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ABOUT THIS INSTRUMENTS AND SYSTEMS
HANDBOOK

You are holding two Datel-Intersil catalogs.
This section is the Instruments and Systems
Handbook. For the Datel-Intersil Data )
Acquisition Components Handbook, simply
turn this whole volume over to the opposite
cover. The Instruments and Systems
Handbook covers pages 1S through 226S.
The Data Acquisition Components Handbook
at the opposite end of this volume covers
pages 1C to 566C.

This full Instruments and Systems Handbook
reflects Datel-Intersil’s maturity in digital
instruments and A/D-D/A systems —
particularly in Digital Panel Meters, Miniature
OEM panel-mount thermal printers,
micropowered digital cassette data loggers
and SineTrac A/D-D/A computer boards.

In this year’s expanded Handbook, we

have included full, detailed, complete
information on most products. In fact, whole
reproductions of product catalogs and data
brochures are included in this one volume.

Please note that current prices (as of May
1980) are included in the selection tables
beginning each category, rather than on
individual product pages.

Historically, instruments and systems has
been a natural evolution for Datel-Intersil
which began shortly after Datel’s founding
over a decade ago. As repeated user
requirements for systems grew, products
were developed based on Datel-Intersil’'s
comprehensive data acquisition component
technology. This offered a cost savings to the
user and gave the best possible insight into
real-world applications and specifications of
those components. This synergism developed
better components and then better
instruments and systems. This ongoing
worldwide real-time laboratory of data
acquisition usage has been refined into
today’s advanced products.

These products are fully supported by an
Applications Engineering Department at the
Mansfield, MA home office and by factory-
trained sales engineers and representatives
around the world. Many systems products
also include comprehensive systems
applications user manuals which are included
with shipments and on letterhead request. In
addition, most products are also available
under GSA Contract for U.S. Government
Agencies.

If you need further assistance, contact your
nearest Datel-Intersil sales office.
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FLT-U2 ............... 388C,404C
LA-8048 .............. 388C,396C
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VFV-100K ............ 388C,416C
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DRIVERS

CD-7216.............. 464C,466C*
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CD-7224.............. 464C,493C
CD-7225.............. 464C,493C
CD-7226.............. 464C,501C
CD-7227 .............. 464C,481C
DD-7211.............. - 464C,513C
DD-7212.............. 464C,513C
DD-7218.............. 464C,523C
POWER SUPPLIES
LINE OPERATED POWER
SUPPLIES
BCM-15/60................. 540C
BCM-15/100 ............ ... 540C
BCM-15/200 ............... 540C
BCM-15/300 ............... 540C
BPM-5/250................. 538C
BPM-5/500 ................. 538C
BPM-12/60 ................. 538C
BPM-12/100................ 538C
BPM-12/200................ 538C
BPM-12/300................ 538C
BPM-15/60 ................. 538C
BPM-15/100................ 538C
BPM-15/200................ 538C
BPM-15/300................ 538C
BPM-120/25............. ... 544C
BPM-150/20................ 544C
BPM-180/16................ 544C
MPD-12/1 ...t 550C
MPD-12/15 ................ 550C
MPD-12/3 .................. 550C
MPD-15/1.................. 550C
MPD-15/15 ......... ... ... 550C
MPD-15/3 ......... ... 550C
MPS-5/3 ........... .. ... 550C
MPS-5/6 ................... 550C
MPS-5/12 .................. 550C
MPS-5/18 .................. 550C
MPT-12/1-5/3 .............. 550C
MPT-12/15-5/6............. 550C
MPT-12/15-5/12 ........... 550C
MPT-15/1-5/3 .............. 550C
MPT-15/15-5/6 ............. 550C
MPT-15/1.5-6/12 ........... 550C



OV-1.. ... .. 548C BPM-15/100-D28 ........... 552C UPM-28/25-D5 ............. 552C

OV-2 .o 548C BPM-15/100-D48 ........... 556C UPM-28/25-D12 ............ 552C
PCD-12/1 ..o, 546C BPM-15/150-D5 ............ 558C UPM-28/100-D5 ............ 552C
PCD-12/2 ..., 546C BPM-15/150-D24 ........... 558C UPM-28/100-D12 ... ........ 552C
PCD-12/3 .o, 546C BPM-15/150-D28 ........... 558C UPM-28/180-D5 ............ 554C
PCD-15/1 ..o 546C BPM-15/165-D5 ............ 554C UPM-28/180-D12 .. ......... 554C
PCD-15/2 ..., 546C BPM-15/165-D12 ........... 554C UPM-28/360-D5 .©.......... 554C
PCD-15/3 .o\, 546C BPM-15/165-D28 ........... 554C UPM-28/360-D12 ........... 554C
PCS-5/3 ..o, 546C BPM-15/165-D48 ........... 556C VI-7660 ... .o 422C,549C
PCS-5/6 ..o, 546C BPM-15/330-D5 ............ 554C
PCS-5/12 ..., 546C BPM-15/330-D12 ........... 554C
PCS-5/18 ...\ 546C BPM-15/330-D28 ........... 554C INSTRUMENTS AND SYSTEMS
PCT-5/3-12/1 .. ........ ... 546C BPM-15/330-D48 . .......... 556C . SECTION
PCT-5/3-15/1 ..o 546C BPM-18/25-D5 ............. 552C Digital Panel Meters
PCT-5/6-12/2 ...\ ... 546C BPM-18/25-D12 ............ 552C DM-3100L ............... 115-14S
PCT-5/6-15/2 ... ..ooe. ... 546C BPM-18/25-D28 ............ 552C DM-3100B ... .......... 158188
PCT-5/12-12/2 ... .......... 546C BPM-18/100-D5 ............ 552C DM'g‘OON -------------- ;93'223
PCT-5/12-15/2 ... ......... 546C BPM-18/100-D12 ........... 552C 83'3} Soous 3?2'322
TPM-12/100-5/500 . ......... 542C BPM-18/100-D28 ........... 552C DM3100xX 355985
TPM-15/100-5/500 .......... 542C BPM-18/140-D5 ............ 554C DM3100Us. Us 395423
TPM-12/200-5/500 ... ....... 542C BPM-18/140-D12 ........... 554C - DMLY 435459
TPM-15/200-5/500 .......... 542C BPM-18/140-D28 ........... 554C DMd100L N PR
TPM-12/150-5/1000 ... ... ... 542C BPM-18/280-D5 ............ 554C DM4100D 505585
TPM-15/150-5/1000 ... ... ... 542C BPM-18/280-D12 ........... 554C ~A10OD oVo-
UCM-5/250 ................ 540C BPM-18/280-D28 ........... 554C UPA-5/500 ............ 595
UCM-5/500 ................ 540C UPM-5/200-D5 ............. 559C DM-2115.............. 60S
UCM-5/1000 ............... 540C UPM-5/200-D12 ............ 552C DM-350............... 61S
UCM-5/1000B . . ............ 540C UPM-5/200-D28 ............ 552C DM-2000AR........... 625
UCM‘S/ZOOO ............... 54OC UPM‘5/200'D48 ............ 556C Digltal Vo“age Ca"brator
UPA-5/500 ................. 545C UPM-5/500-D5 ............. 559C DVC-8500. . ............. 64S-66S
UPM-5/250 . ... ... 536C UPM-5/500-D12 ............ 552C )
UPM-5/500................. 536C UPM-5/500-D28 ............ 552C SineTrac ~ A/D-D/A
UPM-5/1000................ 536C UPM-5/600-D48 ............ 556C Computer Analog Boards
UPM-5/1000B .............. 536C UPM-5/1000-D5 ............ 559C ST-711,8T-732 .......... 718-758
UPM-5/2000................ ' 536C UPM-5/1000-D12 ........... 554C ST-7T1IRLY .............. 76S-80S
UPM-6/150A ............... 536C UPM-5/1000-D28 ........... 554C ST-724.................. 8158-87S
UPM-9/100A ............... 536C UPM-5/1000-D48 ........... 556C ST-800.................. 885-99S
UPM-12/100A .............. 536C UPM-5/2000-D5 ............ 559C ST-LSI ..ot 100S-111S
UPM-15/100A .............. 536C UPM-5/2000-D12 ........... 554C ST-LSI2 .............. 1125,113S
USM-5/3 . 543C UPM-5/2000-D28 ........... 554C ST-LSI-RLY ........... 11451218
USM-5/5 ..o, 543C UPM-5/2000-D48 ........... 556C ST-6800 ............... 1225-130S
DC-DC CONVERTER MODULES bjgm_lggg_ggg """"""" gggg Panel-Mount Thermal Printers
BPM-12/25-D5 ............. 552G UPM-12/80-D48 ............ 556C Parallel APP-20......... 1335-146S
BPM-12/25-D12 ............ 552C UPM-12/250-D5 ... 5520 APP-20D ................... 147S
BPM-12/25-D28 ............ 552C UPM-12/250-D28 T 5500 Serial APP-20 ......... 148S-157S
BPM-12/40-D48 ......... ... 556C UPM-12/250-D48 ... 5560 CDPP-Q7/CAPP-20 ... 158S,159S
BPM-12/100-D5 ............ 552C UPM-12/420-D5 . . ... 5540 APP-48 ............... 160S,163S
BPM-12/100-D12 ........... 552C UPM-12/420-D28 ... 5540 DPP-Q7 .............. 1645,174S
ggm:}gﬁgg‘gig ----------- gggg UPM-12/420-D48 ... ....... 556C A/D-D/A Computer Data Systems

TDAS UPM-12/840-D5 ............ 554C DAS-256............... 176S-189S
BPM-12/210-D5 ............ 554C UPM-12/840-D28 .. ......... 554C PDAS-250 ............. 1905-196S
BPM-12/210-D12 ........... 554C UPM-12/840-D48 ........... 556C Interface Panel ......... 1978, 1985
BPM-12/210-D28 ........... 554C UPM-15/60-D48 .. 5560
BPM-12/210-D48 ........... 556C UPM-15/200-D48 ........ ’ 556C Low-Power Dlgltal Cassette Data
BPM-12/420-D5 ............ 554C UPM-15/330-D48 .. . ... .. 556C Loggers
BPM-12/420-D12 ........... 554C UPM-15/660-D48 . 5560 DL-2 oo, 2015-204S
BPM-12/420-D28 ........... 554C UPM-24/40-D5 . 552C UncasedDL-2 .............. 2058
BPM-12/420-D48 ........... 556C UPM-24/40-D12 . 5520 DL-2T e 206S
BPM-15/25-D5 ............. 552C UPM-24/125-D5 . 5590 DL2R ..o, 207S, 208S
BPM-15/25-D12 ............ 552C UPM-24/125-D12 ... 5520 LPS-16 ..o, 209S-211S
BPM-15/25-D28 ............ 552C UPM-24/210-D5 ............ 554C LPS-16 Inst. Ampl,
BPM-15/30-D48 ... ......... 556C UPM-24/210-D12 ........ . 554C StartClock ............ 2128,2133
BPM-15/100-D5 ............ 552C - UPM-24/420-D5 ... 554G LPR-16 ..o .. 2145-217S
BPM-15/100-D12 ........... 552C UPM-24/420-D12 .. 5540 ICT. .o 218S-226S
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New Products

INSTRUMENTS AND SYSTEMS

DM-31 Ultra-Low Cost 3%z Digit Single Board DM-LX3 32 Digit Micro-Powered LCD S|ngle

OEM Digital Panel Meter Board OEM Digital Panel Meter

* Miniature 2" x 31" (50,8x  « Large 0.56" LED display « Tiny 5 pA bias current,’ « Miniature 4" x 2" (102 x
88,9 mm) single board with HOLD function. super high 1000 Megohm 51 mm) single board DPM
DPM features fully dif- « +5Vdc power at 280 mA. inputimpedance. features fully differential
ferential autozeroed » Ratiometricinternal/ + Ratiometricinternal/ autozeroed input.
input. external reference. external reference. * Usesonly3.5mAfroma

» Tiny 5 pAbias current, * Accepts user attenuators « Accepts user attenuators 5 Vdc source.
super high 1000 Megohm and shunts for 2A, 300V and shunts for 2A, 300V « Very large %-inch high
inputimpedance won't ranges. See page 23S for ranges. See page 43S for (19,1 mm) liquid crystal
load down sensitive full information. full information. digits easily viewed from
circuits.

many feetaway. Includes
HOLD function.

DM-3100B Miniature 3%2 Digit Differential
Dual-AC Powered Digital Panel Meter

DM-4100D Miniature Digital Panel Meter with
3-State Gatable Computer Bussable

« Includes internal regulated  » Ratiometricinternal/ BCD Data Outputs
AC power supply withpin-  external reference. - "
selected 1 15%% VAC, « 5 Vdc regulated output * 4%z digitresolution. - * +5 Vdc power at 380 mA.
47-440 Hz power inputs. power available (several R « LEDdisplay with0.3"High  « Ratiometricinternal/
« LEDdisplay 0.56" high. mA,) for low-power ex- o digits. ) . external reference.
« Fully differential auto- ternal preamps, etc. *Outputdataisenabledin  « Lower costthan many full
zeroed input. See page 155 for full 4-bit nibbles. May share paral[el—onl;c non-gatable
« Tiny 5 pAbias current, information. bus with other 4,8, 120r DPMs. See.page 508 for
- super high 1000 Megohm 16 bit devices. ' full information.
inputimpedance, won't » May also be enabled in
load down sensitive full parallel for older
circuits. . equipment.

APP-48 Panel-Mount 48-Column
Alphanumeric Full Serial Thermal Printer

* includes both20MATTY

« Prints inverted text mode

Serial APP-20 Miniature Panel-Mount 20-Column
Alphanumeric Full Serial Thermal Printer

« Includes both20 A TTY

« Prints inverted text mode

current loop and RS-232- by software (STX/ETX) current loop and RS-232- by logicinput.

C full serial data inputs for command. Cfullserial datainputsfor Internal microprocessor
teletypewriters, computer e Internal microprocessor teletypewriters, computer with 20-character data,
serial /O ports and CRT with 48-character data serial I/0 ports and CRT buffer.

terminals. buffer. terminals. » Optoisolated 2-wire 20

« Complete with all serial » Optoisolated 2-wire 20 « Complete with all serial mA data input operates
dataelectronicsandregu-  mA datainput operates data electronics and regu- 100’ of feet from data
lated AC power supply 100’s of feet from data lated AC power supply source and eliminates
builtin. source and eliminates builtin. ground loop errors.

* Non-moving thermal ground loop errors. « Non-moving thermal « Prints full 96-character
printhead—no ink, no « Prints full 96-character printhead—noiink, no upper/lower ASCl text.
ribbons, nohammers, upper/lower case ribbons, no hammers, See page 148S for full
super quiet, no mess. ASClltext plus 96 extra super quiet, no mess. information.

« See page 1065

characters.

48

ST-724 Sinetrac 4-Channel Analog
Output D/A Current Loop Board for

ST-LSI-RLY Sinetrac Half-Quad Relay-Input »
Industrial A/D Board for LSI-11,-11/2Q-Bus

SBC-80/Multibus Microcomputers Computers

« Exactreplacement for « Completely controlled by » Flying capacitor Relay « EOC interrupt, external
SBC-724. computer program. MUX for250 VRMS isola-  trigger start.

e Includes 4-20mA Works directly from tion and 126 dBCMR « Includes Diagnostic pro-
externally-powered cur- RMX-80 Executive noise rejection. gram and manual.
rent loop amplifiers for software. « 8 Differential A/D Chan- « Selectable A/D coding
industrial process « Includes on-board 15V nels, 12 bitbinary and memory-mapped
controllers. DC/DC Power Converter. resolution. . baseaddress.

* Includes D/Avoltage out- e Includes Diagnostic Pro- ¢ Programmable gain « Includes +5, —=12VDC/
puts with 4 microsecond gram and Manual. amplifier, X1,2,5,10. DC Converter.
settling time and 12-bit RMX-80and MULTIBUS « Resistor-selected hi-gain LSI-11 is a Digital Equip-
binary resolution. are INTEL Corp. trade- instrumentation, 10mVto ment Corp. trademark.

 Selectable voltage marks. See page 81S for 2Vrange. See page 114S for full
ranges, base address, fullinformation. information.
and coding.
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Digital Panel Meters

Introduction

Digital Panel Meters (DPM's) accept a dc or slowly-varying input
signal, convert that signal to digital form and display it on decimal
digits. DPM's combine an Analog to Digital (A/D) Converter, display
decoder-drivers, decimal display and a DC/DC power converter in
one assembly. Both fully encased and uncased single board panel-
mounting DPM's are offered. DPM’s are intended for test and mea-
surement applications, instrumentation systems, analytical instru-
ments, data acquisition and logging systems, portable equipment,
automatic test equipment, vehicles, medical, chemical, and biological
instruments, physical sensors (temperature, pressure, flow rate, etc.)
and industrial process control instruments, to name a few.

Datel-Intersil's DM-3100 and DM-4100 series DPM's employ modern
CMOS operational amplifier type front ends for extraordinarily-high
input impedance (typically 1000 Megohms) and tiny bias currents (5
pA average). These features avoid errors caused by loading down
sensitive measurement circuits. The dual-slope integrating A/D con-
version technique is used. This method compares the input to a
stable, internal voltage reference diode or user-supplied external
ratiometric reference. Dual-slope conversion rejects higher frequency
noise and the displayed accuracy is virtually unaffected by internal
clock frequency drift.

A choice of power supplies and displays is offered. Most of the DPM’s
with red, solid-state self-illuminated Light Emitting Diode (LED) dis-
pl%/s are powered by +5 Vdc regulated. The Liquid Crystal Displays
(LCD) are battery-powered at extremely low current (down to 3 mA).
Several models are AC-powered. i

DPM's are sampling instruments which measure the input and display

readings a few times a second. User-added internal circuits easily

adapt the DPM to higher voltage, current and fesistance ranges.

Other circuits will adapt the DPM to measure temperature, pressure,

RPM, frequency, AC and RMS inputs, sound levels, signal strength,
- angular position, weight, etc.

Most of Datel-Intersil's DPM's are for display-only application with no
data outputs. However, the recently introduced model DM-4100D
includes BCD data outputs so that the DM-4100D may be usedindata
acquisition and data logging systems. Unlike older competitive DPM’s
with full parallel data outputs which could not be directly connectedto a
shared data bus without requiring interface circuits supplied by the
user, the DM-4100D can be connected directly to a microprocessor
bus shared with other devices such as other DM-4100D’s.

How to Select Your DPM

Selecting a DPM is a series of decisions and analysis of the needs of
your application or the product the DPM will be used in. Datel-Intersil
manufactures a broad range of DPMs, each of which emphasizes
certain features over others. Some features are related to others,
such as LCD digits with ultra-low power.

The first step is to thoroughly determine your needs. The major
considerations are:
1. Display
2. Input Type
« 3. Power Supply
4. Cost
5. Data Output

These are discussed in detail:
1. Display
Resolution—the DM-3100 series DPM's have 32 digits (Full
count 1999) of displayed resolution. 3Y2 digit DPM'’s are lower
cost than the DM-4100N series 42 digit models (Full count
19999). With equivalent £2 Vdc input ranges, the DM-4100
series will resolve 100 nV steps in the least significant digit
compared to 1mV steps in the DM-3100s. :

6S

(4]

N
N

Count range —A second reason to use a 42 digit DPM is for
total count range. If a weighing application called for display of
15000 pounds maximum for example, a 3¥2 digit could not
display all the required digits.

Display Type —The lowest cost meters are supplied with LED
red, self-illuminated displays which require regulated +5 Vdc
power. For portable, battery-powered applications, Liquid
Crystal (LCD) meters may be used. LCD’s are not self-
illuminated and require external light for viewing. LED DPM’s
include models DM-3100L,N,B, DM-31 and DM-4100L,N.
LCD models include DM-3100X,U1,U2,U3 and DM-LX3. The
DM-3100U series include display descriptor labels which may
be electronically controlled or pin-programmable to indicate
labels “A, mA, V,mV, Q, KQ, AC, DC".

Case Style—Two case styles are offered plus two new very
low cost DPM's (DM-31, LX3) which are a single board and
omit the case. The low profile case offers minimal front panel
area and includes models DM-3100N,U1,U2,U3, DM-
4100N,B. The short depth case occupies more front panel
area but extends back the least from the front panel surface.
Both case styles include a second set of internally moldedrails
for optional user-supplied circuit boards. Access to the boards
is to the rear on low profile cases (and includes a punch-out
connector slot) and through the front on short depth models
(with no connector slot).

. Input Type

Configuration—Inputs are either single-ended or differential
and isolated or non-isolated. Because of circuit design, all
DM-3100's are differential and all DM-4100's are single-
ended. The single-board DM-31 and DM-LX3 are both dif-
ferential. Differential circuits are employed to solve certain
application problems such as high common mode voltages,
ground loop noise and bridge inputs. Differential circuits are
easily converted to single-end. Isolation is provided through
an AC transformer power supply as on DM-3100B,U2,U3 and
solves large common mode problems or safety requirements
such as leakage currents. All modern Datel-Intersil DPM's are
autozeroed and ratiometric to correct drift. CMOS inputs are
1000 MQ impedance and 5 pA bias currents to avoid loading
down sensitive circuits.

. Power Supply '

Most LED DPM's are +5 Vdc-powered and require regulated
supplies of up to 2 amp. A low cost AC power adapter (Model
UPA-5/500) supplies regulated 5 Vdc to any Datel-Intersil
DPM. The LCD meters may be battery powered. Several
DPM's (DM-3100B,U2,U3) include built-in AC power supplies
to minimize external wiring and mounting.

Cost

The lowest cost DPMis the single-board DM-31. However, the
cased DM-3100L,N are also very inexpensive and offer addi-
tional protection from dust and contaminants.

. Data Output

Finally, the DM-4100D may be used in a data acquisition
system or microprocessor since it supplies BCD Data Out-
puts which.are 3-state gatable in4,8,12, or 16-bit or full parallel
bus widths. Users preferring a blind data acquisition func-
tion should refer to Datel-Intersil's selection of bussable A/D
converters.



DPM Selection Summary

* For the lowest cost, choose the single-board 32 digit LED DM-31.
For 4Y. digits, you'll find that the DM-4100L and N have very
reasonable costs.

* For differential inputs required to reject common noise, for ground
loop problems or bridge inputs, use any of the 3'2 digit DM-3700's or
the DM-31 or DM-LX3.

* For battery power portable applications, select any of the 32 digit
LCD meters, models DM-3100X,U1 or DM-LX3.

¢ For minimal front panel area choose any low profile case model,
DM-3100N,U1,U2,U3 or DM-4100N,D. )

* For short panel depth, use any short depth case DPM, models
DM-3100L,X,B and DM-4100L. The single board encased DM-31
and DM-LX3 are about %" deep.

* For 42 digit resolution, select models DM-4100L,N or D.

* For BCD digital data output, choose the DM-4100D. It can be
directly connected to 4,8,12, 16-bit or full parallel computer and
microprocessor busses using 3-state gatable outputs.

Quick Model Guide

32 Digit, Differential Input (No Data Output)

CASE STYLE
NO CASE,
LOW PROFILE SHORT DEPTH SINGLE-BOARD
5Vdc
Regulated DM-3100N DM-3100L DM-31
LED
Power Battery i
Supply /] Power DM-3100U1 DM-3100X DM-LX3
And LCD
Display
AC Power DM-3100B
LED — (115/230 VAC) —
AC Power DM-3100U2
LCD (115VAC) — _
DM-3100U3
(230 VAC)
42 Digit, Single-Ended Input
Displ 5Vdc
ISplay { Regulated DM-4100N DM-4100L —
Only LED
BCD 5Vdc
Data { Regulated DM-4100D - -
Output \ LED .

- See Next Page for Detailed Selection Guide.

7S
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Digital Panel Meters

Selection Guide

Optional
Optoisol.,

SPECIAL
PAGE |NO.OF| INPUT DISPLAY CASE STD.INPUT OTHERF.S.*
MODEL NUMBER| DIGITS TYPE TYPE & HT. REQUIRED POWER | STYLE RANGE VOLTAGE RANGES
3% DIGIT DPM’s Balanced Red LED: +5Vdcreg. @ 280mA | Short | +1.999Vdc +20Vdc
> DISPLAY ONLY-LED Differential 56"H Typ. Depth . +200Vdc
DM-3100L 118 3% | 80dBCMR +1000Vdc
DM-3100B 158 3% Balanced Red LED: Dual-Voltage Short | +1.999Vdc +20Vdc
Differential .56"H 115/230 VAC Depth +200Vdc
80dB CMR 47-440 Hz +1000Vdc
DM-3100N 198 3% Balanced Red LED: +5Vdc reg. @ 280mA Low | +1.999Vdc +20Vdc
Differential .56"H Typ. Profile +200Vdc
80dB CMR +1000Vdc
DM-31 23S 3%2 Balanced Red LED: +5Vdc reg. @ 280mA |[ Single || +1.999Vdc +20Vdc
Differential .56"H Typ. Board +200Vdc
80dB CMR Meter; +300Vdc
o case__j’
> DISPLAY ONLY-LCD{ 31S 32 Balanced Liquid +5Vdcreg. @ 15mA Low +1.999Vdc +20Vdc
DM-3100U1 Differential Xtal,.5"H , or Profile +200Vdc
80dB CMR +9to +15Vdc @ 6mA + 1000Vdc
DM-3100X 358 | 3% Balanced Liquid +5Vdcreg. @ 15mA | Short | +1.999Vdc +20Vdc
Differential Xtal,. 5"H or Depth +200Vdc
80dB CMR [+9to0 + 15Vdc @ 6mA +1000Vdc
DM-3100U2 395 3%z Balanced Liquid 115 VAC (- U2) or Low | +1.999vVdc +20Vdc
DM-3100U3 Differential Xtal,.5"H 230 VAC (- U3) or Profile +200Vdc
80dB CMR +9to +15Vdc @ 6mA +1000Vdc
DM-LX3 438 3% Balanced Liquid +5Vdcreg. @ 3.5mA | Single || *1.999Vdc =+ 20Vdc
Differential Xtal,. 75"H Board +200Vdc
80dB CMR Meter; +300Vdc
No Cas
>4z DIGIT DPM’s 46S 4% Single- Red LED; +5Vdc reg. @ 350mA | Short | +1.999Vdc +20Vdc
> DISP 3 ended, .56"H Typ. Depth +200Vdc
IIS)N:. ?IOOOELY LED High +1000Vdc
Impedance
DM-4100N 46S 4Y2 | Single- Red LED; +5Vdc reg. @ 350mA Low | +1.999Vdc +20Vdc
ended, 0.3"H Typ. Profile +200Vdc
High +1000Vdc
Impedance
> DISPLAY WITH 50S 4 Single- Red LED; +5Vdc reg. @ 380mA Low +1.999Vdc +20Vdc
BCD OUTPUT ended, 0.3"H Typ. Profile +200Vdc
DM-4100D High +1000Vdc
Impedance
P SPECIAL
PERFORMANCE
DPM’s Single- +5Vdc reg. @ 400mA
DM-2115A1? 60S 3% ended, Red LED; (=D1, —=D2)or | Short | +£1.999Vdc None
DM-2115A2 Floating 0.43" 100, 115, or 230 Depth
DM-2115D1 Xfrmr VAC
DM-2115D2 (—A1, —A2)
DM-350D12 61S 3% Single- Red LED; +5Vdc reg. @ 300mA | Short | 0to +1.999 VDG
DM-350D22 ended, . 0.43"H max. (- D1, — D2) Depth | (-D1, —A1)
DM-350A12 High 115/230 VAC i +1.999Vdc None
DM-350A2* Impedance (— A1, —A2) (—D2, —A2)
DM-2000AR 62S 3% Single- Red LED; +5Vdcreg. @ 800mA | Short -| +.1999Vdc None
DM-2000AR-2 Ended, 0.3"H max. Depth | +1.999Vdc
1MQ imp. +19.99Vdc

Auto-
Ranging




‘EATURES (*Features with an asterisk require internal components supplied by the user.)

‘URRENT* RATIO OHMMETER BCD OTHER FEATURES PRICES
RANGES | OFFSET | METRIC | F.S.RANGES | AUTOZEROING OUTPUT AND NOTES (1-9)
+20pA No 20001to No 5pA bias current $50.00
to Yes 20MQ Yes 100002Z in
+2A (ref. resistor*)
+20uA No 2000 to No 5pA bias current $70.00
to 20MQ 1000MQ Z in
+2A Yes (ref. resistor*) Yes +5Vdc out @ 100mA
—5Vdc out @ 5mA
+ 20pA Yes 2000 to No 5pA bias current $50.00
to (Pot*) -Yes 20MQO -Yes 1000MQ Z in
+2A (ref. resistor*) -
+20pA No 2000 to No Single Board Meter $38.50
to 20mQ 5pA bias current
+2A (ref. resistor*) 1000MQ Zin
+ 20uA Yes 200Qto No 5pA bias current $60.00
to (Pot*) Yes 20MQ Yes 1000MQ Zin
+=2A (ref. resistor*)
+20pA No 200Qto No 5pA bias current $66.00
to 20MQ Yes 1000MQZ in
+2A (ref. resistor*)
+20pA Yes 20002 to No 5pA bias current U2: $69.00
to (Pot*) Yes 20MQ Yes 1000MQ Z in U3: $69.00
+2A (ref. resistor*)
+20uA No 2000to No Single Board Meter $55.00
to 20MQ 5pA bias current
+2A Yes (ref. resistor*) Yes 1000MQZ in
—5Vdc out @ 20mA
+20pA No None No 5pA bias current $88.00
to Yes Yes 1000MQZ in
*2A
+20pA No None No 5pA bias current $93.00
to 1000MQZ in
*2A +15Vdc out, @ +5mA
+20pA No None BCD 5pA bias current
to 3-State - 1000MQ Z in
+2A Yes Yes Outputs +13.5Vdc out, @
use w/4, 8,12 +20mA max.
& 16-bit buses
A1 (also E1, J1):
BCD $209.00
None No No None No Latched, Variable int./ext. A2 (also E2, J2):
full parallel Start clock - $230.00
output D1: $167.00
(-2models only) D2: $188.00
None No No None No No A1: $125.00 (5pc.?
A2: $139.00 minimum
D1: $109.00 order)
D2: $119.00
None No No None No BCD " Optional Optoisolation || AR:  $236.00
full parallel + 100V (— 2 models only).|| AR-2: $310.00
output Var. int./ext. start clk.
OTES:

Prices and specifications subject to change without notice.

DM-350 and DM-2115 are still available, but are not recommended for new designs.
Boxedlfeatures are product highlights.
UPA-5/500 5V @ 500mA Adapter, $15.75 option.
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OUTLINE DIMENSIONS
INCHES (MILLIMETERS)

3.000
e (76.2)

TOP VIEW

P NNECTOR
|__~PCBRDCO

CUSTOMER'S PANEL

SHORT DEPTH CASE

Models: DM-3100L, X, B,
DM-4100L
DM-2115
DM-2000AR
DM-350

PANEL CUTOUT DIMENSIONS

PANEL MOUNTING

DRILL CLEARANCE OR
JDRILL & TAP FOR 4 - 40 SCREW (METRIC M3)

®
.030 R. MAX.
(0.8) 1.812
l cuTouT (46.0)
b i
fe— 2,150 ——o] PC BRD )_l
(54.6) CONNECTOR ¢
/
1 3.062 fe— 125 (4.0)
l ) T (77.8) (3.2)
Lo | W
2.120 | (44.7)
(53.8)
e |
= A
o DWG. C-1561-4
3.745
(95.1)
LOW PROFILE CASE
Models: DM-3100N
| 2,531 PIN DM-3100U1, U2, U3
| (64,3) | . DM-4100N
_____ EDGE B
[l 00 __ CONNECTOR DM-4100D
- SINGLE MOUNTING CUT OUT
MIN. 2.562
I‘— (65,1)
}
MIN. 0.969
3,340 (24,6)
REMOVABLE (85)
PANEL MOUNTING .
HARDWARE
USER'S / N\
FRONT PANEL PANEL THICKNESS
o .062 70 0.625
- (1,61 TO (15,9)
N » T 0.157 (4)
(o 2.230 ’ Top connector
I (56,6) > / for DM-4100D
T only
.L, ,_”..”...’ 1.32 l] l] 0.94
VI @ il
N\,
) — Y062 "0.37
| 2,92 | (15,9) (9,4)
I (74,2) | 250
(88,9) 075
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FEATURES

e Balanced differential inputs, 5 pA
bias current, autozeroing with 80
dB CMR noise rejection

e 1000 MQ CMOS high impedance
inputs, £1.999 V dc FS range

e 31, digits, 56" high LED displays,
5V-powered, ratiometric
reference for drift correction

e |nternal user-options:

1. Accepts shunts for +20 LA to
+2A
FS ranges

2. Accepts attenuators for +2V to
+1KV FS ranges

3. Digital ohmmeter, 2000 to 10
MQ, FSR

e Compact, short depth case
measures only 3.00"W X 2.15"D
X 1.76"H (76,2 X 54,6 X 44,7 mm).

b

NOTE: DPM'’s are normally supplied without Bezel Labels or Logos.

GENERAL DESCRIPTION

The DM-3100L is a3, digit Digital Panel Meter which uses solid-
state self-illuminated, light-emitting diode (LED) displays. Its
large size (0.56" high) and brilliant red light make it easiiy read-
able from many feet away. This DPM is contained in a very small
short depth case (3.00"W X 2.15"D X 1.76"H) which makes for
easy installation in shallow test panels. Besides measuring DC
voltages, the user may install internal components to make re-
sistance and current readings. The decimal point can also be
externally selected by jumpering selected pins together.
The versatility of this meter is further enhanced by its autozero-
ing capabilities.

The DPM DM-3100L accepts a dc or slowly-varying input volt-
age between —1.999V and +1.999 and displays that input on
front panel numerical indicators. It employs a conventional
dual-slope A/D converter plus 7 segment display decoder-
drivers all in one LS| microcircuit. Since this microcircuit re-
quires approximately 10V to power the A/D section, an internal
DC/DC converter generates —5VDC from +5V power input to
form a bipolar power supply.

Another feature of the DM-3100L is that it employs a bal-

SIMPLIFIED BLOCK DIAGRAM

DM-3100L

Low Cost

3'2-Digit LED DPM
in Short Depth Case

anced differential input. When used with a bridge or transducer
input, it offers high noise immunity and can accurately measure
very small signals in the presence of much larger common mode
signals.

Another characteristic of this balanced differential input is that,
due to the high input impedance, 1000 megohms, the DPM will
not load down sensitive input circuits.

A very noteworthy feature of this meter is that it can be operated
ratiometrically. This means that it has internal circuits that can

. automatically compensate for reference drifts in the supplies of

balanced bridge or transducer sensors.

The DM-3100L finds use in analytical instruments, industrial
process controllers, portable diagnostic instruments, automatic
test equipment, medical and patient monitoring instruments,
airborne, marine and ground vehicles and data acquisition/data
logging systems.

Open PC board pads are provided to accept user-supplied input
voltage attenuators, current shunts or digital ohmmeter compo-
nents. .

POSITIVE RAIL

- &9 +5vdc
~ POWER
28V IN
ANA_RTN
Solder Gap 1
d | DISPLAY
ANA. HI INGY
INTEGRATOR DECODER . r " r
& A/D CONV DRIVERS 1.1
ANA.LO IN®) AL Y S
;- REF. IN (5, l VOLTAGE
; { REFERENCE
\---REF. OUT () N LM 329
I'V‘ ? o DC/DC
EXT. REF. LO G
© NEGATIVE RAIL IV CONV. v
POWER
¢——&9 COMMON
OHMS LO (B2 DM-3100L V

Nda yida@ Moys ‘a3 ub1a-%i€ 1s09-mo7 100LE-INA
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ANALOG INPUT

Configuration
Full Scale Input Range

Input Bias Current
Displayed Accuracy @ +25°C.

Resolution
Temperature Drift of Zero ....

Temperature Drift of Gain . ...

Input Impedance
Input Overvoltage

Common Mode Rejection. . ...

Common Mode Voitage Range

Warm-up Time...............
Reference....................

External Ref. Range

Ramp-up Time
(Integration Period)

True, balanced differential bipolar
-1.999 Vdc to +1.999Vdc

Input pad area will accept user-
installed range change

5 pA typical, 50 pA maximum
Adjustable to £0.1% of reading,
+1 count

1mv )

Autozeroed *1 count

over 0 to +50°C

+50 ppm of Reading/°C typ.
+100 ppm of Reading/°C max.
100 Megohms, minimum

+250 Volts dc 175 VRMS
continuous max.

+300 Volts intermittent max.

80 dB, DC to 60 Hz, 1 Kilohm
unbalance

Within +Vs -5V and -Vs +1V
where +Vs is the positive rail
(Pin A18) and -Vs is the negative
rail (Pin A17) -Vs is approximately
equal to -5V below PWR. COM.
Within 10 minutes

Internal, referred to the negative rail
(-Vs). External, user-supplied
reference optional for ratiometric
operation.

+100 mV to +2V,

referred to Vs

83.3 mS.

i SPECIFICATIONS DM-3100L (Typical @ +25°C unless noted)

Display Enable (Pin B18) .....

Display Test (PinB14) ........

Polarity Enable (Pin B16)

Ohms Lo (Pin B2)

Connect to +5 Vdc power to
illuminate display. Disconnect to
blank display but keep A/D
converter cycling.

Connect this input to +5Vdc to light
all display segments.

Ground this input to automatically
display a minus sign for negative
inputs.

This connection is used in the
ohmmeter configuration, otherwise
do not use.

POWER CONNECTIONS

+5 VDC Power IN

5V Power Common (Pin A16) .

POWER REQUIREMENTS

Calibration.........

Connect this pin to +5 Vdc regulated
to power the A/D converter and
displays.

This pin may be used as a bias
current return path for some inputs.
Connect to Power Ground.

(Pin A18) ..

" External +5, £0.25 Vdc regulated
required at 280 mA typical, 450 mA
max. Logic spikes must not exceed
50 mV. Power current varies rapidly
so that unregulated supplies
cannot be used.

A multiturn screwdriver pot adjusts
the full scale reading (gain). Zero
is automatic (autozeroing).
Suggested recalibration in stable
conditions is 90 days.

DISPLAY
Number of Digits ... ..........

Decimal Points . ..............
Display Type.................

Display Height
Overscale....................

Autopolarity

Sampling Rate

3 decimal digits and most significant
“1" digit (3Y- digits)

Selectable decimal points are
included for scale multipliers.

Red, light-emitting diode (LED) self
illuminated.

0.56 inches (14,2 mm)

Inputs exceeding the full scale range
blank the display, leaving a “1” MSD
and sign

A minus sign is automatically
displayed for negative inputs, and
may also be blanked

Factory set at 3 conversions

per second. May be rewired up to
20 conversions/second.

1/0 CONNECTIONS

Analog HI Input (Pin A4)
Analog LO Input (Pin A2).....

Analog Return (Pin A1) .......

(Pins B6/AS6)

Decimal Points ...............

Reference In/Out............. i

Differential input voltages are
connected between these inputs.

A bias current path to POWER
COMMON (if 5V-powered) or
ANALOG RETURN from both these
inputs must be externally provided.
External circuits must constrain
these inputs to be within the
common mode voltage range.

This pin may be used as a low-noise
bias current for some floating inputs.
If not possible, inputs may be
referenced to POWER COMMON

(if 5V-powered). Analog Return is
approximately -2.8V below +Vs

and can sink 30 mA to -Vs.
Normally, REF. IN and REF. OUT
should be jumpered together. An
external floating source referred to
EXT. REF. LO (Pin A17) may be
substituted for ratiometric operation.
Connected selected pin to DECIMAL
POINT COMMON (Pin B15)

PHYSICAL-ENVIRONMENTAL

Short-Depth Case

Outline Dimensions

Cutout Dimensions ...........

Mounting Method

Weight...........
Connector

Mounting Position

Operating Temperature Range
Storage Temperature Range ..

Altitude ............
Relative Humidity

Interchangeable with other
Datel-Intersil cases

3.00"W X 2.15"D X 1.76"H

(76,2 X 54,6 X 44,7 mm)

1.812"H X 3.062"W

(46,0 X 77,7 mm)

Through a front panel cutout
secured by (4) 4-40 front access
screws which are concealed by
the bezel.

Approximately 5 ounces (142g)
Double-sided edgeboard PC type,
solder tab, gold-plated fingers. Dual
18-pin, 0.100" centers, Datel-intersil
#58-2075010, (not included)

Any

0 to +50 °C

-25 to +85°C

0 to 15,000 feet (4900m)

20% to 80% non-condensing

DM-3100L ORDERING INFORMATION
MODEL DESCRIPTION
DM-3100L 31, Digit LED DPM in Short Depth Case
58-2075010 Connector, dual 18-pin, 0.100” centers;
one required (not supplied with meter).
UPA-5/500 +5Vdc @ 500mA Power Supply; permits
DM-3100L to run from 115 VAC power.
RN-DM-3000 | Attenuation Resistor Set; matched,
tracking units for 10:1 and 100:1
Attenuation Ratios.
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FOR OTHER VOLTAGE AND CURRENT RANGES

FS 1.2 1,2 DECIMAL

RANGE R1 R2 POINT

x2v Short Omit A10 10 B15
SG1

+20v* 10 MQ* 11 MQ* Al1110B15
or or
9.1MQ 1MQ Al110B15

+200V° 10 MO 100 KQ A1210B15

+1000V 10MQ* 10KQ A1310B15

+200mA  Short 10QIW  A1210B15
SG1

20 mA Short 100Q.1/4W  A11 toB15
sG1

12mA Short 1KQ A0t B15
SG1

+200 pA Short 10KQ A12t0B15
SG1

+20 uA Short 100 KQ Al1t0B1S
SG1

NOTES

(1) R1,R2 ARE USER-INSTALLED ATTENUATION OR
(R2) SHUNT RESISTORS. BEFORE INSTALLING
RESISTORS AT R1, OPEN SOLDER GAP (SG1) ON
ETCH SIDE OF BOARD WITH A SOLDERING IRON
NOTE THAT, IF R1 IS LATER REMOVED. THE USER
MUST CLOSE THE SOLDER GAP.

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C
EXCEPT "RN70C. CURRENT SHUNTS SHOULD
BE 1%, 10 PPM/°C OR BETTER. 1W AND 1/4W
RESISTORS MAY NOT FIT FLUSH TO BOARD

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8
FOR ACCURATE READINGS

(4) IF 10 MQ 1S NOT AVAILABLE, USE R1 =2 MQ. R2
220 KQ. A MATCHED, TRACKING SET OF 10:1 AND
100:1 ATTENUATOR RESISTORS (800 K2, 90 KQ,
and 10 KQ) IS AVAILABLE. ORDER MODEL RN-
DM-3000 WITH YOUR DPM

DM-3100L COMPONENT LOCATIONS

FULL SCALE (GAIN)
ADJUST POTENTIOMETER (R8)

USER-INSTALLED ATTENUATION
OR SHUNT RESISTORS R2 AND Rt

PIN  IN4148
40

o)
HOLD |—— RUN

RC OSCILLATOR
R6 (100K(2)

R6 (KQ) 3x 10t

= 2%

@AMPLE) % C5(pF)
ATE

R6 MAY BE TRIMMED FOR EXACTLY

48 kHZ on IC PIN 38 (MEASURE WITH
LOW CAPACITY PROBE) FOR BEST 60 HZ
NOISE REJECTION. FOR 50 HZ. USE

120 pF ATCS5 RETRIM. REDUCE

R6 FOR FASTER SAMPLING

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT

BOTTOM  TOP
A B
ANALOG RETURN‘["TT 1] NO CONNECTION
ANALOG LO ANALOG LO INPUT 2 2| OHMS LO
INPUT 10 MQ NO CONNECTION 3 3| NO CONNECTION
HI _E ANALOG HI INPUT [“4] 4] NO CONNECTION
NO CONNECTION [ 5] 5] NO CONNECTION
REFERENCE OUT [ 6] 6] REFERENCE IN DO NOT GROUND.
NO CONNECTION ["7] 7] NO CONNECTION LEAVE OPEN WHEN
NO CONNECTION [ 81 8] NO CONNECTION NOT USED
NO CONNECTION [T977 9] NO CONNECTION
DEC. PT. 1.9993[ 70707 NO CONNECTION
DEC. PT 19.99 [T1[71] NO CONNECTION
DEC. PT 199.9 [T2]72] NO CONNECTION
. DEC. PT 1999. [T3]73] NO CONNECTION
POWER SUPPLY NO CONNECTION [T4 74 DISPLAY TEST —— +5V
com NO CONNECTION [15]15] DEC. PT. COMMON ——
0 —— e POWER COMMON [76 {16 POLARITY ENABLE ———]
115 VAC o EXT REF. LO [17]17] NO CONNECTION =
LINE Y +5VDC PWR. IN [18] 78] DISPLAY ENABLE —

1. This shows the connector rear view with the DPM tilted

on its side.

2. CAUTION: This DPM employs high impedance CMOS
inputs. Although internal protection is provided for sev-
eral hundred volt overloads, this DPM will be destroyed
by kilovolts of static discharge which is especially prev-

NOTES:

3. DO NOT CONNECT DECIMAL POINT TO POWER
COMMON as this will destroy the decimal point.

4. ANALOG RETURN = +Vs - 2.8 Vdc. DO NOT CON-
NECT TO POWER COMMON

5. The UPA-5/500 Power Supply is a user-supplied, user
installed DATEL-INTERSIL accessory.

alent in low humidity environments. Aiways handle the
DPM with ground protection.
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The DM-3100L has a reference in-out loop which makes pos-
sible ratiometric measurements. Representative connections
are illustrated below. Ratiometric operation eliminates
changes in the DPM reading due to voltage variations in the
Bridge’s external excitation source. The input gain on the
DM-3100L varies inversely with voltage at Reference In — as
REF IN voltage increases, meter gain decreases. Meter input
gain thus can be made to compensate for variations in the
bridge excitation source voltage. (The DPM is set for unity
gain when REF IN V equals +1V as referred to EXT. REF. LO).

For all applications, Vin =2 Vgee at full scale (1999 counts). For
small values of Vaee (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be apparent.
Avoid Veer inputs beyond about 2V to prevent integrator satu-

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS

ration with full scale inputs. Variable Vger is not intended for
wide gain changes as in multimeter applications. Instead,
it should be used for drift correction, scaling to engineering
units, or for modest amounts of gain.

A note on grounding: The DM-3100L’s internal voltage refer-
ence source is biased against the internal negative supply rail
(EXT. REF. LO). Note that this is not the same electrical con-
nection as the 5V Power Common connection. Refer to the
Simplified Block Diagram.

Because of this configuration, external reference sources
should be isolated from the 5V Power Common and should
have the Reference Lo Output from the external source con-
nected to the negative supply rail.

_____1VOLT X [(PIN A4) — (PIN A2)]
T (PFINB6 - PINATT)

The digital ohmmeter circuit uses the DM-3100L’s ratiometric
capability. An external reference resistor of known resis-
tance, accuracy, and temperature drift is connected in series
with the unknown resistance. A constant, stable voltage from

-5V POSITIVE RAIL

OHMS LO

INTERNAL
ANA. HI IN

LM 329

AW L

ANA. LO IN DC/DC

CONV.

ey 17

N

REF. IN

TO A/D
Regr. INTEGRATION CONVERTER
CAPACITOR
EXT REF.LO

(A17)

pon (O REF. OUT
USE

5V NEGATIVE RAIL

DISPLAY - _Em
L |kaf

v R wqve Bx vy
Raer

DM-3100L
BOTTOM  TOP
A B
EXT. FLOATING ANALOG RETURN [T _1] NO CONNECTION
EXCITATION SOURCE ANALOG LO INPUT [ 2] 2] OHMS LO
l - 1 NO CONNECTION [ 3] NO CONNECTION
ANALOG HI INPUT [ 4] 4] NO CONNECTION
JLO NO CONNECTION [ 5] 5] NO CONNECTION o e e
R REFERENCE OUT [ 6] 6] REFERENCE IN ot osED
INPUT NO CONNECTION [ 7] 7] NO CONNECTION
BRIDGE NO CONNECTION [“8] 8] NO CONNECTION
NO CONNECTION [ 97 9] NO CONNECTION
HI A DEC. PT.1.999 (70170 NO CONNECTION
DEC. PT.19.99 [T1]71] NO CONNECTION
DEC. PT 1999 [12]12] NO CONNECTION
NOTE: DO NOT GROUND BRIDGE DEC. PT 1999. [ 13 [13] NO CONNECTION
USING AN — NO CONNECTION [74 [74] DISPLAY TEST—2 — 45y
EXTERNAL REFERRED CABLE NO CONNECTION [ 1161757 DEC PT COMMON ——
FLOATING REFERENCE {TO EXT. REF. LO} SHIELD POWER COMMON [ 1616 POLARITY ENABLE ———
_L EXT REF. LO [17[17] NO CONNECTION L
_vour _x fANA_ ANA p +5VDC PWR. IN [18 [18 | DISPLAY ENABLE — =
DISPLAY = - -
(REF. IN) — {REF} +5v l
1voLT NOTE: REF OUT (PIN A6) IS NOT

USED IN THIS APPLICATION.

DIGITAL OHMMETER CONNECTIONS

the DPM’s internal reference diode is applied to the resistor
pair to produce a constant current. This current develops two
voltage drops across the resistors which are proportional
only to the ratio of the resistances since the current through
them is identical. .

The chart below lists recommended Rger and Ryt resis-
tance values corresponding to different ohmmeter ranges.
Values of Rumir were selected to limit the current through Rger
and Rx to 1 milliampere maximum.

RANGE RESOLUTION  Ruwmir Reer DECIMAL POINT
19.99 MQ 10 kQ 22 MQ 10 MQ A11to B15
1.998 MQ 1kQ 3.6 MQ 1MQ A10 to B15
199.9 kQ 100 Q 360 kQ 100 kQ A12to B15
19.99 kQ 10Q 36 kQ 10 kQ A11to B15
1.999 kQ 1Q 6.2 kQ 1kQ A10 to B15

1. Rumir and Rger should be metal film, High Stability Resistors (AS RN60C).
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FEATURES

e Dual Voltage Power -
115/230 VAC, pin-selected

¢ Balanced Differential Inputs,
80 dB CMR Noise Rejection

¢ Autozeroing, Ratiometric Refe
ence for Drift Correction

¢ 1000 Mo CMOS High
Impedance Inputs

e Display - .56" High Numerals

Red LED

Compact, Short Depth Case -

3.00"W x 2.15"D x 1.76"H

(76,2 x 54,6 x 44,7 mm)

APPLICATIONS

r-

o Ammeter - Accepts user-supplied

shunts for £20 pA to =2A Full
Scale Ranges

e Voltmeter - Accepts user-supplied
attenuators for =2V to =1 kV Full

Scale Ranges
o Ohmmeter - 200a to 10Ma Full
Scale Range

DM-3100B
AC-Powered, 32 Digit LED
Digital Panel Meter

DESCRIPTION

The DM-3100B is a very low cost, dual AC-powered Digital Panel Meter.
Analog voltages over the range of +=1.999 Vdc are displayed with 3% digits
of resolution. The DM-3100B is powered from the AC line; 115 or 230 VAC
is pin-selectable. The unit can provide +5V and —5 Vdc (@ 100 milliamps
and 5 milliamps respectively) to power customer-supplied external circuitry.

The DM-3100B uses a self-illuminated red LED display with .56" high numer-
als. It is clearly visible from many feet away in normal or dim light.

Inputs to the DM-3100B are balanced differential (80 dB Common Mode
Rejection) so the meter will accurately display small signals even in electri-
cally noisy industrial environments. CMOS circuitry results in an extremely
high input impedance (1000 Megohms, typically) and a very low bias current
of 5 picoamps - inputs with a source impedance as high as 100 kilohms can
be displayed with accuracy. The input circuitry will also safely tolerate over-
voltages up to =250 Vdc (155 VRMS). Inputs are sampled and displayed
about four times per second.

Autozeroing and a ratiometric reference in-out loop permit the DM-3100B
to be used for drift correction in bridge-type measurement systems. Meter
accuracy is adjustable to =1/10% (=1 count). . Jemperature drift of zero is
+1 count from 0 to 50°C, while temperature drift of gain runs typically =50
ppm of Reading/°C.

The AC-powered DM-3100B was designed for installations where existing
dc supplies are noisy, inaccessible, or overloaded. This meter may be used
wherever a voltage, or a unit which can be made proportional to voltage,
must be displayed with accuracy and clarity. The basic input range of
+1.999 Vdc can be expanded with a simple voltage divider to display volt-
ages up to £1kV or up to =2A using current shunts. Blank pads on the
meter's circuit board can accept user-supplied voltage attenuator resistors,
current shunts, or digital ohmmeter components.

The DM-3100B is supplied in Datel’'s standard short depth black polycar-
bonate case, measuring only 3.00"W x 2.15"D x 1.76"H. All connections are
made on the back panel to an optional 18-pin edge connector. Cutout
dimensions are 1.812"H x 3.062"W (46,0 x 77,8 mm), minimum.

Note: DPM’s are normally supplied
without Bezel Labels or Logos
SIMPLIFIED BLOCK DIAGRAM
—@ +5VDC PWR.
5
28v é POSITIVE RAIL +5V
ANA. RTN
OPTIONAL ATTENUATORS
OR SHUNT I} DISPLAY o IE @ ACHIA
ATTEN, IN VAC DUAL || ACLOA
INTEGRATOR DECODER N REGULATED
ANA. HIIN @ & A/D CONV. > DRIVERS :\'> +I_ ’-I ’-I!-l DC POWER ||€ \. ACHIB
ANA. LOIN @ - suppty  ||C
] _. ACLOB
i RERIN @ VOLTAGE
: ; REFERENCE
*-----REF. OUT (A6 I ?" (Lengefs
v E - Y,
EXT. REF. Lo (A7 A7) B, REE LO/
NEGATIVE RAIL ~5Vdc @__ B2

OHMS LO ( B7

MODELS DM-3100B

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD. MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340

a3l 1ivia e aaydamod-ov €001 €-na

Nda

158



DM-3100B

OYANEL=INTERSIL

SPECIFICATIONS, DM-3100B
(Typical @ +25°C, unless noted)

ANALOG INPUT

Configuration. ...............

Input Bias Current. ........ ...
Displayed Accuracy @ +25°C.

Resolution. .. ...............
Temperature Drift of Zero. . . ..

Temperature Drift of Gain. . . ..

Input impedance. ............
Input Overvoltage

C Mode Rej

Common Mode Voltage Range.

Warm-Up Time. ... ...........
Reference. .. ...............

External Ref. Range..........

Ramp-upTime...............
(Integration Period)

DISPLAY
Number of Digits. ............

Decimal Points. ..............
Display Type. ................
Display Height. ..............
Overscale. ..................

Autopolarity. . ...............

SamplingRate. ..............

1/0 CONNECTIONS

Analog HI Input (Pin A3)......
Analog LO input (Pin A2)

Attenuator IN (Pin A4).. ... ...

Analog Return (Pin A1)........

Reference In/Out (Pins B6/A6).

True, balanced differential bipolar
—1.999 Vdc to +1.999 Vdc

Input pad area will accept user-
installed range change

5 pA typical, 50 pA maximum
Adjustable to =0.1% reading,

*+1 count

1mVv

Autozeroed *1 count over O

to +50°C

+50 ppm of Reading/°C typ.

*100 ppm of Reading/°C max.

100 Megohms, minimum

+250 Volts dc.155 VRMS con-
tinuous max.

+300 Volts intermittent max.

80 dB, DC to 60 Hz, 1 Kilohm un-
balance

Within +Vs — .5V and —Vs +1V
where +Vs is the positive rail (Pin B9)
and —Vs is the negative rail (Pin A7)).
—Vs is approximately equal to —5V
below PWR. COM. (Pin A9)

Within 10 minutes

Internal, referred to the negative rail
(—Vs). External, user-supplied
reference optional for ratiometric
operation.

+100 mV to 2V, referred to —Vs

83.3 mS

3 decimal digits and most significant
“1" digit (3% digits)

Selectable decimal points are in-
cluded for scale multipliers.

Red, light-emitting diode (LED) self
illuminated.

0.56 inches (14,2 mm)

Inputs exceeding the full scale range
blank the display, leaving a“1” MSD
and sign.

A minus sign is automatically dis-
played for negative inputs, and may
also be blanked

Factory set at 3 conversions per
second. May be rewired up to 20
conversions/second.

Differential input voltages are con-
nected between these inputs. A bias
current path to POWER COMMON (if
*+5V-powered) or ANALOG RETURN
from both these inputs must be exter-
nally provided. External circuits must
constrain these inputs to be within
the common mode voltage range.
Connected in series through R1
(Optional attenuator resistor) to Ana.
HI In (Pin A3). Supplied with a jumper
in place of R1.

This pin may be used as a low-noise
bias current return for some floating
inputs. If not possible, inputs may be
referenced to POWER COMMON (if
+5V-powered). Analog Return is
approximately —2.8V below +Vs and
can sink 30 mA to —Vs.

Normally, REF. IN and REF. OUT
should be jumpered together. An
external floating source referred to
EXT. REF. LO (Pin A7) may be sub-
stituted for ratiometric operation.

Decimal Points...............
Display Test (PinAS5)..........

Polarity Enable (Pin A8).......

Ohms Lo (PinB7)............

POWER CONNECTIONS

POWER REQUIREMENTS
ACPower.............o.....

DCPower...................

Users will normally
power from AC-only.
DC-only power is optional.

Calibration. . . . ..............

Connect selected pinto DECIMAL
POINT COMMON (Pin B5)

Connect this input to +5 Vdc (Pin B9)
to light all display-segments.

Ground this input to Pin AQ to auto-
matically display a minus sign for
negative inputs.

This connection is used in the ohm-
meter configuration, otherwise do
not use. .

For 115 VAC input: (parallel both

windings)

1. Connect AC LINE HI A(Pin B18) to
AC LINE HI B (Pin B14). Connect
both to the hot side of the AC
line (mains).

2. Connect AC LINE LOA (Pin A16) to
AC LINE LO B (Pin A12). Connect
both to the neutral side of the AC
line (mains).

For 230 VAC input: (Series both

windings)

. Connect AC LINE HI B (Pin B14)
to AC LINE LO A (Pin A16). Make
no other connections to these
two leads.

2. Connect AC LINE HI A (Pin B18) to
the the hot side of the AC line
(mains).

3. Connect AC LINE LOB (Pin A12) to
the neutral side of the AC line
(mains).

DC Power Ground (Pin A9) may be

connected to earth ground if input

circuits permit.

For DC-Power Only:

A bipolar =5V power supply or two

isolated single supplies are required.

Connect +5V to Pin B9, —5V to Pin

A7 and Power Ground to Pin A9

-

115 or 230 VAC, =10%, 47 to 440 Hz,
4 watts typical .
+5V *+0.25 Vdc @ 250 mA typical,
400 mA max. and —5V Vdc @ 5

mA typ, 25 mA max. Logic spikes
must be less than 50 mV. Bypass
supplies externally if necessary.

A multiturn screwdriver pot adjusts
the full scale reading (gain). Zero is
automatic (autozeroing). Suggested
recalibration in stable conditions is
90 days.

PHYSICAL-ENVIRONMENTAL

Short-DepthCase. ...........
Outline Dimensions. . .........
Cutout Dimensions. . .........

Mounting Method. . ..........

Mounting Position. ...........
Operating Temperature Range.
Storage Temperature Range. . .

Interchangeable with other

Datel cases.

3.00"W x 2.15"D x 1.76"H

(76,2 x 54,6 x 44,7 mm)

1.812"H x 3.062'W

(46,0%x 77,7 mm)

Through a front panel cutout secured
by (4) 4-40 front access screws which
are concealed by the bezel.
Approximately 5 ounces (142g)
Double-sided edgeboard PC type,
solder tab, gold-plated fingers, Dual-
18-pin, 0.100" centers, Datel
#58-2075010, (not included)

Any

0to +50°C

—25to +85°C

0 to 15,000 feet (4600m)

20% to 80% non-condensing
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DM-3100B COMPONENT LOCATIONS

FULL SCALE (GAIN)
ADJUST POTENTIOMETER

OPTIONAL HOLD FUNCTION:
IN4148
R

0
4.7KQ IN914

+5V<—'V\N——I—N;

RUN —{ I HOLD

STOPS CLOCK TO
HOLD READING

DECIMAL POINT WIRING

|fna; it
833N

l\liﬂ
TUR
\l 1

0
1Cc3
o [ 600000p0020O
(V]
P, 22 ‘
Tk v cm o
alefn 2l El= 3o tals e | ©
\ d&6
*\1 N //% oz 40,:.';96?‘_;1 818 '~
AY
— )
. Y o) E i
PIN 40 § u{
3 :
3 i

Some versions of the DM-3100B have solder gaps on the
bottom of the converter board, rather than a jumper at R1.
Before attenuating resistors can be added to the DM-3100B,
this solder gap must be opened with a soldering iron.

OVAMEL: INTERSIL

FOR HIGHER RANGES

FS Range R1 R2 DECIMAL POINT

:2\’7” Jumper Omit B1toB5
. 10!\Aﬂ 11MQ BZtQB'S

9.1 MQ 1MQ B2toB5

2:2-00V‘ V 10 MQ 100 ki B3 I‘O B5
t1>k\/ 10 MO* 10 KQ B4atoBS
tZOOn:A N Jumper 100, 1W B3to B5.
;;6m; Jumper 10002, ¥W B2to 85
;;mA ) Jumper 1kQ B1toB5
;200;4)\ Jumper 10 k2 B3toB5
;-2‘0;;; B Jumper 100 k2 B2to Bﬁ»

R1,R2 ARE USER-INSTALLED ATTENUATION OR SHUNT
RESISTORS (R2)

A JUMPER NORMALLY REPLACES R1

R1, R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT
*RN70C

NOTE 1

THESE RANGES REQUIRE ADJUSTMENT OF POT, R10,
FOR ACCURATE READING

RC OSCILLATOR

R8 (100K€2)
3 X 10¢

R8 (KQ) = -
SAMPLE X C5(pF)
RATE

R8 MAY BE TRIMMED FOR EXACTLY

48 kHZ on IC PIN 38 (MEASURE WITH
LOW CAPACITY PROBE) FOR BEST 60 HZ
NOISE REJECTIOM.FOR 50 HZ, USE

120 pF AT C5 RETRIM. REDUCE

R8 FOR FASTER SAMPLING.

INPUT/OUTPUT CONNECTIONS
WITH SINGLE-ENDED INPUT

THIS CONNECTOR
B REAR VIEW SHOWS
t THE DPM

/ TYP INT DP. CONN

@ DEC. PT. COMMON
DEC. PT. LED'S'
IN 31008
DISPLAY
(4 PLACES) |

3300

NOTE

= 2V WHEN
SATURATED ON

REFERENCE IS BIASED AGAINST NEGATIVE RAIL {PIN A7
SEE DATA SHEET FOR FULL INFORMATION.

e ]»SUCGESTED |
Y ypceramic SIeH
FILTER

]' 11 TTEboniTs
| SIDE
B ‘
e 1 BOTTOM 0P |
ANALOG ) L. | ANALOG RETURN 1| DEC.PT 1999 e
INPUTS I oma ANALOG LO IN 2| oecpri99
- ANALOG HI IN 3| DEC PT. 1999
ATTENUATOR iV 4| DEC PT. 19% )
_ L DISPLAY TEST 5| DEC PT. COMMON f--- ]
“ —-1 REF QUT 6 REF IN b i
] EXT RFF L0 5V 7| onvs Lo N
/ | POLARITY ENABLE | 8|  spaRe AN
] 5v POWER COMMON [ 9 | +5VDCPOWER L0 (o1 pisp
NO FOIL ] NOFoR TST, DON'T
1999. i GND. LEAVE
KEYWAY —— - KEYWAY OPEN WHEN
@ x NO FOIL 1] NOFOIL NOT USED.
T i ~ acuneros 2] NoFo
H [ NO FOIL 13| NOFOIL
TYP. EXT. LOGIC | NO FOIL. 14 AC LINE HI 8 —
CONTROLLED DEC. PT. ‘ NO FOIL 5| no o
% AC LINE LO A 16| NOFOIL -
NO FOIL 17} NoFoIL | CAUTION: CMOS INPUTS
AVOID STATIC DAMAGE
NO FOIL 18] AC LINE HIA - BY HANDLING WITH
GROUND PROTECTION
/ |
EARTH GND L

[

l

CONNECTION IS

OPTIONAL.
ORDERING INFORMATION IFoND Looe

INPUT CKT
MODEL DESCRIPTION oTon

CMOS INPUTS. AVOID DAMAGE FROM
DM-3100B DPM, AC-Powered T GROUNG PROTECTION. -
58-2075010 Dual 18-pin connector, 15 vAC
100" ctrs., solder-tabs

(not included)

(WHT} NEUTRAL
(GRN) GND

J

!

THIS CIRCUIT SHOWS TYPICAL CONNECTIONS.
OTHER APPLICATIONS WILL REQUIRE ALTERED
CONNECTIONS FROM THESE. THE DPM
WILL NOT OPERATE PROPERLY UNLESS
CONNECTIONS ARE CORRECT. CONTACT DATEL

1T4A IF YOU NEED ASSISTANCE

(BLK) HOT
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APPLICATIONS

RATIOMETRIC CONNECTIONS
WITH BRIDGE INPUTS

The DM-3100B has a reference in-out loop which makes
possible ratiometric measurements. Representative con-
nections are illustrated below. Ratiometric operation elim-
inates changes in the DPM reading due to voltage varia-
tions in the Bridge’s external excitation source. The input
gain on the DM-3100B varies inversely with voltage at
Reference In — as REF IN voltage increases, meter gain
decreases. Meter input gain thus can be made to compen-
sate for variations in the bridge excitation source voltage.
(The DPM is set for unity gain when REF IN V equals +1V
as referred to EXT. REF. LO).

For all applications, Vin = 2 Vrer at full scale (1999 counts).
For small values of Vrer (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be appar-
ent. Avoid VRer inputs beyond about 2V to nrevent inte-

grator saturation with full scale inputs. Variable VREeF is not
intended for wide gain changes as in multimeter applica-
tions. Instead, it should be used for drift correction, scaling
to engineering units, or for modest amounts of gain.

A note on grounding: The DM-3100B’s internal voltage refer-
ence source is biased against the internal negative supply rail
(EXT. REF. LO). Note that this is not the same electrical con-
nection as the 5V Power Common connection. Refer to the
Simplified Block Diagram.

Because of this configuration, external reference sources
should be isolated from the 5V Power Common and should
have the Reference Lo Output from the external source
connected to the negative supply rail.

EXT. FLOATING OPM
EXCITATION SOURCE
o Ext.
REF.LO (-Vg)
Lo
~<~———of REF.IN
ANA  ANA A
BRIDGE REF. OUT
DISPLAY = __1VOLT [ HI - LO ] o :
o n L (NOT USED)
(REF. IN)- I:REF':I Hi
LO. ANA. HIIN
NOTE: DO NOT GROUND BRIDGE
=____1vour [(PIN A3) - (PIN Az)] CABLE— - ] ANAtow
(PIN B6) - (PIN A7) Us N SHIELD
ING A PWR. GND.
EXTERNAL

FLOATING REFERENCE [RE(FJERRElj 1

Vs

DIGITAL OHMMETER CONNECTIONS

The digital ohmmeter circuit uses the DM-3100B'’s ratio-
metric capability. An external reference resistor of known
resistance, accuracy, and temperature drift is connected in
series with the unknown resistance. A constant, stable volt-

+5V POSITIVE RAIL

69V
Rx + RumiT + Rngr

OHMS LO

INTERNAL
REFERENCE

BI
@_ ANA. HI IN

i LM329
[N ks DC/DC
I By 169\/ CONV.

(). ANA. LOIN
fd

0—1

/
RRer CONVERTER

INTEGRATION
CAPACITOR

5V NEGATIVE RAIL

DON'T } REF. OUT
O— iR R
USE DISPLAY = TN v = Xy o Bx Ly
VRerF

! vV -
IRRer Rrer

(). EXT- REF. LO
oy
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J @ REF. IN S~

age from the DPM'’s internal reference diode.is applied to
the resistor pair to produce a constant current. This current
develops two voltage drops across the resistors which are
proportional only to the ratio of the resistances since the
current through them is identical.

The chart below lists recommended Rrer and Rumit resis-
tance values corresponding to different ohmmeter ranges.
Values of Rumit were selected to limit the current through
RrerF and Rx to 1 milliampere maximum.

RANGE RESOLUTION Rumir Rrer 'DECIMAL POINT ’
19.99 MQ 10 kQ) 22 MQ 10 MQ B2 to B5
1.999 MO 1kQ 36MQ 1 MQ B1to BS
199.9 kQ 100 Q 360 k(2 100 kQ B3 to B5
19.99 kQ 10Q 36 kQ 10 kQ B2 to BS
1.999 kQ2 1Q 6.2 kQ2 1kQ B1to B5S
1999 O 1Q 6.8 k() 100 Q B3 to BS
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DM-3100N

Low Cost 3'.-Digit LED

DPM in Low Profile Case

FEATURES

e Lowest cost

e Balanced differential inputs, 5pA bias current,
autozeroing with 80 db CMR noise rejection

* 1000 MQ CMOS high impedance inputs, £1.999 Vdc
FS range

e 3, digits, .56"” high LED displays, 5V-powered,
ratiometric reference for drift correction

e Low Profile Case measures 2.53"W X 3.25”D X 0.94"H
(64,3 X 82,5 X 23,8 mm)

e Low profile model accepts optional 4-20 mA inputs
Internal user-options:
1. Offset pot for 4-20 mA and other applications
2. Accepts shunts for =20uA to 24A FS ranges
3. Accepts attenuators for £2V to £1KV FS ranges
4. Digital ohmmeter, 200Q2 to 10 MQ), FSR

GENERAL DESCRIPTION

The DM-3100N is a 3, digit Digital Panel Meter which uses a
solid-state self-illuminated, light-emitting diode (LED) display.
Their large size (0.56" high) and brilliant red light make them
easily readable from many feet away. This DPM is contained in a
compact low profile case which makes for higher packing density
on test panel faces. Besides measuring DC voltages, components
can be internally installed by the user to make resistance and
current readings. The decimal point can also be externally
selected by jumpering appropriate pins.

The versatility of this meter is further enhanced by its auto-
zeroing capabilities, or if the customer desires, a pot can be
internally installed by the user so that an offset can be obtained
with a zero input to the meter, or a zero reading with an offset
input.

This DPM accepts a DC or slowly-varying input voltage between
+1.999V and displays that input on front panel numerical
indicators. It employs a conventional dual-slope A/D converter
plus 7 segment display decoder-drivers all in one LS| microcircuit.
Since this microcircuit requires approximately 10V to power the
A/D section, aninternal DC/DC converter generates -5V from +5V
power input to form a bipolar supply.

The DM-3100N is identical to the DM-3100L, except that a low-

NOTE: DPM's are normally supplied without Bezel Labels or Logos

profile case style is used and there is PC board room to accept the
optional offset pot.

Open PC board pads are provided on the DM-3100N to accept
user-supplied input voltage attenuators, current shunts, digital
ohmmeter components or an offset pot for applications such as
4-20 mA process control measurement.

Another feature of the DM-3100N is that a balanced differential
input is used. When used with bridge or transducer inputs, it offers
high noise immunity and can accurately measure very small
signals in the presence of much larger common mode signals.
Another characteristic of this balanced differential input is that
they will not load down sensitive input circuits, due to its high
input impedance, 100 megohms, and low 5 pA bias current.

A very noteworthy feature of this meter is that it can be operated
ratiometrically. This means that it has internal circuits that can
automatically compensate for reference drifts in the supplies of
balanced bridge or transducer sensors.

The DM-3100-N finds use in analytical instruments, industrial
process controllers, portable diagnostic instruments, automatic
test equipment, medical and patient monitoring instruments,
airborne, marine and ground vehicles and data acquisition/data
logging systems.

SIMPLIFIED BLOCK DIAGRAM

POSITIVE RAIL + 5Vdc
T 9 ) POWER
[ IN
28v
ANA RTN
OPTIONAL 'ATTENUATORS
OR SHUNT 4 } oISPLAY
ATTEN. IN e ,\l\
ANA HI IN e INTEGRATOR DECODER N LIL L
A2 ] & A D CONV DRIVERS _‘. A v b A
waton (9 VOLTAGE
----ree v () ! ] REFERENCE
: G i
\.--REF OUT @ L % ]% b9V %
1V
EXT REF. LO @ 1 LY DC/DC
< NEGATIVE RAIL - 5Vdc CONV
OMMS LO @L e
Wi
OFFSET OUT (2) OPTIONAL OFFSET COMMON
POT (DM-3100N)

DM-3100N

e[1joid Mo ‘a31 16IA-% € 150D MO NOOLE-Na
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DM-3100N

SPECIFICATIONS (Typical @ +25°C unless noted)

ANALOG INPUT

Configuration ...........
Full Scale InputRange. . ..

Resolution ..............
Temperature Drift of Zero . .

Temperatuie Driftof Gain . ..
Inputimpedance..........
Input Overvoltage..........

Common Mode Rejection . ..

Common Mode Voitage

Range ...................

Warm-upTime............
Reference................
ExternalRef.Range .......
..83.3mS.

Ramp-upTime........ .
(Integration Period)

DISPLAY

Number of Digits . ........
Decimal Poiﬁts ..... S
Display Type ............
Ovaracate ot

Autopolarity .............

SamplingRate ...........

1/0 CONNECTIONS

Analog Hl Input (Pin6) ...
AnalogL.O.Input (PinH) ...

Analog Return (PinJ). .. ..

Referencein/Out ........
(PinsA/1) ...............

True, balanced differential bipolar
-1.999 Vdc to +1.999Vdc Input pad
area will accept user-installed range
change ,

5 pA typical, 50 pA maximum

Adjustable to +0.1% of reading,
+ 1.count
1mVv

. Autozeroed 1 count over 0 to

+50°C

+50 ppm of Reading/°C typ.

+100 ppm of Reading/°C max.

100 Megohms, minimum

+250 Volts dc 175 VRMS continuous
max.

+300 Volts intermittent max.

80 dB, DC to 60 Hz, 1 Kilohm
unbalance

Within +Vs, —.5V and —Vs +1V where
+Vs is the positive rail (Pin A18) and
—Vs is the negative rail (Pin A17)—Vs
is approximaiely equal to =5V below
PWR. COM.

Within 10 minutes

+100mV to +2V, referred to —Vs

3 decimal digits and most significant
“1” digit (31 digits)

Selectable decimal points are
included for scale multipliers.

Red, light-emitting diode (LED) self
illuminated.

0.56 inches (14,2 mm)

. Inputs exceeding the full scale range

blank the display, leaving a “1” MSD
and sign

A minus sign is automatically
displayed for negative inputs, and
may also be blanked

Factory set at 3 conversions per
second. May be reviewed up to 20
conversions/second.

.. Differential input voltages are

connected between these inputs. A
bias current path to POWER
COMMON (if 5V-powered) or
ANALOG RETURN from both these
inputs must be externally provided.
External circuits must constrain
these inputs to be within the
common mode voltage range.

.. This pin may be used as a low-noise

bias current for some floating inputs.
If not possible, inputs may be
referenced to POWER COMMON (if
5V-powered). Analog Return is
approximately —2.8V below +Vs and
can sink 30 mA to —Vs.

. .Normally, REF. IN and REF. OUT

shoul!d be jumpered together. An
external floating source referred to
EXT. REF. LO (Pin 8) may be
substituted for ratiometric operation.

Decimal Points (Pins B-E). . . Connected selected pin to DECIMAL

Offset Out (Pin2) ..... cees

POINT COMMON (Pin F)

0 to +6.9V referred to -Vs (Pin 8)
requires installation of optional offset
pot supplied by user.

OVANEL: INTERSIL

Dispiay Enable (PinK)...... Connect to +5 Vdc power to
illuminate display. Disconnect to
blank display but keep A/D
converter cycling.

Display Test (Pin3)......... Connect this input to +5Vdc to light
all display segments.

Polarity Enable (Pin10) .. ... Ground this input to automatically
display a minus sign for negative
inputs.

OhmsLo(Ping)............ This connection is used in the
ohmmeter configuration, otherwise
do not use.

POWER CONNECTIONS

+5VDC Power IN (Pin 9) . ... Connect this pin to +5 Vdc regulated
to power the A/D converter and
displays.

5V Power Common (Pin L) .. This pin may be used as a bias
current return path for some inputs.
Connect to Power Ground.

POWER REQUIREMENTS . . External +5, +0.25 Vdc regulated
required at 280 mA typical, 450 mA
max. Logic spikes must not exceed
50 mV. Power current varies rapidly
so that unregulated supplies cannot
be used.

Calibration ................ A multiturn screwdriver pot adjusts
the full scale reading (gain). Zero is
automatic (autozeroing). Suggested
recalibration in stable conditions is
90 days.

PHYSICAL-ENVIRONMENTAL

Low ProfileCase............ Interchangeable with other Datel-
. Intersil cases.
Outline Dimensions.......... 2.53"W X 3.25"D X 0.94"H (64,3 X
82,5 X 23,8 mm)
CutoutDimensions ......... 2.56"W X 0.97"H min. (65,1 X 24,6
mm)
MountingMethod........... Through a front panel cutout

secured by 2 side case “L” brackets
and screws (supplied). Panel
thickness up to 0.62” (15,9 mm)
Weight..................... Approximately 5 ounces (142g)
Connector ................. Double-sided edgeboard PC type,
solder tab, gold-plated fingers. Dual
10-pin, 0.156" centers, Datel-Intersil
#58-2073082 (not included).

Mounting Position .......... Any

Operating Temperature

Range ..................... 0to +50°C"

Storage Temperature

Range ..................... -25to +85°C

Altitude . ................... 0 to 15,000 feet (4900m)
Relative Humidity ... ........ 20% to 80% non-condensing

DM-3100N ORDERING INFORMATION

MODEL DESCRIPTION

DM-3100N 3Y,-Digit LED DPM in low Profile Case.

58-2073082 Connector, dual 10-pin, 0.156" centers; one
required (not supplied with meter).

UPA-5/500 +5Vdc @ 500mA Power Supply; permits DM-
3100N to run from 115 VAC power.

RN-DM-3000  Attenuation Resistor Set; matched, tracking units
for 10:1 and 100:1 Attenuation Ratios.

TP-50K Optional Offset Pot, R16

20S
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DM-3100N COMPONENT LOCATIONS

FOR OTHER VOLTAGE AND CURRENT RANGES

(2

BOARD.

4)

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT
RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A
SOLDERING IRON. NOTE THAT, IF R1 IS LATER REMOVED,
THE USER MUST CLOSE THE SOLDER GAP.

R1 AND R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT
“RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR
BETTER. TW AND 1/4W RESISTORS MAY NOT FIT FLUSH TO

FS. DECIMAL
RANGE R1"2 R2'? POINT 1
2V Short Omit EtoF
SG1
+20V° 10 MQ* 1.1 MQ* DtoF
or or
9.1 MQ 1MQ DtoF
+200V° 10 MQ 100 KQ CtoF
+1000V 10 MQ* 10 KQ BtoF
+200 mA Short 10Q, 1W CtoF
SG1
+20 mA Short 100Q,1/4W DtoF
SG1
+2 mA Short 1KQ EtoF
SG1
+200 pA Short 10 KQ CtoF
SG1
+20 uA Short 100 KQ DtoF
SG1
NOTES: =1 AOTNTIOVETER

EQUIVALENT (DATEL TP-50K)

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8 FOR
ACCURATE READINGS.
IF 10 MQ IS NOT AVAILABLE, USE R1 =2 MQ, R2 =220 KQ. A
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR
RESISTORS (900 KQ, 90 KQ, and 10 KQ) IS AVAILABLE. ORDER
MODEL RN-DM-3000 WITH YOUR DPM.

R6 (100KM)
RB (KN =

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT

+5V

RC OSCILLATOR:

3x1

™
AMPLEY 5 C5 (oF )

(SRATE E) CsoF)

R6 MAY BE TRIMMED FOR EXACTLY

48 kHZ on IC PIN 38 (MEASURE WITH

LOW CAPACITY PROBE) FOR BEST 80 HZ

NOISE REJECTION FOR 50 HZ, USE

120 pF AT CS RETRIM REDUCE

R6 FOR FASTER SAMPLING

IN4148

R1, R2 ARE USER-INSTALLED
ATTENUATION OR SHUNT
RESISTOR (R2)

~ DO NOT GROUND.

accessory.

DM-3100N
Hl <——@-
ANALOG 10 MQ BOTTOM  TOP
INPUT
LO
LREF IN| A 1 REF OUT —]
DEC PT 1999 | B 2 OFFSET OUT (OPT.)*
DEC. PT. 1999 | C 3 DISPLAY TEST -
DEC PT. 1999 | D 4 OHMS LO (OPT.)*
:DEC PT 1999 | E 5 ATTENUATOR IN (OPT )*
DEC PT COM | F 6 ANA. HI'IN
¢—————— ANA LOIN | H 7 NO CONNECTION
POWER SUPPLY* ANA. RETURN®[J | 8] EXT REF LO
COM —— DISPLAY ENABLE | K 9 +5VDC PWR.IN —
4 49— POWER COMMON | L 10 POL. ENABLE
TO — UPA- l 1 j
115 VAC 5/500 —_—
LINE +5V
NOTES:
1. This shows the connector rear view with the DPM tilted on its side.
2. CAUTION: This DPM employs high impedance CMOS inputs.
Although internal protection is provided for several hundred voit
overloads, this DPM will be destroyed by kilovolts of static discharge
which is especially prevalent in low humidity environments. Aiways
handle the DPM with ground protection.
3. ANALOG RETURN =+Vs — 2.8 Vdc. DO NOT CONNECT TO POWER
COMMON.
4. UPA-5/500 is a user-supplied and user-installed DATEL-INTERSIL

NOT USED

LEAVE OPEN WHEN
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The DM-3100N has a reference in-out loop which makes pos-
sible ratiometric measurements. Representative connections
are illustrated below. Ratiometric operation eliminates
changes in the DPM reading due to voltage variations in the
Bridge’s external excitation source. The input gain on the
DM-3100N varies inversely with voltage at Reference In — as
REF IN voltage increases meter gain decreases. Meter input
gain thus can be made to compensate for variations in the
bridge excitation source voltage. (The DPM is set for unity
gain when REF IN V equals +1V as referred to EXT. REF. LO).

Forall applications, Vin=2 Vger at full scale (1999 counts). For
small values of Vrer (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be apparent.
Avoid Vgrer inputs beyond about 2V to prevent integrator satu-

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS

ration with full scale inputs. Variable Vger is not intended for
wide gain changes as in multimeter applications. Instead, it
should be used for drift correction, scaling to engineering
units, or for modest amounts of gain.

A note on grounding: the DM-3100N'’s internal voltage refer-
ence source is biased against the internal negative supply rail
(EXT. REF. LO). Note that this is not the same electrical con-
nection as the 5V Power Common connection. Refer to the
Simplified Block Diagram.

Because of this configuration, external reference sources
should be isolated from the 5V Power Common and should
have the Reference Lo Output from the external source con-
nected to the negative supply rail.

EXT. FLOATING
EXCITATION SOURCE J
y |LO
g
1
HI °

1
NOTE; DO NOT GROUND BRIDGE
CABLE SHIELD =~

BOTTOM TOP
REF.IN | A 1 REF OUT

DEC. PT. 1999.| B 2 OFFSET OUT (OPT))

DEC.PT. 1999 | C 3 DISPLAY TEST

DEC.PT. 1999 | D 4 OHMS LO (OPT.)
C DEC.PT. 1999 | E 5 | ATTENUATOR IN (OPT))

DEC.PT.COM | F 6 | ANA HIIN

ANA LOIN| H 7 NO CONNECTION

ANA. RETURN | J 8 | EXT.REF.LO '
DISPLAY ENABLE | K 9 +5VDC PWR. IN +5V
POWERCOMMON | L [ 10

POL. ENABLE -]

USING AN
EXTERNAL
FLOATING REFERENCE =
1 VOLT ANA ANA
DISPLAY = x| HI - L0
EXT. IN IN

(REF. IN) - REF.
LO

1voLT
= X [(PIN 6) — (PIN H)]
(PIN'A) — (PIN 8)

The digital ohmmeter circuituses the DM-3100N’sratiometric
capability. An external reference resistor of known resis-
tance, accuracy, and temperature drift is connected in series
with the unknown resistance. A constant, stable voltage from
the DPM’s internal reference diode is applied to the resistor

+ 5V POSITIVE RAIL

1= B9V
/7 OBMS LO R+ Runar + Rner
Q/ ANA. HI IN REFERENCE
O e S w29
' 2 | ocroc
() ANA. LO IN N S‘I 69V ONV.
A\
Rumir Y
f;\\ REF. IN
)

l y
INTEGRATION l

TO A/D
CAPACITOR '1— CONVERTER
8

- 5V NEGATIVE RAIL
DON'T REF. OUT "
USE —> DisPLAY = Em = Bx - B
Veer Reer Rrer

Raer

DIGITAL OHMMETER CONNECTIONS

NOTE: Ref Out (PIN 1) is not
used in this application.

pair to produce a constant current. This current develops two
voltage drops across the resistors which are proportional
only to the ratio of the resistances since the current through
them is identical.

The chart below lists recommended Rrer and Rumir resis-
tance values corresponding to different ohmmeter ranges.
Values of Rumir were selected to limit the current through Rree
and Rx to 1 milliampere maximum.

RANGE RESOLUTION Rumit' Reer! DECIMAL
POINT
19.99 MQ 10 kQ 22 MQ 10 MQ DtoF
1.999 MQ 1kQ 3.6 MQ 1MQ EtoF
199.9 kQ 100 Q 360 kQ 100 kQ CtoF
19.99 kQ 10Q 36 kQ 10 kQ DtoF
1.999 kQ 1Q 6.2 kQ 1kQ EtoF

1. PLimit and "Ref should be metal film, High Stability Resistors (AS RN60C).
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FEATURES

e Ultra-low cost yet retains outstanding performance

* Miniature 2” x 3.5" single board 3%, digit meter uses
large 0.56" high red LED displays. Rear panel depth
only %"

¢ True balanced noise-rejecting differential inputs

¢ Tiny 5 pA bias current and very high 1000 Megohm
input impedance won’t load down sensitive input
circuits

e Accepts external ratiometric reference and is
autozeroing to correct drifts

e Hold function to freeze last reading

® Accepts user-supplied components for higher
voltage'ranges, current ranges, and digital ohmmeter
(to 20 MQ)

e 5 Vdc powered at 280 mA

APPLICATIONS*

Digital Thermometer, Digital Ohmmeter
Audio dB sound level meter

Digital Pressure Meter, Tachometer

Flow Rate Meter, Bridge Nulling Meter
Digital Scale or Strain Gauge Meter
Laboratory and Analytical Instruments

R&D and Test Instrumentation

Industrial Process Indicators

Data Loggers and Data Acquisition Systems

® 6 & o o o o o o

*Each application requires external circuits supplied by the user.

DESCRIPTION

The DM-31 is a digital panel meter (DPM) with 3 digits of reso-
lution (the maximum full scale count is plus or minus 1999). It
employs red self-illuminated solid-state Light Emitting Diode
(LED) displays which measure 0.56 inches (14,2 mm) high. The
DM-31 is constructed on a single printed circuit board
measuring 2"H x 3.5"W x 0.5” Thk (88,9 x 50,8 x 12,7 mm). The
DM-31 accepts DC or slowly-varying electrical inputs and con-
verts them to displayed decimal values on its LED digits. The
basic fixed input range of the DM-31 is —1.999 Volts dc to +1.999
Vdc. However, the user may add internal or external components
to change the voltage range from =2V up to £300 Vdc. or to
current ranges from =20 microamps, dc up to £2 Amps, dc or to
resistance ranges of 0 to 2 Kilohms up to 0 to 20 megohms.

APPLICATIONS

The DM-31 may be used for any application where a physical or
electrical parameter needs to be measured and can be con-
verted with user-supplied external circuits into the basic dc volt-
age, current or resistance ranges which the DM-31 will accept
and display. Such parameters include temperature, pressure,
flow rate, RPM, noise, weight, velocity, frequency and many

DM-31 Single Board
Differential 3’2 Digit
Digital Panel Meter

0% :
PEBRALC

others. The DM-31 is intended for applications in analytical in-
struments, test and measurement equipment, data acquisition
systems, research and development instrumentation, laboratory
analyzers and other devices. Industries served by the DM-31 in-
clude petrochemical, power utilities, batch and continuous
processing, telecommunications, paper, glass, metals and
chemical manufacturing, photographic, automotive and medical
services and much else.

Continued

In This Brochure —

Features, Description Page 23S
Introduction, Continued Page 24S
Specifications Pages 25, 26S
Ordering Guide Page 26S
Block Diagram, 1/0 Connections Page 27S
Mounting Methods, Mechanical Dimensions ~ Pages 28, 29S
Typical Applications Circuits, Warranty Page 30S
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DM-31

iINTRODUCTION Continued

MOUNTING

The DM-31 is designed as a very general purpose panel-
mounting component which may be stocked in one versiontobe
used in multiple applications. Normal mounting techniques in-
clude four half-inch standoffs, either behind a front panel display
cutout or onthe front of a panel. An alternate method s to directly
mount the DM-31 on a full-size board cutout using the four
mounting holes punched in the corner of the DM-31's PC board.

PERFORMANCE

Despite -its low cost, the DM-31 has excellent performance
specifications which are normally seen only in more expensive
instruments. The DM-31 requires regulated +5 Vdc input power
(@ .28 Amp), which is commonly used by digital logic circuits. A
low-cost optional accessory AC power adapter is available in
case the user's equipment has no regulated 5 Vdc power. Input
signals may be bipolar and the DM-31 will automatically switch
its polarity display (autopolarity) to indicate whether signals are
positive or negative. Three LED decimal points are included in
the display and may be selected onthe 14-pininput/output con-
nector either by a jumper, a user-supplied external relay or logic
control. These programmable decimal points are to display input
scale multipliers or conversion to units other than the electrical
range of the input. For example, the user may add external cir-
cuits to accept a 2 Vdc input but display 0 to +150.0 PSI.

Analog input specifications are outstanding. The basic input
configuration is true balanced differential, non-isolated, for high
noise rejection and for connections to bridge-type inputs found
in many industrial transducers such as strain gauges. The com-
mon mode rejection is 80 dB (dc to 60 Hz) and the common
mode voltage range is approximately 2V to Power Common. By
using a transformer input power supply such as the optional
UPA-5/500 AC Power Adapter, DC isolation will be achieved.

By using CMOS electronic technology, input impedance is ex-
traordinarily high, typically 1000 Megohms. Input bias currents
are very small, typically 5 picoamps, many orders of magnitude
below older DPM's. These two features mean that the DM-31
may be safely connected to high source resistance inputs (up to
100 KQ) and will not cause errors by loading down sensitive cir-
cuits. Yet the DM-31"s inputs are fully protected against.normal
overloads (+250 Vdc or 155 VAC).

Displayed accuracy is adjustable to £0.1% of reading, £ 1 count
and temperature drift is typically within £50 ppm of reading/°C
over the 0°C to +50°C operating range (+32°F. to +122°F.).

APPLICATION FEATURES

The DM-31 includes autozeroing cireuits to correct zero drift. A
ratiometric input accepts external dc voltages for limited gain
change. These two features correct drift and reference errors in
measurement circuits. An external +1 Volt dc reference may be
substituted for the internal reference.

The basic +1.999 Vdc input range may be altered very easily. PC
board pads have been left for the user to add attenuator resistors
(for higher voltage ranges) or a shunt resistor for current ranges.
Resistance ranges require a few more components external to
the board. A simple digital thermometer may also be made using
a few user-supplied external components. These. inexpensive

components are not supplied by Datel-intersil but are readily .

available from electronic parts distributors.

The DM-31 includes a HOLD input which will latch the last A/D
sample and freeze the display. This input may be connectedto a
switch for an operator to momentarily copy down a reading.

A DISPLAY ENABLE input may be used to blank the display and
save power but keep the A/D converter sampling to reduce
turn-on drift in portable applications. An automatic overscale in-
dication is also included. All segments of the display may be
checked by using the DISPLAY TEST input which displays
“1888". The polarity sign may be blanked using the POLARITY
ENABLE Input for non-polarized applications. This pin may also
be controlled by an external relay, transistor or digital logic.
Flashing the polarity sign may be used to indicate special condi-
tions such as exceeding an alarm limit (this would require exter-
nal, user-supplied circuits). Finally, an ANALOG RETURN output
is provided as an optional bias return for differential inputs and
for use as reference common when an external reference isem-
ployed or for digital ohmmeter circuits.

A single-turn adjustment pot is included on the front of the
DM-31 PC board to calibrate full scale gain. Many users will
mount the DM-31 behind their own front panel filter which may
have legends screened on it as well as other indicators behind
the panelfilter besides the DM-31. If preferrred, users may sepa-
rately purchase a snap-in bezel/filter as part of an optional ac-
cessory kit which includes a solder-tab DIP-plug connector, 4
standoffs and mounting hardware. Some type of red filter is rec-
ommended to improve viewing contrast of the display and for
aesthetics to conceal the components on the PC board. For
users who prefer a fully cased DPM, refer to Datel-Intersil's
DM-3100 and DM-4100 series at additional cost.

If you are unfamiliar with DPM’s but feel that a low-cost
DM-31 would be an important asset to your product, we
have a few suggestions. Many manufacturers with limited
electronics experience have recognized the important
sales appeal to their customers of a modern DPM on the
front panel of their product.

While the DM-31 is not at all difficult to use, those who are
unfamiliar with electronics may wish to seek the assistance
of a staff electronics engineer or a consultant or contracting
engineer. If such a person is not available at your facility,
your local Datel Sales Office will be happy to discuss your
requirement and may be able to direct you to such assis-
tance. More comprehensive technical assistance is availa-
ble from Datel's Applications Engineering Department at
the Mansfield, Mass. home office and from Datel's direct
sales people.

The DM-31 is a very versatile, general purpose instrument
with'a wealth of operating features to be used in a large
range of applications. However, no one universal connec-
tion scheme can be recommended to serve all require-
ments. Each user will obtain the best performance from the
DM-31 by designing the unique right connections for his
application.

The DM-31 does not directly measure temperatures, pres-
sures, RPM, frequencies and many other physical parame-
ters. External devices supplied by the user are required to
convert such parameters into electrical inputs usable by the
DM-31. A competent engineer will be able to specify and
fabricate a complete system to your needs.
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(Typical at +25°C and +5

ANALOG INPUT

Configuration ...........
Full Scale Input Range ...
Optional Ranges

Displayed
Accuracyat +25°C .....
Resolution
Input Bias Current
Temperature Drift
of Gain

Temperature Drift
of Zero

Input Impedance

Input Overvoltage ........

Common Mode
Rejection ..............
Common Mode
Voltage Range .........
Warm-Up Time
Reference

External Ratiometric
Reference Range ......
Ratiometric Gain
Equation

Calibration

PRELIMINARY SPECIFICATIONS

Vdc power unless noted)

True, balanced differential
bipolar inputs

.=—1.999 Vdc to +1.999 Vdc

Up to +300 Vdc, or £19.99 yA to
+1.999 Amps or 0 to 1.999 KQ
up to 0 to 19.99 megohms.
These optional ranges require
connection of external compo-
nents supplied by the user.

Adjustable to within +0.1% of
reading, +1 count

1 mV

5 pA typical, 50 pA maximum

Within £50 ppm-of Reading/° C
typical

Within £ 100 ppm of Reading/
°C max.

Autozeroed, £ 1 count max over
0°C to +50°C

100 Megohms, min., 1000
Megohms, typical to Analog
Return or Power Common
+250 Vdc or 155 VRMS,
continuous max. £ 300V
intermittent max.

80dB to Analog Return, DC to
60 Hz, 1 Kilohm unbalance

Both inputs must remain within
+4.5Vand-4V of PowerCommon
1 minute to rated accuracy
Choice of internal or user-
supplied external reference.

The internal reference is

referred to Analog Return (pin
10). The DPM is calibrated

when a one volt dc drop exists
from pin 11 (+) to pin 10 ().

Pin 11 +2V to +.5V (Relative to
pin 10)

Display = 1000 x V /VREF
(no decimal points)

Front panel single-turn
screwdriver pot adjusts full
scale gain. Zeroing is
automatic. Suggested
recalibration in stable
conditions is 90 days

Overscale

Autopolarity

Sampling Rate

Inputs exceeding full scale
blank the 3 least significant
digits leaving a “1" MSD and
sign displayed

+ & — sign are automatically
displayed if pin 5 is grounded.
Disconnecting pin 5 will blank
sign display for non-polarized
applications

3 samples per second

DISPLAY
Number of Digits

Decimal Points ..........

Luminous Intensity per
Average Digit

Display Type

Display Height

3 decimal digits and most
significant “1" digit (3%, digits)
3 Selectable decimal points are
included for scale multipliers

125 microcandelas, typical
Red, light-emitting diode
(LED) self-illuminated

0.56 inches (14,2 mm)

INPUT/OUTPUT CONNECTIONS

Analog HI Input (pin 8)
Analog LO Input(pin9) ...

Analog Return Input
(pin 10)

Reference Out (pin 12)
Reference In (pin 11)

Differential input signals are
connected between these pins.
A bias current path to either
Analog Return or Power
Common must be externaliy
provided by the user to
constrain these inputs not to
exceed the common mode
voltage range.

This pin may be used as a low-
noise bias current return path
for certain types of isolated
inputs. If preferred, Analog
Return may be left discon-
nected and Power Common
may be used as a bias return.
Analog Return is approximately
—2.8 Vdc below +5V Power (pin
7) and can sink approximately
5 mA. Analog Return may be
connected to Power Common
if required. Do not connect
Analog Return to +5V (pin 7).
Will destroy DPM. Analog
Return is also used as
Reference Common when an
external ratiometric reference
is used in place of the internal
reference.

Normally Ref. In and Ref. Out
should be jumpered together.
Ref. Out is approximately +1
Volt above Analog Return
Output impedance (pin 12) is
approx. 3 KQ. Recommended
external reference source
resistance should be less than
10 KQ into pin 11. Ref. Out
adjustment range is approx.
+5%. For ratiometric operation,
where DPM gain is changed
inversely to an external user-
supplied reference, Ref. Out is
not used and the external
reference is connected to Ref.
In + (pin 11) and biased
against Analog Return (pin 10).
If the external reference is
single-ended, connect Analog
Return to Power Common. The
DPM is calibrated when a one
volt dc drop exists between pin
11 (+) and pin 10 (—).

Continued on page 4
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PRELIMINARY SPECIFICATIONS Continued

Decimal Point inputs
(Pins 2, 3,4)

Display Test Input (pin1) ..

Polarity Enable Input
(Pin8) .........oonitt

Display Enable Input
(pin6) .................

+5 VDC Power Input
(pin7) ...,

Hold Input (pin 13)

Power Common (pin14) ..

Power Requirement

Ground the appropriate pin to
display the selected decimal
point. The decimal points may
be externally controlled by

an NPN transistor or.open
collector TTL gate. Sink 10mA
Connect to +5V to display
“1888". Make no connection
when not in use.

Ground this pin for normal
autopolarity operation. Leave
this pin open to blank the +/—
sign for unipolar applications.

Tie to +5V for normal
operation. Disconnect to blank
the display and save power

but keep the A/D converter
sampling to reduce turn-on drift
in portable applications. May
be wired as “press to read.”

Connect this pin to the positive
leg of an external, user-
supplied +5V regulated power
source.

Ground this pin for normal use.
Open this pin to latch the last
A/D conversion and stop the
display from changing. May

be used by an operator to
momentarily copy down the
last reading.

Connect the common of the
external +5V power source to
this pin. Power Common may
also be used as a bias current
return path for signal inputs.
+5 Vdc nominal, =1, +2V
regulated required. Logic
spikes must not exceed 50 mV.
Use an external bypass
capacitor or other means to
attenuate noise. Current @ 5V:
280 mA average, 450 mA max.
Current varies rapidly as digits
switch so that unregulated
supplies cannot be used.
Current is approximately 5 mA
with displays blanked.

PHYSICAL-ENVIRONMENTAL

OutlineDimensions ......

Mounting Method

Mounting Kit

3.5"W x 2"H x .5" Thk depth
behind front panel (88,9 x 50,8
x 12,7 mm) Max. height on
component side of board is
0.315" (8 mm)

Using a front panel cutout, 4
holes for .5" mounting standoffs
and 1 hole for the gain pot.
Optional, includes filter/bezel
DIP connector, standoffs, and
hardware; see ordering guide.

Cufout Dimensions (For
optional bezel/filter) ...

Optional Snap-in Bezel/
Filter Dimensions

Weight ..................
Connector

Mounting Position
Operating Temperature
Range
Storage Temperature
Range

Altitude
Relative Humidity

1.156"H x 2.375"W (29,36 x
60,33 mm) Bezel/filter panel
thickness range: .040 to 0.062"
(snug fit at 0.062") 1,0to 1,6
mm. ’

Outside Dimensions:

1.343"H x 2.531"W (34,1 x 64,3
mm)

Display Opening:

0.812"H x 2.0"W (20,6 x 50,8
mm)

Front Panel Bezel Relief Height:
0.062" (1,6 mm)

1.2 ounces (359)

14 pin.sockets mounted on
board for Dual-Inline Package
(DIP-spaced) plugs. Consists
of two rows, spaced 0.300"
(7,62 mm) between rows and
0.100" (2,5 mm) between
sockets. Accepts .020" dia. (0,5
mm) pins. Solder tab plug
connector included in optional
Model 39-7249-1 Accessory
Kit.

Any

0 to +50°C (+32° to +122°F)

—25° to +85°C (—13°C to
+185°F)

0 to 15,000 feet (4900m)
10% to 90%, non-condensing

ORDERING GUIDE

Model

Number Description

DM-31

39-7249-1
consists of:

UPA-5/500

VAC isolation,

regulation

Single-board Digital Panel Meter
Optional Accessory Kit,

(1) Snap-In Red Filter & Bezel

(1) 14-Pin DIP Solder Tab Plug

(4) '," Hex x 15" Long
Threaded Standoffs

(8) 4-40 x V," Screws

Optional AC to +5 Vdc Wall
Plug Power Adapter, 500 mA max.,
115 VAC £10%, 60 Hz input, 1500

noise, 0.3% typ. line and load

8 mV ripple and

Contact your local Datel-Intersil sales

office for

quantity prices.
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DM-31 w/ANEIEINERS]
BLOCK DIAGRAM WITH TYPICAL EXTERNAL CONNECTIONS
NORMAL CONNECTIONS
ANALOG TYPICAL SINGLE-ENDED
INPUTS INPUT SHOWN.
INPUTS
HI LO POSITIVE RAIL +5V +5VDC
. 3 .
SUGGESTED INTERNAL OR EXTERNAL POWER IN
RESISTOR TO INSURE OPEN-CIRCUIT
/ ZEROING. N Jroua 55y N R 5
10MQ 28V b 6.2v BLANK/ ISPLAY
e POWER
SAVE
~ REFERENCE OUT —(12
(2 s [
wod2
nom. v
b1 ANALOG RETURN —@ b
. } DISPLAY e
ANALOG HI IN - FoLARITY
INTEGRATOR | &
S DECODER N I
AND g DRIVERS # LELEE
Lé—1- ANALOG LO IN ADCONV. | = B e DISPLAY
u || ]
= _@‘ ENABLE
L ) ICL7660 TIE TO +5V
REFERENCE IN —O (qoe) [1] PR o L
VIEW. DC/DC USE
POWER
>IN THIS CIRCUIT SHOWN CONV.
ABOVE, DO NOT CONNECT 5] I_x;_
ANALOG RETURN TO +5V, 27KQ ~
OTHERWISE THE DPM WILL ey ; @_POWER ,
BE DESTROYED. IF NECESSARY, COMMON
ANALOG RETUR
ANAKOG RETURN MAY BE NEGATIVE RAIL -5V
POWER COMMON LEAVE DISPLAY |
® o[BS 0o
ZEROING MAY IF NOT USED <
DEGRADE) > ‘R1&R2ARE o S S
SUPPLIED AND INSTALLED @ NI I’E
» THE DPM IS CALIBRATED BY THE USER TO FORM A i AR N com| +svDC
WHEN A ONE VOLT VOLTAGE ATTENUATOR OR < - S
DROP EXISTS FROM CURRENT SHUNT. SG1 52 @& 5 o Ju o
PIN 11 TO PIN 10. IS SUPPLIED CLOSED % o = O s W o UPA-5/500
ON STANDARD UNITS. L PRESS TO @ AC POWER
g 3 TEST 3] ADAPTER
»HOLD, BLANK AND TEST o & 1888 o T
SWITCHES ARE OPTIONAL Tg a &
[G] o
= RUN z 115 VAC
- | o ¢ =
@ NUMBERED CIRCLES INDICATE DM-31 DIP-PLUG INPUT/OUTPUT CONNECTIONS PRESS
TO HOLD DISPLAY
CIRCUITS INTERIOR TO THE NUMBERED CIRCLES ARE INTERNAL DM-31 COMPONENTS.
EXTERNAL CONNECTIONS SHOWN ARE FOR EXAMPLE ONLY.
SPECIFIC APPLICATIONS MAY REQUIRE DIFFERENT EXTERNAL CONNECTIONS.
INPUT/OUTPUT CONNECTIONS ARE YOU ALREADY

()| tno 3oN383338
@ NI 30N34343Y

(®) | Nownod w3nod
® | tnanaron

(3| Nun1zu voTYNY

(®) | N1 OWNY

(©) | n10T90WNY

OOOOLEEO| -

O U 9 g B QO 4 —{R4 —
» m @ om 9 & o
PO A I~

.

[ 2 323 32 o
;s;‘f<;8
-u»w‘m
g e 8 g% 2
222z 2z 8h 3
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z

R1 AND R2 ARE SUPPLIED AND
INSTALLED BY THE USER.
REFER TO BLOCK DIAGRAM.
SOLDER GAP 1 APPEARS ON
THE FAR (ETCH SIDE) OF THE
BOARD. SG11S SUPPLIED
CLOSED AND MUST BE OPENED
IF R11S USED.

A DM-3100 SERIES USER?

Note: For users familiar with Datel's DM-3100 series DPM's the
DM-31 circuit is nearly identical to the DM-3100L or N except

for the following:

1. The internal ICL8069 bandgap reference diode is biased
against Analog Return, which is also internally con-
nected (in the ICL7117 converter) to what was formerly
Ohms LO, the cathode of the DM-3100 series reference.
If desired, external ratiometric references can be single
ended by connecting Analog Return to Power Common.
Formerly, DM-3100 external references had to be biased

against the negative rail.

2. A HOLD input (pin 13) is provided.

3. The —5V negative rail is not provided onthe I/ O DIP-plug
connector (no room) but can be readily found on pin 5 of
the ICL7660 voltage converter for users who wish to
steal a few milliamps for external signal conditioners.
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MECHANICAL DIMENSIONS

INCHES (MM)

387 3.500
e 26
0.8 889 5735 |
o <062 (69.5) e 765
nen o 144 DIA. HOLES (19.4)
a2 4 PLACES (3,7} 070 156 (4)
®) 08
1 ' !
[ T | 156(4) 1§
o | — || = = O
‘\ [ 395 (19},1)
| I (10) [
1840 ‘ - - e _@,_» R
(46,7) | [ ;
| | -
| [] o Ymum mmV o Yumm |
| v
OPTIONAL |
& DIPPLUG ™ 2.000
(50,8)
2420
(61,5)
— @
L SN

N\
REAR BOARD ETCH
AND PIN HEIGHT
APPRCX. 0.06 (1,5}

}‘\\
T 2,531

PANEL MOUNTING WITH OPTIONAL BEZEL/FILTER

\ﬁ(& 4-40% Y4 LG (OPTIONAL)

INCHES (MM)

-

~

USER'S e
PANEL . " oipPLUG
.040-.125 THK 14 PIN _
(110 3,1) > B - A-7251
S (OPTIONAL)

—
T 387 ‘1 ke

(80,95) - 408

-

\  SNAPIN PLACE
“— BEZEL WIFILTER
A-7250
(OPTIONAL)

(4) STAND-OFF
Y% LG
(OPTIONAL)

- 1687
(42,85)

MADIA(A) T
4 HOLES ~
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ALTERNATE FULL-BOARD-CUTOUT MOUNTING METHOD

L0

FRONT MOUNTING

144 DIA. (3,7)
Y HOLES

5T

There are several suggested mounting methods
for the DM-31. The standard method requires the
optional accessory kit which includes a snap-in
bezel/filter, DIP plug connector, 4 standoffs and
mounting hardware. This method mounts the
DM-31 PC board behind a front panel cutout sized
for the optional bezel/filter. Four screw holes are
required for the half-inch standoffs and a fifth hole
provides screwdriver access to the full scale gain
adjust pot.

In test and laboratory applications where aes-
thetics may have little importance, the DM-31
board can be mounted on theoutside front of a test
panel using only the four standoff holes. Some sort
of red filter will enhance viewing contrast.

Many users will mount the DM-31 behind their own
front panel filter which may have legends or units
silkscreened on it. Other LED or incandescent in-

dicators may be positioned to display through this
filter as well as the DM-31. Several DM-31's for dif-
ferent functions may share a common large red

1.69 1.44 2.10

(429) (366) (533) front panel filter. For these applications, an alter-
nate flush mounting is shown either in front of or
behind the mounting surface. No standoffs are

- — L— used but the cutout is slightly more complex.
._?9]"—'\ J-_:_ 20 (5,1) .33 (8,4) . . . . .
- u : . Appropriate filter materials would include: —

| bt

Rohm & Haas Plexiglass #2423

I 3.19 le— 2.00 (5,1) e Panelgraphic 60 or 65 (Red) or 90 (Purple)
| 8100, 54 NES e 3M Panelfilm #6310
| 747) 360 l8.4) e Homalite H100-LR72-1600
(91,4) e These can be supplied with anti-reflective/
REAR MOUNTING INCHES (MM) anti-scratch coatings
SUGGESTED ACCESSORY BOARD MOUNTING
/— USER’'S FRONT PANEL
4 ADDITIONAL
STANDOFFS
(NON THREADED—)\
—
N
{
I
CHOOSE LENGTH I \“ BEZELIFILTER
TO SEAT IN I {PART OF OPTIONAL
THREADED H ACCESSORY KIT)
INNER STANDOFF | |
NO. 4-40 R LT CB J—
L fimzsl b
/ /T / X 4-40 X 4 SCREW SUPPLIED IN
LUSER'S PIGGYBACK / OPTIONAL ACCESSORY KIT (4 PLACES)
ACCESSORY BOARD
(RPM, FREQUENCY,

PERIOD, THERMOCOUPLE
AUDIO, DB METER, LOW THREADED STANDOFFS

LEVEL PREAMP, ETC.) (PART OF OPTIONAL ACCESSORY KiT)
DM 31

/. DIP JUMPER RIBBON CABLE
(USER SUPPLIED)

SUGGESTED ACCESSORY BOARD MOUNTING
(FOR USER-FABRICATED SIGNAL CONDITIONING ACCESSORY BOARDS
PLUS THE OPTIONAL MOUNTING KIT AND BEZEL FILTER.)
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ANA.
HI NN svPWR Hi £ 8)wiN  PSVPWR @‘T_M““
10M12
N ANA.
ANA o ANA Dige ensL 0 - () fo'n  orse ensL (G—
10M$) T0M(2
SSTTERED ANA. BOCENBL
A POUENBL () - (10) Ay POLENEL (S}
ANA, ”‘ o
REF. IN 3;@@_‘__,_4 com. 11) REF.IN DP1.234 (4 )= — ——-4
GROUND GROUND
- OuUT BF123 7] SELECTED 12) REF. OUT DBP 1234 — ——- | SELECTED
12) REF. OUT P 12 34@_~-A4 - DECIMAL
Secivial POINT
POINT NO R
NO N .
conn, (@ How - BFTEEE ()~ -~ conn. (@ Hoto 5¥T3E (2)- 4 L svDC
PWR NO F;EGUEATED T PWR oo TeT @ NO gEGULATED
1 O TR O I POWER coM. CONN OWER
Q@ @ POWER SUPPLY ©
POWER SUPPLY POWER S
il
i p . 1. THIS CIRCUIT ASSUMES THAT 3. THE SHIELD IS OPTIONAL AND
1. IF THE OPTIONAL UPA5/500 3. ANALOG RETURN IS GROUNDED POWER ADAPTER T e ey e AN D A aoNAL A POWER ATAPTER
AC'5V POWER ADAPTER IS USED,  TO POWER COMMON TO ELIMI- S T SQuRct B T o O)
DC TRANSFORMER ISOLATION IS NATE OFFSET. NON-ISOLATED SOURCE IS OHMICALLY ISOLATED TO REMOTE ANALOG COMMON
ACHIEVED, OFFERING QUASI-DIF- POWER SUPPLIES MAY THEN BE AND THE SOURCE'S ANALOG TO AVOID GROUND LOOP
FERENTIAL PERFORMANCE USED. THE CIRCUIT IS SINGLE- T R e e Toe RO e Y2 LD
2. THE OPTIONAL 10MQ RESISTOR  GROUNDED Anis THE B L. 2.2V OFFSET OF THE DM-31'S AT ONLY ONE END.
INSURES OPEN-CIRCUIT RENTS ARE UNBALANCED, 115VAC ANALOG RETURN). : TISVAC

ZEROING.

~

WHICH IS NOT DESIRABLE FOR
DIFFERENTIAL BRIDGE INPUTS.

THE TWO 10M{2 INPUT RESIS-

TORS ARE OPTIONAL AND ARE

INTENDED TO INSURE DISPLAY =
= ZEROING IF THE INPUTS ARE -
OPEN-CIRCUITED.

FOR OTHER INPUT RANGES, you may install resistors which you supply on the DM-31
PC board using the chart below. Refer to the I/O Connections diagram on page 5 to locate
where the resistors are installed. The 2 Amp shunt must be remotely mounted.

WARRANTY INFORMATION
NOTE: Datel's Digital Panel Meters are warranted to be free from de-

ol Soate fects in materials and workmanship when operated as described in this
Range, dc R17 R27! brochure for a period of one year from the date of shipment. A number
11,999V (Std. range) Short Omit of suggested operating modes shown in this brochure show compo-
T . 59.'9&!‘;3?,01 S R nents which.must be installed by the user. Since the selection of these
19.99v 1((,’ mg) (11'11(;"1,21) components and the manner of installation is beyond Datel’s control,
1og.9vii Tlomae T T 00k T Datel’'s warranty extends only to standard unmodified products. This
s a MQ)/ (10KQ) . means that Datel will honor warranties on products which have been
+300V< ‘(‘1) mg)“ ‘(? ﬁg) restored to their original condition (that is, added or modified compo-
TiggeuA short T T 00 Ka nents will have been removed by the customer before returning the
_______ . Solder Gap 1 e ~ product to Datel for repair). Further, the customer must insure that the
1199.9 A ggﬁjn Gan 1 10 KQ product was not damaged by the addition and removal of components.
1686 MA é}for? 22p TR Such damage wouid void the original product warranty.
1658 mA - g?'d—?’ oo As a practical matter, users have several alternatives to insure warranty
o Soider Gap 1 protection. A thorough incoming inspection by the customer is sug-
+199.9 mA ‘Short 00 DWW W gested before DPM’s are modified. Those original components of the
e m _SolderGap1 | DPM (displays, IC’s, etc.) will be honored under warranty if found to be
1,999 Amps ghort. Gap 1 defective (and not subject to catastrophic user damage).
Users may also partially remove components (one lead of a shunt re-
NOTES sistor, for example) to restore the DPM to originai condition while ex-
(&)} ';g:e?grrtahrtges will require recalibration. There is sufficic.it range in the full scale gain pediting return to the user's modified condition, once Datel has re-

paired the product.

(2) These ranges give 10 MQ input impedance. If 10 MQ resistors are unavailable, use 1
MQ resist th th tio sh for R2. Input impedance red to about 1 . . [ . .
Mg resistors with the same ratio shown for R2. Input Impedance reduces to abou The intent of all these procedures is to allow rapid diagnosis and repair

on Datel's test fixtures to return the product as soon as possible to the
user. Because of the variety of possible DPM modifications, Datel test
fixtures can only test unmodified products.

(3) The 300V range will display up to + 1999V but the safe limit for the board and
connector is * 300V.

{4) R1 for the + 300V range is RN70C.

(5) R2 for the * 200 mA range is 2 watts, wirewound and must be externally mounted (not
on the board). )

(6) R2forthe +2A range is 5 watts, wirewound and must be externally mounted (not on the

board or connector.)

Displayed accuracy is dependent on resistor quality. Econorical metal fiim resistors

+ 1%, +50 ppm/° C are suggested except for 200 mAand 2A ranges (see notes 5and 6).

NOTICE

This applications information shows typical suggested circuits to illustrate de-
sign examples. Since Datel-Intersil has no control over the selection, mounting,
interconnection, fabrication and environmental factors of external apparatus
and components to this product, specific performance cannot be warranted. This
information is believed to be accurate and reiiable. No responsibility is assumed
for any errors or omissions. Nor does Datel-Intersil, Inc. assume responsibility
for the use of such information or for any infringement of present or future pat-
ents or other third party rights resulting from such use. No license is granted by
implication or otherwise under any patent, patent rights, or otherwise of Datel-
Intersil, Inc. Prices and specifications are subject to change without notice.

@

CAUTION: if you are unfamiliar with electronic assembly, we recommend that you cbtain
competent assistance when installing any component internally on these DPM PC boards
This will prevent possible damage or loss or performance from improperly instailed or in-
correct types of components. Components may be mounted externally on the connector if
board insertion is not preferred.

These additional components are generally readily available from most electrcnic distrib-
utors. However. Datel will preassemble components at extra cost for OEM quantity orders.

CAUTION: These DPM's employ high impedance CMOS inputs. Although internal protec-
tion is provided for several hundred volt overloads. these DPM's will be destroyed by ki-
lovolts of static discharge which is especially prevalent in low humidity environments. Al-
ways handle these DPM's with ground protection
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DM-3100U1
3'.-Digit,

LCD Micropowered DPM

with Programmable Descriptors

FEATURES

e Ultra-low power, 3 mA from 9V battery

¢ 5" high Liquid Crystal Display

e 31, digits, 5V or 9-15V powered, ratiometric reference
for drift correction

¢ Programmable Descriptor Labels: A, mA, V, mV, Q, KQ,
AC,DC

¢ Balanced differential inputs, 5 pA bias current,
autozeroing with 80 dB CMR noise rejection

e Low profile model accepts optional 4-20 mA inputs

¢ Internal user-options:
1. Offset pot for 4-20 mA and other applications
2. Accepts shunts for +20 uA to +2A FS ranges
3. Accepts attenuators for =2V to =1KV FS ranges
4. Digital ohmmeter, 20002 to 10 MQ, FSR

GENERAL DESCRIPTION

The DM-3100U1 is a 3Y, Digit Liquid Crystal Display (LCD) Digital
Panel Meter that uses extremely low power (+5V @6 mA or+9V @
3 mA) and has a power voltage range of +4V to +15 Vdc. The large
0.5" display can be seen from many feet away under normal room
lighting conditions. This DPM is contained in a very small low pro-
file case which makes for higher packing density on test panel
faces. Besides measuring dc voltages, components can be placed
internally to make resistance and current readings possible, and
to display descriptor labels, mA, mV, KQ, AC or DC to indicate
which function is being used. Also, the decimal point can be in-
ternally selected by jumpering appropriate pins. The user may
add internal attenuators to measure higher dc voltages up to +1
kV.

The versatility of this meter is further enhanced by its autozeroing
capabilities. If the customer desires, an offset pot can be internally
installed so that a desired reading can be obtained with a zero in-
put to the meter.

This DPM accepts a dc or slowly varying input voltage between
+1.999V and displays that input on front panel numerical indica-
tors. It employs a conventional dual-slope A/D converter plus 7
segment display decoder-drivers all in one LS| microcircuit. Since
this microcircuit requires approximately 9V to power the A/D sec-

NOTE: DPM's are normally supplied without Bezel Labels or Logos.

tion, an internal DC/DC converter generates —5V from +5V power
input. Together these two voltage sources form a bipolar power
supply to power the A/D converter. The DM-3100U1 may also be
powered directly from a single 9V battery @ 3 mA without using
the DC/DC converter.

Another feature of the DM-3100U1 is that it employs a balanced
differential input. When used with a bridge or transducer input, it
offers high noise immunity and can accurately measure very small
signals in the presence of much larger common mode noise. An-
other characteristic of this balanced differential input is that it will
not load down sensitive input circuits due to its high input impe-
dance of 1000 megohms, and low 5 pA bias current.

A very noteworthy feature of this meter is that it can be operated
ratiometrically. This means that it has internal circuits that can
automatically compensate for reference drifts in the supplies of

balanced bridge or transducer sensors and still give accurate .

readings.

The DM-3100U1 finds use in analytical instruments, industrial
process controllers, portable diagnostic instruments, automatic
test equipment, medical and patient monitoring instruments, air-
borne, marine and ground vehicles, and data acquisition/data
logging systems.

SIMPLIFIED BLOCK DIAGRAM
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ANALOG INPUT

Configuration
True, balanced differential blpolar
Full Scale Input Range
-1.999 Vdc to +1.999 Vdc Input pad area will
accept user-installed range change
Input Bias Current
5 pA typical, 50 pA maximum
Displayed Accuracy @+25°C
Adjustable to +0.1% of reading, £1 count
Resolution
1mV
Temperature Drift of Zero
Autozeroed +1 count over 0 to +50° C

" Temperature Drift of Gain
+50 ppm of Reading/° C typ.
+100 ppm of Reading/® C max.
Input Impedance
100 Megohms, minimum
Input Overvoltage
+250 Volts dc 175 VRMS continuous max.
+300 Volts intermittent max.
Common Mode Rejection
80 dB, dc to 60 Hz, 1 Kilohm unbalance
Common Mode Voltage Range
Within +Vs — .5V and -Vs +1V where +Vs is
the positive rail (Pin B15) and —Vs is the
negative rail (Pin A15) —Vs is approximately
equal to —5V below PWR. COM.
Reference
Internal, referred to the negative rail (—Vs).
External, user-supplied reference optional for
ratiometric operation
External Ref. Range
+100 mV to +2V, referred to —Vs
Ramp-up Time
(Integration Period)
83.3mS

DISPLAY

Number of Digits

3 decimal digits and most significant “1” digit
(3%, digits)

Decimal Points

Selectable decimal points are included for
scale multipliers.

Display Type

Field effect liquid crystal displays (LCD)
requiring room light for viewing. Black digits
against a light background.

Display Height

0.5 inches (12,7 mm)

Overscale

Inputs exceeding the full scale range blank
the display, leaving a “1” MSD and sign
Autopolarity

A minus sign is automatically displayed for
negative inputs, and may also be blanked
Sampling Rate

Factory set at 3 conversions per second. May
be rewired up to 20 conversions/second
Descriptors

kQ, mA, mV, ACDC

This field of function labels is positioned to
the right of the decimal digits. Individual unit
descriptors may be selected for display.

1/0 CONNECTIONS

Analog HI Input (Pin B5)

Analog LO Input (Pin A2)

Differential input voltages are connected
between these inputs. A bias current path to
POWER COMMON (if 5V-powered) or
ANALOG RETURN from both these inputs
must be externally provided. External circuits
must constrain these inputs to be within the
common mode voltage range.

SPECIFICATIONS, (Typical @ +25° C unless noted)

Analog Return (Pin B2)

This pin may be used as a low-noise bias
current return for some floating inputs. If not
possible, inputs may be referenced to POWER
COMMON (if 5V-powered). Analog Return is
approximately —2.8V below +Vs and can sink
30 mA to —Vs. Do not connect Analog Return
to +5V or +9V power. Analog Return may be
connected to 5V Power Common (not 9V Pwr
Com/-Vs!!) for single-ended input
Reference In/Out (Pins B1/A1)

Normally, REF. IN and REF. OUT should be
jumpered together. An external floating
source referred to EXT. REF. LO (Pin A15)
may be substituted for ratiometric operation.
Decimal Points (Pins B8,9,10)

Connected selected pin to DECIMAL POINT
COMMON (Pin B11) Connect unused decimal
points or Descriptors to Backplane Out (Pin

All)

Offset Out (Pin B3)

0 to 4+6.9V referred to —Vs (pin A15) requires
installation of optional offset pot supplied by
user

Display Test (Pin B6)

Connect this input to pin B15 to test all
display segments

Horizontal Polarity In (Pin A12)
Horizontal Polarity Out (Pin B12)
Normally these inputs are jumpered together
to continuously display the horizontal portion
of the polarity sign. Omit the jumper for
applications not requiring sign display. See
Backplane Out.

Vertical Polarity In (Pin A12) (Pin B12)
Horizontal Polarity Out

Normally these inputs are

jumpered together to continuously display
the horizontal portion of the polarity sign.
Omit the jumper for applications not requiring
sign display. See Backplane Out.

Vertical Polarity In (Pin A13) Vertical
Polarity Out (Pin B13)

Jumper these inputs when HORIZ. POL. is
jumpered for automatic sign display with
bipolar inputs. For reverse sensing
applications, VERT. POL. OUT may be
jumpered to HORIZ. POL. IN (no other
connections). This will display a minus sign
with positive inputs and no sign (implied
positive) inputs. See Backplane Out.

Ohms Lo (Pin B7)
This connection is used in the ohmmeter
configuration, otherwise do not use.
Backplane Out (Pin All)
Connect all unused Polarity, Decimal Points
and Descriptors to Backplane Out. For VOM
or DVM applications, a 470 kQ resistor may
be used for each Decimal Point or Descriptor
to All. A rotary switch pole to B11 will then
select the desired Descriptor and/or Decimal
Point.

Descriptors

Electrical units are displayed by connecting
to the Descriptor Common. Descriptors
displayed are as follows:

mA” (Pin A3)- “m” portion only

“kQ” (Pin A4)-"k” portion only
“kQ" (Pin A5)-"Q" portion only

“mA” (Pin A6)-"A” portion only

“mV” (Pin A7)- V" portion only
“DC” (Pin A8)
“AC” (Pin A9)

‘mV” (Pin A10)-“m” portion only

IMPORTANT NOTE: The descriptors
display labels only. They do not select
functions. This meter does not directly
measure ohms, mA, AC, etc. without first
adding user-installed internal or external
components.

POWER CONNECTIONS

A/D Power IN (Pin B15)

Connect this pin to +5 Vdc regulated to
power the A/D converter and displays.
Connect to +9V for 9V configuration.

5V DC/DC Power Common (Pin A14)
Use only for the 5V power

configuration. This provides power return for
the DC/DC converter.

5V DC/DC Power IN (Pin B14).

Connect to the +5V supply if a single +5V
supply is to be used. This will power the DC/
DC converter to generate —5V. Don'’t use this
pin in the 9V power configuration.

POWER REQUIREMENTS

5V between B14/B15 and A14 (A15 no
connection): 6 mA typ., 15 mA max. OR 9 to
15 Vdc between B15 and A15(B14, A14 no
connection): 3 mA typ, 6 mA max.
Calibration

A multiturn screwdriver pot adjusts the full
scale reading (gain). Zero is automatic
(autozeroing). Suggested recalibration in
stable conditions is 90 days.

PHYSICAL-ENVIRONMENTAL

Low Profile Case Outline Dimensions
2.53"W X 3.25"D X 0.94"H (64,3 X 82,5 X 23,8
mm)

Cutout Dimensions

2.56"W X 0.97"H min. (65,1 X 24,6 mm)
Mounting Method

Through a front panel cutout secured by 2
side case “L" brackets and screws (supplied).
Panel thickness up to 0.62" (15,9 mm)
Weight

Approximately 5 ounces (142g)

Connector

Double-sided edgeboard PC type, solder tab,
gold-plated fingers. 15-pin, 0.1” Datel-Intersil
#58-2073083 (not included).

Mounting Position

Any

Operatmg Temperature Range

0to +50°C

Storage Temperature Range

—25 to +85°C

Altitude

0 to 15,000 feet (4900m)

Relative Humidity

20% to 80% non-condensing

DM-3100U1 ORDERING
INFORMATION

DM-3100U1

3,-digit LCD DPM,

58-2073083

Connector, dual 15-pin, 0.1” spacing; cne
required (not supplied with meter).
RN-DM-3000

Attenuation Resistor Set; matched, tracking
units for 10:1 and 100:1 Attenuation Ratios.
TP-50K

Optional Offset Pot, R16.
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FOR OTHER VOLTAGE AND CURRENT RANGES

FS. DECIMAL® DESCRIPTORS®
RANGE  R1'? R2'? POINT
+2V Short Omit B10toB11 A7 toB11
SG1
+20Vv? 10MQ* 1.1MQ* B9toB11 A7 toB11
or or
9.1MQ  1MQ B9toB11  A7toB11
+200v°  10MQ 100KQ B 8toB11  A7toB11
+1000V 10 MQ* 10 KQ A7 to B11
+200 mA  Short 100Q,1WB 8toB11 A3 & A6to
SG1 B11
+20mA  Short  1000Q,1
SG1 /4W B 9toB11l A3&A6to
B11
+2 mA Short 1KQ B10toB11 A3&A6to
SG1 B11
+200 uA  Short 10KQ B 8toB11
SG1
+20uA  Short 100 KQ B 9to Bi1
SG1
NOTES:

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT
RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A
SOLDERING IRON. NOTE THAT, IF R1 IS LATER REMOVED,
THE USER MUST CLOSE THE SOLDER GAP.

(2) R1 ANDS R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT
*RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO
BOARD.

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8 FOR
ACCURATE READINGS.

DM-3100U1 COMPONENT LOCATIONS

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT

RC OSCILLATOR:
R6 (100KQ)

3x10*

R6 (KN) =
XC5(pF)

R6 MAY BE TRIMMED FOR EXACTLY
48 kHZ on IC PIN 38 (MEASURE WITH
LOW CAPACITY PROBE) FOR BESTODHZ
NOISE REJECTION. FOR 50 H.

20 pF AT C5 RETRIM. REDUCI E
RG FOR FASTER SAMPLING.

R1, R2 ARE USER-INSTALLED
ATTENUATION OR SHUNT
RESISTOR (R2).

FULL SCALE (GAIN! .
ADJUST POTENTIOMETER
(R8)

OFFSET POT, R16, 50 ki1 USER-
INSTALLED. %" RECTILINEAR
BOURNS 3006 P-1 SERIES OR

EQUIVALENT. (DATEL TP-50K, )

(4) IF 10 MQ IS NOT AVAILABLE, USE R1 == 2 MQ, R2 = 220 KQ. A
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR
RESISTORS (900 KQ, 90 KQ, and 10 KQ) IS AVAILABLE. ORDER
MODEL RN-DM-3000 WITH YOUR DPM.

ALL UNUSED DESCRIPTORS AND DECIMAL POINTS MUST BE

CONNECTED TOGETHER TO A11 (BACKPLANE OUT).

(5

HI —J BOTTOM  TOP
ANALOG S 16MQ A B
INPUT E: REFERENCE OUT REFERENCE IN
LO = ANALOG LO IN ANALOG RETURN*
—"mA” DSCRPTR IN OFFSET OUT (OPT.)
}— "k’ DSCRPTR IN ATTENUATOR HI IN (OPT)
p— ko' DSCRPTR IN ANALOG HIIN e |
b ‘mA” DSCRPTR IN DISPLAY TEST? oo~ +9VDC
‘mV’ DSCRPTR IN OHMS LO
b— "DC” DSCRPTR IN DEC. PT. 199.9
b— “AC” DSCRPTR IN DEC. PT, 19 99 4
}— “mV~ DSCRPTR IN DEC. PT. 1.999
BACKPLANE OUT®| DP/DESCRIPTOR COM
HORIZ. POL. IN HORIZ. POL. OUT
————————— VERT. POL. IN VERT. POL. OUT
SV DC/DC POWER COMMON 5V DC/DC PWR IN
T —¢~ 9V PWR COM/ EXT.REF LO A/D PWR.IN
ALKALINE ~T— =
NOTES: BATTL.OR |
1. This shows the connector rear with the AC SUPPLY T
DPM tilted on its side.
2. CAUTION: CMOS inputs. Avoid damage
from static discharge. Handle only with
ground protection.
3. ANALOG RETURN = +Vs - 2.8 Vdc. DO
NOT CONNECT TO POWER COMMON. AID PWR. IN ——» *+ Vs RAIL
4. Connect all unuse_d Decimal Points, ALTERNATIVE 5V DC/DC PWR. IN . ;A‘I/Ls
Descriptors and Signs to BACKPLANE +5Vdc POWER To
OUT (PIN A11). CONNECTIONS 5V PWR. COM.-—{ DC
5. Descriptors A3 through A10 DO NOT sV *
select functions. Users must install BATTERY =7 = @ 9V POWR. COM.
additional components to measure Eﬂpﬁfv e
Ohms, mA, etc. T=
6. Hold meter in DISPLAY TEST no longer IMPORTANT: MAKE DO NOT USE
than 1 minute to prevent damage to EXTERNAL CONNECTION

display.
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DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC COMNNECTIONS.

The DM-3100U1 has a reference in-out loop which makes
possible ratiometric measurements. Representative connec-
tions are illustrated below. Ratiometric operation eliminates
changes in the DPM reading due to voltage variations in the
Bridge’s external excitation source. The input gain on the
DM-3100U1 varies inversely with voltage at Reference In — as
REF IN voltage increases meter gain decreases. Meter input
gain thus can be made to compensate for variations in the
bridge excitation source voltage. (The DPM is set for unity
gain when REF IN V equals +1V as referred to EXT. REF. LO.)

Forall applications, Vin=2 Vger at full scale (1999 counts). For
small values of Vger (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be apparent.
Avoid Vger inputs beyond about 2V to prevent integrator satu-

ration with full scale inputs. Variable Vrer is not intended for
wide gain changes as in multimeter applications. Instead, it
should be used for drift correction, scaling to engineering un-
its, or for modest amounts of gain.

A note on grounding: The DM-3100U1’s internal voltage ref-
erence source is biased against the internal negative supply
rail (EXT. REF. LO). Note that this is not the same electrical
connection as the 5V Power Common connection. Refer to
the Simplified Block Diagram.

Because of this configuration, external reference sources
should be isolated from the 5V Power Common and should
have the Reference Lo Output from the external source con-
nected to the negative supply rail.

DM-3100U1
EXT. FLOATING BOTTOM TOP
EXCITATION SOURCE A B
REFERENCE OUT 1] REFERENCE IN
ANALOG LOIN [ 2 2| ANALOG RETURN
Lo ‘ “mA"DSCRPTRIN [ 3] 3| OFFSET OUT (OPT)
- k(" DSCRPTR IN [ 4| 4] ATTENUATOR HI IN (OPT.)
INPUT "k  DSCRPTRIN [ 5] 5] ANALOG HI IN —— |
BRIDGE ‘mA"DSCRPTRIN [ 6] 6] DISPLAY TEST
“mV" DSCRPTRIN [ 7 7] OHMS LO
HI “DC " DSCRPTRIN [ 8| 8] DEC.PT. 199.9
“AC" DSCRPTRIN [9 [ 9] DEC.PT 19.99
5 “mV"DSCRPTR IN [10 [10 | DEC. PT. 1.999
NOTE: DO NOT GROUND BRIDGE BACKPLANE OUT [71 |11 DP/DESCRIPTOR COM
USING AN CABLE 7 HORIZ. POL. IN [12 [12 | HORIZ. POL. OUT
EXTERNAL { REFERRED SHIELD VERT POL. IN {13 [13] VERT. POL. OUT
FLOATING REFERENCE TO EXT. REF. LO 5V DC/DC GND. [14 [14 | 5V DC/DC PWR IN
ANA  ANA LoV PWR COM/EXT.REF LO [156 [15] A/D PWR.IN +5v
DISPLAY = - 1VOLT ___ X {HI - LO} —
ReF. Ny — S FeE IN IN = - NOTE: Reference Out (Pin A1) is
Lo’ not used in this application.

1VOLT

= — PIN B5) — (PIN
(PIN B1) — (PIN A15) I I= A2)l

DIGITAL OHMMETER CONNECTIONS

Thedigitalohmmeter circuitusesthe DM-3100U1’s ratiometric
capability. An external reference resistor of known resis-
tance, accuracy, and temperature drift is connected in series
with the unknown resistance. A constant, stable voltage from
the DPM's internal reference diode is applied to the resistor
pair to produce a constant current. This current develops two
voltage drops across the resistors which are proportional

+ 5V POSITIVE RAIL

1= 69V

().0HMS LO R.+ Rumr + Reer
Nl
REFERENCE
a @ ANA. HI IN LM 320
- sopng S P EN S
@ANA. LOIN LN N I 69V CONV.

Rumir

@ —
INTEGRATION TO A/D
CONVERTER

CAPACITOR T
EXT. REF. LO.
(-
A

oON'T REF. OUT - 6V NEGATIVE RAIL
USE ( ) »

oispLay = _Em_xqv= Bx xqve Re sy
Vaer

Rrer

iRper. Rrer

only to the ratio of the resistances since the current through
them is identical.

The chart below lists recommended Rrer and Ruwir resis-
tance values corresponding to different ohmmeter ranges.
Values of Rumir Were selected to limit the current through Rerer
and Ry to 1 milliampere maximum.

RANGE RESOLUTION Rumr1 Raee DECIMAL POINT
19.99MQ  10kQ 22 MQ 10MQ B9 toB11
1.999MQ  1kQ 3.6 MQ 1MQ B10 to B11
199.9kQ 100 Q 360 kQ 100 kQ B8 to B11
19.99kQ  10Q 36 kQ 10 kQ B9 toB11
1.999kQ 1Q 6.2kQ 1kQ B10to B11

1. PLIMIT and "REF should be metal film, High Stability Resistors (AS
RNB0C).

2. All unused decimal points must be connected together to All
(BACKPLANE OUT).
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FEATURES

o Ultra-low power, 3 mA from 9V battery, short depth
case :

® 5" high Liquid Crystal Display
e 3%, digits, 5V or 9-15V powered, ratiometric reference
for drift correction

® Balanced differential inputs, 5 pA bias current,
autozeroing with 80 db CMR noise rejection

® 1000 MQ CMOS high Impedance Inputs, +1.999 Vdc
FS range
Internal user-options:
1. Accepts shunts for +20 yA to =2A FS ranges
2. Accepts attenuators for =2V to £1KV FS ranges
3. Digital ohmmeter, 2002 to 10 MQ. FSR

GENERAL DESCRIPTION

The DM-3100X is a 3", Digit Liquid Crystal Display (LCD) Digital
Panel Meter that uses extremely low power (+5V @ 6 mA or +3V @
3 mA) and has apower voltage range of + 4V to + 15 Vdc. Thelarge
0.5" display can be seen from many feet away under normal room
lighting conditions. This DPM is contained in a short depth case
which measures only 2.15" (54,6 mm) deep. Besides measuring
dc voltages, components can be internally placed to make ohm
and current readings possible along with attenuators to measure
higher voltages.

Also, the decimal point can be internally selected by jumpering
appropriate pins.

The versatility of this meter is further enhanced by its autozeroing
circuits which eliminate zero drift.

This DPM accepts a dc or slowly varying input voltage be-
tween +1.999V and displays that input on front panel nu-
merical indicators. It employs a conventional dual-slope
A/D converter plus 7 segment display decoder-drivers all in
one LSI microcircuit. Since this microcircuit requires ap-
proximately 9V to power the A/D section, an internal DC/DC
converter generates 5V from +5V power input. Together
these two voltage sources form a bipolar power supply to

SIMPLIFIED BLOCK DIAGRAM

DM-3100X

312-Digit LCD

5V/9V Micropowered
Digital Panel Meter

o i8
c:
o
»
[¢]
m
[
[

NOTE: DPM's are normaily supplied without Bezel Labels or Logos.

power the A/D converter. The DM-3100X may also be pow-
ered directly from a single 9V battery @ 3 mA without using the
DC/DC converter.

Another feature of the DM-3100X is that it employs a bal-
anced differential input. When used with a bridge or trans-
ducer input, it offers high noise immunity and can accu-
rately measure very small signals in the presence of much
larger common mode noise. Another characteristic of this
balanced differential input is that it will not load down sensi-
tive input circuits due to its high input impedance of 1000 meg-
ohms, and low 5 pA bias current.

A very noteworthy feature of this meter is that it can be operated
ratiometrically. This means that it has internal circuits that can au-
tomatically compensate for reference drifts in the supplies of bal-
anced bridge or transducer sensors and still give accurate read-
ings.

The DM-3100X finds use in analytical instruments, industrial
process controllers, portable diagnostic instruments, automatic
test equipment, medical and patient monitoring instruments, air-
borne, marine, and ground vehicles, and data acquisition/data
logging systems.

ANA. RT @1\
A N JSolde{ Gap

POSITIVE RAIL

AID PWR. IN

DISPLAY

ANA. HI :NQA

r\\
INTEGRATOR DECODER ENININN @
& A/D CONV DRIVERS nnt

5V DC/DC
PWR. IN

paiamodosdliy A6/AS @D 1161a-7.€ X00+E-NA

R2
ANA. LO |N@——— |+
= J VOLTAGE
(- ———— REF. IN(B6 REFERENCE .
; 1 LM 329 oe oo
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SPECIFICATIONS (Typical at +25°C, unless noted)

ANALOG INPUT

..Configuration

True-balanced differential blpo!ar

Full Scale Iinput Range

=1.999 Vdc to +1.999 Vdc. Input pad area will
accept user-installed range change

Input Bias Current

5 pA typical, 50 pA maximum

Displayed Accuracy @ +25°C
Adjustable to £0.1% of reading, =1 count
Resolution

1mv

Temperature Drift of Zero

Autozeroed %1 count over 0 to +50°C
Temperature Drift of Gain

+50 ppm of Reading/°C typ. +100 ppm of
Reading/° C max.

Input Impedance

100 Megohms, minimum

Input Overvoltage

+250 Volts dc 175 VRMS continuous max.
+300 Volts intermittent max.

Common Mode Rejection

80 dB, DC to 60 Hz, 1 Kilohm unbalance
Common Mode Voltage Range

Within +Vs - .5V and —Vs +1V where +Vs is
the positive rail (Pin A 17) and —Vs is the
negative rail (Pin B16). —Vs is approximateiy
equal to —5V below PWR. COM.
Reference

Internal, referred to the negative rail (—Vs).
External, user-supplied reference optional for
ratiometric operation.

External Ref. Range

+100 mV to +2V, referred to —Vs,
Ramp-up Time (Integration Period)
83.3mS

DISPLAY

Number of Digits

3 decimal digits and most significant “1” digit
(3 digits)

Decimal Points

Selectable decimal points are included for
scale multipliers.

Display Type

Field effect liquid crystal displays (LCD)
requiring room light for viewing. Black digits
against a light background

Display Height

0.5 inches (12,7 mm)

Overscale

Inputs exceeding the full scale range blank
the display, leaving a “1” MSD and sign
Autopolarity

A minus sign is automatically displayed for
negative inputs, and may also be blanked
Sampling Rate

Factory set at 3 conversions per second. May
be rewired up to 20 conversions/second.

1/0 CONNECTIONS

Analog HI Input (Pin A4)

Analog LO Input (Pin A2)

Differential input voltages are connected
between these inputs. A bias current path to
POWER COMMON (if 5V-powered) or
ANALOG RETURN from both these inputs
must be externally provided. External circuits
must constrain these inputs to be within the
common mode voltage range.

Analog Return (Pin A1)

This pin. may be used as a low-noise bias
current for some floating inputs. If not
possible, inputs may be referenced to POWER
COMMON . (if 5V-powered). Analog Return is
approximately —2.8V below +Vs and can sink
30 mA to —Vs.

Reference In/Out (Pins B6/A6)
Normally, REF. IN and REF. OUT should be
jumpered together. An external floating
source referred to EXT. REF. LO (Pin B16)
may be substituted for ratiometric operation.
Decimal Points

Connected selected pin to DECIMAL POINT
COMMON (Pin B13). See Backplane Out.
Display Test (Pin B14)

Connect this input to Pin A17 or +Vs to test
all display segments.

Horizontal Polarity In (Pin B15)
Horizontal Polarity Out (Pin B9)
Normally these inputs are jumpered together
to continuously display the horizontal portion
of the polarity sign. Omit the jumper for
applications not,requiring sign display. See
Backplane Out

Vertical Polarity In (Pin B17)

Vertical Polarity Out (Pin B18)

Jumper these inputs when HORIZ. POL. is
jumpered for automatic sign display with
bipolar inputs. For reverse sensing
applications, VERT. POL. OUT may be
jumpered to HORIZ. POL. IN (no other
connections). This will display a minus sign
with positive inputs and no sign (implied
positive) with negative inputs. See Backplane
Out

Ohms Lo (Pin B2)

This connection is used in the ohmmeter
configuration, otherwise do not use.
Backplane Out (Pin A13)

Connect all unused Polarity, and Decimal
Points to Backplane Out. For VOM or DVM
applications,a 470 kQ resistor may be used
for each Decimal Point. A rotary switch pole
to B13 will then select the desired Decimal
Point.

POWER CONNECTIONS

A/D Power IN (Pin A17)

Connect this pin to +5 Vdc regulated to
power the A/D converter and displays.
Connect to +9V for 9V configuration.

5V DC/DC Power Common (Pin A16)
Use only for the 5V power configuration. This
provides power return for the DC/DC
converter.

5V DC/DC Power IN (Pin A18)

Connect to +5V if a single +5V supply is to be
used. This will power the DC/DC converter to
generate —5V. Don't use this pin in the 9V
power configuration.

POWER REQUIREMENTS

5V between A17/A18 and A16 (B16 no
connection): 6 mA typ., 15 mA max. OR 9 to
15 Vdc between A17 and B16 (A16, A18, no
connection): 3 mA typ, 6 mA max.
Calibration

A multiturn screwdriver pot adjusts the full
scale reading (gain). Zero is automatic
(autozeroing). Suggested recalibration in
stable conditions is 90 days.

PHYSICAL-ENVIRONMENTAL
Short-Depth Case
Interchangeable with other Datel-Intersil
cases.
Outline Dimensions .
3.00"W X 2.15"D X 1.76"H (76 2X 546 >< 447
mm)
Cutout Dimensions
1.812"H X 3.062"W (46,0 X 77,7 mm)
Mounting Method

Through a front panel cutout secured by (4)
4-40 front access screws which are concealed
by the bezel.

Weight

Approximately 5 ounces (142g)
Connector

Double-sided edgeboard PC type, solder tab,
gold-plated fingers, Dual. 18-pin, 0.100”
centers, Datel-intersil #58-2075010, (not
included)

Mounting Position

Any

Operating Temperature Range
0to+50°C

Storage Temperature Range

—-25t0 +85°C

Altitude

0 to 15,000 feet (4600m)

Relative Humidity

20% to 80% non-condensing

ORDERING INFORMATION

DESCRIPTION

MODEL

DM-3100X 3,-Digit LCD DPM.

58-2075010 Connector, dual 18-pin, 0.100” centers; one required
(not supplied with meter).

RN-DM-3000 Attenuation Resistor Set; matched, tracking units for

10:1 and 100:1 Attenuation Ratios.
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FOR OTHER VOLTAGE AND CURRENT RANGES

DM-3100X COMPONENT LOCATIONS

FS. DECIMAL®

RANGE R1'? R2'? POINT

+2v Short Omit A12to B13
SG1

+20V° 10 MQY* 1.1 mMQ* A11to B13

or or

9.1 MQ 1MQ A11t0B13

+200V° 10 MQ 100 KQ A10to B13

+1000V 10 MQ* 10 KQ I

+200 mA  Short 10Q,1W A10to B13
SG1

+20 mA Short 100Q,1/4W  A11to B13
SG1

+2 mA Short 1kQ A12t0 B13
SG1

+200 uA Short 10 KQ A10to B13
SG1

+20 uA Short 100 KQ A11to B13
SG1

NOTES:

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR
(R2) SHUNT RESISTORS. BEFORE INSTALLING
RESISTORS AT R1, OPEN SOLDER GAP (SG1) ON
ETCH SIDE OF BOARD WITH A SOLDERING IRON.
NOTE THAT, IF R1 IS LATER REMOVED, THE USER
MUST CLOSE THE SOLDER GAP.

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C
EXCEPT *RN70C. CURRENT SHUNTS SHOULD BE
1%, 10 PPM/°C OR BETTER. 1W AND 1/4W
RESISTORS MAY NOT FIT FLUSH TO BOARD.

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8
FOR ACCURATE READINGS.

(4) 1IF 10 MQ IS NOT AVAILABLE, USE R1 =2 MQ, R2 =
220 KQ. A MATCHED, TRACKING SET OF 10:1 AND
100:1 ATTENUATOR RESISTORS (900 KQ, 90 KQ, and
10 KQ) IS AVAILABLE. ORDER MODEL RN-DM-3000
WITH YOUR DPM.

(5) CONNECT ALL UNUSED DECIMAL POINTS TO
BACKPLANE OUT (PIN A13).

ANALOG
INPUT

NOTES:

1. This shows the connector rear view with the DPM tilted
on its side.

2. CAUTION: This DPM employs high impedance CMOS
inputs. Although internal protection is provided for
several hundred volt overloads, this DPM will be
destroyed by kilovolts of static discharge which is
especially prevalent in low humidity environments.
Always handle the DPM with ground protection.

3. ANALOG RETURN =+Vs ~ 2.8 Vdc. DO NOT
CONNECT TO POWER COMMON.

INPUT/OUTPUT CONNECTIONS WITH SINGLE-ENDED INPUT

BOTTOM TOP
A

FULL SCALE (GAIN)
ADJUST POTENTIOMETER (R8)

USER-INSTALLED ATTENUATION
OR SHUNT RESISTORS A2 AND R1

RC OSCILLATOR
R6100KO)
3x

10
[N T AL —

B AMPLE) G o
(Eae) csien)

R6 MAY BE TRIMMED FOR EXACTLY

48 KHZ on IC PIN 38 MEASURE WITH
LOW CAPACITY PROBE] FOR BEST 60 HZ
NOISE REJECTION. FOR 50 HZ. USE

120 pF ATC5 RETRIM.REDUCE

R6 FOR FASTER SAMPLING.

ANALOG RETURN
Lo ANALOG LO INPUT
1o MO NO CONNECTION

ANAL HIINPU
M -~ NO CONNECTION
REFERENCE OUT
NO CONNECTION
NO CONNECTION
NO CONNECTION
DEC PT 1989
DEC PT 19.99
DEC PT 1999

NO CONNECTION
NO CONNECTION®
5V DC/DC POWER COMMON?®|

ADPWR IN
5V DC'DC PWR IN®|
9V,

BACKPLANE OUTY|

NO CONNECTION
OHMS LO

NO CONNECTION

NO CONNECTION
NO CONNECTION
REFERENCE IN

NO CONNECTION

NO CONNECTION
HORIZ POL OUT
NO CONNECTION
NO CONNECTION
"] NO CONNECTION

DEC PT COM
DISPLAY TEST
HORIZ POL IN
9V PWR COM/EXT REF LO

VERT POL IN —————
VERT POL OUT 1 DO NOT GROUND

=122 LEAVE OPEN WHEN
NOT USED

T2T-

+9V

ALKALINE ¢

BATTERY OR _|
ACSUPPLY T

4. Connect all unused Decimal Points to BACKPLANE
OUT (Pin A13).

5. A17 and A18 are internally connected.

6. Hold Meter in DISPLAY TEST no longer than 1 minute
to prevent damage to display.

ALTERNATIVE +5 Vdc
POWER CONNECTIONS

SUPPLY

7
IMPORTANT: MAKE
EXTERNAL CONNECTION

@ 5V DCIDC PWR. IN
@ 5V PWR. COM.
= @ 9V POWR. COM.

DO NOT USE
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DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS

The DM-3100X has a reference in-out loop which makes pos-
sible ratiometric measurements. Representative connections
are illustrated below. Ratiometric operation eliminates
changes in the DPM reading due to voltage variations in the
Bridge’s external excitation source. The input gain on the
DM-3100X varies inversely with voltage at Reference In — as
REF IN voltage increases, meter gain decreases. Meter input
gain thus can be made to compensate for variations in the
bridge excitation source voltage. (The DPM is set for unity
gain when REF IN V equals +1V as referred to EXT. REF. LO).

For all applications, Vin=2 Vger at full scale (1999 counts). For
small values of Vger (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be apparent.
Avoid Vger inputs beyond about 2V to prevent integrator satu-

ration with full scale inputs. Variable Vger is not intended for
wide gain changes as in multimeter applications. Instead, it
should be.used for drift correction, scaling to englneenng
units, or for modest amounts of gain.

A note on grounding: the DM-3100X’s internal voltage refer-
ence source is biased against the internal negative supply rail
(EXT. REF. LO). Note that this is not the same electrical con-
nection.as the 5V Power Common connection. Refer to the
Simplified Block Diagram.

Because of this configuration, external reference sources
should be isolated from the 5V Power Common and should
have the Reference Lo Output from the external source con-
nected to the negative supply rail.

DM-3100X
BOTTOM _ TOP
A B
Exgﬁ}%ﬁ‘g&,ﬁ% ANALOG RETURN [1]_1] NO CONNECTION
—ANALOG LO INPUT [ 2 2] OHMS LO
NO CONNECTION [ 3| 3| NO CONNECTION
ANALOG HI INPUT [ 4| 4] NO CONNECTION
Lo - NO CONNECTION [ 5] 5| NO CONNECTION
< REFERENCE OUT [ 6 6| REFERENCE IN
INPUT NO CONNECTION [ 7] 7] NO CONNECTION
BRIDGE NO CONNECTION [ 8] 8] NO CONNECTION
NO CONNECTION [ 9] 9] HORIZ. POL. OUT
HI DEC. PT. 199.9 [10 10| NO CONNECTION
DEC. PT. 19.99 [11[11] NO CONNECTION
DEC. PT. 1.999 [12 [ 12| NO CONNECTION
NOTE: DO NOT GROUND BRIDGE BACKPLANE OUT [13 [13 | DEC. PT. COM.
CABLE 7 NO CONNECTION [14 [ 14| DISPLAY TEST
SHIELD NO CONNECTION [15 [ 15 | HORIZ. POL. IN
USING AN 5V DC/DC GND. [16 [ 16| 9V PWR.COM/EXT. REF LO -
EXTERNAL REFERRED _[__— A/DPWR.IN {17 [17 | VERT POL. IN
FLOATING REFERENCE  TO EXT. REF. LO +5V 5V DC/DC PWR. IN {18 [ 18] VERT. POL. OUT

DISPLAY = 1VoLT ANA_ ANA
EXT.
(REF. IN) — 4 REF.
Lo
- 1 VOLT

= X (PIN A4)— (PIN A2)
(PIN B6) — (PIN B16)

NOTE: Reference Out (PIN A8) is not
used in this application.

DIGITAL OHMMETER CONNECTIONS

The digital ohmmeter circuit uses the DM-3100X’s ratiometric
capability. An external reference resistor of known resis-
tance, accuracy, and temperature drift is connected in series
with the unknown resistance. A constant, stable voltage from
the DPM’s internal reference diode is applied to the resistor

45V POSITIVE RAIL |

-—12__ B9V

pair to produce a constant current. This current develops two
voltage drops across the resistors which are proportional
only to the ratio of the resistances since the current through
them is identical.

The chart below lists recommended Rrer and Rumir resis-
tance values corresponding to different ohmmeter ranges.
Values of Rumir were selected to limitthe currentthrough Rrer
and Rx to 1 milliampere maximum.

>\ OHMS LO Rx + Rumr + Rrer
REFERENC

R AL P i o RANGE  RESOLUTION  Ruwr'  Rrer' DECIMAL POINT
* 1]

R ton #[HHH \Z&\I‘*-‘” Conv. 19.99 MO 10 kQ 22MQ  10MQ  Al1toB13
Bur v $ 1.999 MQ 1kQ 3.6 MQ 1MQ A12to B13

/7N REF. IN

(&8} 7 ‘L 199.9 kQ 100 Q 360 kQ 100 kQ A10 to B13
faes INTEGRATION TO AID 19.99 kQ 10Q 36 kQ 10 kQ A11to B13

CAPACITOR CONVERTER o
1 6 EXT.REF.LO T 1.999 kQ 10 6.2 kQ A12to B13
N

— 8V NEGATIVE RAIL
IRx Rx

oispLAY = N L qy o JF X1V
Veer iRagr Rerer

- DON'T REF. OUT
USE

1kQ

1. PLimit and "Ref should be metal film, High Stability Resistors (AS RN60C).
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FEATURES

¢ Dual-powered, 9-15 Vdc or AC (115 VAC DM-3100U2, 230
VAC DM-3100U3)

e 5" High Liquid Crystal Display

e 31, digits, ratiometric reference for drift correction

e Programmable Descriptor Labels: A, mA, V,mV, Q, KQ, AC,
DC

e Balanced Differential Inputs, 5 pA bias current, autozero-
ing with 80 dB CMR noise rejection, transformer-isolated
300V

* Low profile model accepts optional 4-20 mA inputs
Internal user-options:

1. Offset pot for 4-20 mA and other applications

2. Accepts shunts for +20 A to +2A FS ranges

3. Accepts attenuators for +2V to +1 KV FS ranges
4. Digital Ohmmeter, 20002 to 10 MQ, FSR

5. 200 mV Full Scale Range

GENERAL DESCRIPTION

The DM-3100U2 and DM-3100U3 Digital Panel Meters use 3 Liquid
Crystal Display Digits and accept either AC or dc power inputs. The
DM-3100U2 uses 115 VAC power, 47 to 440 Hz or9to 15Vdcat3to 7
mA. The DM-3100U3 is identical to the DM-3100U2 but uses 230 VAC
power, 47 to 440 Hz or 9 to 15 Vdc at 3 to 7 mA.

Both models use .5" high LCD's and use Datel-Intersil’s low profile
DPM case. The input section is balanced differential for excellent
noise rejection and uses a high impedance (1000 MQ) CMOS front
end with low 5 pA bias currents.

The standard voltage range is £1.999 Vdc with autopolarity, but may
be changed with user-supplied internal components to 1000 Vdc.
The user may also install an internal shunt resistor to measure from
+20 pA to £2A FSR. Digital ohmmeter operation is also a user-option

DM-3100U2 and

DM-3100U3 3'2-Digit,
LCD, AC/DC - Power DPM’s
with Programmable Descriptors

OM-3100UT

NOTE: DPM's are normally supplied without Bezel Labels or Logos.

from 199.9Q FSR to 10MQ FSR. Finaily, the user may install an internal
offset pot for 4-20 mA and other applications.

Both meters are autozeroed and accept external ratiometric refer-
ence inputs to reduce drift errors in instrumentation systems.

The LCD display on both meters contains Descriptor unit labels (A,
mA, V, mV, Q, KQ, AC, DC) which are pin-programmable for dedi-
cated VOM, DVM applications.

The AC supply in both meters produces an additional filtered DC out-
put of approximately 12 Vdc @ 5 mA for customer use. A suggested
application is to charge standby NiCad batteries. Since this power
output pinis also used for power input when dc-powered, the NiCads
may be left continuously connected so the meter will continue
operating if there is an AC power failure.

SIMPLIFIED BLOCK DIAGRAM

POSITIVE RAIL

. 2.8V
ANA. RTN .————
@ SOLDER GAP - 1
R1 l
ANA. HI IN @ N
- e
& v
ANA. LO IN @ /

=== REF. IN(B1 |

'
L ——-REF. our@ - >
T

LT

@ +9 Vdc PWR. IN

O

NEGATIVE RAIL

DISPLAY
DECODER INININl N
DRIVERS :|J> '.'/ ,"I !‘I ,I'/,
4 45v
VOLTAGE
REFERENCE +5V 115/230 VAC HI
LM 329 POWER
(6.9V) SUPPLY 115/230 VAC LO
Y-sv @ 9V PWR. COM/

EXT. REF. LO

\\ OPTIONAL OFFSET
POT

OFFSET OUT @

si10)d119saQq a|qewweldboid Yiim ‘pimd - AIDV ‘dd1 ‘uBIa-Z€ €EN0O0LE-NA PuUe 2NOO0LE-ING
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SPECIFICATIONS (Typical at +25°C, unless noted)

ANALOG INPUT

Configuration

True, balanced differential bipolar

Full Scale Input Range

-1.999 Vdc to +1.999 Vdc. Input pad area will
accept user-installed range change

Input Bias Current

5 pA typical, 50 pA maximum

Displayed Accuracy @ +25°C  ~
Adjustable to +0.1% of reading, +1 count
Resolution

1mv

Temperature Drift of Zero

Autozeroed +1 count over 0 to +50°C
Temperature Drift of Gain

+50 ppm of Reading/°C typ. 100 ppm of
Reading/°C max.

Input Impedance

100 Megohms, minimum

Input Overvoltage

+250 Volts dc 175 VRMS continuous max. 300
Volts intermittent max.

Common Mode Rejection

80 dB, DC to 60 Hz, 1 Kilohm unbalance
Common Mode Voltage Range

Within +Vs - 5V and -Vs +1V where +Vs is the
positive rail (Pin BS) and -Vs is the negative rail
(Pin B13). -Vs is approximately equal to -5V
below PWR. COM.

Reference

Internal, referred to the negative rail (-Vs).
External, user-supplied reference optional for
ratiometric operation

External Ref. Range

+100mV to +2V referred to -Vs.

Ramp-up Time (Integration Period)

833 mS

DISPLAY

Number of Digits

3 decimal digits and most significant “1” digit
(3% digits)

Decimal Points

Selectable decimal points are included for scale
multipliers

Display Type

Field effect liquid crystal displays (LCD)
requiring room light for viewing. Black digits
against a light background

Display Height

0.5 inches (12,7 mm)

Overscale

Inputs exceeding the full scale range blank the
display, leaving a “1” MSD and sign
Autopolarity

A minus sign is automatically displayed for
negative inputs, and may also be blanked
Sampling Rate

Factory set at 3 conversions per second. May be
rewired up to 20 conversions/second
Descriptors

kQ, mA, mV, ACDC. This field of function labels
is positioned to the right of the decimal digits.
Individual unit descriptors may be selected for
display

1/0 CONNECTIONS

Analog Hi Input (Pin B4)

Analog LO Input (Pin A2)

Differential input voltages are connected
between these inputs. A bias current path to
POWER COMMON (if 5V-powered) or ANALOG
RETURN from both these inputs must be
externaily provided. External circuits must
constrain these inputs to be within the common
mode voltage range.

Analog Return/Ohms LO (Pin B2)

This pin may be used as a low-noise bias
current return for some floating inputs. If not
possible, inputs may be referenced to POWER
COMMON (if 9V powered). Analog Return is
approximately -2.8V below +Vs and can sink 30
mA to -Vs. Do not connect Analog Return to
+5V or +9V power. Analog Return may be
connected to 5V Power Common (not 9V Pwr
Com/-Vst) for single-ended input

Reference In/Out (Pins B1/A1)

Normally, REF. IN and REF. OUT should be
jumpered together. An external floating source
referred to EXT. REF. LO (Pin B13) may be
substituted for ratiometric operation.
Decimal Points

Connected selected pin to DECIMAL POINT
COMMON (Pin B11). Connect unused decimal
points or Descriptors to Backplane Out (Pin
B10)

Offset Out (Pin B3)

0 to +6.9V referred to -Vs (Pin B13) requires
installation of optional offset pot supplied by

user.

Display Test (Pin B6)

Connect this input to Pin B5 to test all display
segments

Horizontal Polarity In (Pin A11)

Horizontal Polarity Out (Pin B11)

Normally these inputs are jumpered together to
continuously display the horizontal portion of
the polarity sign. Omit the jumper for
applications not requiring sign display. See
Backplane Out.

Vertical Polarity In (Pin A12)

Vertical Polarity Out (Pin B12)

Jumper these inputs when HORIZ. POL. is
jumpered for automatic sign display with bipolar
inputs. For reverse sensing applications VERT.
POL. OUT may be jumpered to HORIZ. POL. IN
(no other connections). This will display a
minus sign with positive inputs and no sign
(implied positive) with negative inputs. See
Backplane Out

Backplane Out (Pin B10)

Connect all unused Polarity, Decimal Points and
Descriptors to Backplane Out. For VOM or DVM
applications, a 470 kQ resistor may be used for
each Decimal Point or Descriptor to A11. A
rotary switch pole to B11 will then select the
desired Descriptor and/or Decimal Point.
Descriptors

Electrical units are displayed by connecting to
the Descriptor Common. Descriptors displayed
are as follows:

POWER CONNECTIONS

AC Power

115 VAC (Model DM-3100U2) or 230 VAC
(Model DM-3100U3)

Connect AC Hot to Pin B15. Connect AC
Neutral to Pin A14. Earth ground may be
connected to Pin B13 if the input is isolated
from earth ground. Make no connection to Pin
B13 if input ground loops will result.

DC Power

(Both DM-3100U2 and U3)

Connect +9 to 15 Vdc to Pin B5. Connect Power
Common to Pin B13. When AC-powered, Pins
B9/B13 produce +12 Vdc @ 5 mA max., filtered
for optional customer external use.

POWER REQUIREMENTS

AC
1/4 watt, max.
DC

+9 to +15 Vdc, filtered @ 3 to 6 mA typ., 12 mA
max. Logic spikes must be less than 50 mV.
Calibration

A multiturn screwdriver pot adjusts the full scale
reading (gain). Zero is automatic (autozeroing).
Suggested recalibration in stable conditions is
90 days.

PHYSICAL-ENVIRONMENTAL

Low Profile Case Outline Dimensions
2.53"W x 3.25"D x 0.94"H (64,3 x 82,5 x 23,8
mm)

Cutout Dimensions

2.56"W x 0.97”H min. (65,1 x 24,6 mm)
Mounting Method

Through a front panel cutout secured by 2 side
case “L" brackets and screws (supplied). Panel
thickness up to 0.62" (15,9 mm)

Weight

Approximately 5 ounces (142g)

Connector

Double-sided edgeboard PC type, solder tab,
gold-plated fingers. 15-pin, 0.1” Datel-Intersil
#58-2073083 (not included).

“mA”  (Pin A3)-“m"” portion only Mounting Position
“kQ"  (Pin A4)-"k” portion only 0to +50°C
“kQ"  (Pin A5)-“Q" portion only Storage Temperature Range
“mA”  (Pin A6)-“A” portion only -25t0 +85°C
‘mV"  (Pin A7)-“V" portion only Altitude
“DC”  (Pin A8) 0 t6 15,000 feet (4900m)
“AC" (PinA9) Relative Humidity
mV”  (Pin A10)-"m" portion only 20% to 80% non-condensing
MPQFITANT NOTE: The descriptors display
labels only. They do not select functions. This
meter does not directly measure ohms, mA, AC,
etc. without first adding user-installed internal or
external components.
DM-3100U2, DM-3100U3
ORDERING INFORMATION
MODEL DESCRIPTION
DM-3100U2 3%-Digit, LCD Digital Panel Meter, 115 VAC or +9 to
+15Vdc powered.
DM-3100U3 3%-Digit, LCD Digital Panel Meter, 230 VAC or +9 to
+15Vdc powered.
58-2073083 Connector, dual 15-pin, 0.1” centers; one required
(not supplied with meter).
RN-DM-3000 -Attenuation Resistor Set; matched, tracking units for
10:1 and 100:1 Attenuation Ratios.
TP-50K Optional Offset Pot, R16.
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DM-3100U2, DM-3100U3 COMPONENT LOCATI'ONS

FOR OTHER VOLTAGE AND CURRENT RANGES

FS. DECIMAL®
RANGE R1'2? R2'? POINT DESCRIPTORSS
12V Short Omit B9 to B11 A7 to B11

SG1
120V 10MQ4 1.1IMQ¢ B8 to B11 A7 to B11

or or

9.1MQ 1 MQ B8 to B11 A7 to B11
1200V2  10MQ 100 KQ B7 to B11 A7 to B11
$1000V 10 MQ* 10 KQ . A7 to B11
1200 mA  Short 10Q,1W  B7 to B11 A3 & AB

SG1 to B11
120 mA  Short 100Q,1/4W B8 to B11 A3 & A7

SG1 to B11
t2mA  Short 1KQ B9 to B11 A3 & A6

SG1 to B11
+200 uA  Short 10 KQ B7 to B11

SG1
t20uA  Short 100 KQ B8 to B11

SG1
NOTES:

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT
RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A
SOLDERING IRON.NOTE THAT, IF R1ISLATER REMOVED, THE
USER MUST CLOSE THE SOLDER GAP.

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT
“RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO
BOARD.

(3) THESE RANGES REQUIRE ADJUSTMENT OF R6 FOR ACCU-
RATE READINGS.

(4) IF 10 MQ IS NOT AVAILABLE, USE R1 = 2 MQ, R2 = 220 KQ. A
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR
RESISTORS (900 KQ,-90 KQ, and 10 KQ) IS AVAILABLE. ORDER
MODEL RN-DM-3000 WITH YOUR DPM.

(5) ALL UNUSED DESCRIPTORS AND DECIMAL POINTS MUST BE
CONNECTED TOGETHER TO B10 (BACKPLANE OUT).

R6 MAY BE TRIMMED FOR EXACTLY

48 kHZ on IC PIN 38 (MEASURE WITH
LOW CAPACITY PROBE) FOR BEST 60 HZ
NOISE REJECTION. FOR 50 HZ, USE

120 pF ATC5 RETRIM. REDUCE

R6 FOR FASTER SAMPLING.

RC OSCILLATOR:
R6 (100KQ)

3 X 10
R6 (K) =
PLE

(5AMi
G‘ATE E) XC5(pF)

R1, R2 ARE USER-INSTALLED
ATTENUATION OR SHUNT
RESISTOR (R2).

FULL SCALE (GAIN)
ADJUST POTENTIOMETER
SUPPLIED (R8)

G
OFFSET POT, R16 50 k(2 USER-"
INSTALLED. %" RECTILINEAR
BOURNS 3006 P-1 SERIES OR
EQUIVALENT. (DATEL TP-50K.,}

INPUT/OUTPUT CONNECTIONS WITH SINGLE-ENDED INPUT

DM-3100U2, DM-3100U3

I BOTTOM. TOP 010 PO
15 VDC POWER
ANALOG 10 MQ A B NOT REQUIRED
INPUT REFERENCE OUT [ 1 1 | REFERENCE IN WHEN AC-POWERED
Lo p——————————— ANALOG LO IN [ 272 ] ANA.RTN./OHMS LO? i
mA DSCRPTR IN [ 3 3 | OFFSET OUT (OPT))
$—————— KO DSCRPTRIN [ 4| 4| ANALOG HI IN
TEs. 4 Ko DSCRPTR IN 5157 +9Vdc PWR. IN® ———— =
NOTES: o ) F: mA DSCRPTR IN [ 6] 6| DISPLAY TEST”
This shows the connector rear view with the DPM ilted on mV DSCRPTRIN [ 7] 7| DEC. PT. 1999
its side. DC DSCRPTR IN 8 8 | DEC. PT. 19.99
CAUTION: CMOS inputs. Avoid damage from static dis- ACDSCRPTRIN | 91 9 ] DEC. PT. 1.999 ~—=
charge. Handle only svith ground prolegction e mV DSCRPTR IN [10 110 | BACKPLANE OUT*
§ | HORIZ. POL. IN 1 1 | HRZ. POL. OUT/DP. DSCRPTR COM —1
. ANALOG RETURN = +Vs ~ 2.8 Vdc. DO NOT CONNECT VERT. POL. IN {12 [ 12 | VERT. POL. QUT
TO POWER COMMON. SPACE (NC) [13 113 ] 9v PWR. COM/EXT. REF. LO®
. Connect all unused Decimal Points, Descriptors, and 115/230 VAC LO |14 114 | SPACE (NC)
Signs to BACKPLANE OUT (Pin B10). SPACE (NC) |15 [15 | 115/230 VAC Hl‘l
. Descriptors A3 through A10 DO NOT select functions. (\;
Users must install additional components. to measure 115/230 VAC
Ohms, mA, etc. —— 50-60 Hz
. 5B/13B = Approximately 12 Vdc. @ 5mA Max out when -
AC powered.

. Hold meter in DISPLAY TEST no longer than 1 minute to

prevent damage to display.
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DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS

The DM-3100U2, -U3 has a reference in-out loop which
makes possible ratiometric measurements. Representative

" connections are illustrated below. Ratiometric operation
eliminates changes in the DPM reading due to voltage varia-
tions in the Birdge’s external excitation source. The input
gain on the DM-3100U2, -U3 varies inversely with voltage at
Reference In—as REF IN voltage increases meter gain de-
creases. Meter input gain thus can be made to compensate
for variations in the bridge excitation source voltage. (The
DPM is set for unity gain when REF IN V equals +1V as re-
ferred to EXT. REF. LO).

For all applications, VIN = 2 VREF at full scale (1999 counts).
For small values of VREF (100 mV or lower), increased display
noise, nonlinearity, rollover and CMR errors will be apparent.
Avoid VREF inputs beyond about 2V to prevent integrator sat-
uration with full scale inputs. Variable VREF is not intended for
wide gain changes as in multimeter applications. Instead, it
should be used for drift correction, scaling to engineering
units, or for modest amounts of gain.

EXT. FLOATING
EXCITATION SOURCE

o

lm

i

INPUT
BRIDGE

NOTE: DO NOT GROUND BRIDGE ‘ )

USING AN
EXTERNAL
FLOATING REFERENCE

CABLE ¥
REFERHED SHIELD
TO ~-Vg
DISPLAY =  1VOLT {ANA Ao

(REF. IN) — {REF}

BOTTOM TOP
A B
REFERENCEOUT | 1 1 | REFERENCE IN
— ANALOGLOIN | 2 | 2] ANA.RTN./OHMS LO
mA DSCRPTRIN | 3| 3| OFFSET OUT (OPT)
KQODSCRPTRIN | 41 4 ] ANALOGHI'IN
KQDSCRPTRIN | 6] 5| +9Vdc PWR.IN
mA DSCRPTRIN | 6 | 6 | DISPLAY TEST
mV DSCRPTRIN | _7 ] 7 ] DEC.PT. 1999
DC DSCRPTRIN | 8] 8 | DEC.PT. 19.99
AC DSCRPTR IN 9 | 9| DEC.PT 1.999
mV DSCRPTR IN 0_] 10 | BACKPLANE OUT
HORIZ. POL. IN |11 HRZ. POL. OUT/DP. DSCRPTR COM
VERT. POL. IN |12 |12 | VERT POL. OUT
SPACE (NC) [13 ] 13 | 9V PWR. COM/EXT. REF. LO —
115/230 VAC LO |14 | 14 | SPACE (NC)
|— SPACE (NC) |15 | 15 | 115/230 VAC HI
7Y ]
116/230 VAC
—— 50-60 Hz

= 1voLr X [(PIN B4) — (PIN A2)]

(PIN B1) — (PIN B13)

NOTE: Ref. out (PIN A1) is not
used in this application.

DIGITAL OHMMETER CONNECTIONS

The digital ohmmeter circuit uses the DM-3100U2, -U3'’s ra-
tiometric capability. An external reference resistor of known
resistance, accuracy, and temperature drift is connected in
series with the unknown resistance. A constant, stable volt-

+5V POSITIVE RAIL

1= 69V

OHMS LO Ao+ Rumr + Rage
2
REFERENCE
@ ANA. HI IN FEREN
R O e % oc/be
@ ANA. LO IN 1.7 Z Is.w CONV.

-6V

Rumr

] . REF. IN N
. INTEGRATION _L
es CAPACITOR
[\ EXT. REF LO ) T
Nd

-5v ATIVE RAIL
DON'T O REF. OUT NEG
USE

DISPLAY =

TO A/D
CONVERTER

Ew_x1v=_PBx_ xiv=_Bx
Veer 1Rner

X1V
Rrer

age from the DPM’s internal reference diode is applied to the
resistor pair to produce a constant current. This current de-
velops two voltage drops across the resistors which are pro-
portional only to the ratio of the resistances since the current
through them is identical.

RANGE RESOLUTION  FLmIT' "REF’ DECIMAL
POINT?
19.99 MQ 10 kQ 22 MQ 10 MQ B8 to B11
1999 MQ  1kQ 3.6 MQ 1MQ B9 to B11
199.9 kQ 100 Q 360 kQ 100 kQ B7 to B11
19.999kQ  10Q 36 kQ 10 kQ B8 to B11
1.999 kQ 10 6.2 kQ “1kQ B9 to B11

1. RLimit and "Ref should be metal film. High Stability Resistors (AS RN60C).

2. All unused decimal points must be connected together to B11 (BACK-
PLANE OUT).
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FEATURES

e Ultra-low power — 3.5 mA @ 5V in; can be powered from 4
AA alkaline batteries

e Ultra-compact — tiny single board circuit measures only
4.0"W X 2.0"H X .56"D (102 X 51 X 14 mm)

31, digits, Liquid Crystal Display (LCD)

Balanced Differential inputs, 80 dB CMR Noise Rejection
1000 MQ input impedance, 5 pA input bias current
Autozeroed, Ratiometric Reference for Drift Correction
Low Cost

APPLICATIONS

e Voltmeter — Accepts user-supplied attenuators for +2V to
+300 Vdc Full Scale Ranges

e Ammeter — Accepts user-supplied shunts for +20 yA to

+2A Full Scale Ranges

Ohmmeter — 200Q) to 10 MQ Full Scale Range

Digital Thermometer — requires a few user-supplied com-
ponents

GENERAL DESCRIPTION

The DM-LX3 is a high performance, compact Digital Panel Meter
(DPM) which displays analog input voltages from —1.999 to +1.999
Vdc on .75" high numerals. Its single board construction results in a
very thin assembly (.56"” or 14 mm deep) which is only slightly larger
than its display — the DM-LX3 can fit into many test instruments, data
acquisition systems, and process control panels which could pre-
viously accommodate only analog meters. The meter's Liquid Crystal
Display (LCD — not self-illuminated) draws only 3.5 mA at +5Vdc —
it can operate from 4 "AA” alkaline batteries, or can optionally be
powered from a computer’s +5V power bus, or an inexpensive AC
power adapter, (Datel-Intersil's UPA-5/500). Pin-selectable decimal
points, for factor-of-ten scaling of the display, combined with user-
installed range change components permit the meter to display full
scale ranges to * 300 Vdc. User-supplied current shunts (from 20 mA
to 2A full scale) and digital ohmmeter components (from 200Q to 10
MQ full scale) are also easily installed.

Despite its small size and low cost, the DM-LX3 offers very high in-
strument performance. CMOS circuitry provides 1000 Megohm input

~ | ODANEL DM-LX3 Single Board

> INTERS Differential LCD 3'2 Digit
] IL Digital Panel Meter

impedance and 5 picoamp input bias current; the meter will not “load
down” sensitive input signals. Analog inputs to the meter are bal-
anced differential, and offer 80 dB Common Mode Rejection. Over-
voltages to 250 Vdc (175 VRMS) are handled without damage.

A significant feature is an externally-accessible Reference In-Out
loop which sets the meter’s gain. This permits the DM-LX3 to be used
in ratiometric applications such as a digital ohmmeter — an external
reference voltage, derived from a bridge-type input circuit, causes
the meter’s gain to compensate for voltage drift in the bridge excita-
tion source. ‘

Other circuit featuresinclude autopolarity, a Display Hold circuit, and
a selectable Display Test. Autozeroing holds the meter’s zero drift to
+1 count maximum over the 0° C to +50° C operating range. Tem-
perature drift of gain is typically within 50 ppm of reading/° C. The
meter’s on-board DC-to-DC converter can also be used to supply
—5V out at 20 mA maximum, to power user-supplied signal condition-
ing components. (Note that current taken out at =5V OUT must be
added to current required to power the meter at +5V IN).

DM-LX3 Simplified

Block Diagram

e .

!
H ’ L{34) +5VIN
' i
! Po4-VAAT
| 28V ——] (l | ALKALINE =
| | BATTERIES —
| DCIDC POWER ! PWR. I |
— CONVERTER 7 -
Ree () > (€L 7660) J ! CcOM.
[OUT ’ N 13} 1
| | y b i ;
LoV / POLARITY 2
l [ 12v Lauip (=@ ERReLe
| l CRYSTAL |
ANA (5 | _ - DISPLAY !
AN’Z H : M N - i
(D n——e-g-] ’ |
R A= fs el Neme | ) # N
ANALO (5 SOLDER GAP1 P23 apcow. {3 A A A |
IN =& b J 1
e i
-REF. IN (4 L 3
2 | DECIMAL PT:
' — & ®as .
I 470 L | DECIMAL PT3
! oy AT ———G—® %5
I ! DECIMAL PT3_|
| = 07234
NOTES: NEGATIVE RAIL | —{3) - svouT
1. ALL CIRCUITRY INSIDE DOTTED LINES i y I
ISINTERNAL TOTHEDMAX3. L .| S
2. TYPICAL CONNECTIONS ARE SHOWN
3. DECIMAL PT.’S AND POLARITY ENABLE B ®)
ARE LOGIC INPUTS. EXTERNAL +5V . DEPRESS N.O. SWX
MAY BE USED TO ENABLE THEM IF HOLD  DISPLAY TO TEST DISPLAY
REFERENCED TO PWR. GND INPUT  TEST

»

WARNING: DO NOT CONNECT |

ANARTN + TO +5VIN. I
THIS WILL DESTROY DPM.

DEPRESS N.C. SWX
TO HOLD READING
a1 o

- 1Bia %€ a9 paeog a|buis €X1-NA

Nda
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DM-LX3

PRELIMINARY SPECIFICATIONS (Typical @ +25° unless noted)

ANALOG INPUT

Configuration

True, balanced differential bipolar inputs

Full Scale Input Range

—1.999 Vdc to + 1.999 Vdc

Optional Ranges

Up to+300 Bdc or+19.99uA to+ 1.999 Amps or
0to 1.999 kQ up to 0 to 19.99 Megohms. These
optional ranges require connection of addi-
tional components supplied by the user.
Input Bias Current

5pA typical, 50pA maximum

Displayed Accuracy @ +25°C

Adjustable to +0.1% FSR, +1 count
Resolution

1 mV in Least Significant Digit

Temperature Drift of Gain

Within+50 ppm of FSR/° C typical, within+ 100
ppm of FSR/° C max.

Temperature Drift of Zero

Autozeroed + 1 count over (° to +50° C
Input Impedance

100 Megohms minimum 1000 Megohms typical
to Analog Return or Power Common

Input Overvoltage

+250 Vdc, 175 VRMS continuous maximum
+300V dc intermittent maximum

Common Mode Rejection

80 dB to Analog Return, DC to 60Hz, 1 kilohm
unbalance

Common Mode Voltage Range

Both inputs must remain within +4V and —4V of
Power Common

Warm-Up Time

1 minute to rated accuracy

Reference

Internal, referred to Analog Return. External
user-supplied reference optional for ratiome-
tric operation

External Reference Range

Pin 4 +.5V to +2V (relative to Pin 3)
Ramp-Up Time (Integration Period)
83.3mS

DISPLAY

Number of Digits

3 decimal digits and most significant “1” digit
(3%, digits)

Decimal Points

3 selectable decimal points are included for
scale multipliers

Display Type

Liquid crystal display (LCD), requires external
room light for viewing.

Display Height

75" (19mm)

Overscale

If input exceeds + Full Scale, display shows
“+1"” MSD with zeros blanked

Underscale

If input goes below Full Scale, display shows
“—1" MSD with zeros blanked.

Autopolarity

A “+" is displayed for positive inputs, a “—" for
negative inputs. It is also possible to disable ali
polarity signs

Sampling Rate

3 samples per second

INPUT/OUTPUT CONNECTIONS
Analog HI Input (pin 1)

Analog LO Input (pin 2)
Differential input voltages are connected be-
tween these inputs. A bias current path to
ANALOG RETURN from both these inputs
must be externally provided. External circuits
must constrain these inputs to be within the
common mode voltage range.

Analog Return Input (pin 3)
This pin may be used as a low-noise bias cur-
rent return for some floating inputs. Analog
Return is approximately 2.8V below +V; (+V,
—2.8V).
Reference in (pin 4)

Reference Out (pin 5)
Normally REFERENCE IN and REFERENCE
OUT should be jumpered together. An external
high quality reference, referenced to ANALOG
RETURN, may be connected to REFERENCE
IN or used for ratiometric applications.

Hold Input (pin 6)

Ground this Pin for normal use. Open this pin
to latch the last A/D conversion and stop the
display from changing. May be used by an op-
erator to copy down the last reading.

+5V Input (pin 14) and Power Common
(pin 7)

Power input connections for the meter; re-
quires +5 Vdc @ 3.5mA to power meter alone.
(May require up to 23.5 mA, if user powers ex-
ternal circuitry from —5V OUT).

-5V Output (pin 13)

A voltage output may be used from the internal
DC-to-DC converter to power user-supplied
external circuitry (as a C.A.Z. amplifier to pro-
vide gain). Maximum current out is 20mA, all
current out must be added to 3.5 mA currentin
(Pin 14, +5VIN) to determine total currentdraw
of meter.

Polarity Enable Input (pin 12)

A CMOS logic input which enables or disables
the polarity symbols on the display. A +5V in
voltage (grounded at DISPLAY TEST) causes a
“+" to be displayed with positive inputs and a
“~" to be displayed with negative inputs. Con-
nect Pin 12 to DISPLAY TEST (Pin 8) to disable
polarity.

WARNING: POLARITY ENABLE
SHOULD NOT BE LEFT OPEN.

Decimal Point Inputs (pins 10, 11,and 12)
These are CMOS logic inputs to enable in disa-
ble decimal points.” Connect to +5 Vd¢
(grounded at DISPLAY TEST) to light the de-
sired decimal point. Connect all others to
DISPLAY TEST.

WARNING: DECIMAL POINT
SHOULD NOT BE LEFT OPEN.

INPUT

INPUTS

- D/ATEL: INTERSIL

Display Test Input (pin 8)

Connect this pin to POWER COMMON to
display 1888 and test all display segments.
CAUTION: TO PREVENT DAMAGE TO THE
LIQUID CRYSTAL DISPLAY, HOLD DPM IN
“TEST” NO LONGER THAN 1 MINUTE.

POWER CONNECTIONS

D.C. Power In

+5 Vdc (+3.5 to +7.0 Vdc) at 3.5mA nominal
(up to 28.5mA if current taken from -5V OUT
(Pin 13)). May be supplied from four “AA” alka-
line batteries in series, or a regulated (+5%)
power supply (Datel-Intersil UPA-5/500)

D.C. Power Out

-5 Vdc (—3.5 to —7.0 Vdc, depending on
input) @ 20mA max.

Calibration

A multiturn screwdriver pot adjusts the full
scale reading (gain). Zero is automatic (auto-
zeroing). Suggested recalibration in stable
conditions is 90 days.

PHYSICAL-ENVIRONMENTAL
Outline Dimensions

4.0"WX 2.0"HX .56"D (102X 51X 14 mm)
Cutout Dimensions

Display requires 2.88" X 1.13" (72 X 29 mm)
cutout, also, separate .125" (3,2 mm) diameter
hole to access gain adjust pot.

Mounting Method

Front or rear panel mounting possible; for rear
mounting, four %g"” (11,1 mm) standoffs re-
quired. For front mounting, four .125" (3,2 mm)
standoffs required.

Weight

1.8 0z. (52g).

Connector

14-pin DIP plug with cover (Datel-Intersil
39-7251-1).

Mounting Position

Any

Operating Temperature Range

0° to+50°C

(+32° to +122° F)

Storage Temperature Range

—25° to +60° C (LCD display is damaged if
stored above +60° C)

(-13° to +140° F)

Altitude

0 to 15,000 feet (4600 M)

Relative Humidity

20% to 80% non-condensing

ORDERING INFORMATION

MODEL DESCRIPTION

DM-LX3 31,-Digit Single Board DPM with Liquid Crystal
Display (P1 Connector not included).

39-7251-1 P1 Connector-for J1 Jack; 14-pin DIP Connector and
Cover.

UPA-5/500 115 VAC in, +5Vdc (@ 500mA) out, Power Adapter;

permits DM-LX3 to run from 115V line.

NOTE: The top of the DM-LX3 display is made of a plastic material which
can be scratched easily. It is recommended that a clear plexiglas filter be
installed with the meter. Care should also be taken in cleaning the display.
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DM-LX3

[OVAYEL: INTERSIL

DM-LX3 COMPONENT LOCATIONS

FULL SCALE
~ (GAIN) ADJUST
POT.

R1 AND R2
SHOULD BE
INSTALLED
FROM ETCH
SIDE (NOT
COMPONENT
SIDE) OF
BOARD

FOR OTHER VOLTAGE AND CURRENT
RANGES

NOTES:

(1) R1, R2 ARE USER-
INSTALLED ATTENUATION
OR (R2) SHUNT
RESISTORS. BEFORE
INSTALLING RESISTORS AT g

R1, OPEN SOLDER GAP R
(SG1) ON ETCH SIDE OF o e
BOARD WITH A SR
SOLDERING IRON, NOTE [ 4

THAT IF R11S LATER
REMOVED, THE USER

MUST CLOSE THE SOLDER SRR TEET N
GAP.

(2) R1 AND R2 FOR VOLTAGE P IN 1204
RANGES ARE RN60C
EXCEPT "RN70C. CURRENT o N 120
SHUNTS SHOULD BE 1%, b :
10 PPM/°C OR BETTER. 1W

D.PIN 1.234

AND ,W RESISTORS MAY

NOT FIT FLUSH TO BOARD.
(3) THESE RANGES REQUIRE

ADJUSTMENT OF R12 FOR

POLARITY ENABLE IN

INPUT/OUTPUT CONNECTIONS

©]0]6]0J0]0;
OOOOLO

POWER COMMON

HOLD INPUT

REFERENCE OUT

REFERENCE IN

ANALOG RETURN QUT

F.S. DECIMAL® ACCURATE READINGS. 5v OUT ANALOG LO IN
RANGE R1'?  R2'? POINT (4) IF 10 MQ IS NOT @ @ LG
; ; AVAILABLE, USE R1 =2 MQ, i15VIN 3 HLUIN
A
2 syt om pin 1110 14 R2 - 220 KO. A MATGHED, L/
3 4 a . TRACKING SET OF 10:1 1
=20V 10MeT 11 Ma pin 100 14 AND 100:1 ATTENUATOR
aIMQ  1MQ pin 1010 14 RESISTORS (900 KQ, 90 KQ,
+200v°  10MQ 100 KQ pin 910 14 AND 10 KQ) IS AVAILABLE. O
Y300v° oM@ 10KO ORDER MODEL RN-
+200mA  Short  10Q1W  pin 9to 14 DM-3000 WITH YOUR DPM.
SG1 (5) THE +300V RANGE WILL
+20mA  Short  100Q,Y;W pin 10to 14 DISPLAY £1999V BUT THE
) SG1 SAFE LIMIT FOR THE
+2mA Short 1KQ pin 11to 14 BOARD AND CONNECTOR
SG1 IS +300V.
200 A Short  10KQ pin 9to14  (6) CONNECT ALL UNUSED
SG1 DECIMAL POINTS
+20uA  Short 100 KQ pin 10to 14 TOGETHER TO DISPLAY
SG1 TEST (PIN 8).
MECHANICAL DIMENSIONS
INCHES (MM)
.50 41 2.882 Al
(12,77 M an (73,0) (18)
062 .115(2, 82) DIA. HOLES
1.6 56 4 PLACES
(1,6) e -l
le.438»1 (14,2)
(11,1
I & &
l | !
{- ] — - —} - @ v
I | .
8, 89
1132 N | I - 689 00
(29) | — - v e | = T (50.8)
. | 75
| .46 -» a
X HHau (e, 1)
L__HoVmmb oSmml o SmmV | |/ ¢ !
Ll 7 4 39
{(11,2) (7,87)
. a & —d—
REAR BOARD 150 T
ETCH AND T (3,81)“ -
PIN HEIGHT 4.00
APPROX. 0.08 (2) (102)
OPTIONAL

NOTES:
1

DIPPLUG

. USE %" x 2" LG STAND-OFFS (NOT SUPPLIED WITH METER)

TO REAR MOUNT DM-LX3.

2.

THESE ARE NOT QUTLINE DIMENSIONS FOR THE DISPLAY.
THEY ARE PANEL CUTOUT DIMENSIONS USED WHEN
REAR MOUNTING THE METER.
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FEATURES

Low-cost 4, digit DPM

LED displays, .56" high, (DM-4100L) and .3" (DM-
4100N), +1.9999 V dc FS range, 100 uV resolution
100 MQ) CMOS high impedance single-ended input, 5 pA
bias currents

Autozeroing with ratiometric reference for drift
correction

+5Vdc-powered, short depth case (DM-4100L) or low
profile case (DM-4100N).

Internal user-options:

1. Accepts shunts for 20 uA to +2A FS ranges

2. Accepts attenuators for +2V to +1KV FS ranges

3. External ratiometric reference input

GENERAL DESCRIPTION

The DM-4100L and DM-4100N are 4 digit light emitting diode (LED)
Digital Panel Meters that use +5Vdc @ .35A for power. The LED
displays emit a brilliant red light that can be seen from many feet away
in dimly lit rooms. Besides measuring DC voltages, a shunt may be
installed by the user to make direct current readings. Additionally, the
user may install attenuator resistors to measure higher voltages up to
+1 KV. The versatility of this meter is further enhanced by its auto-
zeroing capabilities for drift reduction.

This DPM accepts a DC or slowly varying input voltage between +2V
and displays that input on front panel numerical indicators. It em-
ploys a conventional dual-slope A/D converter and a 7 segment
display decoder-driver. Since the A/D section requires +15 and —15
volts for operation, an internal DC/DC converter generates these volt-
ages from the +5V power input.

The DM-4100L and N are identical except for case style and display
size. The DM-4100L has a short depth case which takes more front
panel area than the DM-4100N but has .56" high displays. The DM-
4100N is supplied in a low profile case which is deeper than the DM-
4100L but takes less front panel area. Display size on the DM-4100N is
3" high.

L. DM-4100L and DM-4100N
Low Cost 41,-Digit LED
Digital Panel Meters

-

1

) CUSTEL INTERSH.

DPM's are normally supplied without Bezel Logos or Labels.

This DPM is also designed for use with automatic test equipment. In-
cluded are features such as the Busy/Done Output which may be
used with automatic equipment to prevent changing the input voltage
during conversion, and an Overscale and Underscale Output func-
tion which indicates an out of range condition for external autorang-
ing circuits. Also included is a Run/Hold function which will hold and
display the last sample for temporary single sample storage or to
copy down a reading.

A very noteworthy feature of this meter is that it can be operated ra-
tiometrically. This means that it can automatically compensate for ref-
erence drifts in the supplies of bridge or transducer sensors.

The DM-4100L and DM-4100N find use in analytical instruments, in-
dustrial process controllers, portable diagnostic instruments, auto-
matic test equipment, medical and patient monitoring instruments,
airborne, marine ground vehicles, and data acquisition/data logging
systems.

SIMPLIFIED BLOCK DIAGRAM

15V

4100N: 4100N:
SOLDER SOLDER RUN/ BusY/ UNDE“‘ OVER- DISPLAY mll"
GAP GAP HoLo DONE SGALE  ENABLE " EaBLE
8(NO) ANO) w ou
REF. INJOUT 511 ohms.
(4100N PIN 4) O a» /INTERNAL
oN FuLL A/
LE
3 200 ohms Approk.
(GAIN)
: ADJ. + LIV
'
1
FOUT o
REROUT INTERNAL | 720 ohms
1 CONN. — o)
REF.IN | OMAT0ON |
1001 ONLY) R—O———ﬁ !
' ‘g Rty
SOLDER GAP ! MUXD BCD
M ! DISPLAY
1
i
INTEGRATOR DECODER lJ u D u o
ANALOG ‘—_‘ 23 AL
HUIN AND A/D CONV. DRIVERS (] ’ ' ' l YEST
1
a2 INTERNAL
\ ATTENUATOR O oec
~ v J e
USERINSTALLED) 7
|
ANALOG () .18V <——O
WIN
'
'
\
1
1 + 5V
H = 15V DCIDC

COMMON

!

IMPORTANT: MAKE EXT. CONN.
OPM INPUT IS NOT DIFFERENTIAL.
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DM-4100L AND DM-4100N

O/ANEL: INTERSIL

SPECIFICATIONS (Typical at +25°C, unless noted).

ANALOG INPUT

Configuration

Single-ended bipolar

Full Scale Input Range

—1.9999 Vdc to +1.9999 Vdc
Optional Ranges*

Up to+1000 Vdc

Ammeter Ranges (Optional*)
+199.99 microamps to +1.999 Amps
Input Bias Current

5 pA typical, 50 pA maximum
Displayed Accuracy @ +25°C
Adjustable to £0.02% of reading, =2 counts
Resolution

1004V

Temperature Drift of Zero
Autozeroed =1 count over 0to +50°C
Temperature Drift of Gain

+50 ppm of Reading/° C typ.

+100 ppm of Reading /° C max.
Input Impedance

100 Megohms, minimum, 1000 Megohms, typ.

Input Overvoltage

+250 Volts dc. 175 VRMS continuous max.
+300 Volts intermittent max. (Resistor and
diode clamp protected)

Warm-up Time

Within 10 minutes

Reference

Internal, referred to Power Common. An
External, user-supplied reference is optional
for ratiometric operation.

External Ref. Range

+100mV to +2V, referred to —Vs.
Ramp-up Time (Integration Period)
83.3mS

DISPLAY

Number of Digits

4 decimal digits and most significant “1” digit
(4Y, digits)

Display Type

Red, light-emitting diode (LED), self
illuminated

Display Height

0.56 inches (14,2 mm) DM-4100L

0.3 inches (7,6 mm) DM-4100N

Overscale

Inputs exceeding the full scale range cause
the display to blink

Autopolarity

A polarity sign is automatically displayed for
bipolar inputs, and may also be blanked
Sampling Rate

Factory set at 3 conversions per second
Decimal Points

Right-of-digit selectable decimal points are
included for scale multipliers

1/0 CONNECTIONS (DM-4100L only)

Analog HI Input (B3)

Analog LO Input (A2, A3)

Analog LO IN and PWR. COMM. are
connected internally. The DPM is not
differential.

Reference IN/OUT (A1/B1)

Normally, Ref. IN and Ref. OUT are jumpered
together. An external ref. returned to Power
Common may be used ratiometrically.
Busy/Done OUT (B10)

This output may be used in automatic
equipment to prevent changing the input
voltage during conversion.

Overscale Out (B13)

Underscale Out (B12)

A logic “HI” on either output indicates an out
of range input for autoranging applications.
Decimal Point Common (A4)

Connect this pin to the selected decimal point

pin.

Display Enable (B18)

Connect to +5 Vdc power to illuminate
display. Disconnect to blank display but keep
A/D converter cycling.

RUN/HOLD IN (B11)

A TTL “HI” or open pin enables continuous
sampling. A TTL “LO” or ground will hold and
display the last sample for temporary single
sample storage.

Display Test (B15)

Ground this input to light all display

&Giﬂ‘gmi__
Polarity Enable IN (A18)

Ground this input to automatically display a
minus sign.

1/0 CONNECTIONS (DM4100N only)

Analog Hl input (Pin H)

Analog LO Input (Pin 5)

Analog LO IN must be connected externally
to POWER COMMON. The DPM is not
differential.

Reference IN/OUT (Pin 4)

Normally make no connection. Solder gaps
must be altered to use an external reference.

+1.75V X En
Display =~ ""pct In
Busy/Done Out (Pin 2)

This output is logic “HI” during A/D
conversion and logic “LO” when conversion
is complete. it may be used in automatic
equipment to prevent changing the input
voltage during conversion.

Overscale Out (Pin 6)

Underscale Out (Pin 7)

A logic “HI" on either

output indicates an out of range input for
autoranging applications.

“Note - The optional ranges require installation of extra components by
the user inside the DPM. This is also available on special order in OEM

quantities from Datel-Intersil.

Decimal Points
Connect selected pin to DECIMAL POINT
COMMON (Pin 1).

Display Enable (Pin 8)

Connect to +5 Vdc power to illuminate
display. Disconnect to blank display but keep
A/D converter cycling.

Run/Hold in (Pin 3)

A TTL “HI” or open pin enables continuous
sampling. TTL “LO” or ground will hold and
display the last sample for temporary single
storage or to copy down a reading.
Display Test (Pin J)

Ground this input to light all display
segments.

Polarity Enable IN (Pin 10)

Ground this input to automatically display a
minus sign for negative inputs.

POWER REQUIREMENTS

External +5, £0.25 Vdc regulated required at
350 mA typical, 400 mA max. Logic spikes
must not exceed 50 mV. Power current varies
rapidly so that unregulated supplied cannot
be used.

PHYSICAL-ENVIRONMENTAL
Short-Depth Case (DM-4100L)

Outline Dimensions

3.00"W X 2.15"D X 1.76"H (76,2 X 54,6 X44,7
mm).

Cutout Dimensions

1.812"H X 3.062"W (46,0 X 77,7 mm).
Mounting Method

Through a front panel cutout secured by (4)
4-40 front access screws which are concealed
by the bezel.

Low Profile Case (DM-4100N)

Outline Dimensions

2.53"W X 3.25"D X 0.94"H (64,3 X 82,5 X 23,8

mm).

Cutout Dimensions

2.562"W X 0.97"H min. (65,1 X 24,6 mm).
Mounting Method

Through a front panel cutout secured by

brackets and two removable side case screws.

Panel thickness up to 0.62" (15,9 mm).
Weight

Approximately 5 ounces (142g).
Connector

DM-4100L: Dual 18-pin, 0.100" centers, Datel-
Intersil #58-2075010, (not included).
DM-4100N: Dual 10-pin, 0.156" centers,
Datel-Intersil #58-2073082, (not included).
Mounting Position

Any

Operating Temperature Range

0to +50°C.
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NOTES:

-

. The UPA-5/500 is a user- supplled and installed DATEL-

DM-4100L INPUT/OUTPUT CONNECTIONS

INTERSIL accessory. ANAHI
2. ANALOG LO and POWER COMMON are connected ANA COM
internally on the DM-4100L. e
3. This shows the connector rear view with the DPM tilted EwéEELDE
on its side. INPUT
4. CAUTION: This DPM employs high impedance CMOS
inputs. Although internal protection is provided for
several hundred voit overloads, this DPM will be
destroyed by kilovolts of static discharge which is
especially prevalent.in low humidity environments.
Always handle the DPM with ground protection.
5. The DM-4100L is not differential.
T0
118VAC
LINE

ANALOG LO INPUT
DEC PT COMMON
DEC PT. 19999
DEC. PT 19999
DEC P1 199 99
DEC PT 19999
DEC PT 19999

NO CONNECTION
NO CONNECTION
NO CONNECTION

A
1
2
3
4
5
6
7
8
9
NO CONNECTION | 10
1
2
3
14
15
16
17
18

10 MQ BOTTOM TOP
REFERENCE IN REFERENCE OUT -

ANALOG LO INPUT

NO CONNECTION
ANALOG HI INPUT
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION
NO CONNECTION
RUN/HOLD IN
UNDER SCALE OUT
OVER SCALE OUT

e

o [(No|o s wi = ol INoy o
- @
c
@
Z¢
O
o
b
m
o
c
3

POWER
NO CONNECTION NO CONNECTION
SuPPLY NO CONNECTION DISPLAY TEST IN -/ —_
- POWER COMMON NO CONNECTION —
ER COMMON 5VDC PWR. IN — =
UPA RITY ENABLE 18 | DISPLAY ENABLE
5/500
+

NOTES:

DM-4100N INPUT/OUTPUT CONNECTIONS WITH DIFFERENTIAL INPUT

ANA
Lo

ANA
HI

ANA
COM

TO
115 VAC
LINE

RS

“{]

POWER SUPPLY

NO. CONN. (OPT. +15V OUT, SG E)
* b= NO.CONN. (OPT. —15V OUT. SG D)

BOTTOM

DEC PT. 1999.9

ToP ]
DEC. PT.COM

DEC. PT 199.99

BUSY/DONE OUT

DEC. PT. 19.999

RUN/HOLD IN

DEC. PT 1.9999

REF. IN/OUT (OPT.)

ANALOG LO INPUT _,

o) (5] FNTRYINY e

OVERSCALE OUT

b——————————— ANALOG HI INPUT

UNDERSCALE OUT

DISPLAY TEST

DISPLAY ENABLE T

NO CONNECTION

+5VDC PWR. IN ——

—[X||T|{nmo|O|m|>

ofolm

L

UPA-
5/500

X

POWER COMMON

POLARITY ENABLE —l

1. The UPA-5/500 and AM-435 are user-supplied and installed DATEL-
INTERSIL accessories.

2. ANALOG LO and POWER COMMON are not internally connected, and
must be externally connected by the user.

3. On the DM-4100N, REF IN and REF OUT are normally internally
connected. To input an external reference on Pin 4, open Solder Gap A
and connect Solder Gap B (both on back of converter board).

(S0 N

. The DM-4100N is not differential.
. CAUTION: This DPM employs high impedance CMOS inputs.

Although internal protection is provided for several hundred volt
overloads, this DPM will be destroyed by kilovolts of static discharge
which is especially prevalent in low humidity environments. Always
handle the DPM with ground protection.

o

This shows the connector rear view with the DPM tilted on its side.

7.+15 Vdc out at 5mA max. may be drawn from pins E and F by
connecting SOLDER GAPS D and E on the DC/DC converter board.

MODEL
DM-4100N

58-2073082
UPA-5/500

RN-DM-3000

DM-4100N ORDERING INFORMATION

DESCRIPTION

4Y,-Digit LED Digital Panel Meter, Low
Profile Case.

Connector, dual 10-pin, 0.156" centers;
one required (not supplied with meter).
+5 Vdc @ 500 mA Power Supply;
permits DM-4100N to run from 115 VAC
power.

Attenuation Resistor Set tracking units
for 10:1 and 100:1 Attenuation Ratios.

DM-4100L ORDERING INFORMATION

MODEL
DM-4100L

58-2075010
UPA-5/500

RN-DM-3000

DESCRIPTION

4Y%,-Digit LED Digital Panel Meter, Short
Depth Case.

Connector, dual 18-pin, 0.100" centers;
one required (not supplied with meter).
+5 Vdc @ 500 mA Power Supply;
permits DM-4100L to run from 115 VAC
power.

Attenuation Resistor Set, tracking units
for 10:1 and 100:1 Attenuation Ratios.
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DM-4100N COMPONENT LOCATIONS

FOR OTHER VOLTAGE AND CURRENT RANGES

DECIMAL DECIMAL
ES. POINT POINT
RANGE  R1'? R2'? (DM-4100N) (DM-4100L)
DECIMAL DECIMAL
ES. POINT POINT
RANGE  R1'? R2"? (DM-4100N) (DM-4100L)
+2V Short Omit Dto1 A5 to A4
SG1
+20v3  10MQ¢ 1.1 MQ# Cto1 A6 to A4
or or
9.1MQ  1MQ Cto1 A6 to A4
+200V3 10 MQ* 100 KQ Bto1 A7 to A4
+1000V 10 MQ* 10 KQ Ato1 A8 to A4
+200 mA Short 100, 1W Bto1 A7 to A4
SG1
+20 mA  Short 1000, 1/4W Cto1 A6 to A4
SG1
+2mA  Short 1KQ Dto1 A5 to Ad
SG1
+200 A Short 10uQ Bto1 A7 to A4
SG1
+20uA  Short 100Q Cto1 AB to A4
SG1

NOTES:

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT
RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A
SOLDERING IRON. NOTE THAT, IF R11S LATER REMOVED,
THE USER MUST CLOSE THE SOLDER GAP.

(2) R1 and R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT
*RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR
BETTER. 1TW AND 1/4W RESISTORS MAY NOT FIT FLUSH TO
BOARD.

(3) THESE RANGES REQUIRE ADJUSTMENT OR R10 FOR
ACCURATE READINGS.

4 . A
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR
RESISTORS (900 KQ,90 KQ, and 10 KQ) IS AVAILABLE. ORDER
MODEL RN-DM-3000 WITH YOUR DPM.

FULL SCALE (GAIN)
ADJUST POTENTIOMETER
SUPPLIED

SOLDER GAPS A AND B Of
OF PC BOARD. SEE BLOCK DIAGRAM.
TO USE EXTERNAL REFERENCE:

N SOLDK

INPUT EXT REF. TO PIN 4

DM-4100L. COMPONENT LOCATIONS

FULL SCALE (GAIN) -
ADJUST POTENTIOMETER
SUPPLIED

SEE "FOR OTHER VOLTAGE AND
CURRENT RANGES” ABOVE,

DM-4100N'S WITH A D" SUFFIX
IN THE SERIAL NUMBER, ANALO IN IS
NOT INTERNALLY CONNECTED TO PWR. GND.
ANA LO iN MUST BE EXTERNALLY GROUNDED

(THE DM-4100N IS NOT DIFFERENTIAL)
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FEATURES

e Micro-bussable meter provides
BCD data outputs for compatibility
with microprocessors.

e BCD data out is 3-state-gated, to
share bus with other devices.

¢ Data gated in 4-bit groups for use
with 4-, 8-, 12-, or 16-bit data bus
widths.

o Full parallel output selectable.

e “Data Ready” output pulse is ideal
for interrupt or print command.

e DPM has super high impedance

- (1000 megohms), super low bias
current (5 pA).

e Ultra-compact, low profile case—
2.53"W X 3.25"D X 0.94"H
(64,3 X 82,5 X 23,8 mm)

e 5V powered @ 500 mA

¢ Bright 0.30"H LED digits

e Autozeroed, ratiometric, single-
ended input

APPLICATIONS

e Signal Monitor and A/D—Use
meter to monitor voltage, current,
temp; BCD outputs permits CPU
control or printout.

e Data Logger—Simple
interconnection with Datel-Intersil’s
DPP-Q7 Thermal Printer (see p.9)

o Ammeter—Accepts user-supplied
shunts for +20 uA to +2A Full Scale
Ranges.

¢ Voltmeter—Accepts user-supplied
attenuators for +2V to +1kV Full
Scale Ranges.

DESCRIPTION

The DM-4100D combines full 41 digit DPM per-
formance with 3-state BCD outputs, an ultra-

compact size, and a very low price. The meter -

has single-ended analog inputs which are both
ultra high inimpedance (1000 megohms) and ul-
tra low in bias current (5 picoamperes)—the DM-
4100D will not load down sensitive input signals.
The unit is accurate to within .02% FSR (+2
counts). Input circuitry is autozeroed on each
conversion cycle to reduce zero drift. All this per-
formance has been packed into a low-profile
black polycarbonate case only 2.53" wide X
3.25" deep X 0.94" high (64,3 X 82,5 X 23,8 mm).
The price of the meter is small as well: it costs no
more than many less sophisticated, display-only
DPM's.

DM-4100D

Micro-Bussable

41,=-Digit DPM

with 3-State BCD Outputs

+,.l:;l I:l

D OATEL INTERSIL

I

:I l.'.'.',

OM- 41000

. Note: DPM's are normally supplied without Bezel Labels or Logos.

The DM-4100D’s 3-state BCD outputs take it be-
yond many so-called “microprocessor compati-
ble” DPM’s. 3-state outputs mean that the meter
can be connected directly to a microcomputer's
data bus. They also permit multiple DM-4100D's
to be daisy-chained to a single set of computer or
printer input connections—the computer inputs
“see” only those meter outputs which have been
enabled. And, since each 4-bit group (corre-
sponding to a single BCD-encoded numeral)
may be gated separately, a single rear-panel
change makes the DM-4100D compatible with
processors using 4-, 8-, 12-, or 16-bit data words.
Digital outputs for the Display Polarity Under-
range, Out of Range, E.O.C., “Data Ready”

(a 10 usec pulse occurring 10 usec after the digi-
tal data is valid), and meter Run/Hold status
make microcomputer control of the meter possi-
ble with minimal external hardware. Sufficient
control circuitry is already built into the DM-
4100D that it can interface directly with Datel-
Intersil's DPP-Q7 thermal printer (or a similar
printer) to become a functional data logger.

The DM-4100D’s input CMOS circuitry can safe-
ly handle over-voltages to 250 Vdc. The meter's
converter board contains blank circuit pads to
accept input attenuation resistors or current
shunts. Temperature drift of the autozeroed input
amplifier is 1 count from 0 to +50°C. Tempera-
ture drift of gain measures +50 ppm of FSR/°C
(typical) and £100 ppm of FSR/°C maximum.

The DM-4100D uses a dual slope integrating con-
verter which provides normal mode rejection of
AC power line noise. It provides an input-to-
output conversion linearity to within +.02% of
reading, or +2 counts. The standard sampling

rate is 3 conversions per second, but a rear pin
connector may be used to disable the Least Sig-
nificant Digit. In the 3%, digit mode, the DM-
4100D provides 30 conversions/second.

Power to the meter is +5 Vdc @ 380 mA typical
(500 mA max), and may be supplied directly from
a microcomputer bus. A built-in dc-dc converter
(to power the meter’s analog input circuitry) pro-
vides +13.5 Vdc 5% (@ +20 mA max.) to power
user-supplied circuitry. The +13.5V output was
specifically intended to power an external instru-
mentation or CAZ amp, to provide the DM-
4100D with a differential analog input. Datel-
Intersil's UPA-5/500, 5V @ 500 mA AC power
supply is available as an accessory.

IN THIS DATA SHEET
Specifications
Ordering Information
Outline Dimensions
Panel Mounting
Block Diagram
Input-Output Connections
Component Locations
Other Voltage and Current Ranges
Differential Input
Decimal Point Wiring
Timing Diagram
Applications
Introduction
DM-4100D Bus Interface
Bus Interface Block Diagram
Motorola 6800/6502 P.1.A.
Interface
DM-4100D Interface with DPP-Q7
Thermal Printer
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DM-4100D

O/ANEL: INTERSIL

SPECIFICATIONS, DM-4100D
(typical @ +25°C, unless noted)

ANALOG INPUT )
Configuration .............. Single-ended bipolar; —1.9999
Vdc to +1.9999 Vdc
Input pad area will accept user-
installed range change.

InputBiasCurrent .......... 5 pA typical, 50 pA maximum
Displayed Accuracy @
+25°C ... Adjustable to +0.02% of
reading, +2 counts
Resolution ................. 100 uV in Least Significant Digit
Temperature Driftof Zero . ... Autozeroed; =1 count over 0 to
+50°C

Temperature Driftof Gain . ...+ 50 ppm of Reading/°C typical
+100ppm of Reading/°C

maximum
Inputimpedance ............ 1000 megohms, typical, 100
megohms, minimum
InputOvervoltage ........... +250 Volts dc, 155 VRMS

continuous max.
+300 Volts intermittent max.

Warm-UpTime ............. Within 10 minutes
Reference .................. Internal, referred to Power
Common.

External, user-supplied
reference optional for
ratiometric operation.

External Ref.Range ......... +100 mV to +2V, referred to
Analog Common
Ramp-upTime.............. 83.3mS

(Integration Period)

DISPLAY

NumberofDigits .. ..........

Decimal Points

4 decimal digits and most
significant “1” digit (414, digits)
Selectable decimal points are
included for scale multipliers.

DisplayType ............... Red, light-emitting diode (LED),
self-illuminated

DisplayHeight .............. 0.3" (7,6 mm)

Overscale .................. Inputs exceeding the full scale
range cause the display to blink

Autopolarity ................ A polarity sign is automatically

Sampling Rate .

displayed for bipolar inputs,
and may be disabled.

Factory set at 3 conversions per
second. Meter may be short-
cycled in 3, digit mode for 30
conversions per second.

NOTE: The DM-4100D’s display is not latched; the
display may not track the meter's BCD data

out.

1/0 CONNECTIONS

J2 ANALOG CONNECTOR
(LOWER)

Reference In (Pin B1)/

Reference Out(PinA1) ..... Normally REFERENCE IN and
REFERENCE OUT should be
jumpered together. An external
high quality reference,
grounded to ANALOG
COMMON may be connected to
REFERENCE IN or used for
ratiometric applications.

Analog Common

(PinsB2/A2) ............... ANALOG COMMON is not
internally connected to POWER
COMMON, but must be
connected externally.

AnalogHl Input(PinBS) ..... Signal input Normal voltage
range is —1.9999 to +1.9999
Vdc, but an internal attenuator
or current shunt resistors may
o be installed (R1 and R2)
Display Test Input (Pin A7) ... Connect this to POWER
COMMON, displays 18888 to
test display segments.
Decimal Points

(PinsA8toA11) ............ Connect selected pin to
DECIMAL POINT COMMON
(Pin A12). Do not connect D.P.
to POWER COMMON as this

will destroy D.P.
Polarity Enable input
(PinB8) ............vuntn Ground to POWER COMMON
(Pin A14) to enable +/— sign on
display.

31,/4Y, Mode Input (Pin B9) .. Leave open or high for 41, digit
mode. Logic low (connected to
POWER COMMON) causes
Least Significant Digit to read
permanent zero, and causes

+5V In (Pin B14)

Display Enable Input (Pin

B15).........

(Not a Logic Input)

Power Common
(Plng A14/B13)

+13.5Vout (Pin B12)
—13.5Vout (PinB11) .........

Pins A3 to A6; A13, A15; B3,

B4,B6,B7,B10

meter to operate in 31, digit
mode. Conversions in 31, digit
mode occur at 10 times usual
speed, i.e. 30 conversions per
second.

Power input to the meter;
connections made between +5V
IN and POWER COMMON (pins
A14 and B13); requires
regulated supply (+5%),
capable of supplying 500 mA
max.

Connect to +5V (B14) to enable
all display segments and
decimal points. (Disabling
display reduces power
consumption to 250 mA,
typically).

Power supply common must be
connected externally to
ANALOG COMMON.

These voltage outputs provide
+20 mA and —20 mA
respectively to power user-
supplied external circuitry. May
be used to power an
instrumentation or C.A.Z.
amplifier to provide a
differential input to the meter.
Caution: these outputs are not
short-circuit-proof. Shorting
either of them to ground, or
drawing more than the £20 mA
specified, can damage the
meter's DC-DC converter.

No internal connection
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O/ANEL: INTERSIL

DM-4100D

SPECIFICATIONS (Cont'd):
1/0 CONNECTIONS (Cont'd)

J1 DATA CONNECTOR
" (UPPER)

Digit Enable Input
Enable 1’s (Pin A1)
Enable 10’s (Pin A6)
Enable 100’s (Pin B1)
Enable 1000’s (Pin B6)
Enable 10,000’s (Pin A11)

Run/Hold Input (PinB13) ....

BCD Data Outputs

BCD 1 (Pin A2), 2
(Pin A3), 4 (Pin A4), 8
(Pin A5)

BCD 10 (Pin A7), 20
(Pin A8), 40 (Pin A9), 80
(Pin A10)

BCD 100 (Pin B2),

200 (Pin B3), 400 (Pin
B4), 800 (Pin B5)

BCD 1000 (Pin B7), 2000
(Pin B8), 4000 (Pin B9),
8000 (Pin B10)

BCD 10,000 (Pin A12)

These are active high, and
operate on data in groups of 4
bits (e.g., Enable 10's controls
BCD 10, 20, 40 and 80; Enable
10,000’s controls BCD 10,000
(overrange), PLUS/MINUS,
OUT OF RANGE, and
UNDERRANGE. For full parallel
output, all Enables should be
left open or connected to +5V.
74L.S295 are used as latches,
and timing is as specified for
these devices.

When open or high the D.P.M.
will run continuously at its
maximum rate (3 readings/
second). When low, the D.P.M.
will hold a reading after
completion of any conversion in
process. Momentarily bringing
the RUN/HOLD high (for a
minimum of 300 «S) will initiate
a conversion, after which the
D.P.M. will remain in hold until
receipt of another RUN/HOLD
pulse. This provides a means of
externally triggering the D.P.M.
1,2,4,8 (and 10,20,40,80, etc)
BCD data is fully latched.
Outputs are 3-state and
controlled in groups of 4.
Outputs are DTL/TTL
compatible, positive true, and
sink 4.0 mA @ 0.4V (2% TTL
loads).

Plus/Minus Polarity Out
(Pin A13)

Out of Range Output
(PinA14)

Underrange Output
(Pin A15)

E.O.C. Output (PinB11)

Data Ready
(PinB12)

+5V (Pin B14) and Digital
Common (PinB15)

This is true for positive input.
3-state latch enabled by pin
A1,

This is true when reading is
greater than +1.9999 Vdc or
less than —1.9999 Vdc. 3-state
latch enabled by pin A11.

This is true when the magnitude
of the reading is less than 1800.
OUT OF RANGE and
OVERRANGE may be used to
drive auto-ranging circuitry
external to the D.P.M. Three-
state latch enabled by pin A11.
The E.O.C. output is high
during a conversion (fan out 2¥,
TTL loads).

The DATA READY is a

short pulse (10 uS) which is
produced 10 uS after the data is
valid in the D.P.M. latches. It
may be used to trigger a printer,
to load external latches, or to
interrupt a computer.

These connections duplicate
+5V IN and POWER COMMON

- on the Analog Connector.

BCD OUTPUT
Format

Fanout
LogicControls ..............

POWER CONNECTIONS

..................... BCD outputs 3-state, gatable in

4-bit groups, full parallel output
available.

..................... 2% TTL loads

E.O.C. pulse, “Data Ready"” (Print
Pulse), Overrange, Underrange,
Out of Range, PLUS/MINUS
Polarity OUT, and RUN/HOLD.

D.C.Powerin ............... +5Vdc, regulated (+5%), @380
mA typical, 500 mA maximum

D.C.PowerOut ............. +13.5 Vdc, £5%, @ 20 mA,
unregulated, for external signal
conditioning.

Calibration ................. A multiturn screwdriver pot

(rear-panel mounted) adjusts
the full scale reading (gain).
Zero is automatic (autozeroed).
Suggested recalibration in
stable conditions is 90 days.

PHYSICAL-ENVIRONMENTAL

Low-Profile Case

Outline Dimensions ........

Cutout Dimensions

Mounting Method

. Interchangeable with other
Datel-Intersil cases.

.2.53"W X 3.25"D X 0.94"H
(64,3 X 82,5 X 23,8 mm)

.2.562"W X 0.969"H (minimum)
(65,1 X 24,6 mm)

. Through a front panel cutout
secured by brackets and two
removable side case screws.
Panel thickness 0.62" (15,9
mm).

Weight ................ ... 4.1 oz. (116 grams)

Connectors (2 Required) ...

Mounting Position
Operating Temperature

Range
Storage Temperature Range
Altitude
Relative Humidity

. Dual 15 pin, 0.1” centers, Datel-
Intersil #58-2073083,

.......... Any

.................... '0to +50°C

.—25t0 +85°C

.................... 0 to 15,000 feet (4600m)
........... 20% to 80%, non-condensing

ORDERING INFORMATION

MODEL DESCRIPTION

DM-4100D Micro-bussable 41, Digit DPM

58-2073083 Dual 15-pin connector, .100” ctrs., solder-
tabs (not included with meter, 2 required)
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DM-4100D

O/ANElL: INTERSIL

PANEL MOUNTING OUTLINE DIMENSIONS

LOW PROFILE CASE

USER'S FRONT PANFL

AUX. OUTPUTS

DIGITAL INTERFACE CONNECTOR

J1

WITH CUT OUT e FRONT
PANEL
CUTOUT 2531 PNt
64.3) 7 _
_____ .~ EDGE
- CONNECTOR
—
SINGLE MOUNTING CUT OUT
\ M 2562
) 65,11
¥
MIN 0 969
325 \ 124.6)
- REMOVABLE 826 \
PANEL MOUNTING |
HARDWARE
USER'S / \ .‘
P | PANEL THICK|
__ BRACKET SLOTS FRONT ANEL\ | 062 mge%iss
=TT 2PARS) Sstekaistuiniutel Sl T (16170 (15,9)
g t
IS DI | =,
PANEL METER L BRACKETS 4 131 094
INSERT BRACKETS (1 PAIR) AND SCREWS =~ 17117
AND ROTATE FORWARD VEnanZnZ B3 0o 239
DL : |
[} . [._._
062 037
l - 2937 15.9) 9.4)
[~ (74.6) s
S 1 — 75}.—
$20mAMAX. PWR ANA L
— 1 com com - r e . =
FIBV 135V sV DISP TN ANAKI 2) POLARITY REF  REF. 42/32 DISP  DF DEC. PT. DEC.PT. DEC.PT. DEC. PT
OUT OUT IN ENABLE N ENABLE IN  OUT MODEIN TEST COMMON 12385 12345 12345 12345
GO eme e G @6 & & SRCIMONG
T T T T T CONVERTER AND DISPLAY BOARD T
L i L 1 ['ar2 |
= { ’ l l l |
N
LJ - L)
¢~ Ryt FSGAIN INTEGRATOR DISPLAY 2 ' E , ’
Ry DECODER/ DRIVER - - il B
L. CONVERTER | - - . -
RUN/_ 8CD LED DISPLAY
- SOLDER GAP 1 HOLD DATA
RS R st “'{171 ) DCDCCONVERTERAND | | 1 11 Yy~~~ ~~~ T TrTTT oo m o mm o m e e e s e e e e e
INTERFA
L oooe ERFACE BOARD
CON- DIGIT
VERTER { SELECT
P | l
IR S \ [ — |
TIMER |.J 3STATE  BCD  DATALAICH
l I ’ ] ] l ! [ l I |
TE OO OO O WO 0 O ® 06 ® ®0 ®
D6 E0T DA, BUN ENAGLE FLP\:)TL\AR_IVFJ'_Y S| UNDER ENaBLE BCO BCO ENABLE 8CD BCD ENABLE 8o BCD ENABLE 8CD 8co
T READY HOLD 10K RANGE_ 1K 13 8K 100" 80 1 2
R B RTL R e P e ¥ W R By W VWY Yo
BCD ouT 8CD B8CD 8CD 8CD BCD 8CD 8CD 8CD
10K F 3 K 100 0 10 40 1 4
*Ry AND Ry ARE USER- gﬁﬁgjr
INSTALLED RANGE CHANGE g 1 T 10" ¢
INSTALLED RANGE CHAN 1000'S DIGIT OUT 100°S DIGIT OU 0°S DIGIT OUT 'S DIGIT OUT
RESISTORS BCD 10K AND
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DM-4100D
DM-4100D INPUT-OUTPUT CONNECTIONS
(REAR VIEW)
(This view shows DPM turned on its side.)
BOTTOM BOARD (J2) TOP BOARD (J1)
ANALOG AND POWER CONNECTOR DIGITAL INTERFACE CONNECTOR
" Pin
A (Lower) P‘;" B (Upper) -I A (Lower) # B (Upper)
Input Enable 1's 1 | Enable 100's
— Ref. Out 1 | Ref.In
— Analog Common | 2 | Analog Common X?Igigggzv BCD 1 2 |BCD 100
No Etch 3 | No Etch A y Keyway Keyway X
No Etch 4 | No Etch Across B2 BCD 2 3 | BCD 200 3
o Keyway. - Keyway and BS BCD 4 4 | BCD 400 o
2| | NoEtch 5 | Ana. HiIn BCD 8 5 | BCD 800 z
g No Etch 6 | No Etch Enable 10 6 | Enable 1K @
2| | Display Test 7 | No Eten T [Ysersvopied e e g
= ———— nni
=| |DP 12345 8 | Polarity Enable Power Common BCD 40 9 | BCD 4K
[} D.P. 12345 9 4‘/2/3‘/2 Mode necessary to BCD 80 10 | BCD 8K
3| |DP 12345 10 | No Etch Y, 16 10K 11 |Eoc
“| |pPp1.23s5 11 | ~135V Out (20mA) enable " on Snable 1 Data Read
D.P.Common |12 |+135V Out (20mA) Display BOD 10K_ 2l i
No Etch 13 | Power Common 2 gluts /'}A;: us Out }3 fé,'\',‘ | o
- . ut of Range n e |
——1 Power Common |14 | +5V in — | {User-supplied L N
Rower C 15 | Dopimy Enabie 3— 1{ jumpor. B14 Underrange 15 | Digital Common -; :
I to B15, -
‘ | '{ necessary to 1o
User must externally wire | 1\ Enable Dlsplay |
Analog Common to Power Common L L ——— !
________________________________ 4

CAUTION: CMOS Inputs.
Avoid damage from static discharge.
Handie only with ground protection.

Normal External Connections Are Shown

NOTES: 1.
2.

3.

Dashed lines indicate connections internal to the

DPM.

All BCD outputs are 3-state, enabled high, and can

drive 2%, TTL loads. 74L5295 3-state latches are used.

+13.5V OUT are £20 mA max., and are not current
limited. Sustained overioads or short circuits can
result in damage to the meter’s DC-DC converter.

R1, R2 ARE
suFPuED AYYENUATION
ISTORS

FULL SCALE (GAIN)

ADJUST POTENTIOMETER

<8

COMPONENT LOCATIONS, CONVERTER AND DISPLAY BOARD
(Bottom Board; J2 Connector)

OTHER VOLTAGE AND CURRENT RANGES

Note 2:

100Q21,W and 10Q1W resistors should be 1% tolerance, metal
film, or wire wound with tempco better than 100ppm/°C. These
may not fit flush to the board.

O DECIMAL POINT
/[) e FS RANGE al R2 (ALL ON LOWER J2 CONNECTOR)
\ m *2V Short Solder Gap Omit A11t0 A12
; E} Py +20V 10MQ 11M0 AT010 A12
— +20V! 9.1M0 1MQ A10t0 A12
) 05 il g 2200V 10MQ 100 KQ A910 A12
[bereriiog ra 2 ﬂ Riy |-/ Gﬁ +1000V 10 MO 10K AB 1o A12
COLDERING (% ¥ e +20 yA Short Solder Gap 100 KQ A1010 AT2
JRON WHEN ~ | L A £200 pA Short Solder Gap 10 KQ A9 to A12
INSTALLING = +2mA Short Solder Gap 1KQ Allto A12
RESISTOR AT = = Ri5 +20 mA Short Solder Gap 1000, 1/2W2 A10t0 A12
R1SGIIS R2l +200 mA Short Solder Gap 100, 1w2 A9 to A12
PARALLEL 3 —————
WITHR1 T T Re -
I 4
1 R R1 and R2 are user-installed attenuation or (R2) shunt resistors. Be-
* . R fore installing resistors at R1, open solder gap with a hot soldering
4 - —~{ R C 9 iron on etch side of board. Note that, if R1 is later removed, user must
Y ﬂ [ 1cq 4 L 1ce | Re3 close solder gap by soldering across it. .
{re |- R1 and R2 for voltage ranges are RN60C except *RN70C.
AN EEE R st__j- 33 -
GOEST0 42 CONNECTOR \ _ © '"5 - Note 1: . . .
L L T I I T rzs- These ranges require adjustment of pot, R8, for accurate reading.
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DM-4100D
DIFFERENTIAL INPUT DECIMAL POINT WIRING
DM-4100D
DIFFERENTIAL INPUT
DM-4100D
Rs 1
1
B8 N r @ -
R { AM = | CONNECTOR ANA HI IN (I)
" 4
ANA G3 |.435 ¢ T . ’ 52.) DISPLAY ENABLE
HI— { [ —qAnacom TRANSISTORS
! — 4 Y Y \
i 13.5V OUT ’_@
; q +13.5V OUT ——F — } TO DIGIT SELECT
T q PWR. COM.
ana L Y @ @ @
] - 1.2345 12.345 12345 12345

The DC/DC converter in the DM-4100D can power external circuits,
as shown above. The addition of an instrumentation amplifier permits
the meter to handle differential inputs, with an attendant rejection of
common mode noise. The external amplifier may be wired to provide
input gain or polarity inversion, and permits the DM-4100D to be used
in bridge-type circuits, or as a digital ohmmeter. Please note that ex-
ternal circuitry should draw no more than 20 mA, total maximum.
+13.5 Vou should not be shorted to ground, or to each other, or dam-
age to the voltage converter can result.

&)

&

D

®

\
\,

|
DECIMAL POINT

COMMON
470

“A MOTOROLA 6820 PIA IS SHOWN FOR ILLUSTRATION
OTHER INTERFACE METHODS MAY ALSO BE USED.

NEXT
J1 AVAILABLE PIA
CONNECTOR _ le— 14SEC MIN. CONVERSION / R
) RS,LD J DON'T CARE A
| cA2
!
EOC. | }_ T 180mS MAX. —>1 10uS le—o
(ouT) [ 60mS 60mS MIN. ————»i > 10mS ]
i ! bbb A A i PA7
o ot | renns

PRINT CONVERSION CONVERSION | VALID

OMMAND ADAPTER
oo 10uS (PIA)
toun ca1  PARALLEL

PORT ON
MICROCOMPUTER
3-STATE
ENABLES
IN
30nS MAX ——| ‘-—
BCD
DATA OUT,
HIGH IMPEDANCE STATE |

LOW IMPEDANCE STATE
(BCD OUTPUT ENABLED)
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INTRODUCTION

The DM-4100D may be used to interface with a variety of mi-
crocomputers, thermal printers, data loggers and so on. The
discussion below of DM-4100D BUS INTERFACING provides
the general information necessary to any application in which
the BCD data from the DM-4100D will be used. Reference
should also be made to the BUS INTERFACE BLOCK DIA-
GRAM

APPLICATIONS

A specific interface is also given, as an example: the Motorola
6800/6502 P.I.A. INTERFACE. The diagram and notes de-
scribe interconnection of the meter with this particular Mo-
torola microcomputer.

Similar connections with other microcomputers are possible,
but are beyond the scope of this data sheet.

DM-4100D BUS INTERFACE

In order to fully implement a typical interface between the
DM-4100D and a microcomputer, three functions must be
considered. The first function is to start A/D conversion inthe
DPM. The second function is to recognize that the DPM is
ready to transfer valid output data. The third function is to
transfer this data.

The microcomputer has two common methods to output start
signals to the DPM and two methods to input End of Conver-
sion (Data Valid) signals into the computer. The DPM’s start
signal can be supplied from a parallel port output on the com-
puter. This port output line is latched and separated from the
other busses of the computer and has TTL drive. If the port
method is not desired, the start input may be derived from the
address decoder technique to be used later in the data trans-
fer section.

The two methods to input the EOC signal from the DPM are
the parallel port and an interrupt input line to the computer.
The port method is straightforward in that the user’s operat-
ing program for the computer periodically scans (“polls”) an
input bit on the computer’s parallel port which is connected to
the DPM’s EOC output. When the EOC port bit goes low
(true), and the polling routine discovers this, the program
jumps to a routine which transfers the DPM’s BCD data. The
only problem with the polling routine method is that excessive
computer time (and lost efficiency) might be dedicated to
sampling the port bit. If sampling is done less often, valid BCD
data could sit ready for an excessive time, thereby lowering
the total data acquisition throughput, if that is important (it
may not be important in many applications with slowly-
varying data).

-The interrupt method is more efficient if throughput is at a
premium. Interrupt involves a separate line or lines to the CPU
which getimmediate attention when the interruptis set. There
are two types of interrupts found on microcomputers. The
less common type found on some controller-type micropro-
cessors requires only a momentary pulse to set the interrupt.
This interrupt type is ideal for a pulse version of the EOC Out-
put called the Data Ready Output (pin 812) which is supplied
on the DM-4100D.

The more conventional interrupt input requires a handshake
procedure as follows: The interrupt input is set and the CPU
detects it as fast as possible, given the preselected priority
which you, the programmer have written into the software.
The CPU responds with an Interrupt Acknowledge (INTA)
Output which is intended to clear the original interrupt and
avoid retriggering that same interrupt until its function is per-
formed. Since INTA must clear the interrupt, an additional ex-
ternal flip flop is required or other method since the DPM’s
EOC Output cannot be externally reset. Some external inter-

be easy to add.

face circuitry may be needed in any event, so the flip flop will

Once the EOC is detected, either through the polled port or
interrupt, it is time to take the data. If the user has persisted
with a parallel port so far it may be tempting to tie all 20-odd
bits to the rest of the parallel port, assuming a Peripheral In-
terface device or Peripheral Interface Adapter (Intel 8255 or
Motorola 6820) are used. This simplifies matters but sacrifices
the great advantage of the 3-state BCD data outputs which is
that one data bus can share several DM 4100D’s, depending
on distance, loading, etc.

A more elegant method is to wire up the DM-4100D’s data out-
puts in three parallel groups of eight bits (assuming an 8-bit
microcomputer). Thus, two decades (8 bits) of BCD data may
be strobed onto the bus simultaneously by wiring their 2 Ena-
ble Inputs together and by toggling these paired Enables in
1-2-3 sequence to strobe out each 2-digit byte. Using this
method, three 8-bit bytes completely transfer 4Y, decimal dig-
its plus signs and flags.

The Enable inputs are supplied by the computer's CPU and
are derived from the memory bus. The Enables may be treated
either as 1/O Addresses or as Memory Read locations (so
called memory-mapped architecture). In either case, the CPU
sends an address down the memory bus. Anexternal address
decoder is used to create a single pulse input to each Enable
input pair by first ANDing the decoder output with either the
1/0 Read Command output or Memory Read Command Out-
put from the CPU. While this pulse input enables the BCD
data gates, the CPU's data bus reads these BCD data bits and
routes them to the accumulator. From there they are routed to
memory for further processing according to the user’s pro-
gram. If this decoder method is used, it will be noted that the
program instruction which moves BCD data from the DPM to
the CPU is an I/O Read command: IN N, in 8080 assembly lan-
guage, for example. It will use the I/0 Read Command Output
line (IORC) from the computer. The complementary instruc-
tion, OUT N may be used with the identical address to start
A/D conversion in the DPM, as discussed earlier. If start is
used this way, the I/0 Write Command (IOWC) Output will be
ANDed with the decoder’s output to create a start pulse.

With the appropriate address decoder circuit, successive IN N
instructions will be physically routed to ascending sets of
paired Enable inputs. For example, (in 8080 language)

IN N+0
STA M+0
IN N+1
STA M+1
IN N+2
STA M+2

will completely strobe out 41/, digits, signs and flags into three
successive memory locations. Since the next data sample will
write over the previous data, M+0, M+1 and M+2 should be
thought of as temporary scratchpad intersample storage and
full data manipulation should occur between samples.
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BUS INTERFACE BLOCK DIAGRAM

APPLICATIONS (Cont'd)

TS 0.1

MEMORY
aus

‘ 270 4 DECODER
| =
FIXED —
HARD-WIRED
ADDRESS DECODFER

wn-o

READ BYTE
~ READ BYTE 1
~ READ BYTE 2
START CONVERSION

)

Y’

10 READ COMMAND
10 WRITE COMMAND ) >_——————\

s8I
DATA
BUS

<

T
NEXT
DM-21000

NOT | USED

SET
qf
F

ENABLE BYTES

ENABLE BY

€1

INTERRUPT ACKNOWLEDGE

LE BYTE 2

1
i
l |
{ |

LATCH
M8+
OR.
U

- |

3STATE
LATCHES

LATCH

LaTcH
1000'S 1005

Li
1

ANA O
N O

5
[T]11
TATCH
SEQCR
LOADER

w
[TIT1
AD
CONV

LED DISPLAY

MOTOROLA 6800/6502 P.I.A. INTERFACE

The diagram below indicates wiring between the DM-
4100D and a Motorola Peripheral Interface Adapter.
Please note that an external 74L.S138 decoder is speci-

fied: this permits both 3-state control lines, and BCD
data lines, to interface on a single port of the P.LA. If
preferred, the P.I.Als B port may be used, and the de-
coder omitted.

5V A B14

FROM uC
Notes

1) Forinterrupt at end of conversion, connect B12
to CA1 & program PIA to negative or positive
edge.

Due to auto-zero, E.O.C. will go high approx.
60mS after initiation of conversion of RUN/
HOLD. E.O.C. will remain high for a minimum of
60mS for zero analog input, to 180mS for * full
scale. If polling of the EZO.C. is used as check on
valid data, the polling sequence should not
commence until 100mS after initiation of con-
version. (If the DM-4100D is operating in 3Y%
digit mode these times are + 10.) Due to demulti-
plexing of data internally in the DM-4100D ap-
proximately 10mS (1mS) should be allowed af-
ter E.O.C. goes low before transferring data.

N
-~

PAO (A2 Yy 82 ¥ a7 _» B7 »( A12 |ALLBCD1S
= - (a3 Y838 Y a8 M B8 )Y A3 | ALLBCD 2'S &SIGN
(aa < Ba (A9 55 Y A4 | ALLBCD4'S & O R
Egg? ot as Y, B85 »{ A0 » 810 »{ Al5 | ALLBCD®'S&UR
PIA A0 ENABLE 1'S
::22 B 74LS ; ENABLE 10'S
‘(’)’: c 18 3l NA(TBT ] enasLE 100
6846  PA7 B |E0c.® ¢ _\Dv\(_%‘—] ENABLE 1K
ROt CA? e e Bz_]PRINTY \-@] ENABLE 10K
CA2 f———————(""B13_] RUN.HOLD™

r DIGITAL COM.

+ 5V POWER'

3) To initiate a conversion RUN/HOLD should be
pulsed high for a minimum of 1us. Additional
RUN/HOLD pulses after initiation of conversion
until E.O.C. goes low will have no effect. If RUN/
HOLD is held high continuously, DM-4100D will
perform conversions continuously at about 3
conversions/sec. (41, mode) or 30 conversions/
sec. (35, mode).

5V @ ', A may be derived from the uC buss if
power supplies have capacity. The DM-4100D in
turn provides £13.5V power which may be used
to power input signal conditioning circuitry e.g.
Datel AM-435 instrumentation amp &/or input
multiplexer e.g. Datel MX1606/MXD807.

4
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APPLICATIONS (Cont'd)

DM-4100D INTERFACE WITH DPP-Q7 THERMAL PRINTER

The DM-4100D may be connected directly to Datel-Intersil's DPP-Q7 Miniature Printer to form a
functional data logger. The required connections are shown below.

(2 0800000TARARARN oo NEBRDANE @D@@ns
Sckcfofefof/aaaaRaLe - o ok ookl g@ Hﬂfﬂ

DM-4100D e o ‘ r ém_ E?{J-— PUSH TO MEASURE & PRINT
= = ] ke e T

DIGITAL INTERFACE
S s [T D H A EEEEEE
Notes:
1. Leading zero suppression on the printer may be activated by grounding printer pin B4 on connector
C1 (join B4 to A4 on C1).
2. To select the desired decimal point on the printer, ground all unused decimal points to C1 pin A4. Only
the unconnected decimal point is enabled.
3. The Run/Hold input on the D.P.M. can be used to trigger a Measure/Print cycle. A logic input or con-
tact opening can be used (no debounce is necessary). Leaving the Run/Hold open or high will cause
the system to free run at about 3 measurements per second.

This applications information shows typical suggested circuits to illustrate design examples. Since Datel-Intersil has no control over the selection, mounting, interconnection, fabrication
and environmental factors of external apparatus and components to this product, specific performance cannot be warranted. This information is believed to be accurate and reliable. No
responsibility is assumed for any errors or omissions. Nor does Datel-Intersil, Inc. assume responsibility for the use of such information or for any infringement of present or future patents or
other third party rights resulting from such use. No license is granted by implication or otherwise under any patent, patent rights, or otherwise of Datel-Intersil, inc. Prices and specifications
are subject to change without notice

PLUG-IN REGULATED POWER ADAPTER FOR DM-4100D
MODEL UPA-5/500

FEATURES

® 115 VAC (+10%), provides +5 VDC out (£6%) @ 500 mA

e Line and load regulated to within 0.3% of rated output

e Ripple and noise measure less than 8 mV RMS

DM-41000.

58S



L UPA-5/500 Plug-In,

w7/
b +5V Regulated Power Adapter
]“&' for Digital Panel Meters

FEATURES:

» 115 VAC (+10%) line power provides
+5 Vdc Out (16%) @ 500 mA | - )

» Line and Load regulated to within i 1 1 st ———
0.3% of rated output i ‘ —

» Ripple and noise measure less than 8 ‘}‘:PNT’?E,'{
mV RMS : - AC/DC

» Plugs directly into U.S. power outlets Lo R RE%{JDMED

» Provides isolated, low voltage ; L AuApyEfk
operation of meter ‘ .

» Designated for U.L. and C.S.A. L UPA-5/500
Listing

» Low Cost

COMPATIBLE WITH SPECIFICATIONS

» DM-3100L, DM-3100N, DM-3100U1, InputVoltage ................ 115VAC + 10%
DM-3100X, DM-2115, DM-350, InputFrequency ............. 60 HZ
DM-31, DM-LX3, DM-4100L, OutputVoltage . .............. +4.8 to +5.3Vdc
DM-4100N, DM-4100D. OutputCurrent. .............. 0-500 mA

» Any DPM which requires +5 Vdc Regulation (0 to 500mA)
power at 500 mA or less. LineandLoad.............. 0.3%typ.

Ripple/Noise................. 8mV RMS max.
Breakdown Voltage . .......... 1500 VAC min.

DIMENSIONS AND CONNECTIONS
MECHANICAL DIMENSIONS
INCHES (MM)
ACIN MOLDED STRAIN RELIEF
2.06
2.18
(52,32)
] (55,37) { 7 DC OUT
+ =
-
|
D el |
1.71 > 2.06
(43,43) (52,32) >

pajejnbay AS+ ‘uj-bnid 005/S-vdn

H3ldvav Hamod
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DM-2115

3'2=-Digit LED Digital
Panel Meter with optional
AC Power/BCD Outputs

OJANNS[L
INTEIRSIL

FEATURES
e Choice of AC line or +5VDC power

® Compact, short depth case measures only
3.00" W X 2.15" D X 1.76" H (76,2 X 54,6
X 44,7 mm).

o Large, Bright, 0.43" High Red LED Displays
° Automatic Polarity and Overflow Display

© 5V/400mA Optional Power Input — ldeal for
Portable Use

e Differential Input
Optional Paraliel BCD/TTL Output

SPECIFICATION HIGHLIGHTS

INPUTS
Input Voltage Range . ........ +1.999 Volts DC
Input Impedance . .......... 100 Megohms, min. ’
Typeof lnput . . ........... True Differential NOTE: DPM's are supplied without Bezel Labels or Logos
InputBiasCurrent . . .. ....... Analog HIi Input 3nA Typ,
7nA Max. DISPLAY OUTPUT
Analog LO Input 45nA Display Type .. ............ Solid. State 0.43” Red
Typ. 500nA Max. LED. 100% overrange.
InputPolarity . ............ Bipolar-Automatic Overload Scale . . . .......... Indicated by alternating
o Mode Rejection . . . . ... 70 dB, DC-60 Hz flashing of center bars arid
CommonMode Range . . . . ..... (Eyn+ ECM) Must be with- zeroes.
in £3.0V to logic or Analog Decimal Points . .. ......... 3 left-hand decimal points
Ground, 300V to AC line selectable at rear connector.
Input Overvoltage . . ......... +50V Max. continuous Ground appropriate pin for
+200V Max. 5 sec. duration desired decimal point.
PERFORMANCE Polarity . ... ............. Minus sign only displayed
Accuracy @25°C . .......... +0.05% of reading 1 count for negative input. Sign
Resolution . .............. 1mV blanks for positive inputs.
Temperature Coefficient . ...... +50ppm/° C Max. PHYSICAL
ConversionSpeed . .......... 0 to 40 conversions/sec. CaseSize . ... oo, 3" W x 1.75" Hx 2.25" D
max. (ext. trigger required (76.2 mm x 444 mm x
at max. rate) 4 samples/sec. 57,2 mm)
nor.mal from Int. Clock. Case Material . ............. Black polycarbonate plastic
(adjustable) Weight . ................ Line Power Units — 10 oz.
BCDOutputs . ............ 12 latched parallel lines (284g)
8-4-2-1 positive true binary 5V Units — 5 oz. (141g)
coded decimal. Loading 2 Mounting . .............. 1.812" x 3.062" cut out
TTL loads. BCD not valid attached by four 4-40 flat-
until 400 usec after EOC head countersunk screws.
trailing edge. Connector . .............. DUAL 18-pin PC edge-

Operating Temperature Range . ...
Storage Temperature Range
Warm Up Time

Adjustments

Power Supply ‘

60S

0 to +50°C

-20°C to +85°C

5 minutes to specified ac-
curacy.

Diff. Amp. Balance and
Full Scale located behind
snap on front Bezel and
filter.

3 (A) (E)
100, 115 or 230VAC,
+10%, 47 to 440 Hz @ 3.5
Watts or +5VDC 5%, reg-
ulated at 400mA max.

ORDERING INFORMATION

MODEL
DM-2115D1
DM-2115D2
DM-2115A1
DM-2115J1
DM-2115E1
DM-2115A2
DM-2115J2
DM-2115E2
58-2075010

DESCRIPTION

board type on 0.1" centers
(Viking 3VH18/1JN-56 or
1JHD-5 equiv. w/keys).

DM-2115, +5 Vdc powered, no BCD.

DM-2115, +5 Vdc powered, with BCD.
DM-2115, +5 Vdc powered (USA), no BCD.
DM-2115, 100 VAC powered (Japan), no BCD.
DM-2115, 230 VAC powered (Europe), no BCD.
DM-2115, 115 VAC powered (USA), with BCD.

DM-2115, 100 VAC powered (Japan), with BCD.
DM-2115, 230 VAC powered (Europe), with BCD.

Connectors, dual 18-pin, 0.100" centers,

one required (not supplied).

INO @28 “iMd JV leuondo ‘a3 161a %€ St LZ-Na
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FEATURES

» Large 0.43"” (11mm) LED Display.

» Choice of Unipolar or Bipolar 1.999 Vdc ranges.

» Choice of AC or +5 Vdc Power Power Supply.

» Very Low Power Consumption, +5 Vdc @ 300maA typ.

» Compact, short depth case measures only 3.00"W X
2.15"D X 1.76"H. (76,2 X 54,6 X 44,7 mm).

SPECIFICATIONS (Typical at +25°C
unless noted).

DISPLAY

Number of Digits ... ... 3-1, digits with sign and 3 decimal points
(+1.9.9.9)

Display Type ......... Red, Light Emitting Diode (LED)

Display Size .......... 0.43 inches (11 mm high

Overscale ............ Inputs greater than 1.999V indicated by
steady horizontal bars and a “one”

Polarity .............. Plus and minus sign automatically dis-
played on bipolar models. No sign on uni-
polar models.

LampTest ............ All display segments may be tested (us-
ing 888) by grounding pin 9.

SamplingRate ........ 2 samples per second, may be varied us-
ing ext. resistors

Underscale ........... Reads all zero’s

ANALOG INPUT

Configuration ........ Single-ended referenced to ground and
common or single-ended transformer
isolated (AC models)

FullScale ............. 0 to +1.999 Volts (unipolar)

Input Ranges or
-1.999 Volts to +1.999 Volts (bipolar)

InputBias Current . . . .. 45nA, typical 500nA, maximum

Displayed Accuracy ... Within 2mV of correct reading after cali-
bration at steady operating temperature.
(+0.05% of F.S. £1 count)

Temp.Drift ........... Within 10mV between 0 and +50°C
(£100ppm of F.S./°C)

Operating Temp. ...... 0to +50°C

Range

Storage Temp. ........ —25°C to +85°C

Range

Input Overvoltage ..... +50V continuous maximum for no
damage

Inputimpedance ...... 100 Megohms minimum *

CommonMode ....... +300 VDC to AC pwr gnd (AC models

Voltage only)

CommcnMode ....... 70dB @ DC (AC models only)

Rejection

WarmUpTime ........ Essentially None

DIGITAL INPUTS (Disregard These Inputs If Not Required)

LampTest ............ (Pin 9) Ground this pin to illuminate the
three ‘8's” in the display. 1 TTL load (Sink
1.6mA)

HoldDisplay .......... (Pin 10) Switch this input to +5VDC to
freeze the last displayed reading. 10 Kil-
ohm load to ground.

SampleRate .......... (Pin 11) Sampling rate is 2 samples per

Adjust second with no connection on pin 11.
Connect a 680 Kohms resistor to +5V for
4 samples/second. Connect a 1uF, 10V
capacitor toground for 1 sample/second.
(Plus lead of cap to pin 11).

DecimalPoints ......... (Pins 5, 6, and 7) Ground each pin to il-
luminate corresponding decimal points.
Sink 20mA.

DM-350
3'2=Digit LED
Digital Panel Meter

NOTE: DPM'’s are supplied without Bezel Labels or Logos.

ADJUSTMENTS

Zero,FullScale, ....... Screwdriver trim pots for calibration

Balance adjustable by removing front panel bezel
and filter.

POWER SUPPLY

+5VDC ............... (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 regu-
lated supply.

AC ...l (Pins 15 thru 18) 115 or 230 VAC, +10%,
47 to 440 Hz 5W max. required at these
pins. Externally pin-strapped by the user

PHYSICAL

CaseSize ............. 3"W X 1.75"H X 2.25"D (76,2 X 54,6 X 44,7
mm)

CaseMaterial ......... 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"
(46,0 X 77,7 m) cutout with 4-40 flathead
sCrews.

Connector ............ Dual 18-pin, PC edgeboard type 0.1" cen-

ters, Datel 58-2075010
ORDERING INFORMATION

MODEL DESCRIPTION

DM-350D1 | DM-350, +5 Vdc Power, Unipolar Input.

DM-350D2 | DM-350, +5 Vdc Power, Bipolar Input.

DM-350A1 DM-350, 115/230 VAC Power, Unipolar
Input.

DM-350A2 | DM-350, 115/230 VAC Power, Bipolar Input.

58-2075010 | Connector, dual 18-pin, 0.100"” centers; one
required (not supplied with meter).

19191 jdued jeybig @31 161a-%.€ 0S€-NA
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NEES Autoranging 3'2-Digit LED DPM
“mu“—" | | with BCD Outputs

FEATURES

» 3 Full-Auto Ranging-Scales: +19.99V,
+1.999V, +199.9mV

3", Digit Solid State LED Display

Automatic Polarity and Overflow Display
Operates From Single +5V DC Supply
Optional Optically Isolated Differential Input
Optional External Ranging Control
Adjustable Internal/External Start Clock
Includes Full-Parallel BCD Data Outputs

Compact short depth case measures only
3.00:W x 2.15”"D x 1.76"H (76,2 x 54,6 x 44,7
mm).

VVVVVYVYYVYY

GENERAL DESCRIPTION

The DM-2000AR is a miniature 5V-powered Digital Panel Meter
featuring automatic X10 and X100 gain ranging over 3 full scale input
ranges of £19.99 Vdc, +1.999 Vdc and £199.9 mV. : ;
The 0.43" high self-iluminated LED displays have 3% digits of NOTE: DPM'’s are supplied without bezel labels or Logos.
resolution and the DM-2000AR automatically shifts the decimal point

to indicate the selected range. Polarity and overscale indication are PERFORMANCE

also automatic and the sampling interval may be adjusted up to 30 Accuracy . ............ %.1% of F.S. *1 count
samples per second, making the DM-2000AR ideal for an industrial Resolution . .......... %1 count (¥100uvolts)
data logging system. Temperature Coefficient of

Autoranging offers important advantages including lower costs Full ?cale ........... +100 PPM/°C
because a front panel range switch is eliminated. Also, autoranging 297 Drift (referred to the :

reduces operator display misintcrpretation errors. input) ...l 30;9Vé CV 4 1.000V
BCD digital data at the rear connector also includes the range code, (r1n ;)m anc 1.
polarity, overscale, and data valid indication. 13509“\//00

The 1 Megohm single-ended input has optional optoisolation for virtual (19.99V range)
differential characteristics. The DM-2000AR is powered by +5 Vdc

Conversion Time . ....... 33 msec max
regulated at 800 mA max.
The internal start clock rate may be externally adjusted or an external  nput Settling Time . . . . . . . 1 m sec for F.S. change
start pulse may be substituted to synchronize with process events.  Operating Temperature
Range............. 0°C to +50°C
SPECIFICATIONS Storage Temperature
(Typical @ 25°C, 15 minutes warm-up) Range............. -20°C to +85°C
) Warm-up Time ......... 15 min to specified accuracy
ANALOG INPUT Note: Display reads Input Power ... +5:.25VDC at 800mA (max), <50mV
(single ended) in volts onublg:\t spikes
Full Scale Input Ranges ranges, millivoits on
(automalicprangingg) ......... +1999y 'owrange. PHYSICAL
+1.999V CaseSize ., . ........... 3"W x 1.75”H x 2.25"D
+199.9mV Case Material . ......... Black polycarbonate plastic
Input Bias Current ............ 2nA (all ranges) : Weight .. ............ 6 0z. approx.
Input Overvoltage............. 100V max. Mounting. . ........... Panel mounted through a 1.812" x
Input Impedance.............. 1 MEGOHM 3.062" cutout with four 440
Ad:ji:ional sipec)ifications (available only with optical - screws.
isolation option): .
Input Configlpnration ........... Single ended Bipolar Floating Connectf)r """ ettt Du?,l 18-pin, PC. E_dgeboard Type,
Common Mode Voltage ....... +100Ven Max. (not included with DPM, 0.1 centers_» (Viking #3VH18/1JN-5
to digital output common add to order) or equal) with key between
Common Mode Rejection ..... 70dB @ 60 Hz pins 4 and 5

ORDERING INFORMATION
MODEL DESCRIPTION

DM-2000AR no optoisolation, less connectors

DM-2000AR-2 with optoisolation, less connectors

58-2075010 Connector, dual 18-pin, 0.100”
ctrs; one required.
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Digital Voltage Calibrator

IN THIS SECTION

DVC-8500 PAGE 64S-66S

DVC-8500
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wANE DVC-8500
b, ]& - Miniature Digital
‘ Voltage Calibrator

FEATURES

o -19.999 to +19.999 Volts Full Scale
Output Range Set from Front Panel
Lever Switches

« 1 Millivolt Settability with Accuracy of
+25ppm of setting +14,LSB

* Continuous Front Panel +1.5mV Vernier
Control

* Rated Accuracy up to 25mA Output

« Current from Short-Circuit-Proof Output
Transfer-Isolated +300 Volits to AC Line

© Miniature Aluminum Case Includes
Bench-top Stand or Can Be Panel-
Mounted

DESCRIPTION

Datel's low-cost miniature Digital Voltage
Calibrator, model DVC-8500, is a 4 digit
voltage reference source with a full scale
output range of -19.999 Volits to +19.999
Volts in 1 millivolt steps. An active buffered
output amplifier provides very low output
impedance and up to 25 milliamps output
current at the rated accuracy of +25 ppm of
setting, *500uV. This short-circuit proof
output is selected by front panel digital lever
switches. Voltage outputs may be contin-
uously varied within 1.5 millivolts of se-
lected readings by using the front panel
vernier - control. The DVC-8500 output is
available from front panel banana jacks and a
parallel rear panel 36-pin gold-plated PC
connector or lug terminals.

The DVC-8500 Digital Voltage Calibrator
is small enough for bench-top use or panel
mounting. It fulfills many laboratory needs
such as calibrating A/D and D/A Converters,
Digital PanelAMett‘a;s, Opeu;/at:onai/ell:nd Instru-
mentation mplifiers, Voltage/Frequency
Converters and Dighitzl Voltme’tgrs.g\r,v(e:sanggg MECHANICAL DIMENSIONS
size and light weight design of the - —_—
make it an ideal portable instrument for a Inches—(mm)
technician’s repair kit. When mounted on it's 578
bench top tilt stand, the DVC-8500 uses very (146,8) -

B}

little space and can be positioned close to test
circuits. )

The miniature calibrator features high per-
formance for such a small, low-cost instru- b
ment. An oven-stabilized zener diode inter- e Bl 1

nal reference provides an overall accuracy of
+500uV and 25 ppm of the setting with zero
drift of t5uV/°C and full scale drift of
4ppm/° C max.

Rear connector sense feedback inputs
reduce errors caused by cable resistance. A
front panel LED overload lamp lights if the
output exceeds 25mA and current limiting
occurs at 70mA output. The output circuit
can accept up to $25mA source or sink
current at rated accuracy. The rear connec- R
tor also includes a low-Z output of the +10 d
Volt refertnce source with 5SmA maximum
drive for external reference tracking. Wide-
band output noise is 25 microvolts, pk-pk
max.

Powered by a choice of 100, 115 or 230
VAC £10%, and 47 to 440 Hz at 10 watts, the _.
DVC-8500 offers transformer isolation up to r

43

5.86 .
148,8) TOP VIEW

PANEL THK RANGE WITH SCREWS OPTIONAL
FURNISHED: 0 TO .187 (4,75) U-STRAP
* CASE SUPPORT
(2 REQUIRED)

4.942 (125,5) {
4.175 (106,0)

- g

/—\ ReAR viEw m (éeim AL

7 SIDE VIEW

~F
8-
&
JE——

+300 VDC. Output line rejection is within +50
microvolts of zero and within +25ppm of full 2
scale range. The black-anodized extruded ©1.7)
aluminum housing provides excellent shield- ‘
ing to electrical noise. The housing is identi-
cal to other instruments in Datel’s 8000 series
including Counter, Timer, Clock and Com-
parator models for a uniform appearance |27
and compatibility when thg,se instruments 1394~
are used together. !

PC BRD RETAINING SCREWS, NO. 2-56 lB‘l 2)

S b s '
- MAIN PC BRD

BEZEL RETAINED BY A 556 1/0 CONNECTOR J

NO. 4-40 HEX SOCKET HD. SCREW, NO. 6-32 141.2)

SETSCREW (080 IN. KEY) 549 Zé':;c;&"nesb?)mm LT
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SPECIFICATIONS: (Typical between 0°C and +50° at steady ambient temperature after 5 minute warm-up)

VOLTAGE OUTPUT
Output Type. ... Shielded transformer isolated, active low
impedance DC voltage output, current

limited.
Output Voltage

Range:......... 0 to +19.999 Volts DC or 0 to -19.999 Volts
DC, lever switch selected, 1mV steps.*

Output Current

Range:......... 0 to 25mA (source current) to rated voltage
output accuracy.

Output

Overload: ...... Greater than 25mA (source current) will
illuminate front panel LED overload lamp.
Output is current limited (continuous short-
circuit proof) to 70mA (source current) at

Output any voltage up to +20VDC.

Impedance: .... Less than 10 milliohms.
*Range +20.0005 Volts using vernier control.

Capacitive

Load .......... no limitation
PERFORMANCE

Accuracy @ +25°C

With Vernier .. .. Within t25ppm of setting, +500uV when
Control at Zero: calibrated.

Resolution: . . . .. Set within £1mV increments. A front panel
vernier control provides +1.5mV continuous
offset with 100uV graduations.

Temperature

Drift of Zero: ... Within +5uV/°C

Temperature Drift

of Calibration: .. Within +4ppm of setting /°C

Operating

Temperature

Range:......... 0°C to +50°C

Range:......... -25°C to +85°C

Warm-Up Time:. 5 minutes to rated accuracy

Output Noise: .. 25uV pk-pk, wideband (no cap load)

Reference

Source: ........ 6.4V oven-stabilized low TC zener
reference diode

AC Line Voltage :

Rejection: ... ... Zero: £50uV over full line range

Calibration: +25ppm of setting over full
line range

Power

Transformer

Isolation: ... .. .. 1000 Megohms. Transformer primary has

a grounded shield for capacitive isolation.
Breakdown: 300 VRMS, min.

INPUT/OUTPUT CONNECTORS
Front Panel: . ... Voltage output (blue) and output common
(black) available from two (2) gold plated
brass deep banana jacks, 0.166" (4,22mm)
i.d., 0.56" (14,2mm) deep, 0.75" (19,05mm)
between centers. (Pomona model 2854 jack
or equivalent, suitable for U.S. or European

plugs).
Rear Connections:

Voltage

Output: ...... Parallel connection with front panel jack.

Output and

Reference

Common: .... Parallel connection with front panel jack.
Transformer isolated +t300V from case
ground.

Reference

Output: .. ... Low impedance +10 Volt DC output from

+6.4V ref. diode. Drain must not exceed
+5mA maximum. Ref. output is opposite
polarity of calibrator output.

Sense Input:. . Connect to remote load to compensate for
cable resistance voltage drops. See
diagram. This input must be tied to voltage
output if not used.

Sense

Common: .... Return for sense inputs. Tie to output
common if sense is not used.

Rear connections are arranged as dual 36-pin PC edgeboard
connections on 0.1" centers. Individual connections consist of 4
gold-plated fingers on a common pad area in parallel with the 4-
finger pad on the bottom. Each dual-pad (8 fingers total) is
drilled and plated through for optional lug connection using
4-40 hardware. Shorting bars and 4-40 hardware are included to
short sense and common connections if not used.

Rear connections may use a Datel 56-2076050,
(Viking#3VH36/1JN-5) PC connector.

ADJUSTMENTS Calibration adjustment trim pots are accessible
by partially removing circuit board from
case. Refer to calibration procedure.

POWER SUPPLY

Power

Required: ...... Choice of 100, 115 or 230 VAC, £10% 47
to 440Hz, 10 watts. 3-prong U.S. captive
line cord installed. Ground wire connected
to case, but transformer-isolated
+300VRMS from output common. Fuses
AGC Slo-Blo, .15A (115V), .1A (230V)

FRONT PANEL
Output Selector
Switches: ...... Six lever-operated detented switches are
set in millivolts (+19999mV range)
Polarity: . ... .. 2 positions, + or -
Leading Digit: 2 positions, 0 or 1
4 Digits:. ... .. 10 positions, 0 thru 9
Output Vernier: . Rotary potentiometer, range +1.5mV of
selected output. Graduated in 100V
divisions. Clockwise rotation labeled
“INCR” (increase) will increase the
absolute value of the selected output.
“INCR” will make a negative output more
negative or positive output more positive.
Counterclockwise rotation labeled “DECR”
(decrease).
Overload
Light: .......... Red LED lamp illuminates if output
exceeds £25mA.
Power Switch: .. Toggle switch, AC power on or off
Power Light: ... Red LED lamp illuminates when AC power
is on.

MECHANICAL DIMENSIONS

Case: .......... 5.56"W X 2.11"H X 5.78"D (141,2 X 53,6 X
146,8mm) (Bench-top stand retracted)

Bezel:.......... 5.86"W X 2.25"H X 0.50"THK (148,7 X 57,0
X 12,7 mm)

Servicing: ...... Bezel, front panel and mother bcard are

removable from front while unit rermains
secured in panel. Bezel is lifted off by
removing the two 0.050 - inch (4-40) Allen
hex key set screws on the bottom side edges.
PC boards may be removed by loosening
the PC board guide track retaining screws
on the lowest position on the panel mount-
ing seats.

Weight: ........ 2.25 pounds (1,0Kg)

MOUNTING: ... Choice of bench-top mounting or 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 ordering
guide for optional panel-mount kit.
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OPTIONAL FRONT PANEL MOUNTING

Standard DVC-8500 Calibrators are supplied for bench-
top use including a tilt-up stand and rubber feet. The
DVC-8500 may be converted for panel-mounting using the
mounting kit, model 38-A-3022-1. The required panel
cutout dimensions are shown below. The tilt-up bench-top

MOUNTING DETAILS
DIMENSIONS IN INCHES (MM)

5893 ‘oo
(142,1)
218603 FRONT PANEL
(54,8) CUTOUT

wire bail stand and rubber feet must be removed from
the case so the instrument will fit through the panel cut-
out. The rubber feet are held on with a strong adhesive
and require pliers for removal.Secure the instrument into
the panel cutout by using the two U-straps and hardware.

CUSTOMER'S MOUNTING PANEL

USTRAP (2)

ORDERING GUIDE

Model Number
DVC-8500

T

AC POWER SUPPLY*

A =115VAC
E = 230VAC
J = 100VAC

*+10%, (47 to 440 Hz)

DVC-8500 ...............ccoiiiiinniininn

Panel-Mount Kit, P/N 38-A-3022-1 ........
(Consists of (2) U-Straps, rear PC board
connector and hardware)

Test Lead Set, 38-3902 ...................
(Consists of (2) 3-foot, 20 gauge leads,
red and black. Stackable banana plugs
and retracting hook clips)

10:1 Attenuator, 38-3900-1

100:1 Attenuator, 38-3901-1

EQUIVALENT CIRCUIT

3052.69
9]

8140
Q

SENSE
INPUT

. Rsense LEAD

1
364K 0 0to :** NOTE 1
TV T | | CALIBRATOR
OuTPUT RTEST LEAD
[ CURRENT BOOSTER RLoaD
6.36KQ U SENSE
COMMON ‘/\R/SENSE LEAD
p +10¥ NOTE 1
3010 REFERENCE
Q AND OUTPUT
COMMON RTEST LEAD
POLARITY SWITCH
(SHOWN FOR POSITIVE
CALIBRATOR OUTPUT)
(REF OUTPUT
£10V NOM POLARITY IS
27/30) REFERENCE OPPOSITE TO
ouTPUT CALIBRATOR
PUT
REAR OUTPUT) |
PC BOARD
CURRENT CONNECTIONS NOTE 1: Rear sense
AC LIMITER LED Jumper straps connect
POWER ggrﬁfﬁ —‘ AND Z VERLOAD “here when the 2-wire
6.4V IN OVERLOAD  Lame output is used.
REFERENCE DETECTOR
DIODE 710 ) CHASSIS
AND
OVEN
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Sinefrac A/D-D/A
Computer Analog Boards

IN THIS SECTION

SELECTION GUIDE 68S, 69S

INTRODUCTION, HIGHLIGHTS 708

/ ST-711, ST-732 71S8-75S

Sﬁi ST-711RLY 765-80S
P v |

‘ ST-724 81S-87S

ST-800 88S5-99S

ST-LSI 100S8-1118

ST-LSI2 1128, 1138

ST-LSI-RLY 114S-1218

ST-6800 1225-130S

ST-LSI2
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SineTrac Selection Guide
High Performance A/D-D/A
Peripheral Boards

MODEL
SERIES

ST-800
Master Board

COMPATIBLE COMPUTER

COMPUTER

MFR.

NO. OF
A/D CHANS.

32 SEor
16 Diff.

LOW LEVEL

INPUTS

CURRENT
110

Optional
16 D AID

PROG. GAIN
AMPL.

NO.OF
D/A CHANS

None, use
ST-800DA

(See pg. 88S) (Module Chans.
Change)
ST-800DA " ! None, use N/A No N/A 4o0r8
ST-800 chans.
ST-800ADX B " Adds 32/48 None Opt. 32D No None
SE or Diff. or 48D
ST-711 " " 32SE or Resistor Opt. 16 AID Included Optional 2
{No D/A’s) 16 Diff. change for | Chans., X1,2,4,8 chans. on-
ST-732 (Jumper 10mV FSR | Opt. 2 D/A Gains board
(2 DIA’s) change) current amp
(See pg. 71S)
ST-711RLY " " 8 Diff. or Inciuded Opt. 8 or Included None,
(Relay Input (ST 711RLY8D) std. 16 AID X1,2,5,10 Use ST-800DA
250V CMV) 6 Diff 10mV—-2V | chans. Gains
(See pg. 76S) (ST 711RLY 16D)
ST-724 SBC-80 Intel None, use N/A Yes, (requires | N/A 4
(See pg. 81S) Series Corp. ST-711 external ex-
SBC-86 ST-732 citation source)|
Series
ST-6800 M6800 Motorola 32SE or 16 None Optional No ‘| Optional
Master Board EXORciser Semi- Diff. (Module 8D A/ID 2 on-board
(See pg. 122S) conductor [Change) Chans.
Products no D/A
ST-6800DA B " None, N/A No N/A 40r8
Use Master Chans.
ST-6800ADX " " Adds 48S/D None No No None
ST-LSI LSI-11, Digital 32SE or Opt. 10mV | Opt. 8 Diff Opt. X1,2,4,8 | Optional
Master Brd. PDP-11/03 Equipment | 16 Diff. FSR AID Chans. or1,2,5,10 2 chans.
(See pg. 100S) PDP-11/23 Corp. (Resistor Opt. 2 D/IA Gains
(Full Quad) Change) current amp)
ST-LSI-DA LSI-11 and " None N/A None, use N/A 4 chans.
' LSI-11/2 Master Master
(Half Quad)
ST-LSI-ADX LSI-11 " Adds 32S/ None 16D A/D None None
(Half Quad) 16D Ch. Optional
ST-LSI2 LSI-11/2 " 16SE or None, (use | Opt. 8D None, (use None, (use
Master Brd. (Half Quad) 8 Diff. ST-LSI) A/D Ch. ST-LSI) ST-LSI-DA)
(See pg. 1128)
ST-LSI2-ADX LSI-11/2 " Adds 48S/ None Opt. 24D None None
(Half Quad) 24D Ch.
ST-LSI2-DMA LSI-11/2 K N/A N/A N/A N/A N/A
(Half Quad)
ST-LSI-RLY LSI-11 and Digital 8 Diff., relay- Opt. 10mV | No Opt. X 1,2,5,10 | None,
(See pg. 114S) LSI-11/2 Equipment |isolated FSR Gains Use ST-LSI-DA
(Half Quad) Corporation (Resistor
Change)
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INTERFACE  INTER-
TYPE RUPTS

DIRECT

MEMORY

ACCESS

PACER!/
START
CLOCK

TYPICAL
PRICING
(SINGLES)

Program I/O | EOS, EOC, | Yes, RC one-shot | Included Includes 16 SE Chans - $625
(Register DMA requires DMA ciock Diagnostic
Transfer) DMA program tape,
controller listing and
manual
Program /0 | No No No Opt. on 4 12 TTL outport 8 D/A Chans - $780.
(Reg. Trans) ch; NA8 ch. bits optl.
Slave to See Master | See Master See Master + 15V from Expdble 128D/ 48 SE A/D Chans. - $430.
Master Brd. Master 2568. Takes over-
voltage clamps
Memory- Included No Included, Included Operates from A/D Only - $625
mapped, 16 | EOS, EOC, 10 Binary Intel RMX-80 16 Diff Chans - $788
reserved Int./Ext. steps, software. 2nd
addresses Pacer Clk. jumper-sel. source to SBC-
relocatable 7111732
Memory- Included, No Included, Not Operates from 8 Diff Chans - $683
mapped, 16 | EOS, EOC, 10 Binary Required Intel RMX-80 16 Diff Chans - $1045
reserved Int./Ext. steps, software
addresses Pacer Clk. jumper-sel.
relocatable
Memory- No No No Included Operates from $595
mapped, 8 Intel RMX-80.
reserved software; 2nd
addresses source for SBC-724
relocatable
Memory- No No No Optional Includes 16 SE A/D Chans. only - $462
mapped, 512+ Diagnostic
byte block Program Tape
relocatable
Memory- No No No Opt. 4 ch; Incl. 12-bit 8 D/A Chans. - $651
mapped, 16- Not Avail. TTL port
byte block 8 ch.
Slave to No No No + 15V from 128S/112D 48 SE A/D Chans. - $385.
Master Brd Master Addressable
Memory- 3 Vector Optional, Software- Optional Int./Ext. Start 16 SE A/D Chans. - $657
mapped, 4 addresses: | requires Prog. 16 (No DC/DC)
R/W addr. EOC, EOS, | "2 quad Binary steps 16S A/D plus 2 D/A - $846
relocatable | PacerClk. | ST-LSI2-DMA Opt. Xtal (No DC/DC)
relocatable
Memory- None NA No Optional Incl. 12 TTL No DC/DC Conv. - $499
mapped 2 outport bits With DC/DC Conv. - $562
addr. reloc.
Slave to See Master | See Master See Master + 15V from Master-Slave 32Sor 16D - $310
Master Brd. Master pairs expdble.
indefinitely
Memory- Included Opt., See Program- Included Xpdble 64S/32D $625
mapped 4 (See ST-LSI2-DMA mable, 16 See ST-LSI2-ADX
R/W addr. ST-LSI) steps no Soft. Prog. Clk.
relocatable Xtal
Slave to See Master | See Master See Master + 15V from 645/32D on $358.
Master Brd. Master 2 Brds., Expdble.
Slave to EOC, End 32K Words Use Not req'd 50 KHz $350.
Master Brd. | DMA Cyc. Master Brd. Block Xfer.
Memory- 1 Vector No No Included Relay-isolated $695
mapped 2 Address: See (Generates — 12V|inputs; 126dB CMR,
addr. reloc. EQC; ST-LSI2-DMA from + 12V bus) [CMV to 250 RMS.
relocatable

(Refer to data sheets & brochures for ordering information.)

For detailed pricing,
request a current
price list from

your Datel-Intersil
Sales Office.
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Sinefrac Computer A/D-D/ A Boards

Datel-Intersil’s SineTrac series A/D-D/A slide-in boards are the
simplest method of connecting real-world analog signals to
your microcomputer. The SineTrac boards are software com-
patible to the host computer’s machine language program-
ming, mechanically compatible to the backplane and card
guides and electrically compatible to the computer’s data, ad-
dress and control busses.

SineTrac boards include a high performance multi-channel
12-bit binary successive approximation data acquisition sys-
tem and/or D/A system. Also included is a hardware controller
interface unique to the host computer. Other necessary fea-
tures are included such as address decoders, start clocks, inter-
rupt generators and DC/DC power converters.

SineTrac A/D-D/A boards eliminate tedious risky one-time in-
terface design by users and offers a proven, production-
volume, reliable method of handling analog signals in your mi-
crocomputer. Standard Datel-Intersil high performance hybrid
data acquisition components are used with a comprehensive
Diagnostic computer program and systems manual included
with each board.

SineTrac boards are offered as A/D, D/A and channel ex-
panders. Industrialized noise-rejecting relay-mux A/D boards
are also offered. SineTrac boards are available for popular mi-
crocomputers including: SBC-80/MULTIBUS®, MDS-800,
MM6800/Micromodules/EXORciser® and Q-Bus PDP®-11/03,
LSI-11, LSI-11/23® and LSI-11/2.

Quick Selection Guide

COMPUTER CHANNEL INDUSTRIALIZED
OR A/D AND/OR EXPANDER RELAY-MUX
BOARD FAMILY D/A MODELS MODELS, ETC.| A/D MODELS
SBC-80 ST-800 (A/D) PG. 89S ST-800-ADX ST-711RLY PG. 76S
MDS-800 ST-800DA (D/A) PG. 89S ST-800-DAX
MULTIBUS® ST-711 (A/D) PG. 71S
ST-732 (A/D-D/A) PG. 71S
ST-724 (D/A) PG. 815
LSI-11® ST-LSI (A/D-D/A ST-LSI-ADX ST-LSI-RLY
LSI-11/2 FULL QUAD) PG. 100S ST-LSI2-ADX | (HALF QUAD)
PDP®-11/03 ST-LSI2 (A/D (FOR ST-LSI2) | PG. 114S
LSI-11/23 HALF QUAD) PG. 112S ST-LSI12-DMA )
ST-LSI-DA (D/A PG. 1128
HALF QUAD) PG. 100S
(DIGITAL
?HszEMARKS)
EXORCISER® ST-6800 (A/D-D/A) PG. 122S| ST-6800ADX
MM6800 ST-6800DA (D/A) PG. 122S | PG. 122S
MICROMODULES ‘
(MOTOROLA
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FEATURES

» Model ST-711: 32S/16D A/D Channels,
no D/A Channels

» Model ST-732: 32S/16D A/D Channels,
includes 2 D/A Channels plus currentloop
outputs.

BOTH MODELS INCLUDE:

» Full mechanical, electrical, and pinout
compatibility to Intel’s SBC-711/732
Analog I/0 Boards and Datel’s
ST-711RLY Board.

» Operates with all Multibus and SBC-
Series compatible microcomputers
including the 16-bit SBC-86/12 (except
SBC-80/04).

» Works directly from Intel’s RMX-80
Analog 1/0 Driver operating software.

» Includes 10-stage, jumper-selected,
program-gatable Pacer start clock, 1 mS
to 1 sec., crystal-controlied.

» A/D inputs accept up to 16 user-installed
shunts for 4-20 mA etc. current inputs.

» FET-input differential amplifier accepts
on-board resistor for fixed high gain up to
X1000 (10 mV full scale range)

» Includes Programmable Gain Amplifier
(X1, 2, 4, 8 gains)

» Includes Diagnostic Program tape for
immediate TTY or CRT print-out of A/D
scans. Includes selectable memory base
address (16 reserved addresses).

» Includes comprehensive Systems Manual
with full Diagnostic program listing.

» Includes program-gatable external A/D
start trigger.

» Includes End-of-Conversion, End-of-Scan
and External Start Trigger Interrupts

» Includes start and final channel address
storage registers and automatic address
incrementing.

» Includes DC/DC Power Converter

» 12 bit binary conversion; 23,000 samples
per second.

The SineTrac ST-711and ST-732A/D-D/A
Analog Input/Output systems extend Datel’s
SineTrac family concept of slide-in periph-
eral boards for popular mini- and micro-
computers. The ST-711 and ST-732 interface
to the growing Intel Single Board Computer
(SBC) Series and other Multibus-compatible
micro-computers. The SBC Series now has
multiple sources and has been proposed as
an ANSI standard. The ST-711/732 also in-
terfaces to the 16-bit SBC-86/12 from Intel
which uses the same Multibus, thus insuring
present and future product compatibility for
the user.

Datel's experience extends beyond the
ST-711/732 series to previous SBC-80com-

Sinelrac ST-711, ST-732

32A/D, 2 D/A Analog Boards for
SBC-80 /Multibus Microcomputers

patible systems and for 6800 EXORciser,

LSI-11 and -11/2, PDP-11, NOVA/ECLIPSE
and microNOVA computer series.

Models ST-711 and ST-732 are second
generation combination A/D-D/A peripheral
board systems for the SBC-80 Series Multi-
bus-compatible micro-computers. The ST-
711/732 are sister products to Datel’s earlier
ST-800 series A/D-only boards and they fea-
ture functional, hardware and programming
differences to the ST-800 by adding 2 D/A
converters plus current loop amplifiers (ST-
732 only) without sacrificing the high A/D
channel density of 32 single-ended or 16 dif-
ferential channels per board. Other import-
ant differences include memory-mapped
interfacing (vs. conventional register transfer
1/0 for the ST-800), addition of a FET input
programmable differential amplifier (with
optional high gain operation), a jumper-pro-
grammed, 10-stage crystal Pacer clock and
complete pin-for-pin form, fit, and function
identity to competitive SBC-711/732 series
A/D-D/A board systems. This last feature
allows Datel’'s ST-711/732 to operate directly
from Intel’'s RMX-80 Analog |/O Drivers
(Real-time Multitasking Executive Software).

For the highest speeds and/or applica-
tions requiring interfacing through DMA,
users should choose Datel’s ST-800 which
includes DMA logic (the ST-711/732 does
not operate under DMA). When using the
ST-800 under DMA, an Intel or equivalent
DMA controller board is required.

And for channel expansion, the ST-800 in-
cludes addressing logic for up to 256S/128D
A/D channels using multiple ST-800ADX
MUX Channel Expander boards. The ST-711/
732 cannot be expanded beyond 32S/16D
A/D channels on one board but additional

COMPATIBLE TO: MDS-800
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boards may expand using different base
addresses.

For D/A, either product may expand
channels by using the ST-800DA series for
4 or 8 channels and ST-800DAX Slave D/A
Expanders. This series is interfaced using
conventional register I/0 logic (not memory-
mapped) therefore mixing ST-711/732 and
ST-800DA/DAX systems waquld require a mix
of programming methods.

Hardware differences include the change
from an MDAS-16 data acquisition module
on the ST-800 to a hybrid ADC-HS combined
A/D converter and Sample/Hold Amplifier
on the ST-711/732. Substantial addressing,
register and DMA logic is saved on the
ST-711/732, making room for the D/A’s, cur-
rent amplifiers and Pacer clock.

A further advantage to ST-711/732 users
is complete software interchangeability to
Datel's ST-711RLY Low-Level Relay Multi-
plexer board system for noisy, industrial or
high isolation applications. (Contact Datel to
receive an ST-711RLY brochure). Addressing
bit assignments and I/O pin locations are
identical for the ST-711/732 and ST-711RLY
products and for competitive SBC-711/732
boards.

All of these differences are summarized in
Table 1.

INTRODUCTION
The ST-711 is a full analog input system
only (use Model ST-732 for D/A outputs) in-
cluding either 32 single-ended A/D input
channels (standard) or 16 differential chan-
nels (jumper change). The ST-711 includes
the DC/DC Power Converter to supply all
on-board =15 VDC requirements, Program-
mable Gain Amplifier (X1, 2, 4, 8 gains) with
Continued

SBC-80 SERIES

Intel, RMX-80 and Multibus are Intel Corp. Trademarks

PI20€ V/Q-Q/V SNqRINK Z€L'112-1S JRIJBUIS
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optional (added resistor) gain selection up to
X1000 (10mV full scale range). Also included
is a 10-stage jumper-selected crystal Pacer
clock, selectable base memory address,
jumper-selected End of Conversion (EOC),
End of Scan (EOS)and Pacer Clock/External
Start Interrupts (external TTL A/D conver-
sion starts are software-gatable). Up to 16
differential channels contain pads to accept
user-installed shuntresistors for 4-20mA, 1-5
mA, 10-50 mA and other current input ranges.

For conversion control, the ST-711 in-
cludes on-board registers to store start and
final A/D channel address, status bits, con-
version modes and interrupt enables.

An A/D Converter auto-increment mode,
which is program-selected, automatically ad-
vances the channel address after each con-
version. Successive A/D samples will con-

tinue until the program-selected last channel )

address is reached.

The S8T-732 is identical to the ST-711 but
includes two 12-bit hybrid DAC-HK D/Acon-
verters with input registers. Also included
with each D/A Converter is a current loop
output amplifier with a unipolar range of 4 to
20 mA, which is compatible with many indus-
trial process transceivers and is especially
suited to driving long cables in noisy indus-
trial applications.

DESCRIPTION )

The A/D section of the ST-711/732 uses
Datel’s hybrid technology ADC-HS12B com-
bined successive approximation A/D con-
verter and sample/hold amplifier. The ADC-
HS features 6 usec S/H acquisition time and
8 usec A/D conversion time and 12 bitbinary
resolution (1 part in 4096). System accuracy
varies from =0.05% of FSR =% LSB (10V
range)to +0.3% FSR =% LSB (10 mV range),
including noise, quantization, nonlinearity
and dynamic errors. The ST-711/732 employ
Datel's MX-1606 series fast CMOS multi-
plexers which incorporate =35V overvolt-
age protection. Inputimpedance is 100 meg-
ohms minimum (poweron) with 30 pA typical
input bias current. Balanced inputs require
5 kilohms maximum source impedance to
maintain accuracy and throughput rate.

All models include an FET input differen-
tial amplifier which is wired as single-ended
for the 32-channel models. This diff. amp.
will accept.a fixed resistor to increase the
gain to 1000, making 10 millivolt full scale
ranges practical. For differential inputs, the
common mode voltage is =12V to analog
common. Common mode noise rejection
varies from 120 dB at dc with a gain of 8 to
60 dB at 60 Hz with a gain of 1000. Sample/
Hold aperture delay time is 100 nanosec-
onds, maximum.

System temperature coefficients are =25
ppm of FSR/°C (gain drift of gain = 1) and
*20 uV/°C (RTI) zero drift. Amplifier settling
time is 8 microseconds (high level) and typi-
cally 110 microseconds (low level). Overall
system throughput rate for high levelsignals
is 23,000 samples per second.

The standard A/D-D/A digital coding is off-
set binary (bipolar) but jumpers may easily
by changed to straight binary (unipolar) or
2's complement (bipolar). Standard A/D-D/A
analog signal ranges are =10V full scale but
may be jumper selected to =5V, or +5V or
+10V unipolar.

D/A outputs include op amps for voltage
outputs, giving very low output impedance
(2/10’s of an ohm) at 5 mA short circuit proof
output current. D/A settling time is 4 uS (FS
pk-pk change). Output temperature drift is
+50 ppm fo FSR/°C. 4 t0 20 mA currentioop
outputs accept a 15 to 30 Vdc voltage com-
pliance with £0.075% FSR accuracy and
=50 ppm FSR/°C drift.

A Diagnostic Program on paper tape is
included with all models to fully exercise the
system. The Diagnostic allows A/D hex scans
to be printed out on a teletypewriter or dis-
played on a CRT terminal within minutes
after signal connections are made and the
Diagnostic tape is loaded. The Diagnostic
tests all data paths and registers for fault
troubleshooting. The program shows exam-
ples of how the A/D-D/A sections may be
controlled by the computer. A full listing of
the Diagnostic is included with the supplied
ST-711/732 systems manual. Selected use-
ful portions, of the Diagnostic may be ex-
tracted and written into the user’s application
operating program. The Diagnostic may also
be used for calibration adjustments by using
an interactive (prompting) teletypewriter
technique.

. HI-GAIN CURRENT
NO. A/D A/D CHANS. A/D THRU- PROG. GAIN DIFF. AMPL. LOOP EXTERNAL INTERFACE
MODEL CHANS. EXPANSION PUT RATE AMPL. & RANGES OUTPUTS CLOCK START TYPE
ST-711 32S/16D Must use 23,000 Included User-option, None, use Included, 10- Included, gatable { Memory-mapped
(No D/A) additional 711 samples/sec. X1,2,4,8 up to X1000 732 board stage bin. divider| starts A/D Conv. {16 re‘served
boards with dif- (10mV FSR) 1mS to 1 sec, locations, any
ferent base Xtal or jumper base 65K
addresses. Inde- select. Starts A/D|
finite expansion
S§T-732 1 X} 1A "y ” 2 Chans. Incl. 4-20mA ” ’
(2D/A’s) Loops Incl.
ST-800 168, 8D, 325 Up to 256S/128D| 35,000 samples/ j No No None None RC adj. one-shot |Register Transfer,
(No D/A) or 16D using ST-800ADX| sec. (DMA Mode) startclk. Set Program or
Boards status bit or * | Interrupt I/O
or interrupt
IDENTICAL
PIN-OUTS,
REGISTER
BITS TO DIAGNOSTIC
DC/DC POWER COMPATIBLE OPERATING COMPET. TAPE
MODEL CONVERTER NOTES INTERRUPTS COMPUTERS SOFTWARE MODELS PROGRAM DMA
ST-711 Included Uses ADC-HS End of Conversion | iSBC-80/05 Intel RMX-80 SBG711 Included, plus No
(No D/A) Combined A/D End of Scan iSBC-80/10 Analog I/0 SBC-732 program listing
Converter and Pacer clk iSBC-80/20 Drivers in manual
Sample/Hold. 2 of 3 may be iSBC-80/30
Stores Start & wired to INTA, iSBC-80/20 (-4)
Final Chan. Addr. | INTB or 8 Multi- iSBC-86/12 &
bus Interrupts Multibus
Compatible
Computers
S$T-732 ” 3} 2] 2] ] ) LX) 3}
(2D/A’s)
ST-800 Included Uses MDAS-16 |EOC, EOS, Start iSBC-80/05 —_— ——— included, Aplus Yes, requires
(No D/A) Data Acquisition |Clock. May be iSBC-80/10 program listing  jIntel's DMA
Module wired to any or 8 iSBC-80/20 in manual controller board
Muitibus Interrupts | iISBC-80/30
iSBC-80/20 (-4)
iSBC-86/12 &
Multibus
Compatible
Computers
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SPECIFICATIONS, MODELS ST-711/732

[CVANNE]L: INTERSIL

(Typical at +25°C, dynamic conditions, unless noted)

GENERAL tional ST-711/732 boards with different 250-ohm, %W, =1% resistors, =100
Configurations Available base addresses. Expansion limited by ppm/°C max.
Model ST-711 board slots and power. Input Overvoltage

32S/16D A/D Chans, No D/A Chans.
Model ST-732
325/16D A/D Chans, 2 D/A Chans.

ANALOG INPUTS
Number of Channels
32 Single-ended or 16 Differential
(Jumper selected, 328 supplied standard)
Channel Expansion
May expand indefinitely by using addi-

Input Type

High impedance voltage input, non-
isolated. Differential inputs are balanced.
Current Inputs

Up to 16 differential voltage inputs may
be converted to differential current inputs
with shunt resistors provided and installed
by the user. Pads on the board will accom-
modate 4-20 mA, 1-5 mA, 10-50 mA and
other ranges. 4-20 mA ranges require

=35V sustained (no damage)

Input Capacitance to Ground

5 pF - Off Channels, 100 pF - On Channels
Full Scale Input Ranges '

*+10V, =5V, £2.5V, £1.25V (Supplied
standard, selectable by 2-bit program-
mable gain code). Board pads are etched
for the user to install a fixed gain resistor,
providingdownto =10 mV full scalerange.

FULL SCALE
INPUT RANGES
Low Level
Programmable Unipolar Bipolar - w eV "
Gain Unipolar Bipolar
Software X1 0—>+5V 0—>+10V [ =5V =10V | Upto +80 mV |Up to +1V
Programmable X2 0—>+25V | 0—>+5V *2 5V *5V | Upto +40 mV | Up to +500mV
X4 0->+1.25V [ 0—>+25V [%125V [+25V | Upto +20mV | Up to +200mV
X8 0—+675mV | 0—>+1.25V | =675 mV | =1.25V | Upto +10mV | Up to £100mV
(Standard,
Offset
Binary)
7\ /

]
Selected by on-board jumpers

) A
Requires substitution by
user of fixed gain resistor
on the on-board differential
amplifier.

Programmable Gain Amplifier

Supplied, X1, X2, X4, X8 gains (see ranges
above) Fixed high gain X1000 optional
(see above)

Input Impedance

100 Megohms min., differential or to
ground (Power On) 1.5 Kilohms min.
(Power Off)

Input Source Resistance

5K Ohms max. (balanced)

1K Ohms max. (Unbalanced)

Input Bias Current

30 pA typ., 200 pA max.

Overall Accuracy at +25°C

(Including 3-sigma noise and quantization
error, dynamic response errors, referred
to input, after initial calibration)

GAIN ACC
X1 +0.05% FSR =4 LSB
X2 0.07% FSR =% LSB
X4 0.07% FSR =% LSB
X8 0.07% FSR ), LSB

X100 0.1% FSR *% LSB
X1000 0.3% FSR =% LSB
Requires rewiring diff. ampl. for fixed
high gain
Common Mode Voltage Range
Within %12V of analog common (signal
plus common mode)
Common Mode Rejection

At Gain =1
0O Hz 100 dB
100 Hz 80 dB
1KHz 60dB
At Gain = 8
OHz 120dB
100 Hz 100dB
1KHz 80dB

At Gain = 1000 (Requires rewiring diff.
ampl. for fixed high gain)
60Hz 100dB

Nonlinearity

*=%LSB

Differential Nonlinearity

*J% LSB

Resolution

12 Binary Bits (1 part in 4096)
Multiplexer Crosstalk from Off Channels
0.01%, DC to 1 KHz

Sample/Hold Switch Feedthrough
0.01% max.

. Sample/Hold Aperture Time

100 nanoseconds, max.

System Temperature Coefficients
Gain

+25 ppm of FSR/°C (Gain X1)

+30 ppm of FSR/°C (Gain X2, 4, 8)
Zero

+20 uV/°C

A/D Conversion Period

20 microseconds

Amplifier Settling Time

(Input = =FSR pk-pk step)

8 microseconds (HL)

110 microseconds (LL)

System Throughput Rate

(High Level Inputs)

23,000 samples/second

A/D Digital Outputs

Offset Binary(Bipolar)-Supplied standard

Two's Complement (Bipolar) ) Rewired
withjumpers
Straight Binary (Unipolar) by user

Output Data Format

12 Bit Binary Group compatibie to
SBC-Series computers. The A/D Bit 1
(MSB) may be inverted by jumper for
2's complement coding.

ANALOG OUTPUTS

VOLTAGE OUTPUTS
Number of Channels
2 non-isolated

Full Scale Voltage Output Ranges

0to +5V Jumpers may be rewired
0to +10V } by the user or by Datel
—5to +5V - in OEM quantities
—10to +10V (Supplied Standard)

Digital Input Coding

Jumpers may be
rewired by the
user or by Datel
in OEM quantities
Offset Binary (Supplied Standard)
Output Impedance

200 milliohms

Output Current

+5 mA, short circuit proof to ground
Slew Rate

10V/uS (with no Ext. Cap. Load)
Settling Time

4 microseconds to within =} LSB

of final value

Accuracy at +25°C

+0.05% of FSR (Includes noise and
nonlinearity)

Temperature Coefficient

+50 ppm of FSR/°C

Straight Binary
2's Complement

CURRENT LOOP OUTPUTS

Full Scale Current Output Range

4 to 20 mA, Unipolar. (May be rewired
to other ranges by the user)

Current Loop Load Resistance

0 to 500 ohms

Current Loop Voltage Compliance
18 to 30 Vdc, Unipolar, provided by
the user

Accuracy at +25°C

+0.075% of FSR (Includes noise and
nonlinearity)

Temperature Coefficient

+50 pprn of FSR/°C
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PHYSICAL
Outline Dimensions
12W X 6.75D X 0.5H inches*
(805 X 171 X 13 mm)
Pin-for-pin and card guide compatible
to the Multibus SBC-Series computers

Compatibility ) :

Pin-for-pin and card guide compatible
to the Multibus, SBC-Series computers
Compatible Software

RMX-80 Analog I/O Drivers

ASMB80 8080 Assembly Language

iSBC-80/20 (-4)

iSBC-80/30

iSBC-86/12

Memory Base Address

The 16-location starting base address
is factory set at F700 (Hex) but may be

Weight Compatible Computers: reassigned anywhere in 65K memory
22 ounces (0,6 kg) iISBC-80/10 locations by altering a supplied DIP
Operating Temperature Range iSBC-80/05 jumper plug. However, the supplied
Oto +70°C iSBC-80/20 Diagnostic program is preset to operate
Storage Temperature Range from base address F700.
—25°C to +85°C
Relative Humidity . INTERFACE CONNECTORS
10% to 90%, non-condensing. ) :
Altitude
NO.OF PIN SPACING MATING RIBBON
010 15,000 feet (4600 m) DESIG. FUNCTION PINS CENTERS (IN) CONNECTORS
POWER CONSUMPTION P1 SBC Multibus Bus 86 0.156 '
+5 VDC *5% @ 2.5 Amps. max. Connector ;
An on-boa;rd DC/SR/C Power gonverter P2 +15V Aux. Power (Bus) 60 0.1 58-2076061
operated from +5V, is provided to supply
regulated 15V for linear circuits N ér?/An':ga'Og Output 50 01 58-2076061
Programming and Architecture an -
Type of Interface J2 1st 8D/16S A/D Input 50 0.1 58-2076061
Memory-mapped interface. Channels
The ST-711/732 appears to the CPU as A 0.1
16 consecutive memory locations with J3 Expander 8D/16S A/D 50 ' 58-2076061
d Input Channels
4 unused locations.
*Cards may be stacked adjacent if standard 0.60"-spacing cages are used
o — resamseLe
—:\‘/ CHANNEL
MWTC/ -1 ADDRESS > COMPARATOR
MRDC! oase 2 8 2
o 32§§§§§ | > 3 , E > CA'EA:L;C‘% <3 ANALOG INPUTS
FUNCTION i 4 1 E
XACKI Shecr 3
® GAIN & STRT
L= s :> CHANNEL
m . REGISTER
tXACK DELAY : ‘ { = N l 2BIT GAIN CODE ;FTME:-FF
SEL JMPRS &= PACER \GA
: '_“> INTERRUPT '~ orTowa
| ¥ 1co us k_l_‘ ) L HIGH FIXED-
REGISTER ' Eﬁﬁiﬁ = Gal[hé'SSETLOEﬁCI’
1 [ L] =
e coc PN
le— c0s ~ 5 "} -
M%E?c:gés INTERRUPT e Pacen § How | sawpL
HOLD
—— o
T JMPR Sfr# LOGIC
'OINT A, INTB CONVERT
N ‘3
> ADC-HS
- < o
TRANGCEIVER 4x1 MUX C S i
K 41SBBITS ! Loop v+
W —
4-20 mA
CURRENT LOOP
QUTPUTS
: #> 'DZA%L ANA. RTN
ﬁ > (DACHK) | = [LOOPV
BES Lo R L b
+EVDC 3 S 7 1 ?&%" '
C?Jﬁ\;gﬁ?rcﬁﬁ b+ 16V TO ANALOG CIRCUITS -30v
12-8IT , -
(D[»’A/::(-:JK) = !
: o |
BLOCK DIAGRAM . . »
DAC'S AND CURRENT

LOOPS: MODEL ST-732 ONLY
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MEMORY ADDRESS ASSIGNMENTS

CLEAR INTERRUPTS (WRITE F703)

Datel
New Addr. Supplied Command Function
M+0 F700 Write Load Command Register
M+0 F700 Read Read Status Register
M+ 1 F701 Write Load PGA and
Ch. Addr. Register
M+ 1 F701 Read Read PGA and
Ch. Addr. Register
M+ 2 F702 Write Load Last Chan. Addr.
Register
M+3 F703 Write Clear Interrupts

M+ 4 F704 Read Read A/D Data LO Byte

M+5 F705 Read Read A/D Data HI Byte

M+ 8 F708 Write DACOLO Byte —HId. Reg.

M+9 F709 Write DACO HI Byte = DACO '
(HR — DACO0)

M+ A F70A Write DAC1 LO Byte —>HId. Reg.

M+B F70B Write DAC1 HI Byte = DAC1
(HR —>DAC1)

C—>F F70C/F Don't Use

LOAD COMMAND REGISTER (WRITE F700)

Bit Function

7 Not Used

6  Not Used

5 1 = Enable End of Convert (EOC) Interrupt
4 1 = Enable End of Scan (EOS) Interrupt

3 0= Clear Board Busy Status

2 1 = Enable External Trigger

1 1 = Enable Automatic Ch. Addr. Increment
0 1 =Enable A/D Conversion

READ STATUS REGISTER (READ F700)
Bit Function

1 = A/D Conversion Done

= Scan Done

= EOC Interrupt Enabled
= EOS interrupt Enabled
= Board is Busy

= External Trigger Enabled
= Auto-increment Enabled
= A/D Conversion Enabled

OC=NWH»POION
[ O Y

READ/LOAD PGA AND START CHAN. ADDR.
(READ/WRITE F701)

Bit Function

7,6 00 = Gain X1
01 =Gain X2
10 = Gain X4
11 = Gain X8
Not Used

-

-
Il

3

Start Chan. Addr. Select
(10f32)

“rnwho
PRI
I

NNNNN
o

=

LOAD LAST CHANNEL ADDRESS (WRITE F702)
Bits  Function
7,6,5 Not Used

4  1=2¢

3 1=28

2 1=22 Last Channel Address Select
1 1 =21 (1 of 32)

0 1 =20

Bit  Function

7,6 Not Used

5 0 = Clear EOC Interrupt
4 0 = Clear EOS Interrupt
3
1

0 = Clear Pacer CIk. interrupt
, 0 Not Used

LOAD HOLD REGISTER with DAC LO Byte
(Write F708-DACO, Write F70A-DAC1)

Bit Function

7 DAC Bit 9

6 DAC Bit 10

5 DAC Bit 11

4 DAC Bit 12 (LSB)
3,2,1,0 Zeroes

LOAD Hi BYTE TO DAC; Load Hold Reg. to DAC
(Write F709-DACO,Write F70B-DAC1)
Enable DAC Input Register Strobe

Bit Function*

DAC Bit 1(MSB)
DAC Bit 2
DAC Bit 3
DAC Bit 4
DAC Bit 5
DAC Bit 6
DACBIit7
DAC Bit 8

*A/D-D/A convention is to label the converter's Most
Significant Bit as Number 1 (MSB)

O=NWPrOON

READ A/D DATA HI BYTE (Read F705)
Bit Function

7 ADCBIit 1(MSB)
6 ADCBIt2
0

1

ADC Bit8

READ A/D DATA LO BYTE (Read F704)
Bit Function

7 ADC Bit9

6 ADC Bit 10

5 ADC Bit 11

4 ADC Bit 12 (LSB)
3,2,1,0 Not Used

Transfer Acknowledge Delay

The ST-711/732 responds with a Transfer Acknowledge (XACK)
with any Read or Write Command. The XACK may be delayed
to suit different processors. 16 delay steps are jumper-
selected from 50 nS to 1.5 uS. Standard units are set to 50 nS.
Pacer Clock

Adjustable timebase consisting of a 10-stage binary divider
capable of starting A/D conversions in the External Trigger
Mode. Time-base periods are jumper-selected and the
oscillator may be either crystal or RC controlied. The standard
range is 975uS to 1 second.

Interrupts

2 of 3 possible interrupts may be jumper-selected to one or
both (INTA and INTB) interrupt lines. The interrupts are EOC,
EOS and Pacer Clock. They are factory-jumpered as: INT A -
EOS, INT B - EOC. Additionally, any of the 8 Multibus interrupts
may be wired to any combination of the EOC, EOS,

Pacer Interrupts.
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FEATURES

» 8 or 16 differential A/D channels
using a “Flying Capacitor” relay
multiplexer for high common mode
noise rejection {126 dB) and high
isolation (250¥ RMS).

p Compiete hardware and software
compatibility to Multibus and
SBC-Series microcomputers.
Uses identical programming and
register assignments to SBC-711/
732, and ST-711/732 A/D-D/A
boards.

P 10 mV to 2V selectabie input ranges
including X1, 2, 5, 10 Programmable
Gain Amplifier. 12 binary bit A/D
resolution.

P Includes paper tape Diagnostic
Program for immediate TTY or CRT
printout of A/D scans. Includes
selectable memory base address.

P Includes comprehensive Systems
Manual with full Diagnostic listing.

P Uses computer’s =12V, +5V power
buses; no DC/DC converier is
required.

P Will accept user’s selection of shunt
resistors for 4-20 mA inputs.

» Will accept overload clamps and
attenuators.

P Includes 10-stage Pacer Start Clock.
P Includes External A/D start trigger.

® Inciudes End of Conversion, End of
Scan and External Start Trigger
interrupts.

P Includes Start and Final Channei
Address storage registers and auto-
matic address incrementing.

INTRODUCTION

The convenience of having A/D con-
version inside a microcomputer on
slide-in analog 1/0 boards hasied tothe
next generation of analog boards for in-
dustrial and process control applica-
tions. While most presently-available
A/D boards are intended more for test
and instrumentation applications with
high throughput rates, many channels
and minimal noise protection, the
ST-711RLY A/D board series uses a re-

Sinelrac ST-711 RLY
Relay-Input A/D Board for SBC-80
and Multibus Microcomputers

SBC-80 SERIES
MDS-800

COMPATIBLE TO:

lay muitiplexer specificaily tor industrial
environments with long, noisy signal
leads, high common mode voltages and
unwanted normal mode signals.

The ST-711RLY8D and ST-711RLY16D
A/D boards join Datel’s growing family
of SineTrac-series analog signal periph-
eral boards for popular mini- and micro-
computers. This ST-711RLY series is
mechanically, electrically and program
compatible to Intel's SBC-80 Series
one-board microcomputers and slides
into respective cardcages as an adja-
cent card to the CPU. In addition, the
ST-711RLY has full program and pinout
compatibility to the popular SBC-
711/732 and ST-711/732 series fast
A/D-D/A boards which use solid-state
muitiplexers.

These Relay A/D boards may be used
with microcomputers in industrial pro-
cess control equipment. Generally
these applications measure siowly-
varying parameters such as tempera-
ture, pressure, flow rate, etc. And, low
level bridge-type transducer-sensors
are usually employed such as thermo-
couples, strain gauges, load cells,
etc. Thus, the 30 sample-per-second
throughput of the ST-711RLY isentirely
adequate. And the selectable gain
ranges from 10 mV to 2 Volts full scale
are ideal for low level applications.

DESCRIPTION

The ST-711RLY uses the =12 VDC
power bus from the computer to-runthe
A/D section, thereby not requiring the
DC/DC power converter normally found
on A/D boards. However, if the com-
puter's =12V buses are unusable, board
pads are left in place of five relay chan-
nels for a Datel BPM-12/100-D5 DC/DC
Power Converter which operates from
+5V. Also included are board pads for
input current shunt resistors, overload
clamps or attenuators. And, a Diagnos-
tic program tape is provided for immedi-
ate startup with hex A/D scans printed
out on a teletypewriter or CRT within
minutes after connecting signals and
loading the Diagnostic. A systems man-
ual includes the Diagnostic listing with
extensive comments. Finally, a select-
able start clock combined with program-
mable interrupt modes and an external
start are ideal for repetitive process
applications.

~ The relay A/D is offered in an 8 chan-
nel, differential-input model (ST-711
RLY8D) and a 16 differential channel
model (ST-711RLY16D). The product
achieves input voltage isolation by
using the “flying capacitor” technigue
whereby a non-polarized input storage
capacitor is switched betweentheinput
signal and the A/D converter input using
a computer-controlled DPDT dry muiti-

Continued

intel, RMX 80 and Muitibus are intel Corp. Trademarks
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DESCRIPTION, Continued

reed relay for each differential channel.
The combined storage capacitorand in-
put resistors act as a one-pole, low pass
filter to attenuate normal mode noise
and the integrating monolithic A/D con-
verter (Datel's ADC-EK12B) provides
further noise rejection. A/D conversion
is to 12 bit binary resolution (1 part in
4096) with accuracy of .05% FSR (2V
range), and .1% FSR (10 mV range).

A programmable gain amplifier is in-
cluded with gains of X1, 2, 5 and 10
selected by a 2-bit program word. Fur-
ther jumper-selection of supplied on-
board integrator components gives a
total range selection from 10 mV to 2V
full scale.

In normal operation, all input relays
remain connected to the input signals,
so that respective storage capacitors
continually track the inputs. During con-
version, the capacitor is briefly discon-
nected from the signal and the stored
voltage is switched to the A/D input for
digital conversion.

Users may install their own precision
shunt resistors onto the board to direct-
ly measure 4-20 mA, 1-5 mA and 10-50
mA current outputs commonly pro-
duced by process transmitters. For
higher DC voltage ranges, precision at-
tenuators may also be .installed while
retaining 250 VRMS common mode
isolation.

Because of the balanced design,com-
mon mode noise rejection is 126 dB,
from O to 60 Hz with 2.5 pF input ca-
pacitance and 5 X 10'® ohms to power
ground. Temperature drift has been held
to =20 uV/°C (Zero) and =30 ppm
FSR/°C (Gain) for the A/D converter
and gain drift =10 ppm FSR/°C for the
PGA. Autozeroing circuits on the PGA
eliminate zero drift. System throughput
periodis 36 mS (sample-to-sample),
nonlinearity is =% LSB, differential in-
put impedance is 20 megohms (capaci-
tor leakage) for dc signals and will ac-
cept =15V overvoltage (sustained). The
input RC network has a 300 mS time
constant.

Standard output coding is Offset Bi-
nary (bipolar) but the user may rewire
the coding to Two's Complement (Bi-
polar) or Straight Binary (Unipolar).

The ST-711 RLY is amemory-mapped
device using 6 memory addresses of
16 reserved addresses. The starting
(base) address is DiIP-plug jumper-se-
lected at F700 (Hex) to be compatible
with the supplied diagnostic program
tape. However, the user may rewire
the jumpers to any base address up
to 65 K.

Various registers are provided to load
and read the PGA gain code, starting

and final channel addresses, EOC, EOS
and Pacer Clock interrupts, automatic
channel address incrementing and the
external start trigger.

A selectable Transfer Acknowledge
Delay Circuit (XACK) is provided to suit
different processors.

For real-time applications, a Pacer
Clock timebase is included to start A/D
Ext. Trigger scans or interrupts at known
real times. The Pacer consists of a 10-
stage binary divider chain with jumper-
selected periods and may be crystal or
RC controlled.

Two of the three on-board interrupts
(EOC, EOS, external trigger) may be
jumper-selected to one or both (INTA
and INTB) computer Interrupt lines. Ad-
ditionally, any of the 8 Multibus inter-
rupts may be wired to any combination
of the three on-board interrupts.

Overall board size of the ST-711RLY
series is 12W x 6.75D x 0.5H inches
(305 x 171 x 13 mm) and weighs 22
ounces (0,6 kg). The operating temper-
ature range is 0 to +70°C and storage
is —25°C to +85°C. Relative humidity
may be 10% to 90%, non-condensing.

The system is completely software
and hardware compatible to the Multi-
bus, and SBC-Series microcomputers.

SPECIFICATIONS

(Typical at +25°C, dynamic conditions, unless noted)

GENERAL Full Scale Input Ranges
Configurations Available: 10 mV to 2V, unipolar or bipolar, using combinations of gain
ST-711RLY8D resistor selection and the Programmable Gain Ampilifier
8 Differential Channels (See Chart)
ST-711RLY16D Programmable Gains
16 Differential Channels X1, X2, X5, X10

Both models include full channel addressing logic for 16
channels, automatic zero correction, X1, 2, 5, 10 Program-
mable Gain Amplifier, and jumper programmed Pacer clock,
and pads for user-installed input current shunt resistors, and
overload clamps.

ANALOG INPUTS
Number of Channels
8 Differential (ST-711RLY8D) or
16 Differential (ST-711RLY16D)
Channel Expansion
May be expanded by using additional ST-711RLY Boards
with different base addresses
Input Type
Flying capacitor differential isolated relay input, multiple
(DPDT) reeds per channel for temperature tracking.
The input network (when a channel relay is de-energized)
consists of 30 kilohms in series with 10 microfarads. (300
mS single-pole filter).
Current Inputs
Any number of inputs may be converted to differential current
inputs with shunt resistors provided and installed on the
board by the user. 4-20 mA, 1-5 mA, 10-50 mA process
transceiver ranges and others may be accepted.
Input Overvoltage
+25V sustained, no damage
Input Capacitance to Ground
Approx. 2.5 pF per channel

Input Impedance
Dependent on input signal rate of change (Diff. cap. resist-
ance is 20 MQ). Insulation resistance per channel to ground
is 5 x 103 ohms. See block diagram for input circuit.
Input Bias Current
Input must source or sink current only to charge capacitor to
new value. Capacitor remains connected at all times except
during A/D conversion.
Overall Accuracy at +25°C
(Including noise, referred to input,
after initial calibration)
Within +£0.05% of FSR (2V Range)
Within +0.1% of FSR (10 mV Range)
Quantization Error
+%LSB
Nonlinearity
+% LSB
Differential Nonlinearity
+% LSB
Resolution
12 Binary bits (1 part in 4096)
Common Mode Voltage Range
250V RMS to power ground
Common Mode Rejection Ratio
126 dB @ 50/60 Hz
Temperature Coefficients
A/D Converter Zero
+20 puVv/°C
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A/D Converter Gain
+30 ppm of FSR/°C
Input Amplifier Zero
*1% uV/°C (Autozeroed)
Input Amplifier Gain
+10 ppm of FSR/°C

System Throughput

30 samples per second

A/D DIGITAL OUTPUTS
Qutput Coding
Offset Binary (Bipolar) supplied standard.
Two's Complement (Bipolar) { Rewired with
Straight Binary (Upipolar) jumpers by user
Output Data Format -
12 Bit Binary group compatible to SBC-80, and Multibus-
compatible computers. A/D Bit 1 (MSB) may be inverted by
jumper for 2's complement coding
Programming and Architecture
Type of Interface
Memory-mapped
The ST-711RLY appears to the CPU as 16 consecutive
memory locations, with 10 unused locations.
Memory Base Address
The 16-location starting base address is factory set at F700
(Hex) but may be reassigned anywhere in 65K memory
locations by altering a supplied DIP jumper plug. However,
the supplied Diagnostic program is preset to operate from
base address F700

Memory Address Assignments

D/ANEL: [NTERSIL

Transfer Acknowledge Delay The ST-711RLY
responds.with a Transfer Acknowledge (XACK) with any
Read or Write command. The XACK may be delayed to
suit different processors. 16 delay steps are jumper
selected from 50 nS to 1.5 uS. Standard units are set

Datel
New Addr. Supplied Command Function
M +0 F700 Write Load Command Register
M+0 F700 Read Read Status Register
M + 1 F701 Write Load PGA and Ch. Addr. Register
M+ 1 F701 Read Read PGA and Ch. Addr. Register
M+ 2 F702 Write Load Last Chan. Addr. Register
M+ 3 F703 Write Clear Interrupts
M+ 4 F704 Read Read A/D Data LO Byte
M+5 F705 Read Read A/D Data H! Byte
M+ 6 F706
thru thru Don't use
M+ F F70F

Load Command Register (Write F700)
Bit Function \

Not Used

Not Used

1 = Enable End of Convert (EOC) Interrupt
-1 = Enable End of Scan Interrupt (EOS)

0 = Clear Board Busy Status
Enable External Trigger Start
Enable Automatic Ch. Addr. Increment
Enable A/D Conversion

-

i

O=NWPpOON

—_—

Read Status Register (Read F700)
Bit Function

1 = A/D Conversion Done
1 = Scan Done
1 = EOC Interrupt Enabled
1 = EOS Interrupt Enabled
1 = Board is Busy
1
1
1

Il

= External Trigger Enabled
= Auto-increment Enabied
= A/D Conversion Enabled

O=NWAM»OON

Note: Input settling time and accuracy degrades with additional
external source resistance and input rate of change (voitage
slew rate). Contact Datel if you need applications assistance.

to 50 nS.

_Pacer Clock adjustable timebase consisting of a 10-
stage binary divider capable of starting A/D conversions
in the External Trigger Mode. Timebase periods are
jumper-selected and the osciilator may be either crystal
or RC controlled.

External Trigger Start. A negative TTL pulse 1.5 0.5
uS may also start A/D conversions.

Interrupts. 2 of 3 possible interrupts may be jumper-
selected to one or both (INTA and INTB) Interrupt
lines. The interrupts are EOC, EOS and Pacer Clock.
They are factory-jumpered as: INT A- EQOS, INT B -
EOC. Additionally, any of the 8 Multibus interrupts
may be wired to any combination of the EOC, EOS,

Pacer Interrupts.

Read/Load PGA and Start Chan. Addr. (Read/Write F701)

Bit Function
7,6 00 = Gain X1
01 = Gain X2
10 = Gain X5
11 = Gain X10
5,4 Not Used
3 1=23
2 1=22
4 — o1 Start Chan. Addr. Select
1 1=2
0 1 =20 (1 of 16) ‘

Load Last Channel Address (Write F702)

Bits

Function

7,6,5,4 Not Used

3 1=28

2 1=22

1 1=20 Last Channel Address Select
0 1 =020 (1 of 16)

Clear Interrupts (Write F703)

Bit  Function

7,6  NotUsed

5 0 = Clear EQOC Interrupt

4 0 = Clear EOS Interrupt

3 0 = Clear Pacer Clk. Interrupt

2,1,0 Not Used

Read A/D Data L.O Byte (Read F704)

Bit Function

7 ADC Bit9

6 ADC Bit 10

5 ADC Bit 11

4 ADC Bit 12 (LSB)

3,2,1,0 Not Used

Read A/D Data Hi Byte (Read F705)

Bit Function

7 ADCBit 1(MSB)
6 ADCBiIt2

0 ADCBIt8
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PHYSICAL On-board pads have been left to accept a Datel BPM-12/

Outline Dimensions Boards may be stacked 100-D5 DC/DC power converter to generate =12V from +5
12W x 6.75D x 0.5H inches adjacent if standard where =12V is unusable or unavailable from the computer.
(805 x 171 x 13 mm) .60" card-spacing cages Five relay channel input component sets must be deleted

Weight are used or removed to use the DC/DC converter.
22 ounces (0,6 kg)

i Compatibility
g?:lft;gggemperature Range Pin-for-pin and card guide compatible to the Multibus,
SBC-80 computers
Storage Temperature Range _
—25°C to +85°C Compatible Software

RMX-80 Analog I/O Drivers

Relative Humidity ASMB80 8080 Assembly Language

10% to 90%, non-condensing

Altitude iCSOBmegt(iJI/)!leO Computers:
0 to 15,000 feet (4600 m) , iSBG-80/05
POWER CONSUMPTION iSBC-80/20
+5VDC 5% @ 1.5 Amps. max. iSBC-80/20 (—4)
+12 VDC +5% @ 70 milliamps max. iSBC-80/30
—12VDC £5% @ 30 milliamps max. iSBC-86/12

FULL SCALE INPUT RANGES

GAIN &
CODE UNIPOLAR RANGE BIPOLAR RANGE
1(00) § 0> +100 mV | 0—>200 mV 0—>1V 0—>2V +100 mV | £1V
Software 2(01)] 0>+50mV | 0—>+100mV| 0—>+.5V |0—>+1V | +50mV | £500 mV
Programmable 5(10) | 0>+20mV | 0—>+40mV | 0>+.2V |0—>+5V]| +20mV | 200 mV
10(11) | 0>+10mV |0—>+20mV | 0—>+.1V [0—> +.2V ¢10mv .+100 mV
™

\ /

. o .
On-board gain resistors selected by jumpers

Standard Offset Binar
NOTE: Ranges up to +10V may be achieved without the programmable gain amplifier ( Y)

ORDERING GUIDE

MODEL NO. OF A/D CHANNELS

ST-711RLY8D 8 Differential
ST-711RLY16D 16 Differential

58-12140-39 User's Manual (spare)
(one included with board)
31-2076040 Dual 25-Pin 0.1” PCB/Solder

Tab Connector (3 req’d)
OR: 58-2076061 PCB-to-Ribbon (0.05”spacing) (3 req'd)

TYPICAL INPUT CONNECTIONS

REMOTE SENSOR BRIDGE ,

EXTERNAL
BRIDGE 1 ANA.HIIN

EXCITATION = AN A ?‘—1 ANA. LO IN

] ANA. COM

¥ _________ \ ST-711RLY
EDGE BOARD

CONNECTOR

-
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BLOCK DIAGRAM
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FEATURES

¢ 4 D/A channels using 12-bit Hybrid Converters with
Input Registers

e Accurate to .05% of Full Scale Reading
¢ Memory-mapped, with user-selectable Base Address

¢ Complete hardware and software compatibility with
Multibus and SBC-series Microcomputers

o Pin-for-pin replacement for SBC-724. Uses identical
programming and register assignments to SBC-711/732
and ST-711/732 A/D-D/A boards

o Works directly from Intel RMX-80 Software

Includes 4 externally excited 4 to 20 mA industrial
current loop amplifiers.

¢ Pin-selectable Transfer Acknowledge (Xack/) Delay—
ensures compatibility with different memory speeds

On-board DC/DC power converter generates =15 Vdc
from +5 Vdc computer bus

Includes Diagnostic Program

Includes full systems manual with complete listing of
Diagnostic

b

INTRODUCTION

The ST-724 Analog Output board extends Datel-Intersil’s
SineTrac family of slide-in computer peripherals to a variety
of industrial and instrumentation applications. It provides 4
channels of D/A conversion, each with 12 binary bits of
resolution for an overall accuracy to within .05% FSR. The
ST-724 is fully hardware and software compatible with the
popular Multibus and SBC-80 series of microcomputers—
it is a pin-for-pin replacement for the SBC-724. And, the
ST-724 is significantly less expensive than .other boards
with comparable features.

The ST-724 is memory mapped—it appears to the host com-
puter as eight consecutive locations in memory. The board
base address is factory set to F7@8 but may be reassigned
by the user anywhere in memory. The ST-724 aiso features
an adjustable Transfer Acknowledge Delay (XACK/Delay).
The ST-724 generates a Transfer Acknowledge signal in
response to memory write commands from the system com-
puter. The XACK/Delay circuitry permits a delay of this
signal, to ensure compatibility with the host computer.

Users may wish to consider the Datel-Intersil ST-800 D/A
board as an alternative to the ST-724. The ST-800 D/A is
fully compatible with Multibus and SBC microcomputers,
but requires different programming from that used on the
ST-724. The ST-800 D/A is used as an |/0 peripheral, while
the ST-724 is memory-mapped. In addition, the ST-800 D/A
board offers greater channel density—up to 8 D/A channels
per board—and can accept slave boards for up to 256 D/A
channels operating from a single address. The ST-800 D/A
board has voltage outputs only. The ST-724, by comparison,
offers 4 D/A channels per board, is expandable by different
base address only, and provides both voltage and current
outputs.

_ Digital inputs to the ST-724 may be set for offset binary or 2's
complement (bipolar) coding or for straight binary (uni-

Sinelrac ST-724

4-Channel D/A and Current
Loop Board for SBC-80 and
Multibus Microcomput_ers

COMPATIBLE TO: S %%(?ER'ES
polar). Outputs from £5V, =10V, 0>+5V and 0->+10V DC
permit the ST-724 to interface with a variety of process re-
ceivers, proportional controllers, or recorders. A 4to 20 mA
current loop is also provided which permits the board to be
used in electrically noisy industrial environments. All out-
puts may be shorted to ground without damage.

Power to the ST-724 comes from the host computer’s +5V
power bus. An on-board DC-to-DC converter generates
+15V for the analog output circuitry.

Each ST-724 board is shipped with a Diagnostic Programon
paper tape, which provides a quick functional checkout of
the system at the time of installation. It may also be used
to calibrate the board. Also included is a systems manual,
which provides alisting of the Diagnostic and complete user
information on the ST-724.

DESCRIPTION

Input to the ST-724 is from the host computer data bus.
Since the Intel Multibus provides only: 8 binary bits of
data per memory word, and the D/A converters on the
ST-724 require 12 binary bits, two memory words are re-
quired for each conversion. The 4 least significant bits are
transmitted first, (for DAC @, at the base memory address)
and are latched into a 4-bit register. The next data word
(base address +1) contains the 8 MSB bits, and initiates
a conversion.

D/A conversion is accomplished by Datel-Intersil’'s DAC-
HK12BGC, a 12-bit hybrid unit with an input storage register
and linearity to within =% LSB. The output of the converter
is monotonic, having a differential nonlinearity of =% LSB
maximum. Offset zero error on each channel has been
adjusted to zero prior to shipping the board; pots on the
board permit recalibration of zero or offset settings using

the supplied Diagnostic program. continued

INTEL, MULTIBUS and RMX-80 are Intel Corp. Trademarks.
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Zero temperature coefficient (unipolar outputs only) for the
converter is less than =5 ppm/°C of Full Scale Reading.
Offset temperature coefficient (bipolar outputs only) is with-
in £10 ppm/°C of FSR."Maximum gain tempco measures
+20 ppm/°C of FSR. DAC settling time is 4 usec maximum
(to within % LSB of value), and slew rate is 20V/usec.

The voltage output ranges from the ST-724 board are jump-
er selectable and have an output impedance of 50 miili-
ohms. Maximum available current on the voltage outputs is
+=5mA. The ST-724 also provides voltage to current con-
verters for each of its four D/A channels.

The current output option is jumper-selected by the user,
and requires a user-supplied external excitation source
(+18 to +30 Vdc).

The ST-724 is a memory-mapped device which occupies 8
consecutive memory locations. The starting (base) address
is set at the factory to F7#8, for compatibility with the in-

cluded Diagnostic Program. However, the user may repo-
sition this base address anywhere up to FFF8 in the host
computer's memory by reconfiguring jumpers on the ST-
724 board. ‘

The selectable Transfer Acknowledge Delay Circuit (XACK/
Delay) provides 16 delays from .05 to 1.5 usec which may
be jumper-programmed by the user.

The overall size of the ST-724 is 12.0"W X 6.75"D X 0.5"H
(805 X 172 X 13 mm). Multiple ST-724 boards may be
installed in adjacent card slots if used in a standard (.60"
spacing) Intel card cage. The ST-724 weighs 18 ounces
(.51 kg). It shouid be operated in an ambient temperature
from O to +55°C, with relative humidity from 10% to 95%
(non-condensing), and from 0 to 15,000 ft (O to 4600m) in
altitude. The board may be stored at temperatures from
—25°C to +85°C. The ST-724 is powered from the host
computer bus’s +5 Vdc supply, and draws 1.5A.

ST-724
BLOCK DIAGRAM

4-Channel D/A

EXT. LOOP

EXCITATION
PN } vio| .
MWTC _ BASE+1 ‘ ' ]
DAC ¢
BASE > DA - .
ADDRESS \DAC- DAC
DECODER » BASEYS HK12BGC OUT"
ADR@ 10 AND
ADRF N BASE +5 EXT. LOOP
FLS’Q'EJC"T)N > EXCITATION
LOGIC 5 BASE+7 L I
_ BASE+fOR20R40R6 1 vio |,
- 1
l J1
DAC1
DAC1
CCLK E out
— a EXT. LOOP
21 iNT SELECTABLE 2 EXCITATION
e 2 XACK 2 o
Bol xaee DELAY : &
20 | XACK [0
@m \ Q 1 VTO
=X 4-8IT aSB o [
Se D4TO D7 REGISTER | ‘Bite E |
sz LATCH / @
E -
Z DAC2 |—
DAC2
P1 out
 E— N\
DATA
DATOD? ) ReCEIVER 6 T0 D7 SMSBBITS ) e or
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EXCITATION
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+15V — L N
+EVDC © DCTODC ANALOG ‘ DAC3
CONVERTER ~15v CIRCUITS —————————/ DAC 3
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SPECIFICATIONS
otherwise specified

D/A ANALOG OUTPUT
Number of Channels. .
Channel Expansion. . .

Full Scale
Output Ranges. . . ..

The user must
reassign
jumpers to
achieve ranges
other than
+10V, offset
binary

Digital Input Coding . .

Typical at +25°C, dynamic conditions, unless

4 D/A channels

Indefinite channel expansion
by separate, stand-alone
ST-724 boards, each with a
different base address;
limited by available card slots,
and power supply current.

+10V (standard)
+5V Jumper
0—>+10V ’Selectable
0—>+5V by User
4-20 mA

(Current Loop)

.Straight Binary 7Jumper
Offset Binary Selectable
(standard) by User

2's Complement |

Zero Temperature
Drift..............

Offset Temperature
Drift..............

Gain Temperature
Drift..............

(Unipolar Output only)
Within £5 ppm.of FSR/°C

(Bipolar Output only)
Within =10 ppm of FSR/°C

Within £20 ppm of FSR/°C

Output Impedance. .. .50 Milliohms
Maximum Current
Available on
Voltage Outputs. . ..£5 mA @ =10V short-circuit-
. proof to ground
ADDRESSING Reserves a block of 8

memory locations, all succes-
sive to a jumper-selectable
memory base address

Settling Time........ Maximum, 4 usec to within
% LSB of final value
SlewRate........... 20V/usec
Power Supply
Rejection.......... 54 dB to DC supply bus
PHYSICAL

Outline Dimensions. . .

Weight..............
Operating Tempera-
ture Range........
Storage Tempera-
ture Range........
Relative Humidity. . .
Altitude. .. ..........

12.00"W X 6.75"D X 0.50"H
(304,8 x171,5x 12, 7 mm):

ST-724 boards may be
installed adjacentto each
other in SBC card cages.
18 ounces (.510 kg)

0to +55°C

—25°C to +85°C

.10% to 95%, non-condensing

0 to 15,000 ft (4600m)

31-2076040

58-12140-41

Edge Connector, J1, Spare
(One Included with Board)
(PCB to solder tab)

ST-724 Manual
(One Included with Board)

CURRENT LOOP EX- POWER
TERNAL EXCITATION CONSUMPTION +5Vdc =5/% @ 1.5A from
VOLTAGE +18V to +30VDC, regulated, computer bus (=15Vdc
user-supplied. supplied from on-board
(25 mA maximum/DAC) DC/DC power converter.)
PERFORMANCE GENERAL
Non-linearity......... =% LSB maximum Compatibility. . .. .. .. Pin-for-pin, cardguide, and
Differential program compatible with
Non-linearity. ......=% LSB maximum Multibus and SBC-series
Offset or Zero Error. . . Adjustable to zero using pot. microcomputers.
Each channel individually A pin-for-pin replacement
adjustable. for the SBC-724.
TYPICAL CURRENT LOOP WIRING
ST-724
ORDERING GUIDE ,
R -
MODEL DESCRIPTION o
ST-724 4 Channel, Multibus- /=
Compatible D/A Board \

CURRENT LOOP
CALIBRATION

R= 2500 * FOR CALIBRATION
OR 5002 ONLY

1%
Y2 WATT

N
| CONNECT DVM
J1 ACROSS EXTERNAL
CONNECTOR LOAD RESISTOR
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LEAST SIGNIFICANT BYTE
INPUT DATA FORMAT \ D7 D6 D5 D4 D3 D2 Dt DO

Since 12-bit D/A converters are used on the ST-724, and
since the Intel Multibus provides for only 8-bits of data per DB'A"$ %‘?.? DBAI\'? %’:‘19
memory word, two 8-bit bytes in two sequential memory

words are necessary for each D/A conversion. 9 10 " (L1828) X X X X

ST-724

The LS Byte is loaded onto the board first and is stored in a

? - : T SIGNIFICANT BYTE
4-bit register until the MS Byte is loaded. Thus, the memory MOST SiG ANT B

location of the LS Byte is always the lower of the two loca- DAC | DAC [DAC | DAC | DAC | DAC | DAC | DAC
tions used for a given channel. Conversion begins as soon BIT | BIT | BIT | BIT | BIiT | BIT | BIT | BIT
as the MS Byte is loaded; within 4 microseconds an analog 1 2 3 4 5 6 7 8

(MSB)

signal appears at the board’s output.

X = Don’t care

REGISTERS

ST-724 REGISTER ASSIGNMENTS
The memory address bit function assign - B .

ments are as follows. For an explanation FACTORY
of LSB and MSB Bytes, please see “Input MEMORY | ASSIGNED
Data Format”.
ADDR. MEM. ADDR. | FUNCTION
M+@ F7d8 Output LSB Byte for DAC ¢ (Channel @)
M+1 F7do Output MSB Byte for DAC @ (Channel @)
M+2 F7@A Output LSB Byte for DAC 1 (Channel 1)
M+3 F7dB Output MSB Byte for DAC 1 (Channel 1)
M+4 Fr7dC Output LSB Byte for DAC 2 (Channel 2)
M+5 F7@D Output MSB Byte for DAC 2 (Channel 2)
M+6 F7¢E Output LSB Byte for DAC 3 (Channel 3)
M+7 F70F Output MSB Byte for DAC 3 (Channel 3)
DIAGNOSTIC PROGRAM 1Ty
A Diagnosti ¢ tted ; < shioed TEST NAME CALL KEY DESCRIPTION
iagnostic program formatted on paper tape is shippe — o
with each ST-724 board. Used with a teletypewriter, the | Calibration Test c Uﬁer sple c|:1|f|es ang. D/A
Diagnostic can perform a quick but thorough: electrical channel t rougl:f el
checkout when the board is first installed. It can also be enters in hex a digita
used to calibrate the ST-724. The names of the tests the input to that channel;
Diagnostic can perform (each with a brief description) ap- and the corresponding
pear in the chart below. A complete listing of the Diagnostic, analog voltage or cur-
and some sample programs form part of the systems manual rent output appears on
provided with each ST-724 board. J1 of ST-724. Used to
adjust offset and gain
settings for each
channel.

Sawtooth Test S A sawtooth waveform
appears on the outputs
of all 4 D/A channels
simultaneously. Checks
for missing or shorted
bits. :

Calibration Table T Inputs to ST-724 a pro-
gram-generated range
of hex codes; pauseson
each for 2 to 3 seconds
(to permit accurate out-
put reading by DVM);
and operates con-
tinuously without
prompting. Checks
output linearity.
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ST-724

- O/ANEL: INTERSIL

D/A CALIBRATION PROCEDURE

Calibration of the ST-724 should be performed every 90
days or whenever the Analog Output Range jumpers are
reconfigured. More frequent calibration may be indicated
in adverse operating conditions. The Diagnostic program
supplied with the ST-724 was written as part of the cali-
bration procedure. Please see the section entitled “Diag-
nostic Program”.

1. Set the board jumpers for the desired output range:
0—>+5V, 0—>+10V, 4520 mA, =5V, or =10V. See “Out-
put Range Selection” for details.

2. Connect adigital voltmeter (Fluke 8800A or equivalent)
to the outputs of Channel @ (DAC @). For voltage
ranges, measure between “V OUT” and “ANA RTN".
For current ranges the user must supply a precision
2500 or 500Q resistor; voltage measurements are then
made across this resistor (see Note 1, bottom of Cali-
bration Table).

3. Using the Diagnostic program, select the “Calibration
Test”, Call Key “C”.

. The teletypewriter will respond by printing out:
CALIBRATION TEST :
CHANNEL-

5. Enter character “@” to select Channel @ (DAC )
CHANNEL- ¢
HEX DATA

6. Making reference to the Calibration Table, enter the
hex code for the —Full Scale output voltage (or cur-
rent), then enter a Carriage Return. Adjust the OFFSET
potentiometer, until the reading on the DVM corre-
sponds to the —Full Scale reading from the table.

7. Refer again to the Calibration Table, and enter the hex
code for + Full Scale voltage or current. Adjust the
GAIN potentiometer until the reading on the DVM is the
+ Full Scale voltage as indicated in the table.

8. Repeat steps 6 and 7.

. Calibration for Channels 1, 2, and 3 (DAC's 1, 2 & 3)
is the same as for Channel ¢.

10. The complete calibration may now be checked using
the Calibration Table. Any hex value on the table may
be entered followed by a carriage return. The corre-

sponding analog output should appear on the DVM.

CALIBRATION TABLE

ANALOG OUTPUT , 4-DIGIT HEX INPUT
BIPOLAR (OFFSET OR
UNIPOLAR (STRAIGHT BINARY) 2'S COMPLEMENT) | grpaiaHT
VOLTAGE 4-20 mA CURRENT! OR OFFSET | 2'S
BINARY - COMPLEMENT
5000 LOAD 2500 LOAD NO SIGN WITH SIGN
0—+5V | 0—>+10V [LOOP V+>18V | LOOP V+>15V +5V +10V . | EXTENSION | EXTENSION
4.9988V | 9.9976V 9.9980V 4.9990V 4.9976V 9.9951V FFF@ 7FF@
4.9976V | 9.9951V 9.9961V 4.9980V 4.9951V 9.9902V FFE® 7FE®
4.9951V | 9.9902V 9.9922V 4.9961V 4.9902V 9.9805V FFCH 7FCd
4.9902V | 9.9805V 9.9844V 4.9922V 4.9805V 9.9609V FF8g 7F8¢g
4.9805V | 9.9609V 9.9687V 4.9844V 4.9609V 9.9219V FFdg 7F@d
4.9609V | 9.9219V 9.9375V 4.9687V 49219V 9.8437V FEQ® 7EQP
4.9219V | 9.8437V 9.8750V 4.9375V 4.8437V 9.6875V FCgg@ 7Co¢
4.8437V | 9.6875V 9.7500V 4.8750V 4.6875V 9.3750V Fsgg 780¢
4.6875V | 9.3750V 9.5000V 4.7500V 43750V 8.7500V Fagg 7000
4.3750V | 8.7500V 9.0000V 4.5000V 3.7500V 7.5000V Edgg 6000
3.7500V | 7.5000V 8.0000V 4.0000V 2.5000V 5.0000V (o[} 4000
2.5000V | 5.0000V 6.0000V 3.0000V 0.0000v | 0.0000V | 8dgd o000
1.2500V | 2.5000V 4.0000V 2.0000V —2.5000V | —5.0000V | 4¢@¢ ceed
0.6250V | 1.2500V 3.0000V 1.5000V —3.7500V | —7.5000V | 2@@¢ AQ@d
0.3125V | 0.6250V 2.5000V 1.2500V —4.3750V | —8.7500V 1008 oged
0.1563V | 0.3125V 2.2500V 1.1250V —4.6875V | —9.3750V | @8@¢ 880d
0.0781V | 0.1563V 2.1250V 1.0625V —4.8437V | —9.6875V | @4gd 8499
0.0391V | 0.0781V 2.0625V 1.0312V —4.9219V | —9.8437V | @20¢ 82¢@
0.0196V | 0.0391V 2.0312V 1.0156V —4.9609V |—9.9219vV | #1098 819¢
0.0098V | 0.0196V 2.0156V 1.0078V —4.9805V | —9.9609V | @@s@ s@sd
0.0049V | 0.0098V 2.0078V 1.0039V —4.9902V | —9.9805V | @p@4d 8@4g
0.0024V | 0.0049V 2.0039V 1.0020V —4.9951V | —9.9902V | pw@2d 8@2p
0.0012V | 0.0024V 2.0020V 1.0010V —4.9976V | —9.9951V | @#@18 8@1¢
0.0000V | 0.0000V 2.0000V 1.0000V —5.0000V |[—10.0000V | @@@@ 8079

Note 1: Both the 250() and the 500() resistors (.1% precision) provide 4 to 20
mA output. The current output circuit is calibrated in terms of voltage
since most digital multimeters provide greater resolution and accu-
racy on voltage measurements than on current.

The voltages listed are those measured across a 25002 or a 500Q
precision resistor, connected between “| RTN” and “| OUT" on any

DAC output. A user-supplied DC regulated voitage, V+ (+15V <
V + < + 30V for 250Q resistor, +18V < V + < + 30V for 500Q
resistor; 25 mA max) is required for current output and calibration,
and should be connected to “V + LOOP". The supply providing V+
should be grounded at “ANA RTN".
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ST-724

O/ANEL: INTERSIL

BASE ADDRESS SELECTION

1. Select a base address, in hex, between @@@d and FFF8.
Write it in squares below opposite “Base Address, Hex".
Convert the hex code to binary by writing 1’s and O's

2.
3.

in the appropriate boxes below (opposite “Hex Bit

4. To set the base address, insert a jumper at each location

opposite a “1". Please note that to obtain a “low” (“0”) on
bit 3, the jumper between 93 and 94 must be removed,
and a jumper between 94 and 95 must be added.

Weighting”).
BASE
ADDRESS
HEX @toF) (@ to F) /  @toF) \__|@ors)
HEX BIT /. NI/ N|/L . N /D
WEIGHTING 8 4 2 1 8 4 2 1 8 4 2 1 8
ADDRESS
BIT # F E D C B A 9 8 7 6 5 4 3
JUMPERS
IN FOR 69 71 73 75 77 79 81 83 85 87 89 91 93
“1", OUT to to to to to to to to to to to to to
FOR BIT 70 72 74 76 78 80 82 84 86 88 90 92 94*
“0”
*For low on bit 3, remove 93 to 93 and add 94 to 95
BOARD LAYOUT
COMPONENT SIDE
J1 J2 J3
| I NOT USED l | NOT USED
49 1 49 1 49 1
BACH  OAcs mm BACT oA ‘maE S, R Camt SAN, ST e
H 1I= m 1l31i‘ [ Vil E E 2.52.6 [Tk E E 3l73l8 W45
& 3 6W W10 & E|ism 18m m22 270 30m Wu oW 2B W46
EEEREN EEENEE23 EEEANE>S EEEEEY
4578 g 1617 19 20 g,y 28293132 g 40 4143 44 gag

QUTPUT RANGE SELECTION

PIN1

M1
DC/DC CONVERTER

. DAC ¢ DAC1 DAC 2
PIN1 PIN 1 PIN1
/ \ INPUT CODE SELECTION \
| BN LN [ L)
49 50 51 52 53 54 65 56 57
61 6.3 (ﬁ) 67
- - 69 717375 7779 8183 858789 91
6.2.-. EEEE NEEEER RESERN
64
66 68 EEEE EEEER NEEN EEDN
70727476 78808284 86889092 9394095
TRANSFER T
QCKNOWLEDGE
25 8tnon BA5E Aporess
P1
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ST-724

D/AVNENL: [NTERSIL

OUTPUT RANGE AND .
INPUT CODING SELECTION

The ST-724's 4 D/A output channels may be set indepen-

dently for any of four voltage ranges or a single current
output range. Full scale ranges of =10V, =5V, 0->+ 10V, OUTPUT RANGE SELECTION JUMPERS
0—>+5V, or 420 mA may be jumper-selected according RANGE DAC @ DAC 1 DAC 2 DAC 3
to the chart below. Input digital coding may be offset binary, + 10V 3-5 15-17 27-29 39-41
2's complement, or straight binary on any channel. Again, (STANDARD) 6-7 18-19 30-31 42-43
refer to the chart below for details. R 3-5 15-17 27-29 39-41
The ST-724 board is normally shipped with jumpers set for 5V 2_2 12 fg 2(7) 22 ;g :g
the =10V output, and an offset binary input coding. Please ] - ) g
! : 0to +10V 6-8 18-20 30-32 42-44
note that whenever there is a change in out.put range on a 15 1314 2596 3738
given channel, that channel should be recalibrated. Oto +5V 3.4 15-16 57.28 39.40
6-8 18-20 30-32 42-44
9-10 21-22 33-34 45-46
INPUT CODE SELECTION JUMPERS 410 20 mA 11-12 23-24 35-36 47-48
CODE DAC & DAC 1 DAC 2 DAC 3 CURRENT LOOP | 9A-10A | 21A-22A | 33A-34A | 45A-46A
UNIPOLAR
OR
OFFSET BINARY | 49-50 52-53 55-56 58-59
(STANDARD)
2's ,
COMPLEMENT 50-51 53-54 56-57 59-60
TRANSFER ACKNOWLEDGE

(XACK/) DELAY SELECTION

The ST-724 board generates a Transfer Acknowledge
(XACK/) signal in response to Write commands from the
host computer. It is sometimes desirable to delay this signal,
in order to match the XACK/ signal to the host computer
timing. A jumper selectable Transfer Acknowledge Delay

ANALOG OUTPUT CONNECTIONS

J1
(XACK/ delay) ranging from 50 nanoseconds to 1.5 micro- R
seconds is available in the ST-724. ETC;: :lDE ;m # s1 compor:lrém SIDE
The accuracy of the XACK/ delay isdependent in part on the NC 4 3 NC
duty cycle of the CCLK/ signal generated by the computer— NC 6 5 NC
shorter duty cycles result in greater accuracy. The delay NC 8 7 NC
time is advanced on the leading edge of CCLK/; XACK/ is NC 10 9 NC
generated on the trailing edge of CCLK/. NC 12 11 NC
Please refer to the table below for jumper configurations NC 14 13 NC
yielding different delay times. NC 16| 15 NC
NC 18 17 NC
XACK/ DELAY SELECTION NC 20 19 NC
DELAY NC 22 21 NC
1USOC. JUMPERS DAC 3,V OUT 24 23 NC
*0.05 — — — — DAC 3, 10UT 26 25 | DACS3,IRTN
0.1 61-62 — — — DAC 3, LOOPV + IN 28 27 | DAC3,ANARTN
0.2 — 63-64 — — DAC 2,V OUT 30 29 NC
03 61-62 63-64 _ _ DAC 2,1 OUT 32 31 DAC 2, I RTN
o4 — — 5566 — DAC2,LOOPV + IN | 34 33 | DAC2 ANARTN
05 6162 — 6566 — DAC 1,V OUT 36 35 NC
DAC 1,1 0UT 38 37 | DAC1,IRTN
06 - 6364 6566 - DAC1,LOOPV + IN | 40 39 | DAC1,ANARTN
0.7 61-62 63-64 65-66 — DAC &,V OUT 42 41 NC
08 - - - 67-68 DAC #. 1 OUT 44 43 | DAC®,IRTN
0.9 61-62 — — 67-68 DACZ, LOOPV + IN 46 45 | DAC®@ ANARTN
1.0 — 63-64 - 67-68 POWER COMMON 48 47 | POWER COMMON
1.1 61-62 63-64 — 67-68 —15 REF. VOLT. OUT* 50 49 +15 REF. VOLT. OUT*
1.2 — — 65-66 67-68 *Not intended to power external circuitry; 1 mA max.
1.3 61-62 — 65-66 67-68
1.4 — 63-64 65-66 67-68
1.5 61-62 63-64 65-66 67-68

*Factory supplied configuration.
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Sinelrac ST-800 Series
> JINTERSIL High Performance A/D &

D/ A Boards for SBC-80
& MULTIBUS Microcomputers

THE FEATURES

Simple Channel Expansion and High Channel Density
Only two cards are needed to provide 80 single-
ended or 64 differential A/D channels! A/D or D/A
expansion simply consists of adding cards. High
density CMOS LSI multiplexers offer up to 48 Dif-
ferential Expander A/D channels per card. D/A’s
expand in 4 or 8 channel increments.

Highest Throughput Speed
A/D conversion and settling takes only 20 micro-
seconds. When DMA is used, data bursts up to
36,000 samples per second may occur.

CIRCUIT FEATURES

Input Protection
Overvoitages up to 35V won't damage the A/D
section. A/D Expanders may accept input fuses or
resistors and clamping diodes for higher voltages.
3 Scan Start Methods
1. Program scan start
2. On-board adjustable scan timer
3. External start pulse

Current Iinputs

A/D Expander boards may accept on-board resistors
for 4-20mA, 1-5 mA and 10-50 mA current inputs.

Jumper-Selected Automatic High-speed DMA
All A/D systems include jumper-selected control of
a user-supplied Intel DMA (Direct Memory Access)
Control Board. On-board channel address registers
and logic automatically scan a program-selected
channel group at the highest speed.

Diagnostic Test Programs

Paper tapes are included plus a full listing of the
Diagnostic in the supplied manual.

Complete Manuals Included

Datel includes circuit and programming manuals

with all systems. Programming manuals include sub-
routine listings and programming examples.

On-board Start/Final Channel Logic for Lowest

CPU Handling
Channel address registers free the CPU from chan-
nel counting and scan termination for highest speed
and simplest programming.

Widest Assortment of Accessories
Datel's SineTrac 800 product line includes over a
dozen optional cables/connectors, A/D-D/A ex-
pander boards and a digital output port module.

THE PROGRAMS

D/A BOARDS

A/D BOARDS —

SBC-80 SERIES

COMPATIBLE TO: MDS-800

DATEL-INTERSIL'S FULL LINE OF A/D-D/A BOARDS FOR
SBC-80/MULTIBUS MICROCOMPUTERS

Datel-Intersil has two product lines for SBC-80 and MDS-800 MULT -
BUS computers. The ST-800 series presented here include separate
A/D and D/A boards with additional slave channel expanders. The
ST-711, 724 and 732 series includes a combination A/D-D/A board
(ST-732) a D/A board with 4-20 mA current loop amplifiers (ST-724)
and a low level, high isolation relay-input A/D board (ST-711RLY).
Generally, the ST-800 series is treated as an I/O peripheral, features
higher channel density per board, lower cost per channel, higher
speeds, easy low-cost channel expansion and DMA operation when
used with Intel’s DMA Controller. The ST-711, 724, 732 series are
memory-mapped peripherals which are exact replacements for com-
petitive SBC-711, 724, 732 boards. This series operates directly from
Intel RMX-80 software and offers more industrial and signal condi-
tioning features such as current loop channels, programmable gain,
high-gain preamplifiers and programmable Pacer start clocks.

THE MANUALS

3 Comprehensive Systems

Manuals on:

1. A/D MASTER BOARDS

2. A/D SLAVE
EXPANDERS

3. D/A MASTERS AND
SLAVE EXPANDER

SNEILLINN S3U2S 008-1S Jeljaus

"y

BOARDS
The manuals include full
diagnostic program listings
plus circuits, timing
diagrams, programming,
applications, and logic
diagrams.

Complete paper tape
diagnostic programs are
supplied with every system.
These programs provide
decimal printouts of
averaged A/D scans for
calibration and GO/NO-GO
accuracy testing. D/A
programs offer square wave
and sawtooth oscilloscope
outputs.

INTEL, RMX-80 AND MULTIBUS ARE INTEL CORP. TRADEMARKS
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256 A/D-D/A CHANNELS WITH AUTOMATIC ADDRESSING

DESCRIPTION

Datel offers a simple approach to meas-
uring analog inputs via the Intel MDS-
800 Microcomputer Development System
or Intel's SBC-80/10 Single Board Com-
puter. Datel's SineTrac 800 data acquisi-
tion module plugs directly into the MDS-
800 or SBC-80/10, accepting 32 or more
analog channels inside the same housing.
The SineTrac 800 high-speed analog
card communicates on the MDS or SBC
CPU bus and is handled as an address-
able peripheral 1/0 device. Analog con-
nections are made through convenient
rear-panel connections on the MDS-800
housing. Programs written in universal
8080 microprocessor assembly language
instructions completely control all activi-
ties of the SineTrac 800 data acquisition
card. These include random or sequential
channel addressing with automatic reset
on user-specified first and last channels.
By using the 1/0O device communications
capability resident in Intel's monitor
program, the SineTrac 800 analog in-
puts can be directly printed out on a tele-
typewriter, punched onto paper tape or
magnetic tape cassette or left in memory
for further arithmetic manipulation be-
fore printout.

The SineTrac 800 card is ideal for proc-
ess control, automatic test systems, lab-
oratory measurement systems and simi-
lar applications. Additional SineTrac 800
boards allow for (1) A/D channel expan-
sion in increments of 48 channels per
. board or (2) a D/A board with eight 12-bit
D/A analog output converters per board
(expandable to 256 channels).

The D/A option board contains storage
registers for each 12-bit analog word to
maintain a stabilized analog output be-
tween output cycles. The D/A option is
ideal for plotter, chart recorder, oscillo-
scope or actuator drive.

The SineTrac 800 can accept three
modes of operation including program
control, direct memory access (DMA) or
interrupt operation. Program mode con-
sists of direct operation of the SineTrac
800 system by assembly language in-
structions at the time and sequence
specified by the program. DMA opera-
tion accommodates direct memory load-
ing in blocks using Intel's DMA board
but without routing through the CPU.
DMA operation can accommodate block
transfers up to the SineTrac 800's full
speed of 36,000 samples per second. In-
terrupt operation is ideal for serving
other peripherals 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 acquisition module employing a hy-
brid successive approximation A/D con-
verter, FET multiplexer switches, in-
tegrated circuit Sample/Hold amplifier
and tri-state TTL output buffer/registers.

ST-800/MDS-800
BLOCK DIAGRAM

Address decoders, bidirectional bus dri-
vers and receivers, status registers, FET
MUX switches, a 15V DC/DC converter
and control logic complete the rest of the
SineTrac 800.

BACKGROUND

The concept of using A/D and D/A con-
version inside a computer housing is
relatively new. The idea became a reality
with the advent of complete miniature
data acquisition modules such as Datel’s
MDAS-16. The MDAS-16, which is the
heart of the SineTrac 800 A/D board, in-
cludes a hybrid A/D converter (Datel's
model ADC-HZ) sample/hold amplifier
(Datel's model SHM-LM-2), LSI CMOS
analog multiplexer (Datel's MX-1606) and
control logic. Earlier A/D data acquisition
components consumed too much space to
be conveniently packaged inside the com-
puter housing. Another problem with an
internal A/D system was the high level of
logic noise from the computer's digital
circuitry. This noise occurred both as
electromagnetic noise and as voltage
noise distributed on power supply buss-
es. Datel has solved the noise problems
by shielding the MDAS-16 module in a 6-
sided steel cover and by generating fil-
tered £15VDC power from the computer’s
5V bus using a modular DC to DC
converter.

The advent of hybrid technology pro-
vided miniature A/D and D/A converter
modules and offered very high channel

densities. A single SineTrac D/A board
may contain 8 D/A channels or 32 A/D
channels. The hybrid converter package
includes circuit elements from different
technologies which are combined by
wire-bonding on a common substrate to
give the highest performance.

Such dissimilar technologies as bipolar
logic gates and bipolar linear circuits
(with different doping characteristics)
and MOS semiconductors are not easily
combined in one monolithic process with
cost-effective yields. But by combining
dissimilar circuits on a hybrid substrate,
the high speed, high accuracy, low drift
performance of Datel's SineTrac sys-
tems are realized.

USER BENEFITS

Only recently, connecting an A/D-D/A
system to a computer involved three
hardware problems — analog signal cab-
ling, digital I/O cabling and the interface
circuit design. The SineTrac concept of
slide-in A/D-D/A cards with on-board-in-
terfaces eliminates two of the most diffi-
cult problems — digital 1/0 cabling and
interface circuit design. Datel also offers
a strong head start in one other problem
area — test and development software. All
SineTrac systems include a paper tape
diagnostic test program written in 8080
assembly language with extensive com-
ments. While the user still must develop
his own application program, Datel’s pro-
gram offers quick on-the-air system
check-out.
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SPECIFICATIONS (typical @ +25°C when calibrated unless noted)

Number of Channels ...
Channel Expansion ....

Full Scale Input
Voitage Ranges ........

Common Mode Range .
Input Overvoltage ......

input Impedance .......

Input Bias Current .....
Input Capacitance .....

PERFORMANCE

Accuracy @ +25°C .....
Resolution ....... .
Nonlinearity

Differential nonlinearity .

Gainerror .............
Offset or Zero Error ... .
Gain Temperature Drift .
Oftset or Zero
Temperature Drift ......
Col Mode Rejecti

Power Supply Rejection .

Typical Data Transfer
1/0 Period (Total) ......

Throughput Period .. ...
Acquisition Time .......
A/D Conversion Time . ..
Aperture Time .........
Sample/Hold Switch

Feedthrough ...........
MUX Crosstalk from

OFF Channels .........

DIGITAL OUTPUTS

Output Coding .........

Output Format .........

Channel Addressing

Program Loaded
Registers ..............

DATA ACQUISITION SECTION (A/D ANALOG INPUTS)

SPECIFICATIONS
(Typical @ +25°C, dynamic conditions, unless otherwise specified)

ANALOG INPUTS

32 Single-ended or 16 Differential
non-isolated

Up to 256 single-ended or differential
channels using ST-800-ADX slave
expander cards.

0 to +5 volts

0 to +10 volts

-5 to +5 volts

-10 to +10 volts

+10 volts maximum

+35 volts maximum sustained (no
damage)*

100 megohms differential or to
ground.

3nA typical, 10nA maximum
10pF, OFF channel, 100pF, ON
channel to ground.

Within $0.025% of full scale range.
12 Binary Bits (1 part in 4096)

11, LSB maximum

+1, LSB maximum

Adjustable to zero

Adjustable to zero

Within £t30ppm of FSR/°C

Within t7ppm of FSR/°C

. 70dB min., DC to 1kHz, with 1 Kilohm

unbalance
100dB to +5V Bus

DYNAMIC CHARACTERISTICS

50 Microseconds (Program Mode)
27 Microseconds (DMA Mode)

20 Microseconds max.

12 Microseconds

8 Microseconds

50 nanoseconds

0.01% Maximum

0.01% @ 1KHz

Straight Binary (unipolar)

Offset Binary (bipolar) } g::gggd

2's Complement (bipolar).

2-Byte group electrically compatible

to Intel’s bidirectional bus for the

MDS-800 and SBC-80/10. Sign

extension is jumper-installed on bits

12 thru 15 for 2's complement units.

Bits 12 thru 15 are logic zero for all

other units.

Choice of Direct Memory Address

or Program Mode/Program Interrupt:

1. Direct Memory Address (DMA)
Sequential channel address under
SineTrac and Intel DMA board
memory address control. Program
control or program interrupt mode
not available.

2. Program Control or Program
Interrupt: Random or Sequential
channel addressing under program
control with 2-byte data transfers
to the CPU only. End of Conver-
sion (EOC) and End of Scan (EOS)
interrupts available for optional
program flagging. DMA mode not
available.

1. Status Input-loaded from data bits
Do. D1, 'Dz
Do — End of Scan (EOS, Read
output on D;)
D, — Interrupt Enable (CPU grant)
D, — End of Conversion (EOC,
Read output on Dy)

*Pad area available on A/D Expander boards for user to install
clamping diodes and protection resistors or fuses.

2. Start Channel Address-loaded
from data bits Do thru D;. A load
jams the current address register.

3. Final Channel Address-loaded
from data bits Dy thru D;.

Peripheral Address* .... Prewired by PC board jumpers at

base address 000100XX. Bits A, and
A, decode command functions.
Interrupt Level* ........ Prewired by PC board jumpers at
. EOC, level 3 and EOS, level 4.

*Test tapes supplied to users for system verification and checkout
are written with the peripheral base address and interrupt levels
shown. If other addresses and interrupts are required, the appro-
priate PC jumpers may be altered by the user after system verifica-
tion with the original addresses. The verification program may then
continue to be used by altering it using the Monitor.

POWER CONSUMPTION

1.3 Amps typical @ +5VDC supplied from CPU bus connector. On-
board DC/DC converter supplies +15VDC to linear circuits.

PHYSICAL
Operating Temperature
Range ................. 0° to +70°C
Storage Temperature -
Range ................. -26°C to +85°C =
CardSize .............. 12” x 6.75" x 0.5" compatible to

guide spacing and I/0 pinout of
MDS-800 and SBC-80/10
connectors.

DATA DISTRIBUTION SECTION (D/A ANALOG OUTPUTS)

ANALOG OUTPUTS
Number of Channels ... 8 Single-ended (Model ST-800-

DAB) or 4 Single-ended (ST-800-

DA4)

256 Channels addressable using

ST-800-DAX8 or ST-800-DAX4 slave

cards.

Channel Expansion ....

Full Scale Output
Voltage Ranges ........ 0 to +5 Volts
0 to +10 Volts
-2.5 to +2.5 Volts
-5 to +5 Volits
-10 to +10 Volts
Input Coding .......... Straight Binary (Unipolar)
: Offset Binary (Bipolar)
2's Complement (Bipolar)

Output impedance .. ... 50 milliohms

Output Current ........ +5mA min., short circuit proof to
ground.

PERFORMANCE

Nonlinearity ........... 11, LSB, maximum.

Differential nonlinearity . ', LSB, maximum.

GainError ............. Adjustable to zero using pot for each
channel.

Offset or Zero Error ...

Scan Period Adjust ...
Gain Temperature Drift .
Zero Temperature Drift .

Adjustable to zero using a pot for
each channel.

1 to 10 milliseconds.

+30ppm of output/°C.

(Unipolar output) t5ppm of FSR/°C

Offset Temperature
Orft ................... (Bipolar output) t15ppm
of FSR/°C '
Settling Time .......... 4 microseconds to %, LSB
Power Supply Rejection . $0.02% of FSR per 1% variation.

POWER REQUIREMENTS

Models ST-800-DA8 and DAX8: Externally supplied +15 VEC @
320mA maximum and +5VDC @ 1 Amp from CPU bus connections.

Models ST-800-DA4 and -DAX4: (includes on-board DC/DC con-
verter for :15VDC power) Requires +5VDC @ 1.5 Amps from CPU
bus connections.

SCAN CLOCK

Integrated circuit clock (74123) used to initiate channel scans via
jumper-selectable interrupt flag (prewired at level 5). User-
selected scan period by adjusting pot or rewiring RC network.

Peripheral Address* .... Prewired by PC board jumpers at

base address 000101XX. Bits A and

A, decode command function.

(see note above about test tapes)

Interrupt Level* ........ Prewired by PC board jumpers at
Scan Clock Time out, level 5 and End
of Scan, level 6.

CARD SIZE (8-channel

and 4-channel models) .. 12" x 6.75” x 0.5” compatible to Intel
guides and pinout.
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ORDERING GUIDE

See Model Numbers next page

A/D MASTER BOARDS

Model Description

ST-800-32S 32 Single-ended .........
A/D Channels

S$T-800-16D 16 Differential ...........
A/D Channels

ST-800-16S 16 Single-ended .........
A/D channels

ST-800-8D 8 Differential ............

A/D channels

A/D SLAVE EXPANDER BOARDS

ST-800-ADX32S 32 Chan. Single-ended ...
S§T-800-ADX32D 32 Chan. Differential .....
ST-800-ADX48S 48 Chan. Single-ended ...
ST-800-ADX48D 48 Chan. Differential .....

D/A MASTER BOARDS

ST-800-DA8 8 D/A Channels, .........
requires ext. +15V
@ .32A

ST-800-DA4 4D/A Channels, ..........
includes 15V
DC/DC Conv.

D/A SLAVE EXPANDER BOARDS

ST-800-DAX8 8 D/A Channels, .........
requires ext. +15V
@ .32A

ST-800-DAX4 4 D/A Channels, .........
includes 15V
DC/DC Conv.

4 AND 8 CHANNEL D/A
CARDS CAN BE MIXED.

FOR A/D OR D/A EXPANSION AT A
LATER DATE, CONTACT DATEL
FOR ADDRESS JUMPER INFORMATION.

CABLES AND ACCESSORIES

Model Description

$T-800-112177 = DMA Cableand ..........
Connectors for A/D or
D/A Boards, 14 in.
long (35,6 cm)

Connector for Calibration,
Single-ended A/D (Used
with diagnostic program.)

ST-800-11218D Prewired Voltage Divider ..
Connector for Calibration,
Differential A/D (Used
with diagnostic program.)

$T-800-11218S Prewired Voltage Divider ..

ST-800-11219

ST-800-11220

ST-800-11221

ST-800-11222A

ST-800-11222B

ST-800-11223

56-2076060

56-2076050

56-2073080

S$T-800-11213

A/D Expander Cableand ...
Connector for an adjacent
board (64 Diff. or 80 Sing.
End. Channels, total)

Combination A/D ........
Expander and DMA
Cables and Connectors.

A/D input Cable and .....
Connectors for the Intel
MDS-800 only. (Contains
an Amphenol connector
which mounts directly
inside the MDS-800 back
panel.)

D/A Expander Cable .....
and Ribbon Connectors,
14" (35,6 cm) long.
Connects (2) D/A Boards,
16 channels total, max.

D/A Expander Cable .....
and Ribbon Connectors,
14" (35,6 cm) long.
Connects (4) D/A Boards,
32 channels total, max.

D/A Output Cable and
Connectors for the Intel
MDS-800 only. (Contains
an Amphenol connector
which mounts directly
inside the MDS-800 back
panel.)

Dual 50-pin PCB ........
Connector (Provides input

~ to the Intel DMA Board

and ADX boards.)

Dual 36-pin PCB .........
Connector (included)
(Provides A/D inputs to the
ST-800-16D/32S A/D

boards. Also fits the
ST-800-16D/32S boards

to provide DMA data

output and control.)

Dual 15-pin PCB ........
Connector (included)
(Provides D/A Output

from all ST-800-DA and

-DAX boards.)

Digital Output Port .......
for any D/A board.
User-installed in D/A
Converter locations. 12
Bits, open-collector 7406,
remote pullup.

*When ordering, contact Datel to identify whether the scan clock
- will be used and what type of computer will be employed.
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" MODEL NUMBERS

SINETRAC 800 A/D SYSTEMS

TT™

]

MASTER OR

SLAVE EXPANDER

NO. CHANNELS/CARD
AND DC/DC CONVERTER

FULL SCALE OUTPUT
VOTAGE RANGE

INPUT CODING

DA = Master

DAX = Slave
(Master req’d
for control}

*When ordering, contact Datel to identify whether the scan clock
will be used and what type of computer will be employed.

4 = 4 D/A channels

8 = 8 D/A channels

no DC/DC conv. (ext.
+15V pwr req’'d)

Unipolar Ranges
DC/DC conv. included A

= 0to+5V unipolar
B = Oto+10V 2 = Offset binary,
Bipolar Ranges bipolar
C = -5V to+5V 3 = 2's complement,
D = —10Vto +10V bipolar
E = -25Vto+25V

= Straight binary,

ST—800— ____
NUMBER OF CHANNELS FULL SCALE INPUT OUTPUT CODING MODE JUMPER
AND TYPE VOLTAGE RANGES A/D SLAVE
325- = 32 Single-ended Unipolar Ranges 1 = Straight binary, A = DMA* (Requires Intel's DMA Board)
16D- = 16 Differential A = 0to+5V unipolar B = Program Control or Program Interrupt* EXPANDER
- = 16 Single-ended B = Oto+10V 2 = Offset binary, *DMA Mode is installed in all units but is
168 ingle-ende Bipolar Ranges bipolar selected using a PC board jumper which can be
p_ . quickly changed at any time. DMA Mode and
C = -5V to+5V 3 = 2's Complement, Program Control/Program Interrupt cannot be ST-800-ADX
D = ~10Vto+10V bipolar mixed simultaneously but must be changed
using the jumper.
NUMBER OF ADDITIONAL®
ST_800— SINETRAC 800 D/A SYSTEMS CHANNELS AND TYPE

32S = 32 Single-ended
32D = 32 Differential
48S = 48 Single-ended
48D = 48 Differential
*Single-ended and differential
channels cannot be mixed.

program control.

A/D-D/A BASE ADDRESSING and A/D STATUS REGISTER

A/D-D/A systems respond to the following base addresses, distributed on the address bus. The address lists are
arranged in a typical program control sequence so that if a CPU register is set aside for the base address, incre-
menting instructions may be used as each step is completed.

Similarly, the A/D status register listing shows that EOC and EOS interrupts may be set up several ways under

A/D BASE ADDRESSING

Prewired Address | 1/O
(Hexadecimal) Command Function
10 Write Load DO0-D2 into Status register
11 Write Load DO-D7 into Start Channel Address Register
12 Write Load DO-D7 into Final Channel Address Register
13 Write Start A/D Conversion
10 Read Read EOC Status Bit on DO.

Read EOS Status Bit on D7.

Enable either EOC or EOS interrupt if set.
11 Read (1st pulse) Read A/D LSB Byte

(2nd pulse) Read A/D MSB Byte
12 Read Read Current Channel Address on DO-D7
13 Read Read Final Channel Address on D0-D7

D/A BASE ADDRESSING

Prewired Address | 1/0 '
(Hexadecimal) Ci d Function
14 Write Load D0-D7 into Start Channel Address Register
15 Write Load DO-D7 into Final Channel Address Register
16 Write Load D/A LSB Byte
17 Write Load D/A MSB Byte
14 Read Read D0=LO if Scan Clock has timed out.

Read D7=L0O if Current=Final Channel (EOS)
15 Read Read Current Channel Address on DO-D7
16 Read Read Final Channel Address on D0O-D7
17 Read Reset Scan Ciock Interrupt FF, and all data and

channel address registers.

A/D SYSTEM STATUS REGISTER
STATUS FF WRITE FUNCTION (Out) READ FUNCTION (in)
End of Scan (EOS) Dy = 1" sets D; = "1" indicates EOS is set
EOS FF

Interrupt Enable (INTE) D, = 1" sets INTE FF to

End of Conversion (EQC)

enable EOS and EOC
interrupts

D, = “1" sets
EOC FF

when A/D data is read.

Dy = “1” indicates EOC is set. Resets
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ST-800-ADX48D
48-CHANNEL A/D SLAVE EXPANDER

ST-800-DA8
8-CHANNEL D/A MASTER BOARD

ST-800-11222B
32-CHANNEL D/A
EXPANDER CABLE

ST-800-11222A
16-CHANNEL D/A
EXPANDER CABLE

ST-800-DA4
MASTER AND
ST-80C-DAX4
SLAVE EXPANDER
D/A BOARDS

D/A MASTER AND
SLAVE EXPANDER BOARDS

ST-800-11223

D/A OUTPUT CABLE
AND CONNECTORS
FOR INTEL’S MDS-800

ST-800-11220
. COMBINATION A/D
ST-800-11218 EXPANDER AND DMA
VOLTAGE DIVIDER CABLES AND
CONNECTOR CONNECTORS

ACCESSORY CABLES
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DIGITAL OUTPUT PORT

A valuable accessory to the ST-800-DA and -DAX D/A Out-
put boards is the model ST-800-11213 Digital Output Port.
This consists of a 12-bit open collector TTL buffer with user-
supplied remote pullup resistors to an external 5-12V power
source. The Output Port is a very small PC board, slightly
larger than Datel's DAC-HZ hybrid D/A Converters. Any
number of Ports may be installed by the user on any D/A
board by removing the appropriate DAC-HZ converter. For
applications requiring only 12 output bits, an ideal location
is the 5th D/A position on ST-800-DA4 and DAX4 boards
adjacent to the DC/DC Converter module. This eliminates
having to remove a DAC-HZ. Each ST-800-11213 consists
of two 7406 open collector hex inverters capable of sinking
up to 40mA pulldown current per bit from a remote 5-12V
source. Remote pullup resistors to +5V are limited to 150
ohms minimum although most applications will suffice with
1000 ohms or more. Loads may be driven up to 50 feet (15m)
from the DIP output socket using color-coded ribbon cable.

APPLICATIONS

The Output Port is ideal for digital program control of out-
put devices such as pen-up/pen-down controls to an X-Y
plotter, start/stop motion to a chart recorder, write/erase
commands to a memory oscilloscope, and intensify/blank
or color commands to a CRT graphic display. The Output
Port works in conjunction with the analog output from the
D/A Converters. Other applications include Track/Hold
commands to external Sample/Hold amplifiers for mixed
analog/digital test systems. Communication systems may
use the Digital Outputs as gating commands to gatable trans-
mission amplifiers. The Output Port may also be used to con-
trol external logic such as start/stop/reset commands to
timer/counters used with V/F inputs.

SIMPLIFIED CHANNEL EXPANSION

Datel offers a very easy method of expanding A/D or D/A
channels. Standard slave expansion boards are controlled
by the A/D or D/A master boards and fit into identical board
slots in the microcomputer housing.

Very high channel density is featured because CMOS LSI
analog multiplexers and miniature hybrid D/A converters
are used. Only two boards total are needed for 80 single-
ended or 64 differential A/D channels.

Expansion beyond these limits up to 256 channels may need
two-level sub-multiplexing. With this configuration the mas-
ter A/D board (model ST-800-32S or -16D) controls the A/D
slave expanders.

The MDAS-16 A/D module on the master board sub-multi-
plexes the A/D expander channels. Therefore, the master
board's channels are not available for direct input in the
expanded configuration. For example, 96-channel, differen-
tial A/D capability requires a master board (ST-800-16D)
and two 48-channel slaves (ST-800-ADX48D). The 16 differ-
ential channels on the master board are dedicated to the
slaves and not usable separately.

Sub-multiplexed slave A/D channels also will have some-
what improved settling time according to the required accu-
racy, input impedance and number of slave channels. Con-
tact Datel for information on your particular requirement.

D/A slave Expander boards do not have the sub-multiplex
configuration. For example, 32 D/A channels can be real-

A/D MASTER AND SLAVE
EXPANDER: 80 CHANNELS TOTAL

ized with an ST-800-DA8 master board and three ST-800-
DAX8 slave expanders.

Users requiring channel expansion at a later date must
account for previous channel expansion by proper coding
of the channel address jumpers. This information is given
with each unit and users should consult Datel at the time
of channel expansion.

Datel offers convenient ribbon cables for A/D and D/A ex-
pansion, with or without DMA operation. (See ordering
guide). Complete pinout information is also given in the
manual if users prefer to make their own cables.
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PROGRAMMING METHODS and
SYSTEM ARCHITECTURE

Busy CPU’s

Datel’s SineTrac 800 A/D and D/A sys-
tems are designed for high speed data ac-
quisition and industrial data logging. Such
applications typically keep the micro-
computer's CPU very busy.

In a process control loop application, A/D
samples must be quickly stored in memory,
then arithmetically manipulated and fi-
nally returned to the external analog proc-
ess through D/A converters dedicated to
each A/D . channel. A remote supervisory
processor may oversee each satellite micro-
computer controller and its A/D-D/A loops.
Communicating with such a host com-
puter requires significant CPU time to for-
mat A/D data and system status words in-
to transceived characters (possibly through
an ASCII TTY loop or RS-232-C telephone

~ modem).

Industrial data acquisition controliers or
data loggers periodically request a sequen-
tial scan of selected A/D channels. Those
channels with slowly-changing values or of
less importance to a fast external process
may be sampled less often to reduce the
total time required to scan all possible
channels. Datel’s SineTrac 800 offers such
flexibility by including the necessary logic
to make automatic sequential scans of pre-
selected high-activity channels, say from
channel 180 to channel 256.

Highest Throughput and Reduced
CPU Housekeeping

The two Microcomputer CPU functions of
host computer communication and A/D-
D/A sample arithmetic manipulation de-
mand the highest speed of an A/D-D/A
peripheral and the shortest required pro-
gram sequences for control. By including
automatic sequential scan logic on Datel’s
SineTrac systems, CPU housekeeping is
minimized. And by including fast 20 micro-
second A/D Converter throughput with
optional DMA (Direct Memory Access)
mode, data bursts may occur at total trans-
fer rates of 36,000 samples per second.

Addressing Method

The SineTrac 800 systems are handled as
peripheral I/O devices. The A/D and D/A
sections each have hard-wired base ad-
dresses which may be rewired by the user.
These peripheral addresses are distributed
on 8 lines of the 16 line address bus and are
enabled by the IOWC (i7OW) and I0RC
(I7OR) lines on the CPU control bus.

The base addresses sent to the A/D and
D/A sections are variable in the 2 least sig-
nificant bits. For example, the A/D system
responds to base addresses 10, 11, 12 and
13 (in hexadecimal coding). Similarly, the
D/A section responds to addresses 14, 15,
16 and 17 (hex.). Since each address has a
read (IORC) and a write (IOWC) function,
an A/D or D/A board actually responds to
eight functions (see listing). Two of these
functions move two 8-bit bytes comprising

an analog sample to or from memory. Four
more functions load start and final channel
addresses or read the current and final ad-
dresses. The remaining two functions load
and read a status word which provides pro-
gram control of interrupts after each ana-
log sample (end of conversion or end o
scan of preselected channels). )

Flexible On-Board Control

In order to provide this powerful flexibility,
Datel’'s SineTrac systems include on-
board start and final channel address stor-
age registers and counters. This frees the
CPU from having to increment the channel
address with each conversion. Further in-
structions and CPU time are saved by let-
ting Datel's SineTrac compare the current
address to the final address. An interrupt
and/or status bit alerts the CPU that an
A/D scan is complete.

When operating in DMA, the A/D card
keeps track of the start and final channel
addresses to alert the DMA Controller
board when the scan is complete. On-board
DMA logic tells the DMA Controller to in-
crement two bytes to store the 12-bit A/D
sample.

In contrast to Datel’s peripheral 1/0 archi-
tecture, other addressing methods, such as
“memory-mapping” which assigns two
memory addresses per A/D channel, use
slightly simpler program sequences but
take more CPU time to monitor A/D-D/A
status, increment memory addresses and
channels, and to terminate the scan. ‘

DIAGNOSTIC TEST PROGRAMS

An important advantage to Datel SineTrac
800 users is the paper tape program sup-
plied with each system. This diagnostic test
program is also supplied with a comprehen-
sive systems manual which includes a full
listing of this program, with extensive com-
ments.

This program may be used to verify system
operation when a unit is first delivered. As
soon as analog inputs are connected, the
program may be loaded into memory and
channels will print out A/D samples on a
teletypewriter or CRT terminal.

If the user purchases the optional prewired
voltage divider input connector, only a
single external reference voltage is needed
to observe A/D conversions on the printout
or display. This voltage divider is also used
in the Accuracy Test (described below).

A/D DIAGNOSTIC TEST
PROGRAM
The A/D Test program performs the fol-

lowing tests by using a conversational
(prompting) teletypewriter technique:

1. Register Test — Nearly all of the sys-
tems’ digital IC’s are tested in this mode.
If an error is detected, a descriptive er-
ror message appears on the printout or
display telling which bits are defective
in what registers. The program will con-
tinuously loop on the error condition for
oscilloscope or logic analyzer trouble-
shooting.

2. Calibration Test — An individual chan-

nel may be repeatedly sampled by
" pressing the teletypewriter space bar for
each A/D conversion. The user may
select any channel and adjust the A/D
gain and offset pots for proper digital
output on the printout or display. A dual
trace oscilloscope may also be used to
observe the A/D’s serial output.

3. Scan Test — A selected group of chan-

nels may be printed out using the Scan
Test. If the optional voltage divide
input connector and a voltage reference
source are used individual channels will
show full scale, ¥, scale, 1, scale, Y,

scale and zero A/D conversion values in
hexadecimal coding.

4. Accuracy Test — Both hexadecimal

printout and conventional decimal volit-
age printout are displayed using the
Accuracy Test. This test will make mul-
tiple scans (selectable up to 256) of a
preselected group of channels, will aver-
age them and compare the average to
stored calibration values. A tolerance
or deviation from the calibration value
may be specified (in LSB’s of variation).
Individual channels will then show as
pass/fail against these tolerances and the
computer prints out the number of chan-
nels within tolerance. The above series
of printouts require calibrated input volt-
ages (using the optional voltage divider
connector and a reference source).

The Accuracy Test may also be used to
print out decimal voltages from a channel -
group.

A sample of the Accuracy Test printout
appears on following page:
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D/A DIAGNOSTIC TEST PROGRAM

The D/A program is similar to the A/D pro-
gram and uses a conversational (prompt-
ing) teletypewriter technique.

1. Register Test. Like the A/D Register
Test, this checks most of the logic and
displays a descriptive error message for
fault location.

2. End Of Scan Test. The status register
and interrupt bus are checked with this
test. Again, a TTY or CRT error message
traces faulty data paths.

3. Data Test. This test is a comprehensive

check on all bits of each D/A converter
and of the channel address registers.
The Data Test automatically increments
the current channel register while enter-
ing three hexadecimal digits (corre-
sponding to 12 binary bits) into each
D/A converter and its associated data
registers. The hex character sequence
1, 2, 4, 8, 10, 20 — 800 inserts a bit into
each D/A bit position.
4. Square Wave Test.

and
5. Sawtooth Test. These tests insert a low

frequency waveform into a single se-
lected D/A channel for observation on
an oscilloscope.

In addition to trouble-shooting and getting
a system operating quickly, the Diagnostic
Test Programs give a user samples of as-
sembly language programs required to
access the A/D-D/A peripheral board. Indi-
vidual tests are segregated on the program
listing in the manual. Therefore, a user may
extract portions needed for a particular ap-
, plication and write them into a supervisory
program.

ACCURACY TEST

A/D ACCURACY TEST PRINTOUT

o
(]
® .cioe
SINETRAC A/D TEST 4.11
@ /D TYPE - D3B
MODE - ACCURACY TEST
START CHAN - 8
@ VAL cuay - ¥
WORD COUNT - 21
ACCY LIMIT = 1
° NO.  HO.  WO.
ACTUAL WITHIN ABOVE BELOW
CHAN EXPECTED AVERAGE STATED STATED STATED
® NO.  VALUE VALUE DEVN  ACCY. ACCY. ACGY.
@0 +09.9951 +09.9951 +00.0080 21 e o0
@1 +89.9951 +§9.9951 +00.0008 21 20 20
) 92 +20.0000 +00.0080 +00.0000 21 20 28
. @3 +00.0000 +00.0000 +00.0080 21 20 20
04 +05.0008 +B5.0045 +80.0048 21 o 80
e @5 +05.0000 +05.8048 +00.8048 21 20 20
86 +80.0000 +00.0000 +00.0000 21 00 @0
@7 +00.0000 +00.8000 +00.0000 21 20 o
@ 88 +07.5000 +@7.5697 +80.0897 00 21 20
B9 +07.5000 +07.5097 +08.0097 02 IF 26
OA +00.0000 +00.0000 +00.¢000 21 00 ep
) @B +00.0000 +00.0000 +20.0008 21 @0 20
@C +02.5000 +02.4951 -00.8048 00 20 21
@D +02.5000 +02.4951 -00.0046 08 2 21
Y OE +80.0000 +00.0000 +00.8¢9¢ 21 20 20
OF +00.0000 +00.0000 +00.0000 21 20 20
L ]
®
()

ACCY.
LIMIT
+00. 0048
+00.0048
+00.0048
+00.0048
+00.0048
+00.0048
+00.0048
+00.0048
+0@.0048
+00.0048
+00.2048
+00.0048
+00.0048
+008.0048
+02.0048
+00.8048

EXTERNAL/INTERNAL START OF SCAN

Many applications require data to
be taken only at preselected inter-
vals or at specific times. In applica-
tions measuring relatively slow
analog inputs (slowly-varying DC),
inputchannels may be sampled ata
slower rate. This allows time for the
processor to do arithmetic on the
data, formatitand sendittoan out-
put device (printer, mg. tape, etc.).

Thus only a small amount of mem-
ory is required with successive
scans written over previous scans.
This frees up available memory to
accept arithmetic and formatting
programs for output. ‘

A second class of applications re-
quire very fast data collection but
only at a specific time (for example,
shock tests or fast chemical reac-
tions). Atall other times, the analog

peripheral section mustremainidle
while the processor continues with
other duties.

Datel provides both these modes of
operation by using a trigger input
which can accept external start
pulses or from an internal IC scan
clock.

Both the A/D and D/A Systems in-
clude integrated circuit scan timers
with the option of internal of exter-
nal or program-controlled scan in-
tervals. The start scan clock, if
used, is customer-adjusted to the
desired scan interval.

Inthe internal mode, the scan clock
is started after a scan of prese-
lected A/D or D/A channels. When
the clock times out, an A/D conver-
sion is started and an interrupt is

generated at EOC to tell the CPU to
take the A/D word.

In the external mode, an outside
logic pulse initiates an immediate
interrupt (not a start of conver-
sion). The CPU, therefore, retains
full control of when and whether to
start a scan.

PREWIRED SELECTABLE OP-
TIONS

All of the specifiers shown in the
model number chart (single-
ended/differential ranges, coding,
etc.) are selected by wiring jumpers
on the SineTrac PC board. Sine-
Trac system manuals supplied with
the boards explain how these
jumpers are installed so that you
can easily change the configura-
tion if your application differs at a
later date.
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_ SineTrac ST-LSI
High Performance

A/D & D/A Boards for DEC®

LSI 115 -11/2 Microcomputers

THE FEATURES

e Direct expansion to 64 single-ended or 32 dnfferentlal
A/D channels on 2 boards.

* Automatic sequential channel addressing (Auto
increment) or computer-controlled random
addressing.

e 12-bit binary accuracy and resolution.

® 20 microsecond A/D throughput period.

e Compatible with LSI-11 assembly language software.

AMPLIFIER OPTIONS
® Programmable Gain Amplifier:

2-bit control for gains of X1, X2, X4, X8 or X1, 2, 5, 10.

o Differential Instrumentation Amplifier: User-selected
fixed resistor for gains of X1 to X1000.

PACER CLOCK

e 16 programmable timebases from 30.6 microseconds
to 1 second, or up to 256 seconds.

e Starts A/D scans, interrupts or DMA Block transfers.

e Optional crystal oscillator (user-installed).

DIGITAL OUTPUT PORT
e 4 programmable bits for external device control.

CURRENT OUTPUT AMPLIFIERS and input shunts on
the Master A/D-D/A board are directly compatible
with 4-20 mA process controllers.(Optional)

THREE SCAN START METHODS
1. Internal/External Pacer clock
2. External event interrupt
3. Program start

OPTIONAL ON-BOARD %15V DC/DC
POWER CONVERTER

MODELS AVAILABLE

ST-LSI Full-Quad combination A/D-D/A Board, 32S/16D
A/D Channels, 2 D/A Channels, Pacer Clock, Current
Loop D/A Amplifiers, Digital Outport, Optional PGA
or Instrumentation Amplifier, Optional DC/DC Power
Converter.

ST-LSI-ADX Half-Quad Slave A/D Channel Expanders,
32S or 16D Channels.

ST-LSI-DA Half-Quad 4 D/A Channels, 12 Bit Outport, no
Loop Amplifiers, Optional DC/DC Power Converter.

ST-LSI2 Half-Quad A/D Board, 165/8D Channels, Pacer
Clock, PGA, DC/DC Power Converter

ST-LS12-ADX Half Quad Slave A/D Channel Expanders,
48S or 24D Channels.

ST-LSI2-DMA Half Quad DMA A/D Block Transfer Con-
troller. 32,768 16-bit Words. EOC and End of Cycle Inter-
rupts, 2 Vectors, 50 kHz Transfer Rate.

ST-LSI-RLY Half-quad flying capacitor relay input, 8 dif-
ferential A/D Channels, 12 bits, 30 Hz, 250 VRMs isolation,
126 dB CMR, PGA and 1K gain (see ST-LSI-RLY brochure,
pg. 114S)

DEC, LSI-11, and PDP are Digital Equipment Corp. trademarks
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TYPICAL SYSTEM APPLICATION

PHYSICAL
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TEMP.,RPM PRESSURE, : ; ;
FLOW RATE, ) | | | A/DINPUTS
FORCE, LIGHT 1 1 |
VOLTAGE, CURRENT | SENSORS I SIGNAL |
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I

PRINTOUT | 1 \

—]

MANUFACTURING
PROCESS
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USER'S LSI-11 COMPUTER
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CHEMICAL,
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AUTOMOTIVE,
PETROLEUM,
ETC. S
USER'S TELETYPEWRITER | aooiasoam o
A/D-D/A BOARD

T T AND APPLICATION PROGRAM cg;p{nm PERIPHERAL
FEEDBACK DRIVER AMPLIFIERS
CONTROL OR PROCESS RECEIVERS
PROCESS
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N\ / D/AOUTPUTS

DISPLAY ACTUATORS \

— —_— |

CRT, X-Y PLOTTER PUMPS, MOTORS, VALVES |
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PANEL METERS, /

RECORDERS, ETC. REAL-TIME CLOCKS

COUNTERS, PEN UP/DOWN,
RECORDER WRITE/ERASE,
- ——e e .

INTRODUCTION

A natural application for DEC'’s popular LSI-11 and
PDP-11/03 microcomputers is input/output of analog
signal voltages using Datel’s SineTrac LS| peripheral
boards, the ST-LSI series. Addition of the appropriate
ST-LSI board immediately transforms the LSI-11 into a
powerful programmable data acquisition/distribution
system, industrial process controller, smart data logger
for analytical or instrumentation applications, or
automatic test equipment controller. The system
features high channel density, low cost per channel, and
high speed. This suggests applications such as word
recognition systems, multi-channel communication
switching controllers, and speech and signal
processing systems.

Datel’s SineTrac concept quite simply is to place the
A/D-D/A analog peripheral system inside the computer
on slide-in circuit boards which are mechanically and
electrically compatible to the back-plane bus of the
LSI-11 and program-compatible to all LSI-11 and
PDP-11 languages. Sets of LSI-11 assembly language
instructions automatically control all activities of the
ST-LSI peripheral. The ST-LSI joins other analog
peripherals in Datel’s Sine-Trac family for popular mini-
and micro-computers including a very complete, high
performance version for the PDP-11 computer.

The ST-LSI incorporates a high degree of hardware
functions to relieve software requirements and achieve
maximum speeds. Such features as auto-start, auto-
incrementing of channels, multi-mode Pacer clock, and
interrupt actuation simplify programming while offering
versatility to meet many applications. This philosophy
is based on the concept that high performance analog
data acquisition/distribution systems for industrial and
analytical laboratory applications (many channels, high
speeds) require short, fast routines for maximum
throughput. This especially applies if other fast
peripherals are involved (CRT's, D/A’s, etc.) or devices
with complex protocol (for example, communication
with a remote host processor through a wide bandwidth
modem) or complex signal processing (Fast Fourier
Transform for spectral analysis). In all these applications,
programming overhead should be minimized so that
other fast peripherals will not be delayed by the A/D-D/A
handler routine. Datel includes a powerful diagnostic
program on paper tape to get the ST-LSI operating
quickly and for processor-aided troubleshooting. Octal
printouts of A/D data are available immediately from
the Datel Diagnostic program as soon as signal inputs
are connected and the diagnostic is loaded.

*DEC is a trademark of Digital Equipment Corporation,

Maynard, Mass.
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ST-LSI INSTALLED IN A
DEC-H9270 BACK PLANE/CARD GUIDE

DESCRIPTION

The ST-LSI seiies consists of 3 circuit boards with
several variations of each board plus the diagnostic
program and system documentaiton. The primary board
is an A/D-D/A master peripheral with 32 single-ended
or 16 differential A/D channels maximum and 2 optional
D/A channels. A versatile Pacer clock, interrupt circuit
and digital outputs are featured on this A/D-D/A master
board. A 4-bit CPU code selects one of 16 Pacer time
bases from 1 second to 30.6 microseconds when used
with the RC oscillator. A =15V DC/DC power converter
is optional to this board and eliminates any external
power requirements by using the computer’s +5V bus
supply. Current amplifiers are optional with the D/A’s.

The second board is a slave A/D Multiplexer Expander
which adds 32 additional single-ended or 16 differential
channels to the system, offering 64 total single-ended
channels maximum on 2 boards. This A/D Expander is-
addressed and controlled by the first A/D-D/A Master

(See half-quad LSI-11/2 A/D boards on page 111S)

Board and is powered by =15V from the Master's DC/DC
converter. Both the first and second (master and slave)
boards occupy quad and dual positions inside the LSI-11
and are connected together by cable. Because of
jumper-selected board addressing, additional master
and slave combinations may be added for indefinite
channel expansion (as long as additional card slots

and power is available).

The third board is a stand-alone 4-channel D/A analog
output peripheral occupying a half-quad size (8.5" X 5").
Having a unique, jumper-selected address, these D/A
boards may also be indefinitely cascaded. Digital
outputs are included for external Device Select lines,
pen up-down controls and write-erase commands.
DC/DC £15V power converters are optional.

All three boards use Datel’s fast, high-accuracy hybrid
A/D, D/A and multiplexer microcircuits for very high
channel density.

OPERATION

The A/D-D/A Master Board uses a very fast successive
approximation technique hybrid Analog to Digital (A/D)
Converter microcircuit (Model ADC-HS) with a built-in
sample and hold (S/H) amplifier. This microcircuit
acquires and samples an analog input channeled to it
through a CMOS analog multiplexer switch then
converts this signal to a 12-bit binary digital word in
20 microseconds. This sequence is commanded either
by program instructions, on-board or external Pacer
clock or an interrupt triggered from either the Pacer
or an external command. Such a command could come
from a process switch closure, light beam interruption or
a real-time clock. The 12-bit binary A/D representation
of the analog input is routed through on-board interface
logic and placed on the LSI-11 data bus under central
processor control. The A/D output briefly passes
through the CPU and is usually sent to memory
according to the stored program. Depending on how the
A/D data will be used, the data may be manipulated
arithmetically and/or sent to a peripheral device such as
a teletypewriter or CRT terminal, magnetic tape or
floppy disc mass storage device or to a communications
link (modem, etc.) for transmission to a remote super-

visory processor. After arithmetic, the modified A/D
data may also be returned to the physical process from
which it was measured to control that process. If a
process actuator is used, it is controlled by an analog
voltage or current signal from the ST-LSI D/A outputs
inside the LSI-11 card cage. In this manner, the
computer acts as a closed loop controller using a D/A
dedicated to each A/D channel. Analog indicating output
devices, such as oscilloscopes, X-Y plotters, chart
recorders and meters may also be accessed through the
D/A outputs.

The analog multiplexers (Datel's MX-1606) on the
master and slave A/D boards serve to connect many
inputs consecutively to the same A/D converter under
program control. These multiplexers contain fast internal
voltage clamps to protect against overloads up to £35V.
The D/A converters (Datel's DAC-HK models) each
contain a latching input register to store 12-bit binary
words from the LSI-11 bus to be converted-to an analog
output signal. Each D/A converter circuit also includes
a current output amplifier to directly drive process
control current receivers with the standard 4-20 mA, and
1-5 mA ranges.



SINETRAC LSI BLOCK DIAGRAM
A/D-D/A COMBOMASTER BOARD
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* The current loop amplifiers require an external excitation
voltage source of +18 Vdc regulated, minimum

NEW!
MODEL 56-11446-1

Rack-mounting screw-terminal interface panel for ST-LSI.
Accepts 40 or 50-pin right-angle ribbon cable headers
(optional).

Size: 19" x 3%," (482 x 89mm)
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ST-LSI SPECIFICATIONS

(Typical at +25°C, dynamic conditions, unless otherwise specified)

GENERAL
Board Configurations Available

1. ST—LSI Series Quad Master
Board, 32S/16D A/D Channels, 2
D/A Channels, Current Amplifiers,
DC/DC Power Converter, PGA or
Diff. Inst. Ampl., Pacer Clock.

2. ST-LSI-ADX Series Half-Quad
Slave A/D Channel Multiplexer
Expander. Adds 32 SE or 16 Diff.
A/D Channel Inputs.

3. ST-LSI-DA Series Half-Quad
Independent 4-channel D/A
Boards DC/DC Power Converter.

4. ST-LSI2 Half-Quad A/D Board,
16S/8D Channels, no D/A’s,
DC/DC Power Converter, PGA,
Pacer Clock.

5. ST- LSI2-DMA Half-Quad Direct
Memory Access Controller for the
ST-LSI2 A/D Board, 32K Memory
Words.

6. ST-LSI2-ADX Half-Quad Slave A/D
Channel Multiplexer Expander.
Adds 48 SE or 24 Diff. A/D Channel
Inputs to the ST-LSI2.

7. ST-LSI-RLY, Half-quad, flying ca-
pacitor relay input, 8 diff. A/D
channels, 12 bits, 30 Hz, 250 VRMs
isolation, 126 dB CMR, PGA and 1k
gain (See ST-LSI-RLY brochure,
pg. 114S).

BACKPLANE
COMPATIBILITY

The full-quad ST-LSI A/D-D/A
board is compatible to LSI-11
and PDP-11-03 computers
which use the H-9270
backplane. The H-9270
backplane includes parallel
wiring on the CD bus as well as
the AB bus. The ST-LSI requires
parallel wiring on both the AB
and CD busses.

For computers having the H-
9273-A backplane, which omits
parallel wiring on the CD bus,
Datel-Intersil’s half-quad ST-
LSI2 A/D board and any other
half-quad Datel board may be
used in the AB bus section
without any modification.

If the full quad ST-LSl is
required with the H-9273-A
backplane, contact Datel-
Intersil for backplane wiring
modifications (Product Note
LDC-523 in the ST-LSI systems
manual) which the user may
perform to achieve
compatibility.

A/D DATA ACQUISITION SECTION
(Applies to ST-LSI Combination A/D-D/A
Master Board and ST-LS12 A/D Board)

ANALOG INPUTS

Number of Channels and

Channel Expansion

(ST-LSI2 Board only):

16 Single-ended or 8 Differential
channels.

(ST-LSI Master Board Only):

32 Single-ended or 16 Differential
channels.

(Master Board plus one ADX Board):
64 Single-ended or 32 Differential
Channels, maximum capacity.
Channels may be expanded indefi-
nitely using pairs of Master and Slave
A/D Boards with different base
addressing. Differential Channels
require the optional PGA or Diff. Inst.
Ampl. Single-ended and Differential
Channels cannot be mixed.

Input Type

High impedance voltage input,
non-isolated. Differential inputs are
balanced.

Current Inputs

Up to 8 voltage inputs may be
converted to differential current
inputs with shunt resistors selected
and installed by the user in channels
0 to 7 only on the Master Board.
A/D Slave Expanders may accept 16
additional shunts. 4-20 mA, 1-5 mA,
10-50 mA ranges and others may be
accepted:

Input Overvoltage
+35V sustained (no damage)

Input Capacitance to Ground
5 pF - Off Channels, 100 pF - On
Channels

A/D DIGITAL OUTPUTS

Output Coding
Rewired with
Straight Binary jumpers by user or
2's Complement ) Datel in OEM
quantities

Offset Binary

Output Format

12-bit binary group bus-compatible to
the LSI-11 or PDP-11/03. Bits 12
through 15 may be wired to mirror bit
11 (the A/D MSB) as sign extension
used with 2's complement coding.

A/D SECTION PROGRAMMING
See full systems manual for details

Type of Interface

Memory-mapped. The A/D peripheral
appears to the CPU as four consecutive
read/write memory locations.

(Supplied standard)

Data Transfer Methods

Program (Register), Interrupt or DMA
(Direct Memory Access). DMA requires
the user to remove D/A’s and install
jumpers.

Memory Base Address

Factory selected to 170400. May be
altered using on-board DIP switch-
pack between 160000 and 177770.

Output Registers

COMMAND REGISTER: Selects A/D
operating modes, interrupt operation,
Pacer clock modes and frequencies,
and scan termination.

GAIN/CHANNEL ADDRESS
REGISTER: Sets gain of optional
PGA and the 6-bit A/D starting
channel address.

Input Registers

STATUS REGISTER: Indicates modes
selected through Command Register.

A/D DATA REGISTER: Contains 12-bit
binary results of A/D conversions.

Pacer Clock

16-stage binary divider with 4 bit
frequency selection. RC adjusted at
factory for 1 second to 30.6 micro-
second range. The 4-bit code is part
of the A/D Command word. The RC
timing circuit may be substituted with
a user-supplied quartz crystal (1 MHz
max.), HC/18U holder. The Pacer is
used to start A/D conversions, start
multi-channel scans, or flag the CPU
via interrupt and/or status register bit.

An external command may also gate
the Pacer and initiate an Interrupt.

A/D Conversion Period
8 microseconds

Sample/Hold Aperture Time
50 nanoseconds

Sample/Hold Switch Feedthrough
0.01% maximum

Multiplexer Crosstalk from OFF Channels

0.01%, DC to 1 KHz

Power Supply Rejection
54 dB to +5V power bus

See power supply and mechanical in-
formation on page 106S



PERFORMANCE
A/D DATA ACQUISITION SECTION (CONTINUED)

A/D INPUT ONLY
(No PGA, No Diff.

Inst. Ampl. Single-
ended inputs only)

WITH PROGRAMMABLE
GAIN AMPLIFIER
(PGA-Datel

AM-251 Module)

WITH DIFFERENTIAL
INSTRUMENTATION
AMPLIFIER (Datel
AM-205 Module)

Full Scale Input Ranges

—10 to +10 Volts
(Supplied standard)

0to +5V Rewired with
jumpers by
Oto +10V ({user (or by
Datel in OEM
—5to +5V | quantities.)

£10V, £5V, =2 5V, £1.25V
“P” models

or
+10V, £5V, £2V, =1V
“R"” models

*+10V to =10 mV

(Not available
on half-quad
ST-LSI2 A/D board)

Amplifier Gains

X1, X2, X4 and X8 using 2
bit input gain code which is
part of the command word
output to the A/D
peripheral. Gains of X1,
X2, X5, and X10 are
available on special order

using the AM-251B module.

See model numbering,

X1 to X1000 with gain
resistor supplied and
installed by user.

Input Gainzgtggg Equation
Gr=1+ RginQ

G1 Range: X1 to X100
Output Stage Gain: X1 or
X10 (Jumper select)

Input Impedance

100 Megohms min.,
differential or to ground.

10'2 ohms, differential
or to ground.

102 ohms, differential
or to ground.

Input Bias Current

3 nA typical,
10 nA maximum.

30 pA typica’,
200 pA maximum.

30 pA typical,
200 pA maximum.

Overall Accuracy @
+25°C (including noise
and quantization error,
referred to input, after
initial calibration.)

Within £0.025%
of Full Scale
Range =% LSB
*X1, 2, 5, 10 gains
also available,

GAIN ACC,, % LSB
X1 +0.03% FSR

X2 +0.03% FSR
X5, X4 £ 0.03% FSR
X10, X8 = 0.04% FSR

GAIN ACC., =5 LSB
X1 +0.025% FSR
X10 *0.05% FSR
X100 *0.1% FSR
X1000 + 0.3% FSR

Common Mode Voltage
Range (Signal plus common
mode voltage)

Single-ended only, use
PGA or Diff. Inst. Ampl.

Within £12V to
analog common

Within =12V to
analog common

Common Mode Rejection None, must use PGA or At Gain =1 At Gain = 1
(1 Kilohm max. source Diff. Inst. Ampl. O Hz 100 dB 1KHz 80dB
unbalance) 100Hz 80dB
1KHz 60dB At Gain = 1000
At Gain = 8 or 10 60HZ 100dB
O Hz 120 dB
100 Hz 100dB
1KHz 80dB
System Temperature Gain: Gain: Gain:

Drift (Referred to Input)

Within £20 ppm of FSR/°C
Zero:

Within =5 ppm of FSR/°C
Offset:

Within =10 ppm of FSR/°C

Within =30 ppm of FSR/°C
Zero:
Within £20uVv/°C

Within =30 ppm of FSR/°C
Zero:
Within £20uV/°C

Amplifier Settling Time to 8 microseconds GAIN
Rated Accuracy X1 7 uS
(Input = *FSR pk-pk step) — X10 8 uS
X100 40uS
X1000 100 uS
System Throughput Period 16 microseconds typ, 16 microseconds, typ, GAIN
(Including A/D conversion 20 microseconds max. 20 microseconds max. X1 15 uS
but not CPU data I/0) (An overload clamp X10 16 uS
prevents amplifier satura- X100 48uS
tion when switching gains X1000 108 uS
and maintains above
throughput rate)
Recommended Maximum 1000 Ohms 10 Kilohms 10 Kilohms

Source Impedance (To

maintain rated performance.)
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SPECIFICATIONS Continued (See page 112S for ST-LSI2 Half Quad Series)

D/A DATA DISTRIBUTION SECTION

(Analog outputs from A/D-D/A Master

Board and Stand- Alone D/A Peripherals)

ANALOG OUTPUTS
Number of Channels
2 single-ended on the A/D-D/A Master
Board or up to 4 per stand-alone D/A
peripheral.

Channel Expansion

Indefinite channel expansion using the
stand-alone D/A Boards (each board
is separately addressable) limited by
card slots and memory capacity.

Full Scale Voitage Output Ranges
0 to +5 Volts May be rewired by
0to +10 Volts } user or Datel'in
-5 to +5 Volts OEM qty.
—10to +10 Volts  (Supplied standard)

Digital Input Coding

Straight Binary ) May be rewired by
2's Complement} user or Datel (OEM)
Offset Binary (Supplied standard)

Output Impedance
50 milliohms

Output Current
+5 mA short circuit proof to ground.

Full Scale Current Output Ranges

0 to 20 mA (4 to 20 mA compatible)
0to 5 mA (1 to 5 mA compatible)
Single-ended. Voltage compliance:
10 volts. 4 to 20 mA supplied standard.
(+18V dc regulated external

excitation required).

Current output amplifiers are included
with each D/A channel on the Master
A/D-D/A board but are not available
on the stand-alone D/A peripheral.

Digital Output Ports

4 TTL open-collector output bits are
included on the A/D-D/A master board.
Internal pullup resistors to +5V are
included and they may be jumpered to
a higher external voltage remote pull-
up or up to 30 mA per bit.

The 4 bits are addressed as part of the
16 bit data word to DAC channel 1.
The Stand-alone D/A Peripheral has a
similar 12-bit port which is slaved to
the 12-bit output to DAC channel 1.

PERFORMANCE
Nonlinearity
*1/2 LSB maximum

Differential Nonlinearity
*+1/2 LSB maximum

Full Scale Gain Error
Adjustable to zero using a pot. for
each channel.

Offset or Zero Error
Adjustable to zero using a pot. for
each channel.

Gain Temperature Drift
Within =30 ppm of FSR/°C

Zero Temperature Drift
(Unipolar output) Within =5 ppm
of FSR/°C

Offset Temperature Drift

(Bipolar output) Within. 15 ppm

of FSR/°C .

Settling Time

4 microseconds to within £1/2 LSB of
final value.

Slew Rate

20V/usec '

Power Supply Rejection

54 dB to dc supply buses

D/A SECTION PROGRAMMING
Type of Interface
Memory-mapped. The D/A section
appears to the CPU as two consec-
utive, write-only memory locations.
The memory addresses are the 5th and
6th in sequence after the A/D section
addresses and therefore are positioned
by the switch-selected base address
(see A/D section programming). The
5th address, DAC channel 1 contains
4 additional bits for the output port.

The stand-alone D/A peripheral is
similarly organized but has its own
switch-selected base address.

A/D CHANNEL EXPANDER

ST-LSI-ADX SERIES AND
ST-LSI12-ADX SERIES

Function

(Note that single-ended and differen-
tial inputs cannot be mixed.)

The ST-LSI-ADX adds 32* single-
ended or 16* differential multiplexer
channels and is a slave to control by
the A/D-D/A Master Board. The
Master Board A/D converter is used.
16 voltage input channels may accept
shunt resistors to measure current
inputs.

*ST-LSI2-ADX adds 48S or 24D
channels and accepts 24 diff. current
shunts.

Multiplexer Specifications
Same as A/D-D/A Master Board.
Channel Expansion
One slave expander may be used with
one Master. Channels may be ex-
panded indefinitely using Master-
Slave pairs with different base

. addresses.

Mounting

Using DIP ribbon jumpers from the

Master Board: The Slave Expander is
inserted adjacent to the Master with

0.5" card guide spacing (LSI-11 compatible)
ST-LSI12-ADX includes cable.

Analog Input Connections
Using 2 Ribbon-cable connectors (3M
or equiv)

GENERAL All Models
Power Supplies
A/D-D/A MASTER BOARD:
+5 Vdc at 2.5 Amps max. from LSI-11
bus £15 Vdc at 150 mA max. supplied
from optional on-board DC/DC power
converter.

STAND-ALONE D/A PERIPHERAL:
+5Vdc at 1 Amp max. from LSI-11 bus.
*+15 Vdc at 150 mA max. supplied-from
optional on-board DC/DC power
converter for 4 D/A channels max.

A/D SLAVE CHANNEL EXPANDER:
Power is supplied from Master Board
through the connecting cable.

Mechanical Outline Dimensions
A/D-D/A MASTER BOARD:

8.430 x 10.374 inches (214 x 263 mm)
Stand-alone D/A Board and A/D
Channel Expander:

8.430 x 5.187 inches (214 x 132 mm)
Board Spacing: 0.5 inches (12,7 mm)

Operating Temperature Range
0°C to +70°C

Storage Temperature Range
—25°C to +85°C

Weight

MASTER BOARD: 16 ounces (0.45 kg)
STAND-ALONE D/A PERIPHERAL:
12 ounces (0,34 kg)

A/D CHANNEL EXPANDER

8 ounces (0,23 kg)

Relative Humidity
20% to 80%, non-condensing

DIAGNOSTIC PROGRAM
Supplied on paper tape for teletype-
writer (TTY) entry for all systems. See
full description elsewhere in brochure.

PAPER TAPE DIAGNOSTIC PROGRAM

SUPPLIED COMPREHENSIVE SYSTEMS
MANUAL WITH DIAGNOSTIC
PROGRAM LISTING



DIAGNOSTIC TEST PROGRAM

FEATURES

o Fully exercises all A/D and D/A conversion functions

o Tests all working registers and data paths

* Provides immediate octal A/D and D/A printouts as
soon as the program is loaded and signal connections
are made

e May be used to calibrate A/D channels and D/A
channels

o Descriptive error messages appear on the CRT or
printout if faults occur. They identify defective data
paths and register contents for oscilloscope or logic
analyzer diagnosis.

DESCRIPTION

All ST-LSI systems include a diagnostic program
supplied on paper tape. The tape can be loaded through
a tape reader on the TTY teletypewriter and gets the
ST-LSI system operating very quickly. While the
Diagnostic is not a user’s application program or a
handler routine, the program listing of the diagnostic
which appears in the supplied system manual shows
examples of how the A/D-D/A function may be con-
trolled by the computer. Selected useful portions of the
Diagnostic may be extracted and written into the
application program by the user.

The Diagnostic may be used as anincoming inspection
aid to be sure there was no damage to the ST-LSI in
shipment. This quickly verifies functions whereas
systems without such an aid require the user to spend
much time writing a program just to see if the system
is working. Octal printouts of A/D data are available
as soon as the Diagnostic is loaded and signal connec-
tions are made. For trouble-shooting, the diagnostic
program tests all circuits on the ST-LSI. The program
will continuously loop on error conditions for study
by oscilloscope or logic analyzer. When errors are
found, a descriptive error message will appear on the
CRT or printout to identify the faulty data path and
specific register contents.

For adjustment of the offset and gain calibration
controls of the A/D and D/A microcircuits, the Diagnos-
tic will perform conversions with each stroke of the

TTY space bar or automatic conversions of a preselected
scan of channels. The digital output from the A/D
section may be routed to the D/A section for comparison
and an octal word may be entered for conversion into
the D/A channels. Sawtooth patterns may be generated
by the D/A’s and any of the 16 Pacer clock frequencies
may be selected.

The Diagnostic program uses an interactive
(prompting) teletypewriter technique where single
characters call up certain portions of the program then
ask the user for more detailed selection parameters.
The Diagnostic program uses just under 4K of memory.

Skilled users of the Diagnostic can quickly isolate
a defective component without lengthy random testing
of all devices. All the Datel proprietary microcircuits
(A/D’s, D/A’s, MUX's, power converters, etc.) are
standard catalog items for simplified repair.

TTY CALL

CALL NAME
TEST NAME KEY MNEMONIC DESCRIPTION
A/D Command/Status A CMSRT Repeatedly loads and outputs 0's and 1's into selected bits to gener-
Register Test ate a square wave output. Or, will try all codes and check for errors.
Pacer Clock B PCLFT Generates a Pacer Clock timebase output from 4 bit clock input
Frequency Test via 0 to 15 decimal keyboard numbers.
A/D Calibration Test C ADCAL Selects a specific A/D channel and PGA Gain and gives octal
outputs each time the keyboard space bar is depressed.
End of A/D Conversian D EOCINT Tests interrupts from multiple A/D conversions and checks the
Interrupt Test Interrupt Vector Address. Prints error message and loops on errors.
Auto Start E ATSTRT Makes repetitive A/D conversions by reading the A/D Data Register.
A/D Conversion Test Prints error messages and loops on errors.
Auto Increment/ F ‘ATINC Requests PGA Gain, number of channels per scan and start channel.
End of Scan Interrupt Test Prints out A/D results and causes interrupt. Loops on interrupt if
error occurs and prints error messages.
Pacer Clock Mode G PCMIT 1. Starts A/D Conversions from Int/Ext. Pacer Clock
Interrupt Test 2. Generates an Interrupt from the Int/Ext. Pacer Clock. Loops and
prints error messages. )
D/A Calibration Test H DACAL Selects a D/A channel and converts an octal input code from the
keyboard to an output voltage.
D/A Sawtooth Test ] DASAW Loads a counter input to both D/A’s and increments/decrements the

counter so that the D/A outputs produce a sawtooth waveform
between + and — fuliscale.
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DIAGNOSTIC TEST PROGRAM

The SineTrac LS| is a memory-mapped peripheral
which communicates with the LSI-11 CPU through four
consecutive memory locations. The base (lowest)
address of these is assigned by a DIP switch pack on
the ST-LSI board. The base address selected by Datel
for the supplied Diagnostic Program Tape is 170400
(octal), however, the user may reset the switch pack to
any base address between 160000 and 177770. To the
CPU, the ST-LSI appears to be relatively slow RAM

memory.

The A/D section of the ST-LSI master board contains
four dedicated registers which are accessed by memory
reference instructions. The D/A section contains two
additional registers to hold 12-bit inputs to the D/A’s
and four digital output bits. Three Interrupt Vector
Addresses are available for the A/D section. The A/D
Section registers are:

1. COMMAND REGISTER: Receives an output code for:
a. A/D operating modes - Start convert, End of
Conversion, End of Scan, Auto-Increment, Pacer
Clock Start.
b. Interrupt operating modes - Pacer, EOC, EOS.
c. Pacer Divider Timebase - 16 possible timebases.

2. STATUS REGISTER: Command Register operating
mode.
3. GAIN/CHANNEL ADDRESS REGISTER: PGA and
“starting channel address.
4. A/D DATA REGISTER: Stores A/D 12-bit data words.
Bits 12-15 may be wired as sign extension.

The four ST-LSI registers are as fpllows:

MEMORY o BUS
ADDRESS FUNCTION MNEMONIC CYCLE
(OCTAL) .
170400 (Base) A/D COMMAND REGISTER CDSTAT DATO(B)
170400 (Base) A/D STATUS REGISTER CDSTAT DATI
170402 GAIN/CHANNEL GNCHAD DATO(B)
(Base +2) ADDRESS REGISTER

170402 A/D DATA REGISTER ADDATA DATI
(Base +2)

170404 DEVICE SELECT/DAC 1 DADAT1 DATO
(Base +4) DATA REG.

170406 DAC 2 DATA REGISTER DADAT2 DATO
(Base +6)

Three Interrupt Vector Addresses are included on the
ST-LSI and are arranged as a Vector base address and
two displacements, similar to the memory addresses.

The Interrupt Vector Addresses are as follows:

INTERRUPT
These Vector Addresses may be used to handle a VECTOR ADDRESS FUNCTIO
specific interrupt by jumping to a subroutine which (OCTAL)
executes the function which caused the interrupt.
Datel has preselected the Interrupt Base Vector 000360 (Base) End of A/D Conversion Vector Address
address as 000360 (octal) but the user may alter this 000364 End of Multichannel A/D Scan
address anywhere between 000000 and 000360. (Base +4) Vector Address
000370 Pacer Clock Interrupt Vector Address
(Base +10)
The memory register bit-function assignments are
as follows:
COMMAND REGISTER (Write Address 170400)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X X X PC8 | PC4 | PC2 | PCH DMA | EOC | EOS | PCLK | AUTO| ADC | ADC
ENBL*| INTE | INTE | INTE | INCR | M2 M1
[ | ] ] I | I 1 —l
Not Used Pacer Clock TimebaselSeIect_] Not Used

End of Conversion Interrupt Enable

End of Scan Interrupt Enable

Pacer Clock Interrupt Enable

Auto-Increment Mode Enable

(1 = INCR. A/D CH. ADDR. CNTR. AT A/D START CONV.)
A/D Convert Mode (M2)

A/D Convert Mode (M1)

00 = Start Conv. by loading Gain/Ch. Addr. Reg.

01 = Start Conv. by reading A/D Data Reg.; Ch. Addr. Contr. Increments if Auto-Increment is set.

10 = Int. Pacer Clk. Conv. Start.
11 = Ext. Pacer Clk. Conv. Start
*DMA ENABLE is a future option



STATUS REGISTER (Read Address 170400)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EOC 0 0 0 PC8 | PC4 | PC2 | PC1 EOS | DMA* | EOC | EOS PC | AUTO | ADC ADC

STATUS| INTE | INTE | INTE | INCR M2 M1
L [ I I |
End of Conversion Status ] l
Pacer Clock Timebase Code End of Scan Status

End of Conversion Interrupt Enable Status
End of Scan Interrupt Enable Status
Pacer Clock Interrupt Enable Status
Auto-Increment Mode Status.
A/D Convert Mode Status (M2)

A/D Convert Mode Status (M1)
*DMA STATUS is a future option

GAIN/CHANNEL ADDRESS REGISTER (Write Address 170402)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X X X X X X X X PGA PGA A5 A4 A3 A2 A1 AO
G1 G1 (MSB) (LSB)
I I T 1 ] T 1 ] :[_J L L I I I ]
Not used PGA Gain Select A/D Channel Address Select_]
00 = X1
01 = X2
10 = X4
11 =X8

A/D DATA REGISTER (Read Address 170402)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Oor Oor | Oor Oor | A/D A/D A/D A/D | A/D A/D | A/D | A/D A/D A/D A/D | A/D
MSB | MSB [ MSB | MSB | BIT1 | BIT2 | BIT3| BIT4 | BIT5 | BIT6| BIT7 | BIT8 | BIT9 |BIT10|BIT11 | BIT12

[ [ [ T 8B ] | [ 1 | | [ [ | [ __&sB
{ MSB Sign Extension (2's Complement Coding)
Set to Zero (Binary Coding) A/D Converter Data

DEVICE SELECT/DAC 1 DATA REGISTER (Write Address 170404)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ps | bs | bs | bs | D/A [ D/A [ D/A [ D/A [ D/A [ DA [ DA | D/A | D/A | D/A | D/A | D/A
3 | 2 | 1 O |BIT1|BIT2|BIT3|BIT4|BITS | BIT6|BIT7|BIT8 | BITY [BIT10|BIT11|BIT 12
[ [ I s8] [ l [ | [ [ I [ [ wss

4-Bit Device Select Code:]

DAC 1 Data Register

DAC 2 DATA REGISTER (Write Address 170406)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
X X X X D/A D/A D/A D/A D/A D/A D/A D/A D/A D/A D/A D/A
BIT1|BIT2 | BIT3| BIT4 | BIT5 | BIT6| BIT7 | BIT8| BIT9|BIT10|BIT11|BIT12
L1 1 ] mse) [ [ ] [ l | | [ [ [ uss
Not Used
DAC 2 Data Register.
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MASTER SELECTION GUIDE

MASTER A/D-D/A BOARD
A/D SLAVE CHANNEL EXPANDER

INDEPENDENT D/A PERIPHERAL

Refer to the high-isolation relay
MUX ST-LSI-RLY on page 114S

MASTER COMBINATION A/D SLAVE MULTIPLEXER INDEPENDENT LsI-11/2
DESCRIPTION | A/D-D/A BOARD CHANNEL EXPANDER D/A PERIPHERALS A/D BOARD
Models' ST- ST- ST- ST-LSI- ST-LSI- ST-LSI-DA4A | ST-LSI-DA4B | ST-LSI2
LSI32S |LSI16D | LSI16S | ADX32S ADX16D (Incl. DC/DC) | (No DC/DC)
Number of 32 Single 16 Differ- | 16 Single-{ Adds 32 SE Adds 16 Diff. | —. 16 Single-ended or 8 Differ-
A/D Channels | ended ential ended Channels Channels ential, Jumper-selected
A/D Current Accepts up to 8 user-installed Accepts up to 16 user- — Accepts up to 8 user-
Inputs? current shunt resistors. installed current shunt installed current shunt
resistors resistors (3)
A/D Channel See ST-LSI-ADX A/D Slave 64 SE or 32 Diff. A/D Chan. — See ST-LSI12-ADX Series
Expansion Expander, Next Column max. using a Master-Slave A/D Slave Expander.
. pair. May be indefinitely Total capacity, master plus
expanded by cascading slave: 64SE or 32 Diff.
Master-siave pairs. A/D channels.
Number of 2 D/A Channels Optional —_— 4 D/A Channels None, use independent
D/A Voltage * includes current D/A Boards
Channels loop amplifiers) ’
D/A Channel See Independent D/A Peripheral | Indefinite (Limited by board —_—
Expansion slots, power and memory
capacity)
Digital 4 TTL bits independently — 12 TTL bits slaved to D/A None, must use D/A board.
Output Bits addressed with D/A channel Channel 1 output.
1 output word.
DC/DC Power | Optional Uses power bussed over Optional Included standard.
Converter from Master Board. Omitted optional in OEM
quantities (Contact Datel)
Board Size 8.5" X 10" quad 8.5" X 5" half-quad 8.5" X 5" half-quad 8.5" X 5" half-quad
(21 X 26 cm) (21 X 13cm) (21 X 13cm) (21 X 13cm)
Options Prog. Gain Ampl. —_— DC/DC Power Converter Includes.PGA, DC/DC
Diff. Inst. Ampl. Power Converter,
DC/DC Pwr. Conv. Pacer Clock. Accepts
2 D/A Chans. plus 8 user-installed
current ampl. current shunts. Optional
16 Add'l Chans. 2nd DMA board avail.
Pacer Clock Included (Model ST-LSI2-DMA)
Compatible LSI-11, PDP-11/03/23 LSI-11, PDP-11/03/23 LSI-11, LSI-11/2, LSI-11, LSI-11/12,
Computer PDP-11/03, PDP-11/23 PDP-11/03/23
Notes May operate in DMA by Single-ended and differ- May be used with Diagnostic program
removing D/As and ential chans. cannot be LSI-11/2. Diagnostic included.
adding jumpers. mixed. program included. ST-LSI2-ADX,
Ranges & coding are jumper- ST-LSI2-DMA,
selected. Diagnostic program
included.
(32 SE A/D’s only) (ADX 328) (Incl. DC/DC) (Incl. PGA, DC/DC
plus ampl. (ADX 16D) (No DC/DC. Pwr. Conv.,.Pacer Clock
(16 SE A/D’s only) Requires ext. £15V @ and Diagnostic Program)
PGA or Diff. Inst. Ampl. 150 mA regulated)
required for Differential inputs.
Notes (2) The A/D current inputs use a shunt resistor across differential voltage channels.

(1) These are not complete model numbers.

Please refer to the model guide to select options.

The shunts must be supplied and installed by the user (or by Datel in OEM quantities).
(3) The ST-LSI2-ADX accepts 24 user-supplied differential current shunts.




ORDERING GUIDE
A/D-D/A MASTER BOARD MODEL NUMBERING

ST-LSI

See ST-LS12 information on
pages 112S and 113§

L=

|

NUMBER OF
D/A CHANNELS

0 =No D/A’s
2 = 2 D/A Channels

DC/DC POWER CONVERTER

1 = Included

2 = Not Included
(Ext. =15V Power Required)

NUMBER OF
A/D CHANNELS

PROGRAMMABLE GAIN AMPL.
OR INSTRUMENTATION AMPL.

32S = 32 Single-ended
16D = 16 Differential*
16S = 16 Single-ended

*For differential systems the

P=PGA (X1, 2, 4, 8) AM-251 A
R=PGA (X1,2,5, 10) AM-251B
D = Diff. Inst. Ampl., AM-205

(User-selected fixed gain)
X= None (SE Only)

PGA or Diff. Inst. Amplifier
must be used.

Standard inputs are =10V full

scale and offset binary coding.
Users may rewire jumpers for

other ranges and coding.

A/D-D/A MASTER BOARD

(Single Quantity; Contact Datel for OEM Discounts)

**R" models (PGA X1, 2, 5, 10) same price as P models

MODEL NO. OF NO. OF PGA* OR DC/DC PWR. MODEL NO. OF NO. OF PGA* OR DC/DC PWR.
NUMBER A/D CHANS. D/A CHANS. INST. AMPL. CONV. NUMBER A/D CHANS. D/A CHANS. INST. AMPL. CONV.
ST-LSI32S0P1  32S None PGA Yes ST-LSI116D2P1 16D 2 D/A's PGA Yes
ST-LSI13280P2 32S None PGA No ST-LSI16D2P2 16D 2D/A's PGA No
ST-LSI32S0D1 32S None Inst. Ampl. Yes ST-LS116D2D1 16D 2D/As Inst. Ampl Yes
ST-LSI3286D2 32S None Inst. Ampl No ST-LS16D2D2 16D 2D/A's Inst. Ampl No
ST-LSI13280X1 328 None None Yes ST-LSI16SOP1  16S None PGA Yes
ST-LSI3280X2 32S None None No ST-LSI16S0P2 16S None PGA No
ST-LSI3282P1 32S 2D/A's PGA Yes ST-LSI16S0D1  16S None Inst. Ampl Yes
ST-LSI3282P2 32S 2D/As PGA No ST-LSI16S0D2 16S None Inst. Ampl No
ST-LSI3252D1 32S 2D/As Inst. Ampl. Yes ST-LSI16S0X1 16S None None Yes
ST-LSI3282D2 32S 2D/A's Inst. Ampl No ST-LSI16S0X2 16S None None No
ST-LSI3282X1 328 2D/As None Yes ST-LSi16S2P1 16S 2D/As PGA Yes
ST-LSI3282X2 32S 2D/As None No ST-LSI16S2P2 16S 2D/A's PGA No
ST-LSI16DOP1 16D None PGA Yes ST-LSI16S2D1 16S 2D/A’s Inst. Ampl Yes
ST-LSI16DOP2 16D None PGA No ST-LSI16S2D2 16S 2D/A's Inst. Ampl No
ST-LS116DOD1 16D None Inst. Ampl Yes ST-LSI1682X1 16S 2D/A's None Yes
ST-LSI16DOD2 16D None Inst. Ampl. No ST-LSI16S2X2 16S 2D/A's None No

INDEPENDENT 4-CHANNEL D/A BOARDS

MODEL

NUMBER NOTES

ST-LSI-DA4A DC/DC Power Con-
verter is included.

ST-LSI-DA4B No DC/DC Converter
(External =15 Vdc
power @ 160 mA is
required.)

SLAVE A/D MULTIPLEXER CHANNEL EXPANDERS
(An A/D-D/A Master Board is required for control)

MODEL

NUMBER NOTES

ST-LSI-ADX32S | Adds 32 additional
single-ended channels

ST-LSI-ADX16D | Adds 16 additional
differential channels.
The PGA or Diff. Inst.
Ampl. on the master
board is required.

NOTE: Single-ended and differential inputs cannot be mixed.

May also be used with the LSI-11/2
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 Sinelra€ ST-LSI2 Series
Half-Quad A/D and D/A
Boards for DEC® LSI-11®,

-11/2 Computers

ANALOG INPUT: MODEL ST-LSI2
Features

® 16 single-ended or 8 differential A/D channels
(jumper-selected) for the half-quad LSI-11/2

e Throughput speed is 20 microseconds per conversion.

e Differential Programmable Gain Amplifier (PGA) with
X1, 2, 4, 8 gains included. (Low level not available.)

& On-board Pacer Clock is included to give 16 pro-
grammable timebases for A/D Start, DMA cycle
or interrupt.

e DC/DC Power Converter included.

e Accepts 8 current loop shunt resistors for 4-20 mA
inputs, etc.

o Powerful Diagnostic Program Tape and Manual with
listing are included.

e |dentical analog specifications to the full-quad ST-LSI
A/D board with PGA.

e Model ST-LSI2,
quantity discounts.

Contact Datel for

ANALOG OUTPUT: ST-LS! D/A SERIES
Features

e Uses the identical half-quad D/A boards as the ST-LSI
system.

e 4 voltage output channels per board, 12 bit binary
resolution. :

e 4 microsecond output settling time

e With or without optional =15V DC/DC Power
Converter.

e Includes 12-bit TTL output port slaved to D/A Channel
1 data.

e Includes Diagnostic Paper Tape Program and system
manual with program listing.

LSI-11 H-9270 and
Compatible to: LSI-11/2 H-9273-A
PDP-11/03/23 Backplanes

e DIP-switch selectable board addressing (memory-
mapped) for indefinite channel expansion.

e +5V, +10V, =5V, =10V jumper-selected output
ranges at 5 mA max.

® Model ST-LSI-DA4A (incl. DC/DC)
DA4B (No DC/DC)

ST-LSI-

A/D SLAVE CHANNEL EXPANDER: ST-LS12-ADX
vFeatures

e Adds 48 single-ended or 24 differential A/D channels.
- Total capacity: 64S/32D channels on two boards.

e Addressed, powered and controlled by the ST-LSI2
Master A/D board.

® Optional DIP Ribbon jumper cable to the Master board.

e Will accept up to 24 current loop shunt resistors
selected and installed by the user. Makes the A/D

inputs compatible to industrial process transmitter
ranges of 4-20 mA, 1-5 mA, 10-50 mA, etc.

e Same high performance as the ST-LSI2 Master board:

200 Megohms OFF resistance, 30 pA leakage, 5 pF
input capacitance.

e Jumper-selected 48S or 24D channels.

¢ Model ST-LSI2-ADX,
Contact Datel for quantity discounts.

DIRECT MEMORY ACCESS: ST-LSI2-DMA
Features

e Commands up to 32,768 16-bit words as A/D data
transfers. i

e Optional DIP Ribbon cables to master board.

® Includes on-board End of Conversion (EOC) and
End .of DMA Cycle Interrupt logic.

DEC, PDP and LSI-11 are Digital Equipment Corp. Trademarks

1128

e |ssues two selectable Interrupt Vector Addresses
(EOC and End DMA Cycle)

e Allows A/D Multi-scan Block Transfers at 50,000
samples per second rates for dynamic.real-time
applications.

® Model ST-LSI2-DMA

WL
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ST-LSI2 continued

PROGRAMMING, CONTROL REGISTERS, ARCHITECTURE

The Master A/D board includes a programmable
Pacer clock (16 selectable timebases) which may be
used to:

1. Start an A/D conversion
2. Issue an external pulse to control real-time
outside devices.

The DMA board includes interrupt logic which may be
initiated by: .
1. An A/D End of Conversion (EOC)
2. An End of DMA Cycle

The on-board interrupt logic for each of these func-
tions issues a preset Interrupt Vector Address which
may be altered by jumpers.

Thus there are three methods of data transfer after
A/D conversion. They are:
1. Program control by polling the Status Register for
End of Conversion set.

2. Generate an interrupt at EOC on the DMA/Interrupt
board. )
3. DMA data transfer started at EOC with the DMA

Enable bit 6 set. An interrupt will occur at the end

of the DMA cycle to inform the processor that the

block transfer is complete and the data in memory

may be further processed.

DMA block transfers may be indirectly started by the
Pacer clock by starting an A/D conversion. At EOC, with
the DMA Enable bit 6 set, 50 KHz sequential data
transfers will occur until the DMA Word Count is reached.
The Auto-Start and Auto-Increment modes are also used.

The full-quad ST-LSI A/D-D/A Master Board has
somewhat more capability in that either the Pacer clock
or an external event may directly cause an interrupt
(using interrupt logic on the Master board). Also, the
ST-LSI (full quad) includes additional gates for a user-
installed quartz crystal (1 MHz max.)

REGISTERS

The on-board registers and their corresponding
memory-mapped addresses and bit assignments are
identical to the full-quad ST-LS| A/D-D/A board (see
pages 8 and 9) with the following exceptions:

1. The preassigned (but resettable) memory address
170404 (octal) is used for the DMA Word Count
Register (see below).

Up to 32K 16-bit words may be transferred and this

register decrements with each A/D dataword transfer.

2. The memory 1/O Address 170406 (octal) is used for
the DMA Starting Memory Address, which incre-
ments after each transfer.

3. Bit 6 in the Command/Status Registers is used for

DMA Select Enable/Status.

4. EOS and Pacer Clock Interrupt Enable/Status bits 4
and 3 are not available on the ST-LSI2. See remarks
above. The EOC and DMA Interrupts are available.

5. An external Device Select is not available on the
ST-LSI2 A/D board. Use the 12 Device Select bits on
an independent ST-LSI-DA board instead.

6. Two Interrupt Vector Addresses are issued on the
ST-LSI2-DMA board. They are:

Base (octal) 000360 End of A/D Conversion (EOC)

Base +4 000364 End of DMA Cycle

Five PCB jumpers may be altered to reassign the
base address between 000000 and 000360.

DMA WORD COUNT REGISTER

Address: 170404 (octal) or base +4

Diagnostic Mnemonic: WDCNT 15 14 13 12 11

10 9 8 7 6 56 4 3 2 1 0

instruction CyCIe: DATO WC | WC | WC | WC | WC | WC [ WC|WC|WC|WC|WC|WC|WC|WC|WC|WC|
Register Hardware Location:
ST-LSI2-DMA Board 15 (14113 (12 [11 {10l o|8f7|6|5]|4]|3|2]1]0
DMA MEMORY ADDRESS REGISTER
Address: 170406 (octal) or base +6
Diagnostic Mnemonic: MEMADR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Instruction Cycle: DATO (set) MA [ MA [Ma] Ma] Ma [ MA [MA [MA] MA [ MA [ MA [MA [MA [ma [Mma] x
or DATI (test)
Register Hardware Location: 15|14 1831211 |10 ]| 9 | 8 7 6 5 4 3 2 1
ST-LSI2-DMA Board Not Used |
PACER CLOCK TIMEBASES
Timebase Timebase
Command Timebase Period + 224 Timebase Period + 224
Register Period + 216 (Jumper Command Period + 216 (Jumper
Timebase (Standard, Selected: Register (Standard, Selected:
Code (Octal) Factory- GND. Timer Timebase Factory- GND. Timer
Adjusted) Pin 6) Code (Octal) Adjusted) Pin 6)
0 30.6 uS 7.8mS 10 78mS 2 Sec.
1 61uS 15.6 mS 11 15.6 mS 4 Sec.
2 122 uS 31.3mS 12 31.3mS 8 Sec.
3 244 uS 62.5 mS 13 62.5mS 16 Sec.
4 489 uS 125 mS 14 125 mS 32 Sec.
5 977 uS 250 mS 15 250 mS 64 Sec.
6 1.95mS 500 mS 16 500 mS 128 Sec.
7 39mS 1 Sec. 17 1 Sec. 256 Sec.
ST-LSI2 HALF-QUAD SERIES ORDERING GUIDE
ST-LSI2 16S/8D A/D chans., Pacer clock, PGA, DC/DC
ST-LSI-DA4A 4 D/A chans., includes DC/DC Power Conv.
ST-LSI-DA4B 4 D/A chans. requires external +15 Vdc reg.
ST-LSI12-ADX A/D Slave Expander, add 48S/24D chans.
ST-LSI2-DMA DMA Controller for ST-LSI2, 32K words

ST-LSI2-11452-1
ST-LSI12-11452-2

Ribbon cable for A/D plus DMA or ADX (2 plugs)
Ribbon cable for A/D plus DMA and ADX (3 plugs)
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FEATURES

o 8 Differential A/D Channels, using “Flying Capacitor”
relay multiplexer.

¢ High Common Mode Noise Rejection (126 dB) and high
isolation (250 VRMS).

¢ 12 bit binary resolution, with user-selected output coding.

o Software and hardware compatible with DEC’s LSI-11,
LSI-11/2 and PDP-11/03/23 Series of microcomputers.

e Programmable gain amplifier, selectable gain X1, X2, X5,
and X10.

e Full-scale input selectable from 10 mV to 2V unipolar;

~ from =10 mV to =1V bipolar, using gain resistor.

¢ Includes paper tape Diagnostic Program for immediate
TTY or CRT display of scans.

o EOC interrupt; external trigger start.

o Uses +12V and +5V from computer bus; -12V generated
from on-board converter.

o Half quad size: 8.430"D x 5.187"W x .5"H

o Channel expansion by different memory-mapped card
base addresses.

INTRODUCTION

The ST-LSI-RLY board offers analog to digital conversion for
up to eight relay-isolated input channels, and does so with
12 bits of binary resolution (1 part in 4096). Like its sister
products, the SineTrac ST-LSland ST-LSI2 series of A/D and
D/A conversion systems, the ST-LSI-RLY is fully hardware,
software, and bus compatible with Digital Equipment Corpo-
ration's LSI-11, LSI-11/2, and PDP-11/03 series of micro-
computers. Because Datel has built all the necessary com-
puter interface circuitry into the ST-LSI-RLY board, adding 8
analog input channels to the DEC LSI-11 computer is as
easy as sliding in a circuit board. The customer need only
supply the analog input wiring — all other interconnection is
accomplished via the ST-LSI-RLY board.

The ST-LSI-RLY board was designed especially for use in
industrial (and other electrically noisy) environments where
long signal leads, ground loop isolation problems, and high
common mode voltages are encountered. While most A/D
boards use solid-state multiplexers to achieve high conver-
sion speed and maximum channel density, such circuits
constrain the common mode voltage range to about =11V
and have no bias current isolation. However, the ST-LSI-RLY,
with its “flying capacitor” relay multiplexer, can safely handle
250 VRMS, provides 126 dB of common mode rejection at
AC power frequencies (dc to 60 Hz) and has 5 x 1013 Q
isolation resistance. In addition; the low pass input circuitry
to each channel of the ST-LSI-RLY board serves to filter out
unwanted normal mode signals.

The ST-LSI-RLY board was specifically designed for use in
monitoring industrial process-control equipment. Generally,
these applications involve such slowly-varying parameters as
temperature, pressure, and flow rate. The transducers used
for this measurement — thermocouples, strain gauges, and
load cells, for example — frequently use low voltage bridge-
type circuits. The ST-LSI-RLY's 30 sample-per-second
throughput rate is quick enough to measure such parameters
accurately; its high CMR, high gain differential inputs are ideal

Sinelraé ST-LSI-RLY

Relay-Input A/D Board for

DEC° Q-Bus Computers

LSI-11 pDP-11/03 ) H-9270and

H-9273-A
LSI-11/2 PDP-11/23 | g,cyplanes
o‘% i

COMPATIBLE TO:

for accurate bridge-type measurements of low-level signals.

The SineTrac LSI-RLY board is a memory-mapped device. It
occupies two consecutive locations in the host computer’s
memory. For expansion, additional ST-LSI-RLY boards may
be added with different base addresses. Each additional board
will occupy two consecutive memory locations, which may be
selected by the user. For applications requiring high speed
A/D conversion, and the option of D/A conversion capability,
Datel's ST-LSI and ST-LSI2 series. of solid-state multiplexer
boards should be.considered. A chart detailing the differences
among Datel's ST-LSI series of boards is included overleaf.

The ST-LSI-RLY board fits half quad spacing. It takes +5V
and +12V directly from the DEC Q-bus. The —12V'is gen-
erated on the board from the +5V supply. Input to the A/D
board is via a Programmable Gain Amplifier — gains of X1,
X2, X5, and X10 are software-selected. Other ranges (corre-
sponding to full-scale input ranges from 10mV to 2V) may
be selected by changing jumpers. Like other boards in Datel's
SineTrac series, the ST-LSI-RLY is supplied with a Diagnostic
Program — input formatted on paper tape, with hex A/D out-
puts printed on a teletypewriter or displayed on a CRT — so
that the board may be running and checked for proper opera-
tion within a few minutes of installation. A complete listing of
the Diagnostic is provided in the systems manual thataccom-
panies each ST-LSI-RLY board.

DESCRIPTION

The ST-LSI-RLY board provides A/D conversion for 8 differ-
ential inputs on a single, half quad board. Analog signals are
converted to digital with 12 binary bits.(1 part in 4096) of
resolution. Input to the board is via a “flying capacitor” cir-
cuit. A nonpolarized storage capacitor normally tracks the

_input signal. When the converter reads a particular input, a

computer-controlled reed relay connects the capacitor to
both input leads of a differential amplifier. The relay inputs
can accommodate high common mode voltages (250 VRMS

DEC, LSI-11 and PDP are trademarks of Digital Equipment Corp.
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DESCRIPTION Continued

to power ground). Common mode rejection (CMR of 126 dB,
from 0 to 60 Hz) is also extremely high to reduce noise
errors. The storage capacitor is coupled via two resistors to
the input signal, forming a one-pole low pass filter, which
attenuates normal mode noise.

The input signal on the ST-LSI-RLY goes from the relay multi-
plexer described above to a differential programmable gain
amplifier. Gains of X1, X2, X5, and X10 are software-selected
via a two-bit program word. Other gains may be set by resistor
change. Full scale input ranges, selectable by circuit board
jumpers and PGA program word vary from 10 mV to 2.0V
unipolar; or from =10 mVto +=1.0 V bipolar. The PGA is auto-
zeroed, therefore, temperature drift of zero is limited to =%
uV/°C. Typical amplifier gain temperature coefficient is =10
ppm of full scale reading per degree Celsius.

Analog to digital conversion is accomplished by Datel's ADC-
EK12, a 12-bit monolithic CMOS integrated circuit. The ADC-
EK12 employs a charge balancing integration method.of con-
version, which provides high linearity, inherent monotonicity,
and very high normal mode noise rejection. Converter zero
temperature coefficient is £20 microvolts/°C, while its gain
tempco is =30 ppm of FSR/°C. Nonlinearity is held to =%
least significant bit, and system throughput period is 36 mS,
sample to sample. Overall system zero tempco varies from
0.5 to 20 microvolts/°C for gains from X1 to X100, respec-
tively, and system span tempco varies from 12 to 40 ppm
of full scale reading per °C, respectively, over the same range
of gains.

The output coding on the ST-LSI-RLY is jumper-selectable for
straight binary (unipolar); while, for bipolar inputs, offset bi-

nary or two's complement may be used.

The ST-LSI-RLY board is a memory-mapped device using two
consecutive memory word addresses (a base address and
displacement). The base address is factory set by DIP-plug
jumpers to 170400 (octal), for compatibility with the supplied
Diagnostic program. The hex plug may be rewired by the
user for any base address within a range of 160,000 to
177,779 (octal).

On-board registers are provided to load the PGA gain code,
the starting channel address and the EOC interrupt. An on-
board EOC interrupt is also provided, factory set to a vector
address of 360. This vector address may be changed by
the user.

An unusual and powerful feature of the ST-LSI-RLY board is
the paper tape Diagnostic program shipped with each board.
With the Diagnostic, all board functions are tested; the results
are visible on CRT display or teletypewriter printout. Proper
operation of the board, whetherimmediately upon installation,
or at any time thereafter, may thereby be verified in a matter
of minutes. In addition, the Diagnostic program has been
written so that portions of it may be excerpted for inclusion in
the user’'s own program.

The ST-LSI-RLY board fits DEC’s half quad spacing, and
measures 8.430"D x 5.187"W x .5"H (214 x 132 x 12,7 mm).
Itweighs 7.46 ounces (.212 kg). Operating temperature range
is from 0 to +70°C; storage temperature range is from
—25°C to +85°C. Relative humidity may vary from 10% to
90%, non-condensing.

ST-LSI-RLY
BLOCK DIAGRAM

A/D Relay-input Board

REF, VOLT
AMPL.
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128IT | |
) : ;
A/D DATA 12-BIT BUS PGA 8 CHANNEL INPUT
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& AUTO-ZERO
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BIAKIH ENABLE 8l | { START
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DATA g
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8D OUTL Al FUNCTION |WRITE CHANNEL ADDRESS
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SPECIFICATIONS

ANALOG INPUTS
Number of Channels. . . . .
Input Type

Input Overvoltage (Diff.). .
Input Capacitance
to Ground

Full Scale Input Ranges. . .

Programmable Gains
Input Impedance..........

Input Bias Current. ... ...

Overall Accuracy at+25°C

Quantization Error. . . . ...
Nonlinearity.............
Differential Nonlinearity. .
Resolution
Common Mode
Voltage Range.........
Common Mode
Rejection Ratio........
- Temperature Coefficients
A/D Converter Zero. . .
A/D Converter Gain. . .
Input Amplifier Zero. . .
Input Amplifier Gain. . .

(Typical at +25°C, dynamic conditions unless noted)

8 Differential

Flying capacitor differential
isolated relay input, multiple _
(DPDT) reeds per channel for
temperature tracking. The
input network (when a chan-
nel is de-energized) consists
of 30 kilohms in series with 10
microfarads (300 mS single-
pole filter)

+25V sustained, no damage

Approx. 2.5 picofarads per
channel

Selectable from 10 millivolts
to 2 volts unipolar (=10 mV to
+1V bipolar), by jumper
selection and Programmable
Gain Amplifier (See Chart)
X1, X2, X5, X10
Dependent on input signal rate
of change (Diff. cap. resistance
is 20 MQ). Insulation resis-
tance per channel to ground
is 5x 10'® ohms. See block
diagram for input circuit.
Input must source or sink
current only to charge capac-
itor to new value. Capacitor
remains connected at all times
except during A/D conversion.
(Including noise, referred to
input, after initial calibration)
Within =0.05% of FSR (2V
Range) Within =0.1% of FSR
(10 mV Range)

+% LSB

*% LSB

+% LSB

12 Binary bits (1 part in 4096)

250V RMS to power ground
126 dB from 0 to 60 Hz

.*=20uV/°C

.%=30 ppm of FSR/°C
.£% uV/°C (Autozeroed)
.%=10 ppm of FSR/°C

FSR
System System Input
Gain | Zero Tempco [ Gain Tempco Voltage
X1 +20 uV/°C +40 ppm of FSR/°C | =1V
X10 *+25uV/°C | =15 ppm of FSR/°C | =100 mV
X100 | £.5uV/°C +12 ppmof FSR/°C | £10-mV
System Throughput. ....... 30 samples per second
A/D DIGITAL OUTPUTS
Output Coding. .......... Offset Binary is standard

Two's Complement| Selectable

(Bipolar) by user-
Straight Binary supplied
(Unipolar) jumpers

Bus Format

Bus compatible with LSI-11,
LSI-11/2 or PDP-11/03/23

Type of Interface

Memory Base Address. . .

External Trigger Start. ..

PROGRAMMING AND ARCHITECTURE

Memory-mapped. The
ST-LSI-RLY appears to the
CPU as two consecutive
memory word locations.

The 2-location starting base
address is factory set at
170400 (octal), but may be
reassigned. The supplied
Diagnostic program is preset
to operate from base address
170400.

.A jumper change permits a

negative TTL pulse (1.5 0.5
wS) to start A/D conversions.

Outline Dimensions. . ...

Weight. .. ..............
Operating

Temperature Range. . .
Storage

Temperature Range. . .
Relative Humidity
Altitude. . ..............

Interrupt................ EOC interrupt factory set at
vector address 360, may be
reset by user.

PHYSICAL

.8.430"D x 5.187"W x .5"H *

(214 x 132 x 12,7 mm)
7.46 0z. (.212 kg).

.0to+70°C
.—25°C to +85°C

10% to 90%, non-condensing
0 to 15,000 feet (4600 m)

POWER CONSUMPTION

+5VDC 5% @

1.5 Amps. max.
+12VDC =5% @ 70
milliamps max.

GENERAL
Compatibility. ...........
Operates from H-9270
and H-9273-A
backplanes, AB bus.

Pin-for-pin, card guide and
program compatible with
DEC's LSI-11, LSI-11/2, and
PDP-11/03/23 series of
microcomputers.

ORDERING GUIDE
Model Description
ST-LSI-RLY 8 Channels, Relay Input A/D
58-2079143 | Connector, J1, Spare
(One Included with Board)
58-12140-36 | ST-LSI-RLY Manual, Spare
(One Included with Board)

*Due to board height, the ST-LSI-RLY should be placed in
the top of the card cage or with no adjacent board.
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REGISTERS

The memory address bit-function assignments are as follows:
Status Register (Write Address 170400)

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do

Ex Ix Ix I x I xPxIx Ix IxTxTIx [xTxTx]x]x]|
I l | N I I I S S NN N |

|
Not Used

Read Status Register (Read Address 17@420)

D15 ' DO

[eoc] o Jo o JoJo[Tolo lolo o o [o o lo] o]
| ] | | ] | | ] | ] | | 1 |

End of

Conversion Not Used

Status =1

Gain and Channel Address Register (Write Address 173402)

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D@

PGA | PGA | INT (MSB) (LSB)

X X X X X X X X G1 co | EN. X X A2 Al AO

T T T T T T T T
PGA Gain Select Not Used PGA Gain Interrupt Not A/D Channel
00 = X1 Select Enable Used Address Select
01 = X2 =1 200=0
10 = X5 1M1=7
11 =X10 Read ADC Data Register (Read Address 17@492)
D15 D@
ADC ADC
MSB|[ 2 3 4 5 6 7 8 9 10 11 12 0 0 0 0
L1 l | | 1 [ | [ [ | L [ |
A/D Converter Data Not Used
DIAGNOSTIC PROGRAM
A Diagnostic program which tests all functions of the ST-LSI- TTY Call
RLY board, is supplied on paper tape format with each unit. i TK Ca Descrinti
Below is a listing of test names, call keys and descriptions | Test Name ey escription
of the special tests available on the Diagnostic. For more | A/D Calibration A Selects a specific A/D
detailed information, and a complete listing of the Diagnostic, | Test ADCAL channel and PGA gain
reference should be made to the systems manual supplied and gives octal outputs
with each ST-LSI-RLY board. each time the keyboard
space bar is depressed.
End of A/D B Tests interrupts from
Conversion EOCINT multiple A/D conversions
Interrupt Test and checks the Interrupt
Vector Address. Prints
error message and loops
on errors.
Scan Test C Converts all 8 channels
SCAN and prints out the A/D
result.
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A/D CALIBRATION PROCEDURE:

The calibration of the ST-LSI-RLY should be performed every
90 days or whenever the Full Scale Range jumpers are re-
configured. The calibration of the ST-LSI-RLY is achieved by
using the Diagnostic Test Program.

1.

Connect the precision analog voltage source to channel
0 (J1-5 High, J1-7 Low and J1-8 Ground). A Datel DVC-
8500 Voltage Calibrator or equivalent is recommended.

. Using the Diagnostic Test Program, select the A/D Cali-

bration Test. The data terminal will respond with:
A-D CALIBRATION TEST

GAIN RANGE (1) X1, (2) X2, (5) X5, (10) X10- 1CR
CHANNEL - gCR

(Underlines indicate user keyboard responses.)

. The voltage input on channel 0 will be continuously con-

verted and the A/D converter can be calibrated as per
the next steps.

. Adjust the voltage reference for the —F.S. +1 LSB ac-

cording to the following table.

5. Press the space bar from the terminal, and the last con-
verted value (6 digit octal) will be printed out on the
terminal.

6. Adjust R4 (Zero Adjust Pot) for Unipolar units and R1
(Offset Adjust Pot) for Bipolar units, and repeat steps 5
and 6 until the printout on the terminal is @2@02¢ (100020
for 2's complement coding).

7. Adjust the voltage reference for +F.S. —2 LSBaccording
to the following table.

Voltage Ref.
Full Scale Range Settings Output
0—>+100 mV + 99.00 mV 177708
0—->+200 mV +199.81 mV 177700
=100 mV + 99.81 mV 177700
: GAIN ADJUST

8. Adjust R2 (Gain Pot), press the space bar, and repeat it
until the printout on the terminal is 17770@ (@777@@ for

Voltage Ret. 2's complement coding).
Full Scale Range Setting Output 9. Repeat steps 5 to 8 several times (until no further adjust-
0 —100 mV 0.02 mV 0000205 mentis required). ‘ _
0 - 200 mV 0.01 mV 000020g 10. Atthe end of calibration operation, apply different voltage
+100 mV —~99.95 mV 0000205 inputs frgrgithe \(/joltage rerf]erence asé)shownri]n the Cali—I
bration Table and press the space bar on the termina
ZERO OR OFFSET ADJUST keyboard each time. The equivalent six digit octal value
will be printed out on the terminal each time the space
bar is pressed. Compare the printout to the calibration
table to ensure proper operation,
CALIBRATION TABLE
Unipolar* Bipolar* 6 Digit Octal
Straight 2’s
0—>1.0V | 0>200mV | 0 —>500mV +1.0V +=200mV +500mV Binary Compl.
999.76mV | 199.51mV | 499.88mV 999.51mV | 199.90mV | 499.76mV 177760 @77760
999.51 199.90 499.76 999.02 199.81 499.51 177740 Q@77749
999.02 199.81 499.51 998.05 199.61 499.02 177700 B77700
998.05 199.61 499.02 996.09 199.22 498.05 177600 B77600
996.09 199.22 498.05 992.19 198.44 496.09 177400 @77480
992.19 198.44 496.09 984.37 196.88 492.19 177009 077008
984.37 196.88 492.19 968.75 193.75 484.37 176000 P76400
968.75 193.75 484.37 © 937.50 187.50 468.75 174000 374000
937.50 187.50 468.75 875.00 175.00 437.50 170000 @700008
875.00 175.00 437.50 750.00 150.00 375.00 1600890 260090
750.00 150.00 375.00 500.00 100.00 250.00 140008 F40000
500.00 100.00 250.00 0.00 0.000 0.000 100000 Feo00e0
250.00 50.00 125.00 —500.00 —100.00 —250.00 040000 1400008
125.00 25.00 62.50 —750.00 —150.00 —375.00 #20000 120000
62.50 12.50 31.25 —875.00 —175.00 —437.50 010000 110008
31.25 6.25 15.63 —937.50 —187.50 —468.75 #a4000 104000
15.63 3.13 7.81 —968.75 —193.75 —484.37 292000 102000
7.81 1.56 3.91 —984.37 —196.88 —492.19 201080 101900
3.91 0.78 1.96 —992.19 —198.44 —496.09 200480 103490
1.96 0.39 0.98 —996.09 —199.22 —498.05 UpB2¢0 10@2@0
0.98 0.20 0.49 —998.05 —199.61 —499.02 202190 100100
0.49 0.10 0.24 —999.02 —199.81 —499.51 200940 109940
0.24 0.05 0.12 —999.51 —199.90 —499.76 200020 199820
0.00 0.000 0.00 —1000.00 [—200.00 —500.00 200008 100092

Note 1. Other input range voltages may be obtained Note 2. Standard shipped range is =100mV offset binary.

*Jumpers must be reconfigured between columns
to achieve above ranges.

by dividing above ranges by the appropriate
power of 10.
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INPUT RANGE TO OBTAIN THE FOLLOWING INPUT RANGES
SELECTION
SOFTWARE SELECT THIS GAIN CODE AND PLACE JUMPER
PLUGS BETWEEN
X1 X2 X5 X10 THESE PINS
Gl Go |G1 GP |Gl Go |Gl G
0 0 0 1 1 ol 1 1
Note: 7-8
ndtaing & lumoer olud fro 0-+100mV | 0>+50mV | 0->+20mV | 0>+10mV 2224
Din 310 i 10 Wil Iorbase. 0—+200mV | 0>+100mV| 0--+40mV | 0->+20mV 22-24
full-scale range by factor of 10. 1-2
e.g., £100mV range will +100mV +50mV +20mV +10mV 11-12
change to =1.000V. Off. Bin. Off. Bin. Off. Bin. | Off. Bin. 22-24
1-2
£100mV | £50mV +20mV | =10mV 11-12
2’s Comp. 2’'s Comp. 2’s Comp. | 2's Comp. 22-23
SAMPLE INPUT CONNECTIONS,
CHANNELO
J1PIN#
— AN - CHO
ANA HI 5
- CHO
ANA LO 7
77 gsMoVRMS >
vd <
GND 8
L L/
BOARD LAYOUT INPUT GAIN
[ CHANGE COMPONENTS

INPUT RANGE COMPONENTS
CHAR

SEE CHART R,ZEROPOT
; R, GAIN POT
\ \ \ \ \sz / ™ \ Y — R, OFFSET POT

S P \ \ \
an [ 111}
u24
n22 109 87343 R1OFFSET v
"3 b |
R2 GAIN
R4 ZERO
oa [RezeRo
6543

21

ni2

Bal 14 mm15 12 4
! 16 Wm17
U4 1BmE19
20mm 21

Avi 8 9 .
39 40 \ Ly ]
s TG

J1 HEADER
VECTOR ADDRESS SELECTION. INPUT

WIRING ON SEE “INTERRUPT VECTOR CONNECTOR
S ase ADDRESS SELECTION CHART” 58-2079143
ADDRESS. SEE 8 PAGE 7 (INCLUDED)
“TQ CHANGE THE
BASE ADDRESS”
PAGE 7

COMPONENT SIDE g
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ANALOG INPUT CONNECTIONS \ '
J1 HEADER , INTERRUPT VECTOR ADDRESS
SELECTION CHART
COMPONENTS WIRING SIDE
e —————————-
Upper Pins Lower Pins
(Farthest from Board) (Nearest Board) —
N.C. 1| 2| —12vPower OUT JUMPERS (ON BOARD)
- 10mA max. Pins Pins Pins Pins To Give Vector
N.C. 3| 4 +12 Power OUT 14-15 16-17 18-19 20-21 Address Of
CHOHI 5| 6| EXTTRIGGER - - - - 360
CHOLO 7| 8}~ CHOGND - - — | CONNECT 340
CH1HI 9|10 = — | CONNECT - 320
CH1LO 11112 CH 1 GND - - CONNECT | CONNECT 300
CH 2 HI 13| 14 -_ CONNECT - — 260
CH2LO 15116 CH 2 GND - CONNECT — . | CONNECT 240
CH3 HI 17 |18 - CONNECT | CONNECT — 220
CH3LO 19| 20 CH 3 GND - CONNECT | CONNECT | CONNECT 200
CH 4 HI 21 | 22 CONNECT - —_ - 160
) CONNECT - - CONNECT 140
4 L 23124 H4 GND
g: 5 H? 2: 26 ¢ CONNECT - CONNECT - 120
CH5LO 27 | 28 CH 5 GND CONNECT - CONNECT | CONNECT 100
CH 6 HI 29 1 30 CONNECT | CONNECT - - 060
CH6LO 31 | 30 CH 6 GND CONNECT | CONNECT — CONNECT 040
CH7 HI 33| 34 CONNECT | CONNECT | CONNECT — 020
E \ 0
CH7LO a5 | 36 CH 7 GND CONNECT | CONNECT | CONNECT | CONNECT 00
N.C. 37|38 “—~" Indicates No Jumper
N.C. 39|40 ——ANA. GND “CONNECT" Indicates Jumper Plug Installed
BASE ADDRESS SELECTION
DIP PLUG TO CHANGE THE BASE ADDRESS
U14 PINS
(Set for Base Address = 170400. (1) Select a base address. Permissible base addresses are from 16@@@@ to 177774 (octal).
Bits 8 and 12 high) (2) Write it in boxes below.
1 H
(6or7; (0to 7) (0to7) (0to7) (Oor4)
TOP VIEW (3) Determine which binary address bits must be high, and which must be low, toyield this code.
(4) Bits with “1" correspond to “high" voltages on U14 connector. Bits with "0 correspond
FUNCTION | PIN 1 PIN\ FUNCTION 1o “low’ voltage. Determine which pins on U14 must be high. and which must be low
| 51000 The “high” pins should be wired together to +5V (pin 16). The “low" pins should
*Bit 12 1 41* 16 | A~ +5V be wired together to ground (pin 8).
NC 2 ¢ 15 NC Note: Pins 2, 7. and 15 are not connected to the board etch. Any of these may either
f be left unconnected, or used to dress the jumper wires for either the ground or+5V lines.
*Bit 11 3 g 14 Bit 3*
*Bit8 4 & f””* 13 Bit 2
*Bit 10 5 9 12 Bit 7% E)SCSEKESS
“Bit9 3 ) 11 Bit 4% o
NG . ;_' 10 Bit 6" ____1,_ o earni 0t07) 0to7) ©0to7) (Oor4) Cﬁfmslgbléfh
GND 8 T——»— 9 Bit 5 OCTAL BIT
1 4 2 114 2 1704 2 1134 2 1°|%4 2 1 |WEIGHTING |
15 14 13 12|71 10 9|8 7 B(5 4 3|2 1 olBIT#
frrme oo —— . S
“These pins may be st "HIGH (comectedtopinte) | AvS[ e elep P g Sl o Sl aelaim,
See “To Change The Base Address”. T -~
May be jumpered either LO or HI
Internal pullup resistors are not supplied except
on pin 16. Connect all pins either high or low.
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Sinefrac A 7/ D-D /A Boards
For LSI-11 Computers

Compatible to: LSI-11 /26, LSI-11 /23, PDP®-11 /03

FULL QUAD A/D & D/A: ST-LSI SERIES
e 32 Single-ended or 16 Differential A/D
Channels

* 212-bit D/A channels plus 4-20 mA
current loops

20 uS A/D throughput
Programmable Gain Amplifier option
Hi-gain instrumentation amplifier option

e Pacer clock with 16 programmable
timebases

e 4-bit TTL outport

e ST-LSI-ADX expander for 64S/32D
channels

e Optional + 15V DC/DC Converter

HALF QUAD A/D & DMA: ST-LSI2

ST-LSI2 ST-LSI2-ADX ST-LSI2-DMA

* 16 Single-ended or 8 Differential A/D
channels

e 20 uS A/D throughput

* Programmable Gain Amplifier option

* Pacer clock with 16 timebases

* Adds 48S/24D A/D channels

e Accepts 24 differential current inp
shunts

e Controls 32K DMA 16-bit A/D block
transfers

¢ End of Conversion, End of Block
Interrupt Vector addresses

e 50 kHz A/D scans

HALF QUAD D/A: ST-LSI-DA

* 412-bit D/A channels
¢ Optional DC/DC Converter
e 12-bit TTL outport for external device

control
. with DC/DC Conv.
] less DC/DC Conv.

INDUSTRIAL HI-GAIN ISOLATED A/D: ST-LSI-RLY

¢ High-gain Instrumentation Amplifier:
Works directly from millivoit
transducers

¢ EOC Interrupt; external trigger start
« Includes DC/DC Converter
. single quantity

o 8 Ditferential Channels, 12 binary bits,
half quad

¢ 126 dB Common Mode Noise Rejection
e 250 VRMS high common mode isolation
e Programmable Cain Amplitier

LSI-11 and PDP are Digital Equipment Corp. trademarks

Systems manual and
Diagnostic Program
included.

Plug your LSI1-11
into the
Analog world.

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.
11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751 @ Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490 ® Houston, (713)781-8886
Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD — TEL: BASKINGSTOKE (0256)57361 ® DATEL SYSTEMS SARL
602-57-11 ® DATELEK SYSTEMS GmbH (089)77-60-95 @ DATEL KK Tokyo 793-1031

E =)A=
INTERSIL
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Sinelrac ST-6800 Series High
Performance A/D & D/A
‘Boards for Micromodule/
EXORciser® Computers

[O/AREL
INTERSIL

Compalible to: Micromodules

M-6800 Series
; ) EXORciser®
THE FEATURES
Simple Channel Expansion and
High Channel Density i
Expansion up to 128 single-ended or 112 differ-
ential A/D channels may be easily accomplished
by adding up to 2 ST-6800ADX Expander Cards. <«—D/ABoard

D/A expansion is accomplished using 4 or 8 chan-
nel stand-alone ST-6800 D/A cards.

High Throughput Rate

A/D Settling and conversion takes only 20 micro-
seconds resulting in data rates of up to 28,000
samples per second

CIRCUIT FEATURES

Input Protection
A/D inputs can withstand up to 35 V continuous
overvoltage with no damage.

Current inputs
Eight of 32 analog input channels may accept on-
board resistors for 4-20 mA, 1-5 mA, and 10-50 mA
current inputs.

Interrupt Capability
An external input allows for interrupt capability.
Ideal for event-triggered operation.

Memory Mapped Architecture

The ST-6800 is organized as a 512 byte block of
EXORciser memory. Each A/D and D/A Channel is
treated as two consecutive memory locations re-
sulting in the simplest programming. D/A Master
Boards are organized as 16-byte memory blocks.

Digital Output Port

4— A/D Slave Expander

-«— A/D & D/A Board

THE SYSTEM

High performance plug-in analog |/O cards expand-
able up to 128 A/D channels. D/A Systems
available in increments of 4 or 8 D/A channels.

THE PROGRAMS

s

A 12 bit Digital Output Port is included on D/A D r e are
Master Boards _for use as deyice select or controls | sup%l ied with each system
::% :.t):;?mal logic. The port is under full program These programs provide for .
) : A/D and D/A calibration =
Device Select Lines ' and offer sawtooth oscillo- 4
Two Device Select lines are provided for each on- scope outputs. Ideal for &
board DAC on the ST-6800 A/D-D/A Master Board system set-up and -4
for use as pen-up/down controls, scope controls troubleshooting. ©
or external device select lines. ' §
On-Board DC/DC Power Converter H
A/D, D/A and linear circuits are powered by an op- TABLE OF CONTENTS 3
tional regulated modular +15V DC/DC Power Con- INErOQUCHION . v evveeeneeeeinenenennen. Page 1225 g
verter which draws 1.2 Amps from the computer’s +5 Description .......... e, Page 123S Y
Vdc bus and isolates these analog circuits from the Specifications .........ooeeiiviiiiiieinn. Page 124S '
computer’s noisy power supplies. . Block Diagram,
‘ Conmbo A/D-D/ABoard .................. Page 1258

THE MANUALS Block Diagram, b 4
Comprehensive Systems Independent D/ABOArd .................. Page 126S O
Manuals include full. listing Applications ........coveeniiiiiiii e, Page 127S L
of diagnostic test prb am Programming, Model Numbering ......... Page 128S =4

: gram, DiagnosticProgram ..............coovennnn Page 129S >
plus programming, applica- Ordering Guide Page 130S m
tions. ngiC and tlm"‘g gGUIdE ......ciiiiiieriiiiiinaeas g g
diagrams, and full operating 2
instructions. EXORciser is a Motorola Corp. Trademark . 3‘
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DESCRIPTION

Datel’s SineTrac 6800 series of data ac-
quisition and data distribution peripherals
provide a quick, efficient solution to the
problem of interfacing analog inputs and
outputs to Motorola’s M6800 EXORciser
microcomputer system. The ST-6800
A/D-D/A printed circuit cards are electri-
cally and mechanically compatible with
the EXORciser bus characteristics and
slide directly into the card slots of the
microcomputer housing; they are also
completely compatible with all other
Motorola peripherals and software sup-
port offered for the EXORciser system.
The SineTrac 6800 systems offer a wide
variety of available options plus the ease
of future analog channel expansion, al-
lowing the ST-6800 to be configured for
virtually any application.

Applications for ST-6800 include indus-
trial process controllers, high speed auto-
matic test systems, intelligent analytical
instruments, signal processors and ana-
lyzers, data logging, and programmable
data acquisition systems. The on-board
D/A converters are ideal for driving chart
recorders, X-Y plotters, oscilloscopes, or
actuators.

The ST-6800 A/D-D/A system is orga-
nized as a memory-mapped I/O device
and appears to the M6800 MPU as a block
of 512 consecutive memory locations.
Programs written in 6800 assembly lan-
guage completely control all activities of
the SineTrac system. Analog channels
may be either randomly or sequentially
converted and stored in memory for fur-
ther processing at rates of up to 28,000
samples per second. Users may also
translate A/D-D/A control to higher level
BASIC or FORTRAN programs using as-
sembly language handler routines. As an
additional feature, an external interrupt
control input provides for event-triggered
operation. Users would normally use this
input to call up an A/D or D/A service
routine whose starting address is stored
in the Interrupt Vector Address location.

A Diagnostic Test Program supplied with
each ST-6800 system provides immedi-
ate teletypewriter printout as soon as
analog signal connections are made. This
program completely exercises all inter-
face logic for troubleshooting and fault
diagnosis and provides full analog cali-
bration for the A/D and D/A sections.
The diagnostic program plus the full sys-
tems manual supp