13 .!1 4 ..t: 15 .! 16 J: 11 ..t ll .! 19 .t2D 

Supply Voltage 

INPUT VOLTAGE NOISE 

1 .000~---~----~----~---~ 

... ..._..,,,.----+-----+-----t-------1 
1001----.......... _ __:,.,,,o::-+-----+-----1------t 
1001-----......... ---i' ....... ----+-----t-------1 

~... ~ 
> 500>------+--~--"'"'~--+-----+--------< 
c: •oot---- ---+---....,,.-+-----1-------1 

.~ 1-.. 
0 300>------+----~~~~"""----i------; 

i 200>----------+----+--------~---I 
100L.----~ ____ _.._ ____ .__ ___ _, 

10 100 IK 101( 10011: 

Frequency (Hz) 

100 

~ 

COMMON MODE REJECTION VS. 
FREQUENCY (TYPICAL) 

::~ 
~ 120~~-r-----t--t-----t--
oc 1oat----+-----1'.'11...~--+-----l---t--__, 

~ Bot----+-----1-~----lt---....--"...,_-+-----I-___, 
60t----+---t--t--~-t-~-----; 
40~~~~-"..__~~ 

10 ' 10 101 101 10• 101 

Frequency (Hz) 

TYPICAL INPUT DRIFT 
CHARACTERISTICS VS. TEMPERATURE 

-= 400 r---r---,----.---~---.za 
c: 
:; 

c3 3001----+---+----t---+-----1 
; 
:e 
0 

0 c::::±:::::o•:=";:n~c;,:;u•:;;"'~"'=t:==:::'.:::t::==i .6Q 
- l!i •25 +§{) •15 •1 00 

Temperature (°C) 

EQUIVALENT INPUT NOISE VS. 
CLOSED LOOP BANDWIDTH 

l! 
0 -:::i a. 
c: 

1-- H LL 
" . • 
~ 10 

" . • ... 
> ,. 
w 
!!! 
0 
z 

0.1 
01 

~ 

0 1 

J...-1 
~l~ ,.r;.: y 

!...-

10 100 
FREQUENCY H1 

1K 
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Active Filters: 
Resistor Tuned 

GSA Special Item Nos. 66-31a and 66-31b 

Cl) 
Cl) 

W<( 
..J 11. 

2 Cl 

'<t~ 
co 

Cl) 
WCI) 
..J <( 

211. 
::: 

vO 
..J 

Cl) 
WCI) 
..J <( 
011. 
11.::: 
u:>O 

..J 

MODEL FREQUENCY (1) 

FL T-BP4B50Q5 .05-50 Hz 
FL T-BP4B50010 .05-50 Hz 
FLT-BP4B500Q5 0.5-500 Hz 
FLT-BP4B500Q10 0.5-500 Hz 
FL T-BP4B20KQ5 20-20 kHz 
FL T-BP4B20KQ10 20-20 kHz 

FLT-LP4B50 1-60 Hz 
FL T-LP4B500 1~500 Hz 
FLT-LP4B5K 1()().5 kHz 
FLT-LP4B50K 1 k-60 kHz 

FLT-LP4L50 1-50 Hz 

FLT-LP4L500 1~500 Hz 
FLT-LP4L5K 1©5 kHz 
FL T-LP4L50K 1 k-50 kHz 

FLT-LP6B50 1-50 Hz 
FLT-LP5B500 1~500 Hz 
FL T-LP6B5K 1()().5 kHz 
FL T-LP6B50K 1 k-50 kHz 

FL T-LP6L50 1·50 Hz 
FL T-LP6L500 1~500 Hz 
FL T-LP6L5K 1©5 kHz 
FL T-LP6L50K 1 k-50 kHz 

NOTES: 

( 1) For Low Pass models the frequency range can be extended 
another d ecade on t he :ow frequency sid e with an increase by a 
factor of 10 of voltage offset and drift. 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 16171 828~000 
TWX : 710-348-0135 TELEX : 924461 

GAIN 
ACCURACY 121 

5 
10 

Butterworth 5 ! 0.3dB 
10 

5 
10 

-
-Butterworth :t .02dB -
-
-
-

Bessel :t .02dB -
-

-
-

Butterworth :t.02dB 
-
-
-
-

Bessel :t .02dB 
-
-

(2) For a ga in of +1, usi ng no external gain setting resistors. 

Vol 3/144 See inside back cover for DATEL sales offices Electronic Design's 



GENERAL SPECIFICATIONS FOR ALL FILTERS: 

Accuracy of Center or Cutoff 
Frequency .. . ....... . . . ±3% (using 1% tuning resistors) 

Input Voltage Range ........ ±10V 
Offset Voltage (adj. to zero) .. ±2mV 
Output Voltage Range ....... ±1 0V 
Output Current 

(S.C. prot. to ground) . . . . ±2mA 
Output Impedance . . . . . . . . . 1 ohm 
Temperature Range, Operating 0°C to 70° C 
Socket . ....... •... ...... . MS-12 ($5 .00 each) 

TUNING RESISTOR FORMULA: 

R = 2 [ fo (~ax.I _ 1] 

R is in kilohms 

f0 is center frequency for Band Pass models or cutoff frequency 
for Low Pass models . 

f0 (max.I is the maximum specified frequency for the model 
chosen . 

INPUT 
IMPEDANCE 

100K ohms 

100K ohms 

100K ohms 

10' ohms 

10' ohms 

FREQUENCY 
DRIFT 

±.03%fC 

±.05%fC 

±.05%fC 

±.05%fC 

±.05%fC 

OFFSET 
DRIFT 

±20µVfC 

±50µVfC 

±50µVfC 

±75µVfC 

±75µVfC 

THESE FILTERS ARE COVERED BY GSA CONTRACT 

1020G Turnpike Street , Bu1ldmg S 
Canton, Massachusett s 02021 U.S.A. 
TEL : 16171 828-$000 
TWX : 710·348-0135 TELEX : 924461 

POWER 
REQUIREMENT 

±15VDC@ 16mA 

±15VDC @ 22mA 

±15VDC@ 22mA 

±15VDC @ 28mA 

±15VDC@ 28mA 

CASE 
SIZE 

2.0"X 3.0"X 0.99" 

2.0"X 3.0"X .605' ' 

l .37"X 2.87"X0.99" 

1.37"X 2 .87"X 0.99" 

2.o" x 3.0"x 0.99" 
1.37" X 2.81'X 0.99" 
1.37"X 2.87' 'X 0.99" 
1.37"x 2.87''x 0.99" 
2.0"X 3.0"X 0.99" 
1.31'x 2.81'x 0.99" 
1.37"x 2.87''x 0.99" 
1.37"x 2.81'x 0.99" 
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$109.00 
$109.00 

$ 99.00 
$ 99.00 
$109.00 
$109.00 

$ 79.00 
$ 79.00 
$ 79.00 
$ 79.00 

$ 79.00 
$ 79.00 
$ 79.00 
$ 79.00 

$109.00 
$109.00 
$109.00 
$109.00 

$109.00 
$109.00 
$109.00 
$109.00 
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Universal Active Filter 

DESCRIPTION 

Date I Systems' model FL T-U2 is a universal-type active filter 
manufactured with hybrid technology. It uses the state variable 
active filter principle implemented with three committed op 
amps, resistors and capacitors, and a fourth uncommitted op 
amp which can be used to provide summing, buffering, gain, or 
an additional pole. The filter provides 2 pole lowpass, highpass, 
and bandpass functions simultaneously in addition to use in 
phase correction and notch circuits. The filter is tuned by 4 
external resistors which set the gain, center frequency and Q of 
the circuit. 

The 0 range is up to 1000 and resonant frequency range is up 
to 200 kHz. Resonant frequency accuracy is typically ±5% and 
frequency stability is 100ppm(C. The units are packaged in a 
16 pin double spaced ceramic DIP. 

3 14 13 7 5 10 

11 

12 

SPECIFICATIONS (Typical at 25°C, ±15V supplies) 

Frequency Range . . .. . . . ............. .001 to 200 kHz 

Q Range. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.1 to 1000 

f0 Accuracy . . . . . . . . . . . . . . . . . . . . . . . . ±5% 

f0 Tempco. . ...... . .... . . .. . ....... 100ppm( C 

Voltage Ga in. . . . . . . . . . . . . . . . . . . . . . . . 0.1 to 1000 

Output Voltage Range ...... . ......... ±10V 

Output Voltage . . . . . . . . . . . . . . . . . . . . . ±10 mA 

Amplifier Gain Bandwidth Prod ... ... ... 3 MHz 

Input Offset Voltage . ...... ... ..... . . ±6 mV max. 

Amp. Voltage Gain . . . . . . . . . . . . . . . . . . 300,000 

Input Offset Current . . . . . . . . . . . . . . . . . 200 nA max. 

Input Bias Current. . . . . . . . . . . . . . . . . . . 500 nA max. 

Output Slew Rate . . . . . . . . . . . . . . . . . . . 1 V /µsec. 

Power Supply, rated .......... .. .. . ... ±15 VDC 

Power Supply Range . . . . . . . . . . . . . . . . . ±5 to ±18 VDC 

Quiescent Current . . . . . . . . . . . . . . . . . . . 9 mA 

Operating Temperature Range. . . . . . . . . . 0°C to 70°C 

Package . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 pin double DIP 

Price ( 1-9) . . . . . . . . . . . . . . . . . . . . . . . . . $16.00 
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1020G Turnpike Street, Bui lding S 
Canton, Massachusetts 02021 U.S .A. 
TEL: 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 
.... Linearity to .005% 
.... Vorllnpu t 
.... V/ F or F/V Conversion 
.... 10kHz or 100kHz FS 
.... DTL/TTL or CMOS Output 

GENERAL DESCRIPTION 

The VFV series voltage to frequency 

converters, with universa l operating 

characteristics, offers significant ad· 

vantages over other available units. 

These converters can be operated as 

either voltage t o frequency or fre· 

quency to voltage converters by ex ter· 

nal pin connection. In addition, volt· 

age inputs of 0 to + 1 OV or 0 to - 1 OV 

and cu rrent inputs of 0 to + 1mA or 0 

to - 1 mA can be chosen by pin connec

ti on. As an F/V converter either 0 to 

+ 10V or 0 to - 10V outputs can be 

chosen by pin connection. Output 

pu lses can be se lec ted to be positive or 

negative going, w ith DTL/TTL, CMOS, 

or high leve l log ic interfac ing. The 

output is short circuit proof to com

mon or eith er suppl y vo ltage. The 

result of these universal pin connec t 

able operating characterist ics is wide 

flexibility in applica ti ons. 

There are two basic models in this 

ser ies, the VFV -10K and VFV -100K, 

with 1 Ok H z and 1 OOkH z full sca le 

output frequencies respec tively. Both 

models have a linear minimum over

range capability of 10%. The linear ity 
holds down to zero input, resulting in 

an extreme ly wide dy nami c range of 

operation. The ou tput pulses are con

stant wid th pulses of 70 µsec . for the 

VFV -10K and 7 µsec. for the VFV-

100K. Bo th models are internally 

trimmed t o 1% accuracy with ex ternal 

offset and gain adjustment s for precise 

ca libration in a specific application. 

When used as an F / V converter, an 

external capacitor can be used to 

reduce output rippl e t o a specifi ed 

leve l. 

The modules are epoxy encapsulated 

in a compact 2 x 2 x .375 inch case 

with D IP compatible 0.100 inch pin 

spacing. 
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UNIVERSAL VOLTAGE TO FREQUENCY 
AND FREQUENCY TO VOLTAGE CONVERTER 

VFV SERIES 

PWR ZERO 
+15V GND - 15V ADJ . 

15 9 16 32 

+llN 

+VIN 

SIG . 
COM. 

INV. 
OUT PULSE 

IN 

- llN 
PULSE 

OUT 

-V IN 

GAIN GAIN GAIN PULSE LOGI C 

POT . ADJ . POT. POLARITY SELECT 

MECHANICAL DIMENSIONS 
INCHES (MM) 

INPUT/OUTPUT CONNECTIONS 

------2.000 ----~ .. 
(50. 81 

' SIDE V IEW .375 19. 51 

- t. 
......._ _ow· DIA 1/0 PINS .250 MIN 

- r • 32 -- 1• I BOO 
• 2 • • 0 7 SPACES 
• 0 AT 100 2 OOO • 0 
• 0 EACH {50. BJ 
• 26 0 
0 25 

BOTTOM 
Bo 1.100 

0 24 VIEW 9 • r 900 
• 23 10 • 
0 0 7 SPACES 
• 21 12 • AT 100 0 0 
• 19 14 • EACH 
0 • ' 0 17 ~--- 16 . .200 

1.BOO 
_, 

1---100 

NOTE · OPEN DOTS INDICATE OMITTED PINS. PIN POSITION 
TOLERANCE IS t0.005"" FROM DATUM , NON ACCUMULATIVE 
WEIGHT . 1.BOZ. {5 1 GJ 

PIN 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

" 13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 

4 

25 
26 
27 

~ 
29 
30 
31 
32 
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FUNCTION 

VOLTAGE OUT 
PULSE IN 

---1 OMITTED 

" 
" 
" 
" 
" 

POWE A &i LOGIC GND 
PUL~T 

-"""-' '..".. 
LOGIC~C 

""' PULSE POLARITY 
•15V~W~ 

15 voe POWE A 
OMITTED 

" 
GAIN POTENTIOMETER 
OMITTED 
GAIN ADJUST 
OMITTED 
GAIN POTENTIOMETER 
OMITTED 

" 
<VOLTAGE IN 
INVERTED OUT 

VOLTkGE IN 
::itGNAL COMMON 

CUAAENT IN 
•CUAAENT 1N 
ZEAO ADJUST 
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SPECIFICATIONS TECHNICAL NOTES 

Typical at 25° C, ±15V Supplies unless 

otherwise noted 

V/F CONVERTER INPUT 
Input Voltage Range . 

Input Current Range . 

Input Overrange, min . . .... . 
Input Impedance, voltage in .. . . 

V/F CONVERTER OUTPUT 
Frequency Range . . .. 

Frequency Overrange , min . 
Pulse Width . . .... . 

Rise and Fall Time, max. 
Pulse Polarity .. 

Settling T ime to .01 % . 
Overload Recovery . . . 

Capacitive Loading, max . 
~~~~~~~~~~ 

Output Logic Output 
Code 

1 
0 

Min. Max . 

+2.4V +15V 
OV +0.4V 

Output Loading, S.C. protected 

ACCURACY 
Full Scale Error, pretrimmed, max . (adj. 

to zero) .. .. . 
Nonlinearity , max . . ... . . 

Offset Voltage , max . (adj . to zero). 

Temp. Coefficient of Gain max .. 

Gain vs . time ........... . 
Temp. Coefficient of Zero, ma x .. 
Zero Drift vs. Time 

Power Supply Sensitivity , max . 

Warm Up Time to Rated Accu racy 

F/V CONVERTER SPECIFICATIONS 

Input Pulses Input 
Code 

1 
0 

Input Impedance, min .. 
Input Pulse Width . 

Filter Time Constant 

Output Voltage . . 

Min. Max . 

OV +0.8V 
+2.0V +15V 

Output Impedance ...... . 
Output Current, S .C. protected 

POWER REQUIREMENT 

PHYSICAL-ENVIRONMENTAL 
Operating Temperature Range . 
Storage Temperature Range . 
Relative Humidity. 

Case Size .. . 
Case Material 

Pins 

Weight ..... 

Mating Sockets 

•specifications same as VFV-10K 

VFV- 10K 

0 to +10V 
0 to - 10V 
0 to +lmA 

0 to - lmA 

10% 
10K ohms 

0 to 10kHz 

10% 
70 µsec 
200 nsec. 
Pas. or Neg. 

1 pulse of new freq . 
1 pulse of new freq . 

1000pF 

DTL/TTL or CMOS 

12 TTL loads 

±1% 
±.005% 
±10mV 
±20ppm/° C 

± 1 OOppm/day 
±30µV /° C 

± 10µV/day 

.002%/% 
1 minute 

Negative Going 

< 1TTL Load 

30K ohms 
10 - 60 µsec . 
0 .5 msec. 
0 to +10V 
0 to - 10V 
0.1 ohm 
±5mA 

± 15VDC@25mA 
quiescent 

0° C to 70° C 
- 55° C to +85° C 

Up to 100% non . cond . 
2" x 2" x .375" 

Black Diallyl Phthalate, 
Epoxy Encapsulated 

0.020" dia. round, gold 
plated, .250" min . 

1.8 oz. (51 g.) 

DI LS.2, 2 ea. 

VFV- 100K 

0 to 100kHz 

7 µsec 

100pF 

. 
±.05% . 

± 100ppm/° C . . . 
.02%/% 

5 minutes 

4K ohms 
1 - 6 µsec. 
.025 msec. 
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V/F CONVERTER OPERATION 
The V /F converter can be thought of as an A/D 
converter with serial output pulses which must 
be counted. 1'.he first applications diagram 
shows the V /F converter used as A/D converter 
by connecting the output to a digital counter 
and register The digital counter is shown with a 
one second counting time base and an output 
register to store the output data while the V/F. 
converter is making a conversion. The 
VFV-10K has a resolution of 1 part in 10,000 
using a 1 second time base. This is equivalent to 
better than 13 bits binary resolution ( 1 part in 
8,1921 . The nonlinearity of this model is 50 
ppm maximum which is equivalent (50 ppm = 

1 /2 LSBI to a better than 13 bit binary 
converter . With a gain temperature stability of 
20 ppm/'C worst case, the VFV-10K is equ iv
alent to a very high quality A/O converter in its 
performance. 

The VFV -1 00K has a resolution of 1 part in 
100.000 using a 1 second time base. This is 
equivalent to better than 16 bits binary res · 
olution 11 part in 65,5361 . The VFV·100K can 
be used to give equivalent resolution to the 
VFV-10K with only one tenth the time base, or 
0.1 second for a resolution of 1 part in 10,000. 

An important characterist ic of both the 
VFV·10K and VFV -100K is that their lint1rity 
does not fall off near zero 11 with some other 
converters. They are both I ln11r right to zero, 
and this results in a wide dynamic operating 
range . In practice the lower limit of operation is 
about 1 millivolt input due to adjustment 1c· 
curtcy, long term st1blllty, tamp1r1ture drift, 
etc, This mults in 1 dynamic rtn(ll of 10,000 
10 1 of 80d8 for both models. 

As a V /F converter positive inputs ire achiaved 
using inputs directly into the integrator (pins 
26 or 311 . For negative inputs the internal 
inverting amplifier is connected ahead of the 
integrator and the input is applied to pin 28 or 
30. Using both the inverting amplifier inputs 
and the integrator inputs it is possible to 
algebraically add and subtract inputs for V /F 
converter operation . 

The output logic level can be set from 0 to 
+15V by use of an external resistor con nected 
to pin 10 while pin 12 is left open . The output 
voltage is determined by the resistor ratio with 
the internal 10K ohm resistor as shown in the 
Output Logic Connections diagram . 

FN CONVERTER OPERATION 
For operation as an F /V converter negative 
going input pulses must be used . The pulses 
must go from a HI logic level of +2.0V to +15V 
to a LO logic level of 0 to +0.8V. The pulse 
vvidths must be between 10 and 60 µsec for the 
VFV-10K and 1 and 6 µsec for the VFV-1 00K . 
If these pulse widths are not available, then 
input conditioning circuits must be used as 
shown in the diagrams of Input Conditioning 
for F IV Converter. 
Output ripple of the F/V converter ·can be 
made arbitrarily low by using an external 
filtering capacitor. Th is also slovvs down the 
output response time As an F/V converter, a 
positive output is taken directly from the 
integrator output lpinl). For a negative output 
voltage the internal inverting amplifier is used 
after the integrator and the output is taken at 
pin 27. 
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CALIBRATION PROCEDURE EL 

GA IN 
AD J. 

AS V/F CONVERTER 

VFV- 101( 

OR 
V FV- 100K COUNTER 

(1 SEC . 
TIM E BASEi 10K{l 

AS F/V CONVERTER 

VFV- 10K 
OR 

VFV- l OOK 

·sv10 •1sv-innnr 
ov-----u u u u 

Trimming potentiometers are 100ppm/° C, 15 turn type, available from Datel Systems at $3.00 each. 

V/F CONVERTER 
1. Connect the unit as a V / F converter as shown above 

with zero "and gain trimming potentiometers. 

2. Connect a precision dial -u p voltage source to +Vin 

(pin 26) and a digital counter and d ispl ay set to a 1 

second time base to PU LSE OUT (pi n 10) as shown. 

3. Set the precision vol tage source to +. 010 volt and 

adjust the zero trimming potentiometer to give an 

output coun t of 10 for the VFV -10K or 100 for the 

VFV-100K. 

4. Set the precision voltage source to + 10.000 vol ts and 

adjust the gain trimming potentiometer to give an 

output count of 10,000 for the V FV-10K or 

100,000 for the VFV -100K. 

The above procedure applies for a positive input 

voltage V / F converter. For a negative input vol tage, 

connect pin 27 to pin 26 and use pin 28 as t he input. 

OPEN • 

OUTPUT LOGIC CONNECTIONS 

VouT 

+15V 

TIMING 

PULSE 
OUT 

,J, • OPEN 

15 Aexr 
•V, 

AexT + 10K 

v, OPEN CIRCUIT OUTPUT 
LOGIC VOLTAGE 

·::JDLJL 
NOTE 
USE AE>n ONLY 
TO OBTAIN OUTPUT 
LOGIC LEVELS OTHER 
THAN +5Vor + 15V 

F/V CONVERTER 
1. Connect the unit as an F / V converter as shown with 

desired external filter capacitor and zero and gain 

trimming potentiometers. 

2. Connect a 4-1 /2 dig it DVM to the Vout terminal (pin 

1). Connect the PULSE IN terminal (pin 2) to +15 

volt supply, and adjust the zero trimming potenti 

ometer for 0.000 vo lts output. 

3. Connect a pulse generator to PULSE IN (pin 2) and 

set the generator to give +5 volt negative going pulses 

50 µsec w ide for the VF V -1 OK or 5 µsec wide for the 
VFV -100K. Connect a digital coun ter to the pulse 

generator output and set the pulse rate to exactly 

10kH z for the VFV -10K or 100kH z for the 

VFV -100K. 

4. Adjust the gain trimming potentiometer to give 

+ 10.000 vo lts output. 

The above procedure applies for a positive output 

vo ltage F/ V converter. If negative ou tput voltage is 

desired, connect pin 1 to pin 28 and measure the 

output at pin 27. 

OUTPUT PULSE PROGRAMMING 

PU LSE PULSE LOGIC PULSE 
SELECT POLARITY 

TYPE OUTPUT !PIN 121 !PIN 14) 

POS ITIVE GOING 

JLJUl GND + 15V 
5V PU LSES 

NEGAT IVE GO ING ·:m 5V PU LSES 
GND OPEN 

POS ITI VE GOING +]LJLJl 15V PU LSES 
OPEN + 15V 

NEGATIVE GOING 
· 1:nnr OPEN OPEN 

t5V PU LSES 
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VFV OPERATING MODES 

V/ F CONVERTER , +V or +I INPUT 

F/V CONVERTER . +V OUT 

1 0-+--_._--0 + V OUT 

2 PULSE 
IN 

OUTPUT RIPPLE FOR F/V CONVERTER 

VFV- 10K 

2
V t-----C_04_7µ_F_l_IN_TE_R_N_AL_I_ 

C 0 lµ F ITOTALI 

1 00mv r-----C-1 µ~'-'~TO_T_A_LI __ 

lOmVC-----C---'l~~f~l~TO~T~A~LI~ 

10 100 lK 
INPUT PULSE RA TE 

VFV- 100K 
C 0022µF (INTE RNAL ) 

C OlµF (TOT AL) 

C 0 lµF !TOT All 
100mvf---------~ 

C 1 OµF !TOTAL) 
10rn\/C----------

100 lK 10K 

IN PUT PULSE RATE 

10K 

3dB POI NTS ,.---

100K 

V/ F CONVERTE R, - V OR - I INPUT 

- llN 30 1 
2 

- VIN 28 
27 
26 

F/V CONVERTER , - V OUT 

'---+---1--0 31 

--.......,26 PULSE 
IN 

- V 0 UT o----+----+--O 2 7 

WAVE 

28 

INPUT CONDITIONING FOR F/V CONVERTER 

NOTE FOR VFV 10K C " 02µF 
FOR VFV 100K C 002µF 

ALL RESISTORS SHOWN ARE FOR VFV 10K. 
FOR VFV-lOOK DIVIDE ALL VALUES BY 10. 

+15V 

24K 

WIDE PULSE C F V 
OR SQUARE o-------1._ _ _.. __ _o_i CONVERTER 
WAVE INPUT 

5. lK 

INPUT CONDIT IONING CIRCUIT FOR WIDE PULSE OR 
SQUARE WAVE 

+ 15V +15V 

24K 

F/V 
CONVERTER 

rlK 

INPUT CONDITION ING CIRCUIT FOR SINE WAV E. TR IANGULAR WAVE, 

AND OTHER ZERO CROSSING WAVEFORMS 

Vour 
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LINEARITY NEAR ZERO INPUT, VFV- 10K and VFV- 100K 

VFV 
- lOK - 100K 

30 300 

N 

!. 
UJ 
f- 20 200 <I: 
CI: 

UJ 
Ul 
_J 

::> 
o._ 

f-
::> 
o._ 

10 100 f-
::i 
0 

- 10mV 0 10mV 20mV 30mV 

INPUT VOLTAGE (OFFSET ZEROED) 

NORMALIZED STEP RESPONSE , F/V CONVERTER 

UJ 
(:J 1 --- -- - -- - - -=-:o-=-- ----------
4: 
f
_J 

0 
> 
f
::> 
o._ 
f-6 0.5 

r= 10( .047+CExTI MSEC (VFV-10K) 

T = 10(0022+CExTI MSEC (VFV- 100K) 

CEXT IN MICROFARADS 

3 4 6 

TIME CONSTANTS, T 

8 

APPLICATIONS 

v,. 26 

t , 

t, 

A/D CONVERTER USING V/F CONVERTER 

VIF 
CONVERTER 

PULSE RATE 

10 _JUUL 

PARALLEL DIGITAL 

OUTPUT 

FREQUENCY DIFFERENCE MEASUREMENT 

31 
Cexr 

F/V 
CONVERTER 

lOK V/F 10 

"' CONVERTER 

F/V 
CONVERTER 

Cexr 

31 

v, ~ 

v, ~ 

f1-f2 

PULSE 
OUT 

RATIOMETRIC MEASUREMENT 

VIF 10 COUNTER / 
CONVERTER DISPLAY 

J 
VIF 10 

DIGITAL 

CONVERTER DIVIDE BY 
N 

INTERFACING WITH 4 TO 20 MA 
INDUSTRIAL TRANSDUCER 

+2.SV 

REF . 

•1SV 
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OUTPUT COUNT • ~ v, 

EL 
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APPLICATIONS (cont'd) 

HIGH 

SIGNAL ISOLATION FOR HIGH COMMON MODE 

VOLTAGE SIGNAL 

r-------- -----------, 
I I 

•SV 

V" 
CONVERTER 

'--...___.....:= 
HIGH 

COMMON MODE VOLT AGE 

COUNTER 

DISPLAY 

F/V 
CON VERTER 

HIGH NOISE IMMUNITY DATA TRANSMISSION 

DIFFERENTIAL DIFFERENTIAL 

,. 

SI GNAL 

COUNTER/ 
DISPLAY 

INSTRUMENTATION V/ F CONVERTER 

AMPLIFIER 

MULTI-CHANNEL DATA TRANSMISSION AND READOUT 

+9.5480 

COUNTER !OISPLAV 

REMOTE INSTRUMENTATION 

INST RUMENTATION 

AMPLIFIER 

TWO WIRE 
CABLE OR COAX 

Thii remote inurument11ion ttchnoqut 1,mhzn 1 two-wore 
DC power hM for trtl'lwn11t1ng dill btck to the co..inter 

ilnd d11.pl1y 

ANALOG SIGNAL INTEGRATION 

t\t) 
2fj V/ F ~1"-0 __ Nt'-1t _ _... 

CONVERTER 
COUNTER/ 
DISPLAY 

TOTAUZE 

OUTPUT COUNT : 
N • /Utldt 

ORDERING INFORMATION 

PRICES (1 - 9) 

VF V- l OK (0 to 10 kHz) $49.00 

VFV-l OOK (0 to 100 kHz) $69.00 

Mating Socket: DI LS-2, 2 requ ired at $5.00 per pair 

Trimming Potentiometers: TP l OK, TP20K, $3.00 each (1- 9) 
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Modular Data 
Acquisition Systems 
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Modular Data 
Acquisition Systems 

MDAS-16 MDAS-80 

Low Cost Low Cost 

No. Channels 16 8 

Input Type Single Ended Differential 

Input Voltage Ranges, Unipolar 0 to +5, +10V 0 to +5, +10V 

Input Voltage Ranges, Bipolar ±2.5 , ±5, ±10V ±2.5, ±5, ±10V 

Input Impedance 100 Meg . 100 Meg. 

Channel Addressing 4 Bit Code 3 Bit Code 

Address Logic Compatibility DTL/TTL DTL/TTL 

Resolution 12 Bits 12 Bits 

Nonlinearity, max. 1/2 LSB 1/2 LSB 

Differential Nonlinearity, max. 1/2 LSB 1/2 LSB 

Max. Error at maximum throughput .025% .025% 

Temp. Coefficient, max. 30 ppmf c 30 ppmfc 

No Missing Codes 0 to 70°C 0 to 70°C 

Throughput Rate, max. 50 kHz 50 kHz 

Acquisition Time 12 µsec. 12 µsec. 

Conversion Time 8 µsec. 8 µsec. 

Aperture Time 50 nsec. 50 nsec. 

Output Coding Bin , 2C Bin, 2C 

Power Requirement ±15V, +5V ±15V, +5V 

Package Size, inches 4 .6 x 2 .5 x 0 .375 4.6 x 2.5 x 0 .375 

Operating Temp. Range 0 to 70°C 0 to 70°C 

Price (1-9) $295.00 $295.00 
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DESCRIPTION 

This comprehensive line of modular data acquisition systems 
gives the user a range of choices from a miniature low cost 8 or 
16 channel system, a 16 channel high speed system, to an 8 or 
16 channel low power CMOS system. 

MDAS-16, MDAS-8D: These new models are only 4.6 x 2.5 x 
0.375 inches in size and cost $295. Features are 5 programmed 
input ranges, 16 single-ended or 8 differential channels, 12 bit 
resolution, and 50kHz throughput rate. These models represent 
the best price-performance combination available. 

DAS-250: This model, soon ·to be available, offers 16 channel 
capability at 250 kHz throughput rate. Resolution is 12 bits 
and the unit offers 0 to +10V or ±5V single-ended input 
ranges. Package size is 5.0 x 4.5 x 1.5 inches. 

DAS-16-LP12B, DAS-8D-LP12B: These two CMOS systems 
are low power units specifically for battery operated portable 
and remote data acquisition requirements. S-oth units operate 
from a single +12V to +15V power supply. The package is a 
6.5 x 4.5 inch circuit card. 

DAS-250 DAS-16-LP12B 

High Speed Low Power CMOS 

16 16 

Single Ended Single Ended 

0 to +10V 0 to +5, +10V 

±5V ±5, ±10V 

100 Meg. 1000 Meg. 

4 Bit Code 4 Bit Code 

DTL/TTL CMOS 

12 Bits 12 Bits 

1/2 LSB 1/2 LSB 

1/2 LSB 1/2 LSB 

.025% .05% 

40 ppmfC 150 ppm/°C 

o to 10°c o to 10°c 

250 kHz 2.2 kHz 

2 µsec. 150 µsec. 

2 µsec. 310 µsec. 

20 nsec. 100 nsec. 

Bin, 2C Bin, 2C 

±15V, +5V +12 to +15V 

5.0 x 4.5 x 1.5 6.5 x 4-5 x 1.0 

o to 10°c o to 10°c 

$595.00 $495.00 

ANALOG DATA, 
16 CHANNELS, 
75 kHZ RATE 

DAS-8D-LP12B 

Low Power CMOS 

8 

Differential 

0 to +5, +10V 

±5, ±10V 

1000 Meg. 

3 Bit Code 

CMOS 

12 Bits 

1/2 LSB 

1/2 LSB 

.05% 

150 ppm/°C 

o to 10°c 

2-2 kHz 

150 µsec. 

310 µsec. 

100 nsec. 

Bin, 2C 

+12 to +15V 

6-5 x 4.5 x 1.0 

o to 10°c 

$545.00 
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TRI STATE 
OUTPUT DATA 
TO MICRO COMPUTER BUS. 
12 BIT RESOLUTION 
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1020G Turnptke Street, Bu1ldtng S 
Canton, Massachusetts 02021 U.S.A. 
TE L: 16171 828-<!000 
TWX : 71 0-348-0 135 TELEX : 924461 

FEATURES 

LESS THAN 120 MICROWATTS STANDBY POWER 
LESS THAN 200 MILLIWATTS OPERATING POWER 

Ill- 16 Analog Input Channels 

(8 Channel Differential Optional) 

Iii- 12 Bit Output Resolution 

Iii- Transfer Accuracy of ±0 .05% of FS 

Iii- 100 Nanosecond Aperture Time 

Iii- 2.2 KHz System Throughput Word Rate 

GENERAL DESCRIPTION 

The DAS- 16-LP is a low power 16-channel (or 
8 channel differential) data acquisition system 
complete with an analog multiplexer, a high 
performance sample and hold amplifier, a high 
accuracy 12 bit analog-to-digital converter, 
plus all the necessary con trol logic for both 
random and sequential channel selection - all 
mounted on a 4Y, by 6Y, inch PC board. 
The remarkable feature of the DAS- 16-LP 
however is its low power consumption of less 
than 200 milliwatts while operating. and only 
120 microwatts in stand-by. A unique power 
supply operating from +12 to +15 volts 
generates bipolar power to the analog section 
only when a conversion is in process, thus 
providing power savings during standby. In 
addition, the system can be 013erated con tin
uously from a bipolar power source. 

Since the DAS-16-LP can be powered from a 
12 volt battery for long periods of t ime, it 
easily lends itself to remote applications. As 
such, the DAS-16-LP is an ideal acquisition 
system for gathering oceanographic, meteoro· 
logical, seismological, pollution or general 
environmental data. The system's computer 
compatible interface also makes it ideal for 
laboratory or industrial control use. 

The 16 single-ended input channels (or 8 
channel differential) can accept either Oto +5 
volt or ±5 volt full scale signals with 12 volt 
power and when 15 volt power is provided, 
either 0 to +10 volt or ±10 volt full scale 
signals can be accep ted in addition . System 
transfer accuracy is 0.05% of full scale, ±1/2 
LS8 , with a linearity of ±1 /2 LS8 and a 
temperature coeffi cien t of 150 ppm/"C. Dy
namically, the input data acquisition time is 
150 microseconds and the aperture time of 
the sample and hold amplifier is less than 100 
nanoseconds. Data conversion is com pleted in 
less than 460 microseconds therefore the 
system throughput rate is 2.2 KHz. 
The control logic incl uded with the DAS-
16-LP provides for input command storage 
using the device select and strobe inputs to 
enable the other input commands. As such, 
the input commands are only required to be 
true during the st robe period thus al lowing for 
party I ine or computer bus operation. Besides 
providing random access to the input chan
nels, an internal counter allows sequential 
addressing and a frame sync output indicates 
when the counter is at channel one. Short 
cycle inputs and outputs are also provided so 
the counter can be preset to jump back to 
channel one from any channel. 

LOW POWER 16 CHANNR 
DATA ACQUISITION SYSTEM 

MODEL DAS-16-LP 

ORDERING INFORMATION 

MODEL NUMBER DAS - T -

l 

1 
NUMBER OF 
CHANNELS 

8D-LP-12 B= 
8 DIFFERENTIAL 

16-LP-12B= 
16 SING LE-EN DE D 

OUTPUT DATA 
FORMAT 

1 = STRAIGHT BINAR Y 
(UNIPOLAR) 

2 = OFFSET BINAR Y 
(BIPOLAR ) 

3 = 2's COMPLEMENT 
(BIPOLAR ) 

FULL SCALE 
A N A LOG INPUT 

A = 0 to +5V 
B = 0 to + 10V 
c = ±5v 
D = ±1ov 

PRICE (SI NGL E QUA NTITY) 
16 CHAN NELS ... .. .. . . . .. $495.00 
8 DI FF . CHAN NELS ........ $545.00 
CONNE CTOR (3VH36/1JN-5). $ 3.95 
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Canton, Massachusetts 02021 U .S.A. 
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FEATURES 

II> 16 Channels Single Ended 
or 8 Channels Differential 

II> 12 Bits Resolution 
II> 50 kHz Throughput Rate 
II> Tri-State Outputs 
1J> Low Cost -
II> Miniature Size 

DESCRIPTION 

The MOAS-16 and MOAS-80 data ac
quisition modules are complete, self
contained systems featuring 16 channel 
single ended or 8 channel differential 
operation respectively. Resolution is 12 
bits and throughput rate is 50 kHz. Out
put data is buffered tri-state for interfac
ing to mini or micro-computer data buses. 
Output data can be transferred in three 
4 bit bytes. Output coding is straight 
binary for unipolar operation and offset 
binary or two's complement for bipolar 
operation. 

The 4.6 x 2.5 x 0.375 inch size of these 
modules is Vi inch narrower than other 
competitive models. The small size and 
low cost are made possible by extensive 
use of hybrid and monolithic circuits to 
reduce parts count and increase reliabil
ity. Both models use Oatel Systems' new 
AOC-HZ12BGC 12 bit hybrid A / O con
verter along with a monolithic sample
hold and analog multiplexer. 

The MOAS -16 and MOAS-80 feature a 
high degree of user flexibility with pin
programmable input ranges of 0 to +5V. 
0 to +10V, ±2.5V, ±5V, and ±10V. The 
systems may be operated in either ran
dom or sequential channel addressing 
modes. For applications where lower 
than 12 bit resolution can be used, the 
A / O converter can be short-cycled to 
achieve a faster conversion rate. Output 
data is also available in serial form with 
a gated clock output. 

The modules are housed in a shielded 
steel case. Input-output connections are 
made by means of a 72-pin connector. 
The number of channels may be ex
panded by 32 for the M OAS -16 or by 16 
for the MDAS-80 by use of the multi
plexer expander modules MDXP-32, and 
MDXP-32-1. 

18 

MINIATURE MODULAR 
DATA ACQUISTION SYSTEM 

MODELS MDAS-16, MDAS-80 

MECHANICAL DIMENSIONS - INCHES (MM) 

1T 36T 

t=======::f.:::;---, 
:::::::::::::::::::::::::::::::::::: 0 375 (9 .5) 

I.. 35 SPACES 
._, _____ AT 100 EA -----~ T 

WHEN MOUNTING 10 CIRCUIT 
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SPECIFICATIONS, MDAS-16 & MDAS-80 
(Typical at 25°C, ±1 SV and +SV supplies unless otherwise indicated) 

ANALOG INPUTS 
Number of Channels ...... . 

Input Voltage Ranges 
unipolar ...... . . ........ . 
bipolar ..... ..... ... .... . 

Common Mode Range, min. 
Max. Input Voltage, 

no damage ............. . 
Input Impedance .... . . .. . . 
Input Bias Current ........ . 
Input Capacitance 

OFF channel .... .. .... .. . 
ON channel ........... . 

ACCURACY 
Resolution .. .. .. ... ... ... . 
Error, max. 50 kHz sampling 
Nonlinearity, max . ... . . .. . 
Diff. Nonlinearity, max ... . . 
Gain Error . . . ............. . 
Offset Error .............. . 
Temp. Coeff. of Gain. max. 
Temp. Coeff. of Offset. max. 
Diff. Linearity Tempco, max. 
Common Mode Rejec .• min. 
Monotonicity ......... . 
Power Supply Rejection 

16 Single Ended (MDAS -16) 
8 Differential (MDAS-8D) 

0 to +5V 0 to +10V 
±2.5V. ±5V. ±10V 
±10V 

±15V 
100 megohms 
3nA. 1 OnA max. O to 70°C 

10 pF 
100pF 

12 Bits 
±.025% of FSR 
±Vi LSB 
±Vi LSB 
Adj . to zero 
Adj . to zero 
±30ppm/°C 
± 7ppm/°C of FS 
±3ppm/ °C of FS 
70 dB at 1 kHz 
0°C to 70°C 
.01 %/ % Supply 

DYNAMIC CHARACTERISTICS 

Throughput Rate, max . •... 50 kHz 
Acquisition Time • . . . . . . . . 12 µsec. 
Conversion Time .....•..• 8 µsec. 
Aperture Time, max ..•.... 50 nsec. 
Sample-Hold Droop, max ... 50 µV /msec. 
Feedthrough, max .......... 01 % 
Channel Crosstalk (Mux.). .. -80 dB at 1 kHz 

DIGITAL OUTPUTS 
Parallel Data Out 

Coding ..... . . . . . .. . . . 

Serial Out 

Mux Address Out . 

Delay Out . . 
Clock Out 
EOC (Status) 
MSB Out ............ . 
MSB Out . 

12 parallel lines of buffered tri 
state output data 
Drives 12 TIL loads 
Straight binary. offset binary. and 
two "s complement 
Output data in MSB first . NRZ 
format. Straight binary and offset 
binary coding . 
Drives 5 TIL loads 
Buffered output of address 
register 
Drives 20 TIL loads 
Drives 5 TIL loads 
Drives 5 TIL loads 
Drives 4 TIL loads 
Drives 5 TIL loads 
Drives 5 TIL loads 

DIGITAL INPUTS 

Enable .. . . . .. . 

Mux Address In 

Strobe 

A / D Trigger 

A I D Trigger 
Mux Enable 

Count Enable .. 

Load Enable 

Clear Enable 

MSB In 
Short Cycle 

. . Three separate inputs which enable 
tri-state outputs in 4 bit bytes. 
1 TIL load 

. . . 3 bit (MDAS -8D) or 4 bit 
(MDAS-16) binary address 
1 LS TIL load 
1 LS TIL load with lOK pull -up 
resistor 
1 LS TIL load with 1 OK pull -up 
resistor 
1 LS TIL Load 
1 TIL load with 1 OK pull -up 
resistor 
1 LS TIL load with lOK pull -up 
resistor 
1 LS TIL load with 1 OK pull -up 
resistor 
1 LS TIL load with 1 OK pull -up 
resistor 
1 TIL load 
1 TIL load with 10K pull -up 
resistor 

POWER REQUIREMENT + 1 5VDC ±0 5V@ 65mA 
-15VDC ±0 .5V @60 mA 
+5VDC ±0 .25V @200mA 

PHYSICAL ENVIRONMENTAL 

Operating Temp. Range 
Storage Temperature Range 
Package Size ..... . ..... . 

Package Type 
Weight 

0°C to 70°C 
-25°C to +85 °C 
4.6 x 2.5 x 0 .375 inches 
(116.8 x 63.5 x 9,5 mm) 
Steel , shielded on 5 sides 
6oz. (170g) 

NOTES: 1 All outputs are Vout (""0 "" ) ' +0.4V, Vout ( '" 1 "" ) d 2.4V 
2. All inputs are Vin (""0"") <+0 .8V, Vin (""1'") -'+2.0V 

Price (1 -9) 
MDAS -16 
MDAS -8D 

ORDERING INFORMATION 

$295.00 
$295.00 

Included with each module is a mating right-angle 72 pin 
connector. 

Trimming Potentiometers: TP 20K $3.00 each. 

Multiplexer expander modules are also available. The 
MDXP-32 adds 32 single ended or 16 differential channels 
with control logic. Price is $199.00. The MDXP-32-1 is 
identical but without control logic. Price is $179.00. 
Consult factory for delivery. 
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BLOCK DIAGRAM MDAS-16, MDAS-80 
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31T BIT5 } 
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" 31 8 BIT 6 ~ 
32T BIT i " 0 
328 BIT 8 w 

CH 4 LO CH 12 7B 
CH 5 LO CH 13 8B 
CH 6LO CH 14 9B 
CH 7 LO CH 15 1 OB 

15B ENA'BLE ~ 
33T BIT 9 } "! 
338 BIT 10 ~ 
34T BIT 11 
348 BIT 12 
17T ENABLE 
27Bffic 
1 BT SERIAL OUT 
268 CLOCK OUT 

[ 
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PIN CONNECTIONS for MDAS-16 PIN CONNECTIONS for MDAS-80 

Top Bottom Top Bottom 
+15VDC 1T 1B - 15VDC +15VDC 1T 1B - 15VDC 
Analog Gnd. 2T 2B Analog Gnd. Analog Gnd. 2T 2B Analog Gnd. 
Ch. Oln 3T 3B Ch . 8 In Ch. 0 Hi In 3T 3B Ch . 0 Lo In 
Ch. 1 In 4T 4B Ch . 9 In Ch. 1 Hi In 4T 4B Ch . 1 Lo In 
Ch . 21n 5T 5B Ch . 10 In Ch. 2 Hi In 5T 5B Ch . 2 Lo In 
Ch . 31n 6T 6B Ch . 11 In Ch. 3 Hi In 6T 6B Ch . 3 Lo In 
Ch . 41n 7T 7B Ch . 12 In Ch. 4Hiln 7T 7B Ch . 4 Lo In 
Ch. 51n BT BB Ch. 13 In Ch. 5Hiln BT BB Ch . 5 Lo In 
Ch. 61n 9T 9B Ch . 14 In Ch. 6Hiln 9T 9B Ch . 6 Lo In 
Ch . 71n 10T 10B Ch . 15 In Ch. 7Hiln 10T 10B Ch . 7 Lo In 
Amplifier In Hi 11T 11 B Amplifier In Lo Ampl ifier In Hi 11T 11 B Amplifier In Lo 
Range 1 Select 12T 12B Range 2 Select Range 1 Select 12T 12B Range 2 Select 
Sample Hold Out 13T 13B Amplifier Out Sampl.e Hold Out 13T 13B Amplifier Out 
Enabl e (Bi ts 1-4 Out) 14T 14B Sum.June. (Bipolar Off .) Enable (Bits 1-4 Out) 14T 14B .Sum.Junc.(Bipolar Off!) 
Bipolar Offset 15T 15B Enable (Bits 5 -B Out) Bipolar Offset 15T 15B Enable (Bits 5-B Out) 
Ext. Offset Adjust 16T 16B Ext. Gain Adjust Ext. Offset Adjust 16T 16B Ext. Gain Adjust 
Enabl e (Bits 9-12) 17T 17B Mux Enable Enable (Bits 9-12 Out) 17T 17B Mux Enable 
Serial Out 1BT 1BB Count Enable Serial Out 1BT 1BB Count Enable 
B Out l Mux 19T 19B 8 In l Mux 8 Out } Mux 19T 19B 8 In } Mux 
4 Out ]Address 20T 20B 4 In ] Address 4 Out Address 20T 20B 4 In Address 
2 Out Lines 21T 21B 2 In Lines 2 Out Lines 21T 21B 2 In Lines 
1 Out 22T 22B 1 In 1 Out 22T 22B 11n 
Delay Out 23T 23B MSB Out (TIL) Delay Out 23T 23B MSB Out(TIL) 
MSB In (TIL) 24T 24B Load Enable MSB In (TIL) 24T 24B [oaa Enable 
Strobe 25T 25B Clear Enable Strobe 25T 25B e:lear Enable 
A/D~ 26T 26B Clock Out A / D Trigger 26T 26B Clock Out 
A / D Trigger 27T 27B EOC (status) A / D Trigger 27T 27B EOC (status) 
Short Cycle 2BT 2BB MSB Out (TIL) Short Cycle 2BT 2BB MSifOut(TIL) 
Bit 1 Out• (MSB) 29T 29B Bit 2 Out• Bit 1 Out• (MSB) 29T 29B Bit 2 Out• 
Bit 3 Out• 30T 30B Bit 4 Out• Bit 3 Out• 30T 30B Bit 4 Out• 
Bit 5 Out• 31T 31B Bit 6 Out* Bit 5 Out• 31T 31B Bit 6 Out• 
Bit 7 Out* 32T 32B Bit 8 Out* Bit 7 Out• 32T 32B Bit 8 Out* 
Bit 9 Out• 33T 33B Bit 10 Out* Bit 9 Out• 33T 33B Bit 10 Out* 
Bit 11 Out• 34T 34B Bit 12 Out• (LSB) Bit 11 Out• 34T 34B Bit 12 Out• (LSB) 
Digital Gnd. 35T 35B Digital Gnd . Digital Gnd. 35T 35B Digital Gnd. 
+5VDC 36T 36B +5VDC +5VDC 36T 36B +5VDC 

*Tri -State Outputs *Tri -State Outputs 
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FUNCTION 

Amplifier In Lo 

Amplifier In Hi 

Range 2 Select 
Range 1 Select 

Amplifier Out 

Sample Hold Out 

Summing Junction 

Enable 

Enable 

Bipolar Offset 

Ext. Gain Adjust 

Ext. Offset Adjust 

Mux Enable 

Enable 

Count Enable 

Mux Address In 

Mux Address Out 

MSB Out 

Delay Output 

Load Enable 

MSB In 

Clear Enable 

Strobe 

Clock Output 

A I D Trigger 

EOC (status) 

AI D Trigger 

MSB Out 

Short Cycle 

Vol 3/160 

TABLE I DESCRIPTION OF CONTROL PIN FUNCTIONS 

PIN 

11 B 

11T 

12B 
12T 

13B 

13T 

14B 

14T 

15B 

15T 

16B 

16T 

17B 

17T 

18B 

19B, 20B, 
218, 22B 

19T, 20T, 
21T, 22T 

23B 

23T 

24B 

24T 

25B 

25T 

26B 

26T 

27B 

27T 

28B 

28T 

DESCRIPTION 

Analog monitoring point for MDAS-8D. For the MDAS-16 this pin must be 
grounded. 

Analog monitoring point. 

These pins program analog input voltage range. See Table II 

Analog monitoring point. 

Analog monitoring point. 

Used to program analog input voltage range and bipolar offset. See Table II 

Input LO enables tri-state outputs for bits 1-4. Input HI inhibits outputs. 

Input LO enables tri-state outputs for bits 5-8. Input HI inhibits outputs. 

Connects to 14B for bipolar operation and to analog ground for unipolar 
operation. See Table II 

Used to adjust out gain error. Operates independently of the internal 
adjustment. See External Adjustments diagram. 

Used to adjust out offset error. Operates independently of the internal 
adjustment. See External Adjustments diagram. 

Input HI enables analog multiplexer. Input LO inhibits analog multiplexer. 

Input LO enables tri-state outputs for bits 9-12. Input HI inhibits outputs. 

Input HI enables Mux Address Register. Input LO inhibits Mux address 
Register. 

Digital inputs for channel address selection in random addressing mode. 
Straight binary coding . See Table Ill 

Straight binary coded output of Mux Address Register. 

Bit 1 TIL output of A I D converter. Connect to pin 24T for straight binary 
or offset binary output coding . 
An output delay pulse set for 12µ.sec. to allow for multiplexer and am
plifier settling time and sample hold acquisition time. This pin is nor
mally connected to AID Trigger (pin 27T) to initiate AID conversion. 

Input HI for sequential addressing . Input LO for random addressing . 

Bit 1 input to tri -state output buffers. Connect to either pin 23B (MSB Out) 
or pin 28B (MSB Out). 

Input LO and a negative transition on pin 25T resets Mux address counter 
to zero. 

Negative input transition initiates channel scanning sequence in sequential 
mode or a conversion in the random mode. A Schmidt trigger input adds 
hysteresis for good noise rejection . 

A I D converter clock pulses for synchronization of serial data . Negative 
going pulses of approximately 1 00 nsec. duration. 

A positive logic transition on this input initiates A I D conversion. 

End of conversion (status) output. Output HI during conversion and LO 
when conversion is complete. 

A negative logic transition on this input initiates A I D conversion. This pin 
is normally connected to pin 23T (Delay Output). 

Complemented bit 1 TIL output of A I D converter. Connect to pin 24T for 
two's complement output coding . 

For 12 bit resolution connect this pin to ground. To short cycle A I D 
converter for lower resolution, connect this pin to output bit n + 1 for a 
resolution of n bits. Short cycling of the A I D converter can only be done 
with the Enable inputs (pins 14T, 15B and 17T) LO . 
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CONNECTION DIAGRAMS AND TABLES 

TABLE II INPUT RANGE SELECTION TABLE IV 
THROUGHPUT RATES VS. NO. BITS FOR 

CONNECT THESE PINS TOGETHER SHORT-CYCLED A / D CONVERTER 
INPUT RANGE 1 RANGE 2 BIPOLAR OFF. 

RANGE PIN 12T PIN 12B PIN 15T THROUGHPUT 
0 TO +5V 138 13T 28 OR 2T NO . BITS RATE 

0 TO +10V 28 OR 2T 13T 28 OR 2T 12 50 kHz 
±2.5V 138 13T 148 10 53 kHz 
± 5V 28 OR 2T 13T 148 8 57 kHz 
±10V 28 OR 2T OPEN 148 4 67 kHz 

•*A1•L -
TABLE Ill MUX 
CHANNEL ADDRESSING 

~MUX ADDRESS 
--' PIN w 

19B 20B 21B 22B 17B z 
z 
~ 

8 4 2 1 MUX ZJ: 
ENAB. OU 

x x x x 0 NONE 
0 0 0 0 1 0 
0 0 0 1 1 1 
0 0 1 0 1 2 
0 0 1 1 1 3 
0 1 0 0 1 4 
0 1 0 1 1 5 
0 1 1 0 1 6 MDAS -BD 
0 1 1 1 1 7 (3 BIT ADDRESS) 

1 0 0 0 1 8 
1 0 0 1 1 9 
1 0 1 0 1 10 
1 0 1 1 1 11 
1 1 0 0 1 12 
1 1 0 1 1 13 
1 1 1 0 1 14 MDAS -16 
1 1 1 1 1 15 (4 BIT ADDRESS) 

TABLE V 
CALIBRATION TABLE 

UNIPOLAR RANGE ADJUST. INPUT VOLTAGE ~ -a. • 15VDC 

0 TO +5V ZERO +0.6 mV GAIN 
GAIN +4.9982V ADJ 

ZERO +1.2 mV 20K 
OTO +10V 168 

> ~ GAIN +9.9963V 

BIPOLAR RANGE 16T _..S 20K 
OFFSET 

OFFSET - 2.4994V ADJ 
.±2.5V 

GAIN +2.4982V ...... - 15VDC -OFFSET - 4.9988V ------±5V 
GAIN +4.9963V 

OFFSET - 9.9976V FIG . 1 EXTERNAL ADJUSTMENTS 
±10V 

GAIN +9.9927V 
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SET-UP AND CALIBRATION INSTRUCTIONS 

1. Select input voltage range desired and connect pins 12B. 
12T, and 15T in accordance with Table 11 . If the 
M DAS-16 is used, ground pin 118. Ground all analog 
channel inputs which are not to be used. Leave pin 
17B open . 

2 . Determine resolution to be used. For full 12 bits. ground 
pin 28T. For lower resolution requirements, connect pin 
28T to bit output n + 1 for n bit resolution . For example: 
for 8 bit resolution connect pin 28T to pin 33T (Bit 9 Out). 
To operate the A I D converter in this short cycled mode, 
the Enable inputs (pins 14T, 15B. and 17T) must be 
connected to ground thereby enabling the tri -state outputs. 
For 12 bit resolution the tri -state outputs can be either 
enabled or disabled. 

3. Select the output coding desired. For straight binary 
(unipolar) or offset binary (bipolar) connect pin 23B 
(MSB Out) to pin 24T (MSB In). For two 's complement 
(bipolar) connect pin 28B (MSB Out) to pin 24T. 

4 . Select desired multiplexer mode. Connect pin 23T (Delay 
Out) to pin 27T (A I D Trigger). 

A .Free Running Sequential Addressing 

Connect pin 27B (EOC) to pin 25T (Strobe). Leave 
pins 24B (Load Enable) and 25B (Clear Enable) 
open . Sequencing is initiated by a positive logic 
transition applied to pin 26T (AI D Trigger). Pin 26T 
must remain HI during free running sequential 
addressing . Sequencing is stopped by a LO applied 
to pin 26T. 

B.Triggered Sequential Addressing 

Leave pins 24B (Load Enable) and 25B (Clear Enable ) 
open . Apply a falling edg e trigger to pin 25T 
(Strobe) The negative transition of the strobe will 
cause the contents of the address counter to be 
incremented by one. 

c :Random Addressing 

Ground pin 24B (Load Enable). Leave pin 25B 
(Clear Enable) open. Each negative transition 
appl ied to pin 25T (Strobe) will cause the data at 
pins 19B. 20B, 2 1 B and 22B (M ux Address In) to be 
loaded into the Add ress Register . Address inputs 
must be stable for at least 300 nsec. after negative 
transition of Strobe. 

5. Calibration Procedure 
A. Offset and gain adjustments may be made either 

internally or externally . Self-contained trimming 
potentiometers are provided for the internal 
adjustments . For external adjustment. 20K 
trimming potentiometers must be used w ith pins 
168 and 16T. Connect as shown in Figure 1. 

B. Connect power Supplies to the module 1;1nd a 
precision voltage source to pin 3T (Chan 0 In). 
If the MDAS -8D is used, connect pin 3B (Chan 0 LO) 
to analog ground. Ground pin 25B (Clear Enable) 
and momentarily short pin 25T (Strobe) to ground. 
Use an oscilloscope to monitor the serial output code 
at pin 18T. Trigger the A I D converter with 50kHz 
positive going pulses applied to pin 26T (AI D Trigger). 

C. Adjust the precision voltage source to the value 
shown in the Calibration Table for the unipolar zero 
adjustment (zero + V2 LSB) or the bipolar offset 
adjustment (-FS + V2 LSB) Adjust the offset trimming 
potentiometer so that the output code flickers equally 
between 0000 0000 0000 and 0000 0000 0001 . 

D. Change the output of the precision voltage source to 
the value shown in the Calibration Table for the 
unipolar or bipolar gain adjustment (+FS - 1 Y, LSB). 
Adjust the gain trimming potentiometer so that the 
output flickers equally between 1111 1111 1110 
and 1111 1111 1111 . 

MDAS -16, MDAS -8D TIMING DIAGRAM Output Code: 010101010101 

ST~ 
DE LAV ; 

A l~~- 12 µSE C. -i ... , --------------
AO~~ 

6.fil..:j/\L. - ----!------ - - -------
EOC : 

'---- - -- 8 µSEC . -----.;-L 
C LOCK : 

OUT : 

BIT 2 : 
OUT • -- ---+-- -- ---- -- ---- -

- - ----- -- - -- - - -t- - - -- -

. . . . . . 
~?~u-~~J _______ _________ L ___________ ~ 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A . 
TEL: (617) 828-8000 
TWX : 710-348-0 135 TELEX : 924461 

Pa\Ner Supplies 
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Single Output Line Operated 
Pa\l\ler Modules 

SPECIFICATIONS 25 °C UPM -5/ 250 UPM-5/ 500 UPM-5/ 1000 UPM-5/ 10008 UPM-5/ 2000 UPM-5/ 4000 

Output Voltage 5VDC 5VDC 5VDC 5VDC 5VDC 5VDC 

Output Voltage Accuracy ± 1% ± 1% ± 1% ± 2% ± 1% ± 1% 

Rated Output Current 250mA 500mA 1.0A 1.0A 2.0A 4.0A 

Line Regulation , max. 05% 05% 05% 0.25% 05% .05% 

Load Regulation , max. 0.1% 0.1% 0.1% 0.25% 0.1% 0.1% 

Temp. Coefficient, max. .02%/°C .02%/°C 02%/°C .02%/°C .02%/°C .02%/°C 

Output Ripple, RMS max. 1mV 1mV 1mV mV 1mV 2mV 

Output Impedance, max. .050 .050 .010 .010 .0050 .0050 

Trans. Recovery Time, max. 50 µsec. 50 µsec. 50 µsec. 50 µsec. 50 µsec. 50 µSec. 

Isolation Resistance, min. 100 Meg . 100 Meg . 100 Meg . 100 Meg. 100 Meg. 100 Meg. 

Isolation Capacitance, max. 250pF 250pF 250pF 250pF 250pF 250pF 

Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 

Operating Temp. Range -25°Cto + 71 °C [No Derating) 

Storage Temp. Range -25°C to + 85°C 

Case Material Phenolic Pheno lic Phenolic Phenolic Phenolic Phenolic 

Module Size, inches 3 .5X2.5X.875 3.5X2 .5X.875 3.5X2.5X1 .25 3.5X2.5X1 .25 3.5X2 .5X1 .56 3.5X2.5X1 .56 

Module Size, millimeters 88,9X63,5X22,2 88,gX63 ,5X22,2 88,9X63,5X31 ,8 88,9X63,5X31 ,8 88,9X63,5X39,6 88,9X63,5X39,6 

Module Weight 14 oz.[397g) 14 oz.(397g) 18 oz.[510g) 18 oz. [510g) 24 oz.[680g) 24 oz.[680g) 

Case/Pin Configuration Cl Cl C2 C2 C3 C3 

Other Versions E.J [1) E,J [ 1) E,J E,J E,J E,J 

Mating Socket MS-7 MS-7 MS-7 MS-7 MS-7 MS-7 

Price (1-9) $39.00 $49.00 $69.00 $49.00 $79.00 $99.00 

Note: 

1. For " E" version module size is C2 (3.5X2.5X1 .25 inches, 18 oz.) 
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UPM-6/ 150A UPM-9/1 00A UPM-12/ 100A UPM-15/100A 

6VDC 9VDC 12VDC 15VDC 

± 1% ± 1% ± 1% ± 1% 

150mA 100mA 100mA 100mA 

05% 05% .02% 02% 

01 % 01 % 05% 05% 

.02 %/°C .02%/°C .02%/°C .02%/°C 

1mV 2mV 2mV 2mV 

.050 0 10 0.10 0.10 

50 µsec. 50 µsec. 50 µsec. 50 µsec. 

100 Meg 100 Meg . 100 Meg . 100 Meg . 

250pF 250pF 250pF 250pF 

1500VAC 1500VAC 1500VAC 1500VAC 

- 25 °c to + 71 °C (No Derating) 

- 25°C to +85° C 

Phenolic Phenolic Phenolic Phenolic 

3.5X2 .5X.875 3.5X2 .5X.875 3.5X2 .5X.875 3.5X2.5X.875 

88,9X63 ,5X 22.2 88,9X63,5X 22 ,2 88,9X63,5X22,2 88,9X63,5X22,2 

14 oz. (397g) 14 oz. (397g) 14 oz .(397g) 14 oz.(397g) 

C1 C1 C1 C1 

E,J (1) E.J (1) E.J (1) E,J (1) 

MS-7 MS-7 MS-7 MS-7 

$39.00 $39.00 $49.00 $49.00 

DESCRIPTION 

This line of single output. voltage regulated DC 
power supplies features six 5 volt output models 
with output currents from 250mA to 4 amperes. In 
addition , there are 4 other models with 6V to 15V 
outputs. All outputs have current limiting short cir
cuit protection . Temperature coefficients are 
.02%!°C and output ripple voltage is 1 to 2 milli
volts RMS. 

Model UPM-5/ 4000 is a special high current. high 
efficiency supply in a compact C3 case size. Full 
load efficiency of 65% is achieved by a high per
formance switching regulator. 

INPUT VOLTAGE SPECIFICATIONS 

Standard input specification: 115VAC ±10% 
@ 60 Hz 
E version: 220VAC ±10% @ 50-60 Hz 
J version: 1 OOVAC ± 10% @ 50-60 Hz 

There is no extra ch<1rge for E and J versions. When 
ordering, add E or J suffix after model number. 
Note that in some instances the module size is 
larger for the E version. MS-7 sockets are $3.50 
each. 

THESE POWER SUPPLIES ARE COVERED 
BY GSA CONTRACT 
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Dual Output1 Line Operated 
Power Modules 

SPECIFICATIONS. 25°C BPM-5/2 50 BPM-5/ 500 BPM-12/60 BPM-12/ 100 BPM-12/ 200 BPM-12/300 

Output Voltage ± 5VDC ± 5VDC ± 12VDC ± 12VDC ± 12VDC ± 12VDC 

Output Voltage Accuracy ± 1% ± 1% ± 1% ± 1% ± 1% ± 1% 

Rated Output Current ± 250mA ± 500mA ± 60mA ± 100mA ± 200mA ± 300mA 

Line Regulation, max. .05% 05% 02% 02% 02% .02% 

Load Regulation, max. 0.1% 01 % .05% .05% .05% 05% 

Temp. Coefficient, max. .02%/°C 02%/ °C .02%/ °C 02%/ °C .02%/°C .02%/°C 

Output Ripple, RMS max. 1mV 1mV 2mV 2mV 2mV 2mV 

Output Impedance, max. .050 .030 0.20 0.10 .050 .050 

Trans. Recovery Time, max. 50 µsec. 50 µSec. 50 µsec. 50 µsec. 50 µSec. 50 µSec. 

Isolation Resistance, min. 100 Meg. 100 Meg. 100 Meg. 100 Meg. 100 Meg. 100 Meg. 

Isolation Capacitance, max. 250pF 250pF 250pF 250pF 250pF 250pF 

Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 

Operating Temp. Range - 25°Cto + 71 °C (No Derating) 

Storage Temp. Range - 25°C to + 85°C 

Case Material Phenolic Phenolic Phenolic Phenolic Phenolic Phenolic 

Module Size, inches 3.5X2.5X.875 3.5X2.5X 1.25 3.5X2 .5X.875 3.5X2 .5X.875 3.5X2.5X1 .25 3.5X2 .5X1 .56 

Module Size, millimeters 88,9X63,5X22,2 88,9X63 ,5X31 ,8 88,gX63,5X22,2 88,9X63,5X22,2 B8,gX63,5X31 ,B B8,9X63,5X39,6 

Module Weight 14 oz .(397g) 16 oz.(510g ) 14 oz.(397g ) 14 oz. (397g ) 18 oz.(510g) 24 oz.(660g ) 

Case/Pin Configuration C1 C2 C1 C1 C2 C3 

Other Versions E,J (1) E,J (2) E,J (1) E,J (1) E,J E,J 

Mating Socket MS-7 MS-7 MS-7 MS-7 MS-7 MS-7 

Price (1-9) $69.00 $79.00 $39.00 $49.00 $59.00 $79.00 

Notes: 
( 1) For "E" version module size is C2 (3.5X2.5X1 .25 inches, 1 B oz.) 

(2) For " E" version module size is C3 (3.5X2.5X1 .56 inches, 24 oz.) 
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BPM -15/60 BPM-15/ 100 BPM-151200 BPM-1 5/ 300 
DESCRIPTION 

± 15VDC ± 15VDC 

± 1% ± 1% 

± 60mA ± 100mA 

. 02% 02% 

05% 05% 

02%/°C .02%/°C 

2mV 2mV 

0.20 0 10 

50 µsec. 50 µsec . 

100 Meg . 100 Meg. 

250pF 250pF 

1500VAC 1500VAC 

- 25°C to + 71 °C 

- 25 °C to + 85 °C 

Phenolic Phenolic 

3.5X2.5X.875 3.5X2.5X.875 

88,9X63,5X,22,2 88,9X63,5X,22,2 

14 oz. (397g ) 14 oz (397g ) 

C1 C1 

E,J (1) E,J (1) 

MS-7 MS-7 

$39.00 $49.00 
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± 15VDC 

± 1% 

± 200mA 

02% 

05% 

.02%/°C 

2mV 

.050 

50 µsec. 

100 Meg. 

250pF 

1500VAC 

(No Derating) 

Phenolic 

3.5X2.5X1 .25 

88,9X63 ,5X31 ,8 

18 oz.( 510g) 

C2 

E,J 

MS-7 

$59.00 

± 15VDC 

± 1% 

± 300mA 

02% 

05% 

.02%/°C 

2mV 

.030 

50 µsec. 

100 Meg. 

250pF 

1500VAC 

Phenolic 

3. 5X2.5X1 .56 

8,9X63 ,5X39,6 

24 oz.(680g ) 

C3 

E,J 

MS-7 

$79.00 

This broad line of dual output, voltage regulated 
DC power supplies features 10 different models 
with a wide choice of output voltages and currents. 
Output voltages are ± 5, ±12, and ±15VDC with 
± 1 % accuracy. Rated output currents range from 
±60 to ±500mAwith output short circuit protection . 

Temperature coefficient is .02% per degree Centi
grade and output ripple voltage is 1 to 2 millivolts 
RMS. These rugged . encapsulated modules are 
useful for powering a wide variety of devices in
cluding linear IC's, op amps, data converters , and 
other analog circuits. 

INPUT VOLTAGE SPECIFICATIONS 

Standard input specification : 115VAC ± 10% 
@ 60Hz. 

E version: 220VAC ±10%@ 50-60Hz. 
J version: 100VAC ±10%@ 50-60Hz. 

There is no extra charge for E and J versions. When 
ordering , add E or J suffix after model number. 
Note that in some instances the module size is 
larger for the E version . MS-7 sockets are $3 .50 
each . 

THESE POWER SUPPLIES 
ARE COVERED BY GSA CONTRACT 
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Triple Output Modules 
These power modules are specially designed for 
operation with data conversion and other circuits 
where both a dual analog supply and a 5V logic 
supply are required . Using a triple output supply to 
power these circuits can be more economical than 
using two separate equivalent supplies. 

INPUT VOLTAGE SPECIFICATIONS 

Standard input specification : 115VAC ± 10% 
@ 60 Hz 
E version : 220VAC ±10%@ 50-60 Hz 
J version : 100VAC ±10% @ 50-60 Hz 

Mating MS-13 sockets are $3 .50 each 

SPECIFICATIONS. 25°C TPM-12/100-5/500 TPM-15/100-5/500 

Output Voltages ± 12VDC/ 5VDC ± 15VDC/ 5VDC 

Output Voltage Accuracy ± 1% ± 1% 

Rated Output Current ± 100mA/ 500mA ± 1 OOmA/ 500mA 

Line Regulation, max. .02% I .05% 02% I 05% 

Load Regulation, max. 05%/ 01 % .05% I 0.1% 

Temperature Coefficient, max. 02%/°C .02%/°C 

Output Ripple, RMS max. 2mV/ 1mV 2mV/ 1mV 

Output Impedance, max. 0.1/.05 ohm 0.1/.05 ohm 

Transient Recovery Time, max. 50µsec. 50µSec. 

Isolation Resistance, min . 100 Meg. 100 Meg. 

Isolation Capacitance, max. 250pF 250pF 

Breakdown Voltage, min . 1500VAC 1500VAC 

Operating Temp. Range - 25°C to + 71 °C (No Derating) 

Storage Temp. Range 

Case Material Phenolic Phenolic 

Module Size, inches 3.5X2.5X1 .56 3.5X2.5X 1.56 

Module Size, millimeters 88,9X63,5X39,6 88,9X63,5X39,6 

Module Weight 24 oz. (681g ) 24 oz. (681g) 

Case/Pin Configuration E3 E3 

Other Versions E.J EJ 

Mating Socket MS-13 MS-13 

Price (1-9) $67.00 $67.00 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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Chassis Mounting Modulm; 
This line of popular power supplies has input-output 
connections made to a terminal strip on top of the 
modules. These supplies are useful in applications 
where it is impractical or undesirable to use printed 
circu it cards or sockets. For simple mounting to a 
metal chassis, screw inserts are provided on the 
bottom of the modules. 

INPUT VOLTAGE SPECIFICATIONS 

Standard Input Specification: 115VAC ±10% 
@ 60 Hz 
E version : 220VAC ± 10%@ 50-60 Hz 
J version : 1 OOVAC ± 10% @ 50-60 Hz 

SPECIFICATIONS 25 °C SINGLE OUTPUT DUAL OUTPUT 

UCM-5/1000 UCM-5/2000 BCM-15/100 BCM-15/200 

Output Voltage 5VOC 5VOC ± 15VOC ± 15VOC 

Output Voltage Accuracy ± 1% ± 1% ± 1% ± 1% 

Rated Output Current 1 OA 20A 100mA 200mA 

Line Regulation, max. 05% 05% 02% 02% 

Load Regulation, max. 01 % 0 1% 05% 05% 

Temperature Coefficient, max. 02%!°C .02%!°C 02%!°C .02%!°C 

Output Ripple, RMS max. 1mV 1mV 2mV 2mV 

Output Impedance, max. .010 .0050 0.10 .050 

Transient Recovery Time, max. 50µsec. 50µsec 50µsec . 50µsec. 

Isolation Resistance, min. 100 Meg . 100Meg. 100 Meg . 100 Meg . 

Isolation Capacitance, max. 250pF 250p F 250pF 250pF 

Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 

Operating Temp. Range - 25°C to +7 1°C (No Oerating) 

Storage Temp. Range - 25°C to + 85° C 

Case Material Phenolic Phenolic Pheno lic Phenolic 

Module Size, inches 3.5X2.5X 1.25 3.5X2.5X1 .56 3.5X2.5X.875 3.5X2.5X 1.25 

BCM-15/ 300 

± 15VOC 

± 1% 

300mA 

02% 

05% 

.02%!°C 

2mV 

050 

50µsec. 

100 Meg. 

250pF 

1500VAC 

Phenolic 

3.5X2.5X1 .56 

Module Size, millimeters 88,9X63,5X31 ,8 88 ,9X63,5X39,6 88,9X63,5X22,2 88,9X63,5X31 ,8 88,9X63,5X39,6 

Module Weight 18 oz.( 51 Og ) 24 oz(680g) 14 oz.(397g) 18 oz .( 510g) 24 oz.(680g) 

Case/Pin Configuration 0 2 0 3 01 0 2 0 3 

Other Versions E,J E,J E,J (1) E,J E,J 

Price (1-9) $69.00 $79.00 $54.00 $64.00 $79.00 

Note: 

1. For " E" ve rsion module size is 0 2 (3.5X2.5X 1 .25 inches, 18 oz) 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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Miniature Power Modules 
MINIATURE POWER MODULES 

These miniature line operated , regulated power sup
plies are ideal for applications where space is at a 
premium , and yet power supply performance cannot be 
compromised . The two models offered in this series 
have outputs of 5VDC at 350mA and ± 15VDC at 
±60mA. Performance specifications include voltage 
accuracy of ± 1 %. temperature coefficient of .005%/°C. 
and isolation resistance of 100 megohms with only 
1 OOpF capacitive coupling . 

INPUT VOLTAGE SPECIFICATIONS 

Standard input specification: 115VAC ± 10%@ 60Hz. 
J version: 100VAC ±10%@ 50-60Hz. 

There is no extra charge for the J version . When order
ing add J suffix after the model number. 

SPECIFICATIONS 25 ° C UPM -5/ 350 BPM-15/ 60A 

Output Voltage 5VDC ± 15VDC 

Output Voltage Accuracy ± 1% ± 1% 

Rated Output Current 350mA ± 60mA 

Line Regulation, max. 05% 05% 

Load Regulation, max. 02% 05% 

Temperature Coefficient, max. 005%/°C 005%/°C 

Output Ripple, RMS max. 2mV 1mV 

Output Impedance, max. .005 ohm 0.15 ohm 

Transient Recovery Time, max. 50µsec. 50µsec 

Isolation Resistance, min. 100 Meg . 100 Meg . 

Isolation Capacitance, max. 100pF 100pF 

Breakdown Voltage, min. 300VAC 300VAC 

Operating Temp. Range - 25°C to + 71 ° C (No Derating ) 

Storage Temp. Range - 55° C to + 85°C 

Case Material Diallyl Phthalate Diallyl Phthalate 

Module Size, inches 2x2x.432 .2x2x.432 

Module Size, millimeters 50 ,8x50,8x 11 ,0 50 ,8x50,8x 11 ,0 

Module Weight 2.5 oz . (71 g ) 2.5 oz. (71 g.) 

Case/Pin Configuration G1 G1 

Other Versions J J 

Mating Socket DILS-1 , DILS-2 DILS-1, DILS-2 

Price $69.00 $69.00 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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High Voltage Modules 

This series of dual high voltage supplies is specially 
designed for use with high voltage operational 
amplifiers such as Datel Systems AM-300 series. 
The 3 supplies in this series offer output voltages 
of ± 120, ±; 150, and ± 180 volts with excell ent 
regulation , stab ility, and low output ripple 

INPUT VOLTAGE SPECIFICATIONS 

Standard input specification : 115VAC ± 10% 
@60 Hz 

E version : 220VAC ± 10% @ 50-60 Hz 
J version : 1 OOVAC ± 10% @ 50-60 Hz 

Mating MS-7 sockets are $3.50 each 

-~·· 
SPECIFICATIONS 25 °C BPM -120/ 25 BPM-150/ 20 BPM -180/ 16 

Output Voltage ± 120VDC ± 150VDC ± 180VDC 

Output Voltage Accuracy ± 1% ± 1% ± 1% 
-- --

Rated Output Current 25mA 20mA 16mA 

Line Regulation , max. 05% 05% 05% 

Load Regulation , max. 0 1% 0 1% 01 % 

Temperature Coefficient, max. 02%!°C 02%/°C 02%/°C 
----

Output Ripple, RMS max. 10mV 10mV 10mV 

Output Impedance, max. 5 ohms 5 ohms 5 ohms 
-- --

Transient Recovery Time, max. 50µsec . 50µsec 50µsec 

Isolation Resistance, min. 100 Meg 100 Meg 100 Meg 

Isolation Capacitance, max. 250pF 250pF 250pF 

Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 

Operating Temp. Range - 25 ° C to + 71 ° C (No Derating ) 

Storage Temp. Range - 25 ° C to + 85 ° C 

Case Material Phenolic Phenol ic Phenolic 

Module Size, inches 3.5x2 .5x 1.56 3 .5x2.5x 1.56 3.5x2 5x 1.56 
---

Module Size, millimeters 88.9x63 ,5x39 ,6 88.9x63.5x39.6 88.9x63 .5x39.6 
------

Module Weight 24 oz. (68 1g.) 24 OZ . (681g ) 24 oz (681g ) 

Case/Pin Configuration C3 C3 C3 

Other Versions E.J E.J E.J 
---

Mating Socket MS-7 MS-7 MS-7 
- ----

Price (1 -9) $79.00 $79.00 $79.00 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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MP Series: High Po\Ner1 

Line Operated Supplies 

MP SERIES: SUPPLIES FROM 
DATEL SYSTEMS ARE BETTER 
IN 12 WAYS 

1. No output derating over o°C to 65° C operation. 
Twice as much power available at 65° C compared 
with open frame type supplies. 

2. No derating for 50 Hz operation. Open frame type 
supplies have 10% derating for 50 Hz operation. 

3. Overvoltalge protection on 5 volt outputs is standard. 
This is optional on most open frame type supplies. 

4. Barrier strip connector for input and output connec
tions. Open frame type supplies require soldering 
connections directly to transformer and circuit board. 

5. Alumin um cover protects power supply circuitry. 
Open frame type supplies have no cover. 

6. High eff iciency (40-50%) series regulated design . 
Open frame type supplies have efficiencies as low 
as 25%. 

1. Rugged , four-sided anodized aluminum chassis has 
3 different mounting positions. 

8. Output current limiting protects supplies from short 
circuit or overload conditions . 

9 .. Remote sensing with open lead protection is a 
standard feature . 

10. No turn-on or turn-off overshoot for protection of 
your circuits. 

11.. Dual output supplies are tracking for best perform
ance of your circuits . 

12. Low prices start at $38.00 for 5V at 3 amps. 

CHECK THESE 
RELIABILITY FEATURES: 

c£ Hermeticall y sea led series pass transistor with case 
temperature ri se limited to 50° C. 

ii Computer grade 85° C aluminum electrolytic capac
itors with conservati ve rating 

ii Custom designed integral heat sink with conservative 
thermal design for cool operation 

~Layer wound . polyester impregnated transform er 
with integral Faraday shield . 

~ Single sided c1rcu1t board with wide cond uctor runs 
for best reliability 

~All heat generating components directly connected 
to heat sink 

~ Low loss transformer and circuit technique to m1n1-
m1ze internal power d1ss1pat1on . 

[\{ 4 hour burn-in at full load and 65° C before sh ipment 
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GENERAL SPECIFICATIONS COMMON 
TO ALL MODELS 

Input Voltage . ..... . ....... ...... 115/ 230VAC ± 10% 

Line Frequency . ....... ......... 50-60 Hz 

Output Voltage Adjustment. . ... . .. ± 5% 

Output Ripple .... .... . ..... . . .. . 1 mV RMS, max . 
3mV P-P typ 

Transient Response . . . . .. . . . . . .. . 50 µsec. max . 

Output Protection Current Limiting or 
Foldback Limiting 

Overvoltage Protection, SVoutputs .. 6 2V ± 5% 

Voltage Stabil ity, after warmup ... .. ± 0.25%. 24 hours 

Dual Output Tracking . .. . . .. . . .. . .. 05%. 0.1 % over 
temp range 

Operating Temperature Range . .... 0° C to 71 ° C 

Storage Temperature Range . . .... -25° C to +85° C 

DESCRIPTION 
The MP Series high power, line operated supplies are 
new entries in the field of low cost, open frame type sup
plies Although priced competitively with the open fram e 
units, The MP Series offers significant advantage in per
formance and design features . The 16 models in this 
series offer popular single, dual , and triple outputs for 
use with data conversion devices, operational amplifiers, 
and other analog and digital circuits . Output power capa
bility ranges from 15 Watts to 105 Watts and prices are 
from $38 to $149 

The unique feature of the MP Series over open frame 
type supplies is its conservative thermal design which 
results in full rated output over 0° C to 65° C ambient 
temperature and only 15% derating at 71 ° C. This re
sults in approximate ly twice the output power at 65° C 
compared with open fram e supplies. The careful atten
tion to thermal design is evidenced by use o f conserva
tively rated components including 85 ° C computer grade 
aluminum electro lytic capacitors. integral heat sink and 
chassis design, and a high effici ency linear regulator de
sign. The power transformer is a low loss type with no 
dera ting for 50 Hz operati on. It is layer wound with poly
ester impregnation . and incorporates a Faraday shield 
which is connected to chassis ground . Power supply ef
ficiency is 50% for ± 12V and ± 15V outputs and 40% for 
5V outputs 

Other sig nificant features include ou tput current limit
ing protection . 05% tracki ng of dual outputs. barrier strip 
terminal connector. ventilating protective cover, remote 
sensing with open lead protection . and ± 5% output volt
age adjustment by means o f exte rnall y accessible trim
ming potentiometers In addition . all 5V outputs have 
built-in overvo ltage protection as a standard feature . 
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MP Series: High Pa\Ner1 

Line Operated Supplies 

MODEL OUTPUT VOLTAGE OUTPUT I LINE REG. LOAD REG. TEMPCO RIPPLE 

& CURRENT (0 to 65°CJ AT 71 °C' (MAX.)' (MAX.)' (TYPICAL) (AMS MAX.)' 

SINGLE OUTPUT 

MPS-5/3 5V @ 3.0A 2.5A 0.1% 01 % .01 %/°C 1mV 

MPS-5/6 5V @ 6.0A 5.0A 01 % 01 % 01 %°C 1mV 

MPS-5/12 5V @ 12.0A 10.0A 0.1% 01 % 01 %°C 1mV 

MPS-5/18 5V @ 18.0A 15.0A 01 % 01 % 01 %/°C 1mV 

DUAL OUTPUT 

MPD-12/1 ± 12V @ 1.0A 0.85A 05% .05% .01 %/°C 1mV 

MPD-15/1 ± 15V @ 1.0A 0.85A 05% 05% 01 %/°C 1mV 

MPD-12/1.5 ± 12V @ 1.5A 1.25A 05% .05% .01 %/°C 1mV 

MPD-15/1.5 ± 15 " @1.5A 1.25A 05% 05% .01 %/°C 1mV 

MPD-12/3 ± 12V @3.0A 2.5A 05% 05% 01 %/°C 1mV 

MPD-15/3 ± 15V @ 3 .0A 2.5A 05% .05% 01 %/°C 1mV 

TRIPLE OUTPUT 

MPT-12/1-5/3 ± 12V @ 1A / 5V @ 3A 0.85/ 2.5A 0510.1% 05/ 0 .1% .01 %/°C 1mV 

MPT-15/1-5/3 ± 15V @ 1A / 5V @ 3A 085/ 2.5A 05/ 0 1% 05/ 0 1% .01 %/°C 1mV 

MPT-12/1.5-5/6 ± 12V @ 1 5A / 5V @ 6A 1.25/ 5.0A 05/ 0 1% .05/ 0 .1% .01 %/°C 1mV 

MPT-15/1.5-5/6 ± 15V @ 1.5A / 5V @ 6A 1.25/ 5.0A .05/ 0.1% 05/ 0 1% .01 %/°C 1mV 

MPT-12/1.5-5/12 ± 12V @ 1 5Al/5V @ 12A 1.25 / 10.0A 05/ 0.1% .05/ 0 1% .01 %/°C 1mV 

MPT-15/1 .5-5/12 ± 15V @ 1.5V / 5V @ 12A 1.25 / 10.0A 05/ 01 % 05/ 01 % .01 %/°C 1mV 

NOTES 1. 15% derating from 65°C output. 3. No load to full load . 5. 0.1 % tracking over operating temp . range. 

2. For ± 10% line change. 4. Typically 3mV peak to peak. 
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EFFICIENCY TRACKING REMOTE OVER-VOLT. CASE SIZE WEIGHT PRICE 

(NOM. LINE) (DUALS)' SENSING PROTECTION (HXWXL, INCHES/CM) (LBS./KG) (1-9) 

40% YES YES 20X46X7.!,J I 50,8X116,8X193,0 3 .6/ 1,6 $ 38.00 

40% YES YES 4.9X5.3X10.3 I 12,4X13,5X26,2 6.5/ 2,9 $ 56.00 

40% YES YES 4.9X5.3X11 .9 I 12,4X13,5X30,2 10.4/ 4, 7 $ 88.00 

40% YES YES 4.9X5.3X11 .9 I 12,4X13,5X30,2 14.0/ 6,3 $ 99.00 

50% 05% YES NO 2.5X4.9X10.0 I 6,4X1 2,4X25,4 5.0/ 2,3 $ 54.00 

50% 05% YES NO 2.5X4.9X10.0I6,4X12,4X25,4 5.0/ 2,3 $ 54.00 

50% .05% YES NO 3. 7X5.3X10.3 I 9,4X13 ,5X26,2 6.5/ 2,9 $ 65.00 

50% 05% YES NO 3. 7X5.3X10.3 I 9,4X13 ,5X26,2 6 .5/ 2,9 $ 65.00 

50% 05% YES NO 4.9X5.3X10.3 I 12,4X13,5X26,2 10.5/4,8 $ 95.00 

50% .05% YES NO 4.9X5.3X10.3 I 12,4X13,5X26,2 10.5/ 4,8 $ 95.00 

45% .05% 5VONLY 5VONLY 3.4X4.9X11 .0 I 8,6X12 ,4X27 ,9 11.0/ 5,0 $ 85 .00 

45% .05% 5VONLY 5V ONLY 3.4X4 .9X11 .0 I 8,6X12,4X27,9 11 .0/ 5,0 $ 85 .00 

45% 05% 5VONLY 5V ONLY 4.9X5.3X14.0 I 12,4X13 ,5X35,6 14.0/ 6,3 $116.00 

45% 05% 5V ONLY 5V ONLY 4.9X5.3X14.0 I 12,4X13,5X35,6 14.0/6 ,3 $116.00 

45% 05% 5VONLY 5V ONLY 4.9X5.3X 15.6 / 12,4X13,5X39,6 17.0/ 7,7 $149.00 

45% .05% 5VONLY 5VONLY 4.9X5.3X15 .6I12,4X13,5X39.6 17.0/ 7,7 $149.00 
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1and3Watt 
DC-DC Converters 

1 WATT SERIES 

MODEL OUTPUT OUTPUT INPUT INPUT VOLT NO LOAD FULL LOAD EFFICIENCY LINE 
VOLTAGE CURRENT VOLTAGE TOLERANCE INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION 

UPM-5/200-012 + 5V 200mA 12VDC ± 10% 40mA 170mA 50% .05% 

UPM-5/200-028 + 5V 200mA 28VDC ± 10% 10mA 75mA 50% .05% 

UPM-12/ 80-05 +12V 80mA 5VDC ± 10% 85mA 360mA 53% 05% 

UPM-12/80-028 +12V 80mA 28VDC ± 10% 15mA 62mA 55% 05% 

UPM-24/40-05 + 24V 40mA 5VDC = 10% 95mA 350mA 55% .05% 

UPM-24/40-012 + 24V 40mA 12VDC ± 10% 40mA 145mA 55% 05% 

UPM-28/25-05 + 28V 25mA 5VDC ± 10% 95mA 250mA 55% .05% 

UPM-28/25-012 + 28V 25mA 12VDC ± 10% 40mA 105mA 55% 05% 

BPM-12/25-D5 ± 12V 25mA 5VDC ± 10% 95mA 210mA 58% .05% 

BPM-12/25-012 ± 12V 25mA 12VDC ± 10% 40mA 85mA 60% .05% 

BPM-12/25-028 ± 12V 25mA 28VDC ± 10% 15mA 36mA 60% .05% 

BPM-15/25-05 ± 15V 25mA 5VDC ± 10% 95mA 260mA 58% .05% 

BPM-15/25-012 ± 15V 25mA 12VDC ± 10% 40mA 105mA 60% .05% 

BPM-15/25-028 ± 15V 25mA 28VDC ± 10% 15mA 45mA 60% .05% 

BPM-1 8/25-05 ± 18V 25mA 5VDC ± 10% 95mA 310mA 58% .05% 

BPM-1 8/25-012 ± 18V 25mA 12VDC ± 10% 40mA 125mA 60% .05% 

BPM-18/25-028 ± 18V 25mA 28VDC ± 10% 15mA 55mA 60% .05% 

3 WATT SERIES 

MODEL OUTPUT OUTPUT INPUT INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE 
VOLTAGE CURRENT VOLTAGE AGE TOLER INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION 

UPM-5/ 500-05 + 5V 500mA 5VDC ± 10% 240mA 1100mA 45% 05% 

UPM-5/ 500-012 + 5V 500mA 12VDC ± 10% 90mA 430mA 48% .05% 

UPM-5/ 500-D28 +5V 500mA 28VDC ± 10% 32mA 180mA 50% .05% 

UPM-1 2/250-05 + 12V 250mA 5VDC ± 10% 240mA 1100mA 55% .05% 

UPM-12/ 250-028 + 12V 250mA 28VDC ± 10% 30mA 195mA 55% .05% 

UPM-24/1 25-05 + 24V 125mA 5VDC ± 10% 240mA 1100mA 55% .05% 

UPM-24/1 25-012 + 24V 125mA 12VDC ± 10% 75mA 450mA 55% .05% 

UPM-28/100-05 +28V 100mA 5VDC ± 10% 200mA 1000mA 55% .05% 

UPM-28/1 00-012 + 28V 100mA 12VDC ± 10% 75mA 420mA 55% .05% 

BPM-1 2/1 00-05 ± 12V 100mA 5VDC ± 10% 190mA 900mA 53% .05% 

BPM-12/ 100-012 ±12V 100mA 12VDC ± 10% 75mA 410mA 50% .05% 

BPM-12/100-028 ±12V 100mA 28VDC ± 10% 30mA 156mA 55% .05% 

BPM-15/100-05 ±15V 100mA 5VDC ± 10% 240mA 1100mA 53% .05% 

BPM-15/100-012 ±15V 100mA 12VDC ± 10% 85mA 470mA 53% .05% 

BPM-15/1 00-028 ± 15V 100mA 28VDC ± 10% 30mA 195mA 55% .05% 

BPM-18/100-05 ±18V 100mA 5VDC ± 10% 200mA 1360mA 53% .05% 

BPM-18/100-012 ±18V 100mA 12VDC ±10% 75mA 545mA 55% .05% 

BPM-18/ 100-028 ±18V 100mA 28VDC ±10% 30mA 235mA 55% .05% 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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LOAD TEMP. OUTPUT CASE PRICE 
REGULATION COEFFICIENT IMPEDANCE CC:'-IFIG. (1 -9) 

01% .02%/°C .070 F $42.00 

0.-1 % .02%/°C .070 F $42.00 

05% .02%/°C 0.20 F $42 .00 

.05% .02%/°C 0 .20 F $42.00 

05% .02%/°C 0.20 F $42.00 

.05% .02%/°C 0.20 F $42.00 

05% .02%/°C 0.20 F $42.00 

05% .02%/°C 0.20 F $42 .00 

05% .02%/°C 0 .20 F $49.00 

.05% .02%/°C 0 .20 F $49.00 

.05% .02%/°C 0 .20 F $4900 

05% .02%/°C 0.20 F $49.00 

05% .02%/°C 0.20 F $49.00 

.05% .02%/°C 0.20 F $49 .00 

05% .02%/°C 0 .20 F $49 .00 

05% .02 ,'(,!°C 0.20 F $49.00 

.05% .OZ%/°C 0.20 F $49.00 

LOAD TEMP OUTPUT CASE PRICE 
REGULATION COEFFICIENT IMPEDANCE CONFIG (1-9) 

0 .1% 02%/°C .070 G1 $64.00 

0 .1% .02%/°C .070 G1 $64 .00 

0 .1% .02%/°C .070 G1 $64.00 

.05% .02%/°C 0.20 G1 $64.00 

.05% .02%/°C 0.20 G1 $64.00 

.05% .02%/°C 0.20 G1 $64.00 

05% .02%/°C 0 .20 G1 $64 .00 

05% .02%/°C 0.20 G1 $64 .00 

.05% .02%/°C 0.20 G1 $64.00 

.05% .02%/°C 0.20 G1 $69.00 

05% .02%/°C 0.20 G1 $69.00 

.05% 02%/°C 0.20 G1 $6900 

.05% .02%/°C 0.20 G1 $69.00 

.05% . 02%/°C 0.20 G1 $69.00 

.05% .02%/°C 0 .20 G1 $69.00 

05% .02%/ °C 0 .20 G1 $69.00 

.05% .02%/°C 0.20 G1 $69.00 

.05% .02%/°C 0.20 G1 $69.00 

DESCRIPTION 

1020G Turnpike Street, Bu1ld1ng S 
Canton, Massachusetts 02021 U.S.A. 
TELo 16171 828-8000 
TWX o 710-348-0135 TELEX o 924461 

This broad line of DC-DC converters features 17 one 
watt models and 18 three watt models with single and 
dual output voltages . Input voltages are 5. 12. and 28V 
with single outputs of 5. 12, 24 . and 28V. and dual out
puts of ± 12. ± 15. and ± 18V Output voltage accuracies 
are ± 1 % with .02%/°C temperature coefficient . Other 
features include low output ripple . 100 megohm isola
tion. grounded internal copper shield . and output 
current limiting . 

GENERAL SPECIFICATIONS - ALL MODELS 

Output Voltage Accuracy 
Output Noise and Ripple , max . 
Back Ripple Current. max. 
Capacitive Coupling . max. 
Breakdown Voltage , min . 
Transient Recovery Time. max. 
Operating Temp Range 
Storage Temp. Range 
Internal Shield 

Case Material 

MODULE SIZES 

F Case : 

Weight: 

± 1% 
20mV P-P (2mV RMS ) 
1% of l lN 

250 pF 
300VDC 
50µsec. 
- 25° C to +7 1° C 
- 55° C to + 85° C 
Copper. connected to 

common 
Diallyl Phthalate 

1.5X2 .0X0.375 inches 
38, 1X50,8X9.5 mm 

1.5 oz. (43g .) 

G 1 Case 2.0X2 OX0432 inches 
50.8X50,8X11 ,0 mm 

Weight : 2.5 oz. (71g. ) 

Both 1 and 3 watt series use 2 DILS-1 or DILS-2 
terminal strips (at $5.00/ pair) for sockets . 
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5and10Watt 
DC-DC Converters 

5 WATISERIES 

MODEL OUTPUT OUTPUT INPUT INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE 
, VOLTAGE CURRENT VOLTAGE AGE TOLER INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION 

UPM-5/ 1000-D12 + 5V 1000mA 12VDC ± 10% 88mA 776mA 54% .05% 

UPM-5/ 1000-D28 + 5V 1000mA 28VDC ± 10% 45mA 300mA 60% 05% 

UPM-12/420-D5 + 12V 420mA 5VDC ± 10% 300mA 1800mA 56% 05% 

UPM-12/420-D28 + 12V 420mA 28VDC ± 10% 40mA 270mA 67% 05% 

UPM-24/ 210-D5 + 24V 210mA 5VDC ± 10% 300mA 1800mA 56% .05% 

UPM-24/ 210-D12 +24V 210mA 12VDC ±1 0% 80mA 760mA 55% .05% 

UPM-28/ 180-D5 + 28V 180mA 5VDC ±1 0% 300mA 1800mA 56% 05% 

UPM-28/ 180-D12 + 28V 180mA 12VDC ±1 0% 80mA 760mA 55% .05% 

BPM-12/ 210-D5 ± 12V 210mA 5VDC ±1 0% 330mA 1800mA 56% .05% 

BPM-12/ 210-D12 ±12V 210mA 12VDC ± 10% 110mA 660mA 64% .05% 

BPM-12/210-D28 ± 12V 210mA 28VDC ± 10% 43mA 278mA 65% 05% 

BPM-15/ 165-D5 ± 15V 165mA 5VDC ± 10% 370mA 1750mA 56% .05% 

BPM-15/ 165-D12 ± 15V 165mA 12VDC ± 10% 110mA 660mA 63% .05% 

BPM-15/ 165-D28 ± 15V 165mA 28VDC ± 10% 43mA 278mA 64% .05% 

BPM-1 8/ 140-D5 ± 18V 140mA 5VDC ± 10% 370mA 1750mA 58% 05% 

BPM-1 8/ 140-D12 ± 18V 140mA 12VDC ± 10% 11 0mA 660mA 64% .05% 

BPM-18/ 140-D28 ± 18V 140mA 28VDC ± 10% 43mA 278mA 65% 05% 

10 WATI SERIES 

MODEL OUTPUT OUTPUT INPUT INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE 
VOLTAGE CURRENT VOLTAGE AGE TOLER INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION 

UPM-5/2000-D12 + 5V 2000mA 12VDC ± 10% 105mA 1700mA 49% .05% 

UPM-5/ 2000-D28 + 5V 2000mA 28VDC ± 10% 38mA 550mA 65% .05% 

U PM-12/ 840-D5 +12V 840mA 5VDC ± 10% 400mA 3680mA 55% .05% 

UPM-12/840-D28 + 12V 840mA 28VDC o: 10% 38mA 550mA 65% 05% 

UPM-24/ 420-D5 + 24V 420mA 5VDC = 10% 400mA 3400mA 59% .05% 

UPM-24/ 420-D12 +24V 420mA 12VDC ± 10% 11 8mA 1230mA 68% .05% 

UPM-28/ 360-D5 +28V 360mA 5VDC ± 10% 400mA 3400mA 59% 05% 

UPM-28/ 360-D12 +28V 360mA 12VDC ± 10% 118mA 1230mA 68% 05% 

BPM-12/420-D5 ±12V 420mA 5VDC ±10% 600mA 3600mA 56% .05% 

BPM-12/420-D12 ±12V 420mA 12VDC ± 10% 150mA 1410mA 60% 05% 

BPM-12/420-D28 ± 12V 420mA 28VDC ± 10% 56mA 6 13mA 59% 05% 

BPM-15/ 330-D5 ±15V 330mA 5VDC ± 10% 600mA 3600mA 55% .05% 

BPM-15/330-012 ± 15V 330mA 12VDC ± 10% 150mA 1410mA 59% .05% 

BPM-15/330-D28 ±15V 330mA 28VDC ±10% 56mA 613mA 58% 05% 

BPM-18/280-05 ± 18V 280mA 5VDC ±10% 600mA 3600mA 56% .05% 

BPM-18/280-012 ± 18V 280mA 12VDC ±10% 150mA 1410mA 60% .05% 

BPM-18/280-D28 ± 18V 280mA 28VDC ± 10% 56mA 613mA 59% .05% 

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT 
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LOAD TEMP OUTPUT CASE PRICE 
REGULATION COEFFICIENT IMPEDANCE CONFIG. (1·9) 

01% .02%/°C .0050 G2 $69.00 

01% 02%/°C .0050 G2 $69.00 

.05% .02%/°C .0 150 G2 $69.00 

.05% .02%/°C .150 G2 $69.00 

.05% .02%/°C .030 G2 $69.00 

05% .02%/°C .030 G2 $69.00 

05% .02%/°C .0350 G2 $69.00 

05% .02%/°C .0350 G2 $69.00 

05% .02%/°C .030 G2 $75.00 

05% 02%/°C .030 G2 $75.00 

05% 02%/°C .030 G2 $75.00 

05% 02%/°C .030 G2 $75.00 

05% .02%/°C .030 G2 $75.00 

05% .02%/°C .030 G2 $75.00 

05% .02%/°C .030 G2 $75.00 

.05% .02%/°C .030 G2 $75 .00 

.05% .02%/°C .030 G2 $75 00 

•mr• 
LOAD TEMP. OUTPUT CASE PRICE 

REGULATION COEFFICIENT IMPEDANCE CONFIG. (1·9) 

01 % .02%/°C .0050 CB $89.00 

01 % 02%/°C .0050 CB $89.00 

05% 02%/°C .020 CB $89.00 

.05% .02%/°C .020 CB $89.00 

.05% .02%/°C .020 CB $89.00 

.05% .02%/°C .020 CB $89.00 

05% .02%/°C .020 CB $89 .00 

05% .02%/°C .020 CB $89 .00 

.05% .02%/°C .020 CB $9400 

.05% 02%/°C .020 CB $94.00 

.05% .02%/°C .020 CB $94.00 

05% .02%/°C .020 CB $94.00 

05% .02%/°C .020 CB $94 .00 

05% .02%/°C . 020 CB $94 .00 

.05% .02%/°C .020 CB $9400 

.05% .02%/°C .020 CB $94 .00 

05% 02%/°C .020 CB $94 .00 

DESCRIPTION 

This comprehensive line of higher power DC·DC con· 
verters features 34 different models with both single and 
dual outputs. Input vo ltages are 5. 12. and 28V with 
single output voltages of 5, 12, 24 , and 28 volts. and dual 
outputs of ± 12. ± 15, and ± 18 volts. Output voltage 
accuracies are ± 1 % with .02%!°C temperature coeffi· 
cients. Other features include low output ripple . 100 
megohm isolation . grounded internal copper shield , 
and output current limiting protection . 

GENERAL SPECI FICATIONS - ALL MODELS 

Output Voltage Accuracy 
Output Noise and Ripple . max. 
Back Ripple Current. max. 
Capacitive Coupling , max. 
Breakdown Voltage , min. 
Transient Recovery Time. max. 
Operating Temp Range 
Storage Temp. Range 
Internal Shie ld 

Case Material 

MODULE SIZES 
G2 Size : 

Weight 

CB Size: 

Weight 

± 1% 
20mV P· P (2mV RMS) 
1% of l lN 

250 pF 
300VDC 
50µsec. 
- 25°C to + 71 ° C 
- 55°C to + 85° C 
Copper. connected to 

common 
Diallyl Phthalate (G2 ) 
Phenolic (CB ) 

2.0X2.0X. 750 inches 
50.8X50,8X19. 1 mm 

4.5 oz. (128g.) 

3.5X2 .5X.875 inches 
88,9X63,5X22 .2 mm 

14 oz. (397g.) 

The 5 watt series use 2 DILS·l or DILS·2 terminal strips 
(at $5.00/ pair) for sockets. The 1 O watt series use the 
MS·? socket at $3.50 each . 

1020G T urnpike Street , Building S 
Canton, Massachusetts 02021 U .S.A. 
TEL (6171828-8000 
TWX : 710·348-0135 TELEX : 924461 
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4.5Watt DC·DC Convert:ers 
These miniature, aluminum cased DC-DC convert
ers are ideal for applications where mounting 
space is tight, yet highly regulated ±15VDC is 
required at up to 150mA output current. Specifi
cations include voltage accuracy of ± 1 %. line reg
ulation of .05% max., load regulation of .05% max., 
and tempco of .005%/°C. For convenient heat sink
ing, two 2-56 studs are provided on the bottom of 
the case. All models have output current limiting 
protection. 

OTHER SPECIFICATIONS 
Isolation Resistance, min . 100 Meg. 
Isolation Capacitance, max. 100 pF 
Breakdown Voltage , min. 300VDC 
Operating Temp. Range -25° to +71°C 
Storage Temp. Range -55°C to +85°C 

MS-6 sockets are $3.50 each. 

SPECIFICATIONS 25°C BPM -15/ 150-05 BPM-15/ 150-024 BPM-15/ 150-028 

Output Voltage ± 15VDC ± 15VDC ± 15VDC 

Output Voltage Accuracy ±1% ± 1% ± 1% 

Rated Output Current' ± 150mA ± 150mA ± 150mA 

Input Voltage 5VDC 24VDC 28VDC 

Input Voltage Tolerance ±.25V ±3.5V ±4V 

Maximum Input Current 1.75A 0.35A 0.3A 

Efficiency, full load 51 % 54% 54% 

Line Regulation, max. .05% 05% 05% 

Load Regulation, max. 05% 05% 05% 

Temperature Coefficient, max. .005%!°C .005%/°C .005%!°C 

Output Ripple RMS max. lmV 1mV 1mV 

Output Impedance, max. .050 .050 .050 

Transient Recovery Time, max. 50µsec . 50µsec 50µSec. 

Case Material Aluminum Aluminum Aluminum 

Module Size, inches 2.0X2.0X0.4 2.0X2.0X0.4 2.0X2.0X0.4 

Module Size, millimeters 50,8X50,8X10,2 50 ,8X50,8X 10,2 50,8X50,8X10,2 

Module Weight 3.0 oz.(85g) 3.0 oz.(85g ) 3.0 oz.(85g) 

Case/Pin Configuration B B B 

Mating Socket MS-6 MS-6 MS-6 

Price (1-9) $79.00 $79.00 $79.00 

THESE POWER SUPPLIES ARE NOTE: 

COVERED BY GSA CONTRACT 1. Above 35° C (95° FJ mounting surface temperature, derate 1.3mA/°C. 
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Model 1200: pC Supply 

Model 1200 microcomputer supply is a DC-DC con
verter designed to operate from a 5 volt logic 
supply to power a CPU and 4K of memory. The out
put voltages of +12, -5, and -9V in conjunction 
with the 5V input will power an 8080 CPU and four 
2107A RAM 's or four 1702A ROM 'S. This supply 
operates with a full load efficiency of 58% and has 
output current limiting protection . 

Operating temperature range is -25°C to + 71°C 
and storage temperature range is -55°C to +85°C. 

Mating sockets, 2 DILS-1 or DILS-2 terminal strips, 
are $5.00 per pair. 

SPECIFICATIONS. 25° C MODEL 1200 

Outputs + 12VDC @ 160mA 

- 9VDC @ 300mA 

- 5VDC @ 2mA 

Output Voltage Accuracy ± 1% (+ 12V & - 9V). ± 5% (-5V) 

Input Voltage 5VDC ±0 25V 

Input Current, no load 0.3 Amp. 

Input Current, full load 1.6 Amp. 

Efficiency, full load 58% 

Line Regulation, max., all outputs 05% 

Load Regulation, max., + 12V out 05% 

Load Regulation, max., -9V out 01 % 

Load Regulation, max., -SVout 1 0% 

Temperature Coefficient, max. 02%/°C 

Output Ripple, RMS max. 1mV 

Transient Recovery Time, max. 25µsec. 

Case Material Diallyl Phthalate 

Module Size, inches 2.0X2.0XO. 75 

Module Size, millimeters 50,8X50,8X 19, 1 

Module Weight 4.5 oz.(1289) 

Case/Pin Configuration K 

Mating Socket DILS-1, DILS-2 

Price (1-9) $89.00 

THIS POWER SUPPLY IS COVERED BY GSA CONTRACT 
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.-.~L DIGITAL PANEL METER SHORT FORM GUIDE 
~ liiim SPECIFICATIONS• COVERED BY GSA CONTRACT 

DATEL MODEL~ 

ANALOG INPUT 

Configuration 

Range. Full Scale . 
CMR 

CMV 

Bias Current . 
Impedance .. 

PERFORMANCE 

Accuracy 
Temp Drift .. 
Sample Rate. 

LED Digit Height 
BCD Outputs 

Power Supply 

NOTES 

ORDERI NG GUI DE 

Datel's products are available both 

direct and through GSA. If you are 
connected with a military or federal 
agency or receive federal funds, you 
may be entitled to purchase Datel's 
Digital Panel Meters and other p rod· 
ucts through the General Services 
Admi n istration. Datel's DPM's are 
approved under FSC Group 66-17, 
Part 11. GSA Contract No. GS-OOS-
27959. Contact Date1 for assjstance. 

PRICES (1-9 quanti t y) I contact Date I 

for quantity discounts and lnterna· 
tional p rices and GSA orders) 

DPM CONNECTORS (not includeo 
w ith OPM ). Dual 1 S.pin, PC-type 

Suggested +5VDC POWER SUPPLY 
(not inc luded w ith DPM I See Pg. 4 

FOR FURTHER 
INFORMATION 

DM -350 
3-1 /2 D igits .43" H D isplays 

A C o r +5 VDC Portabl e Display Only 

DM-3000 
3 digit, 0 to +1V I nput OPM/ Counter 

.43"H Displays +5V Power, $99 

DM-2100 
3-1/2 digit s ±200mV, ±2V 

Differentia l Input, +5V Power, $129 

SPECIFICATIONS COMMON TO ALL MODELS 

PHYSICAL 
Case Size . 

Case Material 

3"W K 1. 75"H x 2.25"0 (76,2 x 44,5 x 
57.2 mm) 

Black Polycarbonate plastic. Impact and 
Chemical resistant . 

Front Panel Cutout & Mounting . Through a 1.812" x 3.062" (46 x 77,8 mm) 
cutou t secured by (4) 4 -40 flathead screws 

Temperature Ranges 
Operating 
Storage 

0 to +50° C 
- 55° 10 +85° C 

Specificat ions (typica l at +25° C unless noted ) 

Single Ended, Unipolar 'or Bipolar 
0 to + 1.999V or± 1 .999V 
70 db@ DC IAC Models Only) 
±300 VDC (AC Models Only) 
45nA typ. 500 nA Max. 
100 Megohms, Min. 

Adj. to ±0.05% of F.S. ±1 Digit 
± 100ppm FS/°C typ. 
2 Samples Per Sec, Adj. 
0.43" (11 mm) 
NONE 
AC Line or +5 VOC, 300 mA Max. 

Low Cost for Display Only 
Appl1cat1ons 

DM-350 

POWER SUPPLY 

D~5VDC 
A = 115 or 230 VAC 

(User-selected on 
rear connector) 

INPUT PO LAR ITY 

1 = Unipolar 

0 to +1 .999V 
2= Bipolar 

-1 .999V to +1 .999V 

DM -350D1 (5V, unipolar) 
DM-350D2 15V, bipolar).. 
DM-350A 1 (AC, unipolar) 

DM-350A2 (AC, bi polar) .. 

... $69 

. .. $75 
.. S79 
. . S89 

2335-1 (Solder Tab). . . . $4.95 
2335-2 (Wore Wrap) ..... _ .... $4 .95 

Not Required On AC 
Powered Versions 

SEE PAGE 184 

Single-ended unipolar 

0 to +999mV. (+9.99. +99.9V opt) 
NA (unipolar) 
NA (unipolar) 

1 OOnA typ, 250nA max 

100 Megohms. min( 1 Vl •. 1m!1( 10,100V) 

Adj . to ±0.1 % of Reading ± 1 digit 

±1 OOppm FS/° C max 

0 to 250 Samples per Sec 
0.43" (11 mm) 

Full parallel Std. 
+5VDC, 800 mA max 

DM-3000 has count and reset inputs 

and optional crystal clock so that it 

can be configured as a 1 OMz counter, 

frequency meter , tachometer or 4-

wire slave display. 

DM-3000 

I -c_ 

500KHz Clock 

R=Ceramic Resonator 
X= Ouartz Crys tal 

Inpu t Range and Resistance 

1=0 t o +999m V 
1 OOMn impedance I-

2=0 to +9 .99V 
1 OOKn impedance 

3=0 to +99.9 V 
100K!1 impedance 

DM-3000RI .. . $99 
for 1 OV or 1 OOV inputs add $10 
for crysta l clock .... add $10 

2335-1 (solder tab) .. $4 .95 

2335-2 (wire wrap) .. $4.95 

UPM-5/1000B Power Supply $49 .00 
MS-7 Power Supply Socket $3 .50 

SEE PAGE 186 

Differential Bipolar 

±199.9mV or ±1.999V 

70dB. DC to 60Hz 

±2V to logic gnd . 

20nA 

(See ordering 
guide) 

100 Megohms, min 

Adj . to ±0.05% of Reading± 1 digit 

±50ppm FS/° C max 

0 to 200 Samples per Sec 

0.30"" (7.6 mm) 
Full parallel Std . 
+5VDC, 650mA max 

DM-2100 has true differential bi

polar inputs and choice of ±200 mV 

or ±2V input ranges. 

DM-21 00.I 

Input Range 

A =± 199.9mV 
B~± t .999V 

Another version of t he DM-2 100 
(model DM-1100) has special options 
available (optoisolation, low input 
bias, input filter , etc.) Con t act Datel 

for details. 

DM21 00A $129 

DM2100B $129 

2335- 1 (solder tab) ... $4 .95 

2335-2 (wire wrap) •.... $4.95 

UPM-5/ 1000B Power Suppl y $49 .00 
MS. 7 Power Supply Socket $3.50 

SEE PAGE 191 
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DIGITAL PANEL METER SHORT FORM GUIDE CIUCL SPECIFICATIONS • COVERED BY GSA CONTRACT 
DM-2115 DM-2000AR DM-4000 DM-4300 

3-1 /2 digits .43" H Displays 3-1/2 digit Autoranging ±200mV, 4-1/2 digit , ±2V Input Autozeroed 4-3/4 digit, ±4V Input Autozeroed 
AC or +5V portable Differential, $159 2V, 20V Input Ranges, $ 169 Optoisolated Ratiometric, $219 Optoi solated Rat iometric $235 

DIGIT AL CONTROLS & OUTPUTS - All digitll controls 1nd outputs mr• compatible with TTL l09ic levels 
All P•MI m.!9" have the following controls ind outputs : 
Internal Start Clock .. Internal TTL start clock trigger pulse, 1n1tially set at two Overflow Overflow output indicates wtien full scale input has been exceeded . 

samp les per second EOC End of Conversion (Status o r Busy) 1nd1cates when conversion 

Exter nal Start Adjust . External adjustment of internal start clock sample rate, is complete and BCD output data is valid. 

(not included OM-4000, 43001 s;gn Automatically indicates polarity of input (except unipolar DM-30001. 
Decimal Pmnts Any left-of-full -digit decimal points may be 1tlummated by ground · 

Internal Start Ga te Provides o:ternal asynchronous gating of the internal 1ng appropriate rear PC connector pms (except DM-2000AA which 
st art clock. or for hold to read . au tomat icalty lights the proper decimal point) . 

BCD Data Ou tpu n Full parallel binary coded decimal (BCD) outputs are Input /Output Connector Dual 18-pin PC edge-board type , 0 .1 .. centers, V1k1ng 3VH18/1JN-5, 
va l id when the EOC pulse goes low. BCD is standard on or equ ivalent $4.95. 
all m odels except t he DM-21 15, DM-4 000, and DM-4300 Displays All digits are red LED (Light Emitting Diodel 7-segment displays 
where it is optional. Overrange bit on all models except with automatic overflow indication and autopolar1ty (except uni po-

DM-3000. lar DM-3000) 

Dif ferential B ipo lar Single-ended Bipolar floating (opt) Differential Bipolar floating Differential B ipolar floating 

0 to ±1.999 Vo lts 0 to ±199.9mV, ± 1.999V, ± 19.99V 0 to ±1.9999 Volts 0 to ±3.9999 Volts 
70dB, DC to 60H z 70 dB, DC to 60Hz loptionall 120dB, DC to 60Hz 120dB, DC to 60Hz 
±JV to logic gnd. ±1oov to logic gnd (optional) ±300V to logic gnd t 300V to logic gnd 
3nA typ, 2nA max 2nA 100pA max 100pA max 
100 Megohms, min 

1 Megohm to summing junction 
100 Megohms, min 100 Megohms. min 

Adj . to ±0.05% of Reading ±1 d igit Adj. to t 0. 1% of Full Scale± 1 d igit Adj. to ±0.01 % of Reading ± 1 digit Adj. to ±0.01 % of Reading ±1 digit 
±50ppm FS/° C max ±100ppm FS/° C max ±15ppm/° C of Read ing max ±15ppm/° C of Reading, max 

0 to 40 Sampl es per Sec 0 to 30 samples per Sec 0 to 5 samples per Sec 0 to 3.3 samples per Sec 
o.~3" 111 mm) 0.30" 17.6 mm) 0.43 " 111 mml 0.30" 17,6 mm) 

Fu l l paral lel optiona l Full parallel Std. Fu ll parallel optional Full pa rallel optional 
AC line or +5VDC. 400mA max +5VDC, BOOmAmax +5VDC, 600mA max +5VDC, 600mA max 

DM-211 5 may be operated AC or DM-2000AR is a 3-decade autorang- DM-4000 features optoisolated in- DM-4300 features optoisolated in-
port abl e with +5VDC, 400mA max ing OPM which automatically switches puts, crystal oscillator counter for puts, crystal oscillator counter for 

power. With blanked display, current ranges and decimal point over ±0.2V, 
60dB NMR AC line noise rejec t ion 60dB NMR AC line noise rejection 
and autozeroing to eliminate residual and autozeroing to eliminate residual 

drops to 120mA, ideal for "press to ±2V, and ±20V Full Scale. offset errors. DM-4000 includes a 3- offset errors. OM-4300 includes a 3-
read " in struments. wire ratiometric input. wire ratiometric input. 

DM-2 115 

I T DM-2000ARI DM-4000 I -,- DM-4300 I -,-

Power Supply Add suff ix - 2 for Paral lel TT L Parallel TT L 

A=115VAC 
optoiso lated BCD Output BCD Ou t put 

E=230VAC 
dif feren tial input 

A=wit hout A=without 

J=100VAC B=with B=with 

D=+5VDC IDM-2000A R less optoisolation 
(AC, 47 to 440Hz l has a single-ended input to Synch. to Synch. to 

logic ground) AC line f--' AC line t--
Full Parallel I-' frequency of frequency of 

BCD Output 
5=50H z 5=50 Hz 

l =w i thout 6=60Hz 6=60 Hz 

2=with 

DM-211 5 +5V, no BCD . . $129 DM-2000A R 
DM-2115 +5V, w ith BCD. $145 no o ptoiso lation . $169 DM- 4000A wit hout BCD . $219 DM-4300A without BCD . $235 
DM-21 15 AC. no BCD $1 59 DM-2000A R-2 DM- 4000B with BCD . $239 DM-4300B with BCD . $255 
DM-2115 AC, w ith BCD $175 with o p toisolation $218 

2335-3 (solder tab) . . . $4.95 2335-1 (solder tab). $4.95 2335-1 (solder tab) . . . . . . $4.95 2335-1 (solder tab) ...... $4.95 
2335-4 (wire wrap). $4.95 2335-2 (wire wrap) . . . . $4.95 2335-2 (wire wrap) . - ... $4.95 2335-2 (wire wrap) . - ... . $4.95 

No t requi red DM-211 5 inc ludes In- UPM-5/1000B Power Supply $49.00 UPM-5/ 1000B Power Supply $49.00 UPM-5 /1 OOOB Power Supply $49.00 

ternal AC Power Suppl y MS-7 Power Supply Socket $3.$0 MS-7 Power Su pply Socket $3.50 MS-7 Power Supply Socket $3.50 

SEE PAGE 197 SEE PAGE 193 SEE PAGE 201 SEE PAGE 201 
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@DAJEL 
~SYSTEMS, INC. 

1020G Turnpike Street, Bu1ld1ng S 
Canton. Massachusetts 02021 U.S.A. 
TEL: (6171 828-$000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

... Large 0.43" (11 mm) LED Display 

.,. Very Low Cost, $69 . 

.,. Choice of Unipolar or Bipolar 1.999V 
Ranges 

.,. Choice of AC or 5VDC Power Supply 

... Very Low Power Consumption for Por· 
table Instruments, 5VDC @ 300 mA max. 

DESCRIPTION 
Datel's model DM-350 Digital Panel Meter 
features very low cost but high performance 
in a miniature case for display-only applica
tions. The instrument uses advanced CMOS 
LSI circuits for a very low overall parts count, 
high reliability and low internal heat rise. The 
large red high-efficiency LED displays mea· 
sure 0.43 inches (11 mm) high for easy, no
parallax viewing from comfortable working 
distances. 

The DM-350 employs a high impedance (100 
Megohms min.) single-ended input with a 
choice of 0 to +1.999 Volt or -1 .999 Volt to 
+1.999 Volt input ranges. 

The optional AC powered models are trans· 
former-isolated , allowing operation in differ
ential circuits not exceeding ±300 Volts to 
the AC line. AC power voltages are user·selec· 
ted by jumpers on the rear connector for 115 
or 230 VAC, 47 to 440 Hz input. The +5VDC 
models require only 300 mA max. current, 
making them ideal for battery-operated in· 
struments. 

Additional application features include an 
automatic polarity sign for bipolar models 
and user-selected decimal points on the rear 
connector for scaling inputs. The sampling 
rate of 2 per second may be varied by using 
external resistors, and the display may be 
held using a rear connector input. Overscale 
inputs are automatically indicated with hori
zontal bars on the display . 

The DM-350 is housed in an impact-resistant, 
solvent-proof polycarbonate plastic case with 
four screwholes for front-panel mounting. 
The operating temperature range is 0 to 
+50° C. 

Rear Connector Wiring 

LEFT 

RIGHT 

ANALOG HI INPUT 
ANALOG LO (NO INTERNAL CONNECTION) 
ANALOG GROUNO} INTERNALLY 
POWER COMMON CONNECTEO 
OECIMAL POINT .000 - KEYWAY 

OECIMAL POINT .00 
l5ECTMii""[ POINT .0 

LAMP TEST 
HOLO OISPLAY 
SAMPLE RATE AOJUST 

+5VOC POWER 

AC POWER WINO ING A HI 
AC POWER WINOING B HI 
AC POWER WINOING A LO 
AC POWER WINOING B LO 

Pins A and B {Bottom and Topi are wired in parallel 

3 Y2 DIGIT MINIATURE 
LOW COST DIGITAL PANEL METER 

CUSTOMER PANEL 

DRILL CLEARANCE OR 
OR Ill Ii TAP FOR 
.t 40 SCR EW !METRIC M31 

.OlOlt MU 
10.8) 

CUTOUT 

MODEL DM-350 
Covered by GSA Contract No. GS-OOS-27959 

MECHANICAL DIMENSIONS 
INCHES (MM) 

2 120 
tSJ,8) 

CUSTOME R"S PANEL 

I ,00 
138.11 

(9,5) ·'"1 

re BOARD 
CON NECTOR 

e e_j 
BEZEL & FIL TEA SNAPS ON 
AFTER INSTALUNG UNIT 

MOUNTING DETAILS 
DIMENSIONS IN INCHES (MM) I ~------ ,_o •• ______ __,,. 

177.81 
~------ l .3 12 --------~ 

18-4,11 

"' 13.21 

,,. 
14,0I 

FILTER 
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SPECIFICATIONS ITypica1@+2s0 c unless noted) c.-EL 
DISPLAY 
Number of Digits 

Display Type ....... . 
Display Size ........ . 
Overscale .......... . 

Polarity . .... ...... . 

Lamp Test ......... . 

Sampling Rate ...... . 

Underscale ......... . 

ANALOG INPUT 
Configuration . ..... . 

Full Scale .......... . 
Input Ranges 

Input Bias Current ... . 
Displayed Accuracy .. . 

Temp. Drift ...... .. . 

Operating Temp. . .... 
Range 
Storage Temp . . .. . .. . 
Range 
Input Overvoltage ... . 
Input Impedance .... . 
Common Mode ..... . 
Voltage 
Common Mode ..... . 
Rejection 
Warm Up Time ..... . 

3-Y, digits with sign and 3 decimal points 
(+1 .9.9.9) 
Red, Light Emitting Diode (LED) 
0.43 inches (11 mm) high 
Inputs greater than 1.999V indicated by 
steady horizontal bars and a "one" 
Plus and minus sign automatically displayed 
on bipolar models. No sign on unipolar models. 
All display segments may be tested (using 
888) by grounding pin 9. 
2 samples per second, may be varied using 
ext. resistors 
Reads al I zero's 

Single-ended referenced to ground and com
mon or single-ended transformer isolated (AC 
models) 
0 to +1.999 Volts (unipolar) 

or 
-1.999 Volts to +1.999 Volts (bipolar) 
45nA, typical, 500nA, maximum 
Within 2mV of correct reading alter cali
bration at steady operating temperature. 
(±0.05% of F.S. ±1 count) 
Within 10mV between 0 and +50° C 
(±100ppm of F.S./° C) 
0 to +50°C 

- 25° C to +85° C 

±50V continuous maximum for no damage 
100 Megohms minimum 
±300VDC to AC pwr gnd (AC models only) 

70d8 @ DC (AC models only) 

Essentially None 

CALIBRATION PROCEDURE 
AC POWER 

CONNECTIONS 

LOCATION OF TRIM POTS 
REMOVE FHO .. TPA.l'll(l BEZEL 
ANO FIL Tl fl ev PRVll'llGUP 
FROM 801 fOM 

APPLICATION NOTES 
If you are new to digital panel meters, you'll find them easy to use if you 
observe some simple precautions. Digital Panel Meters differ from mechani
cal meters in important ways. These include : 
1. Input Characteristics - OPM's have very high input impedance and 

present a negligible load to most circuits. Because of input bias current 
error, an external buffer amplifier is recommended for input source 
resistance of 1 OK.n or greater. Always connect the signal source be
tween ANALOG HI and ANALOG COMMON . Do not use the POWER 
COMMON as an analog return in order to prevent a ground loop. 

2. AC and no ise on the input terminals and power supply can cause varia
tions in the display and possible loss of readings around zero. If this 
occurs, try to reduce input source noise and hum. An input filter con
sisting of 10Kl1 from ANALOG HI to the source and 1 OµF from 
ANALOG HI to ANALOG COMMON can be tried . Increase the capaci -

ORDERING 
GUIDE 

Model Number 

OM -350.I L.~----~ 

POWER SUPPLY INPUT RANGE 

D +5VOC 1 = Unipolar 

A 115or230VAC 010+1999V 
(User-selected on 2 "' Bipolar 

rear con nee tori - 1 999V to "1.999V 

DIGITAL INPUTS (Disregard These Inputs If Not Required) 
LAMP TEST . . . . . . . . (Pin 9) Ground this pin to illuminate the 

three 'B's" in the display . 1 TTL load (Sink 
1.6mA) 

Hold Display ........ (Pin 10) Switch this input to +5VDC to freeze 
the last displayed reading. 10 Kilohm load to 
ground. 

Sample Rate . . . . . . . . (Pin 11) Sampling rate is 2 samples per second 
Adjust with no connection on pin 11 . Connect a 680 

Kohms resistor to ±5V for 4 samples/second. 
Connect a 1µF.1 OV capacitor to ground for 1 
sample/second. (Plus lead of cap to pin 11) . 

Decimal Points . .....• (Pins 5, 6, and 7) Ground each pin to illumin
at e corresponding d eci m al points. 

ADJUSTMENTS 
Zero, Full Scale, ..... 
Balance 
POWER SUPPLY 
+5VDC .... ... .... . 

AC .. . .......•. .. . . 

PHYSICAL 

Sink 20mA. 

Screwdriver trim pots for calibration adjust
able by removing front panel bezel and filter. 

(Pin 13) +5VDC power ±.25VDC@ 300 mA 
max. Noise and spikes must be less than 
50mV . Approximately 50mA may be used 
from pin 13 for external circuitry on AC 
models . Avoid errors by using a regulated sup
ply. 
(Pins 15 thru 18) 115 to 230 VAC, ±10%, 47 
to 440 Hz 5W max. required at these pins. 
Externally pin-strapped by the user as shown 
below. 

Case Size ....... .... 3"W X 1.75" H X 2.25"D 
Case Material . . . . . . . . Black polycarbonate plastic 
Weight . . . . . . . . . . . . . Approx . 10 oz. (280 g) AC Models 

Approx . 5 oz . ( 140 g) DC Models 
Mounting . . . . . . . . . . . Panel mounted through a 1.812" X 3.062" 

cutout with 4-40 flathead screws. 
Connector . . . . . . . . . . Dual 18-pin, PC edgeboard type 0.1" centers. 

Datel #2335-1. (Viking 3VH18/ IJN-5) 

Cahbu111on Procedure I perform at a steady operating tempera1ure) 
1 The instrument will have factory cahbra1ed accuracy of 0 1 % at •25 C when power 1s 

first applied, but a full 15 minutes is required for warm-up before recahbra 11on 
2 BIPOLAR Models 

Connec1 pins 1 and 3 i1 e .. short the analog input or apply a known lero DC input) 
AdJUS! 1he BALANCE pot until the sign flickers equally between+ and (ignore the 
numerical content of the display I. 
Apply +0.0005 Volts from a precision reference source to pin 1 and ad1us1 the ZERO 
potentiometer until the display flickers between +000 and +001 Rotating the ZERO 
conirol below the 000 reading will produce readings of 999, 998, ··· etc. ti the 
instrument is calibrated infrequently or operated over a wide temperature range. we 
recommend tha t the +000 to +001 change be calibrated with an input of +0 .00075 
vol1s This w1t1 produce a slightly "wide" zero but will p1eclude false 999. 998 · 
displays at zero 
UNIPOLAR Models 
Apply any negative input between 0 1 and 2V and ad1ust the ZERO pol 10 
display 000 Apply +00005V . and ad1ust the BALANCE POI so the display flickers 
be1ween 000 and 001 

3 Apply t 1.900 Volts and ad1us1 the GAIN pot to display t 1 900 Bipolar models w1U 
automatically read within · 1 count of - 1 900 1f the polar ity is reversed to 1 900 
Vohs 1npu1 

RECALIBRATION IS SUGGESTED EVERY 90 DAYS OR MORE OFTEN FOR 
VARIABLE CONDITIONS 

tor for more filtering or use an external multi-pole active filter . Note 
that input filters give delayed response time. DPM's are sampling 
devices and measure DC or slowly-varying signals and require special 
external circuits to measure AC or complex waveforms . If in doubt, 
make sure the input is truly noiseless, slow DC by checking with a 
direct-coupled oscilloscope connected right at the DPM' s input termi
nals. 
Always use a regulated power supply for 5V-powered DPM's. A filtered 
7805 or LM309K 3-terminal regulator can be used or Datel's 
UPM-5/ 10008 supply. Current var ies rapidly as digits turn off and on so 
that unregulated supplies cannot be used. 

The DM-350 includes a hold display input to freeze the last reading. 
Instrument manufacturers typically connect this input to a front panel 
pushbutton to allow an operator long enough to copy down a momen
tarily-stabilized reading. Contact Datel ii you need assistance. 

Prices (Single Ouantityl 
DM-350D1 (5V, unipolar) 
DM-350D2 (5V, bipolar) 
DM-350A1 (AC, unipolar! 
DM·350A2 (AC, bipolar) 

Covered bv GSA Contract No. GS-OOS-27959 
$69 
$75 
$79 
$89 
Connector : Datel #2335-1, Solder Tab $4.95 

(Viking 3VH18 / 1 JN -51 
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@D'\IEL 
~ SYSTEMS. INC. 

USE AS: 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (6171 828-8000 
TWX : 710-348-0135 TELEX: 924461 

.. 3 digit DPM 

.. 4-wire slaved display 

.. 0.1% tachometer, period or fre· 
quency meter using optional 
crystal clock 

.. DC to 10 MHz general purpose 
counter with 0 to 999 selectable 
full count 

FEATURES 
.. 3 red, 0.43" high LED displays 
.. Dimmable display using external 

variable duty cycle blanking input 
.. - 5V, 5mA short-circuit proof out· 

put for external bipolar or differ· 
ential op amps 

.. Built in 2 sample/second variable 
start clock 

.. Externally triggerable up to 250 
conversions/second 

.. Selectable leading zero suppression 

GENERAL DESCRIPTION 

The model DM-3000 combines a low-cost 
unipolar digital panel meter, a DC to 10 MHz 3 
digit general-purpose counter or slaved BCD 

digital display using only 4 lines in a single 
instrument . By using simple external circuits 

the D M-3000 3 digit DPM may be converted to 
a frequency meter, event counter, absolute 
value bipolar or differential input digital panel 
meter or 3-digit period measuring instrument . 

The DM-3000 has a built-in short circuit proof 

- 5V, 5 mA power supply to operate external 

input amplifiers or other circuitry, yet the 
DM-30<Xl is a complete 3-digit digital panel 
meter which includes its own internal start 
clock . Other operating modes include count 
termination at any arbitrary full scale displayed 
count. Many suggested circuits are shown in 
this brochure. A 0 .02% crystal clock option 
may be ordered for precision period and fre
quency measurement . 

MULTIFlJNCTlll DIGITAL PANEL ME I Bl 
AND COUNTER DISPLAY 

Covered by GSA Contract No. GS-005-27959 

The DM-3000 accepts analog inputs from 0 to 

+-0.999 volts. ( 1 OV and 1 OOV ranges optional l , 

uses a single slope conversion and displays the 
input on three seven-segment LED digits to an 

accuracy of 0.1% of reading, ±1 digit. The 
instrument uses conventional +5VDC TTL logic 
power (such as Datel 's model UPM-5/10006 
power supply) and consumes 800 mA (320 mA 

with blanked display) . 
The single-ended input has greater than 100 
megohms input impedance and typically 100 
nanoamps, bias current . The temperature co
efficient is ± 100 ppm/° C max. over an op
erating temperature range of 0 to +50° C. 
Storage temperature is from - 20° C to +85° C. 
The DM·30<Xl can accept from 0 to 250 
conversions per second from an external start 
pulse. A built-in start clock operates at 2 
conversions/second and may be speeded up 
using an external resistor. 
The red 7-segment LED displays are 0.43'" high 
and each left-of-digit decimal Point may be 
illuminated using contacts on the rear con
nector . Counter overflow is indicated by a 

MODEL DM-3000 

$99 (1-9) 

$79 (100's) 

b'anked display and a high output on the rear 
connector contact . 

Included in the DTL/TTL compatible logic 

outputs are full parallel 1·2·4·8 BCD outputs 
for each digit, an end of conversion (busy) 

output and overflow. Digital inputs include the 
external start clock, internal start output, and 
gate (for hold-to-read) and a segment test input. 

Leading zero suppression of the 2 most signif

icant digits can be selected as well as display 
blanking. Clock output and gated clock out are 

available wtth counter zero reset, and the end 
of scale inputs. The large number of control 
inputs and outputs are provided for extended 
system use and for custom programming. 

The DM-3000 is packaged in a rugged Lexan 
case with overall dimensions of 3. 745" W x 
2.960" D x 2.120" H. The case mounts with 4 
screws through a 1.812" H x 3.062" W front 
panel cutout identical to other Datel digital 
panel meters. A large degree of electrical and 
pin-out commo nality is shared with other Datel 
DPM's for simple interchangeability. 

PC BRO CONNECTOR 
MECHANICAL INPUT/OUTPUT CONNECTIONS 

TOP VIEW 

DIMENSIONS 
INCHES (MM) 

~-+-----=~:~E~E4Y~:ci 5 

CUSTOMER'SPANEL ~ IO:~:~~':~) 
D'iSP'L"AY iLANi( 

LEA01NG znrn Su1lli 

2960 
OfCIMALPOi'N'f~ 

r-1757! O~P~~ r- .~ )50

1 
PC BRO DECIMAL POINT 1 

i54 61 CONNECTOR E 0 C. !STATUS! 
OVERSCALE OUT 

INT ST.ART Ci.ATE 

INT START ADJ 
INT STARTOUT 

START INPUT 

LAMP TEsT 
GATED CLOCK OUT 

COUNTER INPUT 
- 5\IOUT 

PC BOARD 

CONNECTOR 

SOTTOM TOP 

• 

10 10 

II 

" " ~ ~ 

" " " " 16 " 11 11 
18 18 

PWR GNO - ----

ANAL<Xi INPUT iHI) 

LOGIC GROUND 

O'S RESET INPUT 
500 KH1 CLOCK OUT 

SIT 10UT 

81T '20UT 
BIT 40UT 

BIT BOUT 

BIT 100UT 

BIT 200UT 

BIT 400UT 

BIT 800UT 

SIT IOOOUT 

BIT 2000\JT 
BIT 4000UT 

BIT 8000UT 

Ui5 & SCALE iNPiiT 
PWR INPUT +5V 0 C 

"<Al•brat•on tr1mpou are betund POP oll 
lrom panel belltl arKI loller 

Note : For normal operation, connect 
jumpers as shown in application note. 
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SPECIFICATIONS (Typical at 25°C unless otherwise stated) 

INPUTS 
Input Voltage Range (Full Scalel . 

Input Impedance . . 

Input Bias Current . 

Input Configuration 

Max. Continuous Input Overvoltage 
Max. Momentary Input Overvoltage 

(5 sec. max.) 

PERFORMANCE 
Accuracy@ 25°C 

Resolution .... 

Temperature Coefficient 
Conversion Speed .. 
Internal Trigger Rate . . 

Operating Temperature Range 

Storage Temperature Range 

Warm Up Time 
Adjustments 

Input Power 

Output Power ... .. . .. . . . 

DISPLAY OUTPUT 
Display Type . 

Overscale . . 
Decimal Points 

Negative Analog Input . ... 

0 to +999mV, (+9.99V, or 
+99.9V with atten.) 

100 Megohms min. See pg.3. 

100nA typ., 250nA max . 

Single-ended unipolar 

±35V 
±125V 

Adjustable to ±0.1 % of 
reading ± 1 digit 
±l mV 

±100ppm/ ° C max . of FS. 
0-250 conversions/sec. 
2/sec. adjustable upwards by 
external resistor. See note. 
0 to +50° C 
- 20° to +85° C 

Essentially zero 
Zero, Full Scale (±8mV 
typ range) 
+5VDC ±5% @ 800 mA 
max . (320 mA with dis
play blanked). See note. 

- 5VDC @ 5 mA ±10%. 
Short circuit proof. For 
operation of external am
plifiers etc. 

. Seven segment LED, Red 
· 0.43" high full digits (0 to 
9) and decimal points. 

Display blanked 
Selectable at rear connec
tor. Decimal points are dis
played left of each digit. 

Displays 000 

DATA OUTPUTS - All DTL/TTL Compatible 
BCD Outputs 

Overscale .. 

End of Conversion 

Logic Levels . . . 

INPUT/OUTPUT CONTROL 

External Start Input (A 13) . 

Internal Start Gate (A10) .. 

Internal Start Adjust (A 11) . 

Internal Start Out (A12) . . 

12 parallel lines unlatched 
8-4-2-1 BCD positive true. 
Loading 5 TTL loads, To
tem-pole. 
> 1000 counts indicated by 
high output, 5 TTL loads. 

High during conversion, 
low conversion complete, 
2 TTL loads. 
Inputs 
+2V .;; " 1" (HI) <;; +5.0V 
OV .;; "O" (LO) .;; +0.8V 
Outputs 
+2.4V <;; " 1" (HI) <;; +5.0V 
OV .;; "O" (LO) .;; +0.4V 

Positive pulse 100 nS min. 
transition from low to high 
resets register and blanks 
readout. Negative edge ini
tiates conversion. 10 TTL 
loads. 

Low input holds last con
version . 3 TTL loads. 

Resistor to +5V increases 
trigger rate . See note. 

.Positive pulse - see appli
cation . Has low cuty cycle 
to avoid display blanking 
and flicker. 

INPUT/OUTPUT CONTROL -Continued 

r:ampleii Input (A14) ..... 

Leading zero Suppression ( A4l 

Display Blanking (A3) 

Decimal Po int Inputs (A5, 6, 7) 

Clock Output (B4) . 

Counter Input (A 16) . 

Gated Clock Out (A 15) .. 

Zeros Reset (B3) . 

Low input lights all seg
ments. 3 TTL loads. 

Low input prov ides sup
pression of zeros on the 
two most significant digits. 
1 TTL load. 

Low input blanks display. 
Does not affect conversion. 
May be used for intensity 
modulation of display and 
conserving power. 1 TTL 
load. 

Grounding inputs illumi
nates corresponding dec
imal point. Sink 20 mA. 

500 kH z ± 10 kHz 50% 
duty cycle. 2 TTL loads. 
500 kHz ±0 .02% crystal 
optional 

Provides input to counter. 
Counting occurs on nega
tive transition . 2 TTL loads. 

Provides pulse train of N+ 1 
counts where. N is displayed 
number. 5 TTL loads. Used 
for slave d isplay or counter . 

High input resets counter 
to zero. 100 nS min. dura
tion . 3 TTL loads. 

End Of Scale Input (Bl 7) Activates overflow flip-fl op 
and blanks display on neg
ative input transition. 1 
TTL load. Used to short 
cyc le counter. 

Note: unused inputs should be grounded or tied to +5V as required 
to avoid false readings in noisy environments. 

PHYSICAL 
Case Size . 

Case Material 

Weight .. 

Mounting .. 

Price ... . 
Connector 

OPTIONS 
1. Quartz crystal timebase 500 kHz . 

±.02%. Operating temp. range drift 
undetectable on display. 

2. 0.1% Precision resistor atten
uator kit (RN-DM-30001 900K , 
90K , 10K for lOV and 100V 
ranges. 

3" W x 1.75" H x 2.25" D 

Black Lexan Plastic 

6 oz. approx . 

Th rough 1.81 2" x 3.062" 
cut out . Secured with four 
4-40 flathead screws. See 
mount ing diagram. 

(1-9) $99.00 

Dual 18-pin PC Brd . Edge 
Connector Type, 0.1" Cen
ters (not included with 
DPMI 

NOTE: 
BCD outputs are in
valid while EOC is HI. 

Note : Internal start clock can be speeded up using an external 

resistor from A11 to +5V. The resistor value is : R(Kl1) ~ 440- Rate 
Rate- 2 

(Rate is in conversions/second) R;;.4Kl1 

A recommended power supply is Datel's model UPM-5/1 000B or 
equivalent highly regulated type. Avoid spikes entering DPM on +5V 
power input. Use external filtering or regulation if required. Signif
icant power supply spikes (> 10mVI increase the chance of false 
readings. DPM current varies rapidly up to 800mA depending on 
digits displayed and sample rate . 
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Ana . 
HI 

INPUT RANGE SELECTION 

To facilitate use of the DM-3000 for +9.99Y- and +99.9V ranges, a separate kit of matched, low drift 

input attenuator 0 .1% resistors is available (part number RN-DM-3000). These resistors mount directly 

on the PC board connector and provide 0.1 and 1 Megohm input impedance on the +9.99V and +99.9V 

ranges. They are ratio matched and will track within ±25ppm/°C over the 0 to +50°C operating range of 

the DM -3000. They are customer connected as shown below. Input attenuators may be ordered prewired . 

See ranges 2 and 3 in ordering guide below. 

0 TO +999mV 
RANGE 

(100 Megohm Zin) 

2 .2 

A B 
BOTTOM TOP 

ANALOG 
HI 

GND 

0 TO +9.99V 
RANGE 

(0.1 Megohm Zin) 

10Kr2 

90Kr2 

2 2 

A B 
BOTTOM TOP 

Ana . 
HI 

OTO +99.9V 
RANGE 

(1 Megohm Zin) * 

10KD 

90KD 

2 2 
*When the 
100V input 
is prewired 
(DM -3000R3), 
a 99KD 
and 1 Kn 
divider is used 
with 100KD 
z1N at pin 
Al . 

A B 
BOTTOM TOP 

PC BRO CONNECTOR PC BRO CONNECTOR PC BRO CONNECTOR 

MOUNTING DETAILS DIM. IN INCHES (MM) 
I DAILL CLEA RANCE OR if' DRILL ii< TAP FOR 4 40 SCREW !METRIC M3~

1 
f 

030 A MAX 
1081 

1 812 
I 146.01 

1.500 

CUTOUT 

138 11 

@ ej 

E ~f{'~------
3.312 -------
184. 11 

CUSTOMER MA Y DRILL 
CLEARANCE OR DRILL 
Iii TAP FOR 4 40 
SCREW !METR IC M]J 

. 156 
.125 14 01 
13 21 

ORDERING GUIDE 

DM-3000 T~__._I_ _______ ~ 
_c=_ I Input Range and Impedance 

500 KHz 
CLOCK 

R =CERAMIC 
RESONATOR 
(±2%) 

X =QUARTZ 
CRYSTAL 
(±.02%) 

1 = 0 to+ 999mV input (pin 81 )100 Mn 
2= 0 to + 9 .99V input (pin A 1) 0 .1 Mn 
3 = 0 to+ 99 .9V input (pin A1) 0.1Mf! 

Options 2 or 3 have installed 
divider resistors with ZtN shown . 

PRICES (1-9) 

DM-3000R1 (less connector) $99 
Add for crystal clock $10 
Add for 10V or 100V input $10 
RN-DM-3000 (Attenuator resistors) $5 

Solder Tab Connector , Date! # 2335-1 
Viking 3VH18/1JN-5 or equiv .) $4.95 
Wire Wrap Connector , Date! # 2335-2 
Viking 3VH18/1 JND-5 or equiv .) $4.95 

Connectors are not included with DPM . 
Please order connectors with your DPM . 

UPM-5/ 10008 5V , 1 A 

115VAC power supply 
MS-7 Power supply socket 

$49.00 
$3 .50 

CUSTOMER PANEL 
flL TEA For special functions in OEM quantities, 

contact factory. 
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BEZEL& FILTER SNAPS ON 
AFTER INST A.L U NG UNIT 
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ANALOG 
HI 

INPUT 

ANALOG 
GNO 

LOG IC 
GNO 

BLO,CK 

DIAGRAM 

A 
17 

- 5V Qil 
Sm A 

~PEN CO LLE CTO R 
INVERTER 

CLOCK 
1500 KHt ) 

GA TE O 
CLOCK 

I 
I 
I 
I 
I 

OISPLAV 
BLA N KI NG 

. 
" 

A 

" 

I 
I 

I 
I 

~is~~ ~0~: c~~~~R 1 
RATE GATE OUT IN I J 

-~:~~==~-----~~~~-~~~~~~~-~~~~~=-=~~~J 
OPT ION AL EX TE RNAL 

RESISTO R TO INCRE AS E 
•5V CON VERSION RATE 

R!Km 3! 4~ A~te 
Rate-2 R ~ 4 KH 

EK T CONNECTI ONS F OA 
NOAMA L oPE AATlON 
ISEE A PPLIC.t.T IONS I 

~~~' :rl" -:Jt_:~_·v_nS_M_~_,N ______ o_M_-3_o_o_o_T_I M_l_N_G_ D_ l_A_G_R_A_M _____ ~~~-----

E.0.C. 
IPIN A81 

1 
I J,____ 

' I 
I 

~;:'~---~ 
(FQ A FULL SCALE I ~-----------~ 

...,_,-------- 8~~~~~6 --------.. 8 .CD. OATA 
VALID 

ANAL OG 
RAMP 

GATED 
CLOCK 

(PIN A151 

I 

COUNTER : 
SETTO, ! 

999 I I 
I I 
I I 
I I 

--t.i 
I 

' ' 

RAMP COMMENCES 

I 

' 
I ' 
I I 

COUNTIN G COUNTE R REACHES 

~-----~-- - ---------- -
I 
I 
I 
I 
I 
I I I 

OUT I 
(PIN A91 I 

AN AL OG ClRaUITAY 
RE SET TIME < 2mS 

: ----- VIN > 0 .999V 

NOTE : HI Start Input or HI 
EOC blank s display. Keep duty 
cycle of ex ternally sup plied 
start input low to avoid dis
play blanking and excessive 
flicker . 

OVERLOAD SC~ 
I 
I 
I 
I 

r----=--~.~ ~ :~~v- ----n 
I ~------

TYPICAL 
B.C.O. 

OUTPUT 
(PtN 85 - 161 

~------------

1 
I 

_j t,.__ COUNTER RE SE T TO 999 1 : 

: I B.C.O. OUTPUTS COUNTING ----- ' - B.C.O. O~~AUL~ii STATIC___..: 

CONTIN UOUS CLOCK APPRO X 500 K Hz A PP ROX 50% DU T Y CYC L E 
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ABOUT RELIABILITY 

The DM3000 digital panel meter features proven mech
anical construction and sound, yet simple, electrical design 
for a long trouble free service life of repeatable accuracy 
and performance. Recalibration is suggested every 90 days 
under variable conditions but the period after initial 
adjustment can safely be extended in constant environ
ments, e.g., laboratories, offices, etc. without any signif
icant change in performance. In cases where the panel 
meter is used as a digital counter for frequency, period, 
events, etc., front panel adjustments do not affect opera
tion and can be ignored. 

The DM3000 consists of only 2 printed circuit boards of 
high grade G10 epoxy-glass laminate (not phenolic) as used 
in military, aerospace and computer applications. The 
boards are permanently joined by a soldered interconnect 
to assure reliability. A gold plated edgeboard connector is 
used for all input/output connections and can be positively 
located and secured to the case by integral bosses. A 
polarizing key prevents mislocation. 

The electronic circuitry is composed of high quality digital 
and linear integrated circuits and a small number of discrete 
components. Datel's extensive vendor quality assurance and 
incoming inspection program allows full control of reliabil
ity at the component level. Computer automated inspec
tion, selection and grading techniques and a continuously 
updated vendor quality history file have established a very 
efficient, reliable supply of components for all Datel 's 
products. Reliability at the component level is extended to 
reliability at the circuit level by the low parts count and 
functional simplicity of the DM3000. In addition, this is 
achieved in a small rugged black Lexan® case that requires a 
modest 3 inches of panel depth and leaves no doubt about 
the mechanical integrity of attachment or electrical insula
tion. 

Conventional 7400 series TTL logic is employed, and all 
parts are commonly available for straightforward repair 
should it ever prove necessary. Datel maintains a complete 
stock of replacement parts, assembled circuit boards and 
repair facilities for fast service. 7400 series logic has been in 
common use throughout the world in computer and data 
systems with a proven record of billions of hours of 
operational experience in every conceivable circuit. 

The electrical design is conservative of component ratings 
and is especially careful with regard to thermal character
istics which is a principal factor affecting reliable operation. 
Each Datel panel meter receives a 72 hour burn in 
comprising in excess of 100 power on/off cycles. Experi
ence has shown that the thermal cycling inherent in this 
type of burn-in is best at locating "infant mortality" 
failures as components are stressed not only electrically but 
also mechanically by repeated expansion and contraction . 
This is many times more effective than a continuous burn 
in of the same duration which would only apply constant 
electrical stress. Also, thermal cycling provides a much 
closer accelerated correspondence to the most frequently 
encountered operational conditions. 

Datel uses rugged solid state 0.43 inch L.E .D. seven 
segment displays. The displays are located behind a 
proprietary scratch and solvent resistant red filter with a 
diffusing surface that minimizes annoying reflections. 
L.E.D. displays offer exceptionally long life, freedom from 
lethal voltages, interference, and highly stressed interface 
circuitry. 

As a further assurance of quality, Datel provides a full one 
year warranty on materials and workmanship for its digital 
panel meters. 

®General Electric Corp. 

CALIBRATION PROCEDURE 

1. Remove front bezel and filter . 
2. Set input to DM -3000 from voltage reference source to 

+0.05% of full scale (+500 microvolts for the 0 to +.999 
VFS model). 

3. Rotate zero adjust pot until display flickers equally 
between "000" and "001 ". (±Sm V typ adj. range) 

4. Reset voltage reference input source to 99.85% of full 
scale (+998.5 mV for 0 to +.999 VFS model) . 

5. Rotate gain adjust until display flickers equally between 
"998" and "999". 

6. Recommended recalibration interval: 3 months . 
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1020G Turnpike Street, Build ing S 
Canton, Massachusetts 0202 1 U.S.A. 
TEL: 16111 a2a-aooo 
TWX : 710-348-0135 TELEX : 924461 

I> ± 199.9mV or± 1.999V Full Seal• Inputs 
1> True Floating Bipolar Differential Input 
I> Automatic Polarity and Overflow Display 
"' Up to 200 RNdings per Second Using Exter· 

nal Trigger 
1> lnclud• 2 Samples/Second Internal Trigger 

Clock 
I> Operates From Single +SVDC Supply 
1> Solid State LED Display, Full parallel BCD 

outputs 
I> Adjustable Zero Control Compensating For 

External Offset Voltages 
I> Priced under $100 in OEM quantities 

DESCRIPTION 
Featuring accurate, stable readings with JY, 
digit resolution, the DM-2100 digital panel 
meter has wide acceptance because of its 
proven record of performance and reliability . 

The DM-2100 combines the ease and accuracy 
of digital readout with high input impedance 
and noise rejection to provide an inexpensive 
digital panel meter (digital voltmeter) that will 
enhance the operation, performance and 
appearance of any instrumentation system. 

The DM-2100 is ideal for new equipment design 
or may be utilized in updating existing 
instruments or systems that require a stable , 
accurate digital readout for voltage . Simple to 
install, the DM-2100 is supplied complete and 
ready to operate requiring only a connection of 
an input signal and power cable . Applications 
include measuring of any parameter for which a 
suitable output voltage is available . These 
include absorption, acceleration, current, dis
placement, distortion , emission, flow, fre
quency, Ph, pressure, strain , torque, and many 
others . 

The DM-2100 provides a differential input with 
a 100 MegOhms input impedance and a 
common mode rejection of 70 db at 60 Hz. The 
input range is ±1.999 volts or ±1 99.9 millivolts. 
The display is J Y, digits including automatic 
polarity and overflow indication . In addition 
the output is presented to the I /0 connector as 
BCD/TTL information. 

High quality computer grade components, 
superior workmanship and wide-safety margin 
designs combine to make the DM-2100 a must 
in your designs . 

(Using Trimpots 
CALIBRATION 
PROCEDURE Shown At Right) 
The following adjustment procedure is recom
mended after allowing for a five minute 
warm-up . 
Balance Control 
1) Short the analog input terminals to analog 
common . (See 1/0 chart for proper pin 
connection .) 
2) Rotate the balance control until the display 
is flickering between(+) zero and(-) zero. 
Zero Control 
1) Connect a precision voltage reference source 
to the analog input terminals . 
2) Adjust the voltage output from the 
reference source to .3LSD (30µV Model A, 
JOOµV Model Bl. Rotate the zero control until 
the LSD (Least significant digit) flickers 
between zero and one. 
Full Scale Control 
1) Adjust the output from the reference source 
to 1 .990 volts . Rotate the full scale control of 
the panel meter until the meter displays 1.990 
volts. Recalibration is suggested every 90 days 
or more often for variable conditions. 

3·1/2 DIGIT LOW COST 
DIGITAL PANEL METER 

DM-2100 SERIES 
Covered by GSA Contract No. GS-OOS-27959 

MOUNTING DETAILS 

P.11.NEL MOUNTI NG 

Oll•L•C• C.t.11.t.,.CCOll t. '""' .... "' . """' 
cur our 

MECHANICAL DIMENSIONS 
{INCHES) 

TOP 
VIEW 

CAL llAATIQN TAIMPOTS" 

~ 
Fut..L ZERO IAlANCf 

SC.ALE 

I"(: IAO CO NNECTOR 

CUSTOMEA S PANfl 

Note: The DM-2100 replaces the 
DM-2000 and is identical except for 
external timing capacitor wiring and 
conversion rate and displays. 
DM-2000 is available by contacting 
factory. 

Kl(l afll1'UI S .. .t. ~S Olll 
/i fTfll 1<($l.t.LL1,.GUi't 1T 

INPUT /OUTPUT 
CONNECTIONS 

~JllALOG IN,.UT I LO} 

INT STAlln GAT( 

lfillT ST.UH 40 J 

Ifill T S Tt1fH OUT 

$TAlltT IN,.UT 

~Tffi 
tOOO OUT 

S1Gfll OUT 

lllOT USfO 

PO~E A COMMOl\I 

80TTOM TOP 
• I 

.UIALOG INPUT ("II 
SMl(LO GltOUNO 

llllQT USfO 

l<T ' OUT 

llT l OUT 

llT 4 OUT 

l lT I OUT 

OUT 

llT 10 OUT 

l lT 40 OUT 

llT 10 OUT 

'" •OO OUT 

l tT 200 OUT 

llT 400 OUT 

llT IOO OUT 

NOT USfO 
PQW(llt INl'UT ' t ~ ... oc 

Edge board PC contacts ure on 0 1" ceniers 
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GSA CONTRACTED, FSC GROUP 66, PART II, CONTRACT NO. GS-OOS-27959 

SPECIFICATIONS Typical@ 25°C, 5 minutes warm up 

INPUT 
,,..,, Vott.p Ra"" .. .. .. . . ± 199.9mV OM-2100A l ±1 s v max. 

± 1.999V DM-21008 f (no damage) 
1-' lmpodo- • .... • . •• . > 100 MEGOHMS 
1,.ut Bim Current .•••• • •••• 20 nA 
Input Conf'9unition .......... Differenti1I 
Input P~ity ............ Bipolar - Automattc 
Com_, - Rojoction •••••• 70d8 ii 60Hz 
Common Mod9 Voit.a- .• ••• .•. ± 2V max. to digital outpu t common 

PERFORMANCE 
AccurKY e 25°C .. . ....... ± 0 .05% of Auding ± 1 Count 
Rmolution ... ... .. ...... 100,., Volts IOM-2100-Al, lm Volt IOM-2100-81 
Tempereture Co.fttcient .. . ... SOppml° C 
Mix Con..,..ion Sl)eed 111 .. . . . . Oto 200 Conversions/Second. See Diagrams below 
Input Settlint Time .... .... .. 50 µsec for a F .S. Change 
Openti"I TMnperature Ra"99 .... 0° C to +50°C 
Stor ... Tempentura A•nve .. .. - 20°C to +85°C 
W.m Up Tim. ..... . .. . ... 5 Minutes to Specified Accuracy 
Adjustments .............. Zero, Balance, Full Scale Located Behind Snap 

On Front Bezel 
Input Power • . . . . . . . • . . . s voe ± 0 .25 voe il 650mA ma 11. f3J 

DISPLAY OUTPUT 
Oilpa.y Type . ............. Solid State LED for Data Digits, 100% Overrange, 

Overflow, D.::imal point and Polarity -
Character Height .3 in. 

o.wflow ... . .... .. ... ... Indicated by the Letters " OF " 
Decimml Points . . . . . . . . . Selectable at rear Connector 

DATA OUTPUTS 11) 12) 
BCD Outputs 

a.-._ 
tConnection A 15) 

Polar ity 
!Connection A 161 

Ovorilow IOFl(A91 .... 
> ± 0 .2V !MODEL Al 
> ± 2V (MODEL Bl 

End of Comt•nfon IEOCI 
(Connection AS ) . 
S. Note (2) 

12 Parallel Lmn . BCD tB--4- 2 - 1) Pom1ve Logic 
Loading : 2TT L loads 

1000 to 1999 counts only indicated with a HI GH. 
Loading: 2TTL loads LOW on overflow. 

... Input signal po larit y indicat ed wtth a HI G H-positive 
LOW.negative . 
Load ing . 2TT L loads 

. . HI G H.input signal w1 thm ra nge. 
LOW·mpu t signal ou ts ide range. 
Loading . 2TT L loads 

. . HtG H - Dunng the converston period . Output 
mva ltd . d isplay blanked . 
LOW - Co nversio n complete . O utput valid 
Load ing 2TT L loads 
Period 4 .5 mSec typ . at fu ll scale 

1.5 mSec t~ at zero inpu t 

INPUT/OUTPUT CONTROL 13) 
Extern•I Start 

Conversion Command 
(Connection A 13) 

lnternail Start GHe 
(Connection A 101 

lnterMI Start Adjust 
(Coniiect1on A 11 1 

Internal Start Out 
(Connection A 121 

L•mp Test Input 

.... Pos111ve pulse 100 nsec min Trans1t1on from 
" LOW" TO " HIG H" rese ts output reg ist e r a nd 
b lanks readout. The convers ion process is 1ni 11ated 
upon re tu rn from " HIGH " to " LOW" 
loading 1 TTL load . Max Input 5 .SV 

... Con irols internal start c lock 
" HIGH " - Aun 

loading 1 TTL load " LOW" - Stop 

... Conirol s Rate of Internal Stan Clock -
see Appl1cat1ons Sec11on . 

Pos111ve Pu lse Ou1put of In ternal S tart Clock -
see Applications Sec1 1on. 

!Connection A 141 ........ Groundi ng 1h 1s input d1splavs • 1888 for 1est1ng 
all display segmen ts 

Dec imal Point Inputs 
CDP1 . DP10. DP1001 

PHYSICAL 

L:'>ad1 ng S ink 35m A 

.... Grou ndmg mpu ts 1l lum1 nat es correspondi ng 
dec ima l po int s on the di spla y 
Load1nq S in k 15mA 

Case Size ......... .••.... J "W x 1 75" H .- 2 .25" D 
Case Matef'ial . . ....•. , ... Black LEX A N 
Weight , .. • •.• . , ... 6 oz . Approx. 
Mounting . . . .. Through a 1 81 2" x 3 .062" Cut·Ou t and Secur ed 

with Fou r 4-40 Tapped Holes 

Notes 
Digital Inputs · "O" .;;; +0. BV ... , .. ;;;.. +2.0 V 
Oigital Outputs: " O".;;; +0 .4 V, " 1" ;ii; +2.4V (TT L Compatible ) 

OPM is fully resMireble and fNtur• snap-together PC Boerds. 

( 1) 200 con.,/sec requires external trigger . 
DM-2100 includes 2 con.,/sec adjustable internal clock . 

121 BCD Deta outputs ere counting while the EOC is high . BCD outputs are nl id only 
when the EOC goes low. Displa y 1s blan ked dur ing HI EOC. 

(31 Avoid logic spikes entering the DPM on the +5V pow., input . u .. external filterint 
if required. Recommend9d power supply is• Oetel UPM·S/10008 or equivalent 
highly r .. uleted type, Power current is 350 to 650 mA dependint on digits dis· 
pleyed and conversion rate. 

SINGLE ENDED INPUT 

f QR S I NGLE ENOEO t NPUT , COHHECT •lo" 
AN O 

0

SH t[L O" TOGETHER AT THE 

CO NN EC TO Jt I Al TO A2 J 

DIFFERENTIAL INPUT 

CAIL( 
S><•HD 

C9 CANNOT U CUO THE 
INP UT RANG[ h 2V OR 
• XlOmVIOF THE Ol"M 

1v 0,., • ¥c,.l CANNOT [XCE£0 • • 
VO LTS 

IMPOR TANT 1 • 

l()ff ()M 

IM'\.l l/OUlf'V f 

ffi?~~;:,. 

EL 

USING THE METER WITH THE INTERNAL "START" CLOCK 

l<O()H JVMl'( R Al 1/11.llMVST HVSf0" 
(lf Sf ll.IHTlllGGUllS HOlSUf'Pll lO 

I CONNfCf .IVMf'tl! .... UlO • U 
L( .... V( PI N•IDoPf:N 
CO"INlCT C- f RQMll. llTO "' U 

" """'" C • Of'll~"'L TI Ml..U CAl'AC1TOR 
TO SLOW 00'#"1 l"IT[RNAL 
ST ART ' CLOCJ; "' 10..' S0V 

CAPACITOR WILL HAV RAU 

~l:?:~l~:,.:;soc1...r"'c •To 11 r---------
~ G;~~"~ 

,_,,/ 

2 '0R ..OlO • RlA O Of"tRATIQ"I 
GROUl'IO"N"' IO 

GllOU,,O f OR 
HOlO & RlAO 
OPlRH+ON 

' I 
IOTTQM TOP 

l'C IR O 
CONN( Cl IONS 

USING THE METER WITH AN EXTERNAL "START" 

USE L OW 
DUTY CYC LE 
START TRI GGER 
TO AVO ID 
DISPLAY 
BLANK ING ANO 
FLIC KER 

ORDERING 
INFORMATION 

PC 8RO 
CONN ECTOA 

loPP LT "'"' [XT[ lt"IA L 
!: Ult T P ULS [ TO "' ll 
100ft H < Mlfol WIOTH 
TAAH SITIOH ' 11 0 M "L O W" 
TO " HtG H" A[ S[TS OUTPUT 
A[ GIST [ll loN O 8 L "'N KS 
R[ AOOUT 
TH[ CO NV[ ASIO N PllOCCSS 
IS INI TIAT[O UP O N A[TUAN 
rltO M "HIG H" TO 

0
LO W

0 

MA X PULSE R EPETITION 
~ATE 200 PPS 

DM-2100 

INPUT RANGE 
A =± 199.9mV INPUT 
B = ± 1.999V INPUT 

PRICES (1 ·9) MODEL DM-2100A !less connectors• ) ... $129.00 ea. 
MODEL DM-2100B (less connectors*) . .. $129.00 ea. 

(SOLDER TAB) 1/0 CONNECTOR # 2335-1 .. .. . $ 4 .95 ea. 
(WIRE WRAP) 1/0 CONNECTOR # 2335-2 . . . •.. $ 4 .95 ea. 
UPM-5/ 1 OOOB, +5VDC, IA POWER SUPPLY . ...... . . $ 49.00 ea. 
POWER SUPPLY SOCKET, MS·7 ... . .. . . . .. .. .. . . . $ 3.50ea. 

*Note-Connectors are not included in the basic price. Be sure to include 
connectors with your order. 
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DESCRIPTION 
The Datel DM-2000AR is the first digital panel 
meter to feature automatic ranging over three 
full sca le input ranges . It measures readings 
from 20 volts down to 100 microvolts without 
external sca l ing and increases the dynamic 
range of the instrument to 103 db over con 
ventional DPM 's. The unique autoranging cir
cuitry operates by first sampling an input on 
t he most sensitive range (±199.9mV). If an 
overange condition is indicated , the circuitry is 
automatically switched to the next higher range 
and recycled , and again to the highest range if 
the second is exceeded . The worst case con 
version time is 33 milliseconds (30 conversions 
per second) if the highest range is selected and 
somewhat faster on the lower ranges . 

The automatic ranging feature , with three full 
scale input voltage ranges of ± 19.99 volts, 
± 1.999 volts and ± 199.9mV offers the user a 
number of advantages. The cost savings over the 
parts , installation and test of a front panel 
range switch alone would justify the use of 
DM-2000AR . Another advantage is the savings 
in operator time and the associated errors in
curred with the use of a range switch . Also , the 
versatility of a 20 volt to 100 microvolt dy 
namic range cannot be discounted in bench 
testing situations . 

The DM-2000AR has a single ended input with 
an input impedance of 1 Megohm and over 
voltage protection to .! 100 volts . Accuracy is 
± .1 % of full scale, !. 1 count with a maximum 
conversion time of 33 milliseconds. The 
temperature coefficient of the DM-2000AR is 
±100 PPM /° C. 

The di splay of the DM-2000AR is a 3-1 / 2 digit , 
seven-segment LED display with automatic 
polarity indication and automatic overflow 
indication . A digital input allows for the testing 
of all readout segments by displaying "+1888". 
All segments are viewed through a red filter 
wh ich sharpens contrast and etiminates internal 
reflections . 

All displayed information is available at :he 1/0 
connector in BCD form . Digital inputs and 
outputs also allow for start-stop control and 
external clocking . Also, the automatic ranging 
can be overriden for external (manual) control. 
In addition, an optical isolation option is avail 
able which decouples the analog input section 
from the digital logic so that ground dis
turbances caused by the fast -switching digital 
circuits will not affect the analog input. 

The DM-2000AR is packaged in a rugged 3"W x 
1-3/ 4"H x 2-1/4"D LEXAN case with a total 
weight of less than 6 oz . Construction is en 
tirely modular with snap-apart PC boards . The 
unit can easily be panel mounted with access to 
calibration controls obtained by snapping off 
the front bezel. The entire unit can be removed 
from its mounting panel and disassembled with 
just a screw driver in less than one minute . 

WORLD'S FIRST AUTOMATIC RANGING 
DIGITAL PANEL METER 

MODEL DM-2000AR 

MOUNTING DETAILS 

CUSTOMER PANEL 

PANEL MOUNTI NG 

DRILL & TAP FOR 4 40 SCRE W !'l. E rRIC MJI t 
DRILL CLEARANCE OR 

e=;-f 
030 R MAX T I 
!081 

CUTOUT 
!Bl:? 

1 14601 

1 soo I 
1381 )! 

0 

,_ _____ 3_06_1=======-=--=--=1W1:~. 
t77 81 I 1321 

,__ ____ 3 312-------< 

1841 1 

MECHANICAL DIMENSIONS 
INCHES (MM) 

Covered by GSA Contract No. GS-OOS-27959 

FEATURES 

1> 3 Full-Auto Ranging-Scales: ±19.99V, 
±1.999V, ±199.9mV 

1> 3-1/2 Digit Sol id State LED Display 
I> Automatic Polarity and Overflow Display 
I> Operates From Single +SV DC Supply 
I> Optional Optically Isolated Input 
I> Optional External Ranging Control 

FILTER 

BEZEL & FILTER SNAPS ON 
AFTER INSTALLING UNIT 

INPUT /OUTPUT 
CONNECTIONS 

PC BAD 
CONNECTOR 

BOTTOM TOP 

ANALOG GROUND 
SHIELD GROUND 

1 1 ANALOG INPUT om 

' ' SHIELD GROUND 

NOT USED 3 3 NOT USED . . LOGIC GROUND 

5 ' BIT 1 OUT 

• 5 BIT 2 OUT 
7 OUT 

t;, j[ t~i ',As:~u~~~~crn• 
FRONT 2 120 144 71 

"---=-V-IE_W__,.,.,. ..... l!iJ6f IL .' j :---- er..11.. .... lJ 

CALIBRATION TRIMPOTS' 

FULL ZERO BALANCE 
SCALE 

RANGE MODE 
cmm;rn:"'110Tiw 
i5lCiM'A'L RITNf" iO 
DECIMAL POINT 1 
E.O.C. !STATUS) 
OVERLOAD SCALE OUf 
INT START GATE 
INT START ADJ 
INT START OUT 
START INPUT 
LAMP TEST 
10000UT 
SIGN OUT 
EXTERNAL RANGING 

POWER COMMON 

7 81T4 
8 8 81T8 OUT 

• • BIT 10 OUT 
10 10 BIT 20 OUT 
11 11 81140 our 
12 12 81180 OUT 

13 13 BIT 100 OUT 
14 " 81T2'00 OUT 

15 " BIT 400 OUT 

15 18 BIT 800 OUT 

17 17 EXTERNAL RANGING 

L ,,..-1-/-J 
tfl!ill 

V(iA 1V 0 'lV 
JH10 CAL CAL --'Cal1bti1l•OO !Hmpots 

'Cltibfill•Ol'I lltmPOIS "'' befl•fld pop oil 
l<CH'lt 1111nel bol!te! and filter 

18 18 POWER INPUT, o-SVOC 

Edge boa•d PC cOf'ltM:U ltl on 0. l " cen11u 

G1ound A 4 for nofl'NI 
IUIOf1111g'f1ilOJ>ettllOl'I Jumper 
A1210Allunl111u11ng1.:1. clock. 
SEE APPLICATIONS 
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SPECIFICATIONS (Typical@ 25°C, 15 minutes warm-up) 

ANALOG INPUT 
(single ended) 

Full Scale Input R•nges 
(eutomatic ranging) . 

Input Bias Current .• . .•. • 
Input Overvoltage . ... .. . . 
Input Impedance • . • • • . .. 

±19.99V 
±1 .999V 
±199.9mV 

Note: Disp lay reads 
in vo lts on high 
ranges, m il l ivol ts on 

low range. 

2nA (al I ranges) 
±1oov max. 
1 MEGOHM (Note 5) 

Additional specifications (available only with optical 
isolation option) : 
Input Configuration • •• 
Common Mode Voltage 

Common Mode Rejection •. 

PERFORMANCE 

Accuracy ••••.. . 
Resolution ••. •• .•.• 
Temperature Coefficient of 

Full Scale .•. •••. . 
Zero Drift (referred to the 

input) ...... .. •. 

Conversion Time . •• • 

Input Settling Time ••. 
Operating Temperature 

Range • • ••••• 
Storage Temperature 

Range . • •• ••• 
Warm-up Time . •. 
Input Power !See Note 4) 

DISPLAY OUTPUT 
Display Type. 

Data •. . . • 
Polarity 
Decimal Point 
Overflow .. . 

DIGITAL OUTPUTS 

BCD (3LSD's) Data Outputs . 

(pins BS thru B16) 

1/2 Digit (MSD) Data Output 
!pin A15) 

Polarity ... 
(pin A16) 

Overload Scale Out 
(pin A9) 

Note : Negative True 

Decimal Point Outputs 

Note : Negative True, 
Decimal points are 
controlled by auto
ranging log ic. 

Single ended Bipolar Floating 

±100VcM max. 
to digital output common 
70dB @60 Hz 

± .1% of F.S. ±1count15) 
±1 count (±1 OOµvolts) 

±100 PPM/° C 

30µV/° C 
(199.9mV and 1.999 V 
range) 
150µV/° C 
(19.99V range) 
33 msec max I see timing 
diagram) 
1 m sec for F .S. change 

0° C to +50°C 

-20°C to +85°C 
15 min to specified accuracy 
+5 ±.25VDC at 800mA I max), < 50mV 
spikes 

red LED seven segment 0.3" high 
3· 1/2dig its 11999 max count) 

±automatically displayed 
automatically displayed 
" OF " automatically 
diSPlayed 

3 digits 18421) 12 lines positive 
true 
Loading : 2 TTL loads (2) 
Except 800 output : 1 TTL load 
1 /2 digit-1 line-positive true 
Loading: 2 TTL loads (2) 
1 line, " 1" = positive, 
" O" = negative 
Loading: 2 TTL loads 
1 line, HIGH - input signal 

within range 
LOW - input signal 
outside range 

Loading : 2 TTL loads 
3 lines, negative true 
Range 19.99V@ Pin 6 
Range 1.999V @ Pin 5 
Range 199.9mV@ Pin 7 
Loading: 1 TTL load (2) 

End Of Conversion 
(pin AS, Busy) 

Internal Start Output 
(pin A12) 

1 line, HIGH - during the 
conversion period 
(display blanked) 
LOW - conversion complete 

Loading : 2 TTL loads (2) 
1 l ine, positive true pulse 
Loading : 1 TTL load (2) 

DIGITAL INPUTS (Dynamic inputs should have TTL rise limes) 

Ranging Mode Control 
(pin A4) 

E><ternal Ranging Control 
(pins B17 and A17) 

Shown with pin } 
A4 at HI. 
A17 & B17 are disabled 
if A4 is LO. 

E ><ternal Start Convert 
Command . . . .. 
(Pin A13) 
Start Trigger Clock , 
may be supplied 
from int. start , A 12 

Internal Start Gate 
(Pin A10) 

Internal Start Adjust •.... . 
(Pin A11) 

Lamp Test .. 
(Pin A14) 

1 line, "1" = external ranging, 
" O" = automatic ranging 
Loading : 3 TTL loads (1) 
2 lines - Loading: 1 TTL load ( 1) 
Range Pin A 17 Pin 817 
19.99V "O" " 1" 
1.999V " 1" " O" 
199.9mV "O" " O" 
" 11 " Range code lights 2 D.P. 
Don ' t use. 

1 line-min pulse width-100 nsec 
"0" to " 1 " ( J") resets OU tput 
register and blanks display, "1 " 
t o " O" CU initiates conversion 
process. 
Loading : 1 TTL load (1) 
1 line, gates internal clock 
" 1" = run, " O" = stop 
Loading: 1 TTL load (1) 
Controls rate of Internal Start 
Clock 
(see application section) 
1 l ine, negative true , displays 
+1888 to test all display segments 
Loading : sink 35mA. 

NOTE : Internal start clock is 2 samples/second and is externally adjustable 

ADJUSTMENTS 

Recalibration Interval 

PHYSICAL (3) 

Case Size ... 
Case Material 
Weight .. 
Mounting •.• 

Connector ....• . •• . • • 
(not included with DPM, 
add to order) 

PRICE (1 -9) 

NOTES: 

(1) Low ("0" ) ~ + 0.8V 
High ("1 " ) 2: + 2.0V 

(2) Low ("0") ~ + 0.4V 
High ("1 ") 2: + 2.4V 

(3) Module is fully repairable and 
features snap together PC 
Boards 

Zero , balance, full scale, 
VGA zero, 2V cal and 0.2V cal 
tr impots accessible behind 
snap-on front bezel 

(Normal conditions) 90 days 

3"W >< 1.75"H x 2.25" D 
Black polycarbonate plastic 
6 oz. approx. 
Panel mounted through a 1.812" x 
3.062" cutout with four 4-40 
screws. 
Dual 18-pin, PC Edgeboard Type, 
0.1" centers (Viking #3VH18/IJN-5 
or equal ) wi th key between 

pins 4 and 5 

$169. 
(no optoisolation, less connectors) 

Recommended power supply is 
a Datel UPM-5/1000B or equiv
alent highly regulated type. 
Power current is 400 to 800!"A 
ma>< depending on digits dis
played and sample rate 

(4) Avoid logic spikes entering DPM 
on the +SV power input. Use 
e><ternal filtering if required . 

(5) 1 Megohm input resistor is in 
series with input summing junc
tion. Accuracy specification will 
degrade with significant e><ternal 
source impedance( > 1 Kn) 
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DM-2000AR DPM TIMING DIAGRAM • NMOG 

AUTORANGING MODE (PIN A4 GROUNDED) : ~;,u• 
19.0 VOL TS ANALOG INPUT 

r- FRONT 
_J CNO SLC W 

AN O SE TTLI NG 

VA LID S TA 8 L£ ANA LOG INPU T MUS T 8£ HELOllmSe<;mon 

Ht RE SETS COUNTE R 
tOST AIHS 
CONVER SION INTERNAL 

STAR T CON VERT 
INI TIATEOON 

VA L ID~ I-
ANA LOG 
R[OUI RCO 
l mSo< 

NEXT S TA RT 
CON VE RT 

---l ~ lmSitc mu 

SU" C0Nv £R•.....JL. 00 •-~ Nf ,Y RANG~.-- - -----• / I 

::/~GER __J[__;,._,_m_'"_~! ____ ~: ----~i ____ ~: _______ [l__O 

NUT EXT UINAL 
SU. RT CON\IUH 
llmSKm•n 
AFTER LAST (l( T 
STAR T CONV ERT 

NOTES: 

1. TIMING IS NOT TO SCALE 

2. TIMING IS TYPICAL EXCEPT WHERE IN
DICATED MIN OR MAX 

coc 1eusv1 
IA. BJ 

BCO "llAL10 

,l====,c=o::N::o,=v=•::u::o .=,::o::o::,,.=,-.,!7"=:LA~sNm~;,.:.c·~~·~~:2!1~~~:~'.;.,:." -=,,=H,=GH=o=.=,=,.=.=, "=,==~ :~~.~~~----

3. EOC WILL FALL 4.5 TO JJmSec TYP AFTER 
START CONVERT DEPENDING ON ANALOG 
INPUT LEVEL 

4 . DUTY CYCLE OF DISPLAY BLANKING 
DURING EOC HIGH VARIES WITH SAMPLE 
RATE AND INPUT RANGE . MAY CAUSE 
DISPLA Y FLI CK ER IN SOM E A PPLI CATIONS . 
IF AN EXTERNA L STA RT TRI GG ER CLOCK 
IS USED, K EEP DUT Y CYC LE LOW TO 
AVOID DI SPLAY BLANK IN G AN D FLI CKER . 

lmSK JmSec JmS.C 
Fl )( [Q PERIOO 1999 P[R!OO I N TE G RATOR 
! 1000COUNTS COU NTS - TOCOM RE SET 
R AM P UP F IXED P L[ TE LY PER IOD 

I '}DIGIT CMSOJ 
Q'w'E RSC ALE 1000 1 

IA\')1 ----, 

SLOPE DISCHA RGE 
CAP ACIT OR CAPACI TO R 
DISCHARGE WHEN OV E RLOAOEO 

NE XT HIC.HER INPUT RANGE SELE CTE D 

.___.. 
SA Ml'll~ :~~~~6~~\ts 
O N 1999V l• t 1 ""' l« I 
A ANGE THIS 'l R100 IS 

/ SEVER AL HUNDRED 
mSo< 

TH IS l>E RIOO JmS.C 
Will A LSO INllGRATOR 
BE 1 !I ,.;S.C: RESET 
l f IN l>U T l> ERIOO 
> l i99'w' 

.-------1i 

OVEl~~~ow ______ ,...::._ _______ .:J\..---------~.-_-__ -_-_-__ -_-_-_ 6 

COMPLETE MODULAR CONSTRUCTION 

Total modular const ruction is another plus for the 
DM-2000 AR . 

Servi ci ng is si mple and stra ightfo rward. 

The un it can be removed t hro ugh the fro nt pane l withou t 
open ing t he users' instrument. Once the snap-on fro nt beze l 
and four mounting screws are re moved, the meter slides o ut 
of its Lexan case. The procedure is uncomplicated and 
takes less than one minute. Once re moved, modular se rvice 
is poss ible due to t he f ive plug-in interconnected PC boards 
- no wiring or soldering is required. 

Troubl eshooting is accomplished through board subst itu 
tion and se rv ic ing can be compl eted within five minutes. 

A full complement of replacement boards are readily 
available from Date l' s Service Department . 

ALPHA NUMERIC INDICATION OF OVERFLOW 

Wh en the vo ltage input exceeds full scal e by a minimum of 
one least significant digit , the characters "O F" are d is
play ed . All data d igits are blanked . An example of thi s 
would be when full sca le is +19 .99V, t hen +20 .00V wo uld 
be the small est possible ove rload . 

O'w' ERFLOW 
GOES LO 
If > 10'w' 

BUil TIN DISPLAY TEST FOR PERIODIC 
TESTING 

Test ing for faultv display segments can be achieved in a 
matter o f momen ts gu ard ing aga inst erroneous readings. 
Gro unding pin 14 at th e rear connecto r will d isplay +1888 
to t est all poss ibl e segment combinations . 
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OPTICALLY ISOLATED INPUT 
The DM-2000AR autoranging Digital Panel Meter normally uses a single
ended input with 1 megohm impedance to the input amplifier summing 
junction. A common bus, (pins A 1, A2, 82, 84 and A 18) reference analog 
input ground, digital output ground and +5V power common. 

The DM-2000AR-2 version includes optoisolators and a DC/DC converter to 
give transformer isolation of the analog input up to ±100 Volts to power 
common. However, the digital outputs are still referenced to the power 
common/logic ground bus. Differential input impedance of the optoisolated 
DM-2000AR-2 is 1 megohm. 

The DM-2000AR-2 isolated DPM reduces false readings in common mode 
voltage applications. 

CALIBRATION PROCEDURE 
1. Select manual mode (tie A4 to +5V) and the 20V range. 7. Apply input of +.1800V. Adjust "0.2VCAL" to obtain 

Adjust the "balance" pot to obtain a flickering ±sign on 
the display. 

2. Select the 0.2V range, and adjust the "V.G.A. zero" pot 
to obtain a flickering sign. 

3. Repeat steps 1 and 2 until a flickering sign is obtained on 
both the 0.2V and 20V ranges (takes 2-3 adjustments) . 

4. On the 0.2V range, apply an input of ±300µV (be care· 
ful of noise on such a small input). Adjust the "zero" 
pot to obtain a reading of ±003 ±1 digit. 

correct reading. 

This completes calibration. Small drifts in the zero can be 
adjusted with the "V.G.A. zero" pot only which will not 
require selection of manual mode. 

Location 
of 
trim pots 

0 0 0 
FULL ZERO BALANCE 
SCALE 

VGA 2V 
ZERO CAL. 

01V 
CAL 

5. Select auto mode (ground A4) and apply input of 
+18.00V from a precision voltage reference source . 
Adjust "full scale" to obtain correct reading. 

6. Apply input of +1.800V. Adjust "2VCAL" to obtain 
correct reading. 

([) 0 0 View behind 
front Bezel 
and Filter 

DON'T FLOAT A4. GROUND A4 FOR AUTORANGING, JUMPER A12/A13 FOR INT. START CLOCK 

SINGLE 
ENDED 
INPUT 
(NON
FLOATING) 
MODEL 
DM-2000AR 

NOTE : f'INS At, A'l, 12, A11 efWd M 
ARE CONNECTED TOGE.THEA 
INTEfUlillALL Y OH UNITS 
WITHOUT OPTOllOLATION . 

EXTERNAL 
•!> VOC 

SINGLE 
ENDED 
FLOATING 
INPUT 
(Optoisolated 
DM-2000AR·2 
Only) 

~· ''" 

~:~:_1~;;~t~J~~!~~~~=~--1 
: r---------------------- --+-•--- --. 
I 1LOG1C I I 
I I Gf\10 : 

I 

l 
: 

~ME·R!>~~; f-+-----,,.- INT[llNALCOfolNECT~$ 
-- --ANO COMPOfroENTS 

EXTE!>NAL CONNECTIONS 
-,,,A[)(BYUS(ll 

0110 , ..... 
JUM"'E R FOR 
INT START CLK 

USING THE METER WITH THE INTERNAL "START" CLOCK USING THE METER WITH AN EXTERNAL " START" 

NOFOA GROU 
AUT OAANGING 

-4' 

. 
' , . 
' • 1 

• • 

_L 

' , . 
' • 1 

• • 
; --c2~ ' •O 

" " " " I 
JUMPER 

NO FOA 
• AEAO 
ATION 

" " " " :!!: " .. •• 
1 11 

_!!_ 

IOTTOMTOI' 
l'C IAO 

CONNECTIONS 

ORDERING INFORMATION 

Model DM-2000AR_I_ 

lAdd -2 suffix for J 
optoisolated inputs 

Vol 3/196 

. B 

' ' NOTE. JUMPER A 12/ A 13 MUST BE USED If 
EXT ST ART TRIGGER IS NOT SUPPLIED GR 

AU 
OUNO FOR 
TOAAN G ING J , , , J 

1 CONNECT JUMPER A12 TO All 
LEAVE '9N A.10 OPEN 
CONNECT " C ' FROM All TO A12 
AS SHOWN 

" C" • OPTIONAL TIMING C APACIT O R 
TO SLOW DOWN INTERNAL 
" ST ART" CLOCK A I ~F 501/ 
CAPACITOR WILL HALF RATE 
WITHOUT EXTERNAL CAPAC ITO R 
THE RA TE IS APPROX 2 
SAMl'LES l'ER SECONO 

2 FOR HOLO •READ OPERAT ION 
GROUND PIN A10 

c l ... fl::.. CON!ISEC - 1 

PRICES (1-9 quantity) 
DM-2000AR (no optoisolation, 

USE LOW 
DUTY CYCLE 
START TRIGGER 
TO AVOID 
DISPLAY 
BLANKING AND 
FLICKER 

less connectors) $169.00 
DM-2000AR-2 (with optoisolation, 

less connectors) $218.00 

Covered by GSA Contract No. GS-OOS-27959 

~ 

GENERATOR H I l START .c 
100"-m'"~ I}t -MAX tNl'UT 

"v 
RESET t 

START CONVt:RT 

. . 
' ' • • 
' 7 

• • • • •o .!.Q.. 
11 " " " 1) ,, .. " ,, ,, .. ,, 
11 11 

!!: !!: 
IOTTOM TO, 

l'C IAD 
CONNECTIONS 

APPL Y AN EXTERNA L 
ST ART PU LS E TO 
INITIATE CONVERSIO N 
1100 ni«: MIN W IDTH ! 
TRANSITION FROM " LOW" 
TO " HIGH" RESHS OUTPU T 
REGISTER READOU T 
BLANKS WHILE EOC IS 
HIGH. THE CONVERSION 
PROCESS IS INITIATED 
UPON RETURN FROM 
" HIGH" " TO "" LOW" 

Connectors (not included with DPM. Be sure to 
add to your DPM order) 

Solder Tab, Datel #2335·1 (Viking 3VH18/ 1JN-5) 
Wire Wrap, Datel #2335-2 (Viking 3VH18/ 1JHD·5) 

Suggested AC power supply : 

4.95 
4.95 

UPM-5/ 1000 B 5V, 1A, 115VAC input 
UPM-5/ 1000 BE 5V, 1A, 230VAC input 
Power supply Socket , MS· 7 

$ 49.00 
$ 54.00 
$ 3.50 
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1020G Turnpike Street , Budding S 
Canton. Massachusett s 02021 U.S.A. 
TEL : 16171828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 
~ Choice of AC line or +5VDC power 

~ Compact: Only 1.75" H. x 2.25" D. x 3" W. 

~ Large, Bright, 0.43" High Red LED Displays 
~ Automatic Polarity and Overflow Display 
~ 5V/400mA Optional Power Input - Ideal for 

Portable Use 

~ Differential Input 

~ Optional Parallel BCD/TTL Output 

GENERAL DESCRIPTION 
Datel Systems ' DM-2115 is the world's small 

est AC line operated Digital Panel Meter . 
Packaged in a compac1 1.75" H . x 2.25" D x 

3" W. Polycarbonate plastic case and using 

large 0.43" high seven-segment LED digits, 

Model DM-2115 provides an easy·to·read 3% 
digi1 display of ±1.999 volt full scale inputs 

complete with automatic polarity and over· 

flow indication. Both the size and the power 

consumption of the DM-2115 have been 

significantly reduced through extensive use of 
MSI CMOS logic. Power input options include 

AC inputs of 100VAC, 115VAC or 230VAC 

at 47 to 440 Hz, or from +5VDC at 400mA, 

max. All AC supplies use a high qual ity 

C-core, strip-wo und line transf ormer that con

sumes a low 3 .5 watts of input power . For 
portable applications using the +5VDC input 

option , current drain can be further reduced 

to 120mA by blanking the display and using a 
press-to-read switch, or the display can be 

separately duty cycled . 

Model DM-2115 provides true differential 
input characterist ics with an input impedance 

of 100 Megohms, min ., and common mode 
rejection of 70 dB from DC to 60 Hz . The 
instrument accepts a single-ended or differen
tial input voltage range of ± 1.999V and 
generates a display that is accurate t o within 
±0 .05% of reading ±1 count . The temperature 

coefficient is 50ppm/° C, max. over the oper· 

at ing temperature range of 0 to +50° C. 
Optional models are available w ith full pa ra l
lel, BCD TTL data outputs and au x iliary 
signals at the PC board 1/0 connector. 

An internal start clock commands 4 conver
sions per second but an external capacito r will 
reduce this sampling rate . Or this internal 
clock can be inhibited to hold and display the 
last sample. An external start trigger pulse 
may be used t o sample from 0 to 40 
conversions per second. 

Convenience features include display test and 

decimal point illumination by grounding pins . 

In AC versions, the high isolation line trans
former and the separation of analog and 

digital grounds provide additional protection 

against ground loops. 

Applications for the DM-2115 include mea

surement and display of any variable that can 

be converted to a voltage. These include pH, 

pressure, distortion, torque , liquid level, 

temperature, displacement and many others . 

MINIATURE 3* DIGIT AC-POWERm 
DIGITAL PANEL MmR 

MODEL DM-2115 
Covered by GSA Contract No. GS-OOS-27959 

> 000----1 
176.21 I I 
------- i 

D I 
2. 120 
153,8) 

' _J 
L-,,.,_J 

195, 11 

MECHANICAL DIMENSIONS 
INCHES (MM) 

CUSTOMER'S PANEL 

INPUT/OUTPUT CONNECTIONS 
PIN FUNCTIONS 

NOTE : •Parallel BCD Outputs appear at 
asterisked p ins for BCD Models only . Models 
without BCD have no connec t ions at these 
pins. 

PC. BOARD CONNECTOR 

BOTTOM f f TOP 

A 8 

ANALOG LOIN 1 

IBITl,LSBI' 

um:w 
•[BIT 1000! 

·1s1GNI 
f-:-f-:-fG .. !;-!;•!J• 

IBIT•!• 

'lEOC.) N.C 

" !OVERLOAD SCALE I N.C 9 

AC LINE POWER INPUT 
(A, E ANO J VERSIONS) 

UUT81" 

!BIT 10)" 

(BlTX>I " 

IB!T40J• 

(61T801 " 

(BIT 1001' 

(81T200!" 

(BIT 400!" 

OC POWE R INPUT 
fOVEAStQNSI 

POWER AND SIGNAL CONNECTIONS 

(Internal Start Mode Shown) 

CONNECT UNUSED 
Pl NS TO •SVOC 

CONNECTED IN 

GROUND FOA LAMP TEST 

100/1 15'4!30\IAC 

'E,N MUST RETURN 
TO ANA.LOG GND 

"C' 0 isane11:1etnal 
ceram1ccapac11or 
to slow down 1he 
internal stan clock. 

Clµ F I "" COt.Jov~SEc o, 

- - ---- Ooned hr"l!!S 1nd1ute 1ntefn.al connect•oo$ 
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SPECIFICATIONS (Typical@+25°C unless noted) 

INPUTS 
Input Voltage Range 
Input Impedance 
Type of Input 
Input Bias Current 

Input Polarity 
Common Mode Rejection 
Common Mode Range . . 

Input Dvervoltage . .. . .. . . .. . 

PERFORMANCE 
Accuracy @ 25° C 
Resolution ... . 
Temperature Coefficient 
Conversion Speed . . . . . . . . • . . 

Input Settling Time ... . ..... . 

Operating Temperature Range 
Storage Temperature Range 
Warm Up Time 

±1.999Volts DC 
100 Megohms, min. 
True Differential 
Analog HI Input 3nA Typ, 
7nA Max. 
Analog LO Input 45nA 
Typ, 500nA Max. 
Bipolar·Automatic 
70 dB, DC.00 Hz 
(EIN + EcMl Must be with

in ±3.0V to logic or Analog 
Ground, ±300V to AC line 

±50V Max . continuous 
±200V Max. 5 sec. duration 

±0.05% of reading ± 1 count 

1mV 
±50ppm/° C Max. 
0 to 40 conversions/sec. 
max . (ext . trigger required 
at max. rate) 4 samples/sec. 
normal from Int. Clock. 
(adjustable) 
500 µs to 0 .05% for full 
scale step. See timing 

diagram. 

0 to +50°C 
- 20° C to +85°C 
5 minutes to specified ac-
curacy . 

Adjustments . . . . . . . . . . . • . . Diff . Amp. Balance and 
Full Scale located behind 
snap on front Bezel and 
filter. 

Power Supply 

DISPLAY OUTPUT 
Display Type . 

Overload Scale 

Decimal Points 

DATA OUTPUTS . . . . ... . . . . 

100 , 115 or 230VAC, 

±10%, 47 to 440 Hz @ 3.5 
Watts or +5VDC ±5%, reg
ulated at 400mA max . 
total, spikes .;; 10 mV . 

LOGIC and Analog: 150mA 
drain (+5V) (120mA with
out BCD outputs) 
DISPLAY : (+1888) , 250mA 
drain (+5V) max (pin A16) 

NOTE : Display is on sep
arate power connection, 
does not require regulation 
and can withstand 5V ±~ V 
ripple . 

Solid State 0 .43" Red 
LED. 100% overrange. 
Indicated by alternating 
flashing of center bars and 
zeroes. 
3 left-hand decimal points 
selectable at rear connector. 
Ground eppropriate pin for 
desired decimal point. 

(Available with BCD option 
only) TTL/DTL compat
ible, all outputs buffered. 
LOGIC LO= "O" .;; .+0.4V 
LOGIC HI = "1 " ;;. +2.4V 

BCD Outputs 

Overrange (Pin A3) 

Overload Scale (Pin A9) 

Polarity (Pin A4) 

End of Conversion (Busy) (Pin AB) 

INPUT/OUTPUT CONTROL 

External Start Input (Pin A 13) 

12 latched parallel lines 
84-2-1 positive true binary 
coded decimal. Loading 2 
TTL loads. BCD not valid 
until 400 µsec after EOC 
trailing edge. See ti ming. 
Counts between 1000 and 
1999 only, indicated by 
logic high (2TTL loads) 
> 1999 counts indicated by 
logic high (2 TTL loads) 

Logic high for positive in
puts, logic low for ne113tive 
inputs (2 TTL loads) 
High on leading edge of 
start pulse and during con
version . BCD outputs are 
counting while EOC is HI, 
and, therefore, are not valid. 
BCD outputs are valid 400 
µSec after EOC goes LO, 
indicating conversion com
plete (2 TTL loads) . 

Positive pulse, 0 to +5V 
min ., 1 µs min . duration 
CMOS input. For TTL 
compatibility , connect start 
input through 1 K!1 to +5V 
TTL supply . Max. input 
+5.SV. 

ALL INPUT CONTROLS ARE TTL/DTL COMPATIBLE EXCEPT 
EXT. START(A13) (SEE PG. 4) 

LOGIC LO= OV .; "O" .;; +O.BV 
LOGIC HI= +2.0V .; "1 ".; +5 .0V 

Internal Start Gate (Pin A 10) 

Internal Start Adjust (Pin A 11) 

Internal Start Out (Pin A 12) 

Lamp Test Input (Pin A 14) 

Decimal Point Inputs (Pins AS , 6 , 7) 

Display Power (pin A 16) . 

PHYSICAL 
Case Size .... .. .....• . ... 

Case Material 
Weight 

Mounting 

Connector 

HIGH - RUN I Loading, 1 
LOW - HOLD f TTL load. 
Controls rate of Internal 
Start Pulse. See pg. 1. 
+SV positive pulse 1 mS . 
duration.4 samples/sec.(adj) 
Grounding this input dis
plays + 1888 for testing all 
segments (4 TTL loads) 
Grounding these inputs il 
luminates corresponding 
decimal points on the dis
play . Sink 40mA, 80 µsec, 
33% duty cycle 
250 mA max . at +5VDC 

3" W x 1.75" H x 2.25" D 
(76,2 mm x 44,4 mm x 
57,2 mm) 
Black polycarbonate plastic 
Line Power Units - 10 oz. 
(284g) 
SV Units - 5 oz. (141g) 
1.812" x 3 .062" cut out 
attached by four 4-40 flat
head countersunk screws. 

DUAL 18-pin PC edge
board type on 0 .1" centers 
(Viking 3VH18/1JN-5 or 

1JHD-5 equiv . w/keys) . 
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"'\JEL 
TO DISPLAY POWER 

DEC IMAL PT I 

DECIMAL PT 10 

DE CIMAL PT 100 

BLOCK DIAGRAM 

,----
1 
I 
I 
I 
I 
I 
I 
I 
I !._ _ _ 

800 400 200 100 

100', 0IGIT 

POWER SUPPLY BLOCK DIAGRAM 

RE G •SVDC 10 LOGIC & ANALOG CKTS 

DISPLAY POWER !UNREG I 

COMMON 

~ 
IO't OIGlT 

-~;E;N:-;:- -1 

~~~PUT : 
QPT IO N 

I 
I 
I 
I 
I 
I _ ___ J 

~ 
1't01G1T 

" 

0.4 
CIJ<F I "" oo;:;v;m -0.1 

TIMING DIAGRAM 

! :-u...s -+- H,..s---4 
OU.t.l SlOf'l : : C'•N 8l VSEO 

::;,(,~~o\1011:: ~~~~ING 
11 ... UIC[IC 

" 
' I 
I 
I 

' ' ' IQl'IHGR .. TOR : : 

~EHi{ l8 
'"'>---------+--- '--"'~~1.:_o"_'.:_' o'-"-"_:."_:." _ _.J j 
100111sn:iov1tc 
1141 to •40Mi 

AC { 17 
LINE LO Bl1 

i 
I ' 

I e:~~, j 
~ ""·L.t. l("Ul'tl.t.l(llM[ 

I i ll ff(A 10 OEL•Y ClllCU'1 1 

:SCOOATA~O T VAUO 
' : 

-..-.-4---..._-~Ho---~A15 LOGICGNO 

~---' LOGICGND 

ll'OWER 

'NOT PMQVIOEO IN SV VERSIONS RETURN) 
. ·sv VEASIONS LK I & LK2 CLOSED 

' 

0Y(RL0~01 : .. ~G:~f-: 
-~-----'-------:~·--_,_·~·: __ ~ 

~~::~::::::: ~-~ -_ :: : ~----_t::: :_-. ~~: :-_ -_ ~--~:: :-: : : : : _-_-_ -_-_-_ -~:: 
CALIBRATION PROCEDURE 
1. Remove the front bezel and filter and jumper pins A12 and A13 to initiate repetitive sampling 

using the internal start clock. 
2. Connect both ANALOG INPUT pins to ANALOG GROUND and apply power. 
3. After 5 minutes of warmup, adjust the BALANCE potentiometer so that all display digits read 

zero while the display polarity indicator flickers equally between plus and minus. Offset range 

is approximately± 15 mV. 
4. On the DM-2115 under test, jumper ANALOG LO IN and ANALOG GND. Then, apply 

+1.9905VDC from a calibrated precision voltage reference to ANALOG HI IN, using ANALOG 
GN Das signal input return . 

5. Adjust the GAIN potentiometer of the unit under test so that the display flickers equally 

between +1.990 and +1.991 VDC. 
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USING EXTERNAL START 
FROM TTL LOGIC 

LOGIC SUPPLY 

REOUIREOFOR 

··:1 
RESET/ l \START 

CONVERT 

EXTERNAL START TRIGGER 
CHARACTERISTICS 

! 
:·~--

16 16 

11 17 

18 18 

CONNECTOR 

POWER COMMON 

NOTE : Keep duty cycle of start tr igger low to 
avoid display blank ing and fl icker . 

"'\JEL 

'· 

18 :s 

GENERATING DELAYED PRINT COMMAND 
OR REGISTER STROBE USING BCD OUTPUTS 

800 

START 

PULSE 

EOC _}== 11rnSMA)( ==:i~------
PRINT COMMAND 
PULSE (PIN 5-74123NI 

~ 4~:S 

tw • 0.32l1 0'" flHCl (1 • 1 ~~ ) 
c is in lpf l 

JL 
>------ ~}HUNDREDS 
>------ •OO OECAO{ 

::::=__: _ __: _________ L---'==:t----- OfL,llVEOPRINTCOMMANO 

Bec a u se th e m u lt ip le x ed disp l ay req ui res t ime t o update the o pt io n al BCD latc hH, 
BC D data will n o t be vehd un t il 400 mic roseco nds after the EOC tra ilin g edge. Any 

e 11ternal de..,ices (printe r, etc.) reading the BCD data must wa it at least 400 micro · 
seconQs . The suggested c ir c u it shown performs this function by generat ing a putse 

de layed 500 m ic rosec o nds after the t ra ili ng edge of the EOC . The width tw of the 

dela yed p ulse is ad justa b le to acco mmodate d ifferent output devices . 

JUMPER A12/A13 FOR INTERNAL START CLOCK. LIGHT DISPLAY WITH 5V ON A16 (DC MODELS) 

MOUNTING DETAILS 
DIMENSIONS IN INCHES (MM) 

0~ 
/ I ' O)OltlllU 

DRILL CLEARANCE OR 
DRILL & TAP FOR 
'•O SCREW !METRIC M31 

10.8) 

CUTOUT 

Covered by GSA Contract No. GS-OOS-27959 

ORDERING GUIDE 

DM-2115I L. 
.l 

POWER SUPPLY FULL PARALLEL 
BCD OUTPUT 

A= 115V ± 10%, 47 to 440 Hz 
E = 230V ± 10%, 47 to 440 Hz 

1 = without 

J = 100V ± 10%, 47 to 440 Hz 
2 = with 

D = +5VDC ± 5% @ 400mA max. Line cord is 
not included 

!_CUSTOMER PANEL 

CUSTOMER MAY DRILL 
CLEARANCE OR DRILL 

AFTER INSTALLING UNIT 

PRICES (1-9) (Contact Datel for quant ity and International prices) 

FILTER 

Prices do not include mating connectors. Please order connectors with 
your DPM. 

+5V Powered, No BCD DM-2115D1 $129.00 
+5V Powered, w/BCD DM2115D2 145.00 
AC Powered, No BCD DM2115A1 

: } 159.00 DM2115E1 
DM-2115J1 

AC Powered, w/BCD DM-2115A2 . 

: : } 175.00 DM-2115E2 
DM-2115J2 . 

Mat ing connector , 

} 
2335-3 (So lder Tab, .... . . $4.95 ea. 

dual 18-pin PC Viking 3VH18/1JN-5 or equiv .I 
board type with 2335-4 (Wire Wrap, . . . . $4.95 ea. 
keys installed Viking 3VH18 /1JHD-5 or equiv.) 
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1020G Turnpike Street, Building S 
Canton, Massachusett s 0202 1 U.S.A. 
TEL: 16171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

GENERAL DESCRIPTION 

The Datel Models DM-4000 and DM-4300 are, 
respectively. the world's smallest 4 y, and 4 ¥. 

digit LED digital panel meters , and include 

input offset autozeroing. 

Both models feature large, easy to read red 

LED displays that are 0 .43" high in the 

DM-4000 and 0.3" high in the DM-4300. 

Input power for either model is +5VDC at 

600mA, ma x. 

These DPM 's employ a differential, optically 
isolated floating input that withstands ±300 

volts common mode to digital ground with 

120 dB common mode rejection from DC to 

60 Hz . This provides high noise immunity in 

indust rial applications . 

The counter circuits are driven by a stable 
crystal controlled oscillator which may be 

specified to synchronize with either 50 or 60 

Hz, the common AC power line frequencies . 

Dual slope integration synchronized to 50 or 

60 Hz provides 60 dB of normal mode rejec· 

tion to power hum on the signal input. 

An internal ±6.4 VDC reference and the 
reference input may be externally connected 

for 3-wire, TC-tracking ratiometric measure· 

ments . This configuration reduces temper
ature drift errors by normalizing to a single 

positive reference voltage. 

Model DM-4000 measures and displays a full 

scale input of ±1 .9999V . The full scale input/ 

display range of Model DM-4300 is ±3 .9999V . 

Both models have an input impedance in ex · 
cess of 100 megohms, input bias current of 
100 pA max . - which doubles each 10° C. 

Accuracy of Models DM·4000/4300 is ±0.01 % 
of reading ± 1 digit, with a temperature 

coefficient of 15 ppm/° C max. over the 0 to 
+50° C operating range. When operating from 

the internal clock both models update their 
display at a 2 sample per second rate , but 
when driven by an external start pulse the 
DM-4000 sampling rate can be varied from 0 

to 5 per second and the DM-4300 from 0 to 

3.3 per second . Calibration adjustments after 

a 15 minute warmup are easily accessible 
behind the front panel filter. 

The red LED seven segment digits provide 

automatic display of overrange, overload, 

polarity and decimal point : Overload is indi · 

cated by alternate flashing of the center bars 

of the sign and 4 LSD displays. The decimal 

points are illuminated by grounding the ap· 

propriate connector pin . 

MINIATURE 4112 AND 43A DIGIT 
DIGITAL PANEL METERS 

MODELS DM-4000 AND DM-4300 
Covered by GSA Contract No . GS-OOS-27959 

~Miniature Case With 
5 Large, Red LED Displays 

~ Autozeroing, Optoisolated 
Floating Input 

~Operates From +SVDC 
Logic Power 

~High Noise Immunity using 
120 dB CMR, ±300 VcM Bipolar 
Floating Input 

~AC Hum Rejection (60 dB NMR) using 
Line-synchronized Quartz 
Crystal Counter 

~3.W ire Ratiometric Input Reduces 
Drift Errors from Bridge Inputs 

DTL/TTL compatible overrange, polarity , 
overload and EOC outputs are available at the 

rear case , 18-pin dual PC board connector in 

both models . Sixteen lines of BCD data are 

optionally available at the rear connector in 

full parallel , 8·4·2·1 pos~ive true format. 

These DPM's are housed in a high-impact 

polycarbonate case that measures only 3" W x 
1.75" H x 2.25" D . 

MECHANICAL DIMENSIONS 
INCHES (MM) 

3000 ___, 
116.:11 

High immunity to common mode and normal 

mode voltages combined w i th the ratiometric 
feature especially recommend these DPM's for 

use with many bridge transducers . Applica· 

tions include temperature measurement , mo
tion, stress and many other physical phe· 

nomena . 

INPUT/OUTPUT 
CONNECTIONS 

ANALOG lf><PUI !LO> 

f"RHEnENCf IN 

PC SOARD 
CO,..'ll(t.IOR 

PC BRD KEYWAY -AHEf!ENCt our lo 4V• 

BETWEEN 4 AND s~t•MALf'Olf\/110000 

CUSTOMERS PA NEL 

z 96 0 
t 75,21 

2150 ~ 
45461 

..., 

+, 
I 

I. 760 
144 11 

d 

0£CIMAl P(JINl 1000 

OFCIMAl POINT 100 

DECIMAL POINT ID 

O~CIMAL P()lf><l 1 

OVEALOAO SC.a. t,£ B!l •OOUT 

EOC!STAIUS! 

flH 7000Ul 

STAATJNPUf 

till ~0.0C(lQU l 
~ OVU'I 

SIT 10.0000VT RA"iGE 

f'OL"'-Fl•TY 1SIGNIOUT 81l XlOOOUl 

811 80000Ul " " 811 •OOOOVT 

PQWERC~MON " " PWR !NPUI woe 

N-01E lt4T[RNAL CONNFCllOUS IOtl•l I THROVGH 
811 9000 EXIST IN 8C0 OUTPUT OPT!O"< VERSIO"<S ONL y 

DECIMAL POINT I0.000 IS AVo\!LABLf 0Nl YIN TH! 0""' 4)()() 
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SPECIFICATIONS (Typical @+25°C unless noted) 

INPUT CHARACTERISICS 
Input Voltage Range (Full Scale) . 

Input Impedance 
Input Bias Current 

Input Configuration 

Input Polarity 

Common Mode Rejection 

Common Mode Voltage Range 

Input Overvol tage . . . . . . . 

PERFORMANCE 
Accuracy (@ 25° C) . 

Resolution 
Temperature Coefficient of Reading . 
Conversion Speed (Adjustable using 

ext . trigger) ......... . 

Input Settling Time .....•... 

Operating Temperature Range 
Storage Temperature Range 
Warm Up Time 

Adjustments . 

Input Power 

DISPLAY OUTPUT 
Display Type .. . . 

Overload Scale 

Dec imal Points 

OPTIONAL DATA OUTPUTS 
BCD Outputs . . . . 

Overrange 

DM-4000: ±1 .9999 Volts 
DM-4300 : ±3 .9999 Volts 
Greater than 100 megohms 
100pA max. @ 25°C 
(doubles/ 10° C) 
Single-ended floating . Op
tical isolation to digital 
ground employed for dif
ferential characteristics. 

Automatic bipolar with 
pol arity displ ay indication. 

120 dB , DC to 60 Hz with 
up to 1 K ohm source un· 

balance . 
±300 Volts to digital 
ground . 
±50V min . (sustained) be
tween inputs without dam· 

age . ±100V to 5 seconds 
without damage. 

±.01 % of reading ± 1 digit. 

100µ V 
15ppm / °C max . 

DM-4000 : 0 to 5 conver
si ons/sec . 
DM -4300: 0 to 3 -1 /3 con
versions/sec. 
50 mS integration for 60 
Hz line . 60 mS integration 
for 50 Hz line option al. 
0 to +50° C. 
- 55° C to +85° C. 

15 mi nut es to rated ac
curacy. 

Full sca le (Gain) trim 
located behind front bezel. 
Separate ± adjustment and 
ratio zero trim . Autozeroing. 

+5 ± .25 voe @ 600mA 
max. (with input logic 

spikes 10mV max .). Sug
gested power supply is a 
Datel UPM -5/ 1000B or 
equivalent highly regulated 
type . Power current varies 

rap idly with digits dis
played , conversion rate , etc . 

Red , LED seven segment 
digits with automatic dis
play of overrange, over 

load , polarity and decimal 
point : 

DM-4000 : Digits 0.43" 
high 
DM-4300 : Digits 0.30" 
high 
Sign and 4 LSD 's display 
center bars bl ink. 
Selectable at rear connector. 
Left of each full digit. 

16 parallel lines (B-4-2-1) 
positive true . Loading : 2 
TTL loads. 
DM-4000: 10000 to 19999 
counts indicated by HIGH 
on pin A 15 with LOW on 
overflow (pin A9) . 

Polarity ...•....... 

DM-4300: 10000 to 39999 
counts indicated by a pos
itive true 2-1 BCD code on 
pins A 14 and A 15 along 
with a LOW on overflow 
(pin A9) 
Input signal polarity pos
itive indicated with a HIGH. 
Negative polarity indicated 
with a LOW. 

Overload Scale . . . . . . . . • . • . . . DM-4000: Greater than 
19999 counts indicated by 
a HIGH (positive true) on 
overflow (pin A9l. Less 
than 19999 counts indi · 
cated by a LOW. 
DM-4300 : Greater than 
39999 indicated by HIGH 
on overflow (pin A9) . Less 

than 39999 counts indi-
cated by a LOW . 

End of Conversion (EOC) . .. ..... HIGH - during conversion, 

BCD outputs counting and 
invalid . 

INPUT/OUTPUT CONTROL 

LOW - conversion com
plete. BCD outputs valid 
500 µsec after EOC. 
(See timing diagram) 

External Start Conversion Command . Positive pulse 100 nsec. 
min . width . 2 .0V min . 5V 
max . he ight . Conversion 

initiated upon return from 

" HIGH " to " LOW". 

Internal Clock Start Gate 

Internal Start Output .. .. 

Decimal Point Inputs 

Ratiometric Output .. 

Ratiometric Input 

PHYSICAL 
Case Size 
Case Material 

Weight . 
Mounting 

Connector 

Controls internal start clock 

"HIGH " - Run 
" LOW " - Stop 
Loading - 1 TTL load. 
Positive pulse 

internal start 

pulses/second . 

output of 
clock. 2 

Grounding these inputs 
illuminates corresponding 

decimal points on the dis-
play . 
Derived from internal ref 

erence for TC-track ing. 

Provides +6 .4V @ 2mA 
max. for 3 -wire ratiometric 

measurement . Ratiometric 

inputs can be normalized 

to a single posi tive refer

ence voltage. 

Calibra ted for +6 .4 V±5% 
input (avail. from ratio· 

metric output , above ). May 

be varied from +JV to +10 

VDC for TC-tracking 
bridge applications. Read-

v 1N x 6.4 
ing (volts) =---

VREF IN 

3"W x 1.75"H x 2 .25"0 
Black high -impact poly 
carbonate plastic. 

8-10 oz . 
Through a 1.812" x 3 .062" 
cutout secured with four 

4-40 screws. 
Dual 18-pin PC edgeboard 
type, 0 .1" centers (not in 
cluded , see ordering guide) 
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MOUNTING DETAILS 
DIM . IN INCHES (MM) 

DRILL CLEARANCE OR 
D AILL & TAP FOR 
4 40 SC REW 
!METR IC M31 

,0)0 11 .. .. 
(081 

CUTOUT 

11[,,,,, 
t460! 

1. !.IOO 
!38 1) 

e ej 
1-..------ ) 062------~ ... 

!17 81 

.-------) ) 1 2 ---------
1841 1 

. 1!.16 
(4.0l 

. " 1371 

/ ""'"' ~ .... H(.t.05C ll(W 

CALIBRATION POTENTIOMETERS 

SEE CALIBRATION PROCEDURE , PG . 4 

VIEW 
BEHINO 
FRONT PANEL 
BEZEL AN D 
FILTER 

@@@ 
FINE j ~+SCALE ADJ 
ZERO 

- SCAL E ADJ 

FRONT PANEL 

USE OF 
EXTERNAL START TRIGGER 

5V . MAX 

2V , MIN 

NOTES 

'MODEL 

DM- 4000 
DM-4300 

Keep du l y cycle 

o l s1art trigger 

low 10 avoid 

display blank 1ng 

and f l1cke1 

PC BOARD CONNECTOR 

ST ART I N 

TS , --------1 14 14 

100 nS. MI N 15 15 

16 16 

17 17 

POWER COM 

1s~!L 
200 rnSEC 

290 mSEC 

115 
VAC 

A 
BOTTO M TOP 

COM •5VOC 

DATEL UPM 5110008 

•5 voe POWE A SUPPLY 

BLOCK DIAGRAM 
•AH OUT 
•64V 

"' 
RE F IN 

- AH OUT 
-6 4V 
!~ .... 

ANALOG IN HI 

ANALOG IN LO 

Bil 1 OUl 

Bil '10Ul 

Bil 4 0Ul 

BIT BOUT 

Bil IOOUT 

BIT 700UT 

BIT 400UI 

BIT BO OUT 

BIT IOOQUT 

BIT 7000Ul 

BIT 4000U T 

BIT BOO OU T 

Bil IOOO OUT 

Bil '10000UT 

Bl I 40000UT 

ijl1 BOOOOUT 

B1T 1ooooou1 

811 '10 OUT 

OVEAlOAO 

roe 

ANAL OG 
INPUT 

. " .. v 
FS ADJ 

. " 

@-r - - 1 

~ I 
I 

~0P"0NAL 
BCD I 
OUTPUT 

LATCHES I 
@1::~FER 
@1 

~ ' 
~ J 

~ ' 
8-i 

SIG NAL MUST BE CONSTAN T 

OU AIN G lqu 

f---------" 

154K 

1541< 

,__ ____ ___.!, ALLOW 1 ms 
FOR INPUT SETTLING 

>O< 

5< 

LOGIC 
ANO 

DISPLAY 

ST ART 

GATE OUT 

TIM ING DIAG RAM 

BEFORE STARTING CONVERSION n 
J-.-.L-.-.;,._.__ __ ___,;.--J L 
' ' 

SY NCHR O=nlZEC\ ,___fl 
INTE RNAL 

ST AR T 
I l>--~~~~~~~~~~------f 

! r-- Tqu--'-- --

DUAL SLOPE j I 
INTEG RATOR I : 
AAMP [INl~ 

ENO OF 
CONV ERS ION 
!EOC ! 

I 
I 
I 
I 

----'-- Toe~ 

' 1T! ME FOR I 
1AUTO ZER OING 

- - _....,.1,,,,_ __ _,: ____ __,f-

! NSTANTANfOUS 
UPQATf AT fND 

/ OF EOC 

OPTION AL OUTPU TS 1 
~---------------:.-~-------~----~-

LATCHED OVERLO AD SIGN 70000ANO 10 000 

QA TA LI NE S VALID F AD M PRE VIOUS CQNV!" AS IUN 

BCD LI N£ S 110 8000!L A TCHf01 
VALIO rRQM PREV IOUS CONV ERSION 

MODEL T RU RAMP UP THO MAX 
11Mf 

DM 4000 A & B 5 GO rnS ' 0 07',, 1?0 rnS 

DM 4000 A & B 6 50 rnS · 0 Q?•, 100 ms 

DM 4300 A & B 5 60 rnS · 0 02 ?40 mS 

DM 4300A& B 6 50 rnS · 0 O? ?00 mS 

-I 

NEW DATA 

V AllO l i XC!PJ ()IG!l l! N~ Sl 

NfW QA TA 

VALID 

~ MUX UPOA 1£ llM f 
~0(~<; 

RAMP DOWN TDC ORIF I CORfffC f 
TIME TIM~ 

HO rnS 

HO rnS 

80 mS 
HO mS 

IO!Al 

?fiO mS 
/]0 mS 

380 Ill~ 
JJO 111S 
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CONNECTIONS FOR 

NORMAL OPERATION 

TYPICAL RATIOMETRIC CONNECTION OF 

DM-4000/ 4300 TO BRIDGE TRANSDUCER 

USING INSTRUMENTATION AMPLIFIER 

Ru1ometr1c QPer•t1on uses • single volt•ge reference in 1 me;uurement 
system to reduce errOfs aused when 1wo °' mofe "ferences ire ustd. In the 
1yp1ul bridge c1rcu1t 1pphcat1on shown here, an external exc1tat1ori or 
reference ¥Oltq is requi red to p0we1 the bfldge. The OPM iilMJ requires a 
nominal .. 6.4 VOC reference voltage inpUt Ito pm A2). The OM ·4000 and 
OM-4300 OPM's mclude an in!frnal +6.4 VDC reference voltage output tp1n 
821 which may be connected t»ck mto the reference volt~ mput u11ng the 
rear PC board connectors. 

"A SMALL CAPACITOR' 
10 1 to 1 µFl BETWEEN 
PINS Al AN0A18WILL 
REDUCE READING 
FLUCTUATIONS DUE 
TO H1GH COMMON 
MODE NOISE . 

0 'IN QM .4300 ONLY 

INPU T 
ILOl 

DECIMAL POHllT SELECT 
GROUND PIN TO 
ILLUMINATE . 

START CLOCK 

BCD OUTPUT OPTION 
NO CONNECT IONS 

10.000·· 

1000 5 5 

100 

10 

8 8 

• • 

COM •SVOC 

115 ~'~·~· ·~~ 
VAC-1,~----< 

DA TEL UPM s11 oooe 

•SVDC POWER SUPPLY 

INTERNAL REFERENCE 

NOTES 

1 R i( K ni- s[ Ve: ~ 1 J 
2 GAIN "'~ 

R, 

However , the en1ire measurement system (eKc1tat1on voltage, bru:tge. OPM, 
etc .I will have better drift performance 11 only one of these two voltage 
SQYICH •S used. 

Thos better dnft pedounance usmg one reference results b«ause the OPM 
effecuvely changes i ts gain inversely wllh its reference inpul according to the 

VIN x 6.4 
eKpress1on Readmg(m volts) •~· Tl'i.e OPM 1scal1brated when YREF 

!pi n A21 equal s +6.4V but VRt:F may be varied over ii l1m11ed range f+J to 
+10 VOC I 

By usmg ii volt ilge dmder j R 1 plus the OPM's 5 K ohms res1uance to ground 
ill A2. the VA E F 1nputl , the OPM denves tts reference vol1age mput di rectly 
flom the +lOV bridge oc1t1t1on voltage. Then, 11 t he oc1ta11on vol tage 
Yi1r1es . !w ith a corresponding v1n1t1on in bridge output 10 the OPM's an1log 
onpyt) 1he OPM reference will v1ry and effectively change the OPM's gain 
mversely This scheme tends to cancel out errors normally caused by 

In this example rhe OPM's own reference source wils not used but 1t could be 
used m any applicat ion drawing 2mA maK . from the OPM 's reference 
ovtpyls These ou1pu1s c1n 1ls.D be tKternally buffered to drove hei1v1er loads , 
tak ing VREF onput from the OIJtput of the oternat buffer 

3 A1 and A9 sho1.J ld be n a ble( <- IOppm/ Cl 4 To 1ero amp!1 l1er . grou nd 1npu1sand se1 

prec ision metal film o r Wife wound resistor s OFF SE T ADJ to r iero volts ou t 

JUMPER A12/A13 TO USE INTERNAL START CLOCK, JUMPER A2/B2 TO CONNECT INT. REFERENCE 

CALIBRATION PROCEDURE 

1. For normal operation (see figure) jumper pin A 12toA13 and pin A2 

to 82. 
2. Apply power to the DPM and a precision calibrated DC voltage 

source and allow both at least fifteen minutes for warm up before 
proceeding. 

al Short the input leads (A1 and ·B11 to ground. Adjust the FINE 

ZERO so that the display reads all zero's and the sign flickers 

between plus and minus. Disconnect the input leads from ground 
and connect them to the precision voltage source . 

3. For both models , zeroing is automatic and the calibration adjust-

a) FOR MODEL DM-4000: Apply an input of +1.99905 volts and 

set the +SCALE ADJ. potentiometer so that the display flickers 
equally between +1.9990 and +1.9991 VDC . Reverse the input 
polarity and set the -SCA LE ADJ. potentiometer for a display 
that flickers between -1.9990and-1 .9991 . 

b) FOR MODEL DM-4300: Apply an input of +3.99905 Volts and 

set the +SCALE ADJ . potentiometer so that the display flickers 

between +3 .9990 and +3.9991 VDC. Reverse the input polarity 
and Set-SCALE ADJ . for display that flickers between -3.9990 
and-3.9991 voe. 

ments are accessible after the front panel bezel and filter are 4. For ratiometric operation (see figure showing typical connection) 
removed . the previous steps must first be performed. 

PRICES ( 1-91 ORDERING GUIDE I *A1 EL 
Without BCD Option With BCD Option 

(41h digit) DM4000A . .$219.00 DM4000B . .. $239.00 DM-_JLl 14'% digit! DM4300A . .$235.00 DM4300B . ' .$255.00 

Su..,.stld Power Supply : l UPM-5/ 1000S +SVOC Modular Power Supply $49.00 I (1t5VAC Input! 
UPM -5/ 1CX>OBE +5VDC M odular Power Supply ' - ' 

$54 .00 MODEL PARALLEL BCD SYNCH TO AC 

1230 VAC Input) OUTPUT OPTION LINE FREQUENCY 

MS-7 Mating Power Supply Socket $3.50 4000 .. 4 '-S 01gi1 A .. Without 5 50 H, 

Connectors (Not included w ith DPM. Please order w ith your OPM ) 
4300 "' 4 '% 01911 B "' With 6 60 H, 

Solder Tab, Datel F2335·1 (Viking 3VH18/1JN·5 . $4.95 
or equivalent with key) GSA Contracted: Datel 's Digital Panel Meters 

Wire Wrap , Datel F2335·21Viking 3VH1B/1JHD·5 $4.95 
or equ ivalent with key) are covered by GSA Contract GS-OOS-27959 
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1020G Turnpike Street, Build ing S 
Canton, Massach usetts 02021 U .S.A. 
TEL: (6171828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 
... Count capacity 999,999 pulses (6 decades} 

displayed on .6" high digits, AC line or +5 
voe powered 

... Accepts several input types: 
1. Switch inputs, Form A, B & C 
2. Comparator. 25 mV to 2 V, 300 V rms 

isolation 
3. Logic to 10 MHz, or optoisolated logic 

to 500 kHz 
... Full parallel BCD data outputs 
... Optional stored BCD outputs can be gated 

or multiplexed onto a data bus . 
... Optional crystal timebase to measure fre

quency, countrate or tachometer inputs. 

DESCRIPTION 
The DPC-8100 Digital Panel Counter records 
al'ld displays up to 6 digits of input counts or 
events (999,999 capacity} on bright .6" ( 15 
mm} high LED readouts. The panel mounting 
instrument accepts a very wide variety of in
puts so that one basic instrument will serve 
many applications. 

The all-electronic counting circuitry can record 
up to 10 million counts per second. Applica
tions include industrial event counting and 
totalizing and process control batch counting. 

Inputs may be derived from Form A , B or C 
switch closures with anti-bounce filtering pro
vided . Low level signals down to ±25 mV with 
±300V isolation may be accepted at rates up 
to 1 MHz using the optional low level com
parator . Optoisolated inputs are also available 
with count rates up to 500 kHz and isolation 
to ±300V RMS. Control inputs such as start, 
stop and reset as well as the count input may 
be optoisolated. Finally, direct TTL logic in
puts will accept up to 10 MHz count rate . 
The DPC-8100 Counter features digital logic 
outputs of the displayed count for data trans
mission to a computer or d igital processor. 
These outputs are in full parallel standard bi
nary coded decimal form (BCD} with TTL/ 
DTL compatible logic levels. An optional sec
ond PC board with a fully latched and gated 
BCD register will store the digital outputs. 
These stored outputs may be transmitted at 
any time on external command to a remote 
processor using a data bus . Gating is compati
ble to open collector TTL/DTL logic and out
puts can be multiplexed in groups of 4 lines 
up to 24 lines (6 digits}. 
The optional second PC board can also contain 
a high accuracy timebase to allow precise gat
ing of external count inputs. The crystal-con
trolled timebase converts the DPC-8100 into a 
countrate, frequency or period meter or a 
tachometer. When used with the BCD buffer, 
very short samples (down to 10 µs) of count 
rates may be taken then displayed for con
venient viewing. (See Display Modes) . 

Front panel controls on the DPC-8100 manual
ly control start, stop, and reset functions while 
logic inputs duplicate these functions. Many 
other input/output functions and displays are 
provided to adapt to a range of applications. 
The DPC-8100 Counter is powered by a 
choice of 100, 115 or 230 VAC, 47 to 440 Hz 
or from +5VDC at 1 .5 Amps max. 
A black anodized extruded aluminum case 
houses the DPC-8100 for high electrical noise 
rejection in industrial environments. Addition
al power line filtering is offered by a bifilar
wound choke and regulated power supply. 

6-DIGIT, PANEL-MOUNT COUNTER/ 
TOTALIZER WITH TIMEBASE 

MODEL DPC-8100 
Covered by GSA Contract No. GS-OOS-27959 

.... 
OU .I ! 

>-------- .,. _____ ___, 
11 .... l 

Keyways 

TOP VIEW 

~ ~ .. =~~ ~"::!:-
ICO ...... ... ....... -.. 

i 
ull----------'='='-->. 

MECHANICAL DIMENSIONS 
INCHES (MM) 

, .. Jrl (l IH I!: lt .. NCE WITH SCllllWS 
fUJIJrltSHEO 0 f O 1111'151 

SIDE VIEW 

1nu111n .. 1Jr1EOl'I' 
NO ....OHUISOCUTHO 
SETSCllllW I OllOINKE'l' I 1/ll""L~. ,ANMO. 

t2JIEOUlllllDI 

MOUNTING DETAILS 
DIMENSIONS IN INCHES (MM} 

2.156 ~:~~ 
(54,8} 

"" M .. IJrll'CllllO 
1/0C°'"Jrl lCTOlll 
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FRONT PANEL 
CUTOUT 
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SPECIFICATIONS (typical @+25°C unless noted) 

GENERAL 
Count Di111>lays Six (6) self-illuminated digits, red LED 

0.6" (15mm) high, 7-segment format . 
Count capacity: 999,999 counts. Re· 
placable LED's on individual sockets. 

Power Fail . . . . . . . . . . . Front panel red LED lamp illuminates 

Gate On 

to warn if power has been interrupted, 
indicating possible incorrect count dis
played. Extinguished by RESET. 
Front panel red LED lamp illuminates 
while instrument is accepting counts. 

Overrange (Overscale) . . Front panel red LED lamp illuminates 
if count has exceeded 999,999. Display 
continues counting after 999 ,999 counts. 

Display Latched . . . . . . . Front panel red LED lamp illuminates 
when a count is being stored in the 
optional display latches. Display test not 
available with optional display latch. 
Regulated 5V must be used . 

Temperature Ranges . . . Operating: 0 to +50°C 
Storage: -25°C to +85°C 

FRONT PANEL CONTROLS 
Start . . . . . . . . . . . . . . . . Pushbutton opens count gate to accept 

input pulses. Hold start button in two 
seconds or longer to test display with all 
B's. Does not disrupt counting. 

Stop . . . . . . . . . . . . . . . . Pushbutton closes count gate to block 
input pulses. Accumulated counts re· 
main on display until Reset occurs. 

Reset . . . . . . • . . . . . . . . Pushbutton clears counter to 000,000, 
but does not inhibit additional counts 
(can be externally wired to inhibit further 
counting) . 

Display Test . . . . . . . . . See ST ART control. Display test not 
available if optional display latches are 
ordered . 

CONTROL INPUTS 
LOW LEVEL COMPARATOR 
Level - sensitive (rise time not critical) to inputs from ±_25mV min. 
to -2V, +5V max. using ext. threshold adj. (see applications) . 

Hysteresis . . . . . • . . . . . 15mV 
Max count rate . . . . . . . 1 MHz 
Isolation . . . . . . . . . . . . . 300V rms from input to logic gnd. 
Input Impedance 
(differential) . . . . . . . . . 1 MD 
Input Impedance 
(to Lo Level Com.) . . . . 500 KD 
Input Bias Current . . . . 10 µA 
Capacitive Coupling (In· 
puts and floating power 
leads to logic gnd.) . . . . . 50 pF 
Excitation current . . . . . Up to 1 mA out available from +10V and 

-5V floating power outputs to excite ex· 
t•nal threshold potentiometer, or bridge 
circuit. 

SWITCH INPUT 
Transistor stage with int.text anti-bounce filtering for Form A, B or 
C switch inputs. 50 counts/sec, max., adj. using ext. filtr . com· 
ponents. TTL input (below) may be wired for higher spMCI . 

TTL COUNT INPUT 
Logic compatible inputs, using Schmitt level-sensitive NANO gates 
(rise time not critical). 

Positive - going threshold + 1. 7V 

Negative-going threshold +0.9V 
Loading . . . . . . . . . . . . . 1 TTL load plus 4 .7 KD 

pullup to +5V 

May be wired for latching operation to accept Form C contacts. 
Count is recorded on A31 (latch) falling edge. 
Max count rate . . . . . . . 10 MHz 

OPTOISOLATOR FOR TTL INPUT - Externally wired to TTL in· 
put. Pins A33 (+)and A34 (-) , see applications. 
Isolation . . . . . . . . . . . . . 300 V rms 
Max count rate . . . . . . . 500 KHz 
DIGITAL INPUTS 
ALL DIGITAL INPUTS ARE COMPATIBLE WITH DTL/TTL 
LOGIC SOURCES : 
LO= "ZERO" < +O.BV 
HI = "ONE" > +2 .0V 

RUN/STOP (pin A15) - 1 line, 1 TTL load, plus 4.7 KD pullup to 
+5V. STOP input (pin A18) must be grounded when using RUlll/ 
STOP input. Leave RD"fil/STOP floating or HI if not used. 
Level sensitive (rise time not critical) using Schmitt logic 
HI - Counting is stopped 
LO - Counts are accepted 
PositiveiJOing threshold . +1 .7V 
Negative-going threshold +0.9V 

START (pin A17) ... .. 1 line, 1 TTL load plus 4 .7 KD pullup to 
+5V. Counts accepted after falling edge of 
LO pulse, 50 nsec min. width, until SfOJS 
is pulsed. RESET must be HI to enable 
start of counting. START LO pulse will be 
stored if ~ is LO but will not be en · 
abled until RESET goes HI. (Note : 
START and STOP form an RS latch cir
cuit. The last input to be LO determines 
the latch state. 

STOP (pin A18) . . . .. .. 1 line, 1 TTL load plus 4 .7 KD. pullup to 
+5V . Counting is stopped on falling edge 
of LO pulse, 50 nsec min . width. Count 
pulse in progress is recorded if STOP 
occurs. Gnd . if using RUN/STOP control. 
Counts are held after STOP until cleared 
by RESET. 

RESET (pin A16) .. .. . . 
1 line, 1 TTL load, LO pulse 50 nsec min . 
clears counter to 000,000 but does not 
inhibit additional counts unless STOP has 
occurred. Schmitt level-sensitive input. 
Negative going threshold to +0 .9V . Posi· 
tive-going threshold +1 .7V. 

Optoisolated inputs for START, STOP, and RESET are also provided, 
see applications. Pulse resolution, 1 microsecond. Max. pulse rate, 500 
KHz . Isolation 300 V rms 
Display Blank (pin A 11) 1 line, 3 TTL load. Ground to illuminate 

display. Float to blank display, or connect 
to TTL logic. 

Display Follow/Hold 
(pin A12) .. .. .... . . . . 
(for optional latchable 
display only) 

Leading Zero Blank 

1 line, 1 TTL load plus 4.7 KD. pullup to 
+5V. LO latches display on current count . 
BCD outputs not latched. Display test not 
available with latch display option . +5V 
regulated must be used on V LED's· 
6 llnes, ground to illuminate correspond· 
ing left of digit decimal point (see pin 
out) . 16 mA sink req'd for logic drive. 

(pin A22) . . . . . . . . . . . . 1 line, 1 TTL load . LO blanks leading 
zeroes. 

DAT A OUTPUTS 
All digital outputs are compatible with DTL/TTL logic levels. 
LO= "ZERO" < +0.4V Positive 
HI= "ONE" > +2.4V True 

Logic 
BCD COUNT DIGITS (pins B13 thru 836) Full parallel binary coded 
decimal (1·2·4-8), consecutively spaced in ascending order. 24 lines, 
totem-pole TTL logic levels out, positive true . 7 TTL loads. 
Overrange Out (pin A23) - 1 line, 10 TTL loads 
HI - Count exceeds 999,999 
LO - When RESET occurs, or if count is less than 1,000,000. 
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SPECIFICATIONS (cont.) 

CONTROL OUTPUTS 
Reset Out (pin A35) . . . . li ne, 10 TTL lo ads. Logic output of RE -

SET function , can be tied to STOP input 
to clear and inhib it counts. Totem-pole 
format . 

Gate Out (pin 88) 1 line, 10 TTL loads 
LO - counts are accepted . Count pulse 
in progress holds GATE LO until count is 
recorded , if STOP is pulsed . 
HI - counting is stopped 

Power Falf(pin 89) 1 line, 10 TTL loads 
L 0 - power has been interrupted , counts 
may be invalid . LO at power turn-on. 
HI - when RESET occurs. 

ADDITIONAL CONNECTIONS 
V LED 1 (pin A36) 3MSD's( Each input connects +5V power to 3 dis
V LED 2 (pin 87) 3LSD's \ play digits. 300 mA max. @ +5VDC each 

connection. Internally connected on AC 
versions. (Don' t connect .) 

+5VDC Power (pins A 1 & 
81 internally connected) These pins are for +5VDC log ic power in 

put on +5V powered units, 1 Amp max. 
On AC -powered models, an output of 
+5VDC @ 200 mA max is available from 
these pins. 
A 1 & B 1 are not internally connected to 
the d isplays except on AC models. (Use 

V LED 1 & 2 for displays) 

INPUT/OUTPUT CONNECTIONS 
DPC-8100 DIGITAL 
PANEL COUNTER 

(REAR PC BRO) 
A 

BOTTOM LEFT TOP 

+5V POWER 1 +SV POWER 

PW R & DIG. GNO 2 PWR & DIG. GNO 

LO LEV EL + IN 

ISOL. R ESET -

tSOL. ST ART + 

ISOL. START -

ISOL. STOP+ 

ISOL. STOP -

_ 6 

7 

LO LV L. COM. FLOAT. 

LO LEVEL OUT _ 

+SV TO'!.\ ED_l_ 

GATE OUT 

POWER FA IL OUT 

10 DEC. PT .. 0 

DISPLAY BLANK 11 DEC. PT .. DO 

DISPLAY FOLLOW/HO LCJ 12 DEC. PT .. 000 

ISOL. RUN/STOP + 13 BCD OUT 1 

ISOL. AUN /STOP - 14 BCD OUT 2 

RUN/STOP IN 15 BCD OUT 4 

RESET IN 16 BCOOUTB 

START I N 17 BCDOUT10 

STOP tN 18 BCD OUT 20 

DEC. PT .. 0000 19 BCD OUT 40 

DEC. PT .. 00000 20 BCD OUT BO 

DEC. PT .. 000000 21 BCD OU~T_1~00~---< 

LEAD ZERO BLANK 22 BCD OUT 200 

OVER RANGE OUT "---+Rr- BCD OU!_ 4.2Q__ 

CNT. OUT/RC ADJ 24 BCD OUT BOO 

+SV AC ADJ 25 BCD OUT 1K 

Si'J . COUNT IN 

AUX. DIG . GNO 

COUNT IN TTL 

COUNT IN TTL 

COUNT IN TTL 

COUNT L ATCH 

ISOL. COUNT OUT 

ISOL. COUNT+ IN 

ISOL. COUNT - IN 

RESET OUT 

+SV to VLED 1 

A 
BOTTOM 

26 BCD OUT 2K 

27 BCD OUT 4K 

28 SCO OUT SK 

29 BCD OUT 10K 

30 BCD OUT 20K 

31 BCD OUT 40K 

32 BCD OUT BOK 

33 BCOOUT 100K 

34 BCD OUT 200K 

35 BCDOUT400 K 

JS BCD OUT BOOK 

RI GHT TOP 

OPTIONAL 
LO LEVEL 

•IOVPWR 
FLOAT 

LOLVLCO... 
rLQAl 

Power and Logic Ground 

(pins A2 & B2 internally 
connected +5V power return for display and log ic . 

POWER SUPPLY 
Choice of 100, 115 or 230 VAC ± 10%, 10 watts typ, 47 to 63 Hz. 
OR -
+5 ± 0.25VDC @ 1.6A max (d isplays & logic) , logic noise 50 mV ma x. 
BCD Buffer/Timebase +5VDC @ 175 mA , regulated (spikes 
< 50 mV) 

CONNECTORS 
Dual 36-pin PC edgeboard type, 0 .1" centers, solder tabs, Datel 
2597-14 (Viking 3VH 36/1JN-5 o r equivalent) AC power connected 
by triple Y. " tab assembly , recessed male, center t ab grounded to 
case. PC board connectors included with each unit , plus a U.S. 
3 -prong t ype 9115 line cord . 

MOUNTING 
Panel -mounting through a cutout measuring 2 .16"H X 5.59" W (54,8 
X 142,1 mm) and secured by 2 U-Straps. See mounting diagram. 

MECHANICAL DIMENSIONS 
Case 

Bezel 

5 .56" W X 2 .11 " H X 5 .78" D (141 ,2 X 
53,6 X 146 ,8 mm ) 
5 .86" W X 2 .25"H X 0.50" THK ( 148 ,7 X 
57,0 X 12,7 mm ) (See Diagrams) Bezel , 
filte r a nd PC Brds are removable from 
front while unit remains secured in panel. 

Weight ...... .• .. . .. 2 .25LB (1,0Kg) 

EQUIVALENT INPUT CIRCUITS 
(SEE APPLICATIONS SECTION) 

COUNTER BLOCK DIAGRAM 

onlO,.AL 
AC · ·~~ OC 

"OWEASUl'J'LV 
A .. O~ILfUI 
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OPTOISOLATED INPUTS 

"' 

{

ISOLATEO •IN All 

~ ISOLATED · IN A14 >---+-;_-::._-::._ ____ ~, 

ADNtsTOP IN >------------- -- -+ 
TO COUNT 
GATE LOGIC 

APPL !CATIONS 

LOW LEVEL OPTION 

EXTERNAL CONNECTIONS 

THRESHOLD .--------{ 

• THRESH • 
•1\1 MAX 

-THRESH • 

AOJ 

COUNTS 

INTERNAL CONNECTIONS 

A30 TO COU NTER 

NC88 
3-WIRE SWITCH INPUT (HI SPEED) 

CONNECT SPOT (FOAM C, BREAK BEFORE MAKE i 

CONTACTS AS SHOWN BELOW FOR LATCHING OPERATIO N 

EXTERNAL 
CON NECTIONS 

~~~~~NG~ 
"'"" 

INTERNAL 
CONNECTIONS 

RESISTO R Ii' I mP. 

CONTACT CUR RENT 
100 DA Y NO LOWE R 
rn A N 10011 !SOmA, I 
COUN T RECOROEO 
WHEN NllCONTACl 
MAKES 

SIC PUL LUPS ON A18 A79 AJO NOT SHOWN 

OPTOISOLATOR TYPICAL WIRING 

RECOMMENDED CONNECTION 

EXT. +5V FLOATING 

LINE DRIVER 

EXT TOTEM~ 
POLE TTL 

EXT . FLOATING 
GROUND 

COUNTER 
TIMING DIAGRAM 

TYPICAL CONTROL SEQUENCE 

'°""" mm 

t - - -.---
ITTRT ___ J 

SWITCH INPUT WIRING 

2-WIRE , 50 COUNTS/SEC, MAX 
EXTERNAL CONNECTIONS 

~=~iSET~TR TO , - - - - - -
REDUCE "~ 
Fl L TEA TIME '> 
CONSTANT ~ 
(330fl MINI L - - - - -

,-----
OPT . EXT. I 
CAP. INCREASES J_+ 
~6\~;TRA~l~E T 

I 
I L __ _ 

CONNECT 
NORMALLY 
OPEN CONT A CTOR 
AS SHOWN . 
COUNT RECORDED 
WHEN SWITCH 
CLOSES. -1sw 

15mA 

(FORM Al 

INTERNAL CONNECTIONS 

+SV 

JJon 

PRESENT CIRCUIT 
PROV IDES 15 mSec 
OF ANTI -BOUNCE 
PROTECTION 

TO COUNTER 

LATCHING SWITCH INPUT 
TYPICAL TIMING DIAGRAM 

NC8 8 
.,, 

~~T;:Cl A.AM 

Ol~l•Cl"4!Nl.t.JOI : : I i 
: : I I I 

CONNECT NORMALLY CLOSED CONT ACTORS 
!FOAM Bl AS SHOWN BELOW: 

~ 
"""~'I ~~:J1 I I r-- CONT A.CT 150U'<ES 

! I IGNOREO ~ LB 
I' I I I .,. itm___Jt; 
I I I I 
I I I I 

.,, J : lllL 
C~NT NC888 
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OPTIONAL BCD OUTPUT BUFFER /PROGRAMMABLE TIME BASE 

A second PC board mounted in the upper card slot is available with the DPC-8100 Counter. This second board can contain a latchable, gatable 
BCD output buffer and/or a high-accuracy crystal-controlled timebase generator. The timebase produces count gates which are pin-selectable from 
10 µS to 10 seconds in decade steps. Overall accuracy of the timebase is ±50 ppm ±50 nanoseconds (0 to +50° C). 

The BCD Buffer and Timebase allow for storing and transmitting count outputs, for frequency, period or tachometer counting modes and for 
several d isplay viewing modes. 

INPUT/OUTPUT 
CONNECTIONS 

BCD Buffer/Timebase 
power required +5VDC 
regulated @ 175 mA 
max (spikes 50 mV 
maxi 

. . 
1onOM TOI' 

.. VKl!Wt:R e 111...... t6'\ll'OW£fll • t~-

"""· I OIG. GNO """'· I DIG. GHO 
ROtfilFOLLOW OUT J HLD Ollt IL.Attt: OUT 

IH.ULl ICO IOOK ATft'T OUT 

IN .... lllCOI091: 
IN.ULllCO \IC 

INAILI ICO 1CIO 

lNAIU ICD I 

INA9LI IOU OJ'I . 

~llGNtN 

SC021N 

IC0101N 

ICOIOIN 
9CD1CIOIN 

ICDIOOIN 

ICO llllC IN 

ICDllllJKIN . 
IOTT°" 

t ~OUT 
10 OVlllllCAU OVT 

11 P'O SIGNOOT 

14 I C07duT 

11 IC040UT 

11 ICD100VT 

JO ICOIOOUT 
11 ICD IOOOUT 

22 9CD2000UT 

14 M:DIOOOUT 

21 1CO tit OUT 

JI llC021C.OVT 
n ICD4KOUT 

31 K040K OUT 

. ,.,. 

TYPICAL DATA TRANSMISSION APPLICATION 

OPTIONAL 
BCD BUFFER 

BLOCK DIAGRAM 

"" DIGITS 
t1' LINUI .... 
lN .... ll5 

t 
t l / J INVlllTIHG 
OU~ 
l 4TCHll 

l ltHlll0, THl$l 
CAtU MAY H UH O 
100111 1\llOlGIT 
lf<j••U SHIO. U 
1._.l•+lll V .. t!'fll llllO 
IN , 4 111 4llll 

KO 

~OlllllC" 
Ol"IN COUICTOfl 

I TO EXTERNAL PROCESSOR 

DPC-8100 "'I I 

COUN T 
INPUTS 

Rrnl" ~ 
OUT OUT 

IWNtsTOP 

iiOUltFOllOW 

Gtl08ECAUSE 
m:miSTOI' IS USEO 

HOlOI 

""""' 

E~t ·~v 

l"OWERtr 
.. CVUISION 
NOl~OEIUO 

Of'TIONAL 
BCO BUFFER 
Ii TI MEBASE 

"''" IO AR Ol 

OIGlf 
OUT'UTS 
l 1'1l1NU! 

SUGGESTEOEXT UNREG 
OISf'lAY SUPPLY ~OR 
OC MOOELSON LV If 
U.T REG ·~V>lAS 

LIMITEOCURRlNT • llN( 
OA TAIUS 

This block diagram shows the optional BCD Buffer and Timebase connected to the DPC-8100 Counter to create a complete data bussing system . 
This system utilizes a 4-bit, open-collector TTL data bus which is compatible with most microprocessors and minicomputers. By grouping 
appropriate DIGIT ENABLE STROBE lines, 8-Bit, 16-Bit or full parallel data transmission can be used for higher speeds. 

Th is application shows al l 6 BCD digits multiplexed onto 4 lines using bit-parallel, digit-serial format . The power fail and overscale flags are also 
multiplexed as a 2-0it 7th word after the (6) 4-bit BCD words. Six enable lines successively multiplex the open collector BCD digits and a seventh 
enable (A 10) multiplexes the power fail and over range f lags. 

TIMEBASE OPTION 

The timebase option produces a RUN pulse of precise duration con
trolled by a crystal oscillator. The overall timing accuracy is± 50 ppm 
± 50 nSec over 0 to +50°C . This RUN pulse may be initiated asyn
chronously at any time by the ON/OFF control (B5). The RUN pulse 
is normally connected to the RUN /STOP control (A 15) of the count
er to gate in external counts duri ng accurately measured intervals. 
This mode of operation allows the counter to be used as a frequency 
meter, tachometer or digital integrator. 
After each fixed length RUN pulse , a one second viewing pause is 
generated during which external counts are locked out and the dis
play shows the last group of accumulated counts. 

The fixed length RUN timebase pulse can be started at any time or 
the ON/OFF control may be held LO continuously to give a repeating 
series of RUN pulses followed by one second viewing intervals. 

The length of the RUN timebase pulse is programmable using a 3 bit 
code wired to rear connector pins B6, B7. and BB. Timebase periods 
may be se lected from 10 microseconds to 10 seconds (see chart). 

A 250 nanosecond RESET pulse is issued just before the RUN pulse 
to clear the counter to zero. Complementary BLANK and FOLLOW/ 
HOLD outputs are also issued for display and BCD buffer control 
(see Display Modes description). 
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TIMING DIAGRAM !OPTIONAL TIMEBASE) 

TIMEBASE 
OPTI ON 
I UPPER 
PC BAD) 

DI SPLA Y MODES 

:+ '·"' . ' 
R!SlUlPUlSIS 
•GNO IHOFORO .. E 
SICONOllFHR~ 

Several display viewing modes are possible with the DPC-8100 
counter and timebase/buffer option . 
In the first mode when the display latching feature is not used , the 
blanking line is connected to illuminate the display only during the 
one second viewing period. During the counting interval IRUNI, the 
display is b lanked to avoid confusion caused by counts rapidly ac
cumulating on the display. The Gate On light shows that counts are 
accumulating. 
In long timebase applications lup to 10 seconds) the display will be 
illuminated one second out of every 11 seconds. If counts are accu -

1I~~.~-u--
rv;o AuN 

NO DISP LA Y 
LATCH OPTION 

" " !l• Sl 1 
llU"{R I 

"Ui<ISTO" 

~ 
~--v 

I 

TIMEBASE PE RIOD 

Pro grammable timebase pe riod , 
" T .. : 

10 µs ec 
100 i.uec 

1 msec 
10 msec 

100msec 
1 sec 

10 sec 

Timebase code 
pin co nnec t1ons 

@@@ 
0 

1 
0 
0 

(

O • t,.to gnd . ) 
1 • t ie 10 +5V OC 

using lKn 
to 10KH resisto r 

mulated slowly and the user wants to observe this, the blanking line 
can be left disconnected . 

In the second mode, the display latch option is used so that the dis
play is never blanked. At the end of the count interval, the display 
(and optional BCD buffer latches) are updated (unlatched I to follow 
the count now stored in the DPC-8100 output register . After the one 
second viewing period, this count is stored in the latches and the 
counter is cleared by a RESET pulse. The counter begins accumulat
ing counts again while the previous count is displayed . The display is 
never blanked . 

,, ..... -, r ;;,;;:;;.-u---
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The DPC-8 100 Counter is ORDER ING GUIDE 
covered by GSA Cont ract No GS-OOS-27959 DPC-8100 ...::::r 

l 
POWER SUPPLY 

A" • 115VAC 
D • +SVDC 
E 0 

• 230VAC 
J• • 100VAC 
•47 to 440 Hz 
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l 
INPUT• SELECT AB 
OPTOISOLATION DISPLAY• 

LE LATCHING LOW LEVEL 
INPUT BCD OUTPUT TIMEBASE 

1 = witho ut 
2 = with 

A = non-la tching 
ble B = latcha 

1 == without 
2 == with 

A = Standard 
B = latchable 

and gatable 

1 = without 
2 = with 

Prices ( 1 -91 

DPC-8100 A2A1A1 
E 

$299. AC pwr, std. BCD, no low level, no timebase 

DPC-8100 D2A1A1 $245. +SV pwr, std. BCD, no low level , no timebase 

Add for gatable, latchable BCD $70. 
Add for timebase $65. 
Add for low level input $30. 
24- wire BCD Ribbon Jumper #2391$10. 
Prices include rear PC board connectors. 

AC models include a 9115 line cord 
with U.S. 3-prong plug. 

•Note: Input optoisolat ion omitted on special order only, Standard units include 
optoisolated inputs. 

••Note : Standard units will have non-latched displays, i .e. data latching must 
be performed using the optional BCD buffer board or by customer 's 
external latching register . The latching display option is available on 
special order only (Add $50. to price). 

See inside back cover for DATEL sales offices Ele.ctronic Design's 



FEATURES 

1020G Turnpike Street, Bu1ld1ng S 
Canton, Massachusetts 02021 U.S.A. 
TEL . 16171 828.iJOOO 
TWX : 710-348-0135 TELEX : 924461 

lill- 6-Digit timing ranges available from 
999999 µSec to 999:59.9 Hrs./Min 

lill- Bright 0.6" high (15 mm) LED displays 
.... High accuracy event or interval timer or 

period meter with full parallel BCD out
puts 

llll- Use with 8400-series comparators to 
form preset timers for process control 

lill- Accepts switch contact or logic control 
lill- Optional stored BCD outputs can be 

gated or multiplexed onto a data bus 

DESCRIPTION 

The model DSC-8200 Digital Stop Clock is a 
general purpose count-up timer using all
electronic timing and display _ A host of ex· 
pandable systems features allow the user to 
progress from a simple hand-operated Stop 
Clock to a complete minicomputer data-bus
compatible period measuring instrument. 
Yet, the DSC-8200 retains the small size and 
appearance of other panel-mounting instru· 
ments in Datel 's 8000 series. 
All DSC-8200 models have time displays 
consisting of six Light Emitting Diode 
(LED) 7-segment digits 0.6 inches ( 15 mm) 
high. A leading zero suppression control al
lows right -justified display of time periods 
less than six full digits . Five basic display 
formats using one or two colons or no co 
lons, provide an extremely wide choice of 
full scale time ranges covering hours, min
utes, seconds, milliseconds or microseconds. 
(See chart, Page five) An accurate, stable 
quartz crystal timebase is standard on all 
units providing ± 10ppm maximum drift 
over the 0 to +50° C operating temperature 
range. The user may select the optional 50 
or 60Hz AC line timebase which provides 
very high long term accuracy periodically 
corrected by power utilities. The AC line 
timebase may be used with the +5VDC-pow
ered versions of the DSC-8200 as well as 
100, 115 or 230 VAC line-powered versions. 

Front panel pushbuttons control the start, 
stop and reset functions of the DSC-8200 
but for high speed, high accuracy event tim 
ing or automatic control, these functions are 
duplicated by rear connector logic inputs. 
These logic inputs accept digital commands 
from TTL/DTL compatible logic devices or 
from Form A or B Switch contacts. The 
switch contact inputs may be used for re
mote single or multiple station accumulated 
time functions as well as position or cam-op
erated limit switches. 
Special care was taken in the DSC-8200 de· 
sign to eliminate timi ng errors due to electri
cal or logic noise . The instrument is fully 
enclosed in a rugged shielded aluminum 
housing. The regulated AC power supply 
uses a bifilar-wound choke to filter line 
noise and all control inputs employ Schmitt 
level-sensitive logic (not edge-sensitive). Op· 
tional input optoisolation provides further 
immunity to digital noise or for use with 
floating AC inputs. 
Full parallel , binary-coded-<lecimal (BCD) 1-
2-4-8 outputs of the displayed time period 
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6-DIGIT, PANEL ·MOUNT 
TIMER/STOPCLOCK 

MODEL OSC-8200 
Covered by GSA Contract No. GS-OOS-27959 
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are provided on the rear 1/0 connector. These 
logic outputs have TTL/DTL levels and may be 
externally connected to an optional BCD Buf
fer board which fits in the top PC board slot. 
The BCD Buffer option will store one full out· 
put of the accumulated time and will transmit 
this data on external command in full parallel 
or in groups of 4 bits at a time. 
The BCD Buffer provides storage and gating to 
asynchronous open-co llector TTL data busses 
used on most main frame processors, minicom
puters and microprocessors. A processing sys-

MECHANICAL DIMENSIONS 
INCHES (MM) 

tern can automatically poll t he DSC-8200 to 
transmit its data as part of the instruction pro 
gram of a complete control sy stem. 
Many other systems features are incorporated 
in the DSC-8200. These include power failure 
and overscale indicators and outputs. Optional 
display latches let the user view one time period 
while the next timing interval is counti ng. This 
feature is useful for short, high-speed measure
ments such as period meters requir ing longer 
display viewing times. 

See inside back cover for DATEL sales offices Vol 3/211 



SPECIFICATIONS (Typical @+25°C unless noted) C.CL 
GENERAL 
Displays 

Full Scale Time Ranges .. 

Power Fail ........ . 

Overrange (Overscale) 

Temperature Ranges 

Accuracy and Drift (Quartz 
Crystal Timebase) . .. . . 

FRONT PANEL CONTROLS 
Start 

Stop 

Six (6) self-illuminated digits, red LED 
0.6" (15 mm) high, 7-segment format . 
Replaceable displays are mounted on in
dividual sockets. 
(Type 1) 999 :59 .9 (center colon) 

minutes: seconds or hours: 
minutes 

(Type 2) 99 :59 :59 (2 colons) 
hours : minutes: seconds 

(Type 3) 99:59.99 (l eft colon ) 
minutes: seconds or hours: min 

(Type 4) 999999 (no colons includ
ing programmable left-of-digit 
decimal point) 

Least significant digit is 1, 10 or 100 µS , 
1, 10 or 100mS, 1 Sec, or 0 .1 minute. 
LSD's are user-selected on rear 1/0 con
nector . 
(Type 5) 9999:59 (right colon) 

minutes: seconds 
Refer to the time format charts on page 
5 for full details. 
Front panel red LED lamp illuminates to 
warn if power has been interrupted, indi
cating possible incorrect ti me displayed . 
Power Fail lamp is extinguished by the 
RESET function. 
Front panel red LED lamp illuminates if 
timing has continued past full scale 
range. The display continues timing 
through another full scale, effectively 
doubling the timing capacity of any one 
range. 
Operating: 0 to +50° C 
Storage : - 25° C to +85° C 

±10ppm of reading@ +25° C !Initial Ac
curacy) 
± 10ppm of reading (Drift over 0 to 
+50°C) 
±10ppm (one year crystal aging) 

Pushbutton initiates timing. Hold Start 
button in two seconds or longer to test 
display segments with all B's. Does not 
disrupt timing . 
Pushbutton stops timing and accumu
lated time remains on the display until 
RESET occurs. 

Reset . . . . . . . . . . . . Pushbutton clears display to all zero's, 
but next timing interval will immediately 
begin unless STOP function is also acti
vated (instrument can be externally 
wired to inhibit the next timing inter· 
val) . 

Display Test . . . . . . . . See START control. The display test is 
not available if the optional display 
latches are ordered. 

DIGITAL INPUTS 
All digital inputs are compatible with DTL/TTL logic sources: 

"ZERO" OV .;; LO .;; +0 .BV } EXCEPT 
"ONE" +2.0V .;; HI .;;; +5.0V AS NOTED 

All control inputs are level sensitive (rise time is not critical) . All other 
dynamic inputs must use TTL-compatible risetimes. 
START (pin B11) . . . . . 1line,1 TTL load plus4.7K n pullupto 

+5V. Timing begins on falling edge of 
LO pulse, 50nsec minimum width. RE
SET must be HI to enable start of tim
ing. START LO pulse will be stored if 
RESET is LO but will not be enabled 
until RESET goes HI. 

STOP (pin A6) 

RESET (pin A5) 

RUN/STOP (pin B12) 

(Note : ST ART and STOP form an RS 
latch circuit . The last input to be LO 
determines the latch state.) 
1 line, 1 TTL load plus 4.7Kn pullup to 
+5V. Timing stops on falling edge of LO 
pulse, 50 nsec minimum width. Ground 
STOP if using the RUN/STOP INPUT. 
Time is held after STOP until cleared to 
zero by RESET. 

1 line , .75 TTL loads plus 4 .7Kn pullup 
to +5V. Schmitt level-sensitive input. 

Negative-going threshold +0.9V. 
Positive-going threshold +1 .7V. 

LO : Falling edge of RESET LO pulse 
jams time at all zero's but does not 
affect the START-STOP latch. A 
START LO pulse may be stored, 
but will be inhibited until RESET 
goes HI. Minimum RESET LO 
pulse width is 50 nsec. 

HI : START or STOP functions may be 
stored and enabled. 

1 line, 1 TTL load plus 4.7K n pullup to 
+5V. Gnd . pin A6 when using RUN/ 
STOP. Float RUN/STOP if not used . 
HI : Timing is stopped. 
LO : Timing in progress. 
(Schmitt level-sensitive input) 
Positive-going threshold +1 .7V. 
Negative-going threshold +0.9V. 

OPTOISOLATED CONTROL INPUTS 
ISOLATED START, STOP, RESET AND RUN /STOP (See page 4) 
Pulse width 1 µsec, min . 
Isolation . . . . . . . . . . . 300 Volts, RMS 
Turn-on . . . . . . . . . . . 15 mA sink 
Refer to Applications for wiring details 

DISPLAY BLANK (pin A36 ) 1 line, l1L = 5 mA (sink) , l1H = 0@ 
+2.5V1N. = 6.25 mA@ 5V1N 

DECIMAL POINTS 
(pins A25, A27 thru A31) 

LAMP TEST or DISPLAY 

HI (float or cutoff open collector TTL) 
=Blank Display 

LO or GND = illuminate display 

6 lines, ground LO to illuminate cor
responding left-of-digit decimal point 
(see 1/0 connections). 16 mA sink (10 
TTL loads) for logic drive. 

FOLLOW/ HOLD (pin B3) 1 line 
This input will test the display with all 
B's if the latchable display option is not 
included. With the display latch option, 
this input stores a displayed time until 
updated , but the lamp test is not avail
able. 

1. LAMP TEST, sink 9.6 mA (6 TTL loads) 
HI or Float= lamp test disabled . 
LO or GND = lamp test enabled . 

2 . DISPLAY FOLLOW/ HOLD; sink 2.4 mA (1.5 TTL loads) 
HI or Float - display will latch on last time input . 
LO or GND =display will follow time inputs. 

FOLLOW pulse width must be 100 nS minimum if input time is 
stabilized (i.e . allow 500 nsec minimum after the COUNT TIME
BASE IN falling edge) . The FOLLOW update latch pulse must be 
triggered no later than the falling edge of COUNT TIMEBASE IN 
(pin B71. See timing diagram. 

TIMEBASE INPUTS 
AC SINE WAVE SYNC 
(Pin 88) . ....... . 1 line, ,,,soon to GND, to provide an 

AC timebase reference when used with 
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SPECIFICATIONS (Cont'd) 

+5V powered units with a least signifi
cant digit of 100 mS , 1 sec or 0 .1 min
ute . JV to 10V RMS , referenced to 
power ground at 50 or 60 Hz . Internally 
wired on AC models, make no connec
tion . Do not use pin BB for least signifi
cant digits less than 100 mS or when 
using the crystal timebase . See note 
under "AC TIMEBASE OUT." 

60 Hz TIMEBASE IN (pin All) 
50 Hz/XTAL TIMEBASE IN (pin A13) 
100 mS TIMEBASE IN (pin A 19) 

These lines must be externally jumpered for AC or crystal timebases. 
Refer to format charts. 

COUNT TIMEBASE IN 
(pin B7) 

DATA OUTPUTS 

1 line , 1 TTL load . This line is the clock 
input to the display counter and is 
tapped from the timebase counter as 
shown in the format charts . 

All digital outputs are compatible with DTL/TTL logic levels: 

"ZERO"= OV .;;; LO .;;; +0.4V. 
"ONE"= +2.4V .;;; HI .;;; +5.0V . 

BCD TIMING DATA 
(Pins Bl 3 thru B36) 

OVERSCALE OUT 
(pin A35) 

TIMEBASE OUTPUTS 
AC TIMEBASE OUT 
(pin A12) ...... . 

TIMEBASE OUTPUTS 
(pins A 15 thru A 1 B and 
A20 thru A24) 

24 lines, consecutively spaced in ascend 
ing order. Full parallel 1-2-4-8 binary 
coded decimal (BCD). Positive true, 7 
TTL loads per line, totem pole format 
(drives HI or LO). Digits immediately to 
the right of a colon only count up to 5 
(bits 1, 2 , & 4) but vacant terminals for 
the unused BCD "8 " bits occur on the 
pinout sequence. Interfacing equ ipment 
will usually require grounding cor 
responding unused input terminals. 

1 line , 10 TTL loads out , totem-pole for -
mat. 
HI = Time exceeds full scale. 
LO = when RESET occurs or if t ime is 
less than full scale. 

line , provides TTL-compatible , 
squared-up 50 or 60 Hz pulses for input 
to the timebase counter chain as shown 
in the format charts. Note : START and 
STOP circuits are not synchronized to 
the AC lines. Therefore timing uncer 
tainty will be ±1/50 or 1/60 sec. 

1 line each , totem-pole . Connect as 
shown in the format charts for desired 
full scale time . 

DIGITAL CONTROL OUTPUTS 
RESET OUT (pin A4) 1 line, 10 TTL loads, totem-pole. Logic 

output of RESET function , can be ex 
ternally tied to STOP input to clear and 

(pin B4) 

POWER FAIL (pin A34) 

inhibit further timing . 

1 line, 10 TTL loads, totem-pole . 
LO = Timing is in progress. 
HI =Timing is halted . The rising edge of 
TIMING GATE OUT inhibits the crystal 
oscillator gate counter chain input . A 
major carry will take 500 nS maximum 
to propagate thru all decades. 
1 line , 10 TTL loads, totem-pole . 
LO indicates power has been inter-

rupted , time may be invalid . Clear to HI 
when RESET occurs. 

ADDITIONAL CONNECTIONS 
VLED 1 (pin A33) 
VLED 2 (pin AJ) 

VLED 1 supplies +5V display power to the three left digit display 
LED's and VLED 2 is for the three right digits. Each input is 300 
mA maximum +5VDC. Do not use on AC-powered models (internally 
connected). For DC models, the +5VDC may be full wave DC rectified , 
or +5VDC regulated 300mA each connection. 

+5VDC POWER 
(pins A 1 and B 1 internally 
connected) ..... . . . . 

GROUND (pins A2 and B2 

On DC-powered models, +5VDC @ 1 
Amp regulated (50 mV maximum spikes) 
must be connected on these pins. On 
AC-powered models, up to 200 mA out 
at +5VDC regulated is available from 
these pins for optional external use. 

internally connected) . . . +5V Power , Display and Logic ground 
return . 

POWER REQUIREMENTS (See Ordering Guide) 
AC - powered models : Choice of 100, 115 or 230 VAC , ±10%, 47 to 

440 Hz , 10 watts typical. Line freq . must be 50 or 60 Hz if the 
AC line timebase is used . 

DC - power models : 
Logic: +5 ±0 .25 VDC @ 1 Amp maximum regulated , 50 mV 
max . spikes. 

Display: +5VDC @ 600 mA maximum regulated or full wave 
rectified DC . 

BCD Buffer (optional up-
per PC Board) . . .. . . . +5VDC regulated @ 175 mA. 

(See separate specificat ions for the BCD 
Buffed 

CONNECTORS 
Dual 36-pin PC edgeboard type 0.1" centers, solder tabs, Datel P/ N 
2597-14 (Viking 3VH36/1JN -5) included with instrument . 

TEMPERATURE RANGES 
Operating : 0 to +50° C 
Storage : - 25° C to +85° C 

MOUNTING 
Panel -mounting through a cutout measuring 2 .16"H X 5 .59"W (54,8 X 
142,1 mm) and secured by 2 LI -straps. See mounting diagram . 

MECHANICAL DIMENSIONS 
Case . 5 .56"W X 2 .11 "H X 5.78 "0 (141 ,2 X 

53,6 X 146,B mm) 
Bezel 5 .86"W X 2.25"H X 0 .50" thick (148,7 

X 57 ,0 X 12,7 mm) . See diagrams. Bezel , 
filter, and PC boards are removable from 
front while the unit remains secured in 
the panel. 

Weight . . . . . . . . . . . 2 .25 pounds (1 ,0Kg) 

PRICE (See Ordering Guide) 
DSC-8200 +5V power, std . BCD, no display latch 
DSC-8200 AC power, std . BCD , no display latch 
Optional BCD Buffer .. . 
Optional latchable displays . . .....•. . ....... 

. . $269 

. . $299 
Add $70 
Add $50 
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DSC-8200 BLOCK DIAGRAM 

BLOCK DIAGRAM 
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TYPICAL WIRING EXAMPLE 

+5VDC-POWERED MODEL WITH LATCHABLE DISPLAY 
TIME FORMAT · 999 59 .9 M IN /SEC 
TIMEBASE : 60 Hz AC LINE 
TIMING CONTROL USING RUN /STOP LEVEL 

100..,S IO"•"lf l)Vf 

100.., s1oe1 .. , •(• ou• 
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Model DSC-8200DIAIB 

STOPCLOCK TIMING DIAGRAM PC BOARD REMOVAL 
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Both the upper and lower pr inted circu it boards may be removed 
for servicing thru the front of t he 8000 series instruments without 
having to dismount the instrument from a front panel. If the rear PC 
board connectors can be loosened and pulled away from the boards, 
less force w i ll be needed to sl ide the boards out the front . Proceed 
as follows : 

1. Loosen both 0 .050-inch (4-40) Allen hex key setscrews on the 
bottom of the bezel. The bezel may be removed by pulling out 
and up from the bottom, lifting the bezel off the two engaging 
pins on the case top . 

2. Remove t he swi tch knobs on models with a plastic fi lter. This 
w i ll requ ire some force to overcome the catching ridges molded 
into the knobs and switch shafts. Small pliers are suggested. Be 
careful not to twist the knobs during removal. Remove the filter 
when all knobs are off . 

3. The PC boards will slide out after the board retaining screws 
blocking the boards guide tracks are removed. Locate the cluster 
of four screws on the sides of the case panel seats. The bottom 
screw on both sides frees the bottom PC board and the top 
screws free the top board . Do not remove the t\/\IO center screws 
on each seat . 

4. For AC-powered models, slide the board partially out and un
plug the four colored power wires from their board pins. 
DC-powered models have no other wiring to be removed . If the 
rear connectors are still in place, wiggle the board to slide out of 
the connectors . 
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APPLICATIONS 

TIME FORMATS No-Colon Decimal (999999 display ) 

Rear Connector Timebase Wiring Models DSC-8200 4 

Center colon (999:59.9 min /sec or hrs /min display) 
Timebase Jumpers 

Models OSC-8200 1 Display Full Count Xtal 50 Hz 60 Hz Dec. Pt . LSD Jumper - - -

Display Futl Count and Timebase Timebase Jumpers Dec. Pt . LSD Jumper .999999 sec None can't can't Gnd 87-A24 

A13-A14 
use use AJ1 999 :59.9 min/sec Gnd. 87 -A16 

9.99999 sec None can't can't Gnd 87-A23 crystal timebase A25 
use use AJO 

999:59.9 min /sec A12-A13 Gnd 87-A16 
99.9999 sec None can't can't Gnd 87-A22 50 HL timebase A25 

A11 -A12 Sec use use A29 
999 :59.9 min /sec Gnd 87-A15 

999.999 sec. None can't can't Gnd 87-A21 60 Hz timebase A25 
use use A28 

999: 59.9 hrs/min A13-A 14 Gnd 87-A17 
9999.99 sec None can't can 't Gnd 87-A20 crystal t imebase A16-A19 A25 

999 :59.9 hrs /min A12-A13 
use use A27 

Gnd 87-Al 7 
99999.9 sec A13-A14 A12-A13 A11 -A12 Gnd 87-A19 50 Hz timebase A16-A19 A25 

999 :59.9 hrs/ min A11 -A12 
A25 

Gnd 87 -Al 7 
999999 sec A13-A14 A12-A13 A11 -A12 AH Dec. 87-A18 60 Hz t imebase A15-A19 A25 

A16-A19 A16-A19 A15-A19 Pt . not 
Available 

Two colon (99 :59:59 hrs/min /sec display) 

M;n { 

99999.9 min A13-A14 A12-A13 A11 ·A12 Gnd 87-A17 
Models OSC-8200 2 A16-A19 A16-A19 A15-A19 A25 

9999.99 min A20·A 19 can't can't Gnd 8 7-A 17 
Display Full Count and Timebase Timebase Jum pers LSD Jumper use use A27 

99 :59 :59 hrs/min /sec A13·A14 87-A 18 

[ 
999.999 mS None can 't can't Gnd 87-A24 

crystal t ime base A16-A19 use use A28 
99 :59 :59 hrs/min/sec A12-A13 87-A18 9999.99 mS None can't can't Gnd 87-A23 
50 Hz timebase A16-A19 use use A27 
99 :59 :59 hrs/min/sec A11 ·A12 87 -A18 mS 99999.9 mS None can't can't Gnd 87-A22 
60 Hz t imebase A15-A19 l!l!t __l!R_ ~ 

999999 mS None can't can't RH Dec 87-A21 
use use Pt . not 

Left colon !99 :59 :59 hrs/min/sec display) Available 

µS { 
999999 µS None can't can't RH Dec. 87-A24 

Models DSC-8200 J use use Pt . not 
Available 

Displays Full Count a nd Timebase Time base Jumpers Dec. Pt . LSD Jumper 

99.59.99 min/sec NONE Gno 87-A20 
Right colon (9999 :59 min /sec display) crystal timebase A27 

(can't use 50 or 60 H z t1mebases) 
Models DSC-8200 _s_ -

99:59 .99 hrs /min !Xtal , no 50/60) A20·A19 Gnd A27 87 -A17 Display Full Count i:md Timebase Timebase Jumpers LSD Jumper 

9999 :59 min/sec A13-A14 87-A 18 
crystal t imebase A16-A19 
9999:59 min /sec A12-A13 87-A18 
50 Hz timebase A16-A19 

LIMIT SWITCH OR 9999:59 min /sec A11 -A12 87 -A18 

CAM-CONTACTOR WIRING 60 Hz timebase A15-A19 

Th e suggested circuits shown here illustrate typical applications. 
ADDITIONAL EXT PULLUP IF CONT A CT INTERNA L Date/ cannot warrant the performance of these circuits or their 

CURRENT !lmA) IS TOO ORY 1oon MIN (50mA ) CONNECTIONS possible patent status by other manufacturers. 

\~·- B·•voc :----....------B ·svDc 

~•5VDC '"'"' j ~ 2-WIAE } STOP - - -
BOUNCE · 

IMMUNE 

'"'"""""" """ ~ TIMER WITH START 
TIMER 

INDEPENDENT 

B2 START -STOP ' 
SWITCHES 

2 

STOP \ i G 7 STOP AS 

This diagram shows a 100 hour capacity count -up timer using a Date I model DSC-8200 stopclock and Datel 8400 Series Comparator. 
Front panel controls start and stop the DSC-8200. Logic controls can be wired to stop timing and hold at the preset time or clear to zero 
and stop or to clear and start timing . Note that bits BCD 800 IA 181 and BCD 80K IA26) are grounded LO since the count in those 
decades doesn ' t exceed 5_ 

B• 

= 
8400 SERIES COMP AA A TOA A36 tJ POLARITY 

BJ 

r-1 AJS A2 , 82 r-
100-HOUR A3' A26 Al8 All 

PRESET TIMER 1- 1-WITH 1 SECOND GNO 

RESOLUTION NOT NOT rl-u1,o u10 
9 9 5 9 5 9 

OVEASCALE ~ 
A35 HOURS MINUTES SECONDS :; r-

60H' a All A36 fl i..JN BLANK 
SYNC DSC·8200A2A 1 A 

Al2 STOP CLOCK 

812 AUN /STOP A6~ :!: 01 

I IA1 EL l "' All A12 AlS A19 BT AlB 

i=J CJ i=J -
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OPTIONAL BCD OUTPUT BUFFER/STORAGE REGISTER 

An optional BCD Buffer /Storage Register is available with the DSC-8200 Stopclock . This Buffer printed circuit board mounts in the upper card guides inside the OSC-8200 
housing. The BCD Buffer /Storage Register allows for storing accumulated timing intervals and for transmitting this data to an external instrument such as Datel 's 8400-series 
oomparators or a computer data bus. 
Full parallel timing data is user -wired externally from the top pins of the bottom connector to the underside pins of the top connector. A Date I 24-wire ribbon 1umper (Model 
2391, $10, singles) offers a convenient connection method between the tw:> rear connectors. On external command t hrough the hold /follow latch input (pin B 12) the buffer 
will store one full parallel data word (26 lines totall w ith less than one microsecond acquisition t ime . A second group of external commands lthe digit strobes, pins A4 
through A 1 Ol enable the open collector output gates. These gate strobes are organized in 4·bit BCD groups so that output gat ing can be multiplexed in 4·bit multiples onto 4 , 
8 or 16·wire TTL data busses or 26·wire full parallel. The uncommitted open collectors accept up to 5 TTL loads for wide compatibility to mainframe processors, 
minicomputer or m icroprocessor data busses. Gating on or off is less than one microsecond using standard TTL loading and short leads. Cable reactance w.11 lengthen this 
gating time. Logic levels are compatible to 7400·series TTL logic gates. The open collector format allows multiplexing the DSC-8200 outputs along wi th other instruments 
sharing the same bus. 

OPTIONAL BCD BUFFER INPUT/OUTPUT 
CONNECTIONS (TOP PC BRO) 

. 
"" 

BLOCK DIAGRAM 

POWER REQUIRED FOR BCD BUFFER : 
+5V ±0.25VDC@ 175mA, 
LOGIC NOISE 50mV MAX. 

PERIOD METER APPLICATION 
The DSC·8200 is easily connected to operate as a period mete r. This 
particular circu it uses a few external components and a floating analog 
comparator, part number 2543, available from Date I. The comparator is 
the same circuit used on Date l's mode l OPC-8100 Counter and includes 
a DC/ DC converter for 300V RMS isolated operation . An external 
potentiometer is adjusted to set the triggering threshold (- 1 V to + 2V 
threshold range). 

After the 555 v iewing gate timer resets the prev ious timing and both 
control flip flops, the next positive-going threshold crossing starts the 
timing. 

T iming stops on the next following threshold crossing. The control flip 
flops lock out restart triggers and the timed per1od 1s d isplayed for the 
remainder of the five second viewing paUse . 

The DSC-8200 is by no means limited to this type of period timing. By 
selecting timebases, per iods from m icroseconds to hours may be 
measured . The d isplay may be blanked or latched and a different 
external circuit may be designed for full synchronous per iod timing 
triggered by the analog waveform . Comple x waveforms may be 
measured for pulse widths or time between pu lses. 

PERIOD METER 
Asynchronously triggered with 5 Second Viewing Pause 

,O~CWWT 

,__:_:_:_::_-+--+------< ( '" 

~~(::: 
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1---=~,,,-~~+--==-=-=.,,----11~! 
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·~ 
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I 
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C<lTU '"• ~llUHO 
TOO• NtOICIT 
l"UllSUOllU 
!MT,.•u •""'•10 
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PERIOD METER TIMING 

ORDERING GUIDE 

POWE A SUPPL V 

A• • 115VAC 
0 • •SVDC 
E" • 230VAC 
J" • 100VAC 
( "4710 440 Hzl 
+5VOC poowered 
umu~nbtAC 

lmeorX11l11~ 

t»se, pin i.e1ee11ble 
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DSC..9200 

TIME FORMAT 

I • 999 59.9 mm/.-c 
or hrs.Imm 

2 • 995959 
hrs/mm/we 

3 ., 99 59.99 mm/we 
4 . 999999 ILSO Ii 

11's.101n. 100,..s. 
1mS.10mS. 100mS, 
1 Mtc,0<0 1 min 
rear conr'l9C10<pm 
llfilPl)llblel 

5 • 9999 59 mm/sec 

110 mS or IOW9r ltHl 
Mgn1f1c.an1 d•gn mull u,. 
C"IUil l Umebale' 

BCD OUTPUT 

1 ., Standard 
2• La11:hable 

&gatable 

' N o1e lnpyt OPI0•110l111on ominfii on special oroer only 
S11ndard unou •nc:luoe op1011.0l<11ed mouu 

The DSC·8200 Stopclock is covered by 
GSA Contract No. GS-005-27959 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A . 
TEL ' 16171828-8000 
TWX ' 710·348·0135 TELEX ' 924461 

~=="-- ----------
I 
I 

I I 
I 1.....--..-L·:~'.;""==r=;;: 
I I I v~:~~G 

-;.,..--~~------;:-;:---+---- - ----- I 

11 
1

1 I 

-,------+-----...,, ~-'-- ______ J 

Prices (1-9) 

DSC·8200 A - AlA $299 . 
E 
J 

DSC·8200 D - A lA $269. 
DSC·8200 A - A2A $369 . 

E 
J 

DSC·8200 D - A2A $339 . 

AC pwr, std. BCD Outputs 

+5V pwr, std . BCD Outputs 
AC pwr , tatchable BCD 
Outputs 

+5V pwr, latchable BCD 
Outputs 

Pr ices include rear PC board connectors. 
Add $50 for the latching display option. 

24-Wire BCD Ribbon Jumper 
Datel #239 1 $10 ea . 

See inside back cover for DATEL sales offices Electronic Design's 



1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U.S .A. 
TEL : (6171 828-8000 
TWX ; 710-348-0135 TELEX : 924461 

FEATURES 

• Bright, long-life 0.6 inch high ( 15 mm) 
LED displays 

• Full parallel TTL / DTL compatible BCD 
data outputs - optionally latched and 
gated. 

~ Choice of power supply : AC line or 
+5VDC. 

• Both AC I ine frequency or crystal con
trolled time base are built in . 

• Choice of 12, 24 or 100 hour displays. 

DESCRIPTION 
The Model DTC-8300 displays the time of 
day in hours, minutes and seconds in 12 or 
24 hour formats on .6" (15 mm) high 
LED digits. The panel mount ing instrument 
features digital logic outputs of the dis
played ti me for use in data logging systems 
and time-controlled automatic p rocess sys
tems. 

The 12 and 24 hour time formats have two 
colon and one colon display modes respec
tively. The 12-hour format carries on 
12:59 :59 to 1 :00 :00 and the 24-hour ver
sion carries from 2359 :59 to 0000 :00. 
These modes are customer wired on the rear 
PC board connector. However. the left 
colon may be blanked or illuminated on any 
model. A 100 hour carry may also ba con
nector-w ired. 
Power requ ired for the DTC-8300 is 100, 
115 or 230 VAC at 50 or 60 Hz or +5 volts 
DC at 1.5 Amps ma x. 

The timebase for the clock is available from 
an internal quartz crystal oscillator supp l ied 
on all units or from a choice of 50 or 60 Hz 
AC I ine frequencies . 

The line frequency timing reference may 
also be used on +5VDC powered units for 
long term accuracy periodically corrected 
by power utilities. AC line powered versions 
contain their own internal +5VDC regulated 
supply and 1 OOmA at +5VDC may be 
tapped for external use. 

The DTC-8300 is housed in a black an
odized al um inum case measuring 5.562 " 
wide x 2.125" high x 5.467 " deep 1141 x 
54 x 139 mml. The c lock is mounted 
through a front-panel cut out and secured 
by two U-straps. The grounded case acts as 
shielding for the clock circui t ry and addi
tional power line filtering is provided by a 
bifilar-wound choke and bypass capacitors . 

All displayed digits have a corresponding set 
of digital logic outputs available at the rear 
connector. These outputs are in full-parallel 
standard binary coded decimal form I BCD) 
with TTL/DTL compatible logic levels. 
Standard BCD versions have a HOLD input 
which stabilizes the output for one second 
minimum (2 sec. max. synchronously) for 
readout by an externa l device. Th is 
"HOLD" function stores one clock pulse 
during the 2 second read interval and 
reinserts this pulse so as not to disrupt 
timing accuracy. 

GOLD BOOK 76/77 

6-DIGIT, PANEL MOUNT 
DIGITAL TIME CLOCK 

MODEL DTC-8300 
Covered by GSA Contract No. GS-OOS-27959 

"' 11 41.11 

1

0pt>C1N112 ......... acoR_.i...._ 

11 f:===========---J ICOO=-~~~ :;::::d 

Key ways 

TOP VIEW 
MECHANICAL DIMENSIONS 

INCHES (MM) 

L -

•AJllEl THI!: RAl' .. Gl WITHSCAEWS 
fURJlll5H£0 010 117!• 75) 

SIDE VIEW 

Op11onal 

BCOR•bbon 

SClllW, ND •l2 
1111'' lDfr.iC, •ANHO 
UAEOUllUO! 

~ 
~AIN"C IA D 
l/OCO.. NI C TD ll 

FRONT PANEL CUTOUT 
INCHES (MM) 

r----- 5.593 ·~ I 11 42.11 

An AM/ PM logic output for 12-hour ver
sions may be used for data logging applica-. 
tions . A "power fail" front panel LED lamp 
and corresponding logic output is set when
ever power is momentarily in terrupted, in
dicating to an external device that the time 
may be invalid . Resetting the clock using 
the front panel controls will extinguish the 
"power fail" lamp and flag. 

An optional second PC board provides fully 
latched and gated BCD capability so that a 
clock word may be stored and transmitted 
at any time on external command. Gating is 
open collector TTL/DTL-compatible and 
gatable by individual digit These digits may 
be multiplexed onto 4 or 8 line data busses 
as well as transmitted in full parallel. 

I~I !51,8 ) 

L.______ _ ___. 
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SPECIFICATIONS (Typical @+25°C unless noted) 

GENERAL 

Displays . . Six (6) self-illuminated digits, red LED 0.6" 
( 15 mm) high , 7-segment format. 
Full scale readouts (with LED colons) : 
12:59:59 (HOURS :MINUTES :SECONDS) 
2359:59 (HOURS MINUTES :SECONDS) 

Power Fail Front panel red LED lamp illuminates to warn 
if power has been interrupted, indicating pos
sible incorrect time displayed. Corresponding 
logic output (pin A 15) . 

Front Panel Controls Set/ Run Switch - (Pushbutton switch which 
can be locked by pushing in and rotating 1/ B 
turn clockwise). 
"Run" Mode (pushbutton in) - Clock is run
ning. Hours and minutes set pushbuttons (see 
below) are disabled. 
" Set" Mode (pushbutton released out) - Clock 
is stopped. Hours and minutes set pushbuttons 
are enabled. Seconds display will be stopped at 
the current :OO to :59 count. 
Hours Set Pushbutton - Push in to set hours if 
Set/Run Switch is in " set". Push in will cycle 
hours display at approx. 4 digits per second. 
Release on desired hours. 
Minutes Set Pu shbutton - Functions same as 
Hours Set for minutes display. [See " How to 
Set Clock" section) 
Display Test - Hold in both the hours and 
minutes set pushbuttons at any time to test all 
digit segments by displ aying all B's. Will not 
disrupt clock timing. 

Performance . . . . . Temperature Ranges 
Operating: 0 to +50° C 
Storage : - 25° C to +B5° C 
Accuracy and Temperature Drift - (Quartz 
Crystal Timebase) 
±10ppm @ +25° C (Initi al Accuracy) 
±10ppm (0 to +50° C) 
±10ppm (one year aging) 

Digital Outputs . ... All digital outputs are compatible with DTL/ 
TTL logic levels 
LO = " ZERO" .; +0.4V ( . . . 
HI ="ONE " ;;.. +2_4 V \ pos1t1ve true logic 

BCD Clock Dat a (pins B13 thru B36, see 1/ 0 
connections) - 24 lines, consecutively spaced 
in ascending order . Full p arallel 1-2-4-8 binary 
coded decimal (BCD) . Positive true, 6 TTL 
loads, totem pole format (drives high or low) 
Note : Tens of seconds and t e ns of minutes only 
reach 5 count, but vac ant te rminal location for 
" 8 " bit occurs in sequence. Interfacing equip
ment may require strapping corresponding ter· 
minal to ground. 
Power Fail (pin A 15) - 1 line , LO indicates 
power has been interrupted. Cleared to HI by 
"Set" switch. 10 TTL loads out . 
Data Valid (pin A36) - 1 line , provides squared
up 1 Hz logic output for external clock slave, 
read functions, etc. BCD valid on falling edge 
and while LO. Connected downstream from 
AC line or crystal oscillator input (see wiring 
diagram). 10 TTL loads. 
Crystal Clock Out (pin A6) - 1 line, provides 
1 Hz , 31 .25 millisec. wide crystal oscillator 
clock pulses to the clock input, pin A35 . 1 TTL 
load. 
AC Line Clock Out (pin A 14) - 1 line, provides 
1 Hz, square wave AC line-synchronized clock 
pulses to the clock input, pin A35. 10 TTL 
loads. 
AM/PM Flag (pin A16) - 1 line, alternately 
transitions HI or LO at carry to 12:00:00 
o 'clock . Reset to desired level by cycling clock 
using front panel set controls. 10 TTL loads. 

Digital Inputs 

Additional 
Connections 

Set/Run Output (pin A27) - 1 line, switch 
contact to ground with 4 .7K ohm pullup to 
+5V. 
GND - Clock is being set, BCD outputs are 
invalid. 
HI - Clock is running if Run/Hold (A7) is HI. 
All digital inputs are compatible with DTL/ 
TTL logic levels. 
LO= " ZERO" <; +O.BV ( . . I · 
HI = " ONE" ;;.. +2.0V \ pos1t1ve true og1c 

Run/ Hold (pin A7) - 1 line, 1.6 TTL loads 
HI - Clock is running. 
LO - BCD outputs stabilized. 
May be held 1 sec. max. asynchronous to Data 
Valid output without disrupting timing. (Saves 
one pulse which is reinserted when HOLD is 
released) Hold longer than 2 seconds disrupts 
timing. (See timing. ) 1.6 TTL loads. 
Clock In (pin A35) - 1 line, accepts 1 Hz 
pulses from Crystal Clock (A6) or AC Line 
Clock (A14) . 1 TTL load. 
Leading zero Bfiii1I( (pin A26) - 1 line, LO 
blanks the leading zero . 1 TTL load. 
Display Blank (pin A30) - 1 line, HI blanks 
displa y . 3 TTL loads. Works from jumper, open 
collector, totem pole TTL, or DTL. Must sink 
5mA pullup. Colons remain illuminated while 
display is blanked . Must ground for normal 
operation . 

LIGHT LEFT COLON ( B2B) Gnd . to light 
VLED 1 (pin A28) (Each input connects +5V 
VLED 2 (pin A3) \power to 3 display digits. 
550mA max . @ +5VDC each connection . In
ternally connected to +5V power on AC 
models. 
+5VDC POWER (p ins A 1 & Bl in parallel) -
These pins are for +5VDC logic power input 
on +5V-powered units, 400mA max . On AC 
powered models, output of +5VDC power @ 

275mA max. is available from these pins. Not 
internally connected to displays on DC models. 
(Use VLED 1 & 2 for displays. ) 
Power and Logic Ground (pins A2 & B2 in 
parallel) +5V powe r return for display and logic. 
Carry Controls (pins A29, A31 -A34) - For 
selecting 12, 24 or 100 hour full scale carries 
(see chart) . 
Ext. AC Line Synch. (pin BB) - 1 line, to 
provide an AC timebase reference when used 
with +5V powered units. 3V RMS to 10V RMS 
input, referenced to power supply ground, 50 
or 60 Hz . 

Power Supply Choice of 100, 115, or 230VAC, ± 10% 10 W 
typ., 47-63 Hz (unless using AC line for timing 
reference) . Fuse . 15A ( 100, 115 V AC). .10A 
(230VAC) OR +5 ± 0.25VDC @ 1.5A max .• 
logic noise 50mV max. 

Connectors . . . . . . Dual 36 pin PC edgeboard type, 0 . 1" centers, 
solder tabs, Datel 2597-14 (Viking 3VH36/ 
lJN-5 or equivalent), (AC power connected by 
triple 1/4" tab, recessed male, center tab case 
ground) PC Board connectors are included with 
unit. 

Mounting . . . . . . . Panel mounting through a cutout measuring 
2.156" H x 5.593" W (54,B x 142,lmm) and 
secured by 2 U-straps. See mounting diagram. 

Mechanical 
Dimensions Case 5 .56" H x 2 .11 " H x 5.7B" D (141 ,2 x 

53,6 x 146,8 mm) behind front panel to rear of 
U-strap . 
Bezel 5 .B6" W x 2.25" H x 0.50" Thk (14B,7 x 
57 ,0 x 12,7 mm) (See Diagrams) Removable 
from front while unit remains secured in panel. 

Weight .. . .. . . . . 2 .25 pounds ( 1,0 Kg) 
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HOW TO SET CLOCK 
1. Release Set/Run pushbutton to "Set". Seconds display will stop at the 

current :00 to :59 indication. 
2. Push hours set p ushbutton in and the hours display will advance at 

app rox . 4 digits /second . Release pushbutton on correct hour . 

DTC-8300 CLOCK 
INPUT /OUTPUT 
CONNECTIONS 

Ground A30 to 
illuminate display 

"'\IEL 

A 
BOTTOM 

+5V POWER 

PWR . & DI G. GNO. 

+5V to VLE02 

XTAL 1 Hz OUT 

RUN/HOLD IN 

AC LINE 1 Hz OUT 

POWER FAIL OUT 

AM/PM OUT 

LEAD. ZERO BLANK 

SET/ RUN OUT 

+5V TO VLEDI 

ADD 1 HR. IN 

DISPLAY BLANK 

LAST H R. BIT IN 

LAST HR. BIT IN 

LAST HR. BIT IN 

ADO 1 HR OUT 

1 Hl C LOCK IN 

DATA VALID OUT 

A 
BOTTOM 

LEFT 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

RIGHT 

B 
TOP 

+5V POWER 

PWR . & DIG. GNO 

EXT. AC LINE SYNCH. 

BC D SEC. 1 

BCD SEC. 2 

BCD SEC. 4 

BCD SEC. 8 

BCD SEC. 10 

BCD SEC. 20 

BC D SEC . 40 

N.C. 

BCDMlN. 1 

BCD MIN. 2 

BCD MIN. 4 

BCD M I N. 8 

BCD MIN. 10 

BCD MIN. 20 

BCD MIN. 40 

l~~ 

BCD HAS. 1 

BCD HR S. 2 

BCD HAS. 4 

BCD HR S. 8 

BCD HAS. 10 

BCD HA S. 20 

BCD HA S. 40 

BCD HRS. 80 

B 
TOP 

PANEL MOUNTING DETAILS 
(REAR VIEW) 

FULL SCALE CARRY 

For Clock 
to carry 

From To A31 
11 :59:59 00 :00 :00 B30 
12:59:59 01 :00:00 B30 
2359 :59 0000:00 A32 
2459:59 0100:00 B29 
99:59:59 00 :00:00 N.C. 

~ CUSTOMER "S MOUNTING PANEL 

Lef1 colons may be 1tlummated 
or blank on ~ model 

Jumper 
between 

A32 A33 A29 
B33 B33 N.C. 
B33 B29 A34 
B31 B34 N.C. 
B31 B34 A34 
N.C. GND N.C. 

3 . Push minutes se t pus hbutton and re lease on next correct minute 
i nd ication. 

4 . Wait until seconds disp lay matches external reference clock then push 
in Set/Run switch to start d igital clock. Twist Set / Run switch 1 /8 turn 
clockwise to lock in Run position. 

r--B DISPLAY etANk 

I 

GROUND TO 
ILLUMINATE 
DISPLAY DON°T 
LEAVE AJO 
UNCONNECTED L ~POWER AND toGr•c_o_•o----., 

XTAL CLOC K OUT .--
EXTJUMPER-"'1 

XTAL 
A6 t--------1 DSC/DIV IDER 

IF USING THE I 
INT XTAL I 
TIMEBASE ! 

' I 
' 

USE ONLY .. - ....... 

JLJL1H, 

CLOCK IN 

ISTANOARO ON 
All UNITS) 

ONE JUMPER -----+ AJ5r-------; 

! ...... ' 

~FX~S~~~~~R ---+ ! 
LINE TIMING 1 
IEIT HFR •5\1 POWER I 
OR AC LINE POWER I I 

EXl AC tNPUl 
J TO 10 VRMS 
WHEN USING AC 
LINE TIMEBASE 
REFERENCE WITH 

L._ 

•SV POWER flNTERNALL If 
CONNECTED ON AC MODEL SI 

•SVDC PWR 
il 175mA TO 

~~~F~~O '9. , 

SUGGESTED EXT . UNREG 
DISPLAV SUPf'Llf IF EXT REG 

AC LINE CLOCK OUT 

A 
LEFT BOTTOM 

1 H10U T 

TIMEBASE AND 
POWER 
CONNECTIONS 

REG 

• TOP 
l50mA 

•SV IS CUAAE\ AA_ L 

~ ~1==:·:::::.'~,~0~":0:'.:0~~.=i._;:[::::EX=TJAC~L~ .. ,~,Y=NC=Hj--
L 

J_ LOGIC 
•SV POWER 1 •SV POWER --0 + SVPWR 

PWR & DIG GND 2 PWR & DIG GND J,--0 GNO 

•SV lo VLED2 3 

4 

l GNOTO 
STOP 
TIMING 

• SEC 1 

~ 

RECTIFIERS 

CA R RV I 
JUMPERS 

l-Lh__ 0-- +-
TIM EBASE OUT 

10 
11 

12 

13 

AC LINE 1 H1 OUT 14 

POWER FAIL OUT 15 

AMIPM OUT 16 

17 

18 

19 

20 

21 

22 

23 

" 25 

LE AD ZERO BLANK 2fi 

ITTt RUNOUT 27 

•SV TO V L(D1 28 

ADD 1 HR IN 29 

OISPLAV BLA NK 30 

LAST HR BIT IN 31 

LAST HR BIT IN 32 

LAST HR BIT IN 33 

ADD 1 HR OUT .. 
1 H1 CLOCK IN 35 

DATA VALID OUT 36 
A 

90TTOM RI GHT 

TYPICAL WIRIN G 
BCD SEC 1 

EXAM PLE : 
BCD SEC 2 

BCD SEC 4 12-HO UR 

BCOSEC. 8 +SV POW EREO 
BCD SEC 10 VERSI ON 
BCD SEC 20 USIN G AC 
BCD~ LINE Tl MEBASE 

REFER ENCE 
BCD MIN 1 

BCD MIN 2 

BCD MIN 4 

BCD MIN 8 

BCD MIN 10 

BCD MIN 20 

BCD MIN 40 

LJGHf LEFT COi.O N 

1=11 BCD HR S 1 

BCD HRS 2 

BCD HRS 4 

BCD HRS 8 

~~=~~ 
BCD HRS 40 

BCD HRS 80 

• TOP 
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OPTIONAL BCD BUFFER Q' POWERANO 

BLOCK DIAGRAM iTOPPCBOARO) LOGIC 
BZ GROUND 

INPUTS _ 

HICO 
DIGITS 
(24 UNESJ 
PLUS 
ENABLES 

DTC-8300 

CLOCK 

BOTTOM PC 

BOARD 

' ' , .... -,..__ - _______ : ' ' I 1:•- , 
' ...... ' 
,-, 
', _ _..;---------: 

INPUTS 

illlis 
LOAO EACH 

I 

6-1 /2 INVERTING 
QUAD 
LATCHES 

TO EXTERNAL PROCESSOR 

a' 

'I~ 
WO 
~ .. 

DATA 
o~ "'z ~ ~ 
Oo ~~ \iAliD r~ 

•5VOC@ 1 75mA 
(AVA IL FROM OPT 

AC PWR SUPPLY) 

811 POS/ NEG SIGN/ lS TTL 

LOADS, 

\

OPEN 

810 OVERRANGE COLLECTOR 

EITHER OF THESE 
"-.._ GA TES MAV BE USED 

TO DRIVE DIGIT 
ENABLE STROBES 
IA4 THAU A9) WIRED 
IN PARALLEL 

BCO = 5 TTL LOADS EACH , 

OPEN COL LECTOR 

DIGIT 

ENABLES 

-----J 
812 A10 A 4 THAU A9 

fT ) LATCHED 

GATED 
BCD DATA 

BCD DIGIT 

' BCD DATA I 
ENABLES 

I ( 24 L I NES\ I I 
I I OPTIONAL BCD ' I 24 ·WIRE JUMPER I ' I (SEE ORDERING) I BUFFER I 

: l TOP PC ' 
BOARD 

I 

AM /PM FLAG J-----4 
POWER FAIL FLAG 

POSINEG SIGN INPUT (A ll ) f---+ 
OVER RANGE INPUT ~A 12 ) f---+ 

+SVPOWER 

GROUND 

TYPICAL BCD BUFFER FULL PARALLEL APPLICATION 

The overrange line (A 12 ) is used to transm11 the POWER FAIL 

FLAG on the overrange output rn1m The pos l neg sign line 

(A 11 l is used to transmit the AM/ PM Flag bl! on the sign output 

(811). 

) OUT 

AM/ PM FLAG 

(B11 ) 
POWER FAIL 

(B 10) 

Prices ( 1-9) 

DTC·8300 A5A 5299. AC pwr , std . BCD 

E6 

l J 
DTC-8300 DSA 5245. +SV pwr, std . BCD 

6 POWER SUPPLY 
DTC-8300 ASS S369. AC pwr, \atchable BCD 

E6 A•• 115VAC 
J 

D "' +5V OC 
DTC-8300 058 $3 15. +SV pwr , latchab le BCD 

E" • 230VAC 
6 

J' • 100VAC 
Prices include rear PC board connec tors. (Datel part ::8000-2597-14 •47 to 440 Hz 
Viking 3VH36/ 1JN·5 or equNalentl (see timebase 
24·wire rear connector BCD Ribbon Jumper - Oatel part 2391, S 10 specif ier) 
AC models include a U.S. 3-prong type 9115 line cord. 

TO EXTE RNAL PROCESSOR 

~---------~A~-------------( 4 LINE REMOTE "\ 

DATA SETIRUN 
VALID FLAG 

AM/PM. 
HOLD/ PWR fAiI 
FOLLOW ENABLE 

DIGIT 
ENABLE 
STROBES 

• 
LINES 

f------- 812 AlO A4 THAU •• 
,
' 

gz~~00 t-
BCD DATA 
l24LINES ) 

OPTIONAL 
BCD BUFFER 

24 WI RE JUMPER 
(SEE ORDERING) 

i LOWER BRO I i AM/PM FLAG 

HARDWIRED '-:~ ... f-~PQ~W~E~R~FA~l~L ~FL~A~G--.\ ~~:~~NAl:Gl::~\ A12 ) 
LO BITS FOR 
COUNT Of 6 
DIGITS 

+SVPOWER 

GROUND 

(81 1) AM /PM 
(810) POWER FAIL 

TYPICAL BCD BUFFER SERIAL APPLICATION 
This appl1ca11on shows all 6 BCD d191ts multiplexed 

onto 4 Imes using b1t·parallel, d1g1t-ser1al for mat The 
AM /PM Flag and Power Fail Flag are also multiplexed 

as a 2-bll word alter the 16 ) 4 ·bH BCD dig ts Six 

enable lines successively multiplex the open collec101 

BCD d1911s and a seven1h enable lA 10! mul11plexes 

DATA +SV 
BUS PULLUPS 9 

t~ t t~~·~:.:>---: 
;: t~~:.r..:: :s 
:::: 
I 

11•1 

! : ~ : 
1248 

the AM/PM and Power Fa d flags Note that some BCD n ..... "" ... ~ 
::~'.IS'.'" h"d-w"ed LO •• the clock 101 <OUOI of s l\j EL 

OPTIONAL BCD 
BUFFER 
INPUT/OUTPUT 
CONNECTIONS 
(TOP PC BRO) 

POWER REQUIRED FOR 
BCD BUFFER : 
+SV ± 0.25VDC @ 175mA, 
LOGIC NOISE SOmV MAX. 
AVAIL FROM OPT. AC 
PWR SUPPLY 

A 
BOTTOM 

•SVPOWER • 11smA 

J>WR & DtG GND 

ENABLE BCD 100K 

ENABLE BCD 101( 

E"lABLE BCD 11( 

ENABLE BCD 100 

ENABLE BCD 10 

ENABLE BCD I 

ENABLE POL & 0 R 

POS/NEG IN 

OVERRANGE IN 

BCD 1 IN 

BCD21N 

8CD8lN 

BCD lOIN 

BCD20 IN 

SC040 IN 

BCD80 1N 

BCD 100 IN 

BCD 200 IN 

BCD2K IN 

BC0 4K IN 

BCD8K IN 

BCD 10K IN 

9C040K IN 

9CD80K IN 

BCD 100K IN 

BCD 200K IN 

BCD400K IN 

BCD SOOK IN 

A 
BOTTOM 

LEFT • TOP 

' •SV POWER @l 17SmA 

PWR & DIG GND 

" OVERRANGE OUT 

POS/NEG IN 

12 HOLD/ FOLLOW IN 

" BCD 1 OUT 

BCD 2 OUT 

8CD 4 OUT 

BCD 8 OUT 

" BCD 10 OUT 

BCD 200UT 

BCD400UT 

20 BCDBOCJUT 

BCD 1000UT 

BCD 200 OUl 

23 BCD 4000UT 

BCD 8000UT 

25 BCD 1K OUT 

26 BCD 2K OUT 

27 BCD 4K OUT 

BCD BK OUT 

BCD 10K OUT 

BCD 20K OUT 

BCD 40K OUT 

32 BCD SOK OUT 

BCD 1001< OUT 

BCD 200K OUT 

35 BCD400K OUT ,. BCD800K OUT . 
RIGHT TOP 

ORDERING GUIDE 

DTC-8300~T 

l 
TIMEBASE (SELECTABLE) BCD OUTPUT 

5 .. AC line A 1 z Standard 
60 Hz plus quartz crystal Bl "' Latchable 

5 = AC line & gatable 
50 Hz plus quartz crystal 

{Both AC and +5VOC powered 

\SEC 

( "' SEC 

( MIN 

! "' MIN 

(HRS 

!"' HRS 

units can be AC li ne or Xtal The DTC-8300 Digital Clock is available 
timebase - pin selectable) 

under GSA Contract No. GS-OOS-27959 
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1020G Turnpike Street, Bu1 ld1ng S 
Canton, Massachusetts 02021 U.S. A. 
TEL: (6171 828-8000 
TWX : 710-348-0 135 TELE X: 924461 

FEATURES 

.... Front panel lights and logic outputs 
indicate under, over, between or 
equal to preset limits selected on 
thumbwheel switches . 

.... Two Models: 
DDC-8400: Two independent 
single-channel single-limit com
parators 
DLC-8400: A single-channel, 
two-limit, 3-zone comparator 

.... Optional relay outputs control ex
ternal lamps, motors, pumps, 
valves, solenoids, etc . 

.... Compatible with Datel's counters 
and stopclocks to create mixing/ 
batching controllers, preset timers, 
limit alarms, etc. 

.... Limit tests may be stored and mul
tiplexed onto a data bus . 

.... Full parallel BCD inputs make rapid 
limit tests in less than 1 microsec
ond. 

GENERAL DESCRIPTION 
Models DDC-8400 and DLC-8400 are full 
par<illel, high speed digital comparators 
housed in small aluminum panel-mounting 
cases. Digital inputs are connected at the 
rear of the instrument and are compared to 
bipolar decimal numbers selected on the 
front panel 6-digit thumbwheel switches. 
Front panel lights indicate various limit 
modes and rear connector logic outputs are 
available to operate other digital instru
ments or optional relays. 
These instruments differ from lower cost 
count-up comparators (predetermining 
counters) which require a gated serial input 
and take longer to determine a comparison. 
The 8400 comparators have 6 digit resolu
tion with polarity for both the inputs and 
the preset limits. Separate over scale inputs 
force an out of limit indication, in the ap
propriate direction depending on polarity . 
These comparators are fully algebraic in 
operation. Comparisons are fully bipolar so 
that true 4 quadrant operation is provided. 
Logic data inputs are full parallel 1-2-4-8 bi· 
nary coded decimal (BCD) and are compati
ble to DTL/TTL logic sources. Inputs may 
be derived from digital panel meters, count
ers, clocks, timers, test equipment and digi
tal processors. 
Applications include: Precision count-up 
timers, digital setpoint controllers, batch
ing/mixing/sorting controllers requiring a 
predetermining counter, level or flowrate 
monitors and alarms. The instruments are 
ideal for automatic test equipment applica· 
tions performing component and system 
check-outs. New test parameters for pass-fail 
inspection may be quickly dialed in on the 
front panel limit selectors. 
A full set of seven latchable, gatable logic 
outputs of comparator tests is available on 
the rear connector. These outputs indicate 
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PRESET LIMIT 
DIGITAL COMPARATORS 

MODELS DDC-8400 AND DLC-8400 

... 
!148.81 

DDC-8400 

S.71 
11*>.11 

TOP VIEW 

PANEL THK RANGE WITH SCREW$ 
FURNISHED OTO 111 147!>1 

SIDE VIEW 

SEZELRETAINf.OSY 
NO. 4-M>HE>C SOCK£T HO 
SETSCREWl0501N. KEY1 

>--- ---- u~~,-----"1 

USTRAP 
CASESUPl'ORT 
(2 REOUIREOl 

SCREW. NO 6-l2 
7tir LONG. 'AN HO. 
l2 REOVIREOI 

the results of any comparison and may be 
stored and transmitted via open collector data 
bus to a remote processor upon external com
mand. This bussing arrangement is compatible 
to most minicomputers and microprocessors . 
Using this bus, the 8400-series comparators will 
interface with a remote digital processor, pro
viding limit indications when polled by the 
processor, yet retaining full manual control of 
the set-points at the site of measurement. 

The digital outputs from the 8400 series com· 
parators may also be rear-wired to an optional 
internal PC board containing relays. These re· 
lays will operate isolated circuits or power 
actuators, motors, alarm lamps or horns, 
pumps, valves or solenoids from the AC li ne . 
These relays are a choice of either Form C 
mechanical types with 2 Amp ratings or zero· 
switching optoisolated solid state relays. Both 
types of relays may also be used in pilot service 
for larger electrical equipment . 

The 8400 series comparators are housed in a 

DLC-8400 

MECHANICAL DIMENSIONS 
INCHES (MM) 

8C08UFFER 
l'C8ROCONN 

,__ ___ 4lM2!12S.51---T-- .., 

!~It r-;;--4 11'5/IOS.0/'---,--, 

"' MAINl'C8RO 

i------ n~~21 __ ,,,_,0N_••-"-0
-' __, 

black anodized extruded aluminum grounded 
case for high electrical noise rejection in indus
trial environments . Power required is a choice 
of 100, 115, or 230 VAC, 47 to 440 Hz or 
+5VDC at 400 mA max. Additional power line 
filtering on AC models is provided by a bifilar
wound choke and filtered, regulated power 
supply . 

Two Models 
Model DDC-8400 consists of 2 separate single
limit, single-channel comparators in one case. 
Each comparator has 3 lights to indicate 
UNDER/AT LIMIT/OVER limit status of the 
input compared to the thumbwheel set-point 
limits selected. There are two sets of 3 lights 
per channel for 6 lights total. Model DLC-8400 
accepts a single input channel and compares it 
to upper and lower set-point limits selected on 
two front panel thumbwheel switches. This is a 
3-zone comparator with 5 lights indicating 
whether the input is UNDER/BETWEEN/OVER 
the LO and HI limits or equal to the LO or HI 
limits. 
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SPECIFICATIONS (Typical from 0 to +50°C) 

GENERAL 

Function . 

Displays 

Front Panel Controls 

Digital comparators accepting full parallel binary coded decimal (BCD) logic inputs and comparing 

them to 6-digit decimal values selected by thumbwheel switches . Comparisons are fully bipolar (4 

quadrant true algebraic with out of limit overscale input) . 
DDC-8400: Two independent single-channel. single-limit comparators . 
DLC-8400: A single-channel , two-limit , 3-zone comparator with assigned LO and HI limits. 

Front panel indicator lights display the status of limit comparisons. The lamps are long-life type 

683 incandescent .05 mean spherical candlepower and are replaceable by removing the front panel 
colored lenses . 
DDC -8400: Each of 2 comparator channels A and B indicates : 

UNDER (Below limit , red lamp) 

AT LIMIT (Equal to limit , green lamp) 

OVER (Above limit, red lamp) 

DLC -8400: The single-channel comparator indicates : 
UNDER LIMIT (Below both limits , red lamp) 

LO LIMIT (Equal to lower limit, yellow lamp) 

BETWEEN LIMITS (Green lamp) 

HI LIMIT (Equal to upper limit, yellow lamp) 
OVER LIMIT (Above both limits, red lamp) 

Standard lamp lens colors are listed above . Colored lenses may be interchanged on special order 
us ing red, green , amber , blue, white or yellow lenses . Contact Datel for assistance . 

Two set of thumbwheel switches. each with six d igi ts and polarity . are used to manually select 
limit setpoints . On the 3-zone model IDLC-8400) the lower limit is assigned to the left thumb· 

wheel selector and the upper limit is assigned to the r ight thumbwheel. Decimal points are not 
included. therefore , significant digits must be coincident with BCD input w i r ing . (See applications.) 

DIGITAL INPUTS All digital inputs are compatible with DTL/TTL logic levels : 
" ZERO " = OV . .;; LO .;; + 0.8V } positive true 
" ONE "= + 2 .0V . .;; HI .;; + 5.0V logic 
Unused inputs should be 'lrounded LO or wir~ through an internal pullup resistor available on 
rear connector pin 83. Hold/ Follow Latch and Gate Enable Inputs must use TTL rise and fall t imes . 

Chinnol A D1t1 (pin A11 thru A34) . . . . . . . 24 l ines, consecutively spaced in ascending order. Full parallel 1-2-4-8 binary coded decimal (BCD). 

Channol 8 Data (pins 811 thru 834) 

Chonnol A Overscale (pin A35) 

Chonnel 8 Overscale (pin 835) 
Channel A Polority (pin A36) 

Chonnel 8 Polority (pin 836) 
Chonnel A Hold/Follow In (pin A5) 

Ch1nnol 8 Hold/Follow In (pin 861 
Chonnel A Output Gate Input (pin A6) 

Ch1nnel 8 Output Gate Input (pin AB) 

DIGITAL OUTPUTS 

Channel A A < L Output (pin 84) 

Channel 8 8 < U Output (pin A7) . 

Channel A A = L Output (pin 85) 

Channel 8 8•U Output (pin A4) 

Chonnel A A>L Output (pin 87) . . 

Positive true , 1 TTL load per line . Channel A Data is compared to the left thumbwheel selector 
limit . Channels A and B must be externally wired in parallel for model DLC-8400 by inserting 

each input wire through both upper and lower solder tabs. 

Same specifications as Channel A but Channel B Data are compared to the right thumbwhael limit . 

1 TTL load . If used, a HI on this input forces an out of limit indication depending on input 

polarity , regardless of relative values of input and scale limit mantissas. Channel A and Channel B 
Overscales must be wired in parallel for model DLC-8400. Ground LO i f not used . 

Same specifications as Channel A Overscale. 
1 line, 1 TTL load . 

HI = positive polarity 
LO = negative polarity 

Channel A and Channel B Polarities must be wired in parallel for model DLC-8400. 

Same specifications as Channel A Polarity . 

1 line, 1 TTL load . 
HI stores the results of the last Channel A compar ison . Outputs will be stabilized . 
LO causes Channel A comparison outputs to be updated w ith in 500 nSec of input channel data 
change ; outputs will follow comparison decisions . Momentary LO : acts as update clock . 

Same specifications as Channel A Hold /Follow In . Wi re Channels A and Bin parallel for DLC-8400 
1 line , 1 TTL load . 

HI disables Channel A comparison outpu t after t he storage c ircu i ts. (Output collectors are cut of I 
and other devices sharing the same bus lines may pull these ltnes down .) 
LO enables the compar11on outputs after the storage c1rcutts . 

Same spec ifications as Channel A Output Gate Input. Wire Channels A end Bin parallel for DLC-8400 

All digital outputs are compatible with DTL/TTL logic 

" ZERO " - av ... LO " +0.4V . } 
" ONE" = Open coll . output 

Ma x. lsink = 16 mA 
Maximum output pullup 

Potent ial +5 .SV 
Note that the comparison outputs are valid when 

collector . 

LO (negat ive true). Logic outputs are open 

lone , 10 TTL loads 
HI means that the Channel A input is equal to or greater than the left (lower) thumbwheel limit. 

LO means that the Channel A input is less than the left (lowed thumbwheel limit. 
1 lone, 10 TTL loads 

HI means that the Channel B input is equal to or greater than the right (upper) thumbwheel 
limit. 

LO means that the Channel B input is less than the right (upper) thumbwheel limit . 

1 lone , 10 TTL loads 
HI means that the Channel A input is not equal to the left (lowed thumbwheel limit . 
LO means that the channel A input is equal to the left (lower) thumbwheet limit . 

1 l tne, 10 TTL loads 
HI means that the Channel B input is not equal to the right (upper) thumbwheel limit . 
LO means that the Channel 8 input is equal to the right (upper) thumbwheel limit . 

1 ltne , 10 TTL loads 
HI means that the Channel A input is equal to or lower than the left (lower) thumbwheel limit. 
LO means that the Channel A input is greater than the left (lower) thumbwheel limit . 
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SPECIFICATIONS (Cont'd) 

Channel 8 8 > U Output lpin A3) 

l8>UI • IA<Ll Output lpin 88) 

ADDITIONAL CONNECTIONS 

Spare Inverters lpins A9 . A10. 89, 810). 

Aux. Pullup Resistor lpin 83) 
+ SVDC Power I pins A 1 and 81 

internally connected) . ... 

Ground (pin A2 and 82 internally connected) 

Power Supply . !Seo Ordering Guide) . 

PHYSICAL-ENVIRONMENTAL 

Operating Tempar1ture Range 
Storage Temperature Range 
Connectors . 

Mach1nical Dimensions 
c ... 

llezol 

Mounting 

Weight 

INPUT/OUTPUT CONNECTIONS 
LOWER PC BOARD !COMPARATORS, 
THUMBWHEELS, LATCHES, 
GATES AND LIGHTS) . LEFT 

BOTTOM 

•SV POWER IN 

PWR 8r DIG GNO PWR & DIG GND 

CH 8 8 > U OUTPUT AUX PULL UP 

CH 8 9-U OUTPUT CH A A < L OUTPUT 

CH . A H0LO/ rnLU5W IN 5 CH. A ~ OUTPUT 

CH A OUTPUT GA'fl IN 

CH A A'5l OU TPUT 

CH B OUTPUT CAT! IN !8 > UI • (A< U OUTPUT 

1 line. 10 TTL loads 
HI means that the Channel B input is equal to or lower than the right (upped thumbwheel 
limit. 
LO means that the Channel 8 input is higher than the right !upper) thumbwheel limit. 

1 llne. 10 TTL loads 
This line is provided on both models DOC- and DLC-8400. 

LO on this line for the 3-zone model DLC-8400 indicates that the single input channel IA and 8 
wired in parallel) is between the upper and lower limits or equal to either limit. If both input 
channels A and Bon model DDC·8400 are wired in parallel . this output line has the same meaning . 

Note that the " between limits" light on the DLC·8400 is dark if the single input is equal to either 

limit although pin 88 will be low. 

Two spare TTL logic inverters are (A9, Inv . 1 Out ; A10 Inv . 2 Out) 
available for optional customer use . 89 , Inv . 2 In ; 810 Inv . 1 In 

Outputs are open collector with 2 .2 Kilohm pull ups to + 5 volts 
8 TTL loads out , 1 TTL load in , each inverter . 
Spare 2 .2 Kilohm resistor connected to + 5V for optional customer use . 

On DC-powered models, + 5VDC@ 400mA max . regulated input should be connected to these pins . 
On AC-powered models, up to 200mA out at + 5VDC regulated is available from these p ins for 
optional external use . 
+ 5V Power and Logic ground return . 
AC powered models: Choice of 100, 115 or 230 VAC, ' 10%, 47 to 440Hz. 10 watts typical . 
DC powered models : + 5 ±0 .25 volts DC at 400mA max . Logic noise 50mV max . 
(See separate specifications for optional upper PC relay boards) 

0° to + 50° C 
- 25° C to + 8s' c 
Controls, data , DC power, and relays (lower and upper PC boards) : Connected by a dual 36-p in PC 
edgeboard connector for each board , 0 .1 '' centers, solder tab terminals , Datel Connector #2597-14 

{Viking 3VH36/ 1JN-5) , included with unit . 

AC Power is connected by a triple Y." tab assembly. recessed male, center tab grounded to case . A 
U .S. 3-prong line cord IP/N 91151 is included with AC models. 

5 .56"W X 2.1 l " H X 5.78" 0 
1141,2 X 53,6 X 146,8 mm) 
5 .86"W X 2.25" H X 0 .50" THK 
1148,7 X 57 ,0 X 12,7 mm) 

Bezel , filter and PC boards are removable from front while unit remains installed in a panel. 
Panel-mounting through a cutout measuring 2.16" H X 5 .59"W 154,8 X 142,1 mm) and secured by 
2 U-straps. 
2.25pounds11,0 Kg) 

MOUNTING DETAILS 

I 
. ., 

----; 

0'-

SPARE INVERTER 1 OUT 

SPARE INVERTER 2 OUT 10 $PARE INVERTER 1 IN 

c 
1~5: OG FRONT PANEL 

12 CH BIN 2 

CH A IN 4 13 CH BIN 4 

CH. A IN B CH 8 IN 8 
CH . A IN 15 CH . BIN 10 

CH A IN 20 16 CH.B IN 

17 40 

CH . A IN BO IB CH. 8 IN BO 
19 CH. BIN 100 

b"7'C~,._----J--=21lc-l-:CH BIN 200 CH. A IN 200 

CH. A IN 400 " CH BIN 400 

CH . A IN 800 CH . BIN 800 

CH , A IN IK " CH.BIN 

CH. A IN " " CH. 8 IN " CH. A IN .. " .. 
CH A IN .. ,. 8K 

CH. A IN IOK " CH BIN 

CH. A IN 20K " CH.BIN 20K 

CH. A IN • OK ,. ... 
CH. A IN 80K 30 CH 8 IN 80K 

CH. A IN 1001C " CH B IN IOOK 

CH A IN 200K " CH BIN 2001< 

CH A IN .-OOIC CH B IN .-OOK ,. CH. B IN 8001( 

CH. A IN 0VERSCAL£ 35 CH. BIN OVE RSCALE 

CH. A IN POLARITY ,. CH A IN POLA RITY 
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FRONT 
PANEL 
LIGHTS 

lnd1ut1on 
whitnlamp 

·~ ht 

L 
CUTOUT 

Inches (mm) 

LIMIT INDICATIONS 

DLC.8•00 SINGLE -CHANNEL,' LIMIT. J ZONE COMPA RATOR 

UNO ER LO LIM 

0 0 
BETWEEN 

LIMITS 

0 0 
OVER 

0 
lnpu1 t1 I Input •f : 

1':".:0 •:h~~~~er ; Input •f I ll\lllJ1" 
len th~n I eQual to the I thumbwhHI hmll I eQUal 10 I Q<Hll• than 

both I LO l and•~IHlthan I !ht HI t bolh 
thumbwh11I I !humbwherl I the HI I thumbwhHI t thumbwtleel 

hmon J l1m11 l.humbwhHI i.m,1 I hm11 t hmm 

ONLY ONE LAMP CAN BE LIT 
IF RIGHT THUMBWHEEL LIMIT IS GREATER 

THAN THE LEFT THUMBWHEEL LIMIT 

FRONT 
PANEL 
LIGHTS 

lndw;:auon ..... 
lamp11<r 

1 .. 

OOC-8400 TWO CHANNEL . TWO LIM!l COMPARATOR 

0 

LI MIT A 
CHANNEL A 

0 0 0 

LIMIT B 
CHANNEL 8 

0 
GREEN 

OVER 

0 

T~~t ~ : Input" Input" Input" lnpu1 •I l ;::, ! 
leuthan t equallo lgo-tatltf'ttlan I leuth,.. I eQUalto lgo-uterthan 

1humbwh11t I Thurnbwh"I IThumbwhNl IThumbwhHI lrrhumbwh11I IThumbwh"! 
L1m11A I L1m11A I L1m11A I L""uB I L1m11B I LomotB 

ONLY ONE LAMP 
CAN BE LIT 

ONL 'I' ONE LAMP 
CAN BE LIT 
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BLOCK DIAGRAM 

MODELS DDC-8400 and DLC-8400 

nt r.t m t r<U r.a ,;;u 

llOICL~OOFIHtl 
..... ou• OVtll llTWUN 
LI M. • l• M.A LI W • LI M. ITS 

·~· INVUHl" 

1NVU11E" 

' 

The 8400 series Comparators include built-in latches and gates for the limit 
outputs. The latches and gates can be hard-wired so they continuously trans· 
mit all outputs as shown in the static mode drawing. Or the latches and gates 
can be externally controlled in the dynamic mode by an A/D converter, DPM, 

computer, microprocessor or logic circuits to transmit outputs on command 
on a common data bus shared by other devices . In the static mode, valid out· 
puts can be expected within 600 nanoseconds after the BCD inputs stablize. 
In the dynamic mode, valid limit outputs are available with in 725 nS, i f the 
timing shown in the chart is observed. Any delay in the latch or gate commands 
will produce a corresponding limit output delay . Also, commands must use 
the sequence and timing shown to avoid multiplexing invalid data onto the 
bus. 

1. Ou1I Limit Models RULES 
left switch is for setting lower limit . 

2. Input Bits Not Used 

P!'fWnoc Mo.:s.} nown'9 
COffiPl•llOf1mul11o lued 

on 10 •~It bu• ohltred 

bot-Other +/00..ICftlnd 
• compu1e.iprocn 110t 

On•..,•1C1"''\HSIL•lC>< 
.,•O G•H C°"'M.AN 0$1 
"'UST USl rTLIHUTl .. IS 
OU TPU T1l .. l .. GS-N 

•SSUM. U"lS+SIOll""ll"S 
U Oof"'CIAOCONHtCIOFI 
CAllllH ~CU..C E ... •ll 
llo.GTHINOUIPUT " "' lS 

~
---- Oon'1c .. e. 

• l1wl1 ctn 

---- t.HlorLO 

----r-- Uvel111ebthz9d 
~ • HI 01 LO, depend11\9 

--- oncond11ion1 
OTH(AOEVICUS•UAINGIUS 
NILL0111VIUVllS"IOFIL0 
COMO.fl• TOR OUTPUTS MUH 

COW•llA!OA 
OlJ1"Ul'SOfllV( 

O•!iCO .... ECTS 

'"0MIUS 

OT>•£"0EVIClS 
"'U5TOOSCON"lC1 

~Wllh 
l11c.hes1nfollow 

1ndOUIPl.ll iill'S 

~· .. ,._, } ~-----------(:¥;·s [~~~~-
~--- - • ::.':;· ---- .. I __________ _ 

---- t.HlorLO I __ -r-- Lewh 1tfbt11ud I 
___ L___ . :: ~~~;.::-nd"'9 I 

LI MIT 

LATCHES 

I 
HOLD ------~---------------

1 
FOLLOW -----<-----------

No te: Timing is typical, 
drawings not to scale. 

I 
I 
I 
I 

DISA BLE -----.l---------------OUTPUT 
GATES 

OUTPUTS 
11LINESl 

1 

ENABLE ----<f------------
600 I 

_.., "' I.-
I moo I ------1------r--------
I _____ _i _____ _._ _____ _ 

.. .. 
BCD 1npuu Lim11ou1puu111b1hud HI 

or LO dependinf on c.oml)efl lOnl 

Should be wired to ground, and corresponding digits on setpoint switches set to zero. 

3. Polarity Inputs 
Negative sign enters as lo w level , positive as high . If unused, tie to + 5V (pins A 1, 81) through 1CXXl ohms resistor and leave setpoint polarity 
switches on( + ). This gives normal first quadrant operation . For third quadrant operation, tie unused polarity sign to ground and leave setpoints on 
H . 

4 . o- Scale Inputs 
Positive overscale input generates "OVER LIMITS" indication regardless of incoming data bits ; negative overscale input generates "UNDER 
LIMITS" regardless of data bits . If not used, overSCGle input terminals should be grounded . 

5 . Positive numbers are handled as greater than negative numbers. 

6. A negative number with large magnitude is smaller (lowed than a negative number with small magn itude. 

7 . Latch update term inals may be permanently grounded (enabled) so lamps will continually track the comparator decisions . Output logic lines are 
still under control of output gate terminals, for strobing . 

8 . For latched input sampling operation , actuate latch update terminals at desired time for usual TTL clock duration . Lamp and logic outputs will 
hold until next update clock . Output logic is still subject to output gate control (low level permissive). 

9 . When input is from a digital clock , two data bit inputs have to be grounded (i .e. the " 8 " bit line in the tens of seconds digit and tens of minutes 
digitl. These lines are not controlled by digital clock outputs . 

OPTIONAL RELAY BOARDS 
The 8400 series comparators have a spare PC card slot available in the upper portion of the instrument for optional relay boards to control external devices using 
various limit outputs from the lower board. Because limit outputs from the lower board are externally wired to the upper (relay) board, a wide variety of control 
functions can be made . External devices such as pumps, motors, valves, solenoids , lamps, horns, etc . may be turned on or off either above , below, between , or 
outside of limits . Control and alarm limit functions may also be cascaded using the relay as logic gates. Thus. a pump could be turned on only if a valve was open 
and a tank level was below setpoint . Cascaded interlocking alarms can be created whereby a local lamp alarm is activated first then a loud horn if the alarm 
condition isn ' t corrected after a time delay . 
The relay boards directly control DC or AC line-powered devices and provide high isolation to external circuits . Larger electrical equipment may be controlled 
by using the 8400 relays in pilot service to secondary external relays . 
Two types of relay boards are offered : 
The first type includes (4) electromechanical relays with Form C SPOT contacts. The second type of relay board contains (2) solid-state relays. These solid-state 
relays are triac thyristor output devices simulating SPST normally -open relays . The solid·state relays use photocoupled optoisolation for very high resistance 
between input and output . Zero-voltage switching minimizes RFI and switches heavy loads 120 Amp surge for one line cycle). There are no contacts to pit, weld 
together , or burn out after many switching operations because all -semiconductor construction is used . The solid-state relays are ideal for lamp load surges and 
inductive loads (motors, solenoids , actuators, etc .) 
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OPTIONAL RELAY BOARDS (Cont'd) 

~;:,;:~~~~:~:, MECHANICAL RELAYS (TOP PC BOARD) ;:!;:,'it.'.! ~'~:, ~OTES FOR MECHANICAL RELAYS 

SOLID STATE RELAYS 
(TOP PC BOARD) 

~ 

·-l' .. " 

APPLICATIONS 

RELAYS ARE SHOWN IN OE -ENERGIZED STATE 
PERIPHERAL DRIVERS ARE SHOWN WITH NEGATIVE " AND" CODING, NEGATIVE " Off' COOING OR 
POSITIVE "ANO .. COOING ARE AVAILABLE ON SPECIAL ORDER 
- 8400- 4 • NANO 
- 8400-5 ,. NOR 
- 8400- 6 • ANO 

3 POWER INPUTS 
Al/81 - •SVDC LOGIC POWER FOR PERIPHERAL DRIVERS 250mA MAX 
A9- •5VOC FOR RELAYS A9 IS INTERN.All Y CONNECTED ON AC MODELS DO NOT USE ON DC 

MODELS. •SVDC REGULATED OR FULL WAVE DC . SVAMS SHOULD BE CONNECTED TO A9 80mA 
MAX PER ENERGIZED RELAY AS & A7 SHOULD NOT BE USED ON ooc~oo OR DLC-8400 
MODELS THESE PINS CARRY 1/2 WAVE DC INTERNALLY CONNECTED FROM V L EOOUTPUTS ON 
POWER SUPPLY OF AC MODELS 

4 CONTACT RATINGS 
30VDC '2 AMPS RESISTIVE 
'250VOC 0 '2 AMP$ RESISTIVE 

115VAC 2 AMPS AES1STIVE 
'230VAC '2 AMPS RESISTIVE 

OPTIONAL QUAD RELAY BOARD !UPPER PC BOARD ) 

DUAL SOLID STATE RH AYS 
!OPTIONAL UPPER PC BOARD! 

MODELS DOC · 8400 A 4 

A 
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Because of the variety of relay configurations and output logic on the 8400 series comparators, a very broad range af applications can be implemented. Figures A 
through G shown here describe connections between the lower PC board l imit outputs and the upper PC board relays . Figures A through D discuss the mechanical 
relays and E, F and Gare concerned with the solid state relays. 
The negative true, open collector limit outputs can be wire-OR 'ed externally (shown in several applications). The input NANO configuration of the mechanical relays 
allows external gating of individual relays. The applications are by na means limited to those shown here. 
The output gate and latch controls, A5 , 86 , A6, and AB are shown grounded LOW. If the gate lines are externally disabled, the relays will simultaneously be 
de-energized. 
Figure H shows a 5-zon·e sorting system using two comparators in cascade . A bipolar BCD input is bussed to both comparators and five output lines indicate which zone 
the input falls into . The configuration could be used to sort items by weight , size , electrical , mechanical or any measurable physical property . The logic outputs would 
be connected to relays and solenoids which would route the sorted items into bins or slots. The selection limits are dialed in on the comparator front panel 
thumbwheels . allowing a variation for different items . At least one and only one of the five limi t output lines is valid at any one time so that there is no ambiguity or 
dead zones. Additional comparators can be cascaded to add two more zones per added comparator . 

RECOMMENDED CONNECTIONS 

FIGURE A 

FIGURE C 

FIGURE E 
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APPLICATIONS (Cont'd) 

5-ZONE CASCADED SORTING COMPA RATOR 

,,, .. ,,,, 
·~· 

I 

A very common application is to connect a BCD AID converter or Digital Panel Meter to the comparator for 
high resolution limit observation . If the comparator is not connected to external logic such as a digital processor 
or computer, connections can be made as shown in Figure I In this figure the optional relay board (if used) 
shows an alternate method of controlling the relays using external lo~The circuit assumes that the EOC (Busy 
or Status) is HI during conversion . Another assumption is that the EUC is set HI on the rising edge of the start 
convert command . This configuration is compatible with converters made by Datel and most other manufac· 
turers. The [O"C is connected to the Hold/Follow Oatch) input so that the comparator lights will not change 
during conversion when the BCD outputs are not valid . This avoids distracting out-of-limit lamp flicker . If some 
special condition makes this arrangement impractical , the Hold/Follow line can simply be grounded 1n Follow. 
If the A/O converter and comparator are part of a digital processing system with higher speeds required for 
automatic control, timing considerations are quite important as shown in Figure J and K . Using the comparator 
on-site at the application allows the user to retain local finger-tip control of the setpoint limit , even with 
multiple stations. 
A typical sequence of operation starts with the processor requesting that an A I D conversion be madr. . When the 
conversion is complete , comparisons are made and the system responds with a signal telling the processor to read 
the limit outputs and the raw BCD data if desired . 

This particular system includes logic circuits to properly sequence the latching of comparisons and to µrotect the 
processor from reading false data . 

The suggested circuits 
shown here illustrate 
typical applications. 
Date/ cannot warrant 
the performance of 
these circuits or their 
possible patent status 
by other manufacturers. 
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MODEL ANO LIMIT FUNCTION 

OOC . 8400 • 2 l NOE · 
PENDENT , SINGLE ·CHANNEL . 
SINGLE LIMIT COMPARATORS 

~ ~lA~T "l>T C0 .. ~0$10'< 

The circuit shown in Figure L shows a comparator system 
with output on a 4-wire data bus. The system integrates a 
varying analog input and compares the average to preset limits. 
The integration period is easily changed in decade steps from 
100 µsec . to 10 seconds requiring a simple shift right or left on 
the comparator thumbwheel swi tches to retain the same limits. 
The data bus transmits the raw BCD outputs and the com
parator outputs on programmed command. A local warning 
horn is activated through the relay board if limits are tripped 
in a selected integration period. If desired, th"' integration 
period can even be remotely controlled by the processor to re
cord peak and average values . 
Figure M shows a 100 hour capacity count -up timer using a 
Datel model DSC-B200 stopclock . 
Front panel controls start and stop the DSC-8200. Logic con
trols can be wired to stop timing and hold at the preset time or 
clear to zero and stop or to clear and start timing. Note that 
bits BCD BOO IA18) and BCD BOK IA26) are grounded LO 
since the count in those decades doesn ' t exceed 5. 

POWER SUPf'LY 

A" • 115VAC 

D a •5VOC 

- 230VAC 

Of'TIONAL RELAYS 

1 • None 

z1<0·1w1tch1n9••••v1to• 
1000< 115VAC 

Prices 11 -9) 
DDC-8400 Al 

or E 
DLC· J 

DDC-8400 DI 
or 

DLC-

100-HOUR PRECISION TIMER WITH 
1 SECOND RESOLUTION 

$399. AC pwr , no relay output 

$335. +5V pwr. no relay output 
ALL MODELS ARE 
AVAIBLE UNDER GSA 
CONTRACT NO. 
GS-OOS-27959 

OLC · 8400 • A SINGLE · 
CHANNEL, 2·LIMJT , 
3·ZONE COMPARATOR 
WITH ASSIGNED Hf ANO LO 
LIMITS 

z•rO•IWllCh1n9 .~ .... 110< 
230VAC 

Add for type 2 or J Solid State Relays 
Add for type 4 Mechanical Relays 

$120. } Choose only 
$ 75. one type . 
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EL 
Prices include rear PC board connectors. AC models include a 
Oatel model 9115 U .S. J-prong line cord . 
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FEATURES 
"' ±19.999 Volts Isolated 
"' Bipolar Output @ 25mA 

"' 1mV Settability With ± 1 .5mV Con
tinuous Vernier, 100µ V Graduat ions 

"' Accuracy ±1 mV of Setting With 
Low ±20µ V / °C Drift 

"' Miniature Aluminum Case Includes 
Bench-Top Stand or Can Be Pan e l

Mounted 

"' Low Cost $295.00 ( 1 -9) 

GENERAL DESCRIPTION 
A digital voltage calibrator small enough for bench-top use or panel
mounting is available from Datel Systems and fulfills many laboratory 
and portable applications. Datel's model DVC·8500 Calibrator offers 
full 4Y, digit resolution (1mV steps) with a +19.999 Volt bipolar output. 
Up to 25mA output current may be drawn at the +1 mV rated accu
racy. This short-circuit proof output may be continuously varied within 
+1.5mV for precise vernier control. The ±20µV /OC drift specification 
applies over the o0 c to +50°c operating temperature range. 

The DVC-8500 uses easy-to-operate d1g1tal lever switches to set the out· 
put voltage. Front panel banana jacks simplify the connection to cali
bration circuits while rear panel sense feedback inputs insure output 
accuracy. 

0.005% MINIATURE DIGITAL 
VOLTAGE CALIBRATOR 

MODEL DVC-8500 

An overload LED lamp is lit when output loading exceeds 25mA. The 
rear connector accommodates either standard d ual 36-prn gold-plated 
PC board connectors or solder or crimp lugs uS1ng 4-40 hardware. The 
+10V reference is derived from an oven-stabilized zener diode and is 
brought out at the rear connector for voltage-tracking of external 
c1rcu1ts. 

The DVC-8500 IS powered by a choice of 100, 115, or 230 VAC 
+10 %, 47 to 440 Hz at 5 watts typical. The black-anodized extruded 
aluminum housing provides excellent shielding to electrical noise and a 
regulated power supply provides excellent stability and performance. 

SPECIFICATIONS: (Typical between +20°C to +30°C at steady ambient temperature after 5 minute warm-up) 

VOLTAGE OUTPUT 

Output Voltage Range ..... 0 to +19.999 Volts DC or 0 to -19.999 
Volts DC, lever switch selected. 

Output Current Range . ... . 0 to !25mA (source or sink) to rated 
voltage output accuracy. 

Output Overload .. .. . ... . Greater than ± 25mA (source or sink) will 
illuminate front panel LED overload lamp. 
Output is current limited (continuous 
short-circuit proof) to t 70mA (source or 
sink) at any voltage up to ±20VDC. 

Output Impedance: . .. . .. . Less than 10 milliohms. 

PERFORMANCE 
Accuracy @ +250C . . . . .. .. Within ±lmV of setting when calibrated. 

(equivalent to ±0.005% of Full Scale) 
Due to all effects except temperature 
drift . 

Resolution . ... . .. . ... . .. ±lmV increments and ±1.5mV Vernier 
with 100=V graduations. 

Temperature Drift .. ..... Within ±20µV /OC 
Operating Temperature 

Range .. . . . .... .... .. . . ooc to +5ooc 
Output Noise .. .. . .. . .. . . 25µ V p·p, wideband 
Reference Source ... . . . . . . 6.4V oven-stabilized zener diode 

FRONT PANEL 
Output Selector Switches Six lever-operated, detented switches 
Output Vernier . . . . . ... ... Rotary potentiometer, range ±1.5mV of 

MODEL NO. DVC-8500 

AC POWER SUPPLY 

A= 115VAC 
E= 230VAC 
J= 100VAC 

'±10%, 47 to 440H z 

selected output. Graduated in 1 OOµ V 
divisions . 

INPUT/OUTPUT CONNECTIONS 
Front Panel ...... .. . . ... Voltage output and output common avail

able from two (2) gold plated brass deep 
banana jacks. 

POWER SUPPLY 
Power Required ....... . .. Choice of 100, 115. or 230 VAC, ±10% 

47 to 440 Hz, 10 watts. 3-prong U.S. 
captive line cord insta lled . Ground wire 
connected to case,but transformer isolated 
±300VDC from output common. 

MECHANICAL DIMENSIONS 
Case . ... .. ... . ..... . .. . 5.56"W x 2.11"H x 5 .78" 0 (141,2 x 53, 

6 x 146, 8mm) 
Bezel ... . ........ . .. . . . 5.86"W x 2.25" H x 0.50"THK (148,7 

x 57.0 x 12,7 mm) 
Weight . .. . ..... . ....... 2.25 pounds (1 ,0 Kg) 

MOUNTING ... . . . . . ... Choice of bench-top mounting or panel 
mounting through a cutout measuring 
2.16" H x 5.59W (54 ,8 x 142,1 mm) and 
secured by 2 U-Straps. See ordering guide 
for optional panel-mount kit . 

PRICE (1 -9) 
DVC-8500 $295.00 
Panel·Mount1ng Kit $ 10.00 
(Consists of (2) U-Straps, rear PC-board connector, and hardware. 
R ubber feet and ttlt·stand bale supplied for bench-top use are screwed 

to case bottom and must be removed before panel mounting). 
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DIGITAL PANEL PRINTER 

Connect a miniature 
OPP - 7 Thermal 
Printer to your Digital 
Panel Meter. 
The OPP - 7 under
stands a DPM's 
language!! 

Vol 3/228 

Model OPP - 7 
• THERMAL PRINTHEAD 

USES NO INK OR 
HAMMERS 

• PANEL-MOUNTING 
FEATHERWEIGHT (2.3LB.) 

• 6 DIGITS AND SIGN UP 
TO 3 LINES PER SECOND 

• +5VDC OR AC LINE 
POWER 

See inside back cover for DATEL sales offices Electronic Design's 



DPP-7 DIGITAL PANEL PRINTER 
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FEATURES 

• 3 Lines/Second OEM-Reliable Thermal Printer 

• Includes All Electronics for BCD Inputs 
with Input Storage Register 

• 6 Numeric Columns and Sign 

• Selectable Leading Zero Blanking 

• Positive or Negative True TTL/DTL Inputs 

• +5VDC Power (2 .3 lbs.) or AC (4 .2 lbs.) 

• $475.00 Single Quantity 

• Last Line Visible Immediately After Printing 

DESCRIPTION 

Imagine a low cost 7-column panel 
mounting printer just slightly larger than 
most digital panel meters. Imagine this 
lightweight, high-reliability digital panel 
printer installed in your instrument or 
system front panel . And imagine an ink
less, non-impact thermal printing method 
with only two moving parts which will 
last for years. 

This is Datel's miniature 3 line per second 
DPP-7 thermal panel printer. A no-non
sense, simple to apply, OEM-designed 
digital output device that weighs in at only 
2 .3 pounds (1, 1 Kg) . OEM features are de
signed in to the DPP-7 such as selectable 
leading zero blanking, selectable positive 
or negative true coding inputs and choice 
of +5VDC or AC line power. Full parallel 
TTL input BCD electronics are included 
as standard . 

Other OEM design features include a se
lection of printout formats , manual print 
and advance front panel switch, and a 
low-paper switch output . A unique 
mounting technique uses an aluminum 
housing which attaches directly through a 
front panel cutout. This housing perman
ently holds the electronics, although the 
mechancial assembly can be completely 
removed for paper replacement using a 
single front panel thumbscrew. As the 
mechanical assembly is removed, it dis
connects from the internal electronics PC 
board connectors, so that no lethal power 
voltages are exposed during paper reload
ing . However, the external PC board con
nectors at the rear of the case remain con
nected to the internal electronics . 

The housing supports the weight of the 
mechanical assembly and is mounted on a 
front panel through a 4 .50" x 2 .72" cut
out and secured by four screws . Three 
DPP-7 panel printers can conveniently be 
mounted across a 19" x 3-1 /2" high rack 
mount panel. 

OEM pricing makes the DPP-7 ideal for 
instrument products. Comparable impact 
parallel printers with BCD decoding and 
drive electronics usually list for more 
than the DPP-7 . 

Standard 1-%" wide thermographic 
papers are used in handy 150 foot rolls 
giving about 9,000 lines per roll with 
5 lines per inch. The 7-segment digits are 
.155" high with left -of-digit decimal 
points selectable at each digit. Seven col
umn printing formats include sign and 
six digits or 2-channel (ident) digits, sign 
and 4 data digits . Other 7 column decimal 
formats are also available . 

The DPP-7 Digital Panel Printer extends 
back 6.2" from the front surface of the 
mounting panel (8.62" for the AC pow
ered versions). including space allowance 
for the two 30-conductor PC board con
nectors or AC fuses. 

Three universal AC line voltages (100, 
115, and 230 VAC) will power the DPP-7 
Printer as well as +5VDC at 20 watts aver
age (8 Amps peak)_ 

The DPP-7 is ruggedly built, using a sim
ple, but sophisticated mechanical design 
which is optimized for heavy duty OEM 
applications. A proprietary printhead 
character coating allows the head to be 
conservatively rated at 3 million lines. 
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HIGHLIGHTS 

2.3 Lb. Panel-Mounting Featherweight 

At 2.3 pounds (1,1Kg) the DPP-7 DC version is one of the lightest 
panel-mounted recording instruments available. It is directly compatible 
with the size, shape and interfacing of Digital Panel Meters. 

OEM Reliable - only Two Moving Parts 

Instead of the usual assembly of ratchets and gears, the DPP-7 Digital 
Panel Printer needs only two long-life moving parts - a linear solenoid 
and rotary clutch . Two 1 /8" excursions of this solenoid connected to 
the one-direction rotary clutch cause one line advance. There are no 
banging hammers or twirling printwheels to fail and to cost extra in 
assembly. All electronics use low power Schottky TTL logic, assuring 
minimal heat rise and long, service-free life. Components have been 
generously derated and were selected particularly for their OEM reliabil
ity. A full one-year warranty provides fwther assurance of product 
excellence. An absolute minimum of maintenance is needed . Printhead 
cleaning required in other thermal printers can safely be ignored be
cause of the wiping action of the paper. 

Complete with Binary Coded Decimal Inputs and Storage Register 

Datel's Miniature DPP- 7 Printer is complete with BCD electronics. 
Many competitive pr inters don 't include full parallel BCD or if they do, 
it is an expensive additional chasses with bulky cabling and unique 
power requirements. Datel's little DPP-7 printer is ready to use and all 
BCD 1/0 logic (with selectable posit ive or negative true TTL cod ing) is 
built in. A strobed input storage reg ister al lows multiplexing with other 
1/0 devices sharing the same data bus lines . 

+5VDC or AC Line Powered 

Take your pick of power voltages. Use either +5 Volts DC or 100, 115, 
or 230. Volts AC, 47 to 440 Hz. The +5VDC printer offers the smallest 
package, only 6.2 inches (158 mm) deep and only 2.3 pounds (1,1Kg) . 
The +5V version requires a regulated power supply capable of 8 Amps 
peak during print cycles while the AC version can accept a variety of 
universal worldwide power voltages and is slightly longer than the DC 
version. 

Thermal Printhead 

Printing couldn't be simpler. Heat-sensitive thermographic paper is 
positioned under six decimal digits in 7-segment format. Each digit 
consists of conductive thickfilm resistor matrix segments deposited on a 
ceramic substrate. Segment-parallel, digit-serial power pulses are applied 
to each digit for 25 milliseconds. 12 R heating then darkens the paper 
in contact with the heated segments, leaving crisp, black printed digits . 
A proprietary, thermally conductive surface on the thickfilm elements 
has high wear resistance allowing a conservative 3 million line print
head life. Characters are formed along the bottom edge of the print
head so they may be viewed immediately after printing. 

Vol 3/230 See inside back cover for DATEL sales offices Electronic Design's 



SPECIFICATIONS (TYPICAL@ +25°C UNLESS NOTED) EL 
General 

Number of columns: 7 
7-column formats available : 

a) Leading ± sign and 6 decimal digits 
b) 2 leading ident or channel digits, ±sign and 4 data 

digits 

Decimal digit format: 
7-segment 0 to 9 digits .155" (4 mm) high with 10° slant 
and selectable left decimal point. 

Printing method: 
Th ick film thermal print head, black characters on wh ite 
paper (using 3M Type 161 paper) 

Printer paper : 
1.75" wide x 150 feet long, (44,5 mm x 45 m) , 3M-type 
161 thermal paper roll w ith the thermal surface facing 
away from the center of the roll. 

Paper advance: 
Via linear solenoid and one-direction rotary clutch. Paper 
tears off cleanly by lifting against the paper slot top edge. 

Performance 

Max. printing rate: 3 lines per second 
Print and paper advance cycle : 330 milliseconds 

Line spacing : 0.2 inch (5 mm) 
Line density : 5 I in es per inch 
Line capacity per paper roll : approx. 9,000 lines 
Minimum print head life : 3 million lines 
Average print pulse on-time : 25 mSec. (height varied by 

temperature feedback) 

Inputs 

DTL/TTL compatible, selectable positive or negative true, 
level sensitive. TTLLS low power Schottky logic used on all 
inputs. 
Logic Levels: 

+2.0V .::;:; "1".::;:; +5.0V 
OV .::;:; "O".::;:; +0.5V l Note TTL LS 
OV .::;:; .. 1 .. .::;:; +0.5V logic levels 

+2.0V .::;:; "O".::;:; +5.0V 

Positive true : 

Negative true 

Note : Pullup resistors to +5V may be optionally re
moved on all inputs and outputs. 

Data: (24 lines) 
Full parallel BCD (1 -2-4-8), selectable positive or nega
tive true, 1 TTLLS load plus 10 K ohm pullup to +5V. 
May be used with Form A (normally open) or Form B 
(normally closed) switch closure inputs. Level sensitive 
(rise-time non-critical). Data is stored (see timing, pg. 8) 

Change Data Polarity: (Pin C1-B11) 
Selects input polarity of data , decimal points and ±sign 

simultaneously . 
LOW = positive true coding 
HIGH = negative true coding 
6 TTL LS loads, plus 1 K ohm pull up to +5V, level sensi 

tive 

Print and Advance Command: (Pin C1-B14) 
Level sensitive for Form A or Form B contact closure , 

selectable positive or negative true. 
1 TTLLS load plus 10K ohm pullup to +5V . 

Pulse Width: 1 miscrosecond to 200 mSec (data must 
be valid 1 µsec. after leading edge and 500 nSec. 
before the print command). 

Maximum print command rate : 3 per second. 
Paper advance automatically occurs after digit print

ing. Holding print command TRUE longer than 
the busy output is true (200 to 330 mSec, typ) 
causes continuous 3 lines/sec. printing. 

Change Print Polarity : (Pin C1-87) 
HIGH = negative true coding 
LOW = positive true coding 
1 TTLLS load , plus 10K ohm pullup to +5V, level sensi 

tive . 
Leading Zero Suppress: (Pin C1-B4) blanks all leading 

zero's to the left of decimal point except a zero just 
left of the decimal point 

HIGH = Leading O's blanked 
LOW = full print (no suppression) 
2 Low Power TTL loads, plus 10K ohm pullup to +5V, 

level sensitive . 

Minus Sign: (Pin C1-B1) 
Selectable positive or negative true using data level select 

input. 
1 TTLLS load, plus 10K ohm pullup to +5V, level sensi

tive . 

Plus Sign : (Pin C1-A5) 
(Selectable positive or negative true using change data 

polarity input) . (Minus sign must also be printed since 
it is used as the horizontal portion of the plus sign). 

1 TTLLS load, plus 10K ohm pullup to +5V, level sensi -
tive . 

Note: Printing "plus" sign on ly results in vertical portion 
· of plus sign. See above. Usab le as 100% overrange digit 

Blanked Character: 
Created by loading 1-1-1-1 in a given column . Can be 

hard-wired. 

Decimal Points : (6 lines) 
1 TTL LS load, plus 10K ohm pullup to +5V, level sensi 

tive . 
(Selectable positive or negative true using change data 

polarity inputs). 

No-Print Paper Advance : (Pin C1 -A3) 
Ground this line 70±5 mSec to advance one line. Hold 

to ground for continuous advance at 6.7 lines per 
second. 

1 TTLLS load plus 10K ohm pullup to +5V. 

No Print Paper Advance: 
May also be created by loading the ill egal BCD character 

1-1 -1-1 in all decimal location s, and disabling all 
decimal points and ± signs, then initiating a print/ 
advance command. 

Test: (Pin C2-86) 
LOW = ± .8 .8 .8 .8 .8 .8 printout when print /advance 

command is given . 
1 TTLLS load, plus 10K ohm pullup to +5V, level sensi-

tive . 

Change Busy Polarity : (Pin C1-A2) 
HIGH = positive true busy out 
LOW = negative true busy out 
1 TTL LS load, plus 10K ohm pullup to +5V, level sensi 

tive. 
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SPECIFICATIONS Ccontinuedl 

Outputs 

DTL/TTL compatible 

Positive true : 

Negative true : 

OV ~ "O" ~ +0.4V 
+2.4V ~ "1" ~ +5.0V 

+2.4V ~ "O" ~ +5.0V 
OV ~"1" ~+0.4V 

Busy: (Pin C2-B12) (Open collector TTL 7438 with 
1 K ohm pullup to +5V) 
Remains TRUE during print and advance cycle (approxi 

mately 200 to 330 milliseconds). Data inputs may be 
changed 500 nSec. after transition to TRUE. Next 
print command can be enabled when busy goes 
FALSE. Selectable positive or negative true . 10 TTL 
loads . 

Out of Paper : (Pin C2-B4) see dwg. pg_ 10 
Switch opening via mechanical pawl when approx. 
6' (2m) of paper are left on roll. Paper roll visually indi
cates "low paper" within 10 to 15 feet (3 to 4.5m) of 
end of roll using red stripe on roll. Switch is in series 
with PC board contacts which disconnect if printer 
mechanism is not completely seated in case. Open switch 
contacts or print mechanism removed will disable both 
local and remote print command. Pin C2-B4 has an in
ternal 1 K ohm pull up to +5V normally grounded by 
switch before paper is low. 

Front Panel 

LED red power-on lamp 

Paper Quantity Indicator: 
Mechanical pointer which rides on paper roll, indicating 
relative amount of paper left . 

Paper Roll Replacement: 
By sliding out front panel printer assembly . PC board 
interlock automatically disconnects all power to printer 
assembly and power supply with electronics remain with 
housing case. Removal by a single Dzus-type front panel 
thumbscrew. 

Print/Remote/ Advance 
Front panel 3 position toggle switch, stable in center 
position (REMOTE), must be held in top (ADVANCE) 
or bottom (PRINT) positions . 

ADVANCE : 
When switch is held up, the printer continuously ad
vances paper without printing at a 6.7 line per second 
rate . Paper may be manually advanced simply by 
pulling paper out of front opening at any time. 

REMOTE : 
Center position enables all external inputs. 

PRINT : 

When switch is pushed down, printer prints one line 
and stops. After print and advance, external input 
is accepted even if th e switch is held down. 

Temperature Ranges 

Operating: 0 to +40° C (to +50°C at derated speed) 
Storage: -25°C to +85°C (Paper darkens above +60°C) 
Active printhead temperature sensor is employed to 
maintain proper print head temperature at all ambi
ent temperatures and during warmup. 

DAJEL -
Power Supply 

+5 Volt Version~ 
4 Amps average current (20 watts dissipation) at 3 
lines/sec. max . printing rate . ( 10 Watts, typ in stand
by) 

Segment-parallel, character-serial printing requires 
+5V @ 8 Amps peak, duty cycle is 10 to 90% during 
print and advance period .• 

Separate PC board connection available to supply 
"clean" (±2% @ .3 Amp) 5 volts to logic section . 
Logic spikes must be held to 50mV max. pk-pk. 
Unregulated +5V (±10%) connected through 1/4" 
spade terminal connector, 16 gauge wire or larger not 
to exceed ten feet (3 meters) . 
Fuse: 
7 Amp SLO-BLO, 1/4" x 1-1/4" 
*8 Amp current pulses on and off during print and 
advance cycle from 10 to 90"/o duty cycle (depends 
on character printed, leading zeros, etc.). 8 Amp, 
5 to 20 msec. pulses occur several times per second in 
standby. 
Power consumption varies with print rate, leading 
zeroes, digits printed , signs and decimal points. 

Power Supply 
AC Version : 
105-125 VAC,47-440Hz@ 40 watts max (10 watts, 
typ standby) 
Optional : 
205-240 VAC , 47-440Hz@ 40 watts max (10 watts, 
typ standby) 
Optional: 
90-110 VAC, 47-440Hz@ 40 watts max (10 watts, 
typ standby) 

AC Fuse : 1/4" x 1-1/4" Buss MDL or equivalent 1/2 
A, SLO-BLO , 115VAC, 1/4A, SLO-BLO, 230 VAC. 

Note : Case is isolated from 5V ground and AC line. A separate 
spade terminal is included to ground case. 
+5V, 200mA max. logic power out available with AC 
version . 

Connectors 
Data and Controls: (and optional logic +5V) 
(2)30-conductor ( 15 per side) . 

Double-sided PC board connectors. 
0 .1" centers, Viking #3VH 15/1JN-5 or equivalent 

, 2 included with printer) . 
+5V Power 
(2) 1/ 4" spade terminal connectors, included. 

AC Power 
(1) Double 1 /4" spade terminal connector. Mates to a 

9115 AC line cord (included). 

Weight (with housing and full paper roll) 
5 Volt Version : 2.3 lbs. (1,1Kg) 
AC Version : 4.2 lbs. (1,9Kg) 

Dimensions (Uses # 4 hardware) 
Front panel mounting cutout: 
4.50" WIDE x 2.72" HIGH (115 mm x 69 mm) 

Front panel Bezel dimensions: 
5.25" WIDE x 2.82" HIGH (134 mm x 72 mm) 

Depth behind front surface of mounting panel includ
ing clearance for rear PC connectors and fuses: 

5V Version : 
AC Version : 

6.2" ( 158 mm) 
8.7" (221 mm) 
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APPLICATIONS 

An ideal use for the DPP-7 is to record analog values from a 
BCD output A / D converter or Digital Panel Meter. A simple 
external clock circuit or an A /D converter with an adjust
able conversion rate can be used to form a printing data 
logger. With the add it ion of Datel's digital time-of-day 
clock and data acqu isition module, a complete multi-chan
nel logging system can be made. See page 11 . 

Most scientific and analytical instruments with digital inter
fac ing capability will have full parallel BCD outputs which 
can be directly connected to the DPP-7. 

Use the DPP-7 with Datel 's autoranging DM -2000AR Digi
tal Panel Meter to create an analog sampling system with 
3-Yi digit resolut ion over 3 decades from 200mV to 20V 
full scale . See page 11 . 

Using the DPP-7 pr inter with a DPM wi ll allow faster sam
pling than taking readings by hand or by visual sampling of 
the DPM readout. Longer-term variations and drifts are 
more easily viewed when the printer and DPM work hand
in -hand . 

PRINTER BLOCK DIAGRAM 
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PRINT TIMING 
AND 

DATA LOCKOUT CONTROL 
SUPPRESS 
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CIRCUIT 
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INPUT 

BCD 1 
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VERT SIGN 
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ADVANCE PAPER 
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7 SEGMENT 
DECODE 
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COL. 6 
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COL. 7 

SEG ;i 

SEG b 

SEG. c 
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TRANSFORMER POWER 
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{AC VERSION) 

l_ _________ _2 

SO LENOID 
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HEAD 

EDP 
SWITCH 

± SIGN WIRING 

POS. TRUE 

COOING 

TWO LINE 

.. , .. SIGN 
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SIGN 
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This printout may be used as 
a 100% overrange leading "1' d1g1 t 
if the sign is not used 

PRINT- Cl 
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- - LO 
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I 

I HI 
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Bl 
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NO CONNECTION. 
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POS. TRUE 

CODING 

ONE LINE 

.. , .. 
SIGN 

SIGN 
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PRINT- Cl 
OUT A5 

I 
HI 

I 

-- LO 

Use the coding schemes above since the vertical and 
horizontal portions of the sign are separate inputs. 
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PAPER LOADING 

1. Shut off all power to the printer if 
the printer uses a separate power 
switch. 

2. Slide out the printer mechanism by 
first loosening the front panel thumb
screw counterclockwise until it stops. 
Pull the thumbscrew firmly straight 
out and the front panel/printer as
sembly will slide out all the way. 
Some force may be needed to release 
the internal PC connection. 

over the pad and under the printhead 
ribbon cable (see photo) until paper 
appears at front panel slot. Be sure 
the paper is threaded from the rear 
and passes over the roll. Paper shou Id 
be cut straight across for easy inser
tion. Only the outside paper surface 
is treated for printing. 

7. Pull paper through front panel slot, 
close the paper loading door and slide 
the printer mechanism back into the 
housing. Press the front panel printer 
assembly firmly into the housing as 
far as it will go. This will seat the 
internal PC board connection. 

3. Raise the paper loading door by 
pulling forward until it stops. This 
automatically lifts the thermal print· 
head from the paper drive roller (see 
photo). Remove any paper from a 8. 
previous roll. 

Rotate the thumbscrew clockwise un· 
til it stops and turn on power. Paper 
may be manually advanced simply by 
pulling out of the front slot. 4. Pull the remaining paper backward 

out from under the printhead. Grasp 
both ends of the paper roll axle with 
fingertips and pull straight up out of 
the printer assembly. The axle will 
slide past the circular axle retaining 
spring as shown in the photo. 

lnsening n- roll 

5. Slide the paper roll axle out of the 
used paper roll and reinsert the axle 
in a new roll. Do not discard axle I II 
The paper roll is Datel part number 
9101 supplied only in boxes of ten 
rolls. Orderboxnumber9114($19.95). 
Spare axles are Datel part number 
9062, $5 each. 

6. Slide the new roll and the axle past 
the retaining spring and insert the paper 

Reloading summary: 

1. Loosen thumbscrew, pull out mech· 
an ism. 

2. Lift paper loading door. 

3. Lift out used roll and reinsert axle in 
new roll. 

4. Press new roll and axle into axle slot 
past circular spring. 

5. Thread paper over top of roll and 
under printhead out through front 
panel slot. Close door . 

6 . Push mechanism back into housing 
and retighten thumbscrew. 

ORDERING GUIDE & PRINT FORMATS 

Datel's products are available both direct and through GSA. 
If you are connected with a military or federal agency or 
receive federal funds, you may be entitled to purchase 
Datel's Digital Panel Printers and other products through 

the General Services Administration to expedite requisition 
ing and order processing. Datel's printer is covered under 
FSC Group 66-17, Part II, GSA Contract No. GS-OOS-
27959. Contact Datel for assistance. 

Model 9114, Box of 10 paper rolls 

MODEL NUMBER 

~~~.c::==D=:::;PP_-_7~~,..._~;::::=========:::::::i1__~~~~ 
Power 
D = +5VDC 
A=115VAC 
J = 100VAC 
E =230VAC 
Y = +12VDC 
Z = +28VDC 
B =Dual 

115/230 
VAC (add 
$15) 

'-------~ 

Prices (1-9) (includes 2 
connectors, a roll of 
paper, and a 9115 
line cord if an AC 
version). 

Print Format 

1 = ±.9.9.9.9.9.9 
2 = .9.9±.9.9.9.9 
3 = .9 ± .9.9.9.9.9 
4 = .9.9.9 .9 .9 .9 
5 = .9.9 .9.9 .9.9 
6 = .9.9.9.9.9 .9 
(Note: .9.9 .9.9.9.9 printout 
format can be derived from 
type 2 format by hard-wiring 
a blanked sign) 

DPP-7 

Model 9114, Box 
of 10 paper rolls, 
150 ft. per roll 

$475.00 

$ 19 .95 

CONTACT DATEL FOR OPTIONAL HEXADECIMAL PRINTOUT 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX : 924461 

Data Loggers 
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1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 16 17) 828-8000 
TWX : 710-348-0135 TELEX : 924461 

LOW POWER 
CASSETTE DATA ACQUISITION 

AND LOGGING SYSTEM 

0 MODEL LPS-16 DATALOGGER 

FEATURES 
II> Sixteen Channel Analog Input 
II> Digital Input for Timing Information 
II> 12 Bit A/D Resolution 
II> 12VDC Battery Operated 
II> 900 Milliwatts Maximum Power Con-

sumption 

II> C/MOS Logic Throughout 
II> True Incremental Recording 
II> Certified Phillips Cassette 
II> 2.2 Million Bit Capacity 
11> Total Weight 2 Lbs. 
II> Cassette Reader for Computer Entry 

CjYSTE M FORMATTER ELECTRONICS 

WR ITER STEP ELECTRONICS 

TRANSPORT~ 
""' 

SYSTEM 1/0 CONTROLS PROVIDE TOTAL SYSTEM FLEXIBILITY 

+nvoc 
r----------- ------------------ -------------------------------1 
1 
I 
I 
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ELECTRONICS 
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5 
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OIGITAL RECORDER 

STORAGE CAPACITY 
2.W0.000 BITS 

See inside back cover for DATEL sales offices 
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INTRODUCTION 

Date! Systems announces a new approach to the D ata Log

ging system, a complete Data Logging system in a Module , 

occupying only 134 cubic inches weighing less than 2 lbs. 
and operating from a single 12VDC source requiring on ly 

900 milliwatts when recording and microwatts during 

standby. 

Through the use of C/MOS electronics and a unique incre

menta l digital casset t e recorder, Date! Systems has signifi 

cantly reduced th e size, power drain and cost over com peti

tive systems. 

In incremental recording, the cassette tape moves only 

when information is presented. This conse rves power in 

portable operation, and no tape is wasted because data is 

uniformly recorded in precise tape increments. Further, the 

length of time a cassette can be left unattended can be 

accurately predi cted from the data rate, the number of bits, 

and the tape length. 

Applications include oceanography, poll ution monitoring, 

meteo rology , seismology, or other remote data logging 

requirements. It is also ideal for other sc ientific and tech

nica l data acquisition uses both in the laboratory and in the 

field . 

A cassette reader is available which allows the user to tran

scribe the digital data on the cassette to computer compati

ble media . These readers may be interfaced to produce I BM 

1/ 2" tape o r to t eletype, data terminal s, acoustic coupler, 

or directly into a digital computer. 

ANALOG INPUTS 
UP TO 16 
VOLTAGES 

CHANNEL SELECT······· 

CONVERT /COMMAND ,,, 

DIGITAL INPUT 
ONE CHANNEL 
16 B1T BYTES 

MULTIPLEXER 
AND 

A· TO· D 
CONVERTER 

GENERAL DESCRIPTION 

The LPS -16 Data Logging System is a complete package for 

recording multi -channel analog data and single channel 

digital data. It fea tures low power consumption and com

pactness making it especi ally suitable for remote data log

ging app lica tions in unattended areas over long time 

period s. It will accommodate up to 16 channels of ana log 

input and any number of 16 bit bytes of digital data in 

seria l form. Th e ana log data inputs can be seq uentia lly or 

randomly multiplexed, converted into digital form, for

matted and stored on a standard Phillips cassette. Approxi

mately 120,000 sam ples of data along with identifying 

channel number can be stored on one cassette. 

A functional Block Diagram of the system is shown below. 

The inputs required are up to 16 ana log voltages, one digital 

input channel, control logic signals and power. The system 

can be convenient ly divided into two su bsystems ; analog 

multiplexing and digitizing is one, and the digital record ing 

is the other. 

System LPS -16 utili zes C/MOS type logic throughout , thus 

neg ligable stand-by power is consumed. Only during the 

actual A / D conversion and storage on tape is any appreci

able current consu med. Th erefore, system LPS -16 may be 

operated for long periods on battery with low average 

power. 

Cassette tapes prepared in the system may be read with the 

Date! Systems LPR -16 Reader system which prov ides a 16 

bi t parallel output of the data on tape at a rate of about 90 
sixteen bit words per second. Each word consists of a 12 bit 

A / D value plus 4 bit channel address. This LPR -16 reader 

recognizes and stops on record gaps for conveni ent com

puter interface. 

SYSTEM 
FORMATTER 

16 BITS 
DATA 
AND 

CHANNEL 

CASSETTE 
RECORDER 

SYSTEM 

0 c::::::J 0 

PHILLIPS CASSETTE 
CONTAINING UP 
TO 120.000 
16 BIT WORDS 

FI G: 1, DATA-LOGGER SYSTEM 
FUNCTIONAL BLOCK DIAGRAM 

SYSTEM-LPS-16 
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LPS-16 SYSTEM SPECIFICATIONS 

DATA ACQUISITION SECTION 

ANALOG INPUTS 
NUMBER OF ANALOG INPUTS 16 

INPUT CHANNEL CONFIGURATION Single ended 

INPUT VOLTAGE RANGES OV to-5VFS or :t5VFS, 0 to +5VFS 

CHANNEL INPUT IMPEDANCE 100 MegOhms " ON" or "OFF " 

NOTE : When the 12V DC system power is turned off each channel 
has an !!!E_ut im_E!!dance of 10K Ohms 

CHANNEL INPUT OVERLOAD ±10v (max.I 

CHANNEL MODE OF OPERATION Random or SE!_quential 

CHANNEL INPUT ACQUISITION TIME 100 µsec - includes input settling time 

SYSTEM PERFORMANCE: 
SYSTEM APERTURE TIME 50 nsec 

SYSTEM ACCURACY ±0.025% of FS ±1/2LSB 

SYSTEM LINEARITY ±1/2LSB 

A/D RESOLUTION 8 12 Bina!'!'._ Bits 

SYSTEM TEMPERATURE COEFFICIENT ±o.o04%/0 c 
SYSTEM THROUGHPUT RATE 200 msec per 16 bit word 

( 12 bit A/D plus 4 bit channel address) 

INPUT CHANNEL SCAN RATE Up to 5 per second 

AID DIGITAL OUTPUT CODING Straight Binary - Unipolar Input 
Offset Binary or 2's complement - Bipolar Input 

CASSETTE TAPE STORAGE METHOD Two channel NRZI : Track #1 - Data, Track #2 - Data (complement) 

CASSETTE TAPE FORMAT (2) 16 bit words ( 12 A/D bits plus 4 bits for channel address) 

CASSETTE TAPE RECORD GAP Two bit gap separates each 16 bit word 

CASSETTE TAPE END-OF-FILE GAP (3) Twelve bit file gap every 64th word, or per order. See guide. 

SYSTEM CONTROL INPUTS ( 1 l 
RANDOM ADDRESS INPUTS Selects analog channel 

Four lines 8-4-2-l·n~tive true l~c 

RANDOM/SEQUENTIAL INPUT Selects multiplexer mode 
One line - logic zero selects random mode 

DEVICE SELECT INPUT Controls all input command lines 
One line - negative true logic 

CONVERT INPUT Initiates A/ D conversion 
One line - negative true logic 

MULTIPLEXER RESET Resets multiplexer to channel one 
One line - negative true logic 

STROBE INPUT Strobes all input lines and internally stores them 
One l i ne - negative true logic 

AUXILIARY SERIAL DATA IN Permits cassette recording of EXT. serial data in 16 bit bytes - One line 

DATA SELECT INPUT Permits recording of either A / D output or EXT. serial digital date 
One line - Logic one selects A/D output 

START TWO IN Initiates recording of external serial data 
One line - Triggers on negative going transition 

STATUS Positive during a recording cycle 
One line - positive true logic 

LOAD FORWARD Advances cassette tape off leader to recording position 
One I ine - negation true logic 

SYSTEM CONTROL OUTPUTS ( 1) 
FRAME SYNC OUTPUT Identifies channel one 

One Ii ne - positive true logic 

A/D BUSY OUTPUT Identifies A/D conversion in process 
One line - positive true logic (during conv.I 

WRITE CLOCK OUTPUT When gated with file gap output, it provides shift signals 
for auxiliary data input 
One I ine - positive true logic 

FILE GAP OUTPUT When gated with write clock output, it provides shift signals 
for auxiliary data input 
One line - positive true logic 

POWER ON RESET OUTPUT Generates negative going pulse when system power is turned on 
One line - negative true logic 

NOTES: ( 11 A ll input/output control signals are at standard C/MOS logic levels, Logic zero - OV to +3V, L.ogic one - +9V to +12V 
(2) Jumper connecti ons can be made on the formatter card allowing selection of either 12 or 16 bit weirds. For 

example an 8 bit A/D converter with 16 analog chan nels would require only a 12 bit word length . 
(3) Jumper connections can be made on the formatter card allowing for file gaps every 1, 2. 4, 8, 16, 32, or 64 words. 
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LPS-16 SYSTEM SPECIFICATIONS Ccontinuedl 

RECORDER CHARACTERISTICS 
STORAGE MEDIA Standard Phillips certified data cassette 300 foot length 
STORAGE METHOD 2 channel NAZI 

NUMBER OF TRACKS TWO: Data on track one 
'l5iiiii complement on track two 

TAPE FORMAT 16 bit words 
( 12 A/D data bits and 4 channel address bits) 

RECORD GAP Two st~record_i~E._for every 16 bit word 

FILE GAP Twelve bit file gap every 64th word, or per order. See guide. 

TAPE STORAGE CAPACITY 120,000 sixteen bit words including gaps and load forward 

WRITE SPEED 90 steps per second 
5 sixteen bit words per second (max.) 

D..A.TAINPUl'"L_OUTPUT Serial NAZI or parallel 16-bit thru the A/D Converter connector 

PLAY-BACK SPEED See Datel's LPR-16 Reader 

MOTOR Single 1.5° angle stepper coupled to take-up 
reel ~slip clutch mechanism 

MOTOR STEP ANGLE 1.5° 

ANGULAR ACCURACY ±8 min. of arc non-accumulative 

TAPE MOTION CONTROL Single capstan pinch roller drive 
Head engages mechanically during write time 

TAPE TENSION 0.4 oz. inches 

ERROR RATE 1 bit in 107 

TYPE OF CASSETTE LOADING Front 

RECORDING HEAD Dual channel single gap 
H~_g_uall.!Y_d~tal ~ 

OPERATING MODE Write only_ 

PHYSICAL ENVIRONMENTAL SPECIFICATIONS 

INPUT POWER REQUIREMENTS + 12VDC ±8% 
BOma when recording (960 mw) 
10µa during standby (120µw) 
NOTE: Includes tape transport plus all electronics 

OPERATING TEMPERATURE RANGE -1 o0 c to +6o0 c 
STORAGE TEMPERATURE RANGE -35°C to + 7o0 c 
RELATIVE HUMIDITY 10% to 95% w/o condensation 

SHOCK & VIBRATION 1.0G@ 0-50 cps, all 3 axes 

PHYSICAL SIZE W/ELECTRONICS 4" high x 4 1 / 2" wide x 7 1 /2" deep 
_{includes electronics) (6 1/ 2" deep behind panel) 

ELECTRONICS Contained on four plug-in PC cards mounted on a removeable 
PC mother board 

WEIGHT 2 lbs. includes recorder and electronics 

1/0 MATING CONNECTORS Cinch-part 11251-22-30-160 - (1/0 Command Signals) 
Elco-part 1100-8218-24-722-005-( 16 channel analog 
inputs, located on top rear of mux/S&H card) 

NOTES: 1) The LPS-16 data logger is shipped completely assembled and ready to operate. It is only necessary to connect the 
analog input signals, control signals, and 12 VDC power source plus inserting a cassette to begin recording . 

2) An extremely important factor in the reliability of the LPS-16 data logging system is the cassette itself . Only a 
properly certified tape cassette should be used . The mechanical tolerances of the cassette cartridge and tape 
tension are also significant factors in the reliab ility of operation of the LPS-16 system. The preffered tape cassette 
is Datel Systems Type 12123-1 

ORDERING INFORMATION FOR EXAMPLE: 
LPS-16-

_L_ """C. L::. 

NUMBER OF BITS & CODING A/D OUTPUT FORMAT FILE LENGTH 
BB = B BINARY BITS A= STRAIGHT BINARY, 00 =NONE 

108 = 10 BINARY BITS UNIPOLAR INPUT 01 = 1 WORD 
12B = 12 BINARY BITS B= OFFSET BINARY, 02 = 2WORDS 

LPS-16· 128 4 B 32 

T T T T 12 Binary Offset 
Bits Binary 

±sv 32 Words Conventional 

MODEL PRICEJ.1·!!1_ 
BIPOLAR INPUT 04 =4WORDS 

l C= 2's COMPLEMENT, 08 =S WORDS 

FULL SCALE ANALOG INPUT BIPOLAR INPUT 16 = 16WORDS 
32 = 32WORDS 

Connectors are LPS · 16 · 88 $1195 . 
included with LPS - 16 -108 $1245 . 

1 = OV to -5V 64 = 64 WORDS 
2 = ± 5V, inverted analog EX= EXTERNALLY 
3 = 0 to+ 5V CONTROLLED 

each unit. LPS · 16 . 128 $1295 . 

TAPE CASSETTE MODEL 12123-1 $ 9.95 
4 = ± 5V , conventional FILE LENGTH PRERECORDED CASSETTE MODEL TC-1R $35.00 

GSA Contracted: Datel's products are available both direct and through the General Services Administration (GSA). If you are connected with a 
military or federal agency or receive federal funds, you may be entitled to purchase Datel's data loggers and other products through GSA to expedite 
requisitioning and order processing. Datel's data loggers are oovered under FSC Group 66-56, Part II, Section K, Contract GS-OOS-29002 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX: 924461 

FEATURES 

II> Digital Tape Cassette Reader for 
the 16-channel battery-powered 
LPS-16 Data Logger 

II> Full parallel interface to mini
computer or mainframe processor 

II> Teletypewriter/RS-232-C serial 1/0 
interface 

II> Selectable 1/0 loading and logic 
coding for complete data buss com
patibility 

II> Complete "handshaking" computer 
controls and flags for "on-line" 
external control 

.,. Tape-to-Tape Interface for 'h" 7/9 
track tape transports 

II> ,Open collector parallel interface 
can be multiplexed with other 1/0 
devices sharing common data bus 

o~o 

a a 

LPR-16 
TAPE 

TRANSPORT 

AC 
POWER 

POWER 
SUPPLY 

PRE· 
RECORDED 
CASSETTE 

READ AMPLIFIER 
& MOTOR 

CONTROL BOARD 

lfU1JlJL 

MOTHER 

BOARD 

BLOCK DIAGRAM 

CASSEm TAPE READER/INTERFACE 
FOR MODEL LPS-16 DATALOGGER 

LPR-16 CASSETTE READER , 

FULL PARALLEL 
TTL COMPUTER 
INPUT/OUTPUT 

16 BIT SER IAL 
TO PARALLEL 
FORMATTER & 

INTERFACE BOARD 

SERIAL ASCII 
HEXADECIMAL 
INPUT/OUTPUT 

ISOLATED TTY/ RS-232-C 
INTERFACE BOARD 

AND FLOATING 
POWER SUPPLY 

FRONT PANEL 
CONTROLS & 

INDICATORS BOARD 

a a a 

GENERAL DESCRIPTION 

The LPS-16 Data Logger tape cas
settes, containing up to 16 channels of 
ana log data can be fed directly into 
a minicomputer or mainframe 
processor using the LPR -16 Cassette 
Reader. The LPR -16 will also simul 
taneously connect directly to a tele
typewriter or RS-232C 1/ 0 device. The 
LPR-16 has two side-by-side interface 
card slots with identical pinout so that 
two interfaces can be simu ltaneously 
connected. 

A special feature of the LPR -16 is 
selectable positive or negative true 
coding of the TTL outpu ts and a 
variety of input/ output loading for full 
compatibility with an external mini
computer data bus. 
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"c\111 -L LPR-16 CASSETTE TAPE RE ADER SP ECIFICATIONS (Typical @+25°C unless otherwise noted ) 
__. - For Full Parallel TTL Computer Interface. 

GENERAL 
Function 
Media .... 

Number of Tracks . 

Tape Motion . 

Tape Speed 
Reading Format . 
Reading Density . 
Bit Rate .. 

Bit Capacity 

Word Length . 

Record , Word or 
lntercharacter Gap 

File gap .. 

Words per File .. . 
Power Required ..... . 

Read Only 

Standard Phillips-type certified digital 

tape cassette 
Two 

One direction , capstan stepper motor 

drive 
. 2 .75 inches per second 

Complementary NRZI 

615 bits per inch 

1700 bits per second 

2 .2 million bits per cassette (including 

all gaps) 

8 , 12 or 16 bits 

2 bits 

16 bits 
Any (Stan dard is 64 words per file ) 

100, 115 or 230 VAC, 47 to 63 Hz, 

60 Watts max. 

LOGIC INPUT CHARACTERISTICS (Computer Interface) 
Logic Levels .. .. .... TTL Compatible 

"O" z (LO I = 0 to +0.8 volts 

"1" =(HI I= +2.0V to +5 .0 volts 
Input Load ing . ... _ .... Optional one TTL load , or 1 TTL 

load with 1 Kl! pullup to +5V, or 

1 TTL load with 330!1 pullup to +5V 
and 470!1 pull down to ground . 

LOGIC INPUTS (Computer Interface) 

Start Input . 

Start Input . . . . . 

OUTPUT LEVEL 

CONTROL INPUTS 

1 2 

1 1 

1 0 

0 1 

0 0 

1 line. positive true 

. . 1 line, negative true 

OUTPUT 

CODING 

POS. TRUE 

NEG . TRUE 

Jammed LO 

ONE 'S* 

The outp ut Level 

Control Inputs control 
the coding of most 

outputs as shown in 

the chart - see the 
listing of outputs. 

LOGIC OUTPUT CHARACTERISTICS (Comput er Interface) 

*With both Output 

Level Control Inpu ts at 
zero. most outputs wh ose coding 1s cont rolled by these inputs 

Lo gic L evels 

Output Loading 

Output Coding 

TTL compatibl e 

"' O" = I LOI = 0 to +0. 4 Volts 

"' 1" =( HI) = +2.4V to +5.0 Volts 

Optional Open Collector 

7406 TTL He x driver or with 1 Kn 
pullup to +5V 

or wit h 330 i! pullup to +5 V and 470!! 

pulldown to ground 
Selecta ble positive or negative true 

coding using L evel Control Inputs . 

will have cutoff open co ll ecto rs. In this sta te , ex tern al open 

coll ector devices sharing the same data buss lines as th e LPR -16 
may be multiplexed onto th ese lines. 

CONTROLS AND INDICATORS 

Power On/ Off (Pushbutton 

Switch) . . . . . . . . . . . Turns power on and off. Illuminates 

when power is on . 

EQT/BOT (LED indicator). Illuminates when on clear leader 

Load Forward (Pushbutton 
beginning of tape or at clear end of tap e. 

Switch) ..... . 
LOGIC OUTPUTS (Computer Interface) 

Depressed to cause tape to load 

forward from clear leader to oxide 

portion of tape . (EQT/BOT lamp 
will extinguish over oxide). 

(All outputs are selectable as p osi tive or negative true unl ess 

oth erwise noted .) 

Dat a Form at .. . 

Word Sync Output .. 

End of File (EOF) Output 

Rewind Status Output 

Busy Status Output . 

Load Forward Status 

Output 

Cassette-in -Place Status 

Output 

Head Down Status Output . 

EQT /BOT Status Output . 

Shilt Clock Output 

Tape Clock Output 

Serial Data Output 

ORDERING GUIDE 

LPR 16 __ 

1
~-

INTERFACE OPTIONS 

1 - Fult Parallel TTL Com
puter Interface 

2 '"' Tel e tvpewriter / R S-232C 
serial Interface 

3 = Options 1 and 2 
4 " Incremental Y,'' 7 19 Tra ck 

Tape Interface 
5 "' Options l and 4 

POWER SUPPLY 

A : l 15 VAC " 
E• 230 VAC
J • 100 VAC 
•47 to 63 Hz 

GOLD BOOK 76/77 

16 l ines : Normall y 12 A / D lines and 4 

address lines. However a 16 b it digital 
word can a lso be used. 

1 line 

1 line , normal ly flags every 64 words. 

1 line 

1 line 

1 line 

1 line 

1 line 

1 line 

1 line , positive pulse 

1 line, positive pulse 

1 line, positive tru e, NAZI coding 

Rewind (Pushbutton switch). Depressed to cause tape to rewind to 

the beginning of tape clear leader . 
Busy ( LED Indica tor) . . . . Illuminates when the tape is in motion . 

Rewind (LED Indicator) . . Illuminates while tape is rewinding. 

Run /Standby (Toggle Switch) When in " RUN", tape will contin-

uously read . When in '"STANDBY" 

tape will read one file each time the 

START switch is depressed. 
Start (Pushbutton Switch). When in standby mode, this switch will 

cause one file to be read each time it is 
depressed. 

Size .... . ......... . 19"W x 5.25 " H x 19"D (16.25" 

chassis width) 

Connector Type . . . . • . . Dual 25/pin PC Brd type, 0.1" Cen · 

ters , Vik ing 3VH25/1JN-5 (1 in
cluded with unit) 

PRICES !Single Quantity) 

LPR -16-1 Full Parallel Interface . $ 1695 LPR -16-3 Interfaces 1and2 $2095 

LPR -16-2 TTY / RS-232-C Interface . $1995 LPR -16-4 Incremental y," Tape Interface . $ 1995 

LPR -16·5 Interfaces 1 and 4 ....... $2095 

INPUT LOADING 

0 Parallel In terface not 
supplied 
1 TTL load 

2 "' 1K H pullup to .. sv 
3 "' 3301Z pullup to +SV and 

4 70H pulldown 10 gnd. 
( Input loadin g applies to 
parallel interface only ). 

OUTPUT LOADING 

O" Parallel Interface not supplied 
l c Qpen collector 7406 
2 • 1K n pullup to •SV 

BAUD RATE 
!For Serial In terface Only 

A ,, 75 F ., 1200 

B "' 110 G • 2 400 
C z 1 SQ H z 48QQ 
0 "" 300 J • 9600 
E ,,. 600 X - Serial Interface 

not suppl!ed 
(Programmed via PC 1umpers) 

3 =330 n pullup to +SV and 4 70 n pul ldown to gnd. 

(Output loading applies to parallel interface only) 
t5Volts must b e supplied from the eJtternal d evic e. 

SERIAL INTERFACE TYPE 
(For Serial Interface only I 

R = RS -232-C 
T "' Teletypewr tter 
(This selec ts an in ter nal jumper w h ich floats the TTY 
power suppty ) 

B : Both TT Y and R S ·232-C Inter faces, Power supply 
will be grounded for both ver sions. 

X =Serial Interface not supplied 

NUMBER OF A / 0 WORDS PER FILE 
( For Serial Interface only ) 

01 .. , 16 "' 16 
0 2 • 2 32 .. 32 
04 .. 4 64 : 6 4 
08 • 8 99 • Serial Interface not supplied 

(Programmed by PC jumpers) 
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Data Logger 2 : A New Instrument for Field Data Logging 

Scientists and industrial researchers have long 
required a battery-powered, portable multi 
channel analog recording system for long term 
unattended data logging of slowly varying signals . 
The power and long-term requirements have been 
particularly difficult to achieve in a portable 
commercial instrument. Many app lications in 
meteorology, pollution monitoring, ocean
ography, biomedicine, geophysics and natural 
resource exploration require an instrument which 
can literally be left in .the field to run on its own 
batteries, recording slowly changing data un
attended for up to a year . 

SYSTEM DESCRIPTION 
Datel System's new Data Logger 2 provides the 
missing link needed for a remote ana log recorder 
with an output system compatible with most 
computer systems. Using this system, up to 64 
analog inputs derived from physical variables can 
be displayed or printed out on a computer with 
the date and time of each measurement . Up to 
120,000 separate measurements or samples can 
be recorded using a sing le digital magnetic tape 
cassette. By using a suitable computer program, 
each input can be displayed - identifying the 
physical quantity being measured - and properly 
offset and scaled to the correct engineering units. 

In this way the Data .Logger 2 system and 
computer will print out the day, hours, minutes 
and seconds, and then the actual measurement 
(i.e . temperature in degrees F , wind speed in 
miles per hour, etc .) . Connected to a set of 
sensors. the sealed Data Logger 2 makes an ideal 
weather station, geophysical monitor, or ocean 
ographic buoy data acquisition and recording 
system. 

The complete Data Logger 2 system consists of 
three separate instruments : the Data Logger, the 
Tester. and the Beader / lnterface. The Logger is 
the data acquisition and write-only digital cas
sette recording system . It runs from its own 
internal battery and makes scans of up to 64 
channels at preselected intervals from 1 second to 
30 hours. The Logger is housed in a rugged 
weatherproof metal case and weighs 20 pounds 
(9, 1 Kg) . Analog inputs are connected through 
sealed 1/ 0 connectors on the case . A typical data 
recording system consists of o ne Tester, one 
Reader/Interface, and several Loggers deployed 
for data collection at different locations. The 
tester is taken to the field to test and calibrate 
each Logger during set-up ; completed digital 
cassettes are taken back to the laboratory for 
playback on the Reader/Interface. 

DATA LOGGER 2 TESTER 

The Tester is used to calibrate the Logger and to 
test all its functions before it is committed to 
long-term unattended recording . The tester 
checks all controls of the Logger. the battery 
status (voltage and current), Logger power drain , 
and tape heads. Simulated data generated on the 
l'ester can be recorded on the Logger . The Tester 
will also display actual data or the sim ulated data 
on the Tester's LED readouts . In addition the 
Tester performs a complete self -check of all its 
own switches. displays. and batteries . The Tester 
is housed in a portable weatherproof case 
identical to that of the Logger . 

READER/INTERFACE AND 
INTERFACE OPTIONS 

The Reader/Interface for the Data Logger 2 
system is a complete computer front end for 
playing ba c k the digital cassettes recorded on the 
Logger . The Reader can be operated from front 
panel contro ls or can be remo tely controlled 

KEY SPECS: DATA LOGGER 2 

No. Channels Up to 64 

Analog Inputs , 0 to +5V or -5V to +5V 
HI Level (Single Ended) 

Analog Inputs. 0 to +10mV or -5mV to 
LO Level +5mV 

(Differential) 

Input 100 Megohms 
Impedance 

Common Mode ±sv 
Voltage 
Range 

Common Mode 110dB 
Rejection 

Resolution 12 Bits. Hi Level 
8 Bits. Lo Level 

Accuracy, .04%FS ± 1 /2 LSB 
HI Level 

Temperature ±12 ppm/° C 
Coefficient 

Data Capacity 120,000 samples/300' 
Cassette 

(2000 6 4 Channel 
Scans) 

Scan Intervals 1 Second to 30 hours 

Throughput 5 samp les/second 
Rate 

Power 12VDC (5 Lithium 
Requirement D-Cells) 

(100mA Recording, 
1 mA standby) 

Operating -20° C to +70° C 
Temperature 
Range 

Weight 20 lbs. (9, 1 Kg) 
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Data Logger 2 Reader 

on-line by a minicomputer. mainframe processor 
or other 1/0 device. Front panel displays al low 
the opera t or to manually step through a record
ing to find a sample on a particular date and 
time. Front panel binary and decimal LED 's will 
display this date and time in add1t1on to the raw 
binary data for that sample on a selected channel. 

By suitab le computer programming a.1 automatic 
search for a particular sample ca n be conducted. 

The Reader is available with one of three 
interface types. A full parallel interface provides 
buffered TTL binary data at rates up to 100 
samples per second with the cassette tape moving 

DATA LOGGER 2 SYSTEM CONFIGURATIONS 

PHYSICAL VARIAfll lS '-.,f A~URE [) 

TESTER 

0 @ [IlIIJ >-----~, 

TRAN'iDUC[ RS 
& SENSORS 

E:XHRNAl SIGNAL 
- - - - - - -CONDITIONING If 

HEOUIAED 

LOGGER 

EXTERNAL DIGITAL 
INPUT<; lF USED 

0 c::::::::Jf-----~/ 
0 @ ~0~0~0 i/L _____ _, ~mm ,F1EL01 

QQt;i @ dddd'd'd' o 
000 

1UPTQlYE:AROFOATA1 

0 0 0 1 '---------"-

0 '//'-------' 

i"~ .... '---------
000 [[@) 

0 0 0 ® 
0 0 

READER 

FULL 
PARA 
LLEL 
TTL 
BUS 

lTY RS237CASC l lSER IAL 
~-----

RS132Ct0 
DEVIC ES 

UUICI( LOOK 
HAR D COPY 

' 
: 

KENNEDY 
16001360 
WRITE ONLY 
TRANSPORT g &,go 

l L-------· 

L---------
IBM COMPATIBLE 
119 TRACK 112"' 
TAPE 

~STIC 
COUPLER 
MOD EM 

I ' 
' ' l : TlY 
l , PAPER 
: I lAPE 

0 
PAPER 
T APE 

READER 

7. 

continuously . Thi s interface provides the highest 
output rate and may be used to load a computer 
memory in interrupt mode or block transfer 
(direct memory access). 

The second interface is full serial 12 wire) to 

connect to teletypewriters and RS-232-C 1/0 
devices such as CRT terminals and high speed 
printers in ASCII format. The teletypewriter 
(TTY) output provides a si mple way to connect 
to a computer which has a TTY port . The 
teletypewriter can be used off-li ne to prepare 
paper tapes of the raw data and to get a "q uick 
look" at the data . Feeding the paper tape back to 
the computer on -line will then produce a plain 
language print out with suitable programming . 
The RS-232-C outputs may also operate an 
acoustic coupler modem for telephone trans· 
mission or frequency -shift keying of a radio link . 
The TTY/ RS-232-C serial interfaces are pro
grammable from 75 to 9600 baud rates to 

accommodate different output devices and trans
mission lines. 

The third Reader interface connects to a Ken 
nedy 1600 incremental 1 /2" magnetic tape trans
port. Tapes prepared using this transport m ay be 
played back at high speed on any 7 /9 -track 
mainframe processor tape deck. This tape-to-tape 
interface provides simplified no -wiring data ent..-y 
to a computer and user retention of the data on a 
high speed tape medium. 

Various user configurat ions of the Data Logger 2 
system are shown in the "Data Logger 2 System 
Configurations" diagram . 

LOGGER OPERATION 
The Logger and Reader both employ Datel 
Systems' low power stepper-motor incremental 
cassette tape transport. This transport features 
very fast power turn-on permitting the transport 
to be normally off except during actual record 
ing. Extensive use of fast turn-on circuits using 
MOS devices allows the Logger to operate for a 
year or longer (depending on sample rate) using 
only 5 D cell Lithium batteries mounted inside 
the front cover. While recording, the tape trans
port and data acquisition electronics are powered 
up for only 11 seconds m aximum to record all 64 
channels. The system then turns off except for a 
CMOS crystal-eontrolled clock circuit which 
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The Data Logger 2 Story 

The conception and development of Data Logger 2 goes back a little 
over a year, and culminates on September 18, 1975 when Robert L. Hill , 
developer of the unit , received an IR-100 award from Industrial 
Research Magazine at its awards banquet . The awards are given annually 
for the 100 most significant new products developed during the past 
year . Products are selected by a distinguished panel of judges on the 
basis of importance, uniqueness, and usefulness, from a technical 
standpoint . 

The Data Logger 2 design was conceived out of customer interest in 
another Datel Systems product, the LPS-16, an OEM type low power 
digital cassette recorder with built-i n data acquisition system !see 
product description on page 10) . Mr. Hill found that many customers 
were interested in a complete packaged instrument for field use and 
indeed were using the LPS-16 to build such units themselves. The field 
model needed to have features such as these : high and low level analog 
inputs; low temperature operation ; low power consumption to permit 
extended unmanned field operation; provision for external digital 
inputs in addition to analog inputs; provision for recording operator 
identifying information on the cassette; and internal data/ time clock to 
record when data was taken. The companies who expressed interest in 
such a system, which was not available from any other manufacturer, 
were in such diverse fields as o i l exploration, mining, oceanography, 
meteorology, and ecology . A further important requirement was a 
ruggedized all-weather type enclosure for field environment. 

Robert Hill designed the Data Logger 2 based on these customer 
requirements, using the low power incremental cassette recorder of the 
LPS-16 along with low power CMOS circuitry . A key part of this design 
is the crystal-controlled CMOS clock which runs at 2 .1 MHz continu
ously while the Logger is in the standby mode ; total current drain is 
typically 500µA in standby. While running and recording the current 
drain is typically 75 mA. 

initiates the next scan at the time determined by 
the manually selected scan rate. During each scan 
the data and time are automatically recorded on 
the cassette tape. A battery monitor will record if 
the battery voltage falls too low. 

The Logger is rated for a year or more of 
operation at moderate sample rates over an 
operating temperature range of -20° C to +70° C. 
External inputs may be used to record 36 bit 
parallel digital data on command or to make an 
analog scan on external command. 

Robert L. Hill receiving IR-100 award plaque from Tim Burkholder, 
publisher of Industrial Research magazine. 

Another important part of the design effort was the search for suitable 
internal batteries for field operation. lithium batteries in D cell size 
were finally chosen based on their superior characteristics : operation 
down to -65°F, 10 ampere-hour capacity, and 10 year shelf life. By 
using just 5 of these D cells the Data Logger 2 can operate for a year, 
unattended in the field. 

During recording the Logger draws a maximum 
100 mA of current from its 12V Lithium 
batteries; between scans only the crystal clock is 
running, drawing just 1 mA maximum . A variety 
of power options may be used with Data Logger 
2 including external AC, or +12VDC. In addition 
the internal battery holders may be rewired to 
accept rechargeable D cell nickel cadmium bat 
teries or other types of D cells . Sample prices for 
Data Logger 2 systems are: 

DL-2A Logger with 32 high level 
channels $3995.00 

DL-2E Logger with 64 low level 
channels $4995.00 

DL-2T2 Tester, less calibrator $3495.00 
DL-2T1 Tester with 12 bit+ sign 

D/A calibrator $3995.00 
DL-2R1 Reader with full parallel 

TTL interface $3495.00 
DL-2R2 Reader with TTY/RS-232-

C serial interface $3895.00 
DL-2R4 Reader with 7 /9-track, 

Both high and low level analog inputs are 
accepted with unipolar, bipolar, or two's comple
ment coding on the 12 bit A / D converter. The 
high level ranges are -5V to +5V or 0 to +5V; low 
level ranges are 0 to +10mV or -5mV to +5mV 
with 8 bit accuracy. The low level inputs are 
differential with 100 meghom input impedance, 
±5V common mode range, and 110dB common 
mode rejection out to 100 Hz. Basic high level 
accuracy is ±.04% of full scale ±1 /2 LSB with a 
temperature coefficient of± 12ppm/°C. 

Data Logger 2 Tester 1/2" Mag. tape interface $3895.00 
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DATA LOGGER 2 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TELo 16171 828-llOOO 
TWX o 710-348-0135 TELEXo 924461 

64-CHANNEL, BATTERY-POWERED, 
WEATHERPROOF CASSETTE DATA LOGGER 

. . MODEL DL-2 
FEATURES 

• 64 channel cassette digital tape data ac
quisition system in a sealed weatherproof, 
high reliability ruggedized metal case 

• One year lithium battery supply 

• -20°C to +70°C operating temperature 
range 

• +10mV, ± 5mV or ± 5V, 0 to +5V Volt in
put ranges, 100 megohm impedance, 
100dB CMR differential configuration 

• 6mW standby power CMOS design, 1 
watt power while scanning, +12VDC 
power 

• 1 second to 30 hour selectable scan rates 

• $3995. single quantity 

GENERAL DESCRIPTION 

For remote environmental recording or long term unattended field 
measurement of any variable, the battery powered Data Logger 2 
will record up to 64 channels of analog data on a Philips-type 
digital tape cassette. The Data Logger 2 is housed in a sealed, 
weatherproof ruggedized metal case and will operate for more 
than a year on its internal lithium battery supply in temperatures 
from -20°C to +70°C. Military type sealed connectors are used for 
all analog inputs and CMOS circuitry is employed for a low stand 
by drain of 6 milliwatts. 

Philips-type digital cassettes with 300 feet of tape are used to 
record ana log data in selectable scan lengths from 1 second to 30 
hours. Th e number of channels to be scanned is preset on front 
panel thumbwheel switches for efficient use of the tape. The in
cremental single direction NRZI recording method combined 
with low power electronics results in a running current of 1 OOmA 
max. In addition, a header word may be recorded on the tape for 
later computer indentification of that particular tape. A longer 
36-bit external header may be entered using the input connectors. 
In each scan of the selected number of input channels, a 40-bit 
clock word is recorded before each scan. This 40 -bit clock word 
contains a 36-bit one-year digital clock derived from a CMOS 
crystal oscillator and having one second resolution. The last 
4-bits of the clock word are used to flag a low battery voltage. 
The system will continue running with a low battery voltage but 
the user is advised that readings may be unreliable. 

A normal scan consists of the clock word, a 12-bit file gap and a 
string of 14-bit data words up to 64 channels. 

Th e 14-bit data words consist of an analog voltage represented 
by 12 binary bits and 2 additional hiqh level/low level bits to 
describe whether full sca le is ±5 millivolts or 5 volts . A 2-bit 
character gap begins each word. 

The Data Logger 2 can accept up to 64 high level or 64 low level 
channels or a mix of 32 high level and 32 low level channe ls. Full 
external control of the Data Logger 2 is also provided using the 
input connectors . This includes such flexibility as varied scan rate 

for selected inputs by using a second external clock and control 
circuit. 

A 5-cell, long life, 10 Amp-hour lithium battery supply is mounted 
on the front inside cover of the Data Logger 2. A second set of 
D-size battery holders allows rewiring to alkaline, mercury or 
carbon-zinc batteries or for a parallel set of lithium batteries, or 
any other D cells. 

The internal CMOS circuitry of the Data Logger 2 features fast 
power turn-on initiated by the clock control. An MOS high ac
curacy analog multiplexer is followed by a differential FET front 
end instrumentation amplifier for low level inputs. A fast acting 
sample and hold amplifier is followed by a 12-bit A /D converter 
at the output. The parallel A/ D words are then assembled and 
formatted into serial information fed to the tape head driver 
amplifiers. Motor stepper drive circuits, clock and control / 
addressing systems complete the electronics. 

The instrumentation amplifier provides low level differential in
puts down to 10mV span full scale. Common mode rejection of 
110dB is maintained over ±5V for high noise immunity. Overall 
accuracy (high level) is ±.04% of Full Scale ±12ppm/°C tempera
ture drift. Low level accuracy is ±0.3% of Full Scale ±Y, LSB 
(8 bits) ±100ppm/°C tempco. (See specifications) 

The sample and hold exhibits a 100 nsec. aperture time and 
A/D settling and conversion occurs within 450 microseconds. 
The tape is stepped at 100 bits per second so that A/D words are 
written in 160 msec. ( 120 msec. for the 12-bit data, 20 msec. for 
the High Level / Low Level bits and 20 msec. for the intercharacter 
tape gap)_ A complete recording of a 64-channel scan takes about 
11 seconds. This limits the maximum sampling rate unless a smal
ler number of channels is selected . Tape capacity is about 2 
megabits including al l gaps_ About six hours is required to fill a 
tape at continuous running . 
The complete system weighs 20 lbs. (9, 1 Kg) with batteries and 
measures 12"H x 12"W x 10"D (305 mm x 305 mm x 254 mm). 
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EXT. CONTROLS 

INFORMATION OUT 
{ 36 LINES FOR EXTERNAL HEADER 

OR 
36 LINES FOR CLOCK INPUT 

'------v---' 
32 HL MUX 

SAMPLE & HOLD B 
-OR- l YEAR CLOCK 
32 LL MUX MOTOR ORIVE 

SEQUENCER FOR PARALLEL TO SERIAL MUX CHANNELS CONVERTER TAPE 
TRANSPORT 

MOTOR DRIVE 
32 HL MUX 

OR 
32 LL MUX 

A/D CONVERTER 

DATA 
ANALOG CONTROL DIGITAL TAPE 

CONTROL 

~ INTERNAL BATTERY 
~ D I...____ _ ___, 

FRONT PANEL CONTROL 

EXTERNAL DC SUPPLY (~ 
',j ~ ,'"-------....J

1 

MODEL DL-2 DATA LOGGER - FUNCTIONAL BLOCK DIAGRAM 
"'""---1 EXTERNAL AC POWER _ 

DATA LOGGER 2 
Specifications (Typical over-20 'C to +70' C unless otherwise noted) 

Number of Analog Channels : 
Selectable up to 64. Can be mixed up to 32Low Level and 32 
H igh Level channels or up to 64 High Level or Low Level 
channels. 

Power Supply : 
+14 .75 Volts DC composed of (5) D-s ize Lithium cell s, non -re 
chargeable, +2.85 to +2.95 Vo lts per cell. 10 Amp-hours per 
cell. ( 10) D-size battery holders provided for customer con 
version to NiCad, Alkaline or Carbon-Zinc D-cells, or for a 
paral lel set of Lithium batteries . 

Power Supply Requirement: 
12V (-.5, +1V) : 

70 mA typ, 100mA max during motor stepping 
10µ A typ, 100µA max during standby 

Power Supply Operating Range: 
+10 Vo lts to +14.5 Volts DC. Low battery flag is encoded on 
ta pe when voltage drops to +11 Vo lt s or +5.5V at low power 
su pply tap. However, system wi ll continue operating down to 
+10 Volts at rated specif ications . 

Battery Power Usage: 
A pproxi mate ly 615mA-Hrs. per cassette. 

AC Suppl ies: (optional) 
11 5VAC ±10% 
100V AC ±10% 
230VAC ±10% 

AC Line Frequencies: 
47 to 440 Hz 

External Battery Supply : 
Connected through sealed 1/0 connectors. 

System Weight: 
20 lbs. (9, 1 Kg) 

Dimensions: 
12"H x 12"W x 10"D (305mm x 305mm x 254mm) 

System Temperature Ranges: 
Operating: -20° to +70°C 
Storage : -55°C to + 70°C 

DATA LOGGER 2 : 

Analog Specifications (Typical over -20°C to + 70°C unless other
wise noted) 

Input Ranges: 
Low Level differential -5mV to +5mV or 0 to +10mV , (Other 
LL ranges > lOmV span available on specia l order). H igh Level 
single-ended -5V to +5V or 0 to +5V. 

Input Impedance: 
;;;;. 100 megohm single-ended or differential. 

CMV : 
±5V (differentia l only) 

CMRR : 
110dB to 100Hz (differentia l on ly with 1 K source unbalance) . 

Accuracy : 
(H igh Level) ±.04% of Full Scale{± Y, LSB) + {±0.00 12%f C) . 

Accuracy : 
(Low Level) ±0.3% of Full Sca le (± Y, LSB 8 bits) + (±0.01 % 
FS/°C) + (.002%/°CxGain*). 

*Where gain = 10 volts 7 FS LL Input Range. 
Resolution : 

12 binary bits 
Aperture Time : 

100 nanoseconds max . (sample & ho ld). 
A/D Conversion Time: (includi ng input sett ling time) 

450 microseconds . 
Sample Time: 

150 microseconds. 
Input Connection (D ifferential, Low Leve l): 

A na log HI , Ana log LO and shield ground for each input. 
(Sing le-Ended, High Leve l): A nalog H I and ground 

Overvoltage: 
±10 V (HL) 
±5V (LL) 
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DATA LOGGER 2 

Recorder Character istics 

Storage Media: 
Standard Phi l ips certified data tape cassette 300' length (91 ml. 

Storage Method : 
2 channel complementary NRZ I, one recording direction. 

St orage Density : 
615 bits per inch. 

Number of Tracks: 
Two, data on T rack one, data on T rack two. 

Tape Format: 
40-bit digital clock word, 12-bit file gap and one scan of 14 
bit binary A /D words (up to 64 A /D words) . Internal header 
12 bits (4 digit octa l) w ritten from front panel push button 
and 4 digit thumbwhee l switch . Externa l header 36 bits writ 
ten from external source and strobe. (para ll el data). 

Gaps: 
2 bit gap written before every 14 bit A / D word, ( 12 bit A / D 
word +2 bit HU LL Channel ID ) 12 bit gap written after every 
clock or header word (Int. or Ext.) 

Tape Storage Capacity : 
2.2 megabits (gaps are considered as bits) per 300 ft. cassette. 

Wr it e Speed: 
100 steps/sec . (one bit (data gap) /step). Incremental. 

Data Format : 
Serial NRZI 

Motor: 
Single 1.5' angle capstan drive stepper motor coupled to take 
up reel by slip clutch mechanism. 

Capstan: 
.250" diameter 

Step Angle: 
1.5' 

Angular Accura cy : 
±8 min . of arc non-accumulative. 

Tape Motion Control : 
Single capstan pinch roller. Drive head is engaged mechanically 
during wr ite time. 

Tape Tension: 
0.4 oz. 

Error Rate: 
1 bit in 107 

Type of Cassette Loading: 
Front (after instrument housi ng sealed front cover is opened). 

Recording Head: 
Dual channel single gap high quality digita l type. 

Operating Mode: 
Write only. 

FRONT PANEL CONTROLS; 

Scan Rate: 
1 2 5 10 20 or 30 seconds minutes or hours and max . (Max. 
is' ~a~im~m rate allowed by the setting of the scan length 
switches), to nearest second resolution. 

Scan Length : 
Four digit octa l th umbwhee l sw itch se lects the number of 
channe ls/scan. (Two digits for High Level and two digits 
for Low Level), or (two switches for CH· 1-32 and two switches 
for CH33·64 for all H L or L L channe ls). 

Header (Octal) : 
Four digit octal thumbwheel sw itch may be entered on tape. 
(Same switch as scan length). 

Enter Internal Header: (lnt. / Ext.) 
Push button switch enters front panel header on tape . (Wh en 
in the Ext. Mode). Locking toggle switch. When in Int., the 
Interna l Clock has control of the Data Logger via the scan 
length switches . (Except in between sca ns, externa l data may 
be entered). When in the Ext . position, the logger may be 
externally controlled; also an In terna l Header or External 
Header may be entered. 

Load Forward : 
Push button swi tch w ill light BOT (Beginning of tape) lamp 
if tape is over clear leader and wi ll move tape forward to oxide 
w hi le depressed. (When in the EXT. Mode). 

BOT Lamp: 
Will indicate, (w hen load forward button is depressed) when 
tape is on clear leader. Lamp is on w hen over clear leader and 
off w hen over oxide coating on tape. 

Clock Rese t : 
Push button swi tch, wi ll reset 1 year internal clock to zero. 
(When in the Ext. Mode). 

Power On /Off: 
Toggl e sw itch wi ll turn the power on or off. 

Analog Input Selector: 
Four position se lector switch selects H igh Level / Low Level, or 
High Level and Low Level channels to be scanned. 
There is also an Ext. position which is used for optional ex
ternal control of thse functions. 

DATA LOGGER 2 
Digital Inputs . . 

NOTE : CMOS logic levels used. External CMOS driver logic 
should be used and should track Vdd logi c bu s from th e 3-cell 
tap or drive through protective externa l diodes. (Avail. from Ext. 
connector). 22K ohm pulldowns on all externa l digital inputs, 
1 uSec min. 
Clock Inputs: 

36 lines for pre-setting internal 1 year digital clock or for 
entering Externa l Header. 

Load Clock: 
1 line presets internal clock to comply wi th 36 line input. 

Enter Header: 
1 line enters Externa l Header. Must be spaced 500 mSec min. 
from adjacent scans. 

Start Scan: 
1 line w ill cause a clock to be written and a word scan to occur 
(used for external calibration or contro l) . One microsecond 
minimum duration. 

DATA LOGGER 2 
Digital Outputs 

Status Output: 
1 line, indicates w hen system is busy. Thi s line is used if ex
ternal data is to be written in between sca ns. 36 bits of externa l 
data may be entered on tape from the externa l header inputs, 
provided time is allowed by se lecting the proper scan rate 
position for the number of channels to be scanned, plus the 
36 exte rnal bits. i .e.: it takes 450 ms to write the 36 bits 
on tape. 

Clock Output: 
1 line, 1 second time base . 

Head Track 1 & 2 : 
4 lines, represent data written on T rack 1 and Track 2 respec
tive ly . When the Data Logger 2 Tester is used, these lines are 
used to recover data from the Head to be d ispla yed on the 
Tester. 
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Data Logger 2 

Ordering Guide 

Available under GSA Contract 
No. GS-OOS-29002 

J~~~-0L-_2JILL--~~~=====1~~--1 
CHANNEL 
CONFIGURATION 

A = 32 High Level 
B = 32 Low Level 
C = 32 High Level 

and 
32 Low Level 

D = 64 High Level 
E = 64 Low Level 

Data Logger 2 

Prices {single quantity) 

DL-2A 
DL-2B 
DL-2C 

DL-20 
DL-2E 

(32 HL) 
(32LL) 
(32HL & 
32LL) 

(64HL) 
(64LL) 

$3995. 
$4245. 
$4745. 

$4495. 
$4995. 

"Naked DL-2": 
(Panel-mounting version 
of any model above 
less housing and 
connectors --- less $1000. 

"'\JEL 

INPUT RANGES & CODING 

Note : 
High Level (HL) Inputs are single-ended 
Law Level (LL) Inputs are differential 

l = Bipolar (offset binary) (not useable 
LL : -SmY to +SmY if TTY, 

and/or RS-232-C 
HL: -SY to +SY output is used) 

2 =Bipolar (2's complement) 
LL : -SmY to +SmY 

and/or 
HL : -SY to +SY 

3 =Unipolar (straight binary) 
LL : 0 to +lOmY 

and/or 

HL : 0 to +SY 
4 = Special (contact factory) 
Notes: l Coding types 1, 2, & 3 cannot 

be intermixed. --
2 Coding must be specified at time 

of order. 
3 High level and low level channels 

may be ordered in the some unit, 
but all coding must be the some. 

INTERNAL POWER SUPPLIES 

A* =(JO) intemal D-cell battery 
holders installed and Internal 
115 YAC/60Hz aipply 

E* = (10) internal D-cell battery 
holders installed and internal 
220 YAC/50Hz supply 

J* = (10) i"ternal D-cell battery 
holders installed and internal 
100 YAC/60Hz supply 

X = External battery connector and 
(10) intemal 0-cell holden 
installed. Na internal AC 
power supply fumished. 

Batteries are not included, please 
order separately below. 

Low temperature operation (-400C 
to +70"C ) available on special 
order, contact Date I. 

4 Low level 0 to +SmY is not offered. 

*Add $175. for A, E, or J power supply options. 

Prices include connectors and a cassette but do not 
include Lithium batteries. 

Lithium batteries are D-SIZE "Eternacell" Model 550 
manufactured by: 

Power Conversion Inc. 
70 Mac Questen Parkway South 
Mt. Vernon, NY 10550 

or available from Datel, part number DL-2-12049-24, 
$15.00 each. (5 required) 

Certified digital tape cassette$, 300 feet (91 m) 

Model 
~-1 
12123-2 

Operating Temp. 
+ 1 ooc to +45oc 
-40°C to +7o0 c 

Price (1-9) 
-$""9.95 

$11. 95 

PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U .S.A . 
TEL: 16171 828-8000 

DATA LOGGER II READER 
DIGITAL CASSETTE TAPE READER 

TWX : 710-348-0135 TELEX : 924461 

FEATURES 

I> Digital tape cassette reader for the 64-
channel Data Logger II. 

I> Displays digital calendar clock, binary 
A/D data words, int. octal or ext. 
digital header words. 

I> Provides full parallel computer data 
buss interfacing or 7 /9 track %" IBM 
tape interface. 

I> Also provides teletypewriter (TTY) 
RS-232-C 1/0 serial interface. 

I> Selectable 1/0 TTL loading and coding 
options for complete data buss com
patibility. 

I> Complete "handshaking" computer 
controls and flags, for automatic ex
ternal computer control, or "off-line" 
front panel control. 

GENERAL DESCRIPTION 

Digital cassette tapes written on the Data Logger 11 containing up 
to 64 channels of analog data may be read directly on the Data 
Logger II Reader, model DL-2R. This reader accepts Ph ilips-type 
tape cassettes written in Datel's NRZI digital format . Information 
recorded on tape such as temperature, pressure, rainfall, and wind 
velocity from external sensors may be transferred directly into a 
mainframe computer or minicomputer data buss using the D L-2 R 
Cassette Reader. 

The Data Logger 11 Reader has two front panel displays, one to 
list 12 bit binary A/D data words and another decimal display for 
the calendar clock or external header word. The 9-digit calendar 
clock in the Data Logger 11 records up to one year of data with 
one-second resolut ion. Using clock words, t he D L-2R Reader can 
be stepped thro ugh manually or by compute r control to find a 
particular record writte n at any time. Th e binary display also 
shows octal internal headers and the decimal display can be used 
for externa l digital header words. 

Th e Data Logger 11 Reader has co mplete front panel controls to 
se lect t he channel of interest, to properly start the tape and load 
data into a computer. A complete full parallel computer interface 
and /or seria l teletypewriter/ RS-232-C interface is included inside 
the 19" x 19" x 5 %" cabinet of the DL-2 R. The full parallel 
computer interface features open collector TTL bussing including 
a variety of output loading and selectable positive or negative-true 
coding . This flexibility enables universal connection to majority 

MODEL DL-2R 

of digital processors without any modifications. 

The serial teletypewriter/ RS-232-C interface directly connects 
to a variety of 1/0 devices such as CRT terminals, and mainframe 
computers accessed by remote TTY terminals. 

The DL-2R Reader contains specia l handshaking functions for 
full computer compatibility. These include word sent and word 
taken signals and an abort flag which stops the Reader if transmit 
ted words are not accepted 3 times in succession. 

Another important feature of the D L-2 R Reader is that it con 
nects directly to a variety of Datel data acquisition / processing 
systems. These include connection to a local, "quick-look" 
teletypewriter termina l with or without arithmetic capabilities. 
Another option is direct connection to an IBM compatible 7 or 
9-track %"tape drive. The DL-2R Reader with the Datel proces
sor will correctly format the serial information being read from 
the cassette tape. 

The housing of the DL-2R Reader is brushed aluminum and is 
5%" high, 19" deep, and 19" wide. It can be rack mounted or set 
up for stand-alone, table top configuration. The D L-2 R Reader is 
complete and inc ludes AC power supplies for 115/ 60 , 220/50 or 
100/ 60 power voltages. 

Cassette tapes are mounted direct ly on the front panel tape deck . 
The system can be completely operated through the front panel 
controls or remotely by computer or teletypewriter terminal. 

The complete syste m weights approximately 25 pounds. 
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DATA LOGGER 2 CASSETTE TAPE READER 

MODEL DL-2R 

SPECIFICATIONS (Typical @ +25°C unless otherwise noted) 

GENERAL 

Function ................................ Read Only 

Media ...... .. .............. . ... . ........ Standard Philips-type certified digital tape cassette 

Number of Tracks ........................ Two 

Tape Motion ... . ...... . ......... ... ..... . One direction, capstan stepper motor drive 

Tape Speed .............................. 2. 75 inches per second 

Reading Format .......................... Complementary N RZI 

Reading Density ................ . ......... 615 bits per inch 
Bit Rate . ... ..... .. ...... . .. . ............ 1700 bits per second 

Bit Capacity .. ...... .. .. .. ............ ... 2.2 million bits per cassette (including all gaps) 

Record, Word or lntercharacter Gap ....... . . 2 bits 

File Gap ... . ............... . .. .. ........ 12 bits 
Power Required ........ ... ........... .. . . 115/ 100/230 VAC 47 to 63Hz (specify) 65W max. 
Mechanical Dimensions .. . ............ ...... 19"D x 19"W x 5.25"H (48,3 cm x 48,3 cm x 13,3 cm) 

TAPE DATA FORMAT 

The D L-2 R Reader is designed to respond to the tape data format of the Model D L -2 Data Logger 11 data acqu isi

tion / recording system. 

The Data Logger 11 normally records a full scan starting with a 40-bit clock word, 12 bit gap and up to 64 channels 

of 12 bit binary A / D words. The exact tape format of the Data Logger 11 is as follows: 

2 bit I ntercharacter gap 

36 bit Calendar clock word 

4 bit Battery low voltage flag 
12 bit F ile gap 
2 bit lntercharacter gap 

12 bit Binary A/ D data word 

2 bit High Level / Low Level flag 

2 bit lntercharacter gap 
12 bit Binary A / D data word 

• • 
• • 
• • 

Up to 64 12-bit A / D data words and 2 bit H LILL flags and 2 bit gaps per scan. 

Note that intercharacter gap, word gap, tape gap and interrecord gap al I refer to the 2 bit gap. 

The Data Logger 11 Reader is designed to decode the calendar clock word first and to stop and display this word in 

t he 12-bit file gap. This allows an operator to decide if he wishes to select a particular A/ D word in that scan for 

display. When the system is under external computer control the same sequence applies. That is, the computer 

decodes each calendar clock word in its search for a particular channel at a given time. 

Vol 3/250 See inside back cover for DATEL sales offices Electronic Design's 



LOCAL MODE 

In the Local mode all of the front panel controls and displays may 
be utilized . They are: 

CONTROLS 

Local/Remote: Toggle Switch 
Continuous/Scan: Toggle Switch 
High Level/Low Level : Toggle Switch 
A/Dor Internal Header Word: Toggle Switch 
Load Forward: Momentary Switch 
Start: Momentary Switch 
Rewind : Momentary Switch 
Power: ON /OFF key lock switch (key removable in either 
ON / OFF position). 
Displayed Channel (Octal): 2 Octal thumbwheel switches. 
Channel to be displayed. 

NPUT LINES 

There are 10 input lines to the Computer Interface Board, 
they are: 

1) Level Control Status Output 1 ( L Cont 1 Stat 0) 
2) Level Control Status Output 2 ( L Cont 2 Stat 0) 
3) Level Control Data Output 1 (L Cont 1 Data 0) 
4) Level Control Data Output 2 ( L Cont 2 Data 0) 
5) Level Control, Control Input 1 (L Cont 1 I) 
6) Level Control, Control Input 2 (L Cont 2 I) 
7) Initialize Input (lnit I) 
8) Word taken Input (WDT I) 
9) Start Input (STRT I) 

10) External Rewind 

The Level Control Lines determine the logic coding (positive 
or negative true) of all 1/0 signals. The 3 sets of these 
inputs are: Status Output Level Controls, Data Output 
Controls, and Control Input Level Controls . 

LOCAL/REMOTE 

DISPLAYS 

Internal Header: LED Lamp 
EOT/BOT: LED Lamp 
Busy: LED Lamp 
Rewind: LED Lamp 
Abort: LED Lamp 
Clock (ID): LED Lamp 
External Header (ID): LED Lamp 
Battery Low: LED Lamp 
End of File: LED Lamp 

"'\IEL 

A/Dor Internal Header Readout: 12 LED Lamps 
External Header or Clock Readout: 9 Digit 
7 Segment Display 

When the D L-2 R Reader is in the "Locql" mode, it is operated from its own front panel controls. In the " Remote" 
mode, the system is operated by an external computer and its own front panel controls are inoperative except for the 
Local / Remote switch . 

PROGRAM SEQUENCE 

When the DL-2R Reader is externally controlled by a "Remote" computer, the program will ordinarily begin its 
chores by initializing the Reader. This involves checking to see that a number of conditions are met in the proper 
sequence. 

The program will poll various status output lines to see if the cassette is in place, if the head is down, the end of file 
status, rewind not in progress, local / remote switch position and EQT/ BOT status. If all conditions are met, the 
initialize sequence will begin, proceeding with a Load Forward onto the tape oxide and a Start command if the com
puter is ready to accept data. Operation then proceeds with simple exchanges of controls between the computer and 
the DL-2R Reader . The Reader assembles a word in its output register and flags its Word Ready control output. 
Assuming the computer 's input register is ready to accept data, the Word Ready signal will strobe this register and the 
computer will return a Word Taken signal to the Reader. The return of the Word Taken signal is to inform the D L-2R 
Reader that the computer is continuing to process data words . The computer also returns a Start signal to keep the 
tape moving or to start it again if it has stopped in a file gap waiting for the Word Taken signal. 
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ORDERING INFORMATION 

DL-:lR 

1 = Full: paraUel computer 
interface 

2 = TTY /RS-232C serial 
interface 

4 = 7 or 9 track 1/2" incre
mental mag tape interface 

Note 1: Both interfaces sup
plied with option 3 but can be 
used only one at a time. Can 
be swapped by removing 
DL-2R top cover. 

I 
(For full porol lel interface) 
0 = No para e interface 
1 = 1 TTL load 
2 = lK ohm pullup to +5V 
3 = 330 ohm pullup to +5V 

and 470 ohm pul I down 
to ground 

A= 115VAC, 60Hz 
E = 230VAC, 50Hz 
J = lOOYAC, 60Hz 
(Power consumption, 65 watts 
max,, either version) 

A= 75 
B = 110 
c = 150 
D = 300 
E-== 600 

F = 1200 
G = 2400 
H = 4800 
J = 9600 
X =No serial 

interface 
(Programmed via PC 
jumpers) 

Price for the DL-2R Cassette Reader/Display/Interface are as follows: 

ERi IN ERFA E TY E 
{For TTY /RS-232 interface) 
X = No serial interface 
R = RS-232C 
T =Teletypewriter 
(This option selects an 
internal jumper which f loots 
the TTY power supply) 
B = Both TTY and RS-232-C 

interfaces, power supply 
grounded for both versions . 

Note 2: 1/2" Mag tape inter
face wired for Kennedy 1600/ 
360 incremental, off -line write
only transport. Other transports 
require customer modification . 
Playback is 7 / 9 t rack , high 
speed 1/2" I BM compatible. 

DL-2R-1 
DL-2R-2 
DL-2R-4 

with full parallel computer interface . ..... .. . . . . .. . .. . . . $3495.00 
with TTY /RS232C serial interface ..... . . ... ........... $3895.00 
with 7 or 9-track 1/2 " tape interface .......... . . . .. ..... . $3895.00 

Covered by GSA Contract No. GS-OOS-29002 

"AIEL 
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1020G Turnpike Street, Bu tiding S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (6 17) 828-8000 
TWX : 710-348-0 135 TELE X : 92446 1 

BATTERY-POWERED, WEATHERPROOF 
PORTABLE TESTER/CALIBRATOR 

FOR THE DATA LOGGER 2 

FEATURES 

I> Completely exercises and calibrates all 
functions of the Data Logger 2 weather
proof analog cassette recording system. 

I> Functionally tests all displays and the 
A/D converter. 

I> Tests all batteries under full operational 
load. 

I> Contains A/D and Digital clock readouts 
for full calibration and presetting of the 
Data Logger 2. 

I> Operates from built·in lithium battery 
supply or AC power supply. 

I> Performs a complete self-test to ensure 
proper Tester operation . 

DESCRIPTION 

The Data Logger2 weatherproof , battery-powered data acquisition 
and cassette data-logging system w ill normal ly require a comp lete 
system check-o ut before committing it to prolonged unattended 
data monitoring. In add ition, the Data Logger 2 wil l occasiona ll y 
need on-s ite field ca li brat ion to estab li sh its accuracy. The ideal 
instrument to perform these tests and ca li bration is the Data 
Logger 2 Tester, model DL -2T . 

The D L-2T Tester is particularly valuab le because it tests the Data 
Logger 2 and itself. The DL-2T Tester complete ly exercises the 
Data Logger 2 on location and performs a se lf-check to be sure a ll 
internal syste ms are functioning proper ly in the Data Logger 2 . 

ORDERING INFORMATION 

DL-2T 

L_ 
l 

MODEL DL-2T 

When testi ng the Data Logger 2, the DL·2T Tester provides input 
contro l signals to recover data directly from the head of the cas· 
sette transport. Data is displayed on one of two readouts on the 
front panel of t he DL-2T Tester. 

To ensure a complete test of a ll systems, the D L-2T Tester oper
ates from the interna l lithium battery power suppl y of the Data 
Logger 2 with the exception of display lamps and drivers powered 
by a separate 6 volt battery in the DL-2T Tester, or from t he 
interna l AC power supply . 

The Tester has 2 basic operating modes. In the Logger Mode, the 
Data Logge r 2 is tested. In t he Tester Mode, the DL-2T tests it self . 

l 
Number of Channels Power Suppl y D/ A Co librotion 1-C_od_i_n~g _____ _, 

A = 32 HL 1 ~ 115VAC 1 = Wi t h A = Stroight Binory 
B = 32 LL 2 ~ 230 VAC 2 = wahout B = O ffset Binary 
C = 32 HL & 32 LL 
D = 64 HL 
E = 64 LL 

les included 
ded 

Power Supply and Cob 
Batteries ore not inclu 
Batteries ore Datel pa rt 12 131 -1 ' $15.00 
each, (Lithium D-ce ll s, Power Conversion Inc . 
type 550) 

Price (Single quantity) 

3 = 100 VAC C = 2's complement 
(A ll AC supplies _!: !()% , 
47 to 440 Hz) 
Battery clips ore standard 
on all model s, so that AC 
or DC operat ion may be 
used. 

DL-2T1 

DL-2T2 

Tester with 13-bit D/A calibrator. . . $3995.00 

Tester less D/A calibrator . . . $3495.00 
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1020G Turnpike Stree t , Bu1ld 1ng S 
Ca nton , Massachusetts 02021 U.S.A. 
TE L ( 6171828~000 

PRINTING DATA LOGGER 
TW X ; 710-348-0 135 TELE X ; 92446 1 

DESCRIPTION 

Meeting the demand for a high performance 
laboratory-grade printing data recorder, 
Datel's model PDL-10 Printing Data Logger 
accepts up to 10 floating analog input 
voltages and automatically prints them 
out at preselected intervals. The PDL-10 
digitizes all selected inputs to 4% digit 
accuracy, displays and prints them out as 
decimal voltages on a very compact inkless 
thermal printer. Analog inputs are accepted 
over ±199.99mV, ±1.9999V and ±19.999 
Volt front-panel selected voltage ranges and 
are printed out every second with the chan
nel number at preselected scan intervals. 

PDL-10 
SPECIFICATIONS 

>0 
FLOATING 
ANALOG 
INPUlS 

MODEL PDL-10 . 

{ 
"' l____8~ I i ~~~ CH >O LO-+--i 

GUARL.....-...o : 

::~~-- --------- - ----] 
~NL~:AL l 

OIFF 
AMP 

OM -4000 

OPM 
[] 
CHANN EL 
NUMBER 

,---..,.,:::,,:_-~ DISPLAY 

:_ _______ _ lO ·CHANNEL 
RELAY MULTI PLEKER 
LOGIC 

FLOATING 
DC POWER 
SUPPLIES 

Input Bias Current 
500 pA typ., 
8 nA maximum 

,.: '\ ............... : .. ~\ 
~, 

10 FRONT PANEL 
RANGE SELECT AND SKIP SWITCHES 

ANALOG INPUT 

Number of Channels . 
Configuration 

. . . . .... .. . . ..... . . 10 PERFORMANCE 

Accuracy @ +25°C 
3-Wire differential inputs, transformer-iso lated using a 
mechanical re lay mul tip lexer. 

Input Voltage Ranges 
Choice of 3 DC ranges: 

± .19999V, 
± 1.9999 V, 
± 19 .999 V 
prese lected by ten front pane l slide switches for each chan nel. 

Overvoltage 
Input is diode- protected for up to ±100V maxi mum con 
tin uo us. 

Common Mode Rejection 
108d B, DC t o 60 Hz with 1 OOOS1 maxim um input unba lance . 

Common Mode Voltage Range 
±20 vo lts maxi mum to signa l guard . ±300 vo lts maximum 
to AC power ground. 

Input Impedance (±20V in put max) 
(D ifferent ial) . . . . 500 Megohms mini mum. 
(To S ignal Guard) .. . . .... . ... 100 Megohms min imum . 

With in ±0 .0 1% w hen ca librated d ue to all effects except 
temperature drift . 

Resolution 
10 µ V (200m V range) 
100 µ V (2 V range) 
1 mV (20V range) 

Temperature Drift 
ZERO : ±1µ V/°C 
GAIN : 20ppmf C 
BIAS CU RRE NT : 1%/°C 

Operating Temperature Range 
o·c to +45°C 

Storage Temperature Range 
-25°C to +85°C 

Sampling Rate 
Pre -se lected channe ls are advanced, dis pl ayed and pr in ted 
one channel per second . 

Scan Intervals 
Interva ls from 00 to 99 seconds or m inutes 
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DISPLAYS 

Input 
A digital panel meter (DPM) displays the analog input 
voltage using Light Emitting Diode red digits. The digits 
are 0.43" high (11 mm) and 4 Y, digit resolution. Decimal 
points, overscale, and polarity (±) are automatically printed 
and displayed. 

Channel 
A single 0.43" (11 mm) red LED digit indicates channel 0 
through 9 . 

Printing Method 
Seven segment digits are formed on thermal paper using a 
thick-film resistor matrix printhead requiring no ink, hammers 
or ribbons. 

Printer Digits 
7-segment 0 to 9 digits 0.155" (4 mm) high. Spacing between 
printed lines: 0.2 inch (5 mm). 

Line Capacity 
Approximately 9000 lines . 

Printout Format 
Printout format is 9± .1.9.9.9.9 with the leading digit in
dicating chan nel number . Three lines are skipped between 
scans. 

Printing Paper 
Using heat sensitive thermal printing paper, 1.75"W (44, 
5 mm) and supplied in rolls 150 feet (45 mm) long. 

FRONT PANEL CONTROLS 

Channel Select and Input Range 
(Ten 4-position slide switches) ",2V, 2V, 20V and SKIP". 
"SK IP" prevents the multiplexer re lay for the channel from 
cycling. 

Scan Interval 
(Two decade thumbwheel switch) Sets the time interval 
between scan starts from 00 to 99 seconds or minutes. 

Minutes/Seconds 
(2 position toggle switch) Determines whether the Scan is 
set for minutes or seconds. 

No Print/Run/Reset & Start 
(Three position toggle switch) In NO PRINT, the instrument 
scans and displays but does not pr int . In RUN the instrument 
scans, displays and prints out. 

In RESET & START , the scan timer is reset and starts tim
ing. One scan is printed out one second from switch release. 

One Channel/Scan 
(Two position toggle switch) The ONE CHANNEL position 
prevents the multiplexer relay for the selected channel from 
disconnecting with each scan. In the SCAN position, normal 
relay cycling, display and printout occur. 

Paper Quantity 
A lever indicates relative quant ity of paper remaining. 

REAR PANEL INPUT CONNECTIONS 

Analog input voltages are connected using screwdriver barrier 
terminal strips. (30 terminals). 

POWER SUPPLY 

Choice of 115 or 230 VAC ±5, 10, 15 or 20 volts at 50 or 60 
Hz only. Power voltages and frequency may be rewired by the 
user. Three-prong grounded U.S. captive line cord supplied . 
Power consumption (all models) 30 watts, typical . 

PHYSICAL DIMENSIONS 

Mounting 
Bench -top mounting with tilt-up stand and mar-proof plastic 
feet. Users can remove the feet and stand for optional Yi-rack 
mounting. 

Outline Dimensions 
5.25"H x 8.5"W x 12"D (133 x 216 x 305 mm) 

Weight 
12 pounds (5,5Kg) 

ORDERING GUIDE 

Model Number 
PDL-10 

L 

POWER SUPPLY VOLTAGE POWER SUPPLY FREQUENCY 

A* 115 VAC 5 = 50Hz 

E* 230 VAC 6 = 60Hz 

J* 100 VAC 

*± 10%, May be user-rewired to other voltages, see specs. May be user-rewired to either frequency. 

PR ICES (single quantity) 

PDL-10 .................. .. . ...... .. .............. . . . ......... ....... .... . $1195.00 
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@D'UEL 
~ SYSTEMS. INC. 

1020G Turnpike Street, Build ing S 
Canton, Massachusetts 02021 U.S.A. 
TEL: (6171 828-8000 
TWX : 710-348-0135 TELEX : 924461 

INTRODUCTION 

System 256 is a complete high reliability computer input· 
output system for analog signals. It is capable of operating 
on-line or off.fine. It has been designed to provide a versa
tile and permanent solution to the problem of interfacing 
analog signals to and from a digital comput~r. The modular 
principle used throughout enables the user to realize the 
most economic solution to any problem while maintaining 
maximum flexibility. Further expansion to an initial system 
is made by plug-in cards. 

A wide range of options outlined elsewhere in this catalog 
allows a comprehensive system to be specified for applica
tions to an instrumentation or control problem. 

System 256 offers the flexibility , speed, economy and reli· 
ability necessary in today's world of real time applications. 

It can function as an interface between an analog and 
digital computer in hybrid computer systems or as a periph· 
eral device for general purpose digital computers. 

It fills· a growing need in industria l process control systems. 

The ability to mix Analog Multiplexers, A /D's, Sample and 
Hold amplifiers and D/A's in virtually any configuration 
makes System 256 a valuable and dynamic systems tool. 

GENERAL DESCRIPTION 
The most unique feature of System 256 is its large analog 
input channel capacity while at the same time providing 
extremely low power consumption . The power consumed is 
a fraction of any system offered today while providing four 
times the channel capacity in the same package area. Sys
tem 256 offers up to 256 analog channels and 32 Digital-to· 
Analog channels in a 19"Wx 19"D x3.5"H rack mounted 
enclosure, while competitors' systems offer 64 analog chan· 
nels and 8 D igital-to-Analog channels in the same area, and 
still System 256 consumes less power. System 256 utilizes 
C/MOS (Complementary Metal Oxide Silicon) logic 
throughout. 

C/MOS logic provides the necessary high-speed capabilit\ 
while at the same time drastically reduces power consump 
tion. The quiescent power consumed by C/MOS log ic i: 
extremely low, or more precisely, the product of the suppl\ 
voltage and the leakage current of the device (measured ir 
pA). Its dynamic power consumption is somewhat more 
complex in that it is dependent on the supply voltage 
operating speed and load capacitance. With a supply voltage 
of +15V operating at I MHz into 15pF, the dynamic power 
consumption per logic function is approximately I mW. 
When this is compared with TTL logic at approximately 
10.5mW per logic function, both quiescent and dynamic, it 
can be seen that a considerable reduction in power dissipa
tion throughout the system will result by using C/MOS 
logic rather than TTL or DTL logic. The advantages of this 

low power dissipation in the system are obvious - less drift 
due to temperature rise, smaller power requirements, no 
cooling required, and more hardware per area. 

COMPUTER COMPATIBLE 
DATA ACQUISITION/ 

DISTRIBUTION SYSTEM 

SYSTEM 256 

SYSTEM DESCRIPTION 

System 256 is designed to accept up to 256 single-ended or 
128 differential analog signals plus 64 simultaneous sample 
& hold channels in the basic package . The analog inputs are 
multiplexed one at a time into a high Impedance buffer 
amplifier then supplied to a sample & hold amplifier. The 
buffered analog signals are converted to digital data via a 
high speed successive approximation Analog to Digital Con 
verter of up to 14 bits. The analog multiplexing process 
may be accomplished in either a sequential scan or a ran
dom address mode of operation . The digital output data is 
then fed to an LSB (least significant bit) positioning cir· 
cuit which assures that regardless of the resolution of the 
converter, the LSB will always be on the extreme right 
hand position . This is in compliance with most mini · 
computer programming requirements. 

THROUGHPUT A /D RESOLUTION 
TIME 8 B its 10 Bi t s 12 Bits 14 B it s 

100 KHz v1 .../(opt ) .../(opt) 

70 KHz 

~ v1 50 KHz 

17 K Hz v1 
SYSTEM THROUGHPUT TI ME VS RESOLUT ION 

Display and Control in both the Local and Remote mode of 
operation are provided on the front panel. Thi s includes an 
LED display of digitized input data and A /D-D /A channel 
address. The Local Control features allow selection of input 
A /D channel address via an advance pushbutton swi tch, 
continuous conversion cycles on the same channel via a 
convert pushbutton switch, DI A channel address and 
manual insertion of D /A data via toggle switches. 
Contained in the same package are provisions for supplying 
up to 32 Digital to Analog Converters. This conversion 
process again utilizes the LSB position ing circuit and is 
supplied with C/MOS storage registers . The Dig ital to Ana· 
log Converters accept up to 12 binary bits and generate an 
analog output corresponding to the selected channel. Four 
standard voltage range outputs are supplied to prov ide up 
to 10 mi I liamperes . 
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SYSTEM 256 BLOCK DIAGRAM 

DATA ACQUISITION SECTION 

r----------, 
ANALOG I I f- ~ 

MULTIPLEXER (11 

H OIFFERENnAL AMPL ~ I/0 BUFFER 
I NP~ UP TO 256 SINGLE SUB-MUX INCL UDING LSB 

ENDED OR 126 (USED FOR DIFFERENTIAL ANO A/O CONVERTER f- -+ POSITIONING 
DIFFERENTIAL CHANNELS ONLY) I SAMPLE & HOLD 8. 10, 12. 1 .. BINARY BITS 

CI RCUIT I 
14-I I L _________ .....J 

i + ,j~ 

I 
I J MULTIPLEXER 

J I 1 PROGRAMMER 

I 
I 1 + l AOC BUSY (E 0 C ) 

MUX MUL TIPLEXEA SI:' QUENCER 
EXPANDER AANOOM/SEOUENTIAl .... 
ADDRESS 

• 
J FRONT PANEL _]+--l CONTROLS 10PT1QNAL) 

NOTE (0 32 CHANNELS OF SIMULTANEOUS S & H ALSO AVAILABLE AS OPTION 

,--------, 
DEVICE SELECT 

I r 
I I.._ OUTPUT DATA ANO STATUS 

I ~ ... 
I DIGITAL INPUT ADDRESS ANO COMMANDS 

I 
COMP UTER 

I 
0 A INPUT DATA 

I 
I I DEVICE SELECT L ______ 

DATA DISTRIBUTION SECTION 

D/A 
OUTPUTS 

32 CHANNELS OF DIA 1/0 BUFFER +- ~ .... INCLUDES INPUT STORAGE INCLUDING LSB 
1~ REGISTERS POS!TIONING CIRCUIT 
i... 
,~ 

_1 

l D/A PROGRAMMER J 
D/A I ~ 

... EXPANSION 
ADDRESS 

D/A SEQUENCER FRONT PANEL 

RANDOM/SEQUENTIAL CONTROLS 
\Optional) 
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SYSTEM 256 SPECIFICATIONS 

PARAMETER A/DSECTION PARAMETER D/A SECTION 
ANALOG INPUTS DIGITAL INPUTS 

Number of Multiplexer Channels Expandable to 256 channels in 32 
Slntle Ended Input channel Increments 

Number of Channels Expandable to 32 channels 1n 
1 chan nel increments 

Number of Multiplexer Channels Expandable to 128 channels in 16 
Diff. Input (Optional) channel Increments 

Resolution 8, 10, 12, 14 Binary Bits 

Digital Coding (3) St raight Binary 
O ffset Binary 

Number of Simultaneous E xpandable to 64 channels in 2 T wo's Complement 
Sample/Hold Channels channel increments De.ta Inputs OTL or TTL com patible 
Input Voltage Ranges +5V FS, + lOV FS, ± 5V FS. :t lOV FS 

Channel Input Acquisition Time 5usec to!: 0.025% of FS 
Channel Input Impedance 100 Megohms-"on" or "off" 

Negat ive True Logic 
Loading : 011e TTL Load 

Data Strobe In formation must be present at the 
register inputs of the DAC pr1or lo 

Input Configu ration Single ended or Differential 

Maximum Input Overload ± lSV 

Input Channel Time Skew SOnsec 

strobing. 
Loadi ng: one TTL Load 

Update Rate 500 KH z 

Simultaneous S/H Section ANALOG OUTPUT 
Maximum Common Mode Any Combination o f 
Voltage - (3) 20V P to P - Es + ECM 

Common Mode Input 
Impedance - (3) > IOO Megohms 

Common Mode Source 

Number of Analog Outputs up to 32 channels 

Accuracy ±0.01% of FS ! 1'2 LSB 

Output Voltage Range (2) OV to + 1 CV FS 
ov to+ SV FS 
+lOV FS 

Impedance - (3) I Kohms unbalanced i 5V FS 
Common Mode Rejection gg~g ~ ~o";;,' Ratio - (3) 

Output Current ±10ma (typ.) 

Output Loading l Kohms for + lOV Output 
Crosst--.1k (Between inputs) BOdb @ JOOHz 500 ohms for + SV Output 

45db @ I OM Hz Output Settl i ng Time 2 usec to ±0.025°10 of FS 

SYSTEM PERFORMANCE Resolution ± 1 LSB 

Output Resolution 8, 10, 12, 14 binary bits Linearity ±111 LSB 

Output Data Coding (4) Straight Binary unipolar input 
Offset Binary - bipolar input 
2's Complement - bipolar input 

Temperature Coefficient ±20ppm/ C of FS 

Long Term Stability ±0.01 %/6 montt1 peri o d 

Throughput Rate 8 B in ary Bits 100 KHz 
10 Binary Bits- 50 KHz 
10 Binary Bits-70 KHz (opt.) 

Reference Source Internal 

DIGITAL CONTROL INPUTS 
12 Binary Bits-SO KHz 
14 Binary Bits- 17 KHZ Device Select J hne, l TTL Load Negative True 

Aperture Time 50nsec 
Rando m/SeQuential 1 line, 1 TTL Load Negat 1ve True (seq . ) 

Reset 1 line, 1 TTL Load Negative True 
Accuracy ± 0.02% of FS :!: 1h LSB Strobe l line, l TTL Load Nega tive True 
Temperature Coefficient 40ppm/OC Convert Command Input 1 line, l TTL Load Negative True 

Throughput Rate up to 100 KHz Random Address Inputs 9 lines, 1 TTL Load- Ne4at1ve True 

Linearity ± 112 LSB 
DIGITAL OUTPUTS 

DIGITAL CONTROL INPUTS Input Strobe Output 1 line, TTL Comp. (1) 

Dev ice Select 1 line, 1 TTL Load- Negative True 

Ra ndomfSequential 1 line, l TTL Load- Negative True ~seq.) 

Reset 1 line, 1 TTL Load - Negative True 

FRONT PANEL CONTROLS 
Input Data Switches Allows Manual Loading of Data Into 

Each D/A 
Strobe 1 line, 1 TTL L oa d- Negative True Channel Address Switches Address D/A's in Random Mode 
Convert Command Input l line, 1 TTL Load- Negative True Channel Address Lamps Display D/AChannetPos1t1on 
Random Address Inputs 9 llnes, 1 TTL Load-Negative True D/A Mode Switch Se lec ts D / A Operati on 

DIGITAL OUTPUTS 0/A Strobe Switch Wiii l n 1t1ate a 0/A Conve rsion 

A/D Converter Data Up to 14 parallel llnes-TTL Compatible(1J Reset Switch Resets 0 / A's to Channel One 

Serial Outpu t Train 1 11ne--TTL Compatible (1) Random/Sequential Switch Se tects Mode of Operation 

Busy (E.O .C . } 1 line-TTL Compatibte_.i_l) 

Frame Sync I line-TTL Compatible(1) 

Advance Switch Ran d om Mode- Wtll Select Addressed 
Channel 

Sequential Mode- Wi ll Advance to Next 
A/D Clock 1 line-TTL Compatible (1) Higher Channe l. 

Input Strobe Output 1 11 ne- T TL tCompatible ( 1) 

Output Strobe Output l line--TTL Compatible (1) 
Buffer Full Output l tine TTL CompatibleliT 

Local/Remote Switch Sele cts Source of Sys tem Control 
Front Panel Controls o r Com puter. 

Last Channel Selector Short Cyc le D/A Channels 1n Sequent1at 
M o de 

FRONT PANEL CONTROLS Power On/Off Switch Applies AC Power to System 

Output Data Display Up to 14 Bits of A / D Data Read Out 
Channel Address Switches Address Multiplex er In Random Mode 
Channel Address Lamps Dlsplay Multlplexer Positi on 
A/D Mode Switch Selects A/0 Operation 
A/D Convert Switch Will Init iate an A/0 Conversion 
Reset Switch Resets Multiplexer to Channel One 
Random/Sequential Switch Setects Multiplexer Mode of Operat ion 
Advance Switch Rando m Mode-Wilt Select Addressed 

Channel 
Sequent ial Mode- Will Advance to Next 

MECHANICAL-ENVIRONMENTAL 
Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -s S"c to+ eS"c 
Relative Humidity 1 0% to 90% Non-condensing 

Physical Size Jlh"Hx 19"Wxl9"D 

Weight 12 LBS (Typ.) 

1/0 Mating Connectors Vtkmg f3VH25/IJN5 

Input Power l l SVAC±lOVAC ~ 47 · 63Hl 
225VAC±15VAC &I 4 1·63Mz (opt.) 

Higher Channel 
Local/Remote Switch Setects Source of System Control. 

Front Panel Controls or Computer 
(1) Open Collector. Wiii Sink 30ma 
(2) Fast Settling Current Out put Avallaole on Special Order 

Last Channel Selector Short Cycle Multlplexer in Sequential Mode (3) Contact Factory for Binary Coded Decimal 

Power ON/OFF Switch Applies AC power to System 

MECHANICAL-ENVIRONMENTAL FOR IMMEDIATE APPLICATION ASSISTANCE -
Operating Temperature Range ooc t o +1ooc 
Storage Temperature Range .55oc t o asoc 

Relative Humidity 10% to 90% Non-condensing CALL OR WRITE 
Physical Size J l/2 " H x l9''W x 19"0 

Weight 12 L.BS (Typ,) 

1/0 Mating Connectors Up to Eleven 
Viking ,¥3VH25/ IJN5 

Input Power 115VAC + 10 VAC @ 47-63Hz 
225 VAC! 15 VAC @ 50-400Hz (opt.) 

~DAIEL 
SYSTEMS, INC. 
1020G Turnpike Street, Bu ild ing S 

(1) Open Collector. Will Sink 30 ma (3) Pertains only to Differentia l Input Canton, Massachusetts 02021 U.S.A. 
(2) Optional (4) Contact Factory for Binary Coded TEL: 16171828-8000 

Decimal TWX : 710-348-0135 TEL.EX : 924461 
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MECHANICAL DIMENSIONS SYSTEM 256 IS AVAILABLE UNDER 
GSA CONTRACT NO. GS-005-29002 

FRONT BKT 
SUPPLIED 

HARDWARE SUPPLIED 

ADJ REAR BKT 
SUPPLIED 

- ~ 

/ 
RACK M OU NT ING CENTE RS 

RA CK 

SIDE VIEW 

MOUNTING SYSTEM 256 

17375 
OVER SLIDES 

;=---.-J-
16250 

OVER CHASSIS 

TOP VIEW 

r 
19'00 

I 

I 
I 20 TO 24 I BETWEEN SLI DE 

1---'-"'----------'e--~ ~ #I'~" 
FRONT VIEW 312•!)()() 

l..'==11 o ===O==::':::::!Jo III 
r 19~ -1 

SPECIFYING SYSTEM 256 TO MEET YOUR PARTICULAR NEEDS 

DAS-256-T_ l_ l _l_ 1-_ L 

l. l 
NUMBER OF AN ALOG (JI NUMBER OF SIMULTANEOUS AID RESOLUTION , OUT,UT CODINO 
MULTIPLEXER CHANNELS SAMPLE/HOLD CHANNELS 11 I AND SYSTEM THROUOH,UT RA TE 

I I • SINGLE ENDED INPUT 1 . ZERO CHANNELS 88 8 BINARY BITS - lOOKHz THROUGHPUT RATE 

- FROM 32 TO 256 INCRE· I I • NUMBER OF CHANNELS 108 . 10 BINARY 81TS- 100KHz THROUGHPUT RATE 
MENTS OF 32 CHANNELS FROM 2 TO 64 128 12 BINARY BITS- 50KH1 THROUGHPUT RATE 

I I • DIFFERENTIAL INPUT INCREMENTS OF 2 CHANNELS 14B . 14 BINARY BITS- 20KHz THROUGHPUT RATE 

- FROM 18 TO 128 INCRE· SINGLE ENDED INPUT ONLY BO . 2 BCD DIGITS 

M ENTS OF 18 CHANNELS . 12D . .. 3 BCD DIGITS 

l I r 
[MULTIPLEXER INPUT CONFIGURATION ] FULL SCALE ANALOG INPUT SYSTEM OUTPUT DATA FORMAT 

[ S • SINGLE ENOE0- 256 CHANNELS MAX] A . OV TO +SV , . STRAIGHT BINARY (UNIPOLAR INPUT) 

0 • DIFFERENTIAL- 128 CHANNELS MAX. B . OV TO +10V 2 . OFFSET BINARY !BIPOLAR INPUTI 

c . ±5V 3 . 2'1 COM,LEMENT !BIPOLAR INPUT) 
4 . BINARY COOED DECIMAL 

0 . t:10V !UNIPOLAR INPUT) 
E . OTHER 

DDS-32-1-1_ l _1 
l ] 

NUMBER OF O/A RESOLUTION INPUT DATA FORMAT FULL SCALE OUTPUT 

D/A CHANNELS ill 88 . 8 BINARY BITS A . STRAIGHT BINARY !UNIPOLAR OUTPUTI VOLT AGE RANGE 

I l FROM 1 TO 32 108 • 10 BINARY BITS 
B • OFFSET BINARY I BIPOLAR OUTPUT) 1 . OV TO +5V c • :ro COMPLEMENT !BIPOLAR OUTPUT! 

INCREMENTS OF 128 • 12 BINARY BITS D • BINARY CODED DECIMAL 2 . OV TO +10V 

1 CHANNEL 148 • 14 BINARY BITS !UNIPOLAR OUTPUT) 3 . ±5V 
4 . ±10V 

NOTE: Ill O/A Ch•nnels are Limited to 16 when any number of 121 When Both A/0 and 0 / A Sections Are Requ ired, Make Ill Single E ndld Inputs end 

Simult1neous SAMP LE/HOLD Ch1nnels 1re orderad . the Appropriate Setection Using Both Ordering Numbers . Differential Inputs C.nnot 

Otherwi11 up to 32 O/A Chennels m1v be ordered. Exomplo A/D Section: DAS-215e.32.S·A-BB-1 
Exomple D/A Section: DDS-32·111-BB·A<4 

be Combined. 

Alto spec ify one or two device selact lines. 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL . 16171 828-8000 
TWX . 710-348-01 35 TELE X ' 92446 1 

FEATURES 
lllJ> 32.Channel analog 

input capability slides directly into Intel's 
MDS-800 or the SBC-80/10. 

111J> Register-to-register interface 
for 75 kHz data transfer. 

II- Three methods of programming: 
Program-controlled mode 
Interrupt Mode 
Direc1 Memory Access 

111J> Expandable in increments 
of 32 A/D channels and/or 8 DI A chan
nels. 

II- 12-bit Resolution with ch o ice of output 
coding. 

Iii" Choice of program-controll ed random or 
sequential channel addressing. 

DESCRIPTION 
Datel offers a simple approach to measuring 
analog inputs via the Intel MDS-800 Micro
computer Development System or In tel ' s 
SBC-80/ 10 Single Board Computer. Datel ' s 
SineTrac 800 data acquisition module plugs 
directly into the MDS-800 or SBC-80/ 10, ac
cepting 32 or more analog channels inside the 
same housing. The SineTrac 800 high-speed 
analog card communicates on the MOS or 
SBC CPU bus and is handled as an addressable 
peripheral 1/ 0 device . Analog connections are 
made through convenient rear·panel connec· 
tions on the MDS-800 housing. Programs 
written in universal 8080 microprocessor as· 
sembly language instructions completely con 
trol all activities of the SineTrac 800 data 
acquisition card . These include random or 
sequential channel addressing with automatic 
reset on USIH· specified first and last channels . 
By using the 1/0 device communications capa
bi l i ty resident in Intel 's monitor program, 
the SineTrac 800 analog inputs can be directly 
printed out on a teletypewriter, punched onto 
paper tape or magnetic tape cassette or left in 
memory for fu rther arithmetic manipulat ion 
before printout. 

The SineTrac 800 card is ideal for process 
control , automatic test systems, laboratory 
measurement systems and similar applica· 
tions . Additional SineTrac 800 boards al low 
for (1) A / D channel expansion in increments 
of 32 channels per board or (2) a D/ A board 
with eight 12-bit D/A analog output con
verters per board (expandable to 256 
channel s). 

The D/A option board contains storage 
regi sters for each 12-bit analog word to main
tain a stabil ized analog output between out
put cycles . The D/ A option is ideal for 
plotter, chart recorder , oscilloscope or ac· 
tuator drive . 

The SineTrac 800 can accept three modes of 
operation including program control, direct 
memory access IDMA) or interrupt operation. 
Program mode consists of direct operation of 
the SineTrac 800 system by assembly lan
guage instructions at the time and sequence 
specified by the program. DMA operation ac-

ANALOG DATA SYSTEMS 
FOR INTEL'S MDS-800 

AND SBC-80/10 COMPUTERS 

SINETRAC 800 SERIES 

commodates d irect memory loading in b locks 
usi ng Intel's DMA board but without routing 
through the CPU . DMA operation can accom
modate block transfers up to the SineTrac 
800's full speed of 75,000 samples per second. 
Interrupt operation is ideal for serving other 
peripheral, besides the SineTrac 800 whenever 
the device or the data is ready. Interrupt can 
accept virtually simultaneous data conversion, 
output formatting and printout . 

The SineTrac 800 card is organized around 
Datel ' s MDAS-16, a high density data acquisi
tion module employing a hybrid successive 

approximation A / D converter. FET multiplexer 
switches, integrated circuit Sample/Hold ampli
fier and tri-state TTL output buffer/registers . 
Address decoders, bidirectional bus drivers and 
receivers, status registers, F ET MU X switches, a 
± 15V DC/DC converter and control logic com
plete the rest of the SineTrac 800. 

Using an assembly language application pro
gram developed on the MDS-800 or SBC-80/10, 
the SineTrac 800 channels can be randomly 
addressed or in automatic sequential operation 
incremented with each conversion and resetting 
when a preloaded last channel is reached. 

Vol 3/260 See inside back cover for DATEL sales offices Electronic Design 's 



SPECIFICATIONS (typical @ +25°C when calibrated unless noted) 

Data Acquistion Section 

ANALOG INPUT 
Number of Channels. 

Resolution ... 
Full Scale Input 
Voltage Ranges 

Input Impedance. 
Input Bias Current ... . . 
Common Mode Rejection . 
(Sinetrac 800-16 only) 
Common Mode Voltage. 
(Sinetrac 800-16) 

32 single-ended or 16 differential (prewired 
or jumper-selectable) 
12 Binary Bits (1 part in 4096) 
0 to +5V, 0 to +10V, -5V 
to +5V, -10V to +10V 
(prewired or jumper -se lectable) 

100 Megohms 
3nA 
70 dB, DC l'O 1 kHz 

. With in the selected input voltage range 

SINE TRAC 800 A/D SECTION 
OMA MODE 
BLOCK DIAGRAM 

INTEL 
MOS-800 
OR 

SBC-80/10 

OMA 
INPUT BUS 

OMA 
OUTPUT BUS 

"' w 
> 
;;: 

" ~ 
::> 
ID 

,, 
8 BIT 
DIGITAL 

READ READ 
HI LO DATA ADDRESS 

BYTE 

WP2 

INPUT TAG~ 

LO 

Linearity Error .... 
System Accuracy . • 
System Temperature 
Drift . ........ .• 
Throughput Rate (Data 
Transfer), minimum, 

Within ±.0125% of full scale of actual value 
Within ±.025% of full scale of actual value 

Within ±30ppm of full scale/°C of actual value 

Data Acquisition Section . 
Channel Acquisition Time 
System Aperture Time .. 

• 75,000 samples per second 
• 6 microseconds 
. 50 nanoseconds 

DIGITAL INPUT/OUTPUT 

Output Coding . ...... . Straight Binary (unipolar)} prewired or 
Offset Binary (bipolar) jumper-
2's complement (bi polar) selectable 

OIF 
OR 
BUFFER 

'WPJ" 

START 

CONVERT 

EOC S\F 

END 
READ READ OF 
Hl / LO BYTE DATA ADDRESS SCAN 

CONTROL 

LOGIC 
f----- - TAG BIT 0 -.- ---+f---._ 

LOAD START 

CHANNEL 

.J 

GOLD BOOK 76/77 

OMA 
TIMING 
SIGNALS 

>-----OUTPUT TAG--.----. 

EOC 

SETS FOR 
XFEA OR LO BYTE 

XFEA ACKNOWLEDGE 

LOAD FINAL 

CHANNEL 

INPUT Hl 1LO START EOC S F 

TAG FLOP CONVERT 

DEV ADY 

~----+--END OF SCAN 

DELAY 

SETS FOR XFEA OF HI BYTE 

HI LO FLOP 

S/F LOAD FINAL 

CHANNEL 

XFEA AEO 

START 
CONVERT 
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SPECIFICATIONS (cont.) 

Output Format. . . . . . . . Buffered 2-Byte 
Bidirectional TTL Data 
Bus compatible to MDS-800 and SBC-80/1 O 
lntellec Bus characteristics 

Channel Addressing ..... Program - controlled Random address or 
automatic sequential with preloaded last 
channel 

Power Consumption . . . . . 2 Amps typical @ +5V DC derived from 
MDS-800 backplane connector. On-board 
±15V DC/ DC converter supplies power to 
linear circuits . 

Operating Temperature 
Range ......... . 0° to +10°c 
Storage Temperature 
Range ..... . . . - 25° C to +85° c 

SINE TRAC 800 D/A SECTION 
PROGRAM INTERRUPT MODE 
BLOCK DIAGRAM 

..I 

INTEL 

MDS-800 
OR 

SBC-80/ 10 

01 DIRECTIONAL 

DATA BUS 

07 TO Do 

ADDRESS BUS 
A2 THAU A7 

AO 

EXTERNAL 

START 

END OF 

SCAN 

INTERRUPT BUS 

CH 0 
OUTPUT 

LOAD START 
ADDRESS 

LOAD FINAL 

PULSE "WP2" ADDRESS 

Card Size .... ...... . 

Peri phera I* . 
Address 

Interrupt*. 
Level 

12" x 6.75" compatible to 0 .75" guide 
spacing and 1/ 0 pinout of MDS-800 back
plane connector and SBC-80/ 10 
Prewired at fixed address OOOJOOXX 
Selectable using PC board jumpers, two (2) 
octal characters 
Prewired at fixed level 4 
Selectable from 0 to 7 using PC board 
jumpers 

*Test tapes supplied to customers for system verif ication and checkout 
are written with the peripheral address and interrupt level shown. If other 
addresses and interrupts are required, these should be altered using the 
lntellec Monitor after system verification has been performed . 

Q;>EN COLLECTOR 

ENABLE READ STATUS 

CH 7 
OUTPUT 

READ CURRENT-ADDRESS 

Lo7 

DECODER LOAD DATA- LO BYTE 

READ 
PULSE 
DECODER READ FINAL ADDRESS 

.. WP)" 

LOAD DATA- HI BYTE STROBE RESET 

IOWC 

IORC 

XACK 
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1020G Tu rnpike Street, Bu1ld 1ng S 
Canton, Massach usetts 02021 U.S.A. 
TEL: (6 171 828-8000 
TW X: 710-348-0135 TELEX: 92446 1 

SINE TRAC 800 A/D SYSTEM 
PROGRAM INTERRUPT MODE 
BLOCK DIAGRAM 

INTEL 
MDS-100 
OR 
SBC-80110 

BIDIRECTIONAL 
OATA'BUS 

~ 

Do THRU 0 7 ffi 
> 

~ 
" :!' 

INTE RRUPT BUS 

ADD RESS BUS 
A2TH RUA7 

IORC 

XACK 

ORDERING GUIDE 
SINETAAC BOO AID SYSTEMS 

ST-800- _I_ L -.:::::_ 

l NUMBER OF CHANNELS J FULL SCALE INPUT 
AND TYPE VOLTAGE RANGES 

[ 
32S = 32 Single-ended J Unipolar Ranges 
160 = 1601tferen11a1 A = Oto +SV 

B = Oto + 10V 
Bipolar Ranges 
C = -5Vto +SV 
D = -10Vto+IOV 

SINETRAC BOO OJA SYSTEMS 

ST-800-__I_ L ----c:_ ~ 

MASTER OR 
SLAVE EXPANDER 

DA = Master 
DAX = Slave 
(Master req 'd 
lorcootrol) 

NO. CHANNELS/ CARO 
AND DC/ DC CONVERTER 

4 = 4 DI A channels 
DCIDC conv included 

8 = 8 DIA channels 
no DC/ DC conv 
(ext + 15V pwr req'dl 

OUTPUT CODING 

1 = S1ra1ghtBmary. 
unipolar 

2 = Otfset Binary, 
bipolar 

3 = 2'sComplement. 
bipolar 

FULL SCALE OUTPUT 
VOLTAGE RANGE 

Unipolar Ranges 
A = Oto ..-SV 
B = Oto+lOV 
Bipolar Ranges 
C "' -5Vto+SV 
D = -10Vto ~ lOV 
E = - 2.5Vto +25V 

PULSE 
OECOOEl'I 

l 
DMAOPTION 

A = Included 
(requires 
Intel's 
OMA Board) 

B = Not mcluded 
(Prog. cootrol 
orprog 
mterrupt 001yi 

l 
INPUT COOING 

1 = Straight binary, 
unipolar 

2 Otfset binary, 
bipolar 

3 2's complement. 
bipolar 

LO AOSTARl CH ANlllEl 
AOORESSREGISHR 

LOAOF!lllALCHAlllNH 
AOOl'IESSl'IEGIS TEl'I 

PRICES (SINGLE QUANTITY) AND ADDITIONAL PC BOARDS 

INCLUDES PROGRAM AND MANUAL 11-9) 

ST-800-325 32 AI D CHANNELS (SE), ONE BOARD SLOT _ S495 
ST-800-160 16 AI D CHANNELS (DIFF.)_ ONE BOARD SLOT . _ $495 
ST-800-ADX32S AI D SLAVE EXPANDER BOARD. 32 SE 

CHANNELS, REQUIRES ONE ST-800-32S $295 

ST-800-DA8 8 DI A CHANNELS, REQUIRES EXT_ ± 15V l[v .32A 
ONE SLOT . $495 

ST-800-DAX8 DI A SLAVE EXPANDER BOARD. 
8 CHANNELS, REQUIRES ONE ST-800-DAS 
MASTER. EXT. ± 1 SV@ .32A, ONE SLOT . _ $475 

ST-800-DA4 4 DI A CHANNELS. INCLUDES DC/DC 
CONVERTER FOR ± 1 SV, ONE SLOT $429 

ST-800-DAX4 DI A SLAVE EXPANDER BOARD. 
4 CHANNELS, REQUIRES ONE ST-800-DA4 
MASTER. INCLUDES DC/DC CONV_ 

CONTACT DATEL FOR OTHER A/D 

EXPANDERS AND ACCESSORIES 

$395 
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1020G Turnpike Street, Budding S 
Canton, Massachusetts 02021 U .S.A . 
TEL : 16171828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

I> 64-channel analog input (AID) and 4 
output (D /A) channels fit directly 
inside Data General's NOVA series 
minicomputers. 

I> Data Acqui si tion rates up to 75,000 
samples per second. 

I> Three modes of programming. 

Program-controlled mode 
Program-interrupt mode 

• Direct Memory Access 

I> Expandable up to 256 A/D and /or 
256 D/ A channels. 

I> 12-bit analog resolution with choice 
of coding and voltage ranges. 

I> Optional auto -zeroing and program
mable gain . 

I> Includes on-board control for block 
transfer and automatic channel se
quencing and for random channels. 

DESCRIPTION 

Date\ offers a simple approach to provid
ing analog signal inputs and outputs to 
Data General' s popular NOVA series 
minicomputers. Date l's Sine Trac analog 
peripheral 1/0 module plugs directly 
into the card guides and connector slots 
inside NOVA, NOVA 800, 1200 and 
Super NOVA housings. The Sine Trac 
module accepts up to 64 ana log input 
(A/ D) channels and 4 analog output 
(D/ A) channels on the same interface 
card. 

The Sine Trac ana log 1/0 card com
municates directly with the NOVA bi
directional bus, thereby, eliminating all 
CPU cabling. S ine Trac is handled as an 
addressable peripheral 1/0 device. Ana
log connections are made through PC 
board connectors to the NOVA housing. 

Assembly language or high level lan 
guages completely control all activities 
of the Sine Trac analog 1/0 card. These 
include random or sequential analog 
channel addressing with automatic reset 
on program-specified ti rst and last chan 
nels . By using the appropriate 1/0 
instructions, Sine Trac ana log channels 
may be transferred to a teletypewriter, 
paper or magnetic tape, tape cassettes, 
CRT terminal or other peripherals. 

The Sine Trac board is organized around 
Datel's MDAS-16, a high density data 
acquisition module employing a hybrid 
successive approximation A/D converter 

ANALOG DATA PERIPHERALS 
FOR DATA GENERAL'S 

NOVA SERIES MINICOMPUTERS 

SINETRAC NOVA SERIES 

NOVA 
SERIES 
BACK
PLANE 
CONN 

ADDRESS 21, 23 
ADDRESS 
DECODER 

INT LOC 21 SYSTEM CONTROL 

FINAL 
CHAN ADDA 

GATED FROM DATA BUS 

CURRENT 
CHAN ADDA 

GATED FROM DATA BUS 

FET multiplexer switches , integrated 
circuit Sample/ Hold amplifier, and tri
state TTL output buffer/ registers. Ad
dress decoders, bidirectional bus trans
ceivers, status and address registers, a 
±15V DC/DC converter and control 
logic complete the rest of the Sine Trac 
system. 

The Sine Trac NOVA card is ideal for 
process control, automatic test systems, 
laboratory measurement syste ms and 
similar applications . Datel's System 256 
will allow for expansion up to 256 AID 
channels and /or 256 D/ A channels. 

The D/ A analog output channels avail
able on Sine Trac A/D boards contain 
storage registers for each 12-bit analog 
word to maintain a stable analog output 
between CPU output cycles. The D/ A 
option is ideal for plotter, chart record
er, oscilloscope or actuator drive. It is 
also excellent for analog feedback or 
test waveforms to syste ms under test . 
Digitally synthesized analog waveforms 
may be program-generated with a set
tling time of 4 microseconds per D/ A 
step. 

The Sine Trac analog system can accept 

LO START 
AID 
CONV 

ANALOG 
MUX 

SAMPLE 
AND 
HOLD 

MOAS-16 

DIFF 
AMP 

DATA ACQUISITION MODULE 

ANALOG 
INPUTS 

&I LtNES 

three modes of operation including pro
gram control, program interrupt mode 
and direct memory access (D MA) . Pro 
gram control requires simple instruc
tion sequences and controls the inter
face at the time and seq uence specified 
by the program. Interrupt operation is 
ideal for releasing the CPU for other 
chores while an A/ D conversion is in 
progress. OMA operation bypasses the 
CPU and uses the Sine Trac 's start and 
ti nal channe l and word counter registers 
to transfer Sine Trac-contro lled blocks 
of data addresses sequenced by the Sine 
Trac' s memory address register and 
frame clock. 

Very fast auto zeroing circuits and pro
grammable gains are optional on Sine 
Trac systems. The auto zeroing corrects 
for voltage offsets and programmable 
gains of 1 , 2, 5, and 10 provide input 
ranges down to ±500mV full scale. The 
gain is program controlled and is ideal 
for applications requiring extended 
range. Systems without the auto zero/ 
programmab le gain option have A/D 
data throughput of 75,000 samples per 
second. Throughput for systems with 
the option is 40 ,000 samples per second. 
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SPECIFICATIONS (Typical @+25°C, dynamic conditions unless otherwise specified.) 

SINETRAC NOVA SERIES 

ANALOG DATA SYSTEMS 

DATA ACQUISITION SECTION (A/D Analog Inputs) 

ANALOG INPUTS 

Number of Channels . 

Channel Expansion .... 
(using Daters Sysrem 256 
in an external housing) 

64 single-ended 
64 pseudo-differential 
32 full differential 
up to 256 single-ended channels or 
128 full differential channels 

Input Voltage Ranges ... 0 to +5 Volts 

Programmable Gains 

0 to +10 Volts 
- 5 to +5 Vohs 
- 10 to +10 Volts 

and Auto zero (optional) x l , x2, x5, x lO (not 
a11ail. 0 to +5 Volt range) 

Common Mode Range ... ±10V Volts -guaran teed max . 
Input Overvoltage , 
(no Clamag11) • • 
Input Impedance . 

Input Bias Current 
Input Capacitance 
(to ground) . 

PERFORMANCE 

Accuracy @ +25°C and 

. ± 15V, max. sustained 
100 megohms differential or 
to ground 
Jn A typical, lOnA max. 

10pF, OF F channel, 100pF , 
ON channel 

75kHz Sampling . . . Within ± .025% of full scale 
Resolution . . . 12 Binary Bits 
Nonlinearity . . ± 1/ 2 LSB, max. 
Differential Nonlinearity. ± 1/ 2 LSB, max. 
Gain Error . . .. Adjustable to zero 
Offset Error . Adjustable to zero 
Gain Temperature 
Drift . 

Offset Temperature 

. Within ± 3Qppm of futl 
scalefC 

Drift ....... Within ±7ppm of full 
scale f C 

Common Mode Rejection 
(with 1kilohmunbalanu). 70dB min ., DC to 1 kHz 
Power Supply Rejection 
(to +5Vbus).. . 100 dB 

ORDERING GUIDE 
Nova Sine Trac Series 

A/D Channel 
Configuration 

645 = 64 sing le
ended 

64P '"' 64 Pseudo
differential 

320 • 32 full 
differential 

DAG = A/ D channels 
not included, 
4 D/ A's only. 

Full Scale Analog 
Input {A/D) Ranges 

0 "" use if A/D's are 
not included . 
D/ A' s only. 

1 • = 0 to +5V 
2 • 0 to +10V 
3 =-5Vto+5V 
4 •-10Vto+10V 
( •prog. gain/au to zero 

option not i111ail. on 
+5V range). 

A/D Coding 

A = unipolar, straight 
binary 

"" bipolar, offS&t 
binary 

C = Bipolar , 2's co m
plement 

D = use if A/ D's are 
not included . 
0 / A's on ly . 

Programmable Gain 
Auto Zero Option 

1 = included 
2 "" not included 

Specify OMA Frame Clock period up to 1 second maximum. 

DYNAMIC CHARACTERISTICS 

Throughput Rate 
(wi tho ut prog. gilin /auto 
z•roJ. . .. 75,000 samples/sec., max . 
Throughput Rate 
(with prog. gain/auto 
zero) . 
A(Xfuisition Time . 
A/ D Conversion Time . 
Aperture Time . 
Sample/Hold Switch 
Feedthrough .. 

MUX Crosstalk from 
OFF Channels . 

40,000 samples/sec., max . 
6 microseconds 
7 .3 microseconds 
50 nanoseconds 

.01 % max. 

.01%@ 1 k Hz 

DIGITAL OUTPUTS 

Output Coding 
(prewiNJd jumpers) . . . Straight Binary (unipolar) 

Output Format 

Offset Binary (bipolar) 
2's complement (bipolar) 

(prewired jumpers) . Buffered output electrically 
compatible to the Nova 
bidirectional bus. Sign ex
tension is provided on Bits 
12·15. 

Channel Addressing ..... RANDOM · Under program 
con t rol 

SEQUENTIAL - Under program 
control or under interface OMA 
con trol using preloaded start 
channel, fin al channe l, number of 
channels and next memory 
address registers . 

OMA Frame Clock ...... Selectable period up to 1 second 
per channel (specify wi th order) 

INTERFACE ADDRESSING 

NO VA Sine Traces are supplied with addressing shown below. 
Contact Dare/ if other addressing is required. 

A/ D System Device 
Address . . .. 21 

Assembler Mnemonic .... ADCV 
D/ A System Device 
Address . 23 

Assembler Mnemonic .. DACV 
A/D Interrupt 
Location . . LOC 21 

POWER CONSUMPTION ... 2.5 Amps typica l @ +5VOC 
supplied by DE C backplane 
connector power bus. On
board ±15V DC/ DC convert
er powers linear circuits. 

PHYSICAL 

Operating Temperature 
Range . . . ......... D°C to + 7D°C 

Storage Temperature 
Range . . ..... - 25°C to +85°C 

Card Size . . ..... 15" x 15" x 0.375" (not 
including PC ca rd fingers). 

Card Connection ....... One peripheral 1/0 slot in Nova 
Ser ies backplane connector 

Humidity ............. 20% to 90% (no condensation ) 

DATA DISTRIBUTION SECTION (D/A Analog Outputs) 

ANALOG OUTPUTS 

Number of Channels .... 4 single-ended 
Channel Expansion . . .. 256 channels addressable using 

Oatel's System 256 (separate · 
housing) 

Output Voltage Ranges .. 0 to +5 Vohs 
0 to +10 Volts 
- 5V to +5 Vohs .. 
- 10V to +10 Volts • 
(•specify offse t binary or 2's 

complement output coding) 
Output Impedance ...... 50 milliohms 
Output Current ........ ±5mA, min ., short circuit 

proof to ground 

PERFORMANCE 

Nonlinearity . 
Differential 

. .. ±1/2 LSB, max. 

Nonlinearity ... ±1/ 2 LSB, max . 
Gain Error ............ Adj. to zero us ing t>ot for each 

each channel 
Zero Error ............ Adj. to zero usi ng pot for each 

channel 
Gain Temperature 
Drift ................ ±3Qppm of outputfC 

Zero Temperature Drift 
(unipolar output) . 

Offset Temperature 
Drift (bipolar output}. 

Settling Time . 
Power Supply . 
Rejection 

Power Requirements . 

±5ppm of full sca le rangefC 

±15ppm of full scale rangefC 
4 microseconds to ± 1 / 2 LSB 
.t0 .02%of full scale range 1% 
supp ly variation 
±15VDC @ 
±40mA full load per D/ A 
channel. Furnished by on-board 
DC/ DC converter for A/D-0 / A 
card. ±15VDC ex terna lly su pplied 
for expanded D/ A chan nels. 

PR ICES (Single Quantity) 

ST·NOVA·64S (or -64P or -320) 

Analog Output Option 
(4 0/A's) and Ranges 

A == 0 to +5V 
B :c 0to+ 10V 
C = - 5V to +5V 

(offset binary only) 
D ,,. 10V to +10V 

(offset binary only) 

E = Use if D/ A's are not 
included. A/ D 
channels on ly. 

DI A Output Coding 

1 "" Unipolar Straight 
Binary 

2 "" Bipolar Offset 
Binary 

3 = Bipolar 2's Com· 
plement 

4 = Use if D/ A's are 
not inc luded . A/ D 
channe ls only . 

(All A/D input channels and no D/A output channels) . $1445 . 

ST-NOVA-64S (or -64P or -320) 
(All A /D channels plus 4 D/A channels) .. ................ $1795. 

ST-NOVA·DAC 
(No A/D channels but including 4 D/A channels) ..... .. .... . $1345 . 

ADD $250 FOR THE PROGRAMMABLE GAIN/AUTO ZERO OPTION 

1020G Turnpike Street, Building S 
Ganton, Massachusetts 02021 U.S .A . 
TEL: (617) 828-8000 
TWX : 710-348-0135 TELEX : 924461 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S .A. 
TEL: 1617) 828-8000 
TWX : 710-348-0135 TELEX : 924461 

FEATURES 

I> 64-channel analog input (A/ D) and 2 
output (D /A) channels fit directly 
inside DEC's LSl-11 series mini
computer. 

I> Data acquisition rates up to 75,000 
samples per second . 

I> Two modes of programming. 

• Program-controlled mode 
• Program-interrupt mode 

I> Expandable up to 256 A/D and /or 
256 D/A channels. 

1> 12-bit analog resolution with choice 
of coding and voltage ranges. 

DESCRIPTION 

Date! offers a simple approach to provid
ing analog signal inputs and outputs to 
DEC's popular LS 1-11 (PDP-11 /03) series 
microcomputers. Datel's Sine Trac ana
log peripheral 1/0 module plugs directly 
into the card guides in LSl-11 housings 
or H9270 backplanes. The Sine Trac 
module accepts up to 64 analog input 
(A/ D) channels and 2 analog output 
(D /A) channels on the same interface 
card . 

The Sine Trac analog 1/0 card com
municates directly with the LSl-11 bus, 
thereby, eliminating all CPU cabling. 
Sine Trac is handled as an addressable 
peripheral 1/0 device . Analog connec
tions are made through PC board con 
nectors on the Sine Trac card . 

Assembly language or high level lan
guages completely control all activities 
of the Sine Trac analog 1/0 card . These 
include random or sequential analog 
channel addressing with automatic reset 
on program-specified first and last 
channels. By using the appropriate 1/0 
instructions , Sine Trac analog channel s 
may be transferred to a teletypewriter, 
paper or magnetic tape, tape cassettes , 
CRT terminal or other peripherals . 

The Sine Trac board is organized around 
Datel's MDAS-16, a high density data 
acquisition module employing a hybrid 
successive approximation A/D converter, 
F ET multiplexer switches, integrated 
circuit Sample/ Hold amplifier, and Tri 
state TTL output buffer/ registers. Ad
dress decoders , bidirectional bus tran s
ceivers, status and address registers, 
a ±15V DC/ DC converter and control 
logic complete the rest of the Sine Trac 
system . 

ANALOG DATA PERIPHERALS 
FOR DEC LSl-11 MICROCOMPUTERS 

LSl- 11 

BUS 

SINETRAC LSI SERIES 

SINE TRAC LSl-1 1 
BLOCK DIAGRAM 

(PROGRAM CONTROL MODE) 

r----------- --
1 
I 
I 

MEMORY 

CPU 

TO BUS 
TRANSCEIVERS 

The Sine Trac LSl-11 card is ideal for 
process control, automatic test systems, 
laboratory measurment systems and 
similar applications. Datel's System 256 
will allow for expansion up to 256 A/ D 
channels and /or 256 D/ A channels . 

The D/A analog output channels avail 
able on Sine Trac A/D boards contain 
storage registers for each 12-bit analog 
word to maintain a stable analog output 
between CPU output cycles . The D/A 
option is ideal for plotter, chart record 
er, oscilloscope or actuator drive. It is 
also excellent for analog feedback or 
test waveforms to systems under test. 
Digitally synthesized analog waveforms 
may be program-generated with a settling 
time of 4 microseconds per D/A step. 

The Sine Trac analog system can accept 
two modes of operation including pro-

TO ADDRESS 
REGISTERS 
ANDO/A'S 

SAMPLE 
AND 
HOLD 

MDAS-16 
DATA ACQUISITION 
MODULE 

DIFF 
AMP 

gram control, and program interrupt 
mode . Program control requires simple 
instruction sequences and controls the 
interface at the time and sequence 
specified by the program. Interrupt 
operation is ideal for releasing the CPU 
for other chores while an A/ D conversion 
is in progress . 

Very fast auto zeroing circuits and pro
grammable gains are optional on Sine 
Trac systems. The auto zeroing corrects 
for voltage offsets and programmable 
gains of 1, 2, 5, and 10 provide input 
ranges down to ±500mV full scale . The 
gain is program controlled and is ideal 
for applications requiring extended 
dynamic range. Systems without the 
auto zero / programmable gain option 
have A/D data throughput of 75,000 
samples per second. Throughput for 
systems with the option is 40,000 
samples per second. 
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SPECI Fl CATIONS (Typical@ +25°C, dynamic conditions unless otherwise specified.) 

ANALOG DATA SYSTEMS 

SPECIFICATIONS 

(Typical@ +25°C, dynamic conditions unless otherwise 
specified.) 

DATA ACQUISITION SECTION (A/D Analog Inputs) 

ANALOG INPUTS 

Number of Channels . . . . 64 single-ended 
64 Pseudo-differential 
32 full differential 

Channel Expansion ... up to 256 single-ended channels 
(using Datel's System 256 or 128 ful l differentia l channels 
in an external housing) 

Input Voltage Ranges .. .. 0 to +5 Volts 
0 to +10 Volts 
-5 to +5 Volts 
-10 to +10 Volts 

Programmable Gains 
and Autozero (optional) .. x1, x2, x5, x10 (not avail. 0 to 

+SV range) 
Common Mode Range ... ±10V Volts guaranteed max. 
Input Overvoltage, 
(no damage). . . . ... ±1 SV, max. sustained 
Input lmped_ance. . 100 megohms differential or to 

Input Bias Current . 
Input Capacitance 
(to ground) . 

PERFORMANCE 

Accuracy @ +25°C and 

ground 
. 3nA typical, 10nA max. 

. 10pF, OFF channel, 100pF 
ON ch&nnel 

75kHz Sampling ....... Within ±.025% of full scale 
Resolution . . 12 Binary Bits 
Nonlinearity .. . .. ±1/2 LSB, max. 
Differential 
Nonlinearity ......... ±1/2 LSB, max. 

Gain Error . . ........ Adjustable to zero 
Offset Error ........... Adjustable to zero 
Gain Temperature Drift Within ±30ppm of full scalef'C 
Offset Temperature 
Drift ................ With ±7ppm of full scatef'C 

Common Mode 
Rejection (with 1 kilohm 
unbalance). . . 70 dB min., DC to 1 kHz 
Power Supply Rejection 
fto +5 V busl. . 100 dB 

ORDERING GUIDE 
LSl-11 SineTrac Series 

AID Channel 
Configuration 

645 = 64 single· 
ended 

64P "" 64 Pseudo
differential 

320 = 32 full 
differential 

DAC = A/D channels 
not included, 
2 D/A's only . 

Full Scale Analog 
Input (A/D) Ranges 

0 "'use if A/D's are 
not included. 
D/A's only. 

1*,,,0to +5V 
2 "'0to+ 10V 
3 = - 5V to +5V 
4 =-10Vto+10V 
( •prog. gain/auto zero 

option not avail. on 
+5V range) . 

A/D Coding 

A =unipolar, straight 
binary 

=bipo lar , offset 
binary 

C = Bipolar , 2's com
plement 

D = use if A/D's are 
not included. 
D/A's only. 

Programmable Gain 
Auto Zero Option 

1 = included 
2 =not included 

DYNAMIC CHARACTERISTICS 

Throughput Rate (without 
prog. gain/auto zero) ...... 75,000 samples/sec., max. 
Throughput Rate (with 
prog. gain/auto zero). 

Acquisition Time . 
A/D Conversion Time 
Aperture Time . 
Sampte/Hold Switch 

.. 40,000 samples/sec., max. 

.. 6 microseconds 
... 7 .3 microsecQnds 

. 50 nanoseconds 

Feedthrough ..... 01% max . 
MUX Crosstalk from 
OFF Channels . 

DIGITAL OUTPUTS 

Output Coding 
(prewired jumpers) 

Output Format 

... 01%@ 1 kHz 

.... Straight Binary (unipolar) 
Offset Binary (bipolar) 
2's complement (bipolar) 

(prewired jumpers) ....... Buffered output electrically 
compatible to DEC's bi· 
directional bus. Sign ex
tension is provided on 
Bits 12-15. 

Channel Addressing ..... RANDOM - Under program 
control 

SEQUENTIAL· Under P<O
gram control 

POWER CONSUMPTION 2.5 Amps typical@ +5VDC 
supplied by DEC backplane 
connector power bus. On
board ±15V DC/DC con
verter powers linear circuits. 

PHYSICAL 

Operating Temperature 
Range ............... 0°C to + 70°C 

Storage Temperature 
Range . . -25°C to +85°C 

Card Size ......... 8.5" x 10" x 0.375" (not 
including PC card fingers). 
Card area covers one ex
tended length quad 
module. 

Card Connection ....... One module slot in the POP-
11 /03 Housing or H9270 
backplane card cage. 

Humidity . . ... 20% to 90% (no condensation) 

DATA DISTRIBUTION (D/ A Analog Outputs) 

ANALOG OUTPUTS 

Number of Channels .... 2-single-ended 
Channel Expansion ..... 256 channels addressable using 

Oatel's System 256 (separate 
housing) 

Output Voltage Ranges . . 0 to +5 Volts 
0 to +10 Volts 
- 5V to +5 Volts • 
- 10V to +10 Vohs * 
(•offset binary or 2's complement, 

specify when ordering} 
Output Impedance . 50 milliohms 
Output Current ..... .. . ±5mA,min., short circuit proof 

to ground 

PERFORMANCE 

Nonlinearity . . . . ±1/2 LSB, max. 
Differential Nonlinearity ±1/2 LSB, max . 
Gain Error . . . . . . . Adj. to zero using pot for each 

channel 
Zero Error . . Adj. to zero using pot for each 

channel 
Gain Temperature Drift . . ±30ppm of outputt'C 
Zero Temperature Drift 
(unipolaroutputJ. ±5ppm of full scale rangef'C 

Offset Temperature Drift 
(bipolar output) . .±15ppm of full scale range 1% 

Settling Time . . . 4 microseconds to ±1/2 LSB 
Power Supply 
Rejection ... . . . ..... ±0.02% of full scale range 1 % 

supply variation 
Power Requirements . . .. ±15VDC@ ±40mA full load per 

D/ A channel. Furnished by on
board DC/ DC converter for 
A/ D-D / A card. ±15VDC ex
ternally supplied for expanded 
D/ A channels. 

PRICES (Single Quantity) 

ST·LS1·64S (or -64P or -32D) 

Analog Output Option 
(2 D/A'sl and Ranges 

A = 0 to +SV 
B =Oto+ lOV 
C = - SVto +5V 

(offset binary only) 
0 = 10V to +lOV 

(offset binary only) 

E =Use if D/ A's are not 
included. A/ D 
channels only. 

D/A Output Coding 

1 = Unipolar Straight 
Binary 

2 = Bipolar Offset 
Binary 

3"' Bipolar 2's Com
plement 

4 =Use if O/A's are 
not included. A/D 
channels on ly . 

(A /D analog input cards without D/A outputs. $ 895. 

ST·LSl-64S (or -64P or -32D) 
(A/ D analog input card including 2 D/A outputs) ........... $1045. 

ST-LSl-DAC 
(NoA/D inputs but with 2 DIA outputs) . . . . . . . . . . . . . . . . . $ 545. 

ADD $250 FOR THE PROGRAMMABLE GAIN/AUTO ZERO OPTION 

Model ST·LSl·DAB 
Optional 8 channel single-ended analog output (D/ A) 
(Specify +5V, +10V, ±5V, ±10V full scale outputs. 
Requires A/ D section for control. Uses ±15V power 
from DEC power supply or from external source) . . . . . . . . . . . $ 750. 

Model ST-LSl·DA4 
4 channel analog output. 
Same as - DAS but includes ±15V DC/ DC converter . . . . . . . . . $ 595. 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U .S.A. 
TEL: 16171 828~000 
TWX : 710-348-0135 TELEX : 924461 
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FEATURES 

ll- 64-channel analog input (A/ D) and 2 
output (D /A) channels fit directly 
inside DEC's PDP-11 series mini 
computers. 

ll- Data acquisition rates up to 75,000 
samples per second. 

ll- Three modes of programming. 

• Program-controlled mode 
• Program-interrupt mode 

Direct Memory Access 

ll- Expandaple up to 256 A/ D and /or 
256 D/A channels . 12-bit analog 
resolution w ith choice of coding and 
voltage ranges . 

ll- Optional auto-zeroing and program
mable gain . 

ll- Includes on-board control for block 
transfer and automatic channel se
quencing and for random channels . 

DESCRIPTION 

Datel offers a simple approach to pro
viding analog signal inputs and outputs 
to DEC's popular PDP-11 series mini
computers . Datel's Sine Trac analog 
peripheral 1/0 module plugs directly 
into the card guides and connector slots 
inside PDP-11 housings. The Sine Trac 
module accepts up to 64 analog input 
(A /D) channels and 2 analog output 
(D /A) channels on the same interface 
card. 

The Sine Trac analog 1/0 card com
municates directly with the PDP-11 
unibus, thereby, eliminating all CPU 
cabling. Sine Trac is handled as an ad
dressable peripheral 1/0 device . Analog 
connections are made through the rear 
cable clamps on the PDP-11 housing . 

Assembly or high level languages com
pletely control all activities of the Sine 
Trac analog 1/0 card. These include 
random or sequential analog channel 
addressing with automatic reset on 
program-specified first and last channels . 
By using the appropriate 1/0 instruc
tions, Sine Trac analog channels may be 
transferred to a teletypewriter, paper or 
magnetic tape, tape cassettes, CRT 
terminal or other peripals . 

The Sine Trac board is organized around 
Datel's MDAS-16, a high density data 
acquisition module employing a hybrid 
successive approximation A/D converter, 
FET multiplexer switches, integrated 

ANALOG DATA PERIPHERALS 
FOR DEC PDP-11 MINICOMPUTERS 

SINETRAC PDP SERIES 

BLOCK DIAGRAM 
l PR OGR "M CONTROL MOOt:I 

circuit Sample/ Hold amplifier, and tri
state TTL output buffer/ registers . Ad
dress decoders, bidirectional bus trans
ceivers, status and address registers, a 
± 15V DC/ DC converter and control 
logic complete the rest of the Sine Trac 
system. 

The Sine Trac PDP-11 card is ideal for 
process control, automatic test systems, 
laboratory measurement systems and 
similar applications. Datel's System 256 
will allow for expansion up to 256 A/ D 
channels and /or 256 D/A channels. 

The D/A analog output channels avail 
able on Sine Trac A/ D boards contain 
storage registers for each 12-bit analog 
word to maintain a stable analog output 
between CPU output cycles. The DI A 
option is ideal for plotter , chart recorder, 
oscilloscope or actuator drive. It is also 
excellent for analog feedback or test
waveforms to systems under test . Digit
ally synthesized analog waveforms may 
be program-generated with a settling 
time of 4 microseconds per D/A step. 

The Sine Trac analog system can accept 
three modes of operation including 
program control, program interrupt 

mode and direct memory access (OMA). 
Program control requires simple instruc
tion sequences and controls the inter
face at the time and sequence specified 
by the program. Interrupt operation is 
ideal for releasing the CPU for other 
chores while an A/ D conversion is in 
progress . DMA operation bypasses the 
CPU and uses the Sine Trac's start and 
final channel and word counter registers 
to transfer Sine Trac-Controlled blocks 
of data addresses sequenced by the Sine 
Trac's memory address regis ter and 
frame clock. 

Very fast auto zeroing circuits and pro 
grammable gains are optional on Sine 
Trac systems. The auto zeroing corrects 
for voltage offsets and programmable 
gains of 1, 2, 5, and 10 provide input 
ranges down to ±500mV full scale. The 
gain is program controlled and is ideal 
for applications requiring extended 
dynamic range. Systems without the 
auto zero /programmable gain option 
have A/D data throughput of 75,000 
samples per second. Throughput for 
systems with the option is 40,000 sam
ples per second. 
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SPECIFICATIONS (Typical@ +25°C, dynamic conditions unless otherwise specified.) 

DATA ACQUISITION SECTION (A/D Analog Inputs) 

ANALOG INPUTS 

Number of Channels . . ... 64 single -ended 
64 pseudo-d ifferential 
32 full differential 

Channel Expansion ..... up to 256 single-ended channels or 
(using Datel's Systitm 256 in 128 full different ial channels 
an tJJtternal housing) 

Input Voltage Ranges .... 0 to +5 Volts 
0 to +10 Vohs 
- 5 to +5 Vohs 
- 10 to +10 Volts 

Programmable Gains . xl , x2. x5 , xlO (not available 0 to 
and Autozero foPr1on111J +SV range) 

Common Mode Range ... ±lOV Vohs guaranteed maximum 
Input Overvoltage , ...... ±15V, max . susta ined 
(noda~) 

Input Impedance . 

Input Bias Current . 
Input Capacitance 
(to ground) 

PER FDRMANCE 

.. 100 megohms differential or to 
ground 
3nA typical , 10nA max . 

. lOpF , OFF channel, 100pF, ON 
channel 

Accuracy @ +25°C ...... Within ± 025% of full scale 
and 75kHz Sampling 
Resolution . .. .... ... .. 12 Binary Bits 
Nonlinearity ..... .. . . .. ± 112 LSB, max . 
Differential Nonl inearity. t l /2 LSB, max . 
Gain Error . . . ... . .. Adjustable to zero 
Offset Error . . . .... . ... Adjustable to zero 
Gain Temperature Drih .. Within ±30ppm of full scalerc 
Offset Temperature Drift Within ± 7 ppm of full scalet'C 
Common Mode Rejection 
/with 1 kilohm unbalance} . . 70 dB min ., DC to 1 kHz 
Power Supply Rejection 
l t o+5VbusJ . . .100dB 

DYNAMIC CHARACTERISTICS 

Throughput Rate /wi thout 
p rog. gain/auto uro} . . . . . . 75,000 samples/sec ., max. 
Throughput Rate /wi th 
prog. gain/auto uroJ . 40,000 samples/sec., max . 
Acquisition Time . 6 microseconds 
A/D Conversion Time 7 .3 microseconds 
Aperture Ti me . . . . . 
Sample/Hold Switch 
Feedthrough . 

MUX Crosstalk from 
OFF Channels . 

50 nanoseconds 

.01%max. 

.01%@ 1 kHz 

DIGITAL OUTPUTS 

Output Coding 
(p,.wif'fld jumpers} . 

Output Format 
(pr•wir«I jumPf!rs} . 

Straight Binary (unipolar 
Offset Binary (bipolar) 
2's complement (bipolar) 

Buffered output electrically com
patible to DEC's bidirectional bus . 
Sign extension is provided on Bits 
12·15. 

Channel Addressing . RANDOM - Under program control 
SEQUENTIAL - Under program con 
trol or under interface OMA control 
using preloaded start channel , final 
channel , number of channels and 
next memory address registers . 

OMA Frame Clock . . . Selectable period up to 1 second per 
channel (specify with order) . 

INTERFACE ADDRESSING 

PDP· 11 Sinetracs are supplied with addressing shown below. 
Contact Oatel if other addressing is required . 

M105 (Address Selector) 
Address . . ....... 762000 thru 762006 with jumper 

10 cut. 
OMA Address . 762010 thru 7620 16 with jumpers 

10 and 3 cut. 
Vector Address-Interrupt 
Interface (Program l n rerrup r) 

M7821 (VECTOR BIT 2L) 770 (no jumper cuts) 
Vector Address (OMA Mode) 
M7821 (VECTOR BIT 2H) 774 (no jumper cuts) 

Bus Request Level ...... 7 
Bus Grant Level ........ 7 

POWER CONSUMPTION 

2.5 Amps typical @ +5V DC supplied by DEC backplane connector 
power bus . On·board ±15V DC/ DC 

converter powers linea r circuits . 
PHYSICAL 

Operating Temperature 
Range ............... O°C to + 70°C 

Storage Temperature 
Range . . - 25°C to +85°C 

Card Size . ......... 7.69" x 15.5" x 0 .375" (not includ· 
ing PC ca rd fingers). Ca rd area covers 
6 BB 11 card slo ts. 

Card Connection ....... Four BB11 card slo ts (C thru F) . 

Humidity 

Wire wrapped BB 11 , po.......e r and 
1/0 connectors supplied on full 
systems (see ordering). 

....... 20% to 90% (no condensat ion) 

DATA DISTRIBUTION SECTION ID/A Analog Outputs) 

ANALOG OUTPUTS 

Number of Channels ... 2 singl e·ended 
Channel Expansto n . . 256 channels add ressable using 

Oate l's System 256 (separa te 
housing) 

Output Voltage Ranges .. 0 to +5 Volts 
0 to +10 Vo lts 
- 5V to +5 Vol ts • 
- 10V to +10 Vo lts • 
( •offse t binary or 2's complemen t 
specify when o rdering) 

Output Impedance .... . . 50 mill iohms 
Output Current . . ..... ±5mA, min ., short ci rcu it proof to 

grou nd 

PERFORMANCE 

Nonlinea rity 
Differential Nonlinearity 
Gain Error . 

Zero Error . 

Gain Temperature Drift 
Zero Temperat ure 
Drift (unipolar ou tpur/ . 

Offset Temperature 
Drift (bipolar output) . 

Settling Time . 
Power Supply 
Rejection 

Power Requirements . 

±1/2 LSB, max . 
±1/2 LSB, max. 
Adj . to zero using pot for each 
channe l 

Adj . to zero using po t for each 
channel 

± 30 ppm of output re 

±5ppm o f full sca le range re 

± 15ppm of full scale range r c 
4 microseconds to +1 /2 LSB 

±0.02% of full scale range 1% 
supply var iation 

±15VOC @ :t40mA full load per 
0 / A channe l. Furn ished by on· 
board DC/ DC converte r for AI D· 
D/ A card . ±15VDC externally 
supplied for expanded 0 / A 
channels . 

ORDERING GUIDE 
POP-11 Sine trac Series 

CONTACT DATEL FOR PRICES (Single Quantity) 

A/D Channel 
Configuration 

64S = 64 single · 
ended 

64P "' 64 Pseudo· 
differential 

320 • 32 full 
different ial 

OAC '"" A/ 0 channels 
not included , 
2 DI A's only . 

Full Scale Analog 
Input (A/ D) Ranges 

0 : use if A/ D's are 
not included. 
D/ A'sonly . 

1• =0 to +5V 
2 = 0 to +10 V 
3 = - 5V to +5V 
4 • - 10V to +10V 
( •prog. ga in/auto zero 

option not avail. on 
+SV range}. 

LATEST ORDERING INFORMATION 

A /D Coding 

A "' unipolar, straight 
binary 

"" bipolar, offset • 
binary 

C = Bipolar , 2's com· 
plement 

0 = use if A/ O's are 
not Included . 
D/ A's only . 

Programmable Gain 
Auto Zero Option 

1 = included 
2 = not included 

Analog Output Option 
(2 O/ A's) and Ranges 

A = 0 to +5V 
B = Oto+lOV 
C • - 5V to +SV 

(offset binary onl y) 
0 = 10Vto +10V 

(o ffset binary onl y) 

E = Use if D/ A's are not 
included. AID 
channels only. 

0 / A Output Cod ing 

1 -= Unipolar Straight 
Binary 

2 = Bipolar Offset 
Binary 

3 "' Bi po lar 2's Com
plement 

4 = Use if 0 / A's are 
not included . AID 
channels only . 

Specify OMA Frame Clock period up to 1 second maximum. 

ST-PDP-64S, - 64P or -32D AID Section 
(less 2 D/A's, less prog. gain /auto zero) . . 
Add for programmable gain/auto zero opt ion 
(see specifier in A/D Section Model Number) 
Add for two analog output (D/A) channels mounted 
on A/D Section (see speci fi er in A / D Section Model Number . 
Model 11175, OMA Board , 3 Backplane slots 
(see full system description below) . .. .. . ... . 
Model ST-PDP-DAS optional eight channel single-ended 
analog output (D/A) (speci f y +5V, +10V, ±10V. Requires 
AID section for contro l. Uses ±15V power f rom DEC power 
supply or from externa l source) .. . .. . 
Model ST-PDP·DA4 - 4 channel analog output . 
Same as - DAS but includes ±15V DC/ DC converters. 

FULL SYSTEMS 

$ 795. 

$ 250. 

$ 150. 

$ 250 . 

$750 . 

$ 595. 

(Analog output DIA and programmable gain/auto zero options may be 
added to any of these systems.) 

PROGRAM CONTROL (includes the following:) 
Model Description Manufacturer 

M920B 
M105C 
BB11 

111SO 
ST-PDP-

Bus Extender 
Address Selector 
Connector Block (wire -wrapped 

by Datel for ana log 1/0 systems) 
+5V Jumper Card 
64 channel A /D Section 

DEC 
DEC 

DEC 
DA TEL 
DA TEL 

Total Price $2295. 
PROGRAM INTERRUPT (includes the above. plus the following:) 

M7S21B Interrupt Control DEC 
Total Price $2495 . 

DIRECT MEMORY ACCESS (includes the above, plus the following :) 
11175 OMA Board DATEL 

Total Price $2775. 
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1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S. A. 
TEL : (6171 828-8000 

WRITE-ONLY, ULTRA LOW POWER 
INCREMENTAL DIGITAL CASSETTE 

TRANSPORTS AND RECORDER SYSTEMS 
TW X: 710-348-0135 TELEX : 924461 

TRANSPORT FEATURES 
• Simple, reliable capstan/pinch roller step

ping motor drive 
•Ultra-low power (700 milliwatts while 

writing) using CMOS electronics 
• True standby incremental performance 

starts writing within 20 milliseconds 
•Choice of complementary NRZ or ANSI/ 

ECMA/ISO phase-encoding formats 
•High data capacity: Up to 2.2 million bits 

per 300 foot cassette 

RECORDER SYSTEM FEATURES 
• Accepts digitized analog, serial or parallel 

digital inputs 
•Ideal for +12VDC battery portable digital 

data recorders 
• ANSl/ECMA/ISO systems automatically 

record preamble, postamble, CRC, CR, 
NULL, LF ASCII characters 

• Optional A/D converter , 16 channel 
analog multiplexer, sample/hold and 
channel sequencer available 

• Reader Systems available to interface 
most computer terminals, RS-232-C CRT 
displays, modems and teleprinters (TTY) 

INTRODUCTION 
Datel present s its !CT-series digital incremental cassette 
tape transport systems. These unique data recorders and 
reader systems offer a new concept to the instrument 
designer-miniature , removable ultra -fow power, digital 
data storage. Using a Philips data tape cassette, low power 
incremental stepping motor and CMOS electronics, these 
recorders are ideal for portable-battery-powered data 
collection instruments. 

Datel's cassette systems form t he nucleus of your data 
recorder . They complement your selection of input trans
ducers, sig nal conditioners and your co mputer system. 
Inputs to the optional A/ D converter analog section have 
been sta ndard ized to 5 and 10 Volt levels commonly avail
able from many sensors. 

Reader/ interface systems which are se pa rate from the data 
recorder provide several output forms (full parallel, TTY/ 
RS-232-C ASCII, 1 /2" mag. tape) to adapt to different 
computers and printout devices . 

Datel also offers a new concept to the engineer or scientist 
interested in data recording with tape systems . The I CT-series 
offers a si mplified approach with circuit card modules 
which are specified in t erms familiar to circuit designers 
who know digital logic. Data entry, retrieval and power-up, 
power-down considerations are simplified to the point of 
providing and accepting logic levels at the required times. 
For a complete system design, d etails of the transport's 
flu x levels and motor drive are transparent to the designer, 
requiring only a knowledge of ultimate word size, bit rate 
and data capacity . Yet Datel's transport and individual 
card modules are fully specified so that customized systems 
may be created at any level from transports alone up to 
fu I ly packaged systems. 

ICT-SERIES 

With very fast power turn on, the tape moves only when 
actually recording data or creating a gap. At all other times 
when not recording data, the transport and power-multi
plexed electronics remain turned off to save tape and 
batteries. 

The fast turn-on, turn-off feature means that tape is up to 
writing speed within 10 milliseconds with no coasting 
when turned off. Data systems such as seismic recorders 
may be designed to record only when data is actually 
present, providing a very large data capacity per cassette. 
Hand -he ld stock inventory recorders move the tape only 
when keyboard data has been entered. 
MODELS AVAILABLE 
Datel offers these cassette recorders and companion read
ers as complete systems or as general purpose component 
modules for the widest range of applications. The basic 
ICT-series transports are available with a family of printed 
circuit cards, parallel-to-serial /formatter cards, A/D convert
er, multiplexer and sample/holds for analog inputs. Trans
port and PC cards may be purchased separately at any time 
to build complete customized low power digital recording 
systems. 

APPLICATIONS 
Complete Cassette Data Logging Systems from Datel are 
available to record up to 16 or 64 analog channels, both as 
user-mounted modular systems and as stand-a lone, weather
proof automatic data acquisition/logging systems (refer to 
Datel Models LPS-16 and DL-2). Applications include 
oceanographic buoys and submersible probes, portable air 
and water quality environmental monitors, traffic and noise 
loggers, natural resources exploration, vehicular testing, 
seismic and geophysical measurements, RF field strength 
and transmission loggers, unmanned weather stations and 
biomedical loggers. 
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RECORD ING FORMATS 
Datel uses two cassette digital recording methods . A dual·track 
complementary NRZ (CNRZ) method is used for high noise 
immunity and self-clocking on playback. This high capacity 
method uses both tracks of the tape simultaneously and records 
in only one direction . Using separate 1 's and O's tracks and very 
small gaps, one cassette can hold up to 2.2 million bits, or 120,000 
A/ D samples. 

Datel also uses a single-track phase-encoding serial method fully 
compatible with widely accepted ANSl / ECMA/ ISO standards. 
Both sides of the cassette may be written . The ANSl / ECMA/ ISO 
format is 8-bit oriented with optional parity as the 8th bit or 
fixed at one or zero. This format is ideal for interfacing to ASCII 

CASSETTE TRANSPORT FEATURES 
Datel's incremental cassette transport features a design simplicity 
not found in other mechanisms. An elegantly simple tape speed 
control is provided using a four-windir.g stepping motor with 48 
rotor steps per revolution and geared down capstan drive . The 
stepping motor relies on electronica lly rotating the stator field 
around permanent magnet multi-pole rotors instead of mechanical 
brushes and a commutator. A CM OS clock sequences the stepping 
motor drivers . This avoids the usual methold found in continuous 
recorders employing slotted strobe discs, tachometers or pre
recorded clock tracks. All of these methods require some servo 
slewing time to reach accurate speed, thereby adding a delay in 
true incremental applications . The stepping motor drive features 
high electrical to mechanical efficiency since there is no brush 
friction drag. The complete transport and electronics are optimized 
for ultra-low power (one watt while stepping) making it ideal for 
battery-operated portable systems. 

Further mechanical simplicity and ultra-low power is enhanced 
by the single-motor write-only transport. Instead of a second 

1020G Turnpike Street, Budd ing S 
Canton, Massachusett s 02021 U.S.A. 
TEL ' 16171 828-8000 
TWX ' 710-348-0135 TELEX ' 924461 

RECORDING T ECHNIQUES TO CONSERVE 
POWER AND TAPE 
Datel's ICT recorder systems use several methods to save available 
battery energy and to record a maximum amount of data on tape. 

The stepping motor drive allows immediate access (with 10 
milliseconds) from data input to writing on tape unless the 
system is within a gap. This fast turn-on saves time, tape, and 
battery energy normally required to establish higher tape speeds 
typical of continuous or constant-speed incremental transports. 

The second factor which saves time , tape and batteries is the 
incremental operating mode . Since tape can be stopped or 
started at any time except within a byte, word or gap, the trans
port can be shut off any time data is not ready to record. The 

encoded data or to the I EEE-488 instrument interface bus . The 
proper prea mble, cycl ic redundancy check characters and post
amble are recorded for playback synchronization, start of data 
recogn1t1on and error detect ion . Datel's ANSl / ECMA/ ISO 
transports are unique from those of other manufacturers in that 
full incremental operation is a sta ndard feature (rapid start and 
stop with each byte) . Yet the transport retains its ultra low-power 
stepping motor design. Tapes prepared on Datel's cassette trans
port may be used on any reader which is fully ANSl / ECMA/ ISO 
compatible. This includes a variety of CRT terminals and com
puters accepting ASCII cod ing using a serial interface with EIA 
RS-232-C electrical specifications. 

motor to maintain take-up tape tension, a spring-belt and friction 
clutch takeoff from the capstan drive maintain constant take-up 
hub torque and tape tension. 

The ICT-series write-only transports are optimized for ult ra-low 
battery power with bit writing rates within bytes or words of 50 
or 100 bits/second . These bit rates are adequate for a wide 
variety of portable and long term instrumentation applications. 
These include hand -held keyboard inventory recorders and field 
data logging of slowly varying analog parameters such as temper
ature, pressure, RF field strength, etc. However, on playback, 
!CT-recorder cassettes may be read at the full speed of most 
computer cassette readers, typically several thousand bits per 
second. Playback bit rates within blocks or files at a tape speed of 
2.5 inches per second are 2 Kilo bits per second or 250 bytes per 
second. 
Special reader transports with appropriate heads and drives 
available from several manufacturers allow data search speeds up 
to 30 inches per second or more . 

tape is moved only when actually recording data or generating 
gaps. 

The fast turn-off and turn-on are controlled by logic levels 
generated on the ICT-series circuit cards. Extensive use of digital 
integrated circuits means that no warm-up time is required . The 
logic family chosen was CMOS (Complementary Metal Oxide 
Semiconductor) because of the exceptionally low power required, 
high reliability and high noise immun ity. 

For these reasons, Datel's ICT incremental cassette systems 
comprise one of the more energy-efficient data storage systems 
that are commercially available. 
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DIGITAL CASSETTE TRANSPORT SPECIFICATIONS (Typical over 0° to +70°C unless noted) 

Model ICT-Wa Biphase- Model ICT-WZ 
Level ANSl / ECMA/ ISO Complementary 

Format Format 

GENERAL 

Recording Medium Philips magnetic tape cassette, certified for digital 
operation by using a bit-error check for dropouts. 
The transport is designed to accept cassettes com-
plying with ANSIX3. 48, ECMA-34 and ISO/ 
D 153407 specs. 

Number of Tracks One half-width track Two half-width tracks, 
recorded simultaneously 

Record ing Directipn Two directions by One direction only 
flipping cassette over 

TAPE MOTION 

Motor 4-winding 24 pole, permanent magnet stepping 
motor 

Equivalent Zero to 0.063 inches Zero to 0.163 inches 
Tape Speed Range per second { 1,59 mm/ per second (4, 13 mm/ 

sec) sec) 

Nominal Tape Speed 0.063 in./sec. (1,59 mm/ 0.163 in./sec. (4, 13mm/ 
sec) at 100 steps/sec. sec) at 100 steps/sec. 

Bit Density 800 bits per inch 615 bit per inch 
(1600 FRP I) 32 bits (615 FRPI) 24 bits per 
per mm mm 

Bit Cell Spaci ng 0.00125 inches per bit 0.00163 inches per bit 
0,0318 mm per bit 0,0414 mm per bit 

Bit Writing Rate Zero to 50 bits/seco nd, Zero to 100 bits/second, 
asynchronous asynchronous 

STEPPING MOTOR CHARACTERISTICS 

Tape Drive 0.118 inches 0.1246 inches 
Capstan Diamete r 3,0 mm 3,16 mm 

Capstan Rotation Step Angle 0.6° 1.5° 

Stepping Rate Zero to 100 steps per Zero to 100 steps per 
second, asynchronous second, asynchronous 

Number of Stator Windings 4 

Winding Res istance 450 ohms per winding, ± 20% 

Winding Inductance 335 mil lihenries per winding,± 20% 

Motor Steps per Bit Cell 2 1 

Winding Voltage ± 10V min. to ± 24V max . 

Hub and Capstan Torques Suitable for cassettes within 
and Tape Tension ANS l/ ECMA/ISO specifications 

TAPE HEAD CHARACTERISTICS 

Tape Saturation Curre nt 5mA typ. 

Suggested Write Current 7.5mA typ. 

D.C. Resistance 50 ohms± 20% 

Effective Track Width 0.057 inches I 1, 45 mm) 

Nominal Space Between Tracks 0.035 inches (0,88 mm) 
(Tracks are symmetrically spaced) 

DATA CHARACTERISTICS USING DATEL'S ELECTRONICS 

Recording Format Single track full seria l, 2·track serial com· 
externally clocked using plementary NAZ l's on 
8-bit bytes phase-encod- Track 1, O's on Track 2 
ed per ANS l/ ECMA/ISO 
standards 

1020G Turn pike Street, Building S 
Canton, Massachusetts 0202 1 U.S.A. 
TEL: (61 71 828-8000 
TW X: 710-348-0 135 T ELEX: 924461 

Character Record Length 8-bit bytes 8, 10, 12, 14 or 16 bit 
characters or words 

File or Bl ock Length Blocks consisting of 2 Files consisting of 1, 2, 
min. up to 256 max. 4, 8, 16, 32 or 64 
usable data bytes per characters or words per 
block block 

Gaps 0.8" (20, 3mm) nominal 2-bit intercharacter, or 
noiseless gap w ritten inter-word gaps added be-
between each block. No fore each character. 12-
gaps within blocks. One· bit end-of-file gap written 
half gap generated before after each file. 
each data block and the 
other half after the data 
block. 

Gap Stepp ing Rate 250 steps/sec. 100 steps/sec. 

Ti me to General Full 
Gap Length 5.1 sec. 0.12 sec. 

Power Consumption 700 mW typ. @ 100 steps/sec. 
(Transport & Tapehead only) (+12VDC@ 60 mAI 

DATA CAPACITY (Assuming 64 8-bit characters per block or file, plus non-data 
characters and 282 feet (86 m) usable recording area) 

Block o r File Length including 1.48 inches 1.06 inches 
Contro ls and Gaps (37, 6 mm) 126, 9 mm) 

Block or Files per Cassette 2260 blocks (recording 3200 files 
one side) 

Bit Cell s per Block or File 
(including Gaps and Contro l 
Characters) 1200 652 

Time per Bl ock or File 
(not including ga ps) 11 .2 seconds 6.4 seconds 

Time to Fill a Casse tte 
(continuo us runni ng at max. 
step rate ) 10.2 hours per side 5.8 hours 

Bit Writing Rate 50 bits/sec. 100 bits/sec. 

Play back Speed , t ypical 250 bytes/sec. (2.5 ips) 1700 bits/sec. 
(Tl 733 ASR) or higher (LPR-16 Reader, 2.75 ips 

Time to Generate Fu ll Gap* 5.1 sec. @ 250 0. 12 sec. @ 100 
Length steps/sec. steps/sec. 

Gear backlash, tape creep and slack is taken up by load forward and gapping 
operations. 

*2.55 second half-gap generated before and after each data block . 

PHYSICAL 

Weight 1.25 pounds (0,567 kilogram) 

Dimensions 3.91" High x 4.5" Wide x 4.2" Deep 
(99,3 x 114,3 x 106.7 mm) 

Maximum Extension in Front 
of Mo unting Panel . (door closed ) 1.40" (35,6 mm) 

(door o pen) 2.26" (57,4 mm) 

Maximum Depth Behind 
Mounting Panel 1.94" (49,3 mm) from panel front surface 

Mounting Method Front insertion into a panel cutout, secured by (4) 
4-40 bolts inserted from the rear into tapped 
He1icoil thread inserts, 0.187" (4,76 mm) deep 

Mounting Position Horizontal or ve r tical. Recom mended with cassette 
vertical, tapehead at top for easy cassette insertion. 

Te mperature Range - 20"C to+ 70"C stan~ard (-40"C to+ 70"C 

(Operating and Storage) available on special order } 

Power Consumptio n (Auxiliary Phase Board, ANSI Formatter, Block Formatter, 
Cards and EQT /BOT Detector} and Expander consume approximately 120 micro-

watts each (+ 12VDC@ 10 microamps). The 
EQT/BOT Lamp and detector consume 900 mW 
(+12V DC@ 75 mA). 

Prices and specifications subject to change without notice. 
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CASSETTE TRANSPORT OUTLINE DIMENSION - INCHES (MM) 

MECHANICAL DIMENSIONS 

4.0.3 (102, 'i j 
P.C. C~.fD 
co.v.v~cro~ 

f' lf'/UXl,L/,19~Y' 
~NTIN<f 

.Z4 16,1) 

.56 
('1,21 

4.50 (11-1,3) 

4. 10 'OJ' 

(Z,o) 
.08 

PC CARD 
/.75 
(4-9,s) 

ICT-WA & ICT-WZ: TOP VIEW 

/"101.JtVTllv<; 
.SuR,r119c£0,C 
P.C . C"9RD 
C<>NNE c. ro.e 

3 2rk6J 
.3.06 (77, 7) 
l'f~Jf. lt. l ,llt~y' 

Mov;vr1tA.Jt;' 

Mou11.tT1Nr; 
.St.Je,C-Ac.eor 
c...,..s.s1rr~ 
D,RtvG" 

/.94 - - -- -/.Zli/.05 
(4'1,3) (J0,7) (.?b, 7) 

- .IY~,a, 

I 
ICT-WA & ICT-WZ: LEFT SIDE VIEW 

ITF~r'"' r-
MOUNTING .7S .3.o'I 

~413.4 3/78,.S} PANEL 
(87,30) CUTOUT 

!::;:;;:i_ 
. /6~40) .,,.-

+ 3.78 !'fG,o) 

-- 4.IZS- (10-1- 7fL_ 
(f,O) 

4.44 (//Z 8J... 

.. I 

[)/ 1'7f(N.S IO /o/S IN ltvCr/E.S (7>o"':) 
<ENllVCE.S·· . XI< '.01 (!I/IS) TO 

./ 

.-'<!<.JI t .oos (r~ 

z (~o) .f-<l>v> o.e C1',<JHFL/i?. 

'R/'?ITTEL) ON At.~ Co.c>IVE~S /'E 

__t 
.33 

(9,4 

• 

See inside back cover for OATH sales offices Electronic Design's 



RECORDER SYSTEMS CARD CAGE OUTLINE DIMENSIONS - INCHES (MM) 
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CASSETTE RECORDER SYSTEM MODELS AVAILABLE 

Both ICT series write-only recorders are available in many config
urations, from transport-only to stand-alone recorders. 

The basic ICT transport is a panel mounting assembly which fits 
through a front panel cutout. The transport includes the stepping 
motor, tape head, both hub assemblies and optional EQT / BOT 
photodetector. 

All electronics for the ICT systems are mounted in an optional 

five-slot PC card cage which attaches to the rear of the transport. 
The entire assembly consisting of the cage, PC cards and transport 
are firmly supported when the transport is mounted to the user's 
front panel. The five optional cards slide into card guides in the 
card cage and mate with PC edgeboard connectors mounted on a 
motherboard on the bottom of the card cage . Al I signals and 
power voltages are transferred along a bus on this motherboard 
which terminates at a rear PC connector for all 1/0 signals. 

WHICH DATA FORMAT? CNRZ or ANSl/ECMA/ISO PHASE-ENCODING? 

Both CN RZ and ANSl / ECMA/ ISO phase-encoding formats have 
been optimized for ultra-low power incremental recording, yet 
each has its particular advantages. 

CRNZ formatting should be used for noise-immunity and shortest 
gaps for data logging applications. ANSl/ECMA/ ISO phase
encoded formatting should be selected where interchangeability 
with other makes of writers and readers and most computer 
terminals is a consideration . 

Phase encoded cassettes from Datel's ICT-WA series systems are 
available with first level (octal or hexadecimal) ASCII printout 
formatting recorded directly on the write-only system. ICT-WA 
cassettes may be played back immediately on any AN.Sl / ECMA/ 
ISO compatible CRT display terminal or computer teleprinter . 

Both formats are readily available with code conversion to ASCII 
8-bit formats for later storage or transmission of the data. ANSI / 
ECMA/ ISO recording may be used for all slowly-varying analog 
data logging applications except those which cannot wait the 2 .55 
seconds to generate the half-gap preceding each data block. 

Code conversion to ASCII is performed in the write-only system 
for ANSl / ECMA/ ISO formats and in the reader for Datel's CN RZ 
format . This contributes to tape storage efficiency on CN RZ 
systems, but also to preformatted interchangeable cassettes on 
ANSl / ECMA/ ISO systems, for playback on many types of 

Readers . ICT-WZ CNRZ cassettes must use a CNRZ-compatibl e 
Reader such as Datel's model LPR -16 (refer to the LPR-16 
Reader in the Data Logging section). 

Both formats can accept varied block or file length and both 
require similar cost in electronics to perform the same functi ons. 
Datel's ICT-WZ CNRZ systems have room in a single 5-slot card 
cage for an optional 12-bit analog/digital converter and 16-
channel multiplexer (see Model LPS-16) . ICT-WA systems req uire 
additional area to accommodate an A/ D section . 

The minimum 5.1 second, 0 .8 inch (20,3 mm) gaps required of 
ANSl / ECMA/ ISO formatting become a serious data capacity 
consideration if blocks cannot contain substantial numbers of 
bytes. Short blocks waste excessive tape in writing gaps and 
ANSl / ECMA/ ISO data systems frequently use external semi 
conductor memory storage to produce efficiently-long blocks. 

ANSl / ECMA/ ISO formatting relies on regulated speed control 
while writing and reading single-track phase-encoded data with 
two motor steps per bit cell. Data is recorded in blocks ranging 
from two to 256 bytes with no gaps within the blocks. No iseless 
gaps of specified minimum length are required before and after 
each block and these are automatically generated by Datel's 
circuit card modules . 
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FILE OR BLOCK LENGTH 

In ANSl/ECMA/ISO formatting, the number of bytes per block 
is selected using an externally supplied 8-bit block length code 
which must be stored before writing the block. 

The CNRZ format allows for variable file length and jumper
selected bits per word. The file length (words per file) may be 

MIXED ANALOG AND DIGITAL INPUTS 

By the simple addition of Datel's A /D converter and Sample/ Hold 
Amplifier PC cards, the ICT-series can record either analog inputs 
(up to 12 binary bits) or parallel or serial digital inputs. On full 
data logging systems (model LPS-16), a one line mode control 
accepts A /D converter parallel binary outputs or full serial 
external digital inputs synchronously clocked in from outboard 
serial sources or parallel-to-serial shift registers . 

ICT-WZ systems accept digital inputs up to 16 bits in parallel. 

WRITER STEP ELECTRONICS 

TRANSPORT~ 
""' 

16-CHANNEL 
ULTRA LOW POWER 
ANALOG DATA 
LOGGER 

MODEL LPS-16 

1020G Turnpike Street, Building S 
Canton, Massachusetts 02021 U.S.A. 
TEL: 16171828-8000 
TWX : 710-348-0135 TELEX : 924461 

internally or externally controlled. An internal word counter may 

be jumper-programmed to end the file at 1, 2, 4, 8, 16, 32 or 64 
words . An external word counter can also end the file at any 
word count. Bit length per word is jumper selected at 8, 12, 14, 
or 16 bits. 

ICT-WA systems have an optional Expander Board accommodating 
1, 2, 3, 4, 5 bytes (up to 40 bits total) of parallel digital inputs. 

Both systems can accept Datel's optional 16 channel, high speed, 
single ended high impedance FET analog multiplexer and Sample/ 
Hold amplif ier. ICT-WA systems require a second short (4-card) 
card cage to accommodate the analog section plus all the ANSI / 
ECMA/ ISO tape electronics . System power consumption remains 
below 1.5 Watts while recording and in the microwatts in standby. 

BATTERY POWERED 
WEATHERPROOF 
AUTOMATIC ANALOG 
DATA LOGGER FOR 
64 CHANNELS. INCLUDES 
ONE YEAR 
CALENDAR CLOCK 
MODEL DL-2 
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SLOWLY 
VARYING SIGNALS ~ 

TRANSDUCERS, 
SENSORS, A/ D 
EXT. CIRCUITS, CONVERTER 
CALENDAR CLOCK 

KE~YBOARD J1/lflJL J ~~~~LLL61~tTAL INPUTS 

AND DIGITIZED 
lf1IlJL_ ANALOG INPUTS 

DATEL 
ICT-WZ 
SERIES CNRZ 
RECORDER 
SYSTEM 

POWER 
SUPPLY 
BATTERIES 

ICT-WZCNRZ 
Application 
Development 
Systems 

RECORDED 
CASSETTE 
LOADED 
INTO 
READER 

COMPLEMENTARY NRZ APP LI CATION SYSTEM EXAMPLE 
The block diagram shown indicates the types of input sources 
used with the ICT Transport System. Also shown are computer 
system output devices used when reading cassettes. This particular 
example shows an analog signal from an input bridge used to 
measure strain, temperature, etc. The ICT system cannot directly 
record thi s analog signal so it must first be digitized using an A /D 
converter . Datel supplies modular encapsulated 12-bit CMOS A /D 
converters mounted on cards which slide directly into the ICT 
series card cage. The digitized analog signals may then be record 
ed on the cassette . 

The block diagram also shows digital signal sources. These can 
include parallel and serial TTL or CMOS inputs. The TTL signa ls 
should be buffered through open col lector level shifters to be 
compatible with the ICT's +12V CM OS logic levels. Serial digital 
inputs may be shifted into the ICT systems by using the shift 
clock output. 

Not shown in this application diagram are 8-bit bytes in ASCII 
format externally encoded from portable hand-held keyboards 
and other sources. 

The ICT Transport Systems using CNRZ format must use a 
CN RZ-com patible Reader such as Date l's model LPR-16 shown 
here. Refer to the Data Logging section for more information 
on the LPR-16 . 

CRT 
TERMINAL 

KENNEDY 1600/ 360 
WRITE-ONLY 
INCREMENTAL 
TRANSPORT 

FULL 
PARALLEL 
TTL 
OPEN 
COLLECTOR 
BUS 

1/ 2 INCH 
7/ 9TRACK 

MINI OR MICRO
COMPUTER OR 
MAINFRAME 
PROCESSOR 

I 
I 

OTHER 
RS-232-C 
ASCII 
DEVICES: 

MODEM 
ACOUSTIC 
COUPLER 

IBM COMPATIBLE 
MAG. TAPE 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

USER'S 
APPLICATION 
PROGRAM 

- - ----....I ~ 

PLAIN-LANGUAGE 
PRINTOUT: 

07104176 1430 HRS 

TANKN0.4 TEMP182' F 
PRESSURE 37.8 PSI 
FLOW 25.9 GPH 

The LPR-16 Reader is available with 3 types of outputs to feed 
computers and various output and display devices. These outputs 
are full parallel , full serial or half-inch magnetic tape. Between 
them, practically every current computer-compatible device can 
easily by interfaced to . 

For example, if you have access to a powerful h igh speed main
frame computer with BASIC or FOR T RAN languages but without 
convenient electrical input, transcribing cassettes off line onto 
half-inch magnetic tape is the logical route to follow . 

Half-in ch tapes are then loaded into mainframe memory and a 
complete printout is availab le with user-controlled output for
matting, variable labeling and arithmetic funct ions. The high 
density tapes can be retained by the user if they ever need to be 
run again or analyzed differently . 

A computer is shown in this block diagram and it will be required 
in practically all situations needing arithmetic on the data or out
put formatting. However, the LPR-16 Reader can be operated 
off-line directly to a local teletypewriter or CRT terminal to get 
a quick look at the data in hexadecimal output. Simple TTY 
printout formatting presents A /D samples and digital words as 
hexadecimal characters with optional channel identification for 
analog channels. Spacing, carriage returns and line feeds help 
identify individual words and data files. 
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PARALLEL 
DIGITAL 

SERIAL 
DIGITAL 

SHIFT 
CLOCK 

E 

BLOCK 
LENGTH 

ICT-WA 
Phase-Encoding 
ANSl/ECMA/ISO 
Compatible 
Transport System 

WORD 
LENGTH 

ANSl / ECMA/ ISO APPLICATION EXAMPLE 

RECORDED 
CASSETTE 
LOADED 
INTO 
TERMINAL 
OR PRINTER 

The ICT -WA ANS l/ ECMA/ ISO phase-encoding format is design ed 
specifically for direct compatibility wi th many terminals, tele
printers, and other 1/0 devices which accept ASCI I characters 
transferred over TTY 20mA current loops or RS-232-C interface 
cables. In cont rast, ICT-WZ CN R Z systems are not limited to the 
8-bit formatting of phase-encoding systems. In fact, ICT-WZ 
CN R Z transports can be preformatted using the customer's 
external ASCII formatting electronics. Or the ASC II formatting 
can be done in the LPR -16 Reader. Or the ASCII formatting does 

ELECTRONICS 
Both cassette systems accept serial and paral lel digital inputs. 
These are presented to input terminals at the proper times and are 
internally stored. DATA ACCEPTED flag signals appear, allowing 
the user's ex ternal electronics to clear and load the input bus with 
the next group of data. This can occur in parallel or bit by bit 
in full serial by using the shift clock output. 

Since the transport must run at a given tape speed, data bits must 
be ready fast enough for input to the write electronics. However, 
the transport is truly character or word incremental so that the 
tape can stop within a block or file and wait after writing one 
word for new data that isn't ready yet. 

\CT-WZ COMPLEMENTARY NRZ BOARDS 
In addition to the Write Step Board, ICT-WZ Recorder systems 
have t he Formatter Board available . An optional A/D Converter 
Board, and Sample / Hold, Multiplexer , Channel Sequencer are also 
avai lab le for analog inputs . Refer to complete analog systems 
specifications under Datel's LPS-16 series. 

The ICT-WZ Formatter Board accepts parallel CMOS digital 
words from 8 to 16 bits long, stores them and shifts them over 
serially to the Write Step Board. The Formatter also supplies a 
2-step bitless gap beginning each word to the Write Step Board 
and a longer 12 step gap at the end of a file or from external com
mand . Word length from 8 to 16 bits is jumper programmed as 
is a word counter which automatically generates the 12-step fi le 
gap after the ju mper-selected number of words per file. File 
length can also be externally controlled. 

COMPUTER SYSTEM 
AND OTHER 
l/O DEVICES 

ANSl/ECMA/ISO - Compatible 
Reader - Terminal or Printer 

not have to be done at all. In the case of a long-term analog and 
digital data logger, most effi cient tape use and highest data trans
fer rate will occur using a full parallel reader without the extra 
bits required for ASC 11 characters. 

Tapes prepared on ICT-WA ANS l/ ECMA/ ISO systems may be 
displayed or printed out directly on an ANSI-compatible terminal 
1/0 device. A computer is not needed but will be required for 
arithmetic and reformatting the output. 

Several circuit boards with similar functions are used on ICT-WA 
and -WZ systems. The Write Step board drives the 4 -phase wind
ings of the stepping motor. The 100 Hz motor clock pulses are 
also used to seq uence input bits which drive the tape head through 
the Write Step board. Flip flops for the tape head keep track of 
the present drive state of the head and apply the proper flux 
change. CN RZ systems route zero and one bits to alternate tracks 
and phase-encoding systems orient the single-track flux change 
direction for zeroes and ones . The basic motor clock serves as a 
master c lock for all the remaining logic in either \CT system . 

ICT-WA CARDS LESS TRANSPORT 
(SEE BLOCK DIAGRAM) 
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ICT-WA PHASE-ENCODING PC BOARDS 
ANSl / ECMA/ ISO ICT-WA Recorders employ several more boards 
besides the Write Step Board, These include the Phase Board , 
ANS I Formatter, Block Formatter and Expander. 
EXPANDER 
Full Parallel inputs of 16, 24, 32, or 40 bits are accepted by the 
Expander. Two other input lines select the input word length 
code. The Expander stores both the word length code and full 
parallel inputs. It flags when data is accepted and shifts inputs out 
serially to the Phase Board prior to writing on tape. 
BLOCK FORMATTER 
The Block Formatter Counts the number of bytes being written 
in a block and terminates the block at a preselected number of 
bytes determined by an eight-bit input code which is stored at 
the beginning of the block . The Block Formatter ends the block 
by automatically generating ASC II carriage return (C R), NU LL 
and line feed (L F) characters. The Block Formatter then com
mands the A NSI Formatter to seq uence the CRC and Postamble 
generated on the Phase Board to the Write Step Board . The ANSI 
Formatter completes the block by generating the interblock half 
gap. T he CR, NU LL and LF characters can be omitted by short 
cycling the number of bytes in the block compared to the stored 
block length code. 

The block Formatter provides direct input for 8-bit para I lei digital 
words only. This parallel input would be used if the Expander is 
not required . 

ANSI FORMATTER 
The ANS I formatter generates certain gaps, controls whether the 
Phase Board accepts serial or parallel data and controls the Begin
ning of Tape (BOT ) lamp logic and photodetector until the BOT 

tape hole is passed. The ANSI Board directs the sequence of bytes 
generated on the Phase Board including Preamble, Postamble, 
Data and CRC. 

The ANSI Formatter generates an overriding bitless gap at any 
time on external command (using the EXT. LOAD FWD. input). 

An initial gap is externally commanded when the cassette is first 
mounted and rewound. Th is bitless gap passes the clear leader / 
oxide splice and stops tape motion 1.5" (38 mm) past the BOT 
hole, after which the photodetector lamp is turned off. 

The 0.4" (11,6 mm) half-gaps beginning and ending each block 
are generated by the ANSI Formatter automatically. 

All gaps are generated with saturated (DC Erase) tape head flux 
and an accelerated step rate (250 steps /second) to limit the re
quired gap-generat ing time to 2.55 seconds per half interblock gap. 

The ANS I Formatter also commands the Phase Board to generate 
a tape or file mark block on external command consisting of a 
preamble, 16-bit NULL CRC (all zeros) a postamble and both 
beginning and ending interblock gaps. 

PHASE BOARD 
The Phase Board contains the 100 Hz motor clock, computes the 
CRC characters and generates preambles and postambles. The 
recording sequence of these bytes is directed by the ANSI For
matted Board. 

The EOT /BOT photodetector sensing circuit is located on the 
Phase Board. Its output is fed to logic on the ANSI Formatter 
which decides whether to shutoff the lamp and /or continue tape 
motion. 

ANSl/ECMA/150 ICT-WA RECORDER SYSTEM SPECIFICATIONS 

GENERAL 
Function 

Digital ultra-low power write-only phase-encoding cassette re
corder accepting serial or parallel data incrementally in 8-bit 
bytes. 

Data Rate 
Writing rate is 50 bits per second within blocks. Parallel in
puts may be stored. Input data bus must be valid 100 micro
seconds minimum at time of start command. 

EQT /BOT Photodetector 
Optional lamp and photodetector to sense passage of clear 
leader /oxide splice, BOT (Beginning of Tape) and EQT (End 
of Tape) holes. 

Lamp requires 12V @ 75mA. 
For optional long term, low power data logging, automatic 
circuits provide a load forward past the splice. This continues 
1 .5 inches (38 mm) past the BOT , then the EOT/ BOT lamp 
is shut off for the remainder of the cassette to save power. 

Digita l Inputs and Outputs 
All input /outputs are compatible with CMOS logic character
istics , using 4000A series devices. Nominal power supply 
voltage for ICT series electronics is +12 ± 0.5 VDC, regulated. 
Logic input levels must fall within zero and the power supply 
vol tage . CMOS logic is edge sensitive, requiring 15 micro
seconds maximum rise or fall times. 

The following listing describes on ly major 1/0 connections be
tween individual circuit boards and outside circuits. Full descrip
tions of line functions and timing are shown in the ICT brochure. 

EXPANDER INPUTS 
Parallel Data (40 Lines) 

Accepts digital inputs to be recorded with 16, 24 , 32, or 40 
bits. 

Expander Start (1 line) 

Data and commands are stored on rising edge. Phase board 
initiates shift of parallel data and begins recording on tape. 

40 /8 (1 line) 

Low disables the Expander 

Word Length (2 li nes) 

Selects parallel input length of 16, 24, 32, or 40 bits. 

EXPANDER OUTPUTS 
Seria l Data (1 line) 

Para llel data shifted out to phase board. 

Expander Status (1 line) 

HI when parallel data is being shifted. 

Expander Data Accepted 
Ready for data when high. Bus may be changed when low. 

BLOCK FORMATTER INPUTS 
Parall el Data (8 lines) 

8-bit parallel data in put when Expander is not used. 

Block Length (8 lines) 

Selects Block Length from 2 to 256 Bytes. This code is 
stored at start. 

Ext. End Data Block (1 li ne) 

Generates CRC, Postamble and interblock hal f-gap at any 
time before the block is full. 

BLOCK FORMATTER OUTPUTS 
Parallel Data (8 li nes) 

8-bit parallel data bussed to Phase Boa rd as bytes are counted. 

ANSI FORMATT ER INPUTS 
In it ia l Gap (1 line) 

Moves the tape 1.5 inches (38 mm ) past the BOT hole and 
stops. 
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Start Data Block (1 line) 

Generates interblock half-gap, preamble and stops tape, 
waiting for additional data. 

Ext. Load Forward ( 1 Ii ne) 

Overriding command to generate a bitless gap at 250 steps/ 
second at any time. 

ANSI FORMATTER OUTPUT 
Data Block Full (1 line) 

HI flag indicates maximum allowable bytes recorded in a 
block. 

PHASE BOARD INPUTS 
Parallel Data (8 lines) 

8-bit data bussed from Block formatter. 

Serial Data (1 line) 
Shifted from Expander 

External Lamp Control (1 line) 

LO turns EOT /BOT lamp on, HI turns it off. Used for 
incremental applications . 

POWER REQUIREMENTS 
Transport and Tapehead 

700mW typical @ 100 steps /second (+12VDC @ 60mA) 

EQT/BOT Lamp (optional) 
900mW typical (+12VDC@ 75mA) 

Auxiliary Boards 

120 microwatts per board (+12VDC@ 10 microamps) 

PHYSICAL 

Outline Dimensions (Transport plus Card Cage) 
3.91-in. high, 4.50-in. wide, 7.20-in. deep. (99,3 x 114,3 x 
182,9 mm). 126.7 cu. in. (2076 cu. cm) 

Weight 
2 pounds (0,9 kg) 

Connectors 
3 sets of dual-readout 44-pin PC edgeboard fingers (male) 
are used for external connections. The fingers are spaced 
on 0.156-inch centers on the BLOCK FORMATTER, EX
PANDER and rear of the MOTHERBOARD. Each PC jack 
mates to Cinch #251-22-30-160 connector or Viking 2VH-
22 / 1 AN or equivalent (Datel #2075060) 

Temperature Range (Operating and Storage) 
-20°C to + 70°C (-40°C to + 70°C optional) 

MODEL NUMBERING AND ORDERING GUIDE 

Transport 
Write-Only 

$325.00 

Add $90.00 Add $60 00 

CARD SLOT FOR 
OPTIONAL SPARE 
PC BOARD OR 
EXPANDER 

Block Formatter 
36·10712 

Add 5130.00 Add $1-40.00 

A - Without 
B - W1lh 

Add $125.00 

ANSl/ECMA/150 WRITE-ONLY CASSETTE TRANSPORT SYSTEMS 

Individual Component Prices (1-9 quantity) 

Model ICT-WA1 Transport only, less EQT/ BOT sensor_ ......................................... $325. 
Model ICT-WA2 Transport only, with EQT/ BOT sensor ................ . . . .................. • ... $355. 
Card Cage P/ N 36-2669-1 and Hardware .. •. ........... . ........... • ......................... $ 35. 
Motherboard for ANSl/ECMA/ISO Systems, P/N 36-10720 

with 5 card slots and connectors ...•.............................•..........•............. $ 55. 
Write Step, Motor Clock and Head Drive PC Board, P/N 36-10700 .. ... .. . .......... . .... . .. .. . . .. $ 60. 
Phase Board, Parallel / Serial Input , Preamble, Postamble , CRC generators, P/ N 36-10704 . . . ......... . .. $130. 
Formatter Board , Gap Control , EOT/ BOT spacing, Block counter full flag, P/ N 36-10708 .............. $140. 
Block Formatter Board, Generates ASCII CR, LF Chars .. Block length short-cycling 

(stored 8-bit input) P/ N 36-10712 ... . ....... . .... ... ...... ..... ....... .. .. ... . . .. . ... . . . $125. 
Expanded Board , Accepts 16, 24, 32 or 40 bit full parallel inputs for ANSl / ECMA recording, 

number of bits controlled by 2 -bit modified gray code. Both controls and inputs are stored 
(strobable) P/N 36-10716 . . . ....... . ............... .. ....... . ........... . .. . ..... . ..... $125. 
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Model Numbering and Ordering Guide 
COMPLEMENTARY NRZ WRITE-ONLY CASSETTE TRANSPORT SYSTEMS 

Transport, 
Write -Only 

5325 00 

1 W11hout 
2 W ith 

Add $30 00 

Card Cage Housing 
Motherboard. Hdwr. 

A Without 
B With 

Add $90.00 

3 SPARE CARD 
SLOTS FOR A/ D 
CONVERTER OR 
OPTIONAL CIRCUITS 

Write Step Brd. Formatter Brd. 
36-2625-1 36-2633-1 

1 Without A ~ Without 

2 With 6 - With 

Add $125.00 Add $180.00 

COMPLEMENTARY NRZ WRITE-ONLY CASSETTE TRANSPORT SYSTEMS 

Individual Component Prices (1-9 quantity) 

Model I CT -WZ 1 Transport only, less EOT / BOT sensor .. ....... .. .. ...... . ......... .. ........ . . $325. 
Model ICT -WZ2 Transport only, with EOT /BOT sensor .. .... .... . .... .. .. ... .. ....... . ... .. . .. $355 . 
Card Cage P/N 36 -2669 -1 and Hardware .. . .. . ................ ..... .... _ .................. .. $ 35 . 
Motherboard for Comp . NRZ systems , P/ N 36-2699-1 .. .. _ . ... _ ....... . ....................... $ 55 . 
Write Step PC Board , P / N 36-2625-1 ... .... .. . ...... ..... .... . . .. ...... . . ... .. .. ........ . . . $125. 
Formatter PC Board , P/ N 36-2633-1 ... . ......... .. ... .. ... ... . .. ......... .. ....... .. ...... $180. 
A / D Converter * and PC Board , 8-bit P/ N 36 -1637-1 .......... . ....... ..... .................... $385. 
A / D Converter* and PC Board , 12-bit P/ N 36 -1637-1-2 ..... .. .. ........... ... .. ...... ... .. . . .. $405. 
Sample / Hold and 16-channel single-ended analog multiplexer, P/ N 36-1711 ......................... $375. 

plus channel sequencer . 

*Specify input voltage range and output coding when ordering A / D converters. 

For full analog 16-channel data logging systems (includes A / D converter , mux, sample/ hold and channel se
quencer), refer to the model LPS-16 numbering and order guide. 
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Other Datel Brochures 
MINI-COMPUTER COMPATIBLE 
DATA ACOUISTION SYSTEM 

V/F CONVERTERS 

DESIGNER'S Gl.llOE TO V IF CONVERTERS 

---..l '°"'OtU'EL •-.;·_ fo'~"'''ll 
• .,-..... ,.·----· .. --••<'<••_. .. _, 

HIGH PERFORMANCE AMPLIFIERS 

DC POWER SUPPLIES AND 
DC-DC CONVERTERS 

ENGINEERING POWEfl SUPPlY HANOBOOK 

LOW POWER CASSETTE DATA 
LOGGING SYSTEM 

DATA CONVERSION PRODUCTS 

DIGITAL PANEL METERS 

• • • . .,. .. 
THREE RING BINDER CONTAINING 
ALL PRODUCT LITERATURE (1) 

( 1) Available upon written request 
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Extended Performance 
Modules 

MODEL/SERIES EX EXX-HS MODEL/SERIES EX EXX-HS 

D/A CONVERTERS A/D CONVERTERS 

DAC-9 x x ADC-Econov. x x 
DAC-19 x x ADC-89A x x 
DAC-29 x x ADC-149-148 x x 
DAC-49 x x ADC-CM x x 
DAC-69 x ADC-D x x 
DAC-169 x ADC-E x 
DAC-CM x x ADC-EH x x 
DAC-DG x x ADC-EP x 
DAC-FI -x x ADC-ER x x 
DAC-GI x x ADC-G x x 
DAC-HB x ADC-H x x 
DAC-HI x x ADC-K x x 
DAC-HR x x ' ADC-L x x 
DAC-HV x x ADC-M x x 
DAC-1 x x ADC-MA x x 
DAC-MI x x ADC-N x x 
DAC-MV x x ADC-P x x 
DAC-R x x ADC-SH4B x x 
DAC-TR x x ADC-UH x x 
DAC-V x x ADC-VH x x 
DAC-VR x x 
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MODEUSERIES EX EXX-HS 

CONVERTER ACCESSORY MODULES 

Most of Datel Systems' products are specified over the operat
ing temperature range of 0° C to 70° C (32° F to 158° F) with a 
storage temperature range of -55°C to +85°C (-67°F to +185°F). 
While this operating temperature range is satisfactory for 
most applications encountered in industrial environments or 
research laboratories, there are some applications which may 
require a wider temperature range and/or the additional re
liability of hermetically sealed semiconductor components. 
Datel Systems can supply extended performance versions of 
most of its modular products in accordance with the following 
suffix designation: 

SHM-1 

SHM-2 

SHM-2E 

SHM-3 

SHM-4 

SHM-5 

SHM-CM 

SHM-CMI 

SHM-UH 

MM-8 

MMD-8 

MM-16 

MM-16-1 

AM-100 

AM-201 

AM-303 

VFV-10K 

VFV-100K 

SCL 
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x 

x 

x 

EX =Extended operating temperature range of -25° C to +85° C. 

EXX-HS = Extended operating temperature range of -55°C to 
+85°C with all hermetically sealed semiconductor components. 

In the following table an "X" indicates availability of the above 
described options. In addition to the extended performance 
options Datel Systems also offers standard burn-in options for 
any of these modules. The burn-in options are indicated by the 
following add-on suffixes: 

BU01 96 hours at +25°C 
BU02 96 hours at +85°C 
BU03 168 hours at +25°C 
BU04 168 hours at +85° C 

For pricing and delivery time of any of these options please 
contact the factory or Datel Systems' local sales office. 
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Accessory Products 

TRIMMING POTENTIOMETERS 

11> 15 Turn, 200 cycle rotational life 
11> Virtually infinite resolution 
II> 3/4 Watt rating, 25°C (derated to zero at +105°C) 
II> - 55°C to +105°C operating temperature range 
II> 100ppmf C CERMET element 
II> Clutch action stops, no damage 
II> Sealed against flux solvents and potting compounds 

Datel Systems stocks a variety of trimming potentiometers 
which are used for external adjustment of zero and gain for our 
A/ D & D/A con verters, sampl e-holds, operationa l amplifiers, 
etc. We have chosen t he Beck man Model 89P for t hi s purpose 
because of its exce ll en t charact eristics. Pl ease refer to the 
appropriate data sheet for t he tri mm ing potentiometer required 
for a given Dat el Syste ms product. 

MODEL RESISTANCE (±10%) PRICE 

TP20 20 ohms $3.00 
TP50 50 ohms $3.00 
TP100 100 ohms $3.00 
TP200 200 ohms $3.00 
TP500 500 ohms $3.00 
TP1 K 1 K o hms $3.00 
TP2K 2K ohms $3.00 
TP5K 5K o hms $3.00 
TP10K 10K ohms $3.00 
TP20K 20K ohms $3.00 
TP50K 50K ohms $3.00 
TP100K 100K ohms $3.00 

DIMENSIONS 
INCHES 

MM 
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DUAL-IN-LINE SOCKETS 

DILS-1 20 Contact Strip, wire wrap $ 2.50 
DILS-2 20 Contact Strip, dip solder $ 2.50 
DILS-3 24 Pin Socket, dip solder $ 1.95 

MODULE SOCKETS 

MS-1 Socket for 2" x 1" module $25.00 
MS-2 Socket for 2" x 1.5" module $25.00 
MS-3 Socket for 2" x 2" module $25.00 
MS-4 Socket for 2" x 3" module $25.00 
MS-5 Socket for 2" x 4" module $25.00 
MS-6 Socket for AM-100 amp I ifiers $ 3.50 
MS-7 Socket for 2.5" x 3.5" power supply $ 3.50 
MS-9 Socket for AM-201 amplifiers $ 3.50 
MS-11 Socket for AM-303 amplifier $ 3.50 
MS-12 Socket for FLT series active filters $ 5.00 
MS-13 Socket for triple output power supply $ 3.50 

PRINTED CIRCUIT BOARDS 

PCB-1 & 2 Printed circuit board for mounting one 
ADC-D, ADC·K, ADC-M, ADC-E, 
ADC-89, ADC-L, ADC-H, ADC-N, 
ADC-P $35.00 

PCB-3 Printed circuit board for mounting 
three DAC·I $40.00 

PCB-4 Printed circuit board for mounting 
two DAC-1 and one BPM-15/50 $35.00 

PCB-5 Printed circuit board for mounting 
two DAC-V, VR, DAC-HI, 
DAC-FI, DAC-GI $35.00 

PCB-6 Printed circuit board for mounting 
two DAC-HB and one BPM-15/50 $35.00 

PCB-7 Printed circuit board for mounting 
two UPM-5/300 and two 
BPM-15/50 $20.00 

PCB-9 Printed circuit board for mounting 
two DAC-19, DAC-29, DAC-49, 
DAC-69 $35.00 

PCB-EX Printed circuit board extender. $25.00 
PCB-CN 2VK22D/1-3 or equiv. 44 solder pin 

connector for PCB series $ 3.50 

DILS MECHANICAL DIMENSIONS - INCHES 

~: v- Pm Pos1t1on :1 

188 _[~~-~-[§~ ~~~~.@]~] 

1-=ri=-100 Cap Remo11abfe 

For Contact Replacement 

I -~~ .. I .2ro .l 
c 1 
f 

No. of 
Model Contacts A B c 

DILS-1 20 2.090 1.900 .645 

DILS-2 20 2.090 1.900 .145 

DIGITAL PANEL METER CONNECTORS 

These connectors are dual 18 pin PC edgeboard types with 0.1" 
finger spacing on .062" thick boards. 

Connector For Solder Tab Wire Wrap 
DPM Model Connector Model Connector Model 

DM-2115 2335-3 2335-4 

All Other Models 2335-1 2335-2 
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O r dering Guide 
PLACING AN ORDER 
When ordering a Date I Systems product, the complete model number , 
product description , and option description should be given . For 
example : Model ADC-Ml 201 A2, 12 bit A / D converter , input buffer , 0 
to + 5V input, BCD outputs. Use the product Specification Guides 
where necessary . Orders may be placed with a Datel Systems f ield sales 
representative or with the factory by letter , telephone, TWX , or 
TELEX. Minimum order is $30.00. 

Outside the U .S.A. and CANADA: Orders should be placed with a 
Datel Sales Subsidiary (in West Germany , France, and the United 
Kingdom) or with a Datel overseas sales representative . Orders received 
directly will be treated the same as if placed through our overseas sales 
representative . In countries without a Datel Systems representative , 
orders should be placed by TELEX and confirmed by air ma i l. 

FIELD SALES REPRESENTATIVES 
Datel Systems employs f ield sales representatives throughout the 
United States, Canada, Europe, and the Far East . In addition , i t has a 
Western Regional Sales Office in Santa Ana , California and Date! Sales 

Subsidiaries in Munich, West Germany ; Paris, France; and London, 
England . These sales representatives are the only ones authorized by 
Date! Systems to solicit sales, and any information or data received by 
sources other than these authorized representatives or the Datel factory 
cannot be considered binding. 

PRICES 
All prices are F.O.B. Canton , Massachusetts, U.S.A . in U.S. dollars. 
Applicable federal , state, and local taxes are extra . Prices are subject to 
change without notice. 

TERMS: Net 30 Days 

DISCOUNTS 
Quantity discounts are available when placed in a single order. OEM 
discounts are available on an order or contract basis. Corporate 
discount plans are available for all catalog items. Consult the factory for 
detai Is on any of these plans. Most Date I products are covered by GSA 
contracts for which an appropriate Federal Government discount 
applies. Price lists with government discounts are available upon 
request . 

QUOTATIONS 
Price and delivery quotations made by Date! Systems or its authorized 
field sales representatives are valid for 60 days. 

DELIVERY 
Datel uses an IBM System 3, Model 10, for efficient processing of orders. 
A l l orders placed with Datel Systems are acknowledged within a few days 
by an acknowledgement copy of our sales order form. Th is copy wi l l 
indicate pertinent information including estimated delivery date. Th is 
date has preference over all other agreed upon dates unless otherwise 
specified . 

All products are shipped in rugged commercial containers suitable for 
insuring safe del ivery under normal shipping conditions. Unless shipping 
method is specified, the best available method w i ll be used . UPS, UPS 
Blue Label, Parcel Post, and Air Parcel Post are among the methods 
normally used . Datel recommends insurance on Parcel Post and Air 
Parcel Post shipments for tracing purposes. Shipping charges are 

normally prepaid and billed to the customer except for Air Freight 
charges which are sent collect . The appropriate data sheet and/or 
instruction manual is packed with each product shipped. 

ORDER CANCELLATION 
All orders entered with Date! Systems are binding and are subject to a 
cancellation charge if cancelled before or after the scheduled shipping 

date on the acknowledgement copy of the sales order form. The normal 
cancellation charge is 20% but may be higher depending on expenses 
already incurred and commitments made by Date! Systems . 

WARRANTY 
Datel Systems warrants that its products are free from defects in 

material and workmanship under normal use and service for a per iod of 
one year from date of shipment for module products and digital panel 

meters. For systems and subsystems products , the applicable period is 
90 days. Datel Systems' obligations under this warranty are limited to 
replacing or repair ing, at its option, at its factory or facility, any of the 
products which shall within the applicable period after shipment be 
returned to Date I Systems ' facility. transportation charges prepaid, and 
which are after examination disclosed to the satisfaction of Datel 
Systems to be thus defective . Th is warranty shall not apply to any such 
equipment which shall have been repaired or altered except by Datel 

Systems or wh ich shall have been subjected to misuse, negligence, or 
accident. In no case shal l Datel Systems ' liabil i ty exceed the original 
purchase price. The aforementioned provisions do not extend the 
original warranty period of any product which has either been repaired 
or replaced by Datel Systems , Inc. 

SERVICE POLICY 
During the warrant y period, non-<:atastrophic failures resulting from 
misuse, negl igence, accident, or improper application or installation of 
modular converter products , modular power supplies , amplifiers, or 
digital panel meters w ill be repaired for a flat charge as follows : 

PRODUCT PRICE RANGE 

$20-$70 
$71 -$150 

$151-$300 
$301 -$500 
$501 -Up 

FLAT CHARGE 

$20.00 
$30.00 
$40.00 
$55.00 
$75.00 min. 

RETURNING PRODUCTS FOR REPAIR 
If a Datel Systems product malfunct ions during the warranty period, 
the unit should be carefully checked to determine that the unit is in 
fact at fault . Then call the factory or field sales representative for 
authorization to return the unit . The product should be carefully 
packaged and shipped prepaid with original purchase order number and 
date and an explanatio n of the malfunction. Allow 3 to 4 weeks for 
repair and return of the unit . For out of warranty period repairs, the 
customer will be invoiced for repair charges. If an estimate of repair 
charge is required f irst , the following additional items should be 
furnished with the return unit. 

1. A new purchase order number for the estimated repair charge. 
2. Name of project engineer or other technical person and 

telephone number for contact reference . 
When returning products for any reason , contact the factory first for 

authorization and shipping instructions. Items should not be returned 
air freight collect as they cannot be accepted . 

Returns Outside the U.S.A. and CANADA: Contact the local sales 
representative or factory for authorization and shipping instructions 
f irst . 

EVALUATION SAMPLES 
In cases where it is necessary to evaluate the performance of a product 
before purchasing , a 30 day no charge evaluation model may be 
obtained by contacting the factory or local Datel Systems sales 
representative . The request must be accompanied by a purchase order 
stating "no charge 30 day evaluation unit ." At the end of the 30 day 
period the customer should return the unit in operating condition. 
Note : module pins should not be soldered on these units. If the 
customer decides to keep the unit or does not return it at the end of 30 
days, the no charge purchase order is converted into a nor ma I purchase 
order and invoicing is sent ou t. 

CERTIFICATE OF COMPLIANCE 
Datel Systems will provide a standard Certificate of Comp I iance with all 
shipments when requested by the customer. This request must be 

specified on the purchase order. 

1020G Turnpike Street, Build ing S 
Canton, Massachusetts 02021 U.S.A. 
T EL : 16171 828-8000 
TWX : 710-348·0135 TELEX : 924461 
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FIELD SALES REPRESENTATIVES FOR DIRECT FACTORY CALL Canton, Mass. (617) 828-8000 

NORTHEAST 
Metropolitan New York 
Long Island , New York 
Northern New Jersey 

EASTERN INSTRUMENTATION 
(516) 466-9505 -1 Great Neck , LI . NY 
(201) 66t -2000- New Jersey Exchange 

New Er .gland Slates 
Contact Factory 
(617) 828-8000 

Upstate New York 
R & D ASSOCIATES, INC. 
(315) 622-2350 - Liverpool, N.Y 

MIDDLE ATLANTIC 
Southern New Jersey 
Eastern Pennsylvania 
Delaware 
Maryland 
Virginia 

WASHINGTON, D.C. 
REGIONAL OFFICE 
(30 l ) 54o-949o} Gaithersburg , Md. 
(301) 840-9491 

SOUTHEAST 
SABER ASSOCIATES 
(800) 327- 1181 No and So. Carohna . 

toll-free 
18001 432-3007 All-Fonda . 

IOU-free 

INTL. SCIENTIFIC INSTRUMENTS 
(205) 533-6880 - Huntsville . Ala. 

INTERNATIONAL SALES OFFICES 

FRANCE SUBSIDIARY 

DATEL SYSTEMS SAAL 
11 Avenue Ferdinand Buisson 
75016 Paris, France 
Tel : 603-06-74 
Telex : (842)204280 

JAPAN SUBSIDIARY 

DATEL KK 
Kobayash i Building 
3-26-3 Higashi 
Shibuya-ku , Tokyo 150 
Tel · Toyko 499-0631 
Telex : 2422389 

Yachiyo Bldg . Higashikan 
33 Daikucho 
Kita -Ku , Osaka 530 
Tel · (06) 354-2025 

I UNITED KINGDOM SUBSIDIARY 

DATEL (U.K.) LTD. 
Stephenson Close 
Partway Industrial Estate 
Andover 
Hants 
Tel : Andover (0264) 51055 

WEST GERMANY SUBSIDIARY 

DATELEK SYSTEMS GmbH 
8 MUENCHEN 71 
BECKER-GUNDAHLSTRASSE 1 
Posit. 71-03-04 
Tel. (089) 78-40-45 
Telex : 5212855 

MIDWEST 
GEORGl R. PETERS ASSOC. 
(313) 362-1220 - Troy, Mich . 

INSTRUMENTATION SYSTEMS INC. 
Ohio 
West Virgin ia 
Western Penn . 
Kentucky 
(21 6) 486-0782 - Cleveland , Ohio 
(513) 294-2838 - Daylon , Ohio 
(4t2) 243-1 111 - Pittsburgh , Pa. 

CARTER ELECTRONICS, INC. 
(312) 585-5485 - Chicago, Ill. 
(414 ) 464-5555 - Milwaukee, Wis. 
(3 t7 ) 293-0696 - Indianapolis. Ind. 
(6 12) 559-1976 - Minneapolis. Minn . 

TECHNICAL REPRESENTATIVES INC. 
(31 4) 731-5200 - Hazelwood . Mo. 
(913) 782-1177 - Olathe. Ks. 
(31 9) 396.-5662 - Cedar Rapids. la. 
Southern Ill inois 
Iowa 
Nebraska 

E & M MICROSYSTEMS MKTG., INC. 
(7 13) 783-2900 - Houston, TX 
(2t4) 238-7157 - Dallas, TX 
(5 12) 266-1750 - Austin . TX 

MIDWEST DISTRIBUTOR 
COMPONENT SPECIAL TIES, INC. 
Dallas. Tx (21 4) 357-6511 
Houston . Tx (713) 771-7237 
Austin , Tx (5 12) 459-3307 
Tulsa . Ok (9 t8) 664-2820 

AUSTRALIA 
DIGITAL ELECTRONICS 
(MARKETING) PTY. LTD. 
4129 Hotham Parade 
Artarmon 2064, N.S.W. Australia 
Tel : 437-6668 
Cable: DITRONICS, Sydney 

AUSTRIA & E. EUROPE 
BACHER ELEKTRONISCHE 
GERATE GES. M.B.H. 
Meidlinger Haupstrasse 78 
A-11 20 Vienna Austria 
Tel : 83 63 96 0 
Telex : (O t) 1532 

BELGIUM 

SIMAC ELECT RONICS sp rl 
Bd . du Triomphe 148 
1160 Bruxel les 
Belgium 
Tel : 02-6724556 
Telex: 23662 

DENMARK 
PARATRON A/S 
Saxhojvej 19 
DK-2500 Valby, Denmark 
Tel : (01 I 74 44 66 
Telex : 16444 
Cable: PASEINIK 

FINLAND 
HAVULINNA OY 
Vuorikatu 16 
SF-00100 Helsinki . Finland 
Tel : (90) 66145t 
Telex : 12426 

~"'\IEL 
~~ SYSTEMS, INC. 1020 TURNPIKE STREET, CANTON, MASS. 02021 

ROCKY MOUNTAIN STATES 
CLEVELAND ENTERPRISES 
Arizona 
Colorado 
Southern Idaho 
Nevada 
New Mexico 
Utah 
Wyoming 
(505) 345-2481 - Albuquerque, N.M. 
(602) 949-0872 - Phoenix. Ari> 
(303) 751-3252 ~Aurora , Colo. 

WEST 

WESTERN REGIONAL OFFICE 
(714) 835-2751 - Santa Ana . Calif . 
(213) 933-7256 - LA Exchange 

NO. CALIF. 
DISTRICT SALES OFFICE 

(408) 733-2424 - Sunnyvale , Calil . 

NORTHWEST 
TASCO, INC. 
Oregon 
Wash ington 
(206) 453-1414 l Bellevue. Wash 

INDIA 
SMITRONIX INTERNATIONAL 
201 . Mollee Tolla Building 
504, Linking Road , Khar 
Bombay 400 052, India 
Tel : - 536238 
Cable: SMITRONIX 

ISRAEL 
MTI ENGINEERING LTD. 
P.O. Box 16349 
182 Ben Yehuda Street 
Tel Aviv , Israel 
Tel : 244090, 236334 
Telex : 32200 

ITALY 
3G - ELECTRONICS s.r.I. 
Via Perug ino 9 
Postale Milano 3/47932 
20135 Milano, Italy 
Tel : 544291 . 543096 
Telex : 35024 

NETHERLANDS 
SIMAC ELECTRONICS b.v. 
Eindhovenseweg 58· 
Steensel, THE NETHERLANDS 
Tel : (04970)-2011 
Telex : 51037 

NEW ZEALAND 
DAVID J . REID (N.Z .) LTD. 
3-5 Auburn St. 
Takapuna 
Auckland 1, New Zealand 
Tel : 492-189 
Telex : 2612 

HAWAII 
HAWAII DATA SYSTEMS 
(808) 946-1533 - Honolulu , Hawa ii 

CANADA 
MUL TILEK, INC. 
(613) 825-4695 - Ottawa. Ontario 
(416) 245-4622 - Toronto . Ontario 
(514) 481-1350 - Mon treal . Quebec 

CANADIAN DISTRIBUTOR 
PR ELCO ELECTRONICS LTD. 
(514) 389-8051 - Mon l real , Quebec 
(613) 237-6150 - Ottawa, Ontario 
(416) 678-0401 - Rexdale, Ontario 

FOR APPLICATIONS 
ASSISTANCE ON 
DATEL SYSTEMS' 
PRODUCTS CALL: 
(213) 933-7256 
(7 14) 835-2751 
WESTERN REGIONAL OFFICE 
SANTA ANA, CALIFORNIA 

(617) 828-8000 
HOME OFFICE 
CANTON, MASS. 

NORWAY 
MORGENSTIERNE & CO. A/S 
Konghellegate 3 
Oslo 5, Norway 
Tel : 37 29 40 
Telex : 11719 

SOUTH AFRICA 
PETER JONES ELECTRONIC 
EQUIPMENT (PTY.) LTD. 
P.O. Box 31582 
Braamfontein , Johannesburg 
South Afri ca 
Tel : 22-3658 
Telex · 8-6935 

SPAIN 
AUPOCA ELECTRONICA 
Y SISTEMAS 
Colombia, 34 
Madrid, Spain-16 
Tel : 457 53 12 
Telex : 23742 

Rosellon 345 
Barcelona, Spain-9 
Tel: 257 48 98 

SWEDEN 
AB NORDQVIST & BERG 
Box 9145 

~~;3~~~~~0Sd~~~?;,7 
Sweden 

Tel : 08-69 04 001 
Telex : 10407 

SWITZERLAND 
TRACO ELECTRONIC CO. LTD. 
1 Jenatschstrasse 
8002 Zurich, Switzerland 
Tel : 01 /3607 11 
Telex: 54318 
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Connect a miniature 
DPP-7 Thermal Printer 
to your Digital Panel 
Meter. The DPP-7 
understands a 
DPM's language. 


