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Introduction

National Semiconductor’'s F100K 300 Series ECL
Databook has been prepared to assist the experi-
enced ECL designer as well as the first time ECL
designer in everything from selecting the right logic
function to using the proper termination technique in
your design.

The 300 Series is designed to be an affordable high-
performance logic family ideal for applications oper-
ating at frequencies above 50 MHz. F100K is still the
favorite ECL technology for most high-end comput-
er, telecommunication and test applications. The
300 Series is a much needed upgrade for these us-
ers. New users are also reaping the many benefits of
the 300 Series. This family is designed to interface
easily with other technologies as the types of sys-
tems mixing TTL, CMOS, and ECL expands. To as-
sist designers with this multiple technology interface,
the 300 Series offers a wide selection of translators,
the ease and convenience of operation from +5V,
and the availability of smaller, inexpensive, plastic
packaging.

This Databook is designed to be an easy to use ref-
erence guide. Included are complete DC and AC
characteristics for all package types (PCC, SOIC,
PDIP, CDIP and CERPAK) and temperature ranges
(commerecial, industrial and military) with AC accura-
cy down to 10 ps. Device selection guides, circuit
design basics, transmission line concepts, power
distribution, thermal considerations and testing tech-
niques are all discussed in detail to help in designing
with ECL. A qualification guide is also included to aid
in qualifying the 300 Series for use in your applica-
tion.

A number of application notes, covering a wide
range of subjects is included in this Handbook.
These application notes cover such subjects as ECL
backplanes and operating ECL from a positive +5V
power supply. For more specific application assist-
ance, please contact our applications staff at
1-800-341-0392.

F100K Data Book

Product Index and Selection Guide

The Product Index is a numerical list of all device
types contained in this book. The Selection Guide
groups the products by function and by family.

Section 1 Family Overview.............. 1-1

Discusses F100K 300 Series design philosophy and
actualization. Summarizes the key 300 Series family
features and advantages in high speed systems.
Highlights the recent enhancements made in plastic
packaging (SOIC, PDIP), and an updated Military Ap-
plications section.

Section 2 F100K 200 and 300 Series
Datasheets.............coovvinns, 21
Contains individual datasheets for the F100K 300
Series family devices. Also included is a datasheet
on the first single-gate 200 Series device, the
100201. :

Section3 F100K 100 Series Datasheets . .3-1

The F100K 100 Series family of devices have been
obsoleted. This section contains “reference only”
individual data sheets for those F100K 100 Series
devices that were not redesigned as part of the 300
Series family. For example, a 100101 was rede-
signed as a 100301; therefore the 100101 datasheet
will not appear in this databook. On the other hand,
the 100118 was not redesigned and has been obso-
leted. It's datasheet is printed in this section to be
referred to in the event the device is currently being
used in a system. The devices in this section will be
unavailable for future purchases.

Section4 11C Datasheets............... 4-1

The 11C family of devices have been obsoleted.
This section contains “reference only” individual da-
tasheets to be referred to in the event the devices
are currently being used in a system. The devices in
this section will be unavailable for future purchases.

F100K Design Guide and
Application Notes—Section 5

Chapter 1 CircuitBasics ................ 5-3

Discusses internal circuitry and logic function forma-
tion. Also, a sample analysis of noise margins is out-
lined.

Chapter2 LogicDesign................. 5-9

Features brief applications of F100K logic arranged
according to function.
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Chapter 3 Transmission Line Concepts .5-19

Reviews the concepts of characteristic impedance
and propagation delay and discusses termination,
mismatch, reflections and associated waveforms.

Chapter 4 System Considerations...... 5-32

Extends the transmission line approach to the spe-
cific configurations, signal levels and parameter val-
ues of ECL. Various methods of driving and termi-
nating signal lines are discussed.

Chapter 5 Power Distribution and
Thermal Considerations ... .. 5-45

Discusses power supply, decoupling and systeni
cooling requirements.

Chapter 6 Testing Techniques ......... 5-51

Discusses various methods and techniques used in
testing ECL devices (intended for those concerned
with customer incoming inspection). Also includes a
section on Electrostatic Discharge, what is ESD and
how we perform our ESD Classification testing.

Chapter 7 300 Series Package
Qualification ................ 5-58

Discusses the details of the 300 Series family pack-
age qualification. Describes the process used in
qualifying the family along with supplying the sum-
marized data.

Chapter 8 Quality Assurance

and Reliability............... 5-70
Reviews the quality and reliability programs currently
in use.

Application Notes. . .................... 5-75

Contains several application notes on designing high
speed systems using ECL.

Section 6 Ordering Information and

Package Outlines ............. 6-1
Functional description of the ordering codes. Pack-
age outlines of all the options available to the 300
Series family. Tape and reel dimensions and specifi-
cations for the plastic packages (PCC and SOIC).
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ECL Product Selection Guide

Gates
Inputs/ No. of
Function Device Gate Gates
OR/NOR Exclusive OR/NOR
Low Power 2-Input OR/NOR Gate/Inverter 100201 2/1 2
Low Power Triple 5-Input OR/NOR 100301 5 3
Low Power Quint 2-Input OR/NOR 100302 2 5
Low Power Quint Exclusive OR/NOR 100307 2 5
AND/NAND
Low Power Quint 2-Input AND/NAND 100304 2 5
Flip-Flops
! . Clock Direct Direct
Function Device Edge Set Clear Outputs
Low Power Triple D Flip-Flop 100331 e Yes Yes Differential
Low Power Hex D Flip-Flop 100351 e No Yes Differential
Latches
: Enable Direct Direct
Function v Device Inputs Inputs Outputs Set Clear
Low Power Hex D Latch 100350 2(L) Single-ended Differential Yes Yes
Low Power Quad 2-Input Mux/Latch 100355 2(L) Single-ended Differential Yes Yes
Low Power 8-Bit Latch 100343 2(L) Single-ended Single-ended No No
Low Power 8-Bit Latch w/Cutoff 100344 3(L) Single-ended Single-ended " ‘No No
Drivers and 259 Drive
Multiplexers/Demultiplexers/Decoders
Function Device Enable Inputs Outputs
Inputs
Multiplexers/Decoders/Demultiplexers
Low Power Quad 2-Input Mux/Latch 100355 2(L) Single-ended Differential
Low Power Dual 8-Input 100363 Single-ended Single-ended
Low Power 16-Input 100364 Single-ended Single-ended
Low Power Triple 4-Input 100371 1(L) Single-ended Differential
Decoders/Demultiplexers
Low Power Dual 1-of-4/Single 1-0f-8 100370 2(L) & 2(L) Single-ended Single-ended

vii
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Registers/Shift Registers

ECL Product Selection Guide

Function Device Clock Inputs Outputs
Inputs
Registers
Low Power 8-Bit Register 100353 e Single-ended Single-ended
Low Power 8-Bit Register w/Cutoff 100354 -~ Single-ended Single-ended
Drivers and 259 Drive
Shift Registers
Low Power 4-Bit Bidirectional Shift Register 100336 e Single-ended Differential
Low Power 8-Bit Shift Register 100341 e Single-ended Single-ended
Buffers/Drivers/Receivers
250 Output
Function Device Inputs Outputs Drive Cut-off
Buffers/Inverters
Low Power 9-Bit Inverter 100321 Single-ended Single-ended No No
Low Power 9-Bit Buffer 100322 Single-ended Single-ended No No
Low Power 8-Bit Buffer 100352 Single-ended Single-ended Yes Yes
Drivers/Bus Drivers
Low Power Quad Line Driver 100313 Single-ended Differential No No
Low Power Hex Bus Driver 100323 Single-ended Single-ended Yes Yes
Low Power Quad Line Driver 100316 Single-ended Differential Yes Yes
Low Power Hex Line Driver 100319 Differential Differential Yes Yes
Receivers/Transceivers
Low Power Quint Differential Line Receiver 100314 Differential Differential No No
Counter
Function Device Parallel Reset Up/Down
Entry
Low Power 4-Bit Binary Counter 100336 Sync Sync/Async Yes
Arithmetic Operator
Function Device Features
Low Power Dual 9-Bit Parity Checker/Generator 100360 Expandable
Clock Drivers
Clock Single-ended Differential
Function Device Inputs Clock Clock
Low Power 2 to 8 Clock Driver 100310 2 2
Low Skew 1 to 9 Clock Driver 100311 1 1
Low Skew Quad Clock Driver 100315 2 1 1

viii




Dual Supply Translators

Features

100324

100325

100328

100329

100393

100395

100397

100398

Data Bits

ECL-to-TTL
TTL-to-ECL

Flow-Thru

Latched

Registered

ECL Differential Input
ECL Differential Output
ECL Output Drive (£2)
ECL Cutoff (Hi 2)

TTL Output Drive (mA) (IoL/loH)
TTL TRI-STATE®

ECL Control Pins

TTL Control Pins
TPDEto T (ns Max)
TPD T to E (ns Max)
Ieg (MA Max)

Ieg (MA Max) (Cutoff)
lcc (mA Max)

6

X
X

50

3.0
—70

38

X1

20/ -2

4.8

-37

65

59
3.8
—169
—169
74

50

24/-3

7.7
3.9
—199
—-199
74

64/—15

5.3

-39

65

64/—15

6.4

—67

65

58
24
—99
—159
36

—159
45

1Vgg provided for Single-ended Operation

- Single Supply Translators

Features

100390

100391

100392

100389

Data Bits

ECL-to-TTL
TTL-to-ECL
CMOS-to-ECL

ECL Differential Input
ECL Differential Output
ECL Output Drive (Q2)
ECL Cutoff (Hi 2)

TTL Output Drive (mA) (o /lon)

TTL TRI-STATE®
TTL Control Pins
CMOS Control Pins
TPDE to T (ns Max)
TPD T to E (ns Max)
TPD C to E (ns Max)
Igg (mA Max) (Cutoff)

lcc (MA Max)

6

X

X2

24/-3

6.4

48

6

X

50

60

5

25

TBD
TBD
TBD

6

50

TBD

TBD

2vgg provided for Single-ended Operation
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ECL Package Selection Guide

Device
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Product Status Definitions

Data Sheet Identification Product Status Definition
_ Advance Information Formative or This data sheet contains the design specifications for product
- ; In Design development. Specifications may change in any manner without notice.
Preliminary First This data sheet contains prefiminary data, and supplementary data will
G Production be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
; to improve design and supply the best possible product.
: No G Full This data sheet contains final specifications. National Semiconductor
- Identification Production Corporation reserves the right to make changes at any time without
- Noted = notice in order to improve design and supply the best possible product.
Not In Production This data sheet contains specifications on a product that has been

 Obsolete

discontinued by National Semiconductor Corporation. The data sheet
is printed for reference information only.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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Family Overview

Introduction

Precious few alternatives available offer the performance of
ECL. Most designers recognize the advantages offered by
ECL in high speed systems extend beyond just quick switch-
ing times. However, the use of ECL has been somewhat
limited to those applications concerned with high speed and
often little more. These applications usually had extravagant
cooling systems and massive power sources to keep the
signal moving. Rapid advancements in microprocessors and
high resolution video equipment are now beginning to push
preferred TTL and CMOS technologies to their limits. The
need for functions with ECL-like speeds without ECL-like
power for use in smaller but increasingly powerful systems
is growing rapidly.

The problems with working with high speed systems are
beginning to migrate downward from supercomputers to
workstations as the performance of workstations moves up-
ward. The benefits of using ECL in high-end applications
have long been recognized by those designers familiar with
it. Low propagation delays with moderate edge rates, negli-
gible noise and ground bounce, constant power consump-
tion over frequency and the ability to drive low impedance
transmission lines have combined to make ECL the pre-
ferred technology for designers who have had previous ex-
perience with it. However, the majority of designers never
had to consider ECL, until now. The increasing availability of
high speed microprocessors is driving the need for faster
busses and more accurate clocking.

ECL still has its drawbacks, but recent technological ad-
vances have made ECL a much more appealing and usable
technology. With the growing need for high speed signal
distribution, ECL is beginning to move more into high per-
formance backplanes. Designers like and require the high
speed, differential outputs, low impedance drive and trans-
mission line-like characteristics of ECL. ECL is also being
used increasingly in clock distribution trees because of its
speed and inherently low skew. High resolution video graph-
ics terminals with a display resolution of 1024 x 1024 pixels
require a bandwidth of over 80-MHz, not an easy task for
CMOS or TTL but well within the range of ECL. Broadband
communication systems are also using a great deal of ECL
as fiber optic data transfer moves into greater utilization.

National Semiconductor introduced the F100K 300 Series
to allow ECL to be more usable in today’s high performance
systems. In developing this new family, much emphasis was
placed on power, space and cost reductions. The 300 Se-
ries was designed to interact with other technologies, not to
replace them. Many new designs are attempting to optimize
the most efficient mix of speed, power and price with ECL,
CMOS and TTL all working together. ECL will handle the
speed critical applications, CMOS functions would keep the
overall system power low and TTL would be included to
keep costs down. The performance, power, packaging

and functionality of the 300 Series make this family ideal for
those applications operating above 50 MHz.

Much of what the 300 Series has evolved into, is a compila-
tion of inputs received from designers who could not use the
older F100K 100 Series for various reasons. This resulted in
parts with lower operating power, significantly improved
ESD protection, plastic surface mount packaging, additional
AC testing including skew, easy interface with other technol-
ogies and increased functionality. This section will go into
much greater detail about ECL and the evolution of the 300
Series.

F100K Design Philosophy

F100K was designed to meet four key requirements: high
speed at reduced power, high level of on-chip integration,
flexible logic functions, and optimum I/0 pin assignment.

Subnanosecond Gate Delays

The subnanosecond internal gate delays of F100K 100 Se-
ries were obtained by the use of ECL design techniques and
the advanced Isoplanar-Z process. Many circuit approaches
were carefully considered prior to selecting the optimum
gate configuation for the F100K family. The emitter-follower
current-switch (E2CL) and current-mode logic (CML) gates
were eliminated mainly because of poor capacitive drive
and lack of output wired-OR capability; the CML gate has
low noise margins. The 2-14,D, EFL, DCTTL and hysteresis
gates were eliminated due to the lack of simultaneous com-
plementary outputs along with difficult temperature and volt-
age compensation characteristics that lead to the loss of
system noise immunity. '

The choice narrowed down to the current-switch emitter-fol-
lower ECL gate which offers the following characteristics:

¢ High fan-out capability

e Simultaneous complementary outputs

e Excellent AC characteristics

e Compatibility with existing ECL logic and memories
® |nternal series gating capability

® Good noise immunity

¢ Amenable full compensation and extended temperature
characteristics

e External wired-OR capability

In order to ease drive requirements all circuit inputs were
designed to have similar loading characteristics; i.e., buffers
are incorporated where an input pin would normally drive
more than one on-chip gate. The on-chip delay incurred by
buffering is less than the system delay caused by an output
which drives a capacitance of higher than three unit loads.
Full compensation was selected for the F100K Family to
provide improved switching characteristics. Full compensa-
tion results in relatively constant signal levels and thresh-
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Family Overview

olds and in improved noise margins over temperature and
voltage variations from chip to chip, and thus a tighter AC
window in the system environment. A comparison of fully
compensated ECL to conventional ECL shows a 2:1 im-
provement in system AC performance due solely to full
compensation (Figure 1-1). And, the improved speed has
been achieved at reduced power. Power reduction is ac-
complished by the use of advanced process technology that
reduces parasitic capacitances and improves tolerances, by
optimum circuit designs using series gating and collector
and emitter dotting, and by designing for the use of a —4.5V
Veg power supply. F100K 100 Series is specified at a Vgg
power supply of —4.2V to —4.8V, buta —5.2V +10% pow-
er supply can be used to interface with 2 ns ECL families.

Vee= —45V=7% ———FULLY COMPENSATED
Vrr=—2.0V£10% == =YUNCOMPENSATED
2 Tc=50°C*25°C

[ Max

|
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Zéﬁz Z MIN

| o = === MIN

e om =

PROPAGATION DELAY — ns

I P

1 2 3 4 5 [} 7 8

UNIT LOAD
TL/F/9908-1

FIGURE 1-1. Comparison of Propagation Delays
High On-Chip Integration

Higher on-chip integration is made possible by using the 24-
pin package to increase the number of signal pins by 62%
over the conventional 16-pin package. The emphasis in
F100K is to minimize the number of SSI functions and maxi-
mize the use of MSI and LSI to reduce wiring delays and
thus make more efficient use of the fast on-chip switching
technology. Only 10 SSI functions are needed to serve the
system needs presently requiring 25 functions in the ECL
10K family. ’

Flexibility and Pin Assignment

F100K was planned to minimize to total number of logic

functions by increasing the flexibility of each function and by

making use of more 170 pins. Since next-generation system

performance and ease of system designs are major F100K

goals, pin assignment is important and was planned to mini-

mize crosstalk, noise coupling and feedthrough, to facilitate

OR-ties and to ease power-bus routing. Some of the key

considerations in selecting the F100K pin assignments

were:

¢ Locate power pins in the center on opposite sides of the
DIP package to ease system design and to provide low-
inductance connections to the chip.

* Provide two V¢ pins, one for the internal circuit and one
for the output buffers, to minimize noise coupling.

¢ Locate inverting outputs of logically independent gates
adjacent to each other. This provides the ability to wire
AND-OR-Invert functions with ease.

* When feasible, mode control pins are used to create mul-
tipurpose devices.

300 Series Design Philosophy

F100K 300 Series was designed to improve several per-
formance parameters while still maintaining the speed and
functionality requirements of the original F100K family.
These new improvements enable 300 Series to be used in
an even broader range of applications.

Most importantly, 300 Series products all meet F100K’s op-
timized speeds and edge rates, while consuming up to 50%
less power. These lower power designs, combined with the
manufacturability of the FAST-LSI process (see Process
Technology), enabled the 300 Series line to be reliably
packaged in plastic leaded chip carrier (PCC) packages. A
graph is shown comparing the power consumption of the
F100124 and F100324 vs. supply voltage (Figure 1-2). In
addition, 300 Series is designed with a more stable voltage
reference network, providing a single set of DC specifica-
tions across a wider supply voltage range (—4.2V to
—5.7V), easing the design of 300 Series into systems which
use —5.2V power supplies. Also, 300 Series products have
been designed to comply with all MIL-STD-883C require-
ments, including operation over the full military temperature
range of —55°C to + 125°C. Finally, electrostatic discharge
(ESD) protection diodes have been added to both input and
output circuitry, guaranteeing a minimum of 2000V ESD pro-
tection for all 300 Series products.

Several new circuits were utilized to achieve the perform-
ance improvements. The stabilized DC characteristics
across the —4.2V to —5.7V power supply range are
achieved through use of an improved reference network
(Figure 1-3). This network replaces a resistor with a PNP
transistor (Qg). The collector-emitter voltage of Q3 varies
with Vg, allowing the voltage at the base of Qg to remain
constant as Vg varies. This, in turn, stabilizes both Vgg
and Vs, so that as Vg varies from ~4.2V to —5.7V, Vgg
varies no more than 15 mV-20 mV. (Variation of Vgg in
F100K 100 Series products over this same voltage range
can be as much as 70 mV-80 mV). The improved stability
of 300 Series vs. Vg is reflected in the single set of DC 1/0
specifications guaranteed across this wider voltage range.
These specifications are identical to the F100K 100 Series
specifications listed at —4.5V. As shown in Figure 1-4, they
increase minimum noise margins guaranteed by 300 Series
to 140 mV.
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Family Overview

All 300 Series products are designed to operate over the full
military temperature range. To achieve this, internal voltage
swings were increased to guardband against transistor satu-
ration at temperature extremes. The faster transistor
speeds offered by the FAST-LSI process compensated for
the increased delays introduced by the wider voltage
swings. Some of the more complex products utilize multi-
level series gating to achieve higher levels of logic complex-
ity at while reducing gate delays and power consumption.
These products employ a Widlar Current Sink (Figure 1-5) to
compensate for Vg shifts at —55°C. In this circuit, the emit-
ter resistor is removed from the current source (Q1), provid-
ing more voltage headroom at lower temperatures, and
avoiding saturation of the current source at —55°C. A sec-
ond transistor (Qy), driven by a voltage biased at Vcg +
VBE, provides Vg at its emitter to drive the current source.
This minimizes power by reducing the loading on the refer-
ence generator. A temperature-compensated current mirror
(Q3) is employed to control the base voltage of the current
source so that it doesn’t move regardless of Vgg or temper-
ature changes.

Electrostatic discharge (ESD) protection diodes were added
to all 300 Series designs (Figure 1-6) specifically in the cir-
cuit paths that were most prone to ESD damage on F100K
100 Series products: input-to-Vgg, input-to-Veg, and output-
to-Vgg. These diodes (D4, D2, and Dg) are utilized to shunt
the current caused by an ESD voltage pulse away from ei-
ther the input or output circuitry. Depending on the polarity
of the ESD voltage, the diodes either become forward-bi-
ased, directing the current into the supply, or go into reverse
breakdown, directing the current into the substrate. Either
way, the ESD-caused current is shunted away from the in-
put and output transistors, avoiding damage to the circuitry.
The diodes are designed to be rugged enough to guarantee
2000V of ESD protection on all 300 Series products (they
typically withstand up to 4000V). Even in providing this pro-
tection level, these diodes have a negligible impact on input
capacitance. Addition of these diodes typically adds only
tenths of picofarads to each product’s input capacitance.
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Process Technology

FAST-LSI Process

The 300 Series family is fabricated using an advanced iso-
planar technology called FAST-LSI. The FAST-LSI process
is similar to FAST-Z, but also includes many improvements
which enhance performance, manufacturability, and reliabili-
ty. Metal alignments have been tightened, shortening the
distance between base and emitter contacts. This reduces
the base capacitance, giving Fys of 8 GHz vs 5 GHz for
FAST-Z. Parasitic capacitances are also reduced, allowing
products to be designed with lower power consumption.

The FAST-LSI process implements wafer planarization
techniques to smooth the interconnect metal transitions,
significantly reducing thermal stresses on the die when en-
capsulated in molded plastic packaging. In addition, these
planarization techniques increase metal step coverage to
typically 65% for first level metal and 75% for second level
metal. Increased metal thicknesses over a step improve
current density performance and circuit reliability. First layer
metal step coverage is improved by the addition of bird’s
head planarization after the oxide isolation process. Second
layer metal step coverage improvements are provided by a
technique known as spun-on-glass, an interlayer dielectric
planarization.

FAST-LSI is a fully ion-implanted process, providing more
precise control over doping profiles. This not only improves
device performance, but also allows tighter manufacturing
tolerances on transistor gains and resistor values. These
tighter tolerances were exploited in the design of F100K
300 Series to meet the same-speed, half-power targets for
the product line. The field oxide in FAST-LSI is doped (vs.
undoped in FAST-Z). This lowers current leakage even fur-
ther while still maintaining the walled emitter structures fea-
tured in FAST-Z.

The metal structure of FAST-LSI is also improved. Platinum-
silicide is used to provide ohmic contacts to N+ and P+
regions, as well as Schottky diode contacts to N— regions.
The Schottky diodes are used in the design of the high-per-
formance TTL output stages in the 300 Series ECL-TTL lev-
el translators. A titanium-tungsten layer is utilized as a diffu-
sion barrier against aluminum migration into the underlying
silicon. Finally, both first and second layer metal use a cop-
per-doped aluminum metalization which enhances reliability
by providing a high resistance to electromigration.

Veea

Compensation Network

The heart of F100K is fully compensatea ECL.! The basic
gate consists of three blocks—the current switch, the output
emitter-followers, and the reference or bias network (Figure
7-7). The current switch allows both conjunctive and dis-
junctive logic. The output emitter-followers provide high
drive capability through impedance transformation and al-
lows for increased logic swing. The bias network sets DC
thresholds and current-source bias voltages. Temperature
compensation at the gate output is achieved by incorporat-
ing a cross-connect branch between the complementary
collector nodes of the current switch and driving the current
source with a temperature insensitive bias network2
(Figure 1-8).
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FIGURE 1-8. Temperature Compensation

As junction temperature increases and the forward base-
emitter voltage of the output emitter-follower decreases, the
collector node of the current switch must become more
negative. Since the current-source bias voltage, Vcg, is in-
dependent of temperature, the switch curent increases with
temperature due to the temperature dependence of Vggc.
The combination of temperature controlled current, Ig, and
the cross-connect branch current, ly, forces the proper tem-
perature coefficient at the collector node of the current
switch to null out the Vggo tracking coefficient.3
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FIGURE 1-7. ECL Gate
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Family Overview

The schematic for the reference network displays a Vggy
amplifier in the bottom left corner (Figure 71-9). Two base-
emitter junctions are operated at different current densities,
J1 and J2. The resulting voltage difference, Vggy minus
VgE2, appears across R1 and is amplified by the ratio R2/
R1. Note that R2 is used twice, once to generate Vcg and
once to generate Vgg. The different current densities, J1
and J2, result in a positive temperature tracking coefficient
across R2, which cancels the negative diode-tracking coeffi-
cient of Vg3 and Vgg4. The Vgg and the Vgg thus generat-
ed are temperature insensitive at the extrapolated bandgap
voltage of silicon'. 2 (approximately 1300 mV).4 Ry in the
Ve amplifier compensates for process variations of 8 and
AVgg.5 Voltage regulation is achieved through a shunt regu-
lator shown at the right side of the schematic.

TL/F/9908-9

FIGURE 1-9. Reference Network

Characteristics

F100K compatibility with existing ECL logic families and
memories permit direct interface with slower logic families
and ensures immediate memory availability. The typical log-
ic swing is 800 mV (Figure 1-10) and all voltage levels are
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FIGURE 1-10. Transfer Characteristics

specified with a 509 load to —2V at all outputs to provide
transmission line drive capability. However, the inherently
low output impedance (Figure 7-11) and maximum specified
output current, 50 mA, make 254 drive possible at any or all
outputs. Alternately, of course, higher termination imped-
ances or other termination schemes are also useful.
F100K exhibits relatively constant output levels and thresh-
olds over the 0°C to +85°C specified temperature range
and —4.2V to —4.8V specified voltage range (Figure 1-12).
VEE power supply current is also constant over the specified
voltage range (Figure 1-13); therefore:
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Uncompensated ECL (over Vgg range)
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FIGURE 1-12. Transfer Characteristics

® Propagation delay is relatively constant versus power
supply voltage variations thus tightening the AC window.

* Power dissipation is a linear function of the supply volt-
age, reducing worst-case power consumption.

The typical propagation delay of an SSI gate function driving
a 500 transmission line is 0.75 ns, including package, with a
power dissipation of 40 mW resulting in a speed-power
product of 30 pJ. For optimized MSI functions, the internal
gates can dissipate < 10 mW with average propagation de-
lay of < 0.5 ns, giving a power-speed product of < 5 pJ.
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FIGURE 1-13. Change in Igg vs Change in Vgg

F100K has a tighter AC window over the wide range of envi-
ronmental conditions; thus, the system timing requirements
are eased and maximum system clock rates are increased.
At the sacrifice of AC performance, the small-signal input
impedance was conservatively designed to be positive-real
over the frequency range encountered by any circuit input.
This provides adequate damping to insure AC stability within
the system.

Features

F100K ECL logic components are designed to be used in
high-speed, low-noise systems and offer significant advan-
tages over other logic families. Some of the important fea-
tures and advantages are summarized below.

Low Propagation Delay

F100K ECL features gate delays that are typically 0.75 ns
(750 picoseconds) with counters, registers and flip-flops op-
erating in the 400~-500 MHz range. When compared to oth-
er logic families such as Schottky TTL or slower ECL fami-
lies, system performance can be doubled or tripled. Tighter
AC distribution helps system timing requirements and in-
creases system clock rates.

Moderate Edge Rates

Because of the nature of current mode switching which
uses differential comparison techniques and avoids transis-
tor storage delays, rise times can be controlled by internal
time constants without sacrificing throughout delays. Slower
rise times minimize ringing and reflections on interconnec-
tion wiring and simplify physical design. The typical edge
rate for F100K ECL is 1V/ns, only about 80% of the edge
rate of Schottky TTL. It can be shown that for ECL circuits,
the natural rise and fall times are approximately equal to the
propagation delay. This relationship is considered optimum
for use in high-speed systems.
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Wired-OR Capability

ECL outputs can be wired together where wiring rules per-
mit, to form the positive logic-OR function, thus achieving an
extra level of gating at no parts count expense. Data buss-
ing and party line operations are facilitated by this features.

Complementary Outputs

A majority of F100K ECL logic elements have complemen-
tary outputs, providing numerous opportunities for reduction
of package count and power consumption when mechaniz-
ing logic equations. Further, the system incurs no extra pen-
alty in time delay since the complementary ECL outputs
switch simultaneously.

A significant advantage to complementary outputs is that,
since both the true and complement logic functions are
available, Icc imbalance can be minimized either by using
both outputs in the design or merely terminating unused out-
puts. In this way, the constant current characteristic of ECL
is not compromised and power supply noise is minimized.

Low Output Impedance, High Current Capacity

As operating speeds are increased to achieve the higher
performance levels demanded of digital systems, ordinary
wiring begins to exhibit distributed parameter characteris-
tics, as opposed to a lumped capacitance nature at low
speeds.

Characteristic impedances of normal wiring and printed cir-
cuit interconnections generally fall in the 509 to 2500
range. With these low impedance lines and fast transitions,
the signals are attenuated by the voltage divider action be-
tween the circuit output impedance and the characteristic
impedance of the interconnection.

Voltage mode circuits have a HIGH state output impedance
of from 50Q to 1500 and thus exhibit an output stepped
characteristic, first reaching about 50% of final value and
later reaching the final value in another step. F100K ECL
output impedances under 100 insure a complete, full val-
ued, signal into a transmission line. Also, F100K ECL out-
puts are specified to drive a 50Q load (some devices are
specified to drive a 250 load). Outputs are capable of sup-
ply 50 mA or more and can thus support the quiescent cur-
rent required for passive terminations.

Convenient Data Transmission

The complementary high-current outputs of F100K ECL ele-
ments are well suited for driving twisted pair or other bal-
anced lines in a differential mode, thereby enhancing field
cancellation and minimizing crosstalk between subsystems.

High Common-Mode Noise Rejection

Differential line receivers provide common-mode noise re-
jection of 1V or more for induced and ground noise. Differ-
ential receiving requires less signal swing than single ended
and thus allows more reliable interpretation of low signal
swings.

Constant Supply Current

The supply current drain of F100K ECL elements is gov-
erned by one or more internal constant current sources sup-
plying operating current for differential switches and level
shifting networks. Since the current drain is the same re-
gardless of the state of the switches, F100K ECL circuits
present constant currents loads to power supplies (see
Complementary Outputs).

Low Power Loss in Stray Capacitance

Energy is consumed each time a capacitor is charged or
discharged so the energy loss rate, or power, goes up with
switching frequency. Since the energy stored in a capacitor
is proportional to the square of the voltage and F100K ECL
signal swings are four to five times less than those of TTL,
power loss in stray capacitance may be an order of magni-
tude less than that of TTL.

Low Noise Generation

In ECL systems, power supply lines are not subjected to the
large current spikes common with TTL designs. Inherently,
ECL is a constant current family without the totem-pole
structures found in TTL circuits which generate the large
current spikes. Since ECL voltage swings are much smaller
than TTL, the current spikes caused by charging and dis-
charging stray capacitances are much smaller with ECL
than with TTL of comparable edge rates.

Low Crosstalk

Induced noise signals are proportional to signal swings and
edge rates. The lower swing and slower edge rate of F100K
ECL results in low levels of crosstalk.

ESD Protection

The 300 Series is designed with Electrostatic Discharge
(ESD) protection diodes. The diodes were designed to offer
a minimum of 2000V (4000V typical) ESD protection on all
devices. This protection is significantly higher than most
other ECL families.

System Benefits

The National F100K ECL Family offers improvements over
other ECL families such as voltage and temperature com-
pensation, higher integration levels, improved packaging,
planned pinouts, lower propagation delay and more comple-
mentary outputs. These improvements offer measurable ad-
vantages to the design(er) of high-performance systems.

Easier Engineering

Designers have increased confidence that designs realized
in F100K will operate with good margins over voltage and
temperature variations in prototypes, production models
and field installations. Less effort need be expended doing
detailed voltage and temperature calculations and testing.
With noncompensated ECL, noise margins cannot be guar-
anteed unless both the receiving and transmitting circuit op-
erate at the same temperature and Vgg. This can cause a
problem when attempting to transfer a breadboard or proto-
type system to production.

Since output swings and input thresholds remain almost
constant over temperature and Vgg variations, complex
control systems for power supply levels and more-than-ad-
quate cooling are not necessary with F100K. This results in
a more economical and better operating system.

Circuit Design

F100K ECL benefits from sound, well-engineered circuit de-
signs. All input pins exhibit positive/real input impedance to
eliminate system oscillations. Input buffering is used to re-
duce loads on lines which drive multiple internal gates.

High Performance

The regulation and control of DC and AC parameters
achieved by F100K ECL assures that signal timing and
propagation delays in critical paths are relatively insensitive




to changes or gradients of temperature and supply voltage.
Guardbands can be narrower, yet provide a higher degree
of confidence due to the elimination of skew between output
levels at one location and input threshold at another.

The consistency of response and security of noise margins
permit operation at higher clock rates and thus increase
system performance.

Easier Debugging

With F100K, debugging of systems can proceed more rapid-
ly than with uncompensated ECL. When a cabinet or enclo-
sure is opened for access in debugging, the resultant
change in thermal conditions has almost no effect on
F100K signal swings, propagation delays, edge rates or
noise margins.

Flexibility

F100K is designed to operate at —4.5V for reduced power
dissipation. If compatibility with other ECL families is a re-
quirement, F100K 300 Series guarantees specifications be-
tween —4.2V and —5.7V due to its improved voltage com-
pensation features.

Fan-In/Fan-Out

All F100K ECL outputs are specified to drive 500 transmis-
sion lines; this makes them suitable for driving very-high fan-
out loads. In addition, some F100K outputs are specified to
drive 250 lines, which would be the case if a 500 party-line
bus terminated at both ends were being driven.

System Design

F100K ECL was designed to be the ultimate standard pack-
aged IC logic family. System design constraints were con-
sidered and the F100K family was designed for overall ease
of system design and use while making the maximum use of
the very fast propagation delay available.

Packaging

The F100K 300 Series ECL devices are offered in a wide
variety of package options. The family was initially intro-
duced with the F100K traditional 24-lead 400 mil wide, ce-
ramic dual-in-line package (CDIP) and surface mount ce-
ramic quad CERPAK (CQFP). These ceramic packages
were needed for the now obsolete F100K 100 Series be-
cause of their excellent thermal performance.

The lower operating power of the 300 Series enabled plastic
packaging to be used without the problem of exceeding the
fower junction temperature required for those packages.
The first plastic package to be introduced was the 28-lead
plastic leaded chip carrier (PCC or PLCC). The four extra
pins of this package were connected directly to the die pad-
dle and used to improve the thermal performance.

A 24-lead plastic dual-in-line package (PDIP) was then intro-
duced to offer a low cost alternative to the CDIP. The PDIP
was designed to the same dimensions as the CDIP so that
the same sockets could be utilized.

Finally, a 24-lead small outline package (SOIC) was intro-
duced to round out the package options for the 300 Series.
This package occupies approximately the same amount of
board space as the PCC package, however, the package is
much lower in height and the gull winged leads allow for
easy visual inspection of solder joints.

The thermal operation for each of these packages varies
slightly, for more detailed information please refer to the
Power Distribution and Thermal considerations and the
Qualification sections of this book.

Industrial Applications

The growing need for high performance logic in increasingly
harsh environments has been addressed with an industrial
grade version of the 300 Series ECL family. The industrial
grade products offer the same high performance as the
commercial grade products with additional testing conduct-
ed at —40°C, for a guaranteed operating temperature range
of —40°C to +85°C. These products are ideal for industrial,
fiber optic and communication applications which would be
subjected to an uncontrolled environment.

Operation over the industrial temperature range is guaran-
teed by additional AC and DC testing. The DC levels of this
family have been adjusted to reflect actual operation at
—40°C (cold start) Figure 1-14 shows the Voy, Vg, and
VoL Test Specification, the crosshatched area, and the ac-
tual data points taken on the 100301. These DC levels cor-
respond to the entire family.

VOLTAGE (V)

-40 0 25 85
TEMPERATURE (°C)

TL/F/9908~38
FIGURE 1-14. DC Level Shift Over Temperature

The industrial grade products are only offered in an industry
standard 28-lead PCC (PLCC) package. Additional AC and
DC characteristic tables have been added to the individual
device data sheets to specify extended temperature opera-
tion. Most of the 300 Series functions are available with
industrial grade processing but check with your local Nation-
al Semiconductor sales office for availability.

Military Applications

With the introduction of National's F100K ECL 300 Series
comes the advent of F100K ECL in military applications.
The special concerns addressed in the 300 Series design
criteria enables this family to specify operation over the tem-
perature range of —55°C to +125°C, and to comply fully
with the requirements of MIL-STD-883.

As in the commercial world, with military systems becoming
more complex, speed becomes a major consideration.
Speeds which are pushing Schottky and CMOS technolo-
gies to their maximum performance limits, forcing designers
to look to faster logic technologies. But speed, of course, is
not the only consideration military designers have to con-
tend with. Power consumption, package/function size,
price, ESD susceptibility, radiation tolerance and operation
in any of a number of harsh environments must be ad-
dressed by a military system designer, and all have been
addressed in the design of the F100K 300 Series Family.
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Family Overview

The relatively high speed-to-power product of the F100K
ECL 300 Series Family allows these products to be used in
a wide variety of applications. As systems begin to strain
under the 30 MHz-40 MHz limits of some of the more con-
ventional logic families, the 300 Series with its data rates
exceeding 100 MHz, becomes a viable solution. The re-
duced power operation offered by the 300 Series product
line eliminates the last barriers inhibiting the extensive us-
age of ECL in battery powered systems. Mixing F100K ECL
300 Series products with other logic families is also made
easier with a variety of level translators and a wide operat-
ing voltage range of —4.2V to —5.7V.

Among the many other benefits this family offers is full tem-
perature compensation and high noise immunity. Both of
these features are extremely important in the environments
military systems are subjected to, or standards to which
they must comply. The temperature compensation circuit of
F100K ECL. ensures stable DC performance over tempera-
ture changes in the external environment, as well as tem-
perature fluctuations within a system, or even on one circuit
board. The high noise immunity provides clean operation
and few system hiccups due to noise, even when operating
in a noisy environment.

Internal Visual Inspection
Method 2010, Condition B

v

QA Internal Visual Sample
Method 2010, Condition B

vy

Temperature Cycle
Method 1010, Condition C

2

Centrifuge - Y1 Only
Method 2001, Condition E

y
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Standard Process Flow

In order to meet the strict processing and test requirements
imposed by MIL-STD-883 and MIL-M-38510, National Semi-
conductor has developed the process flow shown in Figure
71-15. National subjects 100% of the F100K 300 Series ECL
military-compliant products to this flow. All electrical tests
are performed in compliance with National's published Ta-
ble | electrical specifications. Although we make every effort
to maintain the databook military electrical specifications,
please contact your local sales office or Distributor for the
current specifications.

Level S Capabilities

The most demanding environment for system applications is
in space. Space systems are exposed to harsh physical and
environmental conditions which can degrade system per-
formance or alter functionality. Worse yet, these systems
must endure this environment for many years with little—if
any—opportunity for repair. System components must be
highly reliable in order to meet these lifetime requirements.

National Semiconductor’s facility in South Portland, Maine,
has extensive experience in processing space-level prod-
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FIGURE 1-15. MIL-STD-883 Process Flow




ucts. Years of designing, developing, and manufacturing
space-level components has built an experienced team and
facility dedicated to meeting the demands of space-level
component processing.

DESC Level S-certified Fab, Assembly, and Test areas pro-
cess JAN Level S-compliant devices as well as customer
SCD space-level requirements. Flexible process flows for
SCD requirements allow customers to tailor component pro-
cessing to system requirements. Full SEM and WLA capa-
bilities exist to ensure wafer-level compliancy to Level S
requirements. PIND test, X-ray inspection, and radiation
testing are performed in-house using dedicated laborato-
ries. Read and record capability and delta calculations can
be performed to provide data-to-document derating calcula-
tions for system life.

F100K 300 Series ECL is an excellent choice for space sys-
tem designs with its low power operation, radiation toler-
ance, and suitability to harsh unregulated environments. To
discuss your requirements for space system design, please
contact your local sales office.

Radiation Capabilities and
Test Results

Radiation survivability is a concern for many military, tacti-
cal, and space system designs. System exposure to man-
made nuclear events and to naturally-occuring sources of
radiation can result in transient and/or permanent changes
to a device’s material and electrical properties.

Starting at the conceptual stage is the most cost-effective
approach to designing a radiation-hardened system. Utiliz-
ing product with inherent radiation tolerance eliminates the
need for costly shielding.

National is an industry leader in radiation-resistant products.
Its Mil/Aero logic Radiation Effects Laboratory (REL) in
South Portland, Maine, certifies that products are resistant
to defined levels of radiation. This lab is:

o Certified by NIST
® Licensed by the NRC to handle irradiated material

e Certified by DESC for Lab Suitability, which denotes that
all testing and data generated is fully recognized and ac-
ceptable by all government agencies, their contractors,
and sub-contractors.

Total dose testing is performed using a step-stressing meth-

odology with National’'s AECL Gamma Cell 220 (Cobalt-60

source) in compliance with MIL-STD-883 Method 1019.3.

Flexible process flows meet the needs of strategic, space,

and tactical applications. Customer SCDs may specity either

Level S or Level B process flows. Total dose radiation data

and other data can be supplied with each order, certifying

radiation resistance as specified in the applicable SCD.

National’s F100K 300 Series ECL has undergone prelimi-

nary investigation to determine its minimum radiation hard-

ness level. Total dose irradiation tests have been performed
on the:

e 100355 Low Power Quad Multiplexer/Latch

e 100325 Low Power Hex ECL-to-TTL Translator

Preliminary radiation test results for both devices showed

no functional failures and no parametric (AC and DC) fail-

ures up to the 1 Mrad(Si) level. All parametric results were
within National’s published Table [ limits with minimal deltas.

Please note that these results are preliminary and based on
limited testing of two device functions. We strongly recom-

mend that total dose radiation-hardened-assured F100K
300 Series product be purchased only on a wafer-by-wafer
basis.

For more detail about National's solutions to radiation hard-
ness assurance, request a copy of National's Radiation Re-
sistance Guide from your Distributor or local sales office.

Definitions of Symbols and Terms
AC SWITCHING PARAMETERS

Note: Skew parameter definitions can be found at the end of this section.

fcount (Count Frequency/Toggle Frequency/Operat-
ing Frequency): The maximum repetition rate at which
clock pulses may be applied to sequential circuit. Above this
frequency the device may cease to function.

th (Hold Time): The interval immediately following the ac-
tive transition of the timing pulse (usually the clock pulse) or
following the transition of the control input to its latching
level, during which the data to be recognized must be main-
tained at the input to ensure its continued recognition.

tpLy (Propagation Delay Time): The time between the
specified reference points on the input and output voltage
waveforms with the output changing from the defined LOW
level to the defined HIGH level.

tpyL (Propagation Delay Time): The time between the
specified reference points on the input and output voltage
waveforms with the output changing from the defined HIGH
level to the defined LOW level.

ts (Setup Time): The interval immediately preceding the
active transition of the timing pulse (usually the clock pulse)
or preceding the transition of the control input to its latching
level, during which the data to be recognized must be main-
tained at the input to ensure its recognition.

ts (Release Time): The interval immediately preceding the
active transition of the timing pulse (usually the clock pulse)
or preceding the transition of the control input to its latching
level, during which the master set or reset must be released
(inactive) to ensure valid data is recognized.

trLH (Transition Time, LOW to HIGH): The time between
two specified reference points on a waveform which is
changing from LOW to HIGH.

tTHL (Transition Time, HIGH to LOW): The time between
two specified reference points on a waveform which is
changing from HIGH to LOW.

tow (Pulse Width): The time between 50 percent amplitude
points on the leading and trailing edges of a pulse.

tpyz (Output Disable Time of a TRI-STATE® Output
from High Level): The time between the 1.5V level on the
input and a voltage 0.3V below the steady state output
HIGH level with the TRI-STATE output changing from the
defined HIGH level to a high impedance (OFF) state.

tpLz (Output Disable Time of a TRI-STATE Output from
LOW Level): The time between the 1.5V level on the input
and a voltage 0.3V above the steady state output LOW level
with the TRI-STATE output changing from the defined LOW
level to a high impedance (OFF) state.

tpzy (Output Enable Time of a TRI-STATE Output to a
HIGH Level): The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a HIGH
level.

tpzL (Output Enable Time of a TRI-STATE Output to a
LOW Level): The time between the 1.5V levels of the input
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Family Overview

and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a LOW lev-
el.

CURRENTS

Positive current is defined as conventional current flow into
a device lead. Negative current is defined as conventional
curent flow out of a device lead.

Ige (Power Supply Current): The current required by each
device from the Vg supply. This value represents only the
internal current required by the specified device, and does
not include the current required for loads or terminations.

IrTL (Supply Current): The current flowing into the VL
supply terminal of a circuit with the specified input condi-
tions and the outputs open. When not specified, input condi-
tions are chosen to guarantee worst-case operation.

Iiy (Input Current HIGH): The current flowing into a device
lead with the specified V|y applied to the input. This value
represents the worst case DC input load that a device pres-
ents to a driving element.

IiL (Input Current LOW): The current flowing into a device
lead with the specified V;_ applied to the input.

loH (Output HIGH Current): The current flowing out of the
output when it is in the HIGH state. For a turned-off open-
collector output with a specified HIGH output voltage ap-
plied, the loy is the leakage current.

loL (Output LOW Current): The current flowing into an out-
put when it is in the LOW state.

los (Output Short Circuit Current): The current flowing out
of a HIGH-state output when that output is short circuited to
ground (or other specified potential).

lozy (Output OFF Current HIGH): The current flowing into
a disable TRI-STATE output with a specified HIGH output
voltage applied.

lozL (Output OFF Current LOW): The current flowing out
of a disabled TRI-STATE output with a specified LOW out-
put voltage applied.

VOLTAGES

All voltage values are referenced to Vg (or ground) which
is the most positive potential in an ECL system.

Vpg (Bias Voltage): The internally generated reference
voltage which is used to set the input and output threshold
levels.

Ve (Circuit Ground): This is the most positive potential in
the ECL system and it is used as the reference level for
other voltages.

Vcea (Separate Circuit Ground): The circuit ground for the
buffered current switch. Outside the package, the Vgc and
Vcea leads should be connected to the common Vg distri-
bution. Internally, the separation of Vcg and Ve insures
that any change in load currents during switching does not
cause a change in V¢g through the small but finite induc-
tance of the Vgca bond wire and package lead.

Vcs (Current Source Voitage): The internally generated
potential used to control the level of the active current
source.

Veg (Power Supply Voltage): This potential is the system
power supply voltage and it is the most negative potential in
the system. -

VEgs (Substrate Vgg): These pins (on the PCC package
only) provide extra thermal conduction paths, therefore re-
ducing 0a. These pins must be connected to the Veg plane
or not connected at all.

V7L Supply Voltage: The range of the TTL power supply
voltage over which the device is guaranteed to operate with-
in the specified limits.

ViH (Input Voltage HIGH): The range of input voltages that
represents a logic HIGH level in the system.

ViH tMax): The most positive V).

ViH (Min): The most negative Viy. This value represents the
guaranteed input HIGH threshold for the device.

ViL (Input Voltage LOW): The range of input voltages that
represents a logic LOW level in the system.

VIL (Max): The most positive V). This value represents the
guaranteed input LOW threshold for the device.

ViL (min): The most negative V..

Vou (Output Voltage HIGH): The range of voltages at an
output terminal with the specified output loading and with
the inputs conditioned to establish a HIGH level at the out-
put.

VoH (max): The most positive Vo under the specified input
and loading conditions.

VoH (min): The most negative Von under the specified input
and loading conditions.

VoHc: The output HIGH corner point or guaranteed HIGH
threshold voltage with the inputs set to their respective
threshold levels.

VoL (Output Voltage LOW): The range of voltages at an
output terminal with the specified output loading and with
the inputs conditioned to establish a LOW level at the out-
put. .

VoL (Max): The most positive Vo under the specified input
and loading conditions.

VoL (Min): The most negative Vo under the specified input
and loading conditions.

VoLc: The output LOW corner point or guaranteed LOW
threshold voltage with the inputs set to their respective
threshold levels.

VNH (HIGH Level Noise Margin): Noise margin between
the output HIGH level of a driving circuit and the input HIGH
threshold level of its driven load. A conservative value for
VnH is the difference between Vopc and Viy (Min)-

VNL (LOW Level Noise Margin): Noise margin between the
output LOW level of a driving circuit and the input LOW
threshold level of its driven load. A conservative value for
VnL is the difference between V|| (vax) and VoLc-
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Definitions of Output Skew Specifications

Test Philosophy

Minimizing output skew is a key design criteria in today’s high-speed clocking schemes. National has incorporated new skew
specifications into the F100K family of devices. National’s test philosophy is to fully guarantee all the available skew specifica-
tions in order to help clock designers optimize their clock budgets.

CLOCK SKEW
Skew is the variation of propagation delay differences between output clock signal(s).
Example:
If signal appears at out #1 in 3 ns and in 4 ns at output #5, the skew is 1 ns.
cLocK
1 iNpyr _DRIVER 8 OUTPUTS
-0 CLOCK_OUT
—>——02 !
>0 ! _m
SN\ e i
CLOCK_IN T—D——n 5 5 __Ly_\_/
—>—-o s
—>—1a7 - =~
SKEW
-8 DUE TO DELAY
UNCERTAINTY

TL/F/9908-24
FIGURE 1-16. Clock Output Skew

Without skew specifications, a designer must approximate timing uncertainties. Skew specifications have been created to help

clock designers define output propagation delay differences within a given device, duty cycle and device-to-device delay

differences.
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Family Overview

SOURCES OF CLOCK SKEW

Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions.

( INTRINSIC SKEW EXTRINSIC SKEW
CLOCK_OUT

LOADS SKEW DUE TO
DEVICE AND TRACE/LOAD DELAYS

CLOCK_IN

TL/F/9908-25
FIGURE 1-17. Sources of Clock Skew

Example: 50 MHz Clock signal distribution on a PC Board.

50 MHz signals produces 20 ns clock cycles
Total system skew budget = 10% of clock cycle* = 2ns —> 2ns
Ifextrinsic skew = 1ns — —1ns

Device skew (intrinsic skew) must be less than 1 ns! <— 1ns
*Clock Design Aule of thumb.

CLOCK DUTY CYCLE

e Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle.
. T \
"
——'

g
1
1 ! '

Duty Cycle = t/T * 100%
FIGURE 1-18. Duty Cycle Calculation

TL/F/9908-26

Clock Signal
m Example:

W thigH and t ow are each 50% of the clock cycle therefore
PPy —— the clock signal has a Duty Cycle of 50/50%.

CLOCK CYCLE
TL/F/9908-27

FIGURE 1-19. Clock Cycle
® Clock skew effects the Duty Cycle of a signal.

Clock + Skew
[\ Example: 50 MHz clock distribution on a PC board.
ﬁ' Skew must be guaranteed less than 1 ns at 50 MHz to

TL/F/9908-28 achieve 55/45% Duty Cycle requirements of core silicon!

FIGURE 1-20. Clock Skew

TABLE 1-1
System
Frequency Skew | tHigH | tLow Duty Cycle

50 MHz Ons 10ns | 10ns | 50/50% <« Ideal Duty Cycle (50/50%) occurs for zero skew.

50 MHz 2ns 12ns 8ns 60/40%

50 MHz 1ns 11ns 9ns 55/45%

33 MHz 2ns 17 ns 15ns | 55/45% «— Note that at lower frequencies, the skew budget is not as tight
and skew does not affect the Duty Cycle as severely as seen at
higher frequencies.

1-16




Definition of Parameters

tosLH: tosHL (Common Edge Skew)

tosHL: and tog) 1 are parameters which describe the delay from one driver to another on the same chip. This specification is the
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the
CPU and the controller to be synchronized, tos H/HL needs to be minimized.

Definition Example
tosHL tosLH (Output Skew for High-to-Low Transitions): cLock ,
tosHL = ItPHLpax = tPHLANI INPUT ﬂ
1
Output Skew for Low-to-High Transitions: ! T
tostH = ItpLh teLHMN] oo ——L—/—m—
- MAX ~ MIN PHLyiN. +
—

. [
Propagation delays are measured across the outputs of any ',(PLHW; \ !
. N i - y ,
given device. OUTPUT 2 | i ( 1 ) N\
1
[ ' Yo I: Iu
—— ;
| lP.LHMAX. C (P.HLMAX‘ .
] ' o ] 1
! r— 1 F———y
' ©otosth e e » YosHL

TL/F/9908-29
FIGURE 1-21. tosLH, tosHL
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Definition of Parameters (continued)

tps (Pin Skew or Transition Skew)

tps, describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest
delta) number is the guaranteed specification. Ideally this number needs to be 0 ns. Effectively, 0 ns means that there is no
degradation of the input signal’s Duty Cycle. .

Many of today’s microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock designers typically achieve
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some
microprocessors have addressed this by internally performing the divide by two.

Since Duty Cycle is defined as a percentage, the room for error becomes tighter as the system clock frequency increases. For
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tpg cannot exceed a maximum of 4 ns (tp 4 of
18 ns and tp 4 of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent
Duty Cycle requirement, tpg cannot exceed a maximum of 2 ns (tpi 4 of 9 ns and tpy of 11 ns) and still meet the Duty Cycle
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal.

Definition Example
tps (Pin Skew or Transition Skew):
— clock input
tps = |tPHL-tpLHI 50% duty __/_\_/_-
Both high-to-low and low-to-high propagation delays are cycle !
measured at each output pin across the given device. 1
1

output 1 ! /' 1 \' tPSl =QP"'-1 =iP'-H|
(I
1

i

:‘PLH, toue,

1 D g = =
output 2 ! tos, =touL, = oLy
p! ! m 2 2 3
1 1

! !

biw,  tuL,

TL/F/9908-30
FIGURE 1-22. tpg

Example: A 33 MHz, 50/50% duty cycle input signal would be degraded by 2.6% due to a tpg = 0.8 ns. (See Table and
lllustration below.)
Note: Output symmetry degradation also depends on input duty cycle.

TABLE 1-lIl. Duty Cycle Degradation of 33 MHz

Input Device Output
f % A DC
(MH2) | DCinput tN Tin tps tour Tour DC Input to Output
(ns) (ns) (ns) (ns) (ns) Output
33 50%/50% 15.15/15.15 30.3 0.8 14.35/15.95 30.3 47.4%/52.6% 2.6%
45%/55% 13.6/16.6 30.3 1.5 12.1/18.1 30.3 39.9%/60.1% 5.1%

50% (/A WORST CASE DEGRADATION,

HIGH LEVEL 'E_ , TPS = 0.8nS.

' , 47.4% MHIGH LEVEL
1 T (2.6% PULSE WIDTH DECREASE)
] [
1 LI
: |
33 MHz
(]
1
1 [

! ! L 52.6% LOW LEVEL

7—{ (2.6% PULSE WIDTH INCREASE)
50%

LOW LEVEL

FIGURE 1-23. Pulse Width Degradation
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Definition of Parameters (continued)
tosT (Opposite Edge Skew)

0 Awey

togT defines the difference between the fastest and the slowest of both transitions within a given chip. Given a specific system <
with two components, one being positive-edge triggered and one being negative-edge triggered, togT helps to calculate the e
required delay elements if synchronization of the positive- and negative-clock edges is required. g-
) £
device
output
pin 1
toLH
pin 2 (I ey
pin 8
'08T time, ns

max TL/F/9908-32

FIGURE 1-24. tosT
Definition
tosT (Opposite Edge Skew):
tosT = |tpem—tPenl

where ¢ is any edge transition (high-to-low or low-to-high)
measured between any two outputs (m or n) within any giv-

en device.
Example
OUTPUT 1 _
< P— Yoy = b,
=1 v Rl

oUTRUT 2
1 =
: ' ”P‘t’z - ‘PLHZ
Le— tp|_|{2 — '
! 1 1
]

1
(e
v lost e
FIGURE 1-25. togt

1

TL/F/9908-33
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100201

PRELIMINARY

Low Power 2-Input OR/NOR Gate/Inverter

General Description

The 100201 is a 2-input OR/NOR Gate and a single Inverter
Gate in an eight pin SOIC package. All inputs have 50 k2
pull-down resistors and all outputs are buffered. The
100201 is ideal for single gate needs or for use as the feed-
back loop of a crystal oscillator circuit.

Features

m Small 8 lead 150 mil SOIC package
W 2000V ESD protection

| 300 MHz minimum F toggle

® Temperature compensated

m Voltage compensated operating range = —4.2V to
—5.7V VEg

Ordering Code: sece section 6
Logic Symbol

D, @ |> O 0, Pin Names Description

D4y 0, Da, D1p, D2p Data Inputs

0 & 3, ) 9, _ Data Outputs

2 TL/F/11000-1 Oa, Op Complementary Data Outputs

—/
0,1 8o,
Vee =2 7V
(3 soic EE
=13 6Dy
0,14 51D

TL/F/11000-2

2-3
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100201

Absolute Maximum Ratings

Recommended Operatin

Above which the useful life may be impaired (Note 1) Conditions .
i Military/Aerospace specified devices are required, Case Temperature (T¢)
please contact the National Semiconductor Sales Commercial 0°C to +85°C
Office/Distributors for availability and specifications. Industrial —40°C to +85°C
Storage Temperature (TsTg) —65°Cto +150°C Military —55°Cto +125°C
Maximum Junction Temperature (T ) Supply Voltage (VEg) - —5.7Vto —4.2v
Ceramic +175°C
Plastic +150°C
Veg Pin Potential to
Ground Pin -7.0Vto +0.5V
Input Voltage (DC) Veg to +0.5V
Output Current (DC Output HIGH) —-50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
Veg = —4.2Vto —5.7V, Voo = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 mV VIN = ViH(Max) OF ViL(Min) Loading with
VoL Output LOW Voltage | —1830 | —1705 [ —1620 | mv 504 to —2.0V
VoHec Output HIGH Voltage —-1035 mV VIN = ViHMin) O ViL(Max) Loading with
VoLc Output LOW Voltage —1610 | mv 500 to —2.0V
VH Input HIGH Voltage —1165 —870 mvV Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1475 mV Guaranteed LOW Signal for All Inputs
i Input LOW Current 0.50 RA VIN = ViL(Min)
] Input HIGH Current 240 BA VIN = ViH(Max)
lee Power Supply Current -29 —-17 —-15 mA Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case” conditions.

SOIC AC Electrical Characteristics

Veg = —4.2Vto —5.7V, Vgc = GND

= 0° = 4 = 0,
Symbol Parameter Tc=0C Te 25°C Tc = +85°C Units Conditions
Min Max Min Max Min Max
trLH Propagation Delay Figures 1and 2
or. Data to Output 0.4 1.10 0.4 1.15 0.4 1.20 ns (Note 1)
TLH Transition Time "
thL 20% to 80%, 80% 10 20% 0.40 1.20 0.40 1.20 0.40 1.20 ns Figures 1and 2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.




Test Circuitry
L1
FA SCOPE
v \ 7 CHAN A
CC 0.1,F
.F__4EL :L R
L2
PULSE A CrouTl SCOPE
GENERATOR \_L/ TEST \ g CHAN B
— —_L Ry
Notes: -
Vco Veca = +2V, Vgg = —2.5V =
L1 and L2 = equal length 5092 impedance lines Vee Io'1 nF
Rt = 50Q terminator internal to scope =
Decoupling 0.1 uF from GND to Vg and Vgg
All unused outputs are loaded with 500 to GND
Cp = Fixture and stray capacitance < 3 pF
FIGURE 1. AC Test Circuit
Switching Waveforms
07:0.1ns—>l 0.7+0.1ns
+105V
INPUT
+03tV
1 —»l tpLH
TRUE PHL P
50%
OUTPUT tPLH ——>l tPHL
80%
50%
COMPLEMENT 20%

inu—->| I<—!m|.

FIGURE 2. Propagation Delay and Transition Times

TL/F/11000-3

TL/F/11000-4
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100301
Low Power Triple 5-Input OR/NOR Gate

General Description Features
The 100301 is a monolithic triple 5-input OR/NOR gate. Al W 23% power reduction of the 100101
inputs have 50 kQ pull-down resistors and all outputs are W 2000V ESD protection
buffered. m Pin/function compatible with 100101
m Voltage compensated operating
range = —4.2V to —5.7V
Available to MIL-STD-883
Available to industrial grade temperature range

Ordering Code: sce section6

Logic Symbol
D1a
g:‘ jm: 0, Pin Names Description
a .
g« 3 0 Dnas Dnbs Dne Data Inputs
o Og, Op, O¢ Data Outputs
0Oa, 0p, Oc Complementary Data Outputs
D1 j
Dzp 0p
Dap —‘E z -
Dap Op
Dsp
Dyc
- o
D3¢ _"[ z —
D4c Oc
Dsc
TL/F/10579-1
Connection Diagrams
24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak
-/ Dy 3o D2aV¥eesP1a Oa D Dyp D3y D, Vee Dy Dsa
D3 =1 24Dy, 11l (9 (3] (81 @D 6] B B Y T Y I I |
Dye—{2 23 =Dy, (] 24 23 22 21 20 19
D53 22|~Dg, Dsp =11 18] Dyq
0.4 21}~0,, 0y =2 17§03,
6.5 20 |~Dyp, D2c =13 16[=0z0
Vee—16 19}~y D3c =14 1501
Ve =7 18 |~Vge Dy =13 141=0,
0,8 170, D5 =16 2 s s 10 ‘213-05
= 1
o 16 F~Dsa 3l 9 (1 22 23 A B8 T T T 11
0,10 15 =Dy Dsp Dy Dz Vees Dsc Dac Dse 0, O VeeVeea® O
0,—111 14Dz, TL/F/10579-4 TL/F/10579-3
Dyp =112 13},

TL/F/10579-2




Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required, Case Temperature (Tg)
please contact the National Semiconductor Sales Commercial 0°Cto +85°C
Office/Distributors for availability and specifications. Industrial —40°C to +85°C
Storage Temperature (TsTg) —65°Cto +150°C Military —55°Cto +125°C
Maximum Junction Temperature (T ) Supply Voltage (VEg) —5.7Vto —4.2V
Ceramic +175°C
Plastic . +150°C
Veg Pin Potential to
Ground Pin ~7.0Vto +0.5V
Input Voltage (DC) Vgg to +0.5V
Qutput Current (DC Output HIGH) —50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
Veg = —4.2Vto —5.7V, Vo = Voca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 mV VIN = ViH(Max) OF VIL(Min) Loading with
VoL Output LOW Voltage | —1830 | —1705 | —1620 | mv 500 to —2.0V
VoHe Output HIGH Voltage —1035 mV VIN = ViHMin) OF VIL(Max) Loading with
VoLc Output LOW Voltage —1610 mV 500 to —2.0V
ViH Input HIGH Voltage —1165 —870 mV Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1475 mV Guaranteed LOW Signal for All Inputs
TR Input LOW Current 0.50 HA VIN = ViLMin)
hH Input HIGH Current 240 HA VIN = ViH(Max)
leg Power Supply Current ~29 —-17 —-15 mA Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case’ conditions.

DIP AC Electrical Characteristics

VEg = —4.2Vto —5.7V, Voc = Veca = GND

Symbol Parameter T =0C Tc=+25C | Tc= +85C | ynits Conditions
Min Max Min Max Min Max

tPLH Propagation Delay Figures 1and 2

tPHL Data to Output 0.50 1.10 0.50 1.15 0.50 1.20 ns (Note 1)

trH Transition Time ) ’

tThL 20% to 80%, 80% 10 20% 0.40 1.20 0.40 1.20 0.40 1.20 ns Figures fand 2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.
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100301

Commercial Version (Continued)
SOIC, PCC and Cerpak AC Electrical Characteristics

VEg = —4.2V to —5.7V, Voo = Vgca = GND

~ o — o — +85°
Symbol Parameter Tc=0C Tc = +25°C Tc 85°C Units | Conditions
Min  Max Min Max Min Max
teLH Propagation Delay Figures 1 and 2
X K X . 3 A
Ny Data to Output 050 1.00 0.50 1.05 0.50 1.10 ns (Note 2)
tYLH Transition Time "
bhL 20% o0 80%, 80% to 20% 040 1.10 0.40 1.10 0.40 1.10 ns Figures 1and 2
tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 240 240 240 ps (Note 1)
Data to Output Path
tostH Maximum Skew Common Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Data to Output Path
tosT Maximum Skew Opposite Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Data to Output Path
tps Maximum Skew PCC Only
Pin (Signal) Transition Variation 230 230 230 ps (Note 1)
Data to Output Path

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (togn), or LOW to HIGH (tgs( ), or in opposite directions both

HL and LH (tost). Parameters togt and tpg guaranteed by design.

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.

Industrial Version

PCC DC Electrical Characteristics
Veg = —4.2Vto —5.7V, Vg = Veca = GND, Tg = —40°C to +85°C (Note 3)

Symbol Parameter Tc = ~40°C | Tc=0Cto +85°C |y Conditions

Min Max Min Max
VOoH Output HIGH Voltage | —1085 —870 | —1025 —870 mV | Vin = ViMax Loading with
VoL | OutputLOW Voltage | —1830 —1575| —1830 —1620 | mv | OF ViLMin) 50210 —2.0V
VoHe Output HIGH Voltage | —1095 -1035 mV | ViN = ViHMin) Loading with
VoLc | Output LOW Voltage —1565 —1610 | mv | O ViLMax) 500 10 —2.0V
Vi Input HIGH Voltage —-1170 —870 —1165 —870 mV | Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1480 | —1830 —1475 mV | Guaranteed LOW Signal for All Inputs
e Input LOW Current 0.50 0.50 pA [ ViN = ViLMin
hy Input HIGH Current 240 240 RA | VIN = ViHMax)
lee Power Supply Current | —29 -15 —29 -15 mA | Inputs Open

Note 3: The specified limits represent the “worst case™ value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.
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Industrial Version (continued)

PCC AC Electrical Characteristics
VEe = —4.2Vto —5.7V, Vgc = Veca = GND

Symbol Parameter _Tc = —40°C Tc = +25°C Tc = *85C | units | Conditions
Min Max Min Max Min Max

tPLH Propagation Delay Figures 1 and 2

o Data to Output 0.40 1.00 0.50 1.05 0.50 1.10 ns (Note 1)

tTLH Transition Time "

THL 20% to 80%, 80% to 20% 0.30 1.10 0.40 1.10 0.40 1.10 ns Figures 1 and 2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.

Military Version

DC Electrical Characteristics
VEE = —4.2Vto —5.7V, Vog = Veoa = GND, Tg = —55°C to +125°C

Symbol Parameter Min Max Units Te Conditions Notes
VoH Output HIGH Voltage | —1025 | —870 mv 0°Cto +125°C
—1085 | —870 mV —55°C VIN = ViHMax) | Loading with 123
VoL Output LOW Voltage | —1830 | —1620 | mv | 0°Cto +125°C | OF Vi (Min) 500 to ~2.0V
—1830 [ —1555 | mV —55°C
VoHC Output HIGH Voltage | —1035 mV 0°Cto +125°C
—1085 mV —55°C VIN = Vilviny | Loading with
VL (Max) 500 to —2.0V 123
VoLc Output LOW Voltage -1610 { mv o°Cto +125°C | O"ViL .
~1555 mV ~55°C
ViH Input HIGH Voltage —1165 | —870 mv | —55Cto +125°C Guaranteed HIGH Signal 1,2,3,4
for All Inputs
ViL Input LOW Voltage 1830 | —1475 | mv | —55°Cto +125°C Guaranteed LOW Signal 1,2,3,4
for All Inputs
i Input LOW Current 0.50 A —55°C o +125°C VEE_= —4.2v 12,3
VIN = ViL(Min)
IH Input HIGH Current 240 RA 0°Cto +125°C Vgg = —5.7V
VIN = VIH (Max) 123
340 pA —55°C IN= VIH
133 Power Supply Current —32 -12 mA | —55°Cto +125°C | Inputs Open 1,2,3

Note 1: F100K 300 Serigs cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be
considered a worst case condition at cold temperatures.
Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8.

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8.
Note 4: Guaranteed by applying specified input condition and testing Von/Vor.
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100301

Military Version (continued)

AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vcc = Vcca = GND

Symbol Parameter Tc = ~55°C Tg = +25°C Tc = +125°C Units Conditions Notes
Min Max Min Max Min Max
I"L“ Ezgigac‘)'&" Ete'ay 025 170 | 030 150 | 030 180 | ns 1,2,3,5
PHL d Figures 1and 2
triH Transition Time
tThL 20% to 80%, 80% to 20% 0.30 1.20 0.30 1.20 0.30 1.20 ns 4
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (o g junction p e equals —55°C), then testing

immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures.
Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9.

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at +25°C, Subgroup A9, and at +125°C and —55°C temperatures, Subgroups A10 and
At

Note 4: Not tested at +25°C, +125°C, and —55°C temperature (design characterization data).
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.

Test Circuitry

L1
M | scope
AW CHAN A

<
1)
o
o
o
A4l
1=
E]
E;

H—

& T

PULSE R GRedm SCOPE
GENERATOR \ / TEST \ s CHAN B
L L s

Notes: -
Voo Veea = +2V, Vgg = —2.5V 1,F =
L1 and L2 = equal length 50Q impedance lines Vee Io' #F,
Ry = 509 terminator internal to scope . =
Decoupling 0.1 uF from GND to Ve and Vgg TL/F/10579-5

All unused outputs are loaded with 500 to GND
Cp = Fixture and stray capacitance < 3 pF

FIGURE 1. AC Test Circuit

Switching Waveforms

r— 07+0.1ns
+105V

' +031V
t rL
TRUE PHL PLH

COMPLEMENT

L e

FIGURE 2. Propagation Delay and Transition Times

TL/F/10579-6
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Semiconductor
100302
Low Power Quint 2-Input OR/NOR Gate

General Description Features
The 100302 is a monolithic quint 2-input OR/NOR gate with B 43% power reduction of the 100102

common enable. All inputs have 50 k) pull-down resistors  ®m 2000V ESD protection
and all outputs are buffered. ® Pin/function compatible with 100102
W Voltage compensated operating range =
—4.2Vto —5.7V
m Available to MIL-STD-883

Available to industrial grade temperature range

Ordering Code: see section6

Logic Symbol Pin Names Description
D1a ——3:)——— Oa ' Dna=Dne Data Inputs
Dza o——0a E Enable Input
D1y it % 0a-0¢ Data Outputs
Dz 2" 0a-06 Complementary Data Outputs
Dy, c
Dzz Kac
D14 mod Truth Table
Dyy 04 —
Dre mo. D1x Dax E Ox Ox
D2e O, L L L L H
L L H H L
E —|>—
L H L H L
TL/F/10580-1 L H H H L
H L L H L
H L H H L
H H L H L
H H H H L
H = HIGH Voltage Level
L = LOW Voltage Level
Connection Diagrams ‘
24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak
N DacDyc E Ve Doy Dy
Dye—]1 241Dy, [ |
0,2 2304 24 23 22 21 20 19
6,-7 3 22 L-o,d S L 181~ Daq
044 20y D242 171D
LR 20}-o,, Die—13 160
V=6 19—t D274 15— 0,
of b 1 o
0.8 17}~D. o ’ [~ b
o 15—02b 0 7 8 910 1112
3 1b [E e EEEE UL
0,110 15[=Dsq D14D24 014 VeEs 2o Qs O¢ 04 Og VocVeca O Oc
0, — 11 14Dy, TL/F/10580-4 TL/F/10580-3
0,12 13}~0,

TL/F/10580-2
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Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required, Case Temperature (Tg)
please contact the National Semiconductor Sales Commercial 0°Cto +85°C
Office/Distributors for availability and specifications. Industrial —40°C to +85°C
Storage Temperature (TgTg) —65°Cto +150°C Military —55°Cto +125°C
Maximum Junction Temperature (T ) Supply Voltage (VEg) —57Vto —4.2V
Ceramic +175°C
Plastic +150°C
Veg Pin Potential to
Ground Pin —7.0Vto +0.5V
Input Voltage (DC) Veg to +0.5V
Qutput Current (DG Output HIGH) —50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vcc = Voca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
Vo Output HIGH Voltage —1025 —955 —870 mvV VIN = ViHMax) 0T ViL(Min) Loading with
VoL Output LOW Voltage | —1830 | —1705 | —1620 | mv 500 to —2.0V
VoHe Output HIGH Voltage —1035 mV VIN = VIHMin) OF Vit (Max) Loading with
VoLc Output LOW Voltage —1610 | mv POfkto =20
VIH Input HIGH Voltage —1165 —870 mV Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1475 mV Guaranteed LOW Signal for All Inputs
I Input LOW Current 0.50 pA VIN = ViLMin)
hH Input HIGH Current 240 pA VIN = VIH(Max)
e Power Supply Current —45 —36 —20 mA Inputs Open

Note 3: The specified limits represent the “worst case™ value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case” conditions.

DIP AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Vgca = GND

Symbol Parameter Tc=0¢C Tc= +25°C Tc = +85C Units Conditions
: Min Max Min Max Min Max
:"L” ;Z’:’;gact)'ﬁt" E:"ay 050 115 | 050 115 | 050  1.25 ns
PHL p Figures 1 and 2
tPLH Propagation Delay 070 190 | 070 190 | 080 200 | ns (Note 1)
tPHL Enable to Output
tLH Transition Time .
L 20% to 80%, 80% to 20% 0.40 1.20 0.40 1.20 0.40 1.20 ns Figures 1 and 2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.
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Commercial Version (continued)
SOIC, PCC and Cerpak AC Electrical Characteristics

VEg = —4.2Vto —5.7V, Voo = Voca = GND

20001

Symbol Parameter Tc=0C Tc = +25°C Tc = +85°C Units Conditions
Min  Max Min Max Min Max
tpLH Propagation Delay
050 1.05 0.50 1.05 0.50 1.15 ns

tPHL Eata to Outp;t I Figures 1and 2

tpLH ropagation Delay (Note 2)

torL Enable to Output 0.70 1.80 0.70 1.80 0.80 1.90 ns

trLH Transition Time .

tTHL 20% t0 80%, B0% to 20% 0.40 1.10 0.40 1.10 0.40 1.10 ns Figures 1 and 2

tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 250 250 250 ps (Note 1)
Data to Output Path

tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 310 310 310 ps (Note 1)
Enable to Output Path

tosLH Maximum Skew Common Edge ) PCC Only
Output-to-Output Variation 200 200 200 ps (Note 1)
Data to Output Path

tosLH Maximum Skew Common Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Enable to Output Path

tosT Maximum Skew Opposite Edge PCC Only
Output-to-Output Variation 250 250 250 ps (Note 1)
Data to Output Path

tost Maximum Skew Opposite Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Enable to Output Path

tps Maximum Skew PCC Only
Pin (Signal) Transition Variation 200 200 200 ps (Note 1)
Data to Qutput Path

tps Maximum Skew PCC Only
Pin (Signal) Transition Variation 280 280 280 ps (Note 1)
Enable to Output Path

Note 1: Qutput-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHL), or LOW to HIGH (tosy ), or in opposite directions both
HL and LH (tost). Parameters tost and tpg guaranteed by design.

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.
Industrial Version

PCC DC Electrical Characteristics
VEE = —4.2Vto —5.7V, Vog = Voca = GND, Tg = —40°C to +85°C (Note 3)

Symbol Parameter Tc = —40°C Tc = 0Cto +85°C Units Conditions
Min Max Min Max

VoH Output HIGH Voltage | —1085 —870 —1025 —870 ViN = ViHMax) Loading with
MV or Vi 500 to —2.0V

VoL Output LOW Voltage | —1830 —1575| —1830 —~1620 Or Vit (Min) 0 —2.

VoHe Output HIGH Voltage | —1095 —1035 VIN = ViHMin) Loading with
MV ory, 500 to —2.0V

VoLc Output LOW Voltage —1565 —1610 Or ViL(Max) -

ViH Input HIGH Voltage -1170 —870 —1165 —870 mV | Guaranteed HIGH Signal for ALL Inputs

ViL Input LOW Voltage —1830 —1480| -—1830 -~1475 mV | Guaranteed LOW Signal for ALL Inputs

I Input LOW Current 0.05 0.05 pA | ViN = ViLMin)

I Input HIGH Current 300 240 pA | ViN = ViHMax)

133 Power Supply Current | —45 —20 —45 —20 mA | Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under the “worst case” conditions.
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Industrial Version (continued)

PCC AC Electrical Characteristics
Veg = —4.2Vto —56.7V, Voo = Veooca = GND

Symbol Parameter Tc = —40°C Tc = +25°C Tc = +85°C Units Conditions
Min Max Min Max Min Max

tpLH Propagation Delay . 040 105 | 050 105 | 050  1.15 ns ,

tPHL Data to Output Figures 1and 2
. , (Note 1)

tPLH Propagation Delay 070 180 | 070 180 | 080  1.90 ns

tPHL Enable to Output :

tTH Transition Time "

vy 20% t080% 80% to20% | 0% 110 | 040 110 | 040 1.0 ns | Figures7and2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching.

Military Version

DC Electrical Characteristics
Veg = —4.2Vto —5.7V, Voo = Voca = GND, Tg = —55°C to +125°C (Note 3)

Symbol Parameter Min Max Units Tc Conditions Notes
VoH Output HIGH Voltage' | —1025 | —870 mV 0°Cto +125°C
—1085 | —870 mV —55°C ViN = VIH(Max) Loading with 12,3
VoL Output LOW Voltage | —1830 | —1620 | mV | 0°Cto +125°G | O ViL (Min) 500 t0 —2.0V
—1830 | —1555 [ mV —55°C
VoHe Output HIGH Voltage | —1035 mV 0°Cto +125°C
-1085 mv —55°C VIN = ViHMax) | Loading with 123
Voic | Output LOW Voltage ~1610 | mvV | o°Cto+125°c | O ViL(Min) | 500to —20V |
—1555 | mV —55°C
ViH Input HIGH Voltage 1165 | —870 mv —55°Cto +125°C | Guaranteed HIGH Signal 1,2,3,4
. for All Inputs
ViL Input LOW Voltage —1830 | —1475 | mv —55°Cto +125°C | Guaranteed LOW Sighal 1,2,3,4
for All Inputs
i Input LOW Current 0.50 pA 55°Cto +125°C xﬁf= VIH4if,1Vax) 12,3
m Input HIGH Current 240 pA 0°Cto +125°C VEg = —5.7V 123
340 | pA —55°C VIN = ViL(uin) "
=3 Power Supply Current —48 —-17 mA | —55°Gto +125°C | Inputs Open 1,2,3

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be
considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Sdbgroups 1,2,8,7,and 8.
Note 3: Sample tested (Method 5005, Table I) on each manutactured lot at —55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8.,
Note 4: Guaranteed by applying specified input condition and testing Von/Vor. .
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Military Version (continued)

20€00L

AC Electrical Characteristics
VEg = —4.2V to —5.7V, Voo = Veca = GND

— _EEo - o = +125°
Symbol Parameter Tc S5°C Tc = +25°C Te 125°C Units | Conditions Notes
Min Max Min Max Min Max

tpLr | Propagation Delay 030 180 | 040 150 | 040 170 | ns

tpHL Data to Output 1,235

tpLH | Propagation Delay 060 260 | 080 230 | 080 280 | ns | Figures7and2

tPHL Enable to Output

trLH Transition Time

tTHL 20% to 80%, B0% to 20% 0.30 1.20 0.30 1.20 0.30 1.20 ns 4
Note 1: F100K 300 Series cold temperature testing is performed by temp soaking (to g junction temperature equals —55°C), then testing

immediately after power-up. This provides “‘cold start” specs which can be considered a worst case condition at cold temperatures.
Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9.

Note 3: Sample tested (Method 5005, Table 1} on each manufactured lot at +25°C, Subgroup A9, and at +125°C and —55°C temperatures, Subgroups A10 and
Al1.

Note 4: Not tested at +25°C, +125°C, and —55°C temperature (design characterization data).
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching.

Test Circuitry
L1
JA SCOPE
v 7 CHAN A
CC 0.1,F
_”1 L sw
L2
PULSE A aRouTl M SCOPE
GENERATOR] \ / TEST W CHAN B
L L w
Vee Io.n =
- TL/F/10580-5
Notes:

Vee Veca = +2V, Vgg = —25V

L1 and L2 = equal length 509 impedance lines
Ry = 5002 terminator internal to scope
Decoupling 0.1 pF from GND to Vg and Vgg
All unused outputs are loaded with 50 to GND
G| = Fixture and stray capacitance < 3 pF

FIGURE 1. AC Test Circuit
Switching Waveforms

07"01"5 07:0.1 ns
+105V
BO‘/-
INPUT 50%

20%
! tein
TRUE '"L r r a

OUTPUT teLH teuL

+031V

COMPLEMENT

trin —>l I<— rHL

FIGURE 2. Propagation Delay and Transition Times

TL/F/10580-6
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100304

%National

Semiconductor

100304

Low Power Quint AND/NAND Gate

General Description

The 100304 is monolithic quint AND/NAND gate. The Func-
tion output is the wire-NOR of all five AND gate outputs. All
inputs have 50 kQ pull-down resistors.

Features

m Low Power Operation

W 2000V ESD protection

m Pin/function compatible with 100104

m Voltage compensated operating range =
—5.7V

& Available to industrial grade temperature range

m Available to MIL-STD-883

—4.2V to

Ordering Code: see section6

Logic Symbol Logic Equation
D o— F F = (D1a®D2a) + (D1p®* D2p) + D1c ® Dac) + (D14 ® Dag) + (D16 ® D2e)-
Dia L—_ Oa = ar
D2a SR Pin Names Description
Dip ———— Op Dna—Dne Data Inputs
Dan ————— Op F Function Output
Dic b 0¢ 04-0¢ Data Outputs
Dzc :E:EL__ Oc 0,-0e¢ Complementary Data Outputs
Dig t———— 04
D2g —— 04
Die —  — Oe
D2e 60
TL/F710581-1
Connection Diagrams
24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak
-/ D26 Dt O Vers Oa Ob Op D24 D¢ D1 Ve Dz Dyp
0,{1 24 |~Dy, 1 @ [ @& @ & 6 1 T T T |
66_ 2 23 FD‘O 24 23 22 21 20 19
043 2|04 Dig " 181=Dgq
A o] i
F—T 5 20 ~Dy, 2e e
v T T i
chj ’ G o°4 6 13 —6b
0.—8 17 |0y d b
7 8 9 10 11 12
%=1° 161=D1p BEHHDEEE T T T T T
8,—10 15 |~Dyq D19 D1 D2eVers s O 0g 04 F Ve Veca Oc O
Ob] 1 141Dy TL/F/10581-4 TL/F/10581-3
0,—{12 13}~o0,

TL/F/10581-2
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Absolute Maximum Ratings

Recommended Operating

voeoot

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Caésnr;r:s;;?ture (To) 0°Cto +85°C
Office/Distributors for availability and specifications. Industrial —40°Cto +85°C
Storage Temperature (TsTg) —65°Cto +150°C Military —55°C to +125°C
Maximum Junction Temperature (T,) Supply Voltage (Veg) —5.7Vto —4.2V
Ceramic +175°C
Plastic +150°C
Vee Pin Potential to Ground Pin —7.0Vto +0.5V
Input Voltage (DC) Veg to +0.5V
Output Current (DC Output HIGH) —50mA
ESD (Note 2) >2000V

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.

Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version

DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vcc = Vgca = GND, Tg = 0°C to +85°C (Note 3)

Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 mV VIN = VIH (Max) Loading with
VoL Output LOW Voltage —1830 | -1705 | —1620 mv or VIL (Min) 500 to —2.0V
VoHe Output HIGH Voltage -~1035 mV VIN = ViHMin) Loading with
Volc Output LOW Voltage —1610 mv or VL (Max) 500 to —2.0V
ViH Input HIGH Voltage _ 1165 _870 mv Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage — 1830 —1475 mv Guaranteed LOW Signal
for All Inputs
IR Input LOW Current 0.50 RA ViN = VIL (Min)
iy Input High Current
D2a-Dge 250 A VIN = ViH(Max)
D1a-D1e 350
153 Power Supply Current —69 —43 —30 mA Inputs open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under *‘worst case” conditions.

DIP AC Electrical Characteristics vz = —4.2vto —5.7v, Voo = Veea = GND

= Q° = 4 25° = 4 85°
Symbol Parameter Tc=0C To = +25°C Tc = +85C | ynits | Conditions
Min Max Min Max Min Max

tPLH Propagation Delay

-~ .40 75 40 6 4 7
i DroDrg 00,0 0.4 1.7 0.4 165 | 0.0 1.75 ns
teLH Propagation Delay 100 260 | 100 260 | 115 320 ns | Figures 1and2
tPHL Datato F
tTLH Transition Time
Nl 20% 10 80%, 80% t0 20% | ©%5 120 | 035 120 | o035 1.20 ns

2-17



100304

Commercial Version (continued)

PCC and Cerpak AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Vgca = GND

Symbol Parameter Tc = 0°C Tc= +25C | Tc=+85C | ynits | Conditions
Min Max Min Max Min Max
tPLH Propagation Delay
oL Dpa=Dne t0 O, O 0.40 1.55 0.40 1.45 0.40 1.55 ns
tpLH Propagation Delay y
toL Data to F 1.00 2.40 1.00 2.40 1.15 3.00 ns Figures 1and 2
TLH Transition Time
i 20% to 80%, 80% 10 20% | 35 1.10 0.35 1.15 0.35 1.10 ns
Industrial Version
PCC DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Vgca = GND, Tc = —40°C to +85°C (Note 1)
Tc = —40°C Tc = 0°C to +85°C . _
Symbol Parameter Units Conditions
Min Max Min Max
VoH Output HIGH Voltage | —1085  —870 —1025 —870 VIN =VIH (Max) | Loading with
mv ViL i 500 to —2.0V
VoL Output LOW Voltage | —1830 —1575 | —1830 —1620 OF ViL (Min) -
Vouc Output HIGH Voltage —1095 —1035 VIN = ViH(Min) Loading with
mv v 509 to —2.0V
Vorc Output LOW Voltage —1565 —1610 O VIL (Max) -
ViH Input HIGH Voltage 1170 —870 —1165 —870 mv Guaranteed HIGH Signal
for All Inputs
ViL Input LOW Voltage 1830 —1480 1830 —1475 mv Guaranteed LOW Signal
for All Inputs
I Input LOW Current 0.50 0.50 pA VIN = VIL (Min)
] Input HIGH Current
Doa-Doe 250 250 _
D1a-D1e 350 350 FA 1 VIN = ViH (Max)
lee Power Supply Current -69 —30 —69 -30 mA Inputs Open

Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.
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Industrial Version (Continued)

PCC AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Vgca = GND

vocool

—_ o, = 4-25° = 485°
Symbol Parameter Tc - 40°C Te %°c Tc 8s5°C Units | Conditions
Min Max Min Max Min Max
tpLH Propagation Delay
tPHL Dna=Dno 10 0, 0 0.35 1.55 0.40 1.45 0.40 1.55 ns
tety | Propagation Delay 1.00 2.40 1.00 2.40 115 300 | ns |Figures1and2
tPHL Datato F
tTLH Transition Time
tTHL 20% to 80%, B0% to 20% 0.35 1.10 0.35 1.15 0.35 1.10 ns

Military Version

DC Electrical Characteristics
Veg = —4.2Vto —5.7V, Vgc = Veca = GND, Tg = —55°C to +125°C

Symbol Parameter Min Max Units Tc Conditions . Notes
VoH Output HIGH Voltage | _ _ 0°Cto
1025 870 mV +125°C
—1085 -870 mV —55°C ViN = V4 (Max) Loading with 123
VoL Output LOW Voltage mv 0°Cto or Vi (Min) 502010 —2.0V
—1830 | —1620
+125°C
—1830 | —1555 mV —55°C
VoHc Output HIGH Voltage _ 0°Cto
1035 mv +125°C
—1085 mv —55°C | Vin= V|4 (Min) Loading with 123
VoLc Output LOW Voltage 1610 | mv 0°Cto or Vi (Max) 500 to —2.0V
+125°C
—1555 mV —55°C
ViH Input HIGH Voltage _ _ —55°C Guaranteed HIGH Signal
165 | =870 | mV | | 155G | for Al Inputs 1.2,3,4
ViL Input LOW Voltage _ _ —55°Cto | Guaranteed LOW Signal
1830 | —1475 | mV | 405G | for AllInputs 1.2,34
[T Input LOW Current —55°Cto | Vgg = —4.2V
0.50 A +125°C | Vin = ViL (Min) 1.2.3
Input High Current
D2a-D2g 250 pA 0°Cto
D13-Die 350 125G VEg = —5.7V
K D2a-D 350 Vin = Vix (Max) .23
2a~ 2o pA | -85°C
D1a-D1e 500
leg Power Supply Current _ _ —55°Cto
75 25 mA +125°C Inputs Open 1,2,3

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing )
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start" specs which can be
considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at —55°C, +25°C, and +125°C, Subgroups, 1,2 3, 7, and 8.
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at ~55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8.
Note 4: Guaranteed by applying specified input condition and testing Von/VoL.
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Military Version (continued)

AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vg = Veca = GND

= —55° = 0 = + o
Symbol Parameter Tc s5'c Tc = +25°C Te 125°C Units Conditions Notes
Min Max Min Max Min Max
teLH Propagation Delay 030 190 | 040 180 | 030 230 | ns
tpHL Dna-Dne 10 0,0 123
thLH Propagation Delay 080 290 | 0.90 280 | 0.90 340 | ns | Figures7and2
tpHL Datato F
tTLH Transition Time
tThL 20% to 80%, 80% to 20% 0.20 1.80 0.30 1.60 0.20 2.00 ns 4

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9.
Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at +25°C, Subgroup A9, and at +125°C and —55°C temperatures, Subgroups A10 and A11.
Note 4: Not tested at +25°C, +125°C, and —55°C temperature (design characterization data).

Test Circuitry Switching Waveforms
L1 0.7+0.1 ns—»l |<—0.7zo‘1 ns
A SCOPE F105V
v = CHAN A
€C 0.1,F INPUT
e Lot
+031V
— — 1
= = tRUE TV
- L2
PULSE a c‘}:gg: a SCOPE 50%
GENERATOR[ % Tear |\ CHAN B
-L -I— Rr
= = OUTPUT tpLH tPHL
0.1,F = 80%
Ve L s0%
= TL/F/10581-5 °
COMPLEMENT
Notes:
Vee: Veca = +2V, Vgg = —25V 'TLH—>| I‘-'THL

L1 and L2 = equal length 500 impedance lines

Rt = 50§ terminator internal to scope TL/F/10581-6
Decoupling 0.1 uF from GND to Vg and Veg FIGURE 2. Propagation Delay and Transition Times

All unused outputs are loaded with 5002 to GND

C, = Fixture and stray capacitance < 3 pF

FIGURE 1. AC Test Circuit
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Semiconductor

@National

100307
Low Power Quint Exclusive OR/NOR Gate

General Description Features

The 100307 is monolithic quint exclusive-OR/NOR gate. ® Low Power Operation

The Function output is the wire-OR of all five exclusive-OR 2000V ESD protection

outputs. All inputs have 50 kQ pull-down resistors. Pin/function compatible with 100107
Voltage compensated operating range =
~5.7V

Available to industrial grade temperature range
Available to MIL-STD-883

—4.2V to

Ordering Code: see section6

Logic Symbol Logic Equation
_.D_ F F = (D14 ® Dga) + (D1p @ Dap) + (Dic @ Dgg) + (Dyg @
D2g) + (D1e @ Dge).
= N,
D2, o—— 0. Pin Names Description
Dip ——\m—— Op Dna-Dne Data Inputs
D2 7 Op F Function Output
Dyc :) b—-— O¢ 93—_0_9 Data Outputs
Da¢ ——— 0. 0,;-0¢ Complementary
D1 m 04 Data Outputs
D2q :) ————— 04
) I = B
D2e 0O

Connection Diagrams

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak
N D24 Dya Og Vees Og Op O D24 Dac Dye Vee Dap Dip
01 24 =Dy 0 [ (5] [8] [7) (8] [5) L4 1 1 1 1
631 2 23Dy, 24 23 22 21 20 19
04—3 22[=Dyg D! 18}—Dy,
04—14 21[=Dyy D2 171=Dyq
F—s 20 |-y, Dye =3 16 =0,
Vee—{6 19}-D,, 054 15}~ 0,
Veca—17 18 =V 0,15 140,
0.8 17 =Dy ] 0416 13- 0,
0,—9 16 |=Dy,, @@@ ; _? i 1'0 1l1 1|2
0, =110 15 =D, D101 D26 VEES Oa Op 04 = =
b—l 2a 04 F Ve Veca Oc O
0, =1 141Dy TL/F/10582-4
0,12 13}-o0, TL/F/10582-3

TL/F/10582-2

TL/F/10582-1

2-21




100307

Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired. (Note 1) Conditions
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Caégr;r:]r:::;;lature (o) 0°C to +85°C
Office/Distributors for availability and specifications. Industrial —40°C to +85°C
Storage Temperature (TsTg) —65°Cto +150°C Military —55°C to +125°C
Maximum Junction Temperature (T;) Supply Voltage (Veg) —5.7Vto —4.2V

Ceramic ‘ +175°C

Plastic +150°C
VEg Pin Potential to Ground Pin —7.0Vto +0.5V
Input Voltage (DC) Veg to +0.5V
Output Current (DC Output HIGH) —50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied. .
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vocc = Vcca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
Vo Output HIGH Voltage —1025 —955 —870 mV VIN =VIH (Max) Loading with
VoL Output LOW Voltage —1830 | —1705 | —1620 mv or VIL (Min) 5010 —2.0v
VoHc Output HIGH Voltage —1035 mV VIN = VIH (Min) Loading with
VoL Output LOW Voltage ~1610 mv OF VIL (Max) 500210 —2.0V
VIH Input HIGH Voltage —1165 _a70 mv Guaranteed HIGH Signal

for All Inputs
ViL Input LOW Voltage 1830 _ 1475 mv Guaranteed LOW Signal
for All Inputs
M Input LOW Current 0.50 pA Vin = VIL (Min)
IiH Input HIGH Current
Doa—Dae 250 pA VIN = ViH (Max)
D1a-Die 350

153 Power Supply Current —69 —43 —30 mA Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “‘worst case” conditions.

DIP AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Veca = GND

= Q° = 425° = +85°
Symbol Parameter Tc = 0C Te 2%5°C Tc 85°C Units Conditions
Min Max Min Max Min Max
tpLH Propagation Delay
= . . . . X .90
tPHL D2a-Dag 10O, O 0.55 1.90 0.55 1.80 0.55 1.9 ns
tpLH Propagation Delay
4 Dy.-D1.10 0.0 0.55 1.70 0.55 1.60 0.55 1.70 ns
PHL 1a~P1e ) Figures 1 and 2
teLH Propagation Delay 115 275 | 115 275 | 115 300 | ns
tPHL Datato F
trLH Transition Time .
i 20% to 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 ns
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Commercial Version (continued)
SOIC, PCC and Cerpak AC Electrical Characteristics

VEg = —4.2Vto —5.7V, Vcc = Veca = GND

20€001

Symbol Parameter Tc=0C | Tc= +25C Tc = +85°C Units Conditions
Min Max Min Max Min Max
tpLH Propagation Delay
toriL Doa-Dae 10 0, O 0.55 1.70 0.55 1.60 0.55 1.70 ns
tpen Fropagation Delay 055 150 | 055 140 | 055 150 | ns
PHL P‘a Te D’ | Figures 1and 2
tpLH ropagation Delay
terL Datato F 1.15 2.55 1.15 2.55 1.15 2.80 ns
trLH Transition Time 035 110 | 035 110 | 035  1.10 ns
traL 20% to 80%, 80% to 20% - : - ‘ - :

Industrial Version
PCC DC Electrical Characteristics

VEg = —4.2Vto —5.7V, Voc = Veca = GND, Tg = —40°C to +85°C (Note 1)

Symbol Parameter Tc = ~40°C_| Tc = 0Cto #85C | e Conditions
Min Max Min Max

VoH Output HIGH Voltage | —1085 —870 —1025 —870 mV | ViN = ViHMax) Loading with
VoL Output LOW Voltage | —1830 —1575| —1830  —1620 | mv | OF ViL(Min) 500 t0 —2.0V
VoHC Output HIGH Voltage | —1095 —1035 mV | VIN = ViHMin) Loading with
Voic | Output LOW Voltage —1565 —1610 | mv | O Vittvax 500 to —2.0V
ViH Input HIGH Voltage —-1170 —870 —-1165 —870 mV | Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1480 —1830 —1475 mV | Guaranteed LOW Signal for All Inputs
I Input LOW Current 0.50 0.50 pA | VIN = VigMin
i Input HIGH Current

Doa-Doe 250 250 pA | VIN = ViH(Max)

D1a-D1e 350 350
155 Power Supply Current —69 —-30 —69 -30 mA | Inputs Open

Note 1: The specified limits represent the “worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case" conditions.
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Industrial Version (continued)
PCC AC Electrical Characteristics

VEg = —4.2Vto —5.7V, Voc = Veca = GND

Symbol Parameter Tc = —40C Tc = +25°C Tc= +85C | ynits | Conditions
Min Max Min Max Min Max
tpLH Propagation Delay
tPHL D2a—Dae 10 O, 0 0.45 1.70 0.55 1.60 0.55 1.70 ns
tPLH Propagation Delay 045 150 | 055 140 | 055 150 ns
tPHL P1a=D10100.0 Figures 1and 2
tpLH Propagation Delay 105 255 | 115 255 | 115 280 ns
tpHL Datato F : g ' : : .
tTLH Transition Time
frHL 20% to 80%, 80% 10 20% 0.35 1.10 0.35 1.10 0.35 1.10 ns
Military Version
DC Electrical Characteristics
VEE = —4.2Vto —5.7V, Voo = Vooa = GND, Tg = —55°C to +125°C
Symbol Parameter Min Max Units Tec Conditions Notes
VoH Output HIGH Voltage | _ _ 0°Cto
1025 870 | mV 125
—1085 —870 mVv —55°C VIN = Vig (Max) Loading with 123
" Vi (Min) 500 to —2.0V o
VoL Output LOW Voltage | _ _ 0°Cto orViL
1830 1620 mvV +125°C
—1830 | —1555 mV —55°C
VoHc Output HIGH Voltage _ 0°Cto
1035 mv +125°C
—1085 mv —55°C | Vin=Vig(Min) | Loading with 123
VoLc Output LOW Voltage 1610 | mv 0°Cto or Vi (Max) 500010 —2.0V
+125°C
—1555 mV —55°C
ViH Input HIGH Voltage _ _ —55°C Guaranteed HIGH Signal
1165 870 mv +125°C | for All Inputs 1,234
Vit Input LOW Voltage _ _ —55°Cto | Guaranteed LOW Signal
1830 1475 mv +125°C | for All Inputs 1,234
IiL Input LOW Current —55°Cto | Vgg = —4.2V
0.50 FA 1 1125°C | Vin = Vi (Min) 1.2.3
IiH Input High Current
Doa-Doe 250 A 0°Cto
D1a=D1e 350 » H125C | v = _szv
D2a-Dazo 350 | pA | —55C | Viy = Vi (Max) 123
D1a—-D1e 500
lgg Power Supply Current _ _ —55°Cto
75 25 mA +125°C Inputs Open 1,2,3

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be
considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at —55°C, +25°C, and +125°C, Subgroups 1, 2 3, 7, and 8.
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 8, 7, and 8.
Note 4: Guaranteed by applying specified input condition and testing Von/VoL-

2
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Military Version (continued)

AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vocc = Voca = GND

= —§5§° = 4 25° = + g
Symbol Parameter Te s5'c Tc 25°C Tc 125°C Units Conditions Notes
Min Max Min Max Min Max

tpLH Propagation Delay

= 0. 2.10 .40 . 0. .40
tPHL D2a-Dge 10 0,0 30 0 1.90 40 2.4 ns
:”'—” Empagat'f: g eg\y 030 1.90 | 040 1.80 | 040 220 | ns 1,2,3
PHL 1a~U1e ] Figures 1 and 2
tPLH Propagation Delay 080 290 | 090 280 | 090 340 | ns
tPHL Data to F
treH Transition Time
trhL 20% to 80%, 80% to 20% 0.20 1.70 0.30 1.60 0.20 1.70 ns 4

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately after power-up. This provides "cold start” specs which can be considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9.
Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at +25°C, Subgroup A9, and at +125°C and —55°C temperatures, Subgroups A10 and A11.
Note 4: Not tested at +25°C, +125°C, and —55°C temperature (design characterization data).

Switching Waveforms

0.7+0.1ns —»l

INPUT

80%
50%
%

'4—0,7:0,1 ns
+105V

2 +031V

tpH LJ
TRUE

Test Circuitry
u
A SCOPE
v ) CHAN A
CC 0.1,F
] L n
L2
PULSE A e 2 SCOPE
GENERATOR[ %/ Tesr | CHAN B
-_L -L Rr
Vie Io.1 WF =
= TL/F/10582-;

Notes:

Vce. Voca = +2V, Vgg = —2.5V

L1 and L2 = equal length 509 impedance lines
Rt = 50Q terminator internal to scope
Decoupling 0.1 uF from GND to Vg and Vg
All unused outputs are loaded with 50Q to GND
C = Fixture and stray capacitance < 3 pF

FIGURE 1. AC Test Circuit

QUTPUT tpLH ‘l

fe—

’«lnm

50%

teHL

B

80%
50%

5
COMPLEMENT %‘
trLn ~>|

20%

L‘lrm

TL/F/10582-6

-

FIGURE 2. Propagation Delay and Transition Times
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100310

@National

Semiconductor

100310
Low Skew 2:8 Differential Clock Driver

General Description Features

The 100310 is a low skew 8-bit differential clock driver B Low output to output skew

which is designed to select between two separate differen-  ® Differential inputs and outputs

tial clock inputs. The low output to output skew (< 50 ps)is  m Allows multiplexing between two clock inputs
maintained for either clock input. A LOW on the select pin  w Voltage compensated operating range: —4.2V to —5.7V
(SEL) selects CLKINA, CLKINA and a HIGH on the SEL pin :

selects the CLKINB, CLKINB inputs.

The 100310 is ideal for those applications that need the

ability to freely select between two clocks, or to maintain the

ability to switch to an alternate or backup clock should a

problem arise with the primary clock source.

A Vgp output is provided for single-ended operation.

Ordering Code: see section 6

Logic Symbol
_—W Zt’l?; Pin Names Description
-~ LK CLKINp, CLKIN, Differential Clock Inputs
0_-% c|_|<‘l SEL Select
,_:m cLK, CLKg-7, CLKp-g Differential Clock Outputs
q CLK, Ves Vgp Output
o-m CLKy NC No Connect
CLKINA CLKy
CLKINA Ne—ci, Truth Table
CLKINB %— CLK, — —
KNG u E oLk CLKINA CTLKINA CLKINB CLKINB SEL|CLK,|CLK,
st CLKs H L X X L H L
"-:x CLKg L H X X L L | H
CLks X X H L H{ H| L
—m CLKy X X L H H| L |H
CLKy

TL/F/10943-1

Connection Diagram

28-Pin PCC
CLKg CLKg CLK; VoaCLK; NC CLKINB
(1] fig] (5] &
[ D b b Dof D )
ks 12
CLKs [13]
CLK,
Veen 3
CLK,
CLKy
CLKg
] [
223 4 3
LK, €L TIK, Yogy L T Ol

TL/F/10943-2

2-26




Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Case Temp grature (Te) " o
Office/Distributors for availability and specifications, Commercial 0°Cto +85°C
X N Industrial ~40°Cto +85°C
Stort':lge Tempelrature (Tsta) ~65°C to +150°C Supply Voltage (Vi) —5.7Vio —4.2V
Maximum Junction Temperture (T,)
Plastic +150°C
Pin Potential to Ground Pin (VEg) —7.0Vto +0.5V
Input Voltage (DC) Veg to +0.5V
Output Current (DC Output HIGH) —50mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voo = Veca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —-1025 —955 —870 mV VIN = ViH (Max) Loading with
VoL Output LOW Voltage —1830 | -1705 | —1620 mv | orVi(Min) 5002 t0 ~2.0V
VoHC Output HIGH Voltage —1035 mV VIN = VI Loading with
VoLc Output LOW Voltage —~1610 mv or Vi (Max) 500 to —2.0V
Vis Output Reference Voltage —1380 —1320 —1260 mV lygg = —250 pA
VDIFF Input Voltage Differential 150 mv Required for Full Qutput Swing
Vem Common Mode Voltage Voc — 2.0 Ve — 0.5 \
VIH Input High Voltage _1165 —870 mv Guaranteed HIGH Signal for
All Inputs
ViL Input Low Voltage —1830 —1475 mv Guaranteed LOW Signal for
All Inputs
L Input LOW Current 0.50 pA VIN = VL (Min)
IIH Input HIGH Current 240 pA VIN = ViH (Max)
lcBO Input Leakage Current -10 nA VIN = VEE
leg Power Supply Current —100 —40 mA Inputs Open *

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case” conditions.
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100310

Commercial Version (Continued)

AC Electrical Characteristics vee = —4.2vto —5.7V, Voo = Veca = GND

Symbol Parameter Tc = 0C Te = +25°C Tc = +85°C Units | Conditions
Min Typ Max | Min Typ Max | Min Typ Max
fimax Max Toggle Frequency
CLKINA/BtoQq | 750 750 750 MHz
SELtoQn | 575 575 575 MHz

tpLH Propagation Delay,
tPHL CLKINR to CLK},

Differential 080 090 1.00| 082 092 102|089 101 1.09 ns Fioure 3

Single-Ended | 0.80 0.96 1.20 | 0.82 098 1.22 | 089 1.06 1.29 g
tpLH Propagation Delay, .
ory. SEL to Output 075 099 120|080 102 125|085 110 135| ns Figure 2
tps LH-HL Skew 10 30 10 30 10 30 (Notes 1, 4)
tostn | Gate-Gate Skew LH 20 30 20 50 20 50 s | Notes2,4)
tosHL Gate-Gate Skew HL 20 50 20 50 20 50 P (Notes 2, 4)
tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 (Notes 3, 4)
ts Setup Time

SEL to CLKIN,, 300 300 300 ps
th Setup Time
SEL to CLKIN,, 0 0 0 ps

trLH Transition Time '
L 20% to 80%, 80% to 20% 275 510 750 [ 275 500 750 | 275 480 750 ps Figure 4

Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin.

Note 2: tog 1 describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; togHL describes the same conditions
except with the outputs going high to low.

Note 3: togT describes the maximum worst case difference in any of the tpg, tosiH or tosT delay paths combined.
Note 4: The skew specifications pertain to differential I/0 paths.

Industrial Version

DC Electrical Characteristics vee = —4.2vto —5.7V, Vog = Veoa = GND (Note 1)

Symbol Parameter Tc = —40C Tc = 0°Cto +85°C | e Conditions
Min Max Min Max
VoH Output HIGH Voltage —1085 —870 —1025 —870 mV | V)N = V|4 (Max) | Loading with
VoL | Output LOW Voltage —1830 —1575 | —1830  —1620 | my |°f ViL(Min) 500 to —2.0V
Vouc | Output HIGH Voltage —1095 —1035 mV | ViN= V4 Loading with
VoLc | Output LOW Voltage —1565 —1610 | mv [OFViL(Min) 500 to —2.0V
Ves Output Reference Voltage| —1395 —1255 —1380 —1260 mV |[lygg = —250 pA
Vpier | Input Voltage Differential 150 150 mV | Required for Full Output Swing
VoM Common Mode Voltage |Veg —20 Vg —05|Vgc—20 Vo — 05| V
VIH Input High Voltage —1170 —870 —1165 —870 mv Guaranteed HIGH Signal for
All Inputs
ViL Input Low Voltage ~1830 1480 1830 1475 mv Guaranteed LOW Signal for
All Inputs
e Input LOW Current 0.50 0.50 pA | ViN = VL (Min)
IH Input HIGH Current 240 240 pA | VIN = ViH (Max)
Icso Input Leakage Current —-10 —-10 pA [ VIN = VEE
123 Power Supply Current —100 —40 —100 —40 mA | Inputs Open

Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.
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Industrial Version (Continued)

olLeool

AC Electrical Characteristics v = —4.2vto —5.7V, Voo = Veca = GND

Tc = —40°C Tc = +25°C Tc = +85°C

Symbol Parameter Units | Conditions
Min Typ Max | Min Typ Max | Min Typ Max
fMAX Max Toggle Frequency
CLKINA/BtoQp | 750 750 750 MHz
SELtoQ, | 575 575 575 MHz
tpLH Propagation Delay,
tPHL CLKINp, to CLK

Differential 078 088 098 | 082 092 102|089 101 1.09

Single-Ended | 0.78 095 1.8 | 082 098 1.22 | 089 106 129| " Figure 3

tpLH Propagation Delay "
N SEL 1o Output 070 099 1.20 | 080 1.02 1.25| 085 1.10 1.35| ns Figure 2
tpg LH-HL Skew 10 30 10 30 10 30 (Notes 1, 4)
tosLH Gate-Gate Skew LH 20 50 20 50 20 50 S (Notes 2, 4)
tosHL Gate-Gate Skew HL 20 50 20 50 20 50 P (Notes 2, 4)
tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 (Notes 3, 4)
ts Setup Time

SEL to CLKIN,, 300 300 300 ps
tH Setup Time

SEL to CLKIN, ° 0 0 ps
tTLH Transition Time 275 510 750 | 275 500 750 | 275 480 750 | ps Figure 4
triL 20% t0 80%, 80% to 20% P g

Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin.

Note 2: tog 4 describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosH describes the same conditions
except with the outputs going high to low.

Note 3: togT describes the maximum worst case difference in any of the tpg, tosiH OF tosT delay paths combined.
Note 4: The skew specifications pertain to differential I/0 paths.

Test Circuit

L1 9
SCOPE CHAN B L L 0.011 uF
L2 h] L3
't Veea r
£ L4

,~
;
III—]

III—I
<
o

by
’
o
=
=
=

DIFFERENTIAL
PULSE
GENERATOR

O,”_;
=

TL/F/10943-3
Note 1: Shown for testing CLKIN to CLK1 in the differential mode.
Note 2: L1, L2, L3 and L4 = equal length 500 impedance lines.
Note 3: All unused inputs and outputs are loaded with 50 in parallel with <3 pF to GND.
Note 4: Scope should have 500 input terminator internally.

FIGURE 1. AC Test Circuit
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Switching Waveforms

0.7£0.1ns

cLk(o-7)
OUTPUTS
CLK(0-7)
TL/F/10943-4
FIGURE 2. Propagation Delay, SEL to Outputs
CLKIN 1.05V

. INPUTS
CLKIN 0.31v
Yoy torn
touL toHL
CLK(0-7) TRUE
OUTPUTS

CLK(0-7) COMPLEMENT
FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs

TL/F/10943-5

CLK(0~7)

80% 80%

. 20% 20%
CLK(0-7)

by Yru
TL/F/10943-6

FIGURE 4. Transition Times
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100311
Low Skew 1:9 Differential Clock Driver

General Description Features

The 100311 contains nine low skew differential drivers, de- B Low output to output skew
signed for generation of multiple, minimum skew differential m 2000V ESD protection
clocks from a single differential input (CLKIN, CLKIN). If a  m 1:9 low skew clock driver
single-ended input is desired, the Vg output pin may be  m Differential inputs and outputs
used to drive the remaining input line. A HIGH on the enable

pin (EN) will force a LOW on all of the CLK, outputs and a

HIGH on all of the CLK,, output pins. The 100311 is ideal for

distributing a signal throughout a system without worrying

about the original signal becoming too corrupted by undesir-

able delays and skew. The 100311 is pin-for-pin compatible

with the Motorola 100E111.

Ordering Code: see section 6

Logic Symbol
__x Clky Pin Names Description
| o CLKIN, CLKIN Differential Clock Inputs
CLK, =z
Tk, EN Enable
| oLk, CLKg_g, CLKg_g Ditferential Clock Outputs
K, Ves Vpg Output
"J ClKs NC No Connect
s
CLKN ] Ky
CIKIN tiK,
w H ks Truth Table
'S
s CLkg CLKIN CLKIN EN CLK, CLK,
TIKq
L H L L H
CLK:
gu - H L L H L
—m CLKg X X H L H
ClKg

—I>—w

Connection Diagram

TL/F/10648-1

28-Pin PCC
QUK CLKg CLKy Ve DK L Tk
[ 616
[]
ClKg NC
CLKs Veg

Tk,
Veea
LK,
ClKy
CLK;

(PO
9] 29 (21 22 (@3 R4 8
QK ALKy LKy Veea OLKy LK 0L

TL/F/10648-2
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100311

Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Caégn':rizzz?;?ture (To) 0°C to +85°C
Office/Distributors for availability and specifications. Industrial —40°C to +85°C
Storage Temperature (TsTg) —65°Cto +150°C Supply Voltage (Veg) _57Vio —4.5V
Maximum Junction Temperture (T,)

Ceramic +175°C
Plastic +150°C

Pin Potential to Ground Pin (Vgg) —7.0Vto +0.5v

Input Voltage (DC) Vg to +0.5V

Output Current (DC Output HIGH) —50 mA

ESD (Note 2) 22000V

Note 1: Absolute maximum ratings are those values beyond which the de-

vice may be damaged or have its useful life impaired. Functional operation

under these conditions is not implied.

Note 2: ESD testing conforms to MIL-STD-883, Method 3015.

Commercial Version

DC Electrical Characteristics

Veg = —4.2Vto —5.7V, Vo = Voca = GND, Tg = 0°C to +85°C (Note 3)

Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 mV VIN = V4 (Max) Loading with
VoL Output LOW Voltage —1830 —1705 —1620 mv | orViL (Min) 500 to —2.0V
VoHc Output HIGH Voltage —1035 mv VIN = Vi Loading with
VoLc Output LOW Voltage —1610 mv | ©orViL (Max) 500 to —2.0V
VB Output Reference Voltage —1380 —1320 —1260 mV lygg = —300 pA
VDIFF Input Voltage Differential 150 mV Required for Full Output Swing
Vem Common Mode Voltage Voo — 2.0 Vcc — 0.5 \"
Vi Input High Voltage _1165 —870 mv Guaranteed HIGH Signal for

All Inputs
ViL Input Low Voltage —1830 1475 mv Guaranteed LOW Signal for
All Inputs
e Input LOW Current 0.50 RA VIN = ViL (Min)
I Input HIGH Current VIN = V4 (Max)
CLKIN, CLKIN 100 A
EN 250 s
lcBo Input Leakage Current —10 pA ) VIN = VEg
133 Power Supply Current —115 ~57 mA Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case” conditions.
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Commercial Version (Continued)

AC Electrical Characteristics
Veg = —4.2Vto —5.7V, Vgc = Veoca = GND

L1E00L

Symbol Parameter Tc = 0C Tc = +25°C Tc = +85°C Units | Conditions
Min Typ Max | Min Typ Max | Min Typ Max

fmax Max Toggle Frequency

CLKINto Q; 750 750 750 MHz
tpLH Propagation Delay,
tPHL CLKIN, to CLKp,

Differential | 0.75 0.84 095|075 086 095 | 084 0.93 1.04 ns Figure 3
Single-Ended | 0.65 0.90 1.05( 067 093 1.17 | 0.74 1.06 1.24 g

tpLH Propagation Delay y
tPHL SEL to Output 075 103 120|080 105 125|085 1.12 135 ns Figure 2
tps LH-HL Skew 10 30 10 30 10 30 Notes 1, 4
tosLH Gate-Gate Skew LH 20 50 20 50 20 50 | s Notes 2, 4
tosHL | Gate-Gate Skew HL 20 50 20 50 20 50 | P Notes 2, 4
tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 Notes 3, 4
ts Setup Time

EN,, to CLKIN,, 250 250 300 ps
tH Hold Time

EN, 1o CLKIN,, 0 0 0 ps
iR Release Time )

ENj, to CLKIN,, 300 300 300 . ps
tTLH Transition Time )
L 20% to 80%, 80% to 20% 275 500 750 | 275 480 750 | 275 460 750 ps Figuro 4

Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin.

Note 2: tog 1 describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosHy describes the same conditions
except with the outputs going high to low.

Note 3: togT describes the maximum worst case difference in any of the tpg, tosLH O tosT delay paths combined.
Note 4: The skew specifications pertain to differential 1/0 paths.
Note 5: fox = the highest frequency at which output Vo[ /Voy levels still meet Viy specifications. The F311 will function @ 1 GHz.

Industrial Version

DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voc = Voca = GND (Note 3)

Symbol Parameter Tc = —40°C Tc = 0Cto +85°C Units Conditions

Min Max Min Max
VoH Output HIGH Voltage —1085 —870 —1025 —870 mV [ ViN = ViH (Max) | Loading with
VoL | Output LOW Voltage -1830  —1575 | —1830  —1620 | mv | O ViL(Min) 500 t0 —2.0V
VoHc | Output HIGH Voltage —1095 —1035 mV |ViN = Vi Loading with
VoLc | Output LOW Voltage —1565 ~1610 | mv | ©FViL (Min) 500 to —2.0V
Vge | Output Reference Voltage| —1395 —-1255 —1380 —1260 mV |lygg = —300 pA
Vpire | Input Voltage Differential 150 150 mV | Required for Full Output Swing
Vem Common Mode Voltage Voc — 20 Voo —0.5|Veg — 2.0 Voo — 0.5 \
ViH Input High Voltage 1170 —870 -1 iss _870 mv Guaranteed HIGH Signal for

All Inputs
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100311

Industrial Version (continued)

DC Electrical Characteristics (continued)
VEg = —4.2Vto —5.7V, Vocc = Veca = GND (Note 3)

Symbol Parameter Tc = —40°C Tc = 0Cto +85C | ynits Conditions
Min Max Min Max
ViL Input Low Voltage —1830 —1480 —1830 1475 mv Guaranteed LOW Signal for
All Inputs
TR Input LOW Current 0.50 0.50 pA | ViN = VL (Min)
IH Input HIGH Current VIN = Vi (Max)
CLKIN, CLKIN 100 100 A
EN 250 250 #
Icso Input Leakage Current —-10 —-10 pA | VIN = VEE
133 Power Supply Current —-115 —-57 —-115 —57 mA | Inputs Open
Vpp Minimum Input Swing 150 150 mV
VCeMR Common Mode Range | Vgg—20 Vgcg—05 | Vgg—20 Vgg—0.5 \

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.

AC Electrical Characteristics
Veg = —4.2Vto —5.7V, Vgc = Vgoca = GND

Symbol Parameter Tc = —40°C Te = +25°C Te = +85°C Units | Conditions
Min Typ Max | Min Typ Max | Min Typ Max

fmax Max Toggle Frequency

CLKIN to Qn 750 750 750 MHz
tpLH Propagation Delay,
tpHL . | CLKIN, to CLK,

Differential [ 0.72 0.81 092 | 0.77 0.86 0.95| 0.84 093 1.04 ns Figure 3
Single-Ended | 062 089 1.02 | 067 093 117 | 0.74 1.06 1.24 g

tpLH Propagation Delay "
tpL SEL to Output 070 097 120|080 1.05 125|085 112 135 ns Figure 2
tps LH-HL Skew 10 30 10 30 10 30 Notes 1, 4
tosLH Gate-Gate Skew LH 20 50 20 50 20 50 s Notes 2, 4
tosHL Gate—Gate Skew HL 20 50 20 50 20 50 P "Notes 2, 4
tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 Notes 3, 4
ts Setup Time

EN, to CLKIN, 250 250 300 ps
ty Hold Time

ENp to CLKIN, 0 0 0 ps
tr Release Time

EN, to GLKIN, 300 300 300 ps
tTLH Transition Time .
L 20% 10 80%, 80% to 20% 275 500 750 | 275 480 750 ( 275 460 750 ps Figure 4

Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair’s low to high and high to low propagation
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin.

Note 2: tog 1 describes in-phase gate differential propagation skews with alt differential outputs going low to high; togy| describes the same conditions except
with the outputs going high to low.

Note 3: togT describes the maximum worst case difference in any of the tpg, togLn or tost delay paths combined.
Note 4: The skew specifications pertain to differential I/0O paths.
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Test Circuit

LLEOOL

Lt "ﬁ
SCOPE CHAN B { 0.011 pF
L2 — L3
SCOPE CHAN A X = SCOPE CHAN C
4 Vee  Veea

N
§
|

.~ SCOPE CHAN D
oFFEReNTIAL [ CLKIN
PULSE -1 CLK1 0
GENERATOR o—— & RN _I
= Vee
11 0.011 uf

Note 1: Shown for testing CLKIN to CLK1 in the differential mode. -2.5V -

Note 2: L1, L2, L3 and L4 = equal length 509 impedance lines. TL/F/10648-3
Note 3: All unused inputs and outputs are loaded with 501} in parallel with <

3 pF to GND.
Note 4: Scope should have 509 input terminator internally.

FIGURE 1. AC Test Circuit

Switching Waveforms

CLK(0-8)
OUTPUTS

CLK(0-8)
TL/F/10648-4

FIGURE 2. Propagation Delay, EN to Outputs

1.05v

CLKIN
INPUTS
CLKIN 0.31V
toun toun
touL tont
CLK(0-8) TRUE
OUTPUTS
COMPLEMENT

CLK(0-8) TL/F/10648-5
FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs
CLK(0-8)
80% 80%
o 20% 20%
CLK(0-8)
trm YruL

TL/F/10648-6
FIGURE 4, Transition Times
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100313
Low Power Quad Driver

General Description

The 100313 is a monolithic quad driver with two OR and two
NOR outputs and common enable. The common input is
buffered to minimize input loading. If the D inputs are not
used the Enable can be used to drive sixteen 500 lines. All
inputs have 50 kQ pull-down resistors and all outputs are
buffered.

Features

m 50% power reduction of the 100113
W 2000V ESD protection
® Pin/function compatible with 100113 and 100112

m Voltage compensated operating range = —4.2V to

—5.7V

W Available to MIL-STD-883
W Available to industrial grade temperature range

Ordering Code: see section 6

Logic Symbol
b gq. Pin Names Description
'a 2a
—Ltﬁ.. Da-Dy Data Inputs
Oz, E Enable Input
D — g;: Ona—Ond Data Outputs
W) é oo na—Ond Complementary Data Outputs
O
O1c
D T~ o
'—l_t [
Oz
O
Dg ~———] O29
024
TL/F/10249-3
Connection Diagrams
24-Pin DIP/SOIC 28-Pin PCC 24-Pin Flatpak
o Dy D, E V, D,
I P S ul-5 014 020 O1aVEss 024 025 01 ; f 1 jE D: f
el [ 1 [l (5] (5] (7] (€] [5] 24 23 22 21 20 19
02:—]2 2310z [ o o o o ] _11 18}=0,
;.3 210 %e "
o“_ 4 o tD” 2 0y =12 17]=02
on-]s 2of-o, Eloy, [ B 165y,
v'c— 6 i Veor Opg={4 15= 0y
v°°_7 i I (11 Vee e 1 14]-0y,
cca EE Vee = 1310,
S b 710, B oy 7 8 9 10 1112
S E 163D, 28] 0y, LIULNLIBUBL
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Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required, Case Temperature (T¢)
please contact the National Semiconductor Sales Comm er?:i al c 0°Cto +85°C
Office/Distributors for availability and specifications. Industriat _40°Cto +85°C
Storage Temperature (TsTg) —-65°Cto +150°C Military _55°Cto +125°C
Maximum Junction Temperature (T,) Supply Voltage (Vgg) —5.7Vto —4.2V

Ceramic +175°C

Plastic +150°C
Veg Pin Potential to Ground Pin —7.0Vto +0.5V
Input Voltage (DC) Vegto +0.5V
Output Current (DC Output HIGH) —50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voo = Veca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 Y VIN =VIH (Max) Loading with
VoL Output LOW Voltage —1830 | —1705 | —1620 or ViL (Min) 500 to —2.0V
VoHe Output HIGH Voltage —1035 mv VIN = VIH (Min) Loading with
VoL Output LOW Voltage —1610 or VL (Max) 506 to —2.0V
VIH Input HIGH Voltage 1165 _870 mv Guaranteed HIGH Signal

for All Inputs
ViL Input LOW Voltage _1830 _1475 mv Guaranteed LOW Signal
for All Inputs
i Input LOW Current 0.50 pA VIN = VIL (Min)
i Input HIGH Current
Data 350 _
Enable 240 KA VIN = Vi (Max)

leg Power Supply Current —59 —-29 mA Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under ‘“‘worst case” conditions.

DIP AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voo = Veca = GND

Symbol Parameter Tc=0C Tc = +25°C Tc = +85°C Units Conditions
Min Max | Min Max Min Max

Ii:: gzzigﬁ‘::‘psf'ay 055 100 | 085 130 | 085 140 | ns | Lo,

:E;*: Z:’aﬁg?:‘g‘u?:dfy 080 180 | 080 180 | 080 190 | ns (fote )

g:j ;gizs:g‘;%g’":o% w0205 | 045 130 | 045 130 | 045 130 ns Figures 1and 2

Note 1: The propagation delay speciﬁed'is for single output switching. Delays may vary up to 150 ps with multiple outputs switching.
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Commercial Version (Continued)
SOIC, PCC and Cerpak AC Electrical Characterlstlcs

Vee = ~4.2V 10 —5.7V, Voo = Voo = GND

Symbol Parameter Tc = 0°C Tc = +25°C Tc = +85C | ynits | conditions
Min Max Min Max Min Max
tPLH Propagation Delay
to Data to Output 0.55 1.20 0.55 1.20 0.55 1.30 ns | Figures 7and 2
: Note 2)

tpLH Propagation Delay (

touL Enable to Output 0.80 1.70 0.80 1.70 0.80 1.80 ns

triH Transition Time Figures 1and 2

bl 20% to 80%, 80% to 20% 0.45 1.30 0.45 1.30 0.45 1.30 ns

tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 280 280 280 ps (Note 1).
Data to Output Path

tosHL Maximum Skew Common Edge PCC Only
Output-to-Output Variation 290 290 290 ps (Note 1)
Enable to Output Path

tosLH Maximum Skew Common Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Data to Output Path

tosLH Maximum Skew Common Edge ) PCC Only
Output-to-Output Variation 360 360 360 ps (Note 1)
Enable to Output Path

tosT Maximum Skew Opposite Edge PCC Only
Output-to-Output Variation 330 330 330 ps (Note 1)
Data to Output Path .

tosT Maximum Skew Opposite Edge PCC Only
Output-to-Output Variation 360 360 360 ps (Note 1)
Enable to Output Path

tps Maximum Skew PCC Only
Pin (Signal) Transition Variation 200 200 200 ps (Note 1)
Data to Output Path

tps Maximum Skew PCC Only
Pin (Signal) Transition Variation 200 200 200 ps (Note 1)
Enable to Output Path

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosnL), or LOW to HIGH (togi ), or in opposite directions both

HL and LH (togT). Parameters togT and tpg guaranteed by design.

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching.
Industrial Version , ‘
PCC DC Electrical Characteristics

VEg = —4.2Vto —5.7V, Voo = Vgoa = GND, Tg = —40°C to +85°C (Note 3)
Symbol Parameter Tc = —40°C Tc = 0°Cto 785°C | ypits Conditions
Min Max Min Max

Vou Output HIGH Voltage | —1085 —870 | —1025 =870 | v | Vin = ViHoan Loading with
Vou Output LOW Voltage | —1830 —1575| —1830  —1620 or ViL(Min) 5002 to —2.0V
Vohe Output HIGH Voltage | —1095 —1035 mv VIN = VIH(Min) Loading with
Vol | Output LOW Voltage — 1565 —1610 or Vil (Max) 500 to —2.0V
ViH Input HIGH Voltage —-1170 —870 —1165 —870 mV | Guaranteed HIGH Signal for All Inputs
ViL Input LOW Voltage —1830 —1480 | -—1830 —1475 mV | Guaranteed LOW Signal for All Inputs
i Input LOW Current 0.50 0.50 BA | VIN = ViLMin)
i1 Input HIGH Current

Data 350 350 _

Enable 240 240 | PA | VIN= ViHway
153 Power Supply Current —59 —29 —59 —-29 mA | Inputs Open

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.
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Industrial Version (continued)

PCC AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vgc = Veca = GND

Symbol Parameter Tc = —40C Tc = +25°C Tc = +85°C Units Conditions
Min Max Min Max Min Max

teLH Propagation Delay 055 120 | 055 120 | 055  1.30 ns

tPHL Data to Output Figures 1 and 2
- (Note 1)

tPLH Propagation Delay 080 170 | 080 170 | 080  1.80 ns

tPHL Enable to Output

trLH Transition Time .

tHL 20% to 80%, B0% to 20% 0.45 1.30 0.45 1.30 0.457 1.30 ns Figures 1and 2

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching.

Military Version

DC Electrical Characteristics
VEe = —4.2Vto —5.7V, Vce = Veca = GND, Tg = —55°C to +125°C

Symbol Parameter Min Max | Units Te Conditions Notes
Vo Output HIGH Voltage —1025( —870 | mV 0°Cto +125°C
—1085( —870 | mV —55°C VIN =V|H (Max) | Loading with
ViLmi 500 to —2.0V 123
VoL Output LOW Voltage —1830| —1620| mV | 0°Cto +125°C Or ViL(Min) 0 —2.
—1830 | —1555| mV —55°C
VoHec Output HIGH Voltage —-1035 mV 0°Cto +125°C
—-1085 mvV —55°C VIN =ViH (Min) | Loading with
V 500 to —2.0V 123
Voic | Output LOW Voltage —1610| mV 0°Cto +125°C Or VIL (Max) .
—1555( mV —55°C
VIH Input HIGH Voltage —~1165| —870 | mv | —55°Cto +125°C Guaranteed HIGH Signal 1,2,3,4
for All Inputs
ViL Input LOW Voltage 1830 | —1475| mv | —s5°Cto +125°C Guaranteed LOW Signal 1.2,3,4
for All Inputs
I Input LOW Current 050 pA | —55°Cto +125°C VEE_= —4.2V 12,3
VIN = VIL (Min)
IIH Input HIGH Current
Data 350 o o
Enable 2a0 | A | TCLHIEC Hy~ s7v 12,3
Data 500 G VIN = ViH (Max)
Enable 340 KA
Ieg Power Supply Current —65 —20 mA | —55°Cto +125°C | Inputs Open 1,2,3

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start" specs which can be
considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8.
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8.
Note 4: Guaranteed by applying specified input condition and testing Vou/Vor.-
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Military Version (continued)

AC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voo = Vooca = GND

Symbol Parameter Tc = —55°¢C Te = +28°C | Tc = +125°C Units Conditions Notes
Min Max Min Max Min Max

teLy | Propagation Delay 030 200 | 030 1.80 | 030 230 | ns

teHL Data to Output 1.2.35

tpLy Propagation Delay 050 240 | 060 230 | 060 270 | ns | Figures7and2

tPHL Enable to Output

triy Transition Time

triL 20% to 80%, 80% to 20% 0.30 2.00 0.30 1.90 0.30 2.00 ns 4

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at +25°C, Subgroup A9.
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at +25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and

Al

Note 4: Not tested at +25°C, +125°C, and —55°C

(design char

data).

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching.

Ve

I 0.1 xF

[ |

Test Circuitry
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Notes:

Vce: Veca = +2V, VEg = —25V.

L1 and L2 = equal length 500 impedance lines.
Rt = 500 terminator internal to scope.
Decoupling 0.1 pF from GND to Vg and Veg.
All unused outputs are foaded with 5092 to GND.
C_ = Fixture and stray capacitance < 3 pF.

Pin numbers shown are for flatpak; for DIP see logic
symbol. .

500 l
50 Q

I, 50 @

SCOPE

5 uF 01 ,F
#eT | I

= Vce

FIGURE 1. AC Test Circuit
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Switching Waveforms

0.7+0.1 ns—»I |-— |<—0.7:0.1 ns
+1.05V
80%
INPUT 50%
%
i 2% +031V
te, <«—1tpLH
TRUE  TTE r i
50%
OUTPUT tpLH ——>| — tpHL
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FIGURE 2. Propagation Delay and Transition Times
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100314

@National

Semiconductor

100314
Low Power Quint Differential Line Receiver

General Description Features

The 100314 is a monolithic quint differential line receiver
with emitter-follower outputs. An internal reference supply
(Vgp) is available for single-ended reception. When used in
single-ended operation the apparent input threshold of the
true inputs is 25 mV to 30 mV higher (positive) than the
threshold of the complementary inputs. Unlike other F100K
ECL devices, the inputs do not have input pull-down resis-
tors. .

Active current sources provide common-mode rejection of
1.0V in either the positive or negative direction. A defined
output state exists if both inverting and non-inverting inputs
are at the same potential between Vgg and V. The de-
fined state is logic HIGH on the O,-0¢ outputs.

W 2000V ESD protection

—4.2V to —5.7V
® Available to MIL-STD-883

m 35% power reduction of the 100114

m Pin/function compatible with 100114
W Voltage compensated operating range =

m Available to industrial grade temperature range

Ordering Code: see section6

Logic Symbol

o, 0. Pin Names Description
D, O Dy-De Data Inputs

o Da-De Inverting Data Inputs
; 6" 0,-0¢ Data Qutputs

° 0,-0, Complementary Data Outputs

Dc 0.
B o

Dg
Dy

TN VY

]
04

Oe
e

Ve

Connection Diagrams

TL/F/10260-1

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak

< -/ Dy D 0a¥ees 0a Op Oy D Dc Vag Vee Dy Dp

El 1 u -20 I |

0,2 23}-5, 24 23 22 21 20 19

0,—3 22104 Dg—{1 18— 0,

6,4 210, by—2 17}=0,

04—{s 200, D,—{3 16|~ 0,
Vee—16 19|—=Vgg Dy =4 15} 0,
Yeea=]7 18 4=Vee 0,5 14}-0,

6.8 175, 0,6 13}~35,

0,9 16D, 7 8 9 10 1112

8,10 15|15, TT T 111

0,11 140, 04 0g Yee Veea Oc Oc

9,12 13}-o, TL/F/10260-3

TL/F/10260-4

TL/F/10260-2
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Absolute Maximum Ratings

Recommended Operating

Above which the useful life may be impaired (Note 1) Conditions
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Case Tempgrature (To) . o
Office/Distributors for availability and specifications Commercial 0°Cto +85°C
- Industrial —40°Cto +85°C
Storage Temperature (TsTg) —65°Cto +150°C Military —55°Cto +125°C
Maximum Junction Temperture (T ) Supply Voltage (Veg) —5.7Vio —4.2V
Ceramic +175°C
Plastic +150°C
Pin Potential to Ground Pin (Vgg) —7.0Vto +0.5V
Input Voltage (DC) VEg to +0.5V
Output Current (DC Output HIGH) —50 mA
ESD (Note 2) >2000V
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.
Note 2: ESD testing conforms to MIL-STD-883, Method 3015.
Commercial Version
DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Voo = Vgca = GND, Tg = 0°C to +85°C (Note 3)
Symbol Parameter Min Typ Max Units Conditions
VoH Output HIGH Voltage —1025 —955 —870 mV VIN = V|4 (Max) Loading with
VoL Output LOW Voltage 1830 | —1705 | —1620 mv | O ViL(Min) 5002 to —2.0v
VoHe Output HIGH Voltage —1035 mV VIN = V4 Loading with
VoLc Output LOW Voltage —1610 mv or Vi (Max) 5092 to —2.0V
Veg Output Reference Voltage —1380 —1320 —1260 mV lyvgg = —250 pA
VDIFF Input Voltage Differential 150 mvV Required for Full Output Swing
Vem Common Mode Voltage Vce — 2.0 - Vgg — 0.5 \
Vi Single-Ended Guaranteed HIGH Signal for All
Input High Voltage —-1110 —870 mV Inputs (with one input tied to Vgg)
Vg (Max) + Vpire
ViL Single-Ended Guaranteed LOW Signal for All
Input Low Voltage —1830 —1530 mV Inputs (with one input tied to Vgpg)
Vg (Min) — VpirF
IiL Input LOW Current 0.50 nA ViN = ViL (Min)
IiH Input HIGH Current 240 A VIN = ViH (Max)» Da—De = VB8,
* Da-De = ViL(Min)
lcBO Input Leakage Current VIN = VEg, Da=De = Vgg,
—-10 HA N
Da-De = VIL (Min)
133 Power Supply Current —-60 —-30 mA Da-De = Vg, Da=De = V)L (Min)

Note 3: The specified limits represent the “worst case™ value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to

guarantee operation under “worst case” conditions.
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100314

Commercial Version (Gontinued)

DIP AC Electrical Characteristics vee = —4.2vio -5.7v, vac = Vgea = GND

Symbol Parameter Tc = 0C Tc= +25C | Tc= +85C | ynys Conditions
Min Max Min Max Min Max
fMAXEs Toggle Frequency 250 250 250 MHz (Note 2)
(Full Swing)
fMAXRS Toggle Frequency
(Reduced Swing) 700 700 700 MHz (Note 3)
tpLH Propagation Delay
0.65 1.90 0.65 2.00 0.70 2.00 ns

tPHL Data to Output Figures 1and 2

t1LH Transition Time

L 20% o 80%, 80% to 20% 0.35 1.20 0.35 1.20 0.35 1.20 ns

SOIC, PCC and Cerpak AC Electrical Characteristics

VEg = —4.2V to —5.7V, Vgc = Vpca = GND

Symbol Parameter Tc =0°C Tc = +25°C Tc = +85°C Units Conditions

Min  Max Min Max Min Max

fMAXES Toggle !frequency 250 250 250 MHz (Note 2)
(Full Swing)

fMAXRg Toggle Frequency
(Reduced Swing) 700 700 700 MHz (Note 3)

tPLH Propagation Delay 065 170 | 065 180 | 070 180 | ns

tPHL Data to Output : Figures 1and 2

tTLH Transition Time

triL 20% 10 80%, 80% to 20% 035 1.10 0.35 1.10 0.35 1.10 ns

tpLH Propagation Delay

oL Data to Output 0.70 150 0.80 1.60 0.90 1.80.. ns PCC only

tosHL Maximum Skew Common Edge PCGC onl
Output-to-Output Variation 280 280 280 ps (Notes 1 an{i 4)
Data to Output Path

tosLH Maximum Skew Common Edge PCC onl
Output-to-Output Variation 330 330 330 ps (Notes 1 an}; 4
Data to Output Path

tosT Maximum Skew Opposite Edge PCG onl
Output-to-Output Variation 330 330 330 ps (Notes 1 an{i 4)
Data to Output Path

tps Maximum Skew
Pin (Signal) Transition Variation 320 320 320 ps (NoFt’gsC10:r|1}:1 4
Data to Output Path

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (togHi), or LOW to HIGH (tgs( R). or in opposite directions both

HL and LH (togT). Parameters tost and tpg guaranteed by design.

Note 2: Maximum toggle frequency at which Vo and Vo DC specitications are maintained.
Note 3: Maximum toggle frequency at which outputs maintain 150 mV swing.

Note 4: All skews calculated using input crossing point to output crossing point propagation delays.

Industrial Version
PCC DC Electrical Characteristics

VEg = —4.2V to —5.7V, Vg = Voca = GND, Tg = —40°C to +85°C (Note 1)

Symbol Parameter Tc = —40C Tc=0Cto +85C | 46 Conditions

Min Max Min Max
VoH Output HIGH Voltage | —1085  —870 —1025 -870 mV | Viy = Viy(Max) | Loading with
VoL Output LOW Voltage | —1830 —1575 | —1830 —1620 mv | or ViL (Min) 50Q to —2.0V
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Industrial Version (continued)

PCC DC Electrical Characteristics
VeEg = —4.2Vto —5.7V, Voo = Veoca = GND, Tg = —40°C to +85°C (Note 1) (Continued)

vieool

Symbol Parameter Tc = —40C Tc=0Cto +85°C Units Conditions
Min Max Min Max
VoHc |Output HIGH Voltage —1095 —1035 mV [ViN=VIH Loading with
Voic |Output LOW Voltage —1565 —1610 | mv [orViL(Min) |50Qto —2.0V
Ves Output Reference Voltage| —1395 —1255 —1380 —1260 mV [lygg = —250 pA
Vpirr | Input Voltage Differentiat 150 150 mV | Required for Full Output Swing
Veum Common Mode Voltage |Vcg — 2.0 Vg — 0.5|Vge — 2.0 Vg — 0.5 v
ViH Single-Ended Guaranteed HIGH Signal for All
Input High Voltage —-1115 —870 -1110 —870 mV | Inputs (with one input tied to Vgg)
) Ve (Max) + Vpirp
ViL Single-Ended Guaranteed LOW Signal for All
Input Low Voltage —1830 —1535 —1830 —1530 mV | Inputs (with one input tied to Vgg)
‘ Veg (Min) — Vpirr
i Input LOW Current 0.50 0.50 pA | VIN = VIL (Min)
In Input HIGH Current 240 240 pA ViN = V|_H (Max)» Da—De = VBB,
Da—De = Vi (Min)
lceo Input Leakage Current —10 —10 A ViN = VEE, Da-De = VBB
Da-De = Vii_(Min)
Iee Power Supply Current —-60 -30 —60 -30 mA |Da-De = Vgg, Da-Dg = VIL (Min)

Note 1: The specified limits ropresent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to
guarantee operation under “worst case” conditions.

PCC AC Electrical Characteristics vez = —4.2vto —5.7V, Vo = Veea = GND -

Symbol Parameter T = —40°C Tc = +25C Tc= +85C | ynits | Conditions

Min Max Min Max Min Max
fMAXFs (T'fjf‘g’w'i:;;‘”e"cy 250 250 250 MHz (Note 2)
fMAXRs 2-;33:; g ;es“x;’;c)y 700 700 700 MHz (Note 3)
I';;"L‘ g;‘;g":gag&"pﬁf'ay 065 170 | 065 1.80 | 070 180 | ns

Figures 1 and 2

TiH Transition Time 0.20 1.40 0.35 110 | 035 110 | ns gaesTan
traL 20% to 80%, 80% to 20% - . - : - :

Military Version

DC Electrical Characteristics
VEg = —4.2Vto —5.7V, Vcc = Vocca = GND, Tg = —55°C to +125°C (Note 3)

Symbol Parameter Min Typ Max Units Tc Conditions Notes
VoH Output HIGH Voltage | _ _ 0°Cto
1025 870 | mV | Coec

—1085 —870 | mV —55°C | vjy = Vi (Max) | Loading with 123

e or VL (Min) 50Qto —2.0v | 7
VoL Output LOW Voltage | _ ..o _1620 | mv | OCto I (

+125°C
—1830 —1555 [ mV —55°C

2-45



100314

Military Version (continued)

DC Electrical Characteristics
VEg = —4.2V to —5.7V, Voo = Voca = GND, Tg = —55°C to +125°C (Note 3) (Continued)

Symbol Parameter Min Typ Max Units Tc Conditions Notes
VoHc | Output HIGH _ 0°Cto
Voltage 1035 MV 4 yasc
—1085 mV | —55°C |V|y = V|5 (Max) | Loading with 123
o or Vi (Min) 500 to —2.0V "
VoLc | Output LOW —1610 -y 0°Cto
Voltage +125°C
—1555 mV —-55°C
Ves Output Reference _ 0°Cto _ _
Voltage 1260 mvV +125°C lveg = O pA, VEg = 4.2V 1,23
0°Cto _ _
1380 —1260 [ mv +125°C lygg = —250 pA, Vg = —5.7V 123
—1396 mV | —55°C |lygg = —350 pA, VEg = —5.7V
Vpier | Input Voltage —55°Cto . .
Differential 150 mV 125G Required for Full Output Swing 1,2,3
Veum Common Mode _ _ —55°Cto
Voltage Ve — 2.0 Vecc — 05| V +125°C 1,23
VIH Single-Ended _ _ —55°C to | Guaranteed HIGH Signal for All
Input High Voltage 1165 870 | mV | 1 126°C | Inputs (with Dy, tied to Vigg) h23.4
ViL Single-Ended . _ —55°C to | Guaranteed LOW Signal for All
Input Low Voitage 1830 1475 | MV 125°C | Inputs (with D, tied to Vgg) 1234
| Input HIGH Current 0°C to
H P 50 BA [ osec. | YIN = VIH (Max). Da—De = Vg,
Da-De = VIL (Min) 1,23
70 uA | —55°C
Iceo Input Leakage _ —55°Cto| ViN = VEg, Da-De = Vpp,
Current 10 rA +125°C | Da-De = VL (Min) 123
133 Power Supply _ _ —55°Cto| Da—De = Vpp,
Current 65 2 mA +125°C | Da-De = Vi (Min) 1.2.3

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be
considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at —55°C, +25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8.
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8.
Note 4: Guaranteed by applying specified input condition and testing Von/Vor. .

AC Electrical Characteristics
VEg = —4.2V to —5.7V, Vgc = Veoa = GND

— _EES - o = +125°

Symbol Parameter Tc s5°C Tc = +25°C Tc 126°C Units | Conditions Notes
Min Max Min . Max Min Max

:”L“ Sﬁﬂigagﬁf Ete'a" 040 230 | 060 220 |060 270 | ns 1,2,3

PHL d Figures 1 and 2 |———

tTLH Transition Time

tTHL 20% 1o 80%, 80% to 20% 0.20 1.40 0.20 1.40 0.20 1.40 ns 4

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures.

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9.

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at +25°C, Subgroup A9, and at +125°C and —55°C temperatures, Subgroups A10 and
A1,

Note 4: Not tested at +25°C, +125°C and —55°C temperature {design characterization data).
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Test Circuit

L1
A SCOPE
v N/ CHAN A
CC 0.1,F
.;—{ 1 ‘:L Ry
- L2
I A Crsen 1 ] SCOPE
GENERAT 4
OR i/ TEST \l/ CHAN B
= = Rr CL
Notes: Vg, Voca = +2V, Veg = —2.5V = I
L1 and L2 = equal length 509} impedance lines —— —
Ry = 500 terminator internal to scope VEe IOJ wF = -
Decoupling 0.1 pF from GND to Vg and VEg —
All unused outputs are loaded with 500 to GND -
Cy = Fixture and stray capacitance < 3 pF
FIGURE 1. AC Test Circuit
Switching Waveforms
0.7£0.1 ns —» - |<—o.7zo.1 ns
+1.05V
INPUT
+0.31V
tPHL—>] --—
TRUE
OUTPUT 1pPLH — - —>| ~— tpHL
0%
50%
COMPLEMENT 20%

tn.u-—»‘ L ~—j L—‘T