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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

The contents of each series are listed on pages iv to viii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T

T2a

T2b

T3

T4

T5

T6

T8

T9

T10

T11

T12

T13

T15

T16

iv

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes

Colour display systems
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units

Photo and electron multipliers

Plumbicon camera tubes and accessories
Microwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers and infrared detectors
Dry reed switches

Monochrome tubes and deflection units
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4a

S4b

S5

S6

S7

S8a

S8b

S9

S10

S11

S12

S13

gr’r?:ﬁtiignal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes,
tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Light-emitting diodes

Devices for optoelectronics

Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and
infrared sensitive devices, laser and fibre-optic components

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors

Surface acoustic wave devices

Semiconductor sensors
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INTEGRATED CIRCUITS (PURPLE SERIES)

The NEW SERIES of handbooks is now completed. With effect from the publication date of this

handbook the ““N’’ in the handbook code number will be deleted.

Handbooks to be replaced during 1986 are shown below.

The purple series of handbooks comprises:

Ico1

1C02a/b

1C03

1C04

ICO5N

ICO6N

1C08

ICO9N
1C10

IC11IN

Supplement
to IC11N

1C12
IC13

IC14N

IC15

IC16
Ic17
IC18

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS

Integrated circuits for telephony
Bipolar, MOS

HE4000B logic family
CMOS

HE4000B logic family — uncased ICs
CMOS

High-speed CMOS; PC74HC/HCT/HCU
Logic family

ECL 10K and 100K logic families

TTL logic series

Memories
MOS, TTL, ECL

Linear LSI
Linear LSI

12C-bus compatible ICs

Semi-custom
Programmable Logic Devices (PLD)

Microprocessors, microcontrollers and peripherals
Bipolar, MOS

FAST TTL logic series

CMOS integrated circuits for clocks and watches
Integrated Services Digital Networks (ISDN)

Microprocessors and peripherals

new issue 1986
ICOTN 1985

new issue 1986
1C02Na/b 1985

new issue 1986
ICO3N 1985

new issue 1986
1C4 1983

published 1984
published 1986

New issue 1986
ICO8N 1984

published 1986

new issue 1986
1C7 1982

published 1985
published 1986

not yet issued

new issue 1986
IC13N 1985

published 1985

new issue 1986
IC15N 1985

first issue 1986
not yet issued

new issue 1986*

* The Microprocessors were included in handbook IC14N 1985, so IC18 will replace that part of

IC14N.

vi
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

Cc2
C3
C4
C5
Cé
c7
Cc8
Cc9
c1n

Cc12
Cc13
ci4
C15
C16
Cc17
c18
C19
C20

C22

Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
Loudspeakers

Ferroxcube potcores, square cores and cross cores
Ferroxcube for power, audio/video and accelerators
Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Varistors, thermistors and sensors

Potentiometers, encoders and switches

Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics

Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Film capacitors

July 1986
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Signetics

ECL Products

EMITTER-COUPLED LOGIC
(ECL)

Emitter-coupled logic is the fastest logic tech-
nology available for practical use. Traditional-
ly developed for the high-speed elements of
mainframe computers, it is being applied
wherever ultra-high switching speeds are re-
quired. Typical applications include signal
generations and processing, digital switching
and filtering networks, arithmetic and logic
units of computers, optical transmission line
interfaces and digital video systems.

This data manual describes the 10K and
100K ECL series. Other ECL products such
as ECL Memories, are available from the
Bipolar Memory family and ECL semicustom
products, such as Advanced Customized ECL
(ACE), are available from the Application
Specific Division.

GENERAL

The Logic Families table compares the prop-
agation delay and power consumption per
gate of 10K and 100K ECL to other logic
families.

ECL is a current switching logic. In the basic
gate of Figure 1, the current from the current
source flows continuously through either
branch A or branch B. The exponential
change of emitter current with base-emitter
voltage results in rapid switching of the cur-
rent path and allows a considerable amount
of noise immunity to be built into the circuits.
Furthermore, the constant current nature of
the circuits minimizes voltage fluctuations
(noise) due to switching in the supply lines,
eliminating the need for ultra-fast, expensive
voltage regulators. The effects of switching
output loads are isolated from the inputs by
the use of separate Vcc supplies for the
outputs.

Since there are no internal output load resis-
tors, outputs can be OR-wired, thus saving
additional circuitry. Most devices in the family
provide complementary outputs, allowing sim-
pler system design and eliminating inverters
that would otherwise increase power con-
sumption and circuit cost.

The 100K ECL series is fully compensated for
changes in both temperature and voltage, in
both the internal bias generator and the
output circuitry. Therefore, 100K ECL pro-
vides easier thermal management than the
10K or 10H series, which do not provide full
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LOGIC FAMILIES GATE DELAY POWER CONSUMPTION
ns mw
Conventional Logic
TTL 10 10
LS TTL 9 2
S TTL 3 20
10K ECL 2 25
Advanced Logic
FAST 2 4
100K ECL 0.75 40
VCCZ
Vees
Ry % Rg
v, +
- T v
Ves
T2 Tra Tea Tis
1.
Ve Ve Ven
TC042508
Figure 1. ECL is a Current-Switching Logic. The Current Drawn From
the Supply Voltage (Vcc1) is thus Independent of the State of the
Inputs. The Use of a Separate Supply (Vcc2) for the Output Load
Minimizes the Effect of Output Noise on the Inputs.

temperature compensation in their output
voltage circuitry.

The high current drive capability of the 100K
ECL, as shown in the table on this page, is a
valuable feature when switching signals at
speeds requiring transmission line tech-
niques. High current drive contributes to the
signal-to-noise ratio achieved at the receiving
end. It also permits a large fan-out, since all
inputs have an internal pull-down resistor of
typically 50,00052 to Vgg.

TECHNICAL FEATURES OF ECL

The Technology

A conventional planar process is used for the
10K ECL series with a density of about ten
gates per mm? and a delay of 2ns per gate.
This junction-isolated process achieves a
1.5GHz transition frequency.

Xi

To achieve the 0.75ns per gate delay and 20
gates per mm? density of 100K ECL, an
oxide-isolated SUBILO (SUBnanosecond Iso-
lation by Lateral Oxidation) process is used.
This process achieves a transition frequency
of about 4.5GHz.

What ECL Provides
a) First of all, ECL provides very high speed,
enabling high frequency operation.

b) Furthermore, the power consumption re-
quired (although high for a simple gate) in-
creases less rapidly than the complexity of
the functions in an integrated circuit.

c) Moreover, thanks to ECL, it is possible to
process fast phenomena in real time (e.g.,
monitoring of nuclear phenomena, time bases
for oscilloscopes; and, in general, all meas-
urements whose resolution should be less
than one nanosecond).
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d) ECL also makes it possible to treat very
complex phenomena in real-time (e.g., mete-
orology, the management of power networks,
or of very large databases (in the case of
large computers in which processing time is
the determining factor)).

e) Lastly, ECL makes it possible to optimize
the cost of a system by accelerating the
subsystems that must respond rapidly (such
as an ECL multiplier in a TTL computer).

When to Use ECL

ECL should be used when a gain in speed
beyond that achievable with saturating logic
families is necessary.

ECL makes it possible to improve the cost of
a system. For example, in telecommunica-
tions and in data communication, the in-
crease in the line rate makes it possible to
use fewer lines, thereby reducing the overall
system cost and system maintenance.

ECL should be used for data rates greater
than 100 mega bits per second.

Where to Use ECL

a) Large-scale Computation

— Any CPU having a cycle time between 10
and 50ns is partly or entirely ECL.

— Likewise, high-speed 1/0 controllers (ac-
cess channels to disks, memory blocks,
high-speed peripherals, or to other pro-
cessors.)

— Memories having very fast access time
are ECL (buffer or "'cache' memories,
most of the time; but sometimes centrai
memory too, for the fastest large comput-
ers).

b) Small- and Medium-scale Computing

— It is possible to increase the power of a
small, microprocessor-based system by
adding onto its bus some high-speed
hardware functions, such as adders, mul-
tipliers, fast Fourier transforms, correla-
tors, etc.

— It is also possible to increase the power
of such a system by realizing part or all of
the processor itself in ECL.

¢) Instrumentation
ECL makes it possible to build:

— rapid logic or analog testers for compo-.

nents or boards;

— logic analyzers, for the simultaneous ac-
quisition of the logic state of several
channels or signals in a system that is
being developed or maintained;

— high-speed oscilloscopes, with acquisi-
tion, storage, and digital processing of
signals;

— very-high-resolution chronometers and
high-speed frequency counters.

March 1986

d) Telecommunications

— ECL is presently being used in the devel-
opment of computers that direct tele-
phone switching centers.

— ECL also makes it possible to design new
telephone centers that switch wide-
based signals (from video or from data
channels), or even multiplex many audio
channels.

— Lastly, ECL makes it possible to realize
high-rate inter-center connections (for
concentration, coding, repeaters and re-
generators, decoding, demultiplexing) via
coaxial cables, optic cables, or micro-
waves.

e) Real-time Digital Signal Processing

— ECL is the ideal technology for digital
processing of television video signals
(filtering, decoding, mixing, special ef-
fects, broadcasting).

— ECL also makes it possible to digitalize
the principal functions of television sets.

— Real-time simulators of complex phe-
nomena (such as flight simulators or
artillery simulators) contain large portions
in ECL.

— ECL also lends itself to radar-signal pro-
cessing.

COMPARISON WITH OTHER
LOGIC FAMILIES; SELECTION
CRITERIA

ECL contains essentially the principal func-
tions of other logic families (gates, flip-flops,
complex or MSI circuits).

With a few exceptions, the functions are
classified according to the following order of
their last three digits (with the prefix 10 XXX
or 100 XXX):

100 to 109:
110to 119:
120 to 129:
130 to 139:
140 to 155:

Simple gates

Complex gates and line receivers
Interfaces

Flip-flops, counters

Registers, memories, combina-
tion of latches and multiplexers

156 to 179: Combinatorial MSI (parity, priori-

ty, multiplexers, decoders, delay)

180 to 189: Arithmetic circuits (adders,

ALUs)
190 to 399: Other special interfaces
400 to 499:
500 to 699:

800.to 899:

High-capacity memories
Military series

Microprocessors and associated
circuits

xii

It was not possible to reproduce exactly,
under the same numbers, the logic functions
existing in TTL, for the following reasons:

1. In general, ECL circuits require three power
supply pins, as opposed to two for the TTL
circuits. Therefore, the number of pins avail-
able for the input/output of logic signals is
different.

2. The basic ECL gate performs an OR
function, whereas the basic TTL gate per-
forms an AND function.

3. ECL gates have built-in complementary
outputs (Q and Q), thus enabling great flexibil-
ity in use. The functions that utilize these
outputs are special within the family, and
often replace two TTL functions at the same
time.

4. In the particular case of the ECL 100K
series, the standard package contains 24
pins, thus enabling more complex functions,
replacing several TTL types. Thus, a 100170
decoder can be configured as a1 X 8 or a
2 X 4 device with high or low. outputs, thus
performing the functions of four TTL decod-
ers.

5. Interface requirements are different for
high-speed logic circuits, which normally only
handle data, and for slower logic circuits that
can be interfaced to display devices ("'display
drivers'') or power devices.

ECL devices can be interfaced in the follow-

ing ways:

— using shori-distance transmission iines
[for example, twisted(-pair) wires] -with
line transmitters having differential inputs;

— through ECL-level data buses, by bus
drivers that can provide a high current on
the bus, or else can be disconnected,
loading it as little as possible, thus realiz-
ing the equivalent of tri-state TTL circuits;

— to other logic families; ECL 10K to ECL
100K, ECL to CMOS or to TTL. Specifi-
cally, to be able to interface ECL proces-
sors to MOS central memories at the TTL
level, via bidirectional interfaces.

Table 1 summarizes the principal characteris-
tics of the logic families.

Other high-speed circuits exist which, without
strictly being part of the ECL logic families, do
have inputs or outputs that are compatible
with ECL levels, and rely largely on emitter-
coupled techniques in their internal electral
circuitry. VHF and UHF frequency dividers
(""prescalers’) utilized in counters and syn-
thesizers are the best known examples; but
multivibrators, phase comparators, analog
converters, etc., also exist.
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Table 1. Principal Characteristics of Logic Families

CMOS TTL-COMPATIBLE ECL
PRINCIPAL CHARACTERISTICS
HC HCT TTL LS S FAST 10K 100K

Supply Voltage (V) 5 5 5 5 5 -5.2 -4.5
Supply Current (mA) 1.4 2 0.4 4 1 5 8
Logic Swing (V) 3 3 3 3 3 3 0.9 0.7
Maximum Fanout 10 10 10 20 10 30 > 30 > 30
Typical Propagation Delay (ns) 9 9 10 10 3 28 2 0.75
Edge Rate (V/ns) 0.5 0.5 0.35 0.2 2.0 2.0 0.3 0.5
Maximum Frequency of a 15 15 15 25 75 100 125 400
D-type Flip-Flop (MHz)
Loss of Speed due to Output 1.2 1.2 0.6 0.3 0.3 0.1 0.1 0.07
Loading (ns/Load Utilized)
Figure of Merit
Simple Gate (pj) 20 20 100 20 55 14 0 30
Complex Function (pj) 10 5
Principle Package (pins) 14, 16 14, 16 14, 16 14, 16 14, 16 14, 16 16 24
Number of Product Types 120 120 >100 > 150 > 100 >70 60 40
Operating Range: Commercial YES YES YES YES YES YES YES YES

Military YES YES YES YES YES YES NO NO

* Operating speed = 5MHz
NOTE:

The sets of data given above is a very simplified representation of existing logic families. The values indicated are only approximate; they depend entirely on utilization
conditions (supply voltage, loading conditions, etc.) and on the supplier.

DESCRIPTION OF ECL
FAMILIES

Two ECL families (the ECL 10K and the ECL
100K series) are presently considered stan-
dard (multiple vendors). The former contains
more than 60 types, and the latter approxi-
mately 40.

Logic Diagrams

At the elementary-circuit level, the basic gate
is an OR/NOR gate with two inputs and
complementary outputs:

S I M
B A+B

0043308

The fact that all of these gates have true and
complementary (inverting) outputs makes it
easier to implement logic diagrams.

Another worthwhile possibility is the wired-
OR gate which enables the direct connection
of the outputs of two gates to obtain an OR
function.

March 1986

LDO043508

Design of a Logic Diagram

ECL is based on OR/NOR gates. It is easy to
transform AND/NAND gates into OR/NOR
gates using the de Morgan laws:

A-B=A+Band A+B=A'B

(A*B indicates an AND operation, A + B
indicates an OR operation.)

]
c:D A7
°
C+D

Some ECL inputs are non-inverting, as op-
posed to TTL circuits in which these inputs
are inverted; for example, the '"clear'" and
"'set to one"' inputs (CLEAR and SET). This is
due to the difference in design between TTL
and ECL, in which the basic gates are AND

LD04340S.

xiii

and OR, respectively. Therefore, to ''force"
an input signal toward the output,aO ora 1 is
applied, respectively. This requirement does
not present a problem, because non-inverting
and inverting outputs are almost always avail-
able on simple circuits.

Other ECL families have been created in the
past, but they have not become as widely
known as the others. Among them are MECL
1 and MECL 2, which were the original ECL
families.

MECL 3 is fairly close to the performance to
the ECL 100K family, but uses more power
and is less complete. Lastly, an intermediate
series exists between the 10K and 100K
families. It retains the operation and speed of
the former, and the temperature-compensat-
ed electrical levels of the latter.

The 10K family was recently rounded out by
faster circuits (the 10KH series, with speeds
from 1 to 1.2ns).
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Handling

Like MOS circuits, ECL circuits can easily be
damaged by electrostatic discharge (ESD).
ESD applied to an input or an output causes
very intense, instantaneous currents. When
passing through junctions having a small
area, these currents can cause a localized
fusion of the junction. In the mild case, there
will be an increase in the junction leakage
current; in the worst case, the junction will be
completely short-circuited. The short-circuit
can then cause a local fusion of the metalliza-
tions of the circuit, and the appearance of an
open circuit.

The resistance of TTL and MOS circuits to
ESD is increased by the addition of diodes or
resistor-diode networks. However, this solu-
tion has very limited application in ECL,
because it introduces parasitic capacitances
that impair the speed of the circuits. Protec-
tion is instead ensured by simply limiting
discharge currents by means of resistors in
series.

All insulators can acquire very high charges
by rubbing against one another, or due to
friction with moving air. Surface potentials of
several tens of kilovolts are found on work-
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surfaces (laminates, PVC), on floor coverings
(plastic flooring, pile carpeting), and on syn-
thetic fabrics (nylon and acrylic). For the sake
of prevention, conductive coverings are rec-
ommended for floors and work surfaces,
connected to ground by resistive paths (1MS2,
for example.) Most risks can be avoided by
having operators wear resistive wristbands
connected to the work surface. But complete
protection must also include a sprayed layer
of anti-static varnish on all insulating objects,
such as boxes, trays, the insulating portions
of tools; or also (if applicable) an ionized air
blower, to remove charges from untreated
surfaces.

Signetics' ECL devices are shipped in con-
ducting foam or anti-static tubes and foil-lined
boxes to minimize ESD during shipment and
unloading.

Before opening the shipment of ECL devices,
make sure that the individual is grounded by a
wrist-band connected to ground by a. 1M
resistor and all handling means (such as
tools, fixtures, benches, and chairs) grounded
through a 1M resistor.

After removal from the shipping material, the
leads of the ECL devices should always be

Xiv

grounded. In other words, ECL devices
should be placed leads-down on a grounded
surface, since ungrounded leads will attract
statfc charge.

Before assembly of ECL devices, again make
sure that the individual is grounded by a wrist-
band connected to ground by a 1MS2 resistor
and all handling means (such as tools, fix-
tures, benches, and chairs) grounded through
a 1MQ resistor.

Do not insert or remove ECL devices in
sockets with power applied. Ensure that pow-
er supply transients, such as occur during
power turn on-off, do not exceed absolute
maximum ratings.

After assembly on PC boards, ensure that
ESD is minimized during handling, storage, or
maintenance.

ECL inputs should never be left floating on a
PC board. As a temporary measure, a resistor
greater than 10kS2 should be soldered on the
open input. The resistor will limit accidental
damage if the PC board is removed and
brought into contact with static-generating
materials.
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Xvi
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Ordering

Information

Signetics' ECL products are available in 16-pin plastic and ceramic packages for 10K ECL and
24-pin ceramic DIP and flat pack packages for 100K ECL with two temperature ranges (0°C to
+85°C for 100K ECL and —30°C to +85°C for 10K ECL). The ordering code for the devices is
an alphanumeric sequence as explained below. The ordering codes in the individual data
sheets indicate the normal or planned availability of the product. However, the availability of the
specific part numbers can be obtained from local Signetics sales offices or franchised

distributors.

100101 N

L_ Package style

Device Number

TEMPERATURE RANGE

DEVICE NUMBER

PACKAGE STYLE

Ta=0°C to +85°C

Commercial Range 10100 N = Plastic DIP
Ta=-30°C to +85°C F = Cerdip
Commercial Range 100101 F = Cerdip

Y = Ceramic Flat Pack
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Data Sheet
Identification

Product Status

Definition

or In Design

This data sheet contains the design target or goal
ificati for product ificati may
change in any manner without notice.

Product

This data sheet contains preliminary data and Y
data will be published at a later date. Signetics reserves the
right to make changes at any time without notice in order to
improve design and supply the best possible product.

Product Specification

Full Production

This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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10K ECL SERIES

10K ECL

Availability Guide

DEvCE DESCRIPTION AVAIL. COMMENTS
10100 Quad 2-Input NOR Gate A
10101 Quad OR/NOR Gate A
10102 Quad 2-Input NOR Gate A
101083 Quad 2-Input OR Gate A
10104 Quad 2-input AND Gate A
10105 Triple 2-3-2-Input OR/NOR Gate A
10106 . Triple 4-3-3-Input NOR Gate A
10107 Triple 2-Input Exclusive-OR/Exclusive-NOR Gate A
10108 Dual 3-Input AND/NAND Gate A
10109 Dual 4-5-Input OR/NOR Gate A
10110 Dual 3-Input/3-Output OR Gate (Line Driver) A
10111 Dual 3-Input/3-Output NOR Gate (Line Driver) A
10113 Quad Exclusive-OR Gate With Enable A
10114 Triple Line Receiver A
10115 Quad Line Receiver A
10116 Triple Line Receiver A
10117 Dual 2-Wide 2-3-Input OR-AND/OR-AND-INVERT Gate A
10118 Dual 2-Wide 3-Input OR-AND Gate A
10119 4-Wide 4-3-3-3-Input OR-AND Gate A
10121 4-Wide OR-AND/OR-AND-INVERT Gate A
10123 Triple 4-3-3-Input Bus Driver A
10124 Quad TTL-to-ECL Translator A
10125 Quad ECL-to-TTL Translator A
10130 Dual D-Type Latch A
10131 Dual D-Type Master-Slave Flip-Flop A
10132 Dual 2-Input Multiplexer With Clocked A

D-Type Latches and Common Reset
10133 Quad Latch With D-Type Inputs and Enable Outputs A
10134 Dual 2-Input Multiplexer With Clocked D-Type Latches A
10135 Dual J-K Master-Slave Flip-Flop A
10136 Universal Hexadecimal Counter A
10137 Universal Decade Counter A
10141 4-Bit Universal Shift Register A
10149 1024-Bit, 4 Bits per Word PROM A
10155 16-Bit, 2 Bits per Word CAM A
10158 Quad 2-to-1 Multiplexer (Non-Inverting) A
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Availability Guide 10K ECL
10K ECL SERIES (Continued)
R DESCRIPTION AVAIL COMMENTS
10159 Quad 2-to-1 Multiplexer (Inverting) A
10160 12-Bit Parity Generator/Checker A
10161 3-Bit Decoder With 2 Enable Inputs (1-of-8 LOW) A
10162 3-Bit Decoder With 2 Enable Inputs (1-of-8 HIGH) A
10164 8-Input Multiplexer With Enable Input A
10165 8-Input Priority Encoder A
10171 Dual 2-Bit Decoder (1-of-4 Lines LOW) A
10172 Dual 2-Bit Decoder (1-of-4 Lines HIGH) A
10173 Quad 2-Input Multiplexer With Latched Outputs A
10174 Dual 4-to-1 Multiplexer With Enable A
10175 Quint D-Latch With Common Reset and A
2 Wire-OR Common Clock Inputs
10176 Hex D-Type Master-Slave Flip-Flop A
10179 Look-Ahead Carry Block Arithmetic Functions A
10180 Dual High-Speed Adder/Subtractor A
10181 4-Bit Logic Unit/Function Generator A
10188 Hex Buffer (Non-Inverting) A
T 10189 Hex Inverter A
10192 Quad Differential Line Driver A
Mm10210 Dual 3-Input/3-Output (High-Speed) OR Gate A
10211 Dual 3-Input/3-Output (High-Speed) NOR Gate A
10216 Triple Differential OR/NOR Line Receiver (High-Speed) A
T 10231 Dual D-Type Master-Slave Flip-Flop (High-Speed) A
104228 1024-Bit RAM (256 X 4) P Q1 '86
10470A 4096-Bit RAM (4096 X 1) P Q1 '86
10474A 4096-Bit RAM (256 X 4) P Q1 '86
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100K ECL SERIES

100K ECL

Availability Guide

DEvaeE DESCRIPTION AVAIL. COMMENTS
100101 Triple 5-Input Gate A
100102 Quint 2-Input Gate A
100107 Quint Exclusive-OR/NOR A
100112 Quad Driver A
100113 Line Driver A
100114 Line Receiver A
100117 Triple AOI A
100118 5-Wide AOI A
100122 9-Bit Buffer Gate A
100123 Hex Bus Driver A
100124 TTL-to-ECL Translator P Q4 '86
100125 ECL-to-TTL Translator P Q4 '86
100126 Backplane Driver A
100131 Triple D Flip-Flop (2ns) A
100136 Multipurpose Counting Register A
100141 8-Bit Universal Shift Register A
100145 16 X 4 Register File P Samples Q4 '86
100150 Hex D-Latch A
100151 Hex D Flip-Flop A
100155 Quad Multiplexer/Latch A
100158 Shift Matrix A
100160 Dual 9-Bit Parity A
100163 Dual 8-input Multiplexer A
100164 16-Input Multiplexer A
100165 Universal Priority Encoder A
100166 9-Bit Comparator A
100170 Universal Decoder A
100171 Triple 4-Input Multiplexer A
100175 100K - 10K Translator A Signetics Proprietary
100179 Carry Look-Ahead Generator P Samples Q2 '86
100180 Fast 6-Bit Adder A
100181 4-Bit Binary/Decimal ALU A New Release
Signetics Proprietary
100255 TTL-100K Bidirectional Translator A Signetics Proprietary
100422B 1024-Bit RAM (256 X 4) P Q2 '86
100470A 4096-Bit RAM (4096 X 1) P Q2 '86
100474A 4096-Bit RAM (1024 X 4) P Q2 '86
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GATES
DEVICE
FUNCTION NUMBER

OR/NOR GATES

Triple 4-3-3 input NOR 10106

Quad 2-input NOR with strobe 10100

Dual 4-5 input OR/NOR 10109

Triple 2-3-2 input OR/NOR 10105

Triple 5-input OR/NOR 100101

Quad 2-input OR/NOR (one input common) 10101

Quint 2-input OR/NOR with common enable input 100102

Quad 2-input NOR (one input common) 10102

Quad 2-input OR (3 OR and 1 OR/NOR) 10103
EXCLUSIVE-OR/NOR GATES

Quad Exclusive-OR with enable input 10113

Triple 2-input Exclusive-OR/Exclusive-NOR 10107

Quint Exclusive-OR/Exclusive-NOR with compare output 100107
AND, AND/NAND GATES

Dual 4-input AND/NAND 10108

Quad 2-input AND 10104
OR-AND-INVERT COMBINATION

Dual 2-wide 3 input OR-AND 10118

4-wide 4-3-3-3 input OR-AND 10119

Dual 2-wide 2-3 input OR-AND/OR-AND-INVERT 10117

4-wide OR-AND/OR-AND-INVERT 10121

Triple 1-2-2 input OR-AND/OR-AND-INVERT 100117

Quint 2-4-4-4-5 input OR-AND/OR-AND-INVERT 100118

FLIP-FLOPS
DEVICE COMMON CLOCK
FUNCTION NUMBER CLOCK | ENABLE SET RESET

Dual D-type master-slave 10131 Low LOW Low LOW

Dual D-type master-slave (high-speed) 10231 LOW LOW Low LOW

Triple D-type master-slave 100131 LOW LOW LOW LOW

Triple D-type master-slave (high-speed) 100231 LOW

Hex D-type master-slave 10176 LOW

Hex D-type master-slave 100151 LOW

Dual J-K master-slave 10135 LOW LOW Low LOW
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LATCHES
DEVICE COMMON CLOCK
FUNCTION NUMBER CLOCK RESET ENABLE OUTPUT
Dual D-type 2-input multiplexer, clock, and 10132 HIGH HIGH LOW True,
common reset Comp
Dual D-type 2-input multiplexer, clock, and 10134 LOW HIGH LOW True,
common reset Comp
Triple D-type 100130 LOW LOW True
Quad with D-type inputs and enable outputs 10133 HIGH LOW Comp
Quint D-type with common reset, and 2 wired-OR 10175 LOW LOW True
common clock inputs
Hex D-type 100150 LOW LOW True,
Comp
MULTIPLEXER
DEVICE ENABLE SELECT
FUNCTION NUMBER INPUT INPUTS OuTPUT
Quad 2-to-1, non-inverting 10158 S True
Quad 2-to-1, inverting 10159 LOW s Comp
8-input with enable input 10164 Low Aso, As1, Asz2 True
Quad 2-input with latch outputs 10173 LOW Ds True
Dual 4-to-1 with enable input 10174 LOW A B True
Quad multiplexer/latch 100155 LOW So, Sy True & Comp
Dual 8-input 100163 So, S1, S2 Comp
Triple 4-input with enable input 100171 LOW So, S¢ True & Comp
16-input 100164 So, S1, S2, S3 Comp
DECODER/DEMULTIPLEXER
DEVICE ADDRESS ENABLE OUTPUT
FUNCTION NUMBER INPUT LEVEL LEVEL
1-of-8 decoder with 2 enable inputs 10161 3 2 (Low) 8 (LOW)
(active LOW outputs)
1-of-8 decoder with 2 enable inputs 10162 3 2 (LOW) 8 (HIGH)
(active HIGH outputs)
Dual 1-of-4 decoder with one common and 10171 2 2 (HIGH), 1 (LOW) 1(LOW)
two individual inputs (active LOW outputs)
Dual 1-of-4 decoder with one common and 10172 2 2 (LOW), 1 (HIGH) 8 (HIGH)
two individual inputs (active HIGH outputs)
Universal demultiplexer/decoder 100170 5 4 (LOW) 8 (HIGH)
REGISTERS/SHIFT REGISTERS
DEVICE SERIAL PARALLEL CLOCK
FUNCTION NUMBER BITS ENTRY ENTRY EDGE
4-bit universal shift register 10141 4 Dp Doy, Dy, Dy, D3 T
8-bit shift register 100141 8 Dy, Poeeenenn Py 1
16 X 4 read-while-write 100145 16X 4
Register file
8-bit shift matrix 100158 8 Do, ++++++D7
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COUNTERS
DEVICE PARALLEL CLOCK
FUNCTION NUMBER - MODULUS ENTRY PRESETTABLE EDGE
Universal hexadecimal 10136 16 Synchronous X
Universal decade 10137 10 Synchronous X
4-stage counter/shift register 100136 4 Synchronous X
BUS AND LINE DRIVERS
DEVICE
FUNCTION NUMBER OUTPUT
Dual 3-input/3-output OR line driver 10110 True
High-speed dual 3-input/3-output OR line driver 10210 True
Dual 3-input/3-output NOR line driver 10111 Complement
High-speed dual 3-input/3-output NOR line driver 10211 Complement
Triple 4-3-3-input bus driver 10123 Complement
Quad current-mode differential bus driver 10192 True & Complement
Quad driver 100112 True & Complement
Quad driver (high-speed) 100113 True & Complement
Hex bus driver 100123 True
9-bit backplane driver 100126 True
RECEIVERS
DEVICE
FUNCTION NUMBER OUTPUT
Triple differential line receiver 10114 True & Complement
Quad differential line receiver 10115 True
Triple differential line receiver 10116 True & Complement
Triple differential line receiver (high-speed) 10216 True & Complement
Quint differential line receiver 100114 True & Complement
BUFFERS, INVERTERS, TRANSLATORS
DEVICE
FUNCTION NUMBER OUTPUT
Hex buffer with enable input, non-inverting 10188 True
9-gate buffer 100122 Complement
Hex inverter with enable input 10189 Complement
Quad TTL-to-ECL translator 10124 True & Complement
Hex TTL-to-ECL translator 100124 True
Quad ECL-to-TTL translator 10125 True
Hex ECL-to-TTL translator 100125 True
100K-to-10K  translator 100175 True
TTL-to-100K bidirectional translator 100255 True
PRIORITY ENCODERS
DEVICE INPUT ENABLE INPUT/OUTPUT
FUNCTION NUMBER (LEVEL) (LEVEL)
8-Input 10165 Low Active LOW
Universal 100165 LOW Active LOW
\
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ARITHMETIC FUNCTIONS

FUNCTION DEVICE NUMBER
4-bit arithmetic logic unit/function generator 10181
4-bit binary/BCD ALU 100181
High-speed 6-bit adder 100180
Dual 2-bit adder/subtractor 10180
Look-ahead carry block 10179
Carry look-ahead generator 100179
COMPARATORS
FUNCTION DEVICE NUMBER
9-bit comparator 100166
PARITY
FUNCTION DEVICE NUMBER
12-bit parity checker/generator 10160
Dual 9-bit parity generator/8-bit comparator 100160
LSl
FUNCTION DEVICE NUMBER
28-bit ALU 100310
4-byte MUX 100330
16 X 8 switching matrix 100331
4-byte comparator with MUX 100340
High-speed FIFO RAM controller 100380
ECL RAMS
FUNCTION DEVICE NUMBER
1K-bit (variable organization) 104228
10422C
100422B
100422C
4K-bit (4096 X 1) 10470A
100470A
4K-bit (1024 X 4) 10474A
100474A
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SIGNETICS QUALITY

Signetics has put together a winning process
for manufacturing ECL Logic. Our standard is
zero defects, and current customer quality
statistics demonstrate our commitment to this
goal.

The ECL Logic produced in the Standard
Products Division must meet rigid criteria as
defined by our design rules and as evaluated
with a thorough product characterization and
quality process. The capabilities of our manu-
facturing process are measured and the re-
sults evaluated and reported through our
corporate-wide QAO5 database system. The
SURE (Systematic Uniform Reliability Evalua-
tion) program monitors the performance of
our product in a variety of accelerated envi-
ronmental stress conditions. All of these pro-
grams and systems are intended to prevent
product-related problems and to inform our
customers and employees of our progress in
achieving zero defects.

RELIABILITY BEGINS WITH THE

DESIGN

Reliability and quality must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
digital circuits. To eliminate the possibility of
metal migration, current density in any path
cannot exceed 1 X 10%Amp/cm? for 10K
ECL and 2 X 10%Amp/cm? for 100K ECL.
Layout rules are followed to minimize the
possibility of shorts, circuit anomalies, and
SCR-type latch-up effects. Numerous ground-
to-substrate connections are required to en-
sure that the entire chip is at the same
potential, thereby precluding internal noise
problems.

PRODUCT CHARACTERIZATION
Before a new design is released, the charac-
terization phase must be completed so that
the distribution of parameters resuiting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data
also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees. Char-
acterization takes place from 0°C to +85°C
and at +10% supply voltage.
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QUALIFICATION

Formal qualification procedures are required
for all new or changed products, processes
and facilities. These procedures ensure the
high level of product reliability our customers
expect. New facilities are qualified by corpo-
rate groups as well as by the quality organiza-
tions of specific units that will operate in the
facility. After qualification, products manufac-
tured by the new facility are subjected to
highly accelerated environmental stresses to
ensure that they can meet rigorous failure
rate requirements. New or changed process-
es are similarly qualified.

QAO5

The QAO5 system collects the results of
product assurance testing on all finished
goods lots and feeds this data back to
concerned organizations where appropriate
action can be taken. The QAOS5 reports EPQ
(Estimated Process Quality) and AOQ (Aver-
age Outgoing Quality) results for electrical
visual/mechanical, hermeticity, and docu-
mentation audits. Data from this system is
available on request.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors prod-
ucts from all Signetics' divisions under a
variety of accelerated environmental stress
conditions. This program, first introduced in
1964, has evolved to suit changing product
complexities and performance requirements.

The SURE program has two major functions:
Long-term accelerated stress performance
audit and a short-term accelerated stress
monitor. In the case of ECL Logic products,
samples are selected that represent all ge-
neric product groups in all wafer fabrication
and assembly locations.

THE LONG-TERM AUDIT

One hundred devices are subjected to each

of the following stresses every eight weeks:

® High Temperature Operating Life:
Ty =150°C, 1000 hours, static biased

® High Temperature Storage: T; = 150°C,
1000 hrs

® Temperature-Humidity-Biased Life: 85°C,
85% relative humidity, 1000 hrs, static
biased

2-3

® Temperature Cycling (Air-to-Air): -65°C
to +150°C, 100 cycles

THE SHORT-TERM MONITOR
Ten parts of each process batch (25,000 pcs
typ) are subjected to a High Temperature
Operating Life XXX 125°C, 168 hours, re-
verse biased at Vgg =-5V.

SURE REPORTS

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms and an
estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.

Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.

RELIABILITY ENGINEERING

In addition to the product performance moni-
tors encompassed in the Logic SURE Pro-
gram, Signetics' Corporate and Division Reli-
ability Engineering departments sustain a
broad range of evaluation and qualification
activities.

Included in the engineering program are:
— evaluation and qualification of new or
changed materials, assembly/wafer-
fab processes and equipment, product
designs, facilities and subcontractor;
—deyice or generic group failure rate
studies;
— advanced environmental stress devel-
opment;
— failure mechanism characterization.

The environmental stresses utilized in the
engineering programs are similar to those
utilized for the SURE monitor, however, more
highly accelerated conditions and extended
durations typify the engineering projects. Ad-
ditional stress systems such as biased pres-
sure pot, power-temperature cycling, and cy-
cle-biased temperature-humidity, are also in-
cluded in the evaluation programs.

FAILURE ANALYSIS
The SURE Program and the Reliability Engi-
neering Program both include failure analysis
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activities and are complemented by Corpo-
rate, Divisional, and Plant Failure Analysis
departments. These engineering units pro-
vide a service to our customers who desire
detailed failure analysis support, and they in
turn provide Signetics with the technical un-
derstanding of the failure modes and mecha-
nisms actually experienced in service. This
information is essential feedback necessary
for the continued assessment of the applica-
bility of the stress conditions utilized to mea-
sure product performance.

ZERO DEFECTS PROGRAM

In recent years United States Industry, and
particularly those of you who buy integrated
circuits, has increasingly demanded improved
product family. We at Signetics believe you
have every right to expect quality products
from a supplier. The benefits which are de-
rived from quality products can be summed
up in the words, lower cost of ownership.
Those of you who invest in costly test equip-
ment and engineering to assure that incoming
products meet your specifications have a
special understanding of the cost of owner-
ship. But your cost does not end there; you
are also burdened with inflated inventories,
lengthened lead times, and more rework.

SIGNETICS UNDERSTANDS
CUSTOMERS' NEEDS

Signetics has long had an organization of
quality professionals within the operating un-
its, coordinated by a corporate quality depart-
ment. This organization provides leadership,
feedback, and direction for achieving our high
level of quality. Special programs are targeted
on specific quality issues. For example, a
program to reduce electrically defective units
improved outgoing quality levels by an order
of magnitude.

In 1980 we recognized that in order to
achieve outgoing levels on the order of 100
ppm (parts per million), down from an industry
practice of 10,000 ppm, we needed to supple-
ment our traditional quality programs with one
that encompassed all activities and all levels
of the company. Such unprecedented low
levels could only be achieved by contributions
from all employees, from the R&D laboratory
to the shipping dock. In short, a program that
would effect a total cultural change within
Signetics in our attitude toward quality.

QUALITY PAYS OFF FOR OUR
CUSTOMERS

Signetics' dedicated programs in product
quality improvement, supplemented by close
working relationships with many of our cus-
tomers, have improved outgoing product
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quality more than twenty-fold. Today, many
major customers no longer test Signetics
circuits. Incoming product moves directly
from the receiving dock to the production line,
greatly accelerating throughput and reducing
inventories. Additional customers have pared
significantly the amount of sampling done on
our products. Others are beginning to adopt
these cost-saving practices.

We closely monitor the electrical, visual, and
mechanical quality of all our products and
review each return to find and correct the
cause. Since 1981, over 90% of our custom-
ers report a significant improvement in overall
quality. (See Figure 1.)

At Signetics, quality means more than work-
ing circuits. It means on-time delivery of the
right quantity of the product at the agreed
upon price. (See Figure 2.) Our quality im-
provement programs extend out from the
traditional areas of product performance into
the administrative areas which affect order
entry, scheduling, delivery, shipping, and in-
voicing.

ONGOING QUALITY PROGRAM

""Do it Right the First Time"

The intent of this innovative program is to
change the perception of Signetics' employ-
ees that somehow quality is solely a manu-
facturing issue where some level of defects is
inevitable. This attitude has been replaced by
one of acceptance of the fact that all errors
and defects are preventable; a point of view
shared by technical and administrative func-

tions equally, and, we are sure, welcomed by
our customers.

This program extends into every area of the
company, and more than 40 qualilty improve-
ment teams throughout the organization drive
its ongoing refinement and progress. Key
components of the program are the Quality
College, the '"Make Certain'' Program, Cor-
rective Action Teams, and the Error Cause
Removal System.

The core concepts of doing it right the first

time are embodied in the four absolutes of

quality:

1. The definition of quality is conformance to
requirements.

2. The system to achieve quality improvement
is prevention.

3. The performance standard is zero
defects.

4. The measurement system is the cost of
quality.

Quality College

Almost continuously in session, the Quality
College is a prerequisite for all management
and technical employees. The intensive cur-
riculum is built around the four "'absolutes"' of
quality; colleges are conducted at company
facilities throughout the world.

""Making Certain'' —
Administrative Quality
Improvement

Signetics' experience has shown that the
largest source of errors affecting product and
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service quality is found in paperwork and in
other administrative functions. The "Make
Certain'' program focuses the attention of
management and administrative personnel on
error prevention, beginning with each employ-
ee's own actions.

This program promotes defect prevention in
three ways: by educating employees as to the
impact and cost of administrative errors, by
changing attitudes from accepting occasional
errors to one of accepting a personal work
standard of zero defects, and by providing a
formal mechanism for preventing errors.

Corrective Action Teams
Employees with the perspective, knowledge,
and necessary skills are formed into ad hoc
groups called Correction Action Teams.
These teams, the major force within the
company for quality improvement, resolve
administrative, technical and manufacturing
problems.

Error Cause Removal (ECR)
System

The ECR System permits our employees to
report to management any impedient to doing
their job right the first time. Once reported,
management is obliged to respond promptly
with a corrective program. Doing it right the
first time in all company activities produces
lower cost of ownership through product
defect prevention.

Product Quality Program

To reduce defects in outgoing products to
nearly immeasurable levels, we created the
Product Quality Program. This is managed by
the Product Engineering Council, a task force
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composed of the top product engineering and
test professionals in the company. This
group:

1. Sets aggressive product quality improve-
ment goals.

2. Provides corporate-level visibility and
focuses on problem areas.

3.Serves as a corporate resource for any
group requiring assistance in quality
improvement.

4. Drives quality improvement projects.

As a result of this aggressive program, every
major customer who reports back to us on
product performance is reporting significant
progress.

Standard Quality Programs

Qualification — Formal qualification proce-
dures are required for all new or changed
products, processes and facilities. These pro-
cedures ensure the high level of product
reliability our customers expect. New facilities
are qualified by the corporation and by the
quality organizations of the product line that
will operate the facility. After qualifications,
products manufactured by the new facility are
subjected to highly accelerated environmen-
tal stresses to ensure that the products can
meet rigorous failure rate requirements. New
or changed processes are qualified similarly.

Failure Analysis — This vital function is con-
ducted by product line and plant failure analy-
sis units coordinated through the corporate
failure analysis group, a part of corporate
reliability engineering. Our ten failure analysis
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groups were expanded to 16 during 1984 in
our ongoing effort to accelerate and improve
our understanding of product failure mecha-
nisms.

Reliability Database — This computerized da-
tabase contains product reliability information
collected from around the world. It is updated
and published quarterly in the ''Signetics
Product Reliability Summary"'.

Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly proce-
dures.

Vendor Certification Program — Our vendors
are taking ownership of their own product
quality by establishing improved process con-
trol and inspection systems. They subscribe
to the zero defects philosophy. Progress has
been excellent. Through intensive work with
vendors, we have improved our lot accep-
tance rate on incoming materials as shown in
Figure 3. Simultaneously, waivers of incoming
material have been eliminated. Higher incom-
ing quality material to us ensures higher
outgoing quality products for you.

QUALITY AND RELIABILITY
ORGANIZATION

Quality and reliability specialists at the pro-
duct-line level are involved in all aspects of
the product, from design through every step
in the manufacturing process, and provide
product assurance testing of outgoing prod-
uct. A separate corporate-level group pro-
vides direction and common facilities.

Quality and Reliability Functions

® Manufacturing quality control

® Product assurance testing

® Laboratory facilities — failure analysis,
chemical, metallurgy, thin film, oxides

® Environmental stress testing

® Quality and reliability engineering

® Customer liaison

COMMUNICATING WITH EACH
OTHER

For information on Signetics' quality pro-
grams or for any question concerning product
quality, the field representative in your area
will provide you with the quickest access to
answers. Or, write on your letterhead directly
to the Corporate Director of Quality at the
corporate address shown at the back of this
data manual.

We are dedicated to preventing defects.
When product problems do occur, we want to
know about them so we can eliminate their
causes. We are committed to zero defects.
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Here are some ways we can help each other:

® Provide us with one informed contact
within your organization. This will
establish continuity and build confidence
levels.

® Periodic face-to-face exchanges of data
and quality improvement ideas between
your engineers and ours can help
prevent problems before they occur.
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Figure 3. Lot Acceptance Rate from Signetics Vendors

® Test correlation data is very useful.
Line-pull information and field failure
reports also help us improve product
performance.

® Provide us with as much specific data
on the problem as soon as possible to
speed analysis and enable us to take
corrective action.

® An advance sample of the devices in
question can start us on the problem
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resolution before physical return of
shipment.

This teamwork with you will allow us to
achieve our mutual goal of improved product
quality.

MANUFACTURING: DOING IT
RIGHT THE FIRST TIME

In dealing with the standard manufacturing
flows, it was recognized that significant im-
provement would be achieved by ''doing
every job right the first time'', a key concept
of the quality improvement program. During
the development of the program many pro-
found changes are being made. Key changes
include such things as implementing 100%
AC testing on all products as well as upgrad-
ing test handlers to insure 100% positive
binning. Some of the other changes and
additions are to tighten the outgoing QA lot
acceptance criteria to the tightest in the
industry, with zero defect lot acceptance
sampling across all three temperatures.

The achievements resulting from the im-
proved process flow have helped Signetics to
be recognized as the leading Quality supplier
of ECL Logic. These achievements have also
led to our participation in Ship-to-Stock pro-
grams, which our customers use to eliminate
incoming inspection. Such programs reduce
the user cost of ownership by saving both
time and money.
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INTRODUCTION

The purpose of this section is to assist
personnel involved with testing of ECL by
discussing various testing methods and tech-
niques needed in testing ECL devices.

TEST SEQUENCE

ECL testing is usually done in the following
sequence: functional testing, DC testing and
AC testing.

Functional Testing

The purpose of functional testing is to verify
that the device is working. Functional testing
is done on the automatic tester by simulating
in-circuit condition. The inputs are driven
using Vi and V|_ values. The outputs are
compared against Vou and Vg limits.

DC Testing

After the functional testing, all DC parameters
in the DC Characteristics are tested for each
input and output on the automatic tester.

It is important to emphasize that the specified
limits in the DC Characteristics can be met
only after thermal equilibrium has been estab-
lished. Thermal equilibrium is established by
applying power for at least 2 minutes while
maintaining transverse air flow of 2.5 meters/s
(500 linear feet/min).

Testing

Threshold measurement is the most difficult
DC parameter test on the automatic tester. If
all inputs are at threshold simultaneously, the
device may tend to oscillate when in a test
environment.

Make sure that each input and output is
terminated through a 5052 resistor to —2.0V.

Although suggested test conditions are de-
scribed for Vo, VonT, VoL, and Vo, they

are not necessarily worst case. The following
is a recommendation as to what to look for in
considering output voltages in the worst case.

Von and Vo levels on ECL devices are
somewhat current path dependent, i.e., the
output voltage level can vary depending on
how the output is being driven by the internal
circuitry. Also, the effect is different for Vou
than for Vo_. This can be explained by
analyzing the circuit in Figure 1.

Veea (1)
>
Re 3 RO 3 Veer (16)
‘ i | T,
4) Do VWA Q2 G @
R4
) 1 AV Ko‘ Q
RS
® S A {m @ o
10
}— OTHER D2
GATES
> > >
RS MY R R7 3 R8 3 R10
O Vee (8)
TC057208
Figure 1

supply current

Power Supply Current Since ECL is noted for high current requirements, power supplies of Vgg should be capable of
capability supplying current with a 25% reserve over the highest powered part. The power supply must
’ provide well over 1 Ampere.

Power Supply Noise-free Since the voltage swing on ECL input and output levels is only about 800mV, it is important that
power the power supplies be extremely. clean and free of spikes, hum, or other types of noise.

Pulse Generator

DC resolution

Since the threshold measurements require that input voltage be extremely accurate and
repeatable, the driver and the output comparator should have an accuracy of +1mV.

Pulse Generator | Edge rates It is important that the rise and fall time of the clock pulses be fast, clean, and free from
overshoot.
Sampling Scope | Rise time The Sampling scope should be able to handle rise time of 100ps and preferably should have a
digital display for easier readout.
Test Fixture Contact Contact resistance between device pins and test pins should be kept to less than 50mS2 to
resistance avoid oscillation. Free length of contact (portion not matched to 5052 terminating resistor) should
be kept to less than 10mm.
Test Fixture Input All inputs must be terminated through a 5052 resistor to ground or through a built-in 5082 resistor
of pulse generator.
Test Fixture Output To minimize reflection, all outputs must be terminated through a 5082 resistor to Ground, or
termination through a built-in 50£2 resistor of the sampling scope.
Test Fixture Jig delay Effort should be made to cut down propagation delay due to the fixture (jig) itself.
Test Fixture Decoupling To avoid oscillations, great care should be taken to decouple the Vccy, Veca, Vocs, and Veg to

Ground.

Interconnection
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Testing

QO, Q1, and Q2 are the input transistors in
this simplified schematic of a 10100. Q4, D1
and D2, and R9 and R10 form the voltage
reference supply (Vgg). If the voltage at the
base of any or all of the input transistors rises
above Vpp, the transistor will begin to con-
duct current down through R6, thus diverting
most of the base current away from the
output transistor, Q5. The voltage at the
output pin will drop toward V1 via a 502
termination resistor, R.

If only one input transistor is conducting, all
the current that is diverted away from Q5 will
flow through it.

If two input transistors are conducting, that
same amount of current will be split evenly by
each transistor. Since the saturation resis-
tance (Rgat) of any real transistor is not zero,
a smaller voltage drop will result causing a
slightly lower voltage at the output.

If all three input transistors are conducting,
the current will be split three ways and a still
lower voltage will result. Since the most
negative output voltage is Vo min, the above
condition would represent the worst case for
that test. Therefore, if the most positive LOW

state.is Vo max, the worst-case condition for.

that would be with only one input transistor
conducting. It is advisable then to test Vo max
with each input HIGH, one at a time.

In the case of Vop, there is only one possibili-
ty — all inputs low — so it is not necessary (or
possible) to test anything but that one condi-
tion.

It is fairly simple to see from the above
example what the worst cases are for most
gates (provided a schematic is available). As
the circuitry advances into flip-flops and be-
yond into the even more advanced functions,
the worst-case conditions become a little
more difficult to determine, although the phi-
losophy remains the same. The easiest way
to determine how the output is affected is to
start at the base of the output transistor to
see what components directly drive it, then
determine all of the possible combinations
from all of the available inputs. Of course,
only the worst possible combinations need to
be tested.
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When testing inverting circuits, the parameter
that is usually affected is Vpi; but in non-
inverting circuits, Vo is path dependent.
Referring to the simplified schematic of a
10101 in Figure 2, the inverting output is
affected the same as in the previous example
but this device also has a non-inverting output
from the emitter of Q3. With both inputs
HIGH, Q4 diverts most of the base current
away from the base of Q3, thus the output is
LOW and that is the only LOW state condition
that can exist.

If one input goes HIGH, most of the current
from R5 can now flow into the base of Q3
pulling the emitter HIGH. If the other input
transistor goes high also, the voltage drop will
be shared equally between Q1 and Q2 and
the voltage at their emitters could rise a few
more millivolts. In turn, the emitter of Q4 will
rise along with the collector of Q4, the base
of Q3 and therefore the output emitter. So the
worst-case VonHmax test for this device would
be with both inputs HIGH and the worst-case
VoHmin wWould be with only one input HIGH at
a time.

3-4

Every effort has been made to include simpli-
fied circuit schematics for all devices in the
limited space of this databook to aid the in
testing and circuit design with Signetics' ECL
devices.

AC Testing

It is important to emphasize that the specified
limits in the AC Characteristics can be met
only after thermal equilibrium has been estab-
lished. Thermal equilibrium is established by
applying power for at least 2 minutes while
maintaining transverse air flow of 2.5
meters/s (500 linear feet/min) over the de-
vice either mounted in the test socket or on
the printed circuit board.

Since few automatic testers have sufficient
accuracy to perform sub-nanosecond testing,
AC testing is one of the most difficult tests to
accomplish. Depending on the accuracy and
repeatability of the automatic tester, a manual
bench-type tester may be required for corre-
lation to complement the AC testing with the
automatic tester.
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THE ECL GATE

Figure 1.1 shows a basic ECL 10K OR/NOR
gate having two inputs and two complemen-
tary outputs. The gate's current switching
stage is shown in Figure' 1.2. The input
voltage, V|, controls the current, |. When V|y
changes logic levels, | is switched between
Qo and Qs. Vg, the reference voltage, is held
at a fixed voltage by an internal voltage driver,
with the fixed voltage being midway between
the input voltage threshold region. As the
current is switched, the output voltages
VouT1 and Voyrz also change, giving a NOR
and an OR logical output, respectively.

The net output voltage swing is determined
by Rz and Rg and the magnitude of I. | can be
determined from:

- Max(ViN, Ves) - Vee - VEE
Ry

where Vg is the base-emitter voltage drop of
Q2 or Qs, (on the order of 0.8V).

If Max(V)n) > Max(Vgg), then
| = Max(ViN) - Vee - VEe

Eq.1.1

Eq.1.2
Ry d
If Max(V|n) < Max(Vgg), then
Max(Vgg) - Vee - Vi
|- (Ves) - VBE - VEE Eq.13

R7
| is on the order of several milliamperes (4mA
for a 10K gate).

Chapter 1

ECL Circuit Basics

Figure 1.3 gives the switching characteristics
of the circuit in Figure 1.2, with the output
voltage given as a function of the input
voltage. Four operating zones are shown,
labeled A, B, C, and D.

In Zone A, V| is enough below Vgp to turn
Qa off. Vq is

Vec- (I leakage Qo) (Ra)

The current, |, passes almost entirely through
Re creating a voltage drop across Rg of about
1V (the value of Rg is selected specifically to
achieve this). Vg is designed to be slightly
lower than V¢ - (1) (Re) to avoid saturation of
Qs while maintaining a collector-base voltage
> 0. For this purpose, Voo - Vgg is selected
to be on the order of 1.3V.

In Zone B, the transition region, the V| is
nearly Vgg. Both transistors, Q, and Qg, are
on and conducting current. In this region the
switching stage behaves like a differential
amplifier. Q2 and Qs are designed to be as
nearly identical as possible so that when
Vin = Vgg, the current, |, is divided equally
between the two, making the voltage drop
across both R3 and Rg approximately 0.5V.
The width of this zone is approximately
100mV at 25°C. The width varies with temper-
ature by (4kT)/q (where k is the Boltzman
constant, q is the charge of an electron, and
T is the absolute temperature of the Vpg

Veean
Vee
4’
<:R3
Q Q
)/
A o Ko
SR, SRy
Ving O——4¢
Vinz ©
S 3R
Vee
v(
8
TC037408
Figure 1.1. Basic 10K ECL OR/NOR Gate
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junction) due to the temperature dependence
of the emitter-base junctions of Q, and Qs.

In Zone C, V| is enough above Vgg to turn
off Qs. As Vi rises, the emitter voltage, Vg,
increases (since Vg =V)y-Vge(Qp) and
Vee (Qy) is approximately constant) while Vgg
remains constant until the base-emitter volt-
age drop of Qs is sufficient to keep Qs on. In
this zone Vj becomes equal to Vcc - (I leak-
age Qs) (Rg) and V4 = (R3) (1). R3 is designed
to make V; close to Vg - 1V. | varies in Zone
C due to its dependence on Vg. Because of
this, Ry is replaced by a current source in
many circuits to produce better matched
output characteristics, as well as other advan-
tages that will be discussed in a later section.

o 0 Vee
SR S
DSk < Ra
Voun 1 Vourz
Vin Q; _QP_" Ves
S
| * 3H
o 0 Ve
TC03750S

It Max(Viy) > Max(Vgg), then
1= Max(Vin) - Vee - Vee

Rz
If Max(Viy) < Max(Vgg), then
1= Max(Vgg) - Vee - Vee
Ry
Figure 1.2. ECL Current Switch

ZONES
A 8 c ]
| V=V
\\ 7Vee
b Vy=Voo =1V
100mV
@25°C
Vee Vin
Vee Ves Vee
oparosog

Figure 1.3. Switching Characteristics of
ECL Current Switch

N
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Figure 1.4. Change in Base Current
as a Function of Viy

TC037708]

Figure 1.5. Emitter-Follower Outputs

In Zone D, Vg is high enough to allow Q2 to
saturate. Under this circumstance, the base-
collector junction of Qg is forward-biased and
the collector voltage begins to follow the
input voltage, creating the upturn in the char-
acteristic curve for V4 in Figure 1.3. Because
the current | can no longer be provided
completely by the collector of the transistor,
the difference is supplied by the base current
of Qp, which increases considerably. The
change in base current with increased input
voltage is shown in Figure 1.4. This current is
the input current of the simplified gate. The
input voltage of an ECL gate is usually limited
to prevent operation in Zone D.

EMITTER-FOLLOWER BUFFERS
— OUTPUT AND TRANSFER

CHARACTERISTICS

The V¢ and V; signals of Figure 1.2 could be
used directly as the output signals of the gate.
However, there are two disadvantages in
doing so. First, the voltage values of the logic
levels generated by these nodes are not
compatible with an input threshold voltage
equal to Vg, so a downward shift of V4 and
Vj is required. Second, V4 and V, would have
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Figure 17 Vour as a Function

of Vg (5092 Load)

a high impedance for values of | in the several
milliampere range. The addition of transistors
Q4 and Qq, shown in Figure 1.5, eliminates

both of these problems. The output voltage

level is shifted down by Vgg(on). And, be-
cause these transistors are configured as
emitter-followers, they provide a low output
impedance allowing the circuit to drive trans-
mission lines with characteristic impedances
of 50Q2 or greater.

Figure 1.6 shows the output characteristic, Vo
(=V3 or V4), as a function of the  output
current, lp, for Zone A or Zone C. Two load
lines are shown: 50£2 and 25052. The 502 load
is connected to an intermediate voltage, VT,
to limit the output current of the gate. Larger
loads can be connected directly to Vgg.

Figure 1.7 gives the transfer characteristic,
Vo (= Vg or V,) as a function of Vg. Note that
the logic swing is now almost symmetrical
about the reference voltage, Vgg, due to the
voltage-level shifting by the Vgg of the emit-
ter-follower transistors, Q¢ and Q4.

INTERNAL THRESHOLD

VOLTAGE GENERATOR
In 10K ECL circuits, the threshold voltage,
Vgg, is provided by the internal voltage gener-

(Ryo)(1) = (R7)1
(Re)(1) = Y2(Re)(1)

Figure 1.8. Internal Voltage
Generator — 10K ECL

ator shown in Figure 1.8. (The NOR output
circuitry has been excluded for simplicity.) As
with other device technologies, the transfer
and other characteristics of ECL gates are
temperature-dependent. This is mainly due to
the temperature dependence of Vgg.

As stated earlier, the logic HIGH and logic
LOW noise margins of ECL gates should be
symmetrical about Vgg. Due to the tempera-
ture dependence of Vgg, this is possible at
only a single temperature when the reference
voltage, Vgg, is kept fixed. However, it is
possible to maintain the symmetry of the
noise_margins over a wide temperature range
if the reference voltage itself is made to be
temperature-dependent. The voltage genera-
tor of Figure 1.8 accomplishes this. The
reference voltage for the current switch is
taken from an emitter-follower, Qg. Dy and D
help to stabilize the current in the emitters of
Q3 and Qs against variations in temperature
in that any change with temperature of the
Vg of Qg and Qs is compensated by a similar
change across Dy and Dj.

Assume a temperature change, AT. This
temperature change will produce a voltage
change in each forward-biased Vgg junction,
the amount of voltage change being
AVgg = —KAT, where k = 2mV/°C. Assuming
the gain through Qg is unity, the change in the
reference voltage, Vgg, due to AT is given by

ZAVBERQ Eq. 1.4

AV,
B8 Re+Rro
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When Qs conducts, Voyr is at logic level 6.
The change in Voyt due to AT is given by
Eq. 1.5
Rs Rs
AVour () = - AVgg it AVgg| — |- AVee
7 7

Re
— || -AVgg + AVgg |- AVge
Rz

Note that in the equations for AVgg and
AVoyr only resistor ratios appear. This result
is important because it is possible to hold
resistor ratios to a much tighter tolerance
than absolute values of resistors during de-
vice fabrication.

When Qs is off and Voyr is at logic level 1,
AVout(1) = - AVge Eq. 1.6

Resistor values are chosen so that the "'aver-
age' AVge of the two logic levels will equal
AVgg. Therefore, if the Vgg of Q4 and Qg are
equal, then Vg will remain centered between
Von and Vor.

SELECTION OF Vcc AS
REFERENCE VOLTAGE

(GROUND)
Unlike TTL gates, with ECL gates it is com-
mon practice to ground the positive end of
the voltage supply. One advantage of using
this arrangement with ECL gates is that it
minimizes external noise transfer.

Figure 1.9 shows our ECL gate with the NOR
output omitted for simplification. Usually the
output voltage of the gate is the voltage
between the emitter of Q4 and V¢ (Vour), but
we could just as easily consider the output
voltage to be that between the emitter of Q4
and Veg (V'our). As far as the output signal is
concerned, the positive and negative sides of
the supply are the same electrical point. As
Figure 1.9 shows, closed-circuit loops are
formed by the connection to Vgc. A varying
magnetic flux can be produced in these loops
by the currents in the gate, or by currents in
neighboring gates, which produces an electro-
magnetic field in the loops and in Vcc. This
electromagnetic field, or induced voltage, is
referred to as ''noise" because it is random
and unpredictable. it is represented in Figure
1.10 by the voltage source V.

With the inclusion of Vy, the two sides of the
power supply, A and B, are no longer equiva-
lent and Voyt and V'gyt are also no longer
equivalent. Assume Qg is cut off. Then Vy
can be considered across Rg, Q4 and Rgx
only: The.impedance between the collector
and emitter of Q4 is
Re
208 Thre + 1)

For hgg =99 and Rg= 3008, Zcg = 3%
Then, Vout = (3/1,600)Vy = 0.002VN while

Eq.1.7
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Figure 1.9. ECL Gate With NOR Output Omitted
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Figure 1.10. ECL Gate (NOR Output Omitted) With "'Noise'' Generator, Vy
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Figure 1.11. Difference in Output Voltage of ECL Gate
When Powered by Vcc vs. Powered by Vgg

CIRCUIT l CIRCUIT

WF116008

V'out = (1,600/1,503)VN = VN. The advan-
tage lies clearly with using Voyr rather than
Vour.

It is also common practice to have the output
terminal of a signal source and the input
terminal of a signal measuring device use
ground as one signal terminal. This practice is
convenient since ground is usually the chas-
sis on the relay rack on which the circuit is
built, including the cabinet that houses the
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unit, if any, and has the advantage that when
units are interconnected, the chassis, cabi-
nets, etc., are all joined electrically.

Thus, since it is advantageous to use the
positive side of Voo as one of the output
terminals, and also advantageous to use
ground as one such terminal, the positive side
of Vgc is grounded.

Another advantage to the grounding arrange-
ment employed with ECL is shown in Figure

IS
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1.11 where the output voltages of two gates,
one powered by Vgc and one powered by
VEE, is shown. When V¢ is common to both
gates, Vop varies very little and the Vg of
each gate remains compatible with the
threshold voltage, Vgg, of the other. Howev-
er, when Vgg is common to both gates, the
output voltages Vo and Vg of both gates
can become so different that the threshold of
the second gate is no longer compatible with
the output voltage of the first gate.

ECL LOGIC IMPLEMENTATION

An ECL gate incorporating the basic structure
of Figure 1.1 is shown in Figure 1.12. The
input transistors Qo and Qg are shown here in
parallel. Additional transistors can be added
in parallel to provide for multiple gate inputs.

When the input voltages Viyy and Vin2 are in
the LOW state (i.e. < Vgg), the input transis-
tors Q, and Qg are cut off and Qs is conduct-
ing. This creates a LOW level at the Voytz
output and a HIGH level at the Voyry output.
If either of the input voltages goes to the
HIGH state (i.e. > Vgg), the current will switch
to the corresponding input transistor and cut
Qs off. Consequently, the Voytz output will
go to HIGH and the Voyry output will go
LOW. Thus, the circuit performs an OR func-
tion

Vos=A+B Eq. 1.8

at the Voyrz output and performs a NOR
function

Voi=A+B Eq. 1.9
at the Voyry output.
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SERIES GATING
The switching stage described in the previous C=D=AeB
section behaves like an inverting relay con- !
tact and, as with relays where contacts can
be cascaded, ECL differential stages can also
be cascaded. An example is shown in Figure
2.1. Input transistors A and B have been
placed in series to share a common current
source, Q10, and implement an AND function.
It is important to avoid saturating the lower
transistors so that the complete benefits of
non-saturating logic can be maintained. This
can be accomplished by shifting the thresh-
olds of the two differential stages by a voltage
comparable to the logic swing on input A.
Therefore, a second reference voltage, Vgz,
is added to shift from 1V to 1.6V with respect
to V1. An equal shift is implemented for input
A by the emitter-follower, Q45, shown in
Figure 2.2. —0 Vot

Figure 2.1. ECL AND Gate

This logic block, called ''series gating,'* adds O Veez
the NAND and AND logic functions to the OR
and NOR capability of the basic ECL gate.
This technique is so powerful, consumes so
little power, and requires so few components
that it has become the standard building
block for complex circuits in ECL families
having two or three levels of current-switch-
ing. (The voltage of the 10K family was set at
-5.2V to allow three levels of current-switch-
ing — two voltage shifts. For a simple gate
with only one level of current switching, 2.6V
to 3V would certainly have been sufficient.)

WA

VW

MAS L B

O Ve

C=D=AeB

TC03820S.

Figure 2.2. Series Gating With ECL
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FLIP-FLOPS

Flip-flop functions make extensive use of
series gating. Figure 2.3 shows a simple flip-
flop that, under the control of a clock signal,
latches a '"data'’ bit. When the clock is in the
LOW state, current from the source transistor,
Qq, is switched by Qi to the differential
"'data" stage formed by Qs and Qis, and
from there to the outputs Voyt and Vour.
During the transition, this current controls the
logic state of the "internal outputs," Qg and
Qyp, which reproduce the state of the data
input. When the clock goes HIGH, the current
is switched by Q; to the differential pair
formed by Qg and Qq4, which is itself con-
trolled by the internal outputs. The circuit is
then latched on the data state that preceded
the rise in the clock signal, regardless of the
subsequent state of the data input.

In this latched state, the data in the flip-flop
can be changed by applying a LOW logic
state to transistor Q4 or Qq4, which then
forces the output HIGH or LOW, thereby
accomplishing a ''set-reset'" function.

WIRED-OR FUNCTIONS
Figure 2.4 shows another technique for imple-
menting complex ECL functions: the ability to
control several output emitter-followers with
the same gate. This makes it very easy to
generate supplementary signals.

In Figure 2.4, four independent logic functions
are implemented via only two differential
stages by combining outputs. Note that for
the internal outputs, which need only drive
internal inputs having relatively high imped-
ance rather than 5082 lines, fairly large inter-
nal resistors (Rt = 1k to 5k§2) can be used for
VEgg connections.
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OUTPUT CHARACTERISTICS
Figure 3.1 shows transfer curve and DC
specification test points for a 10K ECL OR
gate. Note the two sets of min/max logic level
parameters. The first set, Vi min/Vidmax
should cause the output to take a level
somewhere within the VoL max/VoLmin and
Vormax/ VoHmin Specification. The second set
of logic level parameters relates to the
switching thresholds. When a voltage V) 1 is
applied to the input, the OR output should be
below the Vot level; and, when a voltage
Vit is applied to the input, the output should
be above the Vour level.

Since variations in wafer fabrication process

parameters can affect a gate's transfer char-

acteristics, device performance is tested at
the indicated test points to ensure that:

1. the switching threshold falls within the
rectangle defined at the lower left by the
ViLt/VoLt corner point and at the upper
right by the V|y1/VonT corner point; i.e.
that switching does not begin outside this
rectangle;

2. quiescent logic levels fall within the spec-
ified min/max ranges.

In 10K ECL, this curve varies with tempera-
ture and supply voltage changes. This is
explained in detail in a later section.

NOISE MARGIN

Noise margin is a measure of a circuit's
immunity to adverse DC operating conditions.
Noise margin is defined for the HIGH state as

VNH = VoHT = ViHT Eq.3.1
and for the LOW state as
VNL = Vit = Vour Eq.3.2

Where "T" is used to denote the threshold
value for Vou, Vor, Vin and V). Figure 3.2a
gives noise margins vs. temperature varia-
tions for 10K ECL and 3.2b gives noise
margins vs. power supply variations for 10K
ECL.

""Noise immunity'' measures the minimum
input noise that will propagate through cas-
caded gates. This measurement, indicative of
a device's immunity to noise during actual AC
system operation, is difficult to measure and,
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Figure 3.1. ECL OR Gate Transfer Curve With DC Specification Test Points

0P02000S

PARAMETER -30°C +25°C +85°C
Virmin 10 VoHcmin [ Vau (V) 125 125 125
ViLmax 10 VoLcmax [ v v 155 155 155
a. 10K to 10K
Minimum Noise Margin vs. Temperature Variations
Vee Vee Vee
PARAMETER e Vee Je
Vitimin 10 VoHmin [ v mv) 127 166 241
ViLmax 10 VoLmax [ v v 223 249 301
b. 10K to 10K

Minimum Noise Margin vs. Vgg Variations

Figure 3.2. 10K ECL Minimum Noise Margins

therefore, is not specified on datasheets.
However, noise immunity of 10K devices is
typically at least 40mV greater than the DC
noise margin.

Both 10K and 100K ECL device specifica-
tions dictate that only one input at a time
should be connected to a threshold level
(ViyT or ViL7) and that all other inputs should
be at Vigmax Or ViLmin during testing.

INPUT CHARACTERISTICS

As shown in Figure 1.1, gate inputs are not
connected directly to the base of their input
transistors, but instead are connected
through a network of two resistors, Ry and Rz
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(or R4 and Rs). The resistor Ry (R4) guaran-
tees a positive (real) input impedance at all
frequencies. High frequency capacitive ef-
fects could cause the input current to be put
out of phase by more than 90° with regard to
the input voltage, causing the appearance of
a negative resistance on the base of Qy, if Ry
(R4) was not included. The resistor Ry (Rs)
pulls any unused inputs LOW, eliminating the
need for external wiring on these inputs.
However, because of large switching tran-
sients associated with fast rise and fall times
and the sensitivity of clocked devices (flip-
flops, counters, etc.), it is advisable to use
external components with clocked devices to
assure that the unused inputs of such devices
are securely tied to a low logic level.
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Figure 3.4. Effect of Temperature on Output Voltage

Figure 3.3 shows the input characteristics of
an ECL gate. ljymax is the guaranteed maxi-
mum static load that is represented by the
gate input. li.min guarantees the internal pull-
down resistance.

CURRENT CONSUMPTION

Current consumption is specified as the Pow-
er Supply Drain Current, Igg, and is the
current that is drawn through the supply pin,
VEE. |EEmax is measured with Vg at OV and
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Vge at -5.2V since maximum circuit speed is
achieved at this power supply value.

The magnitude of |gg is affected by three
separate portions of the ECL gate: the current
switch, the reference voltage supply, and the
output emitter-followers. Igg limits specified
for a particular device reflect the power re-
quirements of the current switch (or switches)
and reference voltage supply. However, ECL
devices can support a broad range of output
termination resistor values, with the particular
value chosen depending on individual system
performance requirements. Therefore, it is
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necessary to add power requirements due to
input current drain and output loading to the
specified power supply drain current limit
given in the device's datasheet.

EFFECT OF TEMPERATURE

10K ECL outputs rise with increasing temper-
ature. This is mainly due to the dependence
of Vgg on temperature.

Figure 3.4 shows output voltage as a function
of temperature. Because of this temperature
dependence, DC parameters are generally
specified at three ambient temperatures:
-30°C, +25°C, and +85°C.

When designing with ECL devices, the follow-

ing should be kept in mind:

1. Maximum noise immunity is obtained
when two connected circuits are at the
same temperature;

2. When a circuit is tested, thermal equilibri-
um must be obtained before any meas-
urements are made.

EFFECT OF SUPPLY VOLTAGE

ON 10K ECL

As explained in Chapter 1, 10K ECL devices
are specified with Vgc at ground and Vgg at
~5.2V because maximum noise immunity is
achieved with' this supply configuration. This
convention is not mandatory; and, while not
recommended because of loss of noise im-
munity, it is possible to operate ECL devices
from a TTL +5V power supply.

10K ECL devices are specified for Vgg =-5.2
+10%. However, the best circuit speed is
achieved with Vg = -5.2V. As Vg becomes
more negative, both noise margin and power
dissipation increases. As Vgg becomes more
positive, power dissipation decreases, but at
the expense of a decrease in noise margin.

Most 10K ECL devices have two power
supply pins, Vg and Vegp, to reduce cross-
coupling between internal device compo-
nents when the outputs are driving heavy
loads. Vgt supplies current to the output
transistors and Vo supplies current to the
circuit logic transistors. :
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TRANSITION TIME AND
PROPAGATION DELAY

The dynamic characteristics of a device are
those that define its effect on a specified
input signal as that signal travels through the
device. They include the time required to
change the output from one logic state to
another, specified as the output transition
time, and the time required for the output of
the device to respond to an input signal,
specified as the propagation delay.

To accurately measure a device's dynamic
performance, an environment very similar to
the system environment in which the device
will be used should be created. Input voltages
applied should represent signals the device
will see in the system; i.e., pulses having
HIGH and LOW levels that are typical of Vou
and Vg and having edges that are represen-
tative of the edges generated by the outputs
of an interfacing device. An example is shown
in Figure 4.1.

The output transition time (tr 4 and try) also
gives an indication of the maximum operating
frequency and of any high-frequency parasitic
effects. For ECL devices, both ty y and try
are measured between 20% and 80% of the
signal amplitude; i.e., in the transition region.
Because ECL utilizes current-mode switching
to eliminate transistor saturation storage de-
lays and permits the use of differential com-
parison techniques, transition rise times can,
by design, be slowed via internal time con-
stants without sacrificing throughput delays.
This is an important advantage of ECL be-
cause slower rise times minimize ringing and
reflections and, therefore, simplify board de-
sign. The typical edge rate for 100K ECL is
1V/ns, 80% of the Schottky TTL edge rate.

Propagation delay (tpp) defines the time it
takes for a signal to travel internally from the
input terminal and the output terminal of a
device. Test equipment limitations make it
necessary to measure the propagation time
of ECL devices at 50% of the amplitude of
both signals rather than at Vgg.

INTERNAL SWITCHING
Internal switching of the gate takes place in
two stages (see Figure 1.10):

1. In the first stage, the input voltage rises
to V. The voltage change at the input of
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Figure 4.1. Waveforms for Dynamic Characteristic Measurements

transistor Qo is delayed, however, be-
cause of its input capacitance. When its
input voltage enters Zone B in Figure 1.3,
Q. begins to conduct after a given time
delay dependent on its cut-off frequency,
fr.

2. In the second stage Qo delivers current
into resistor Rz. The collector voltage,
followed by the output voltage, begins to
change. The rate of change of the output
voltage depends on the total capacitance
on the collector of Qp, and varies inverse-
ly with the load resistance of the emitter
of Q.

The transition time is dependent on the
second stage, whereas the propagation delay
depends on both stages.

EFFECT OF CAPACITIVE LOAD

The speed of an ECL gate is adversely
affected by capacitive loading due to the
emitter-followers used at the outputs. When
the base voltage of an emitter-follower in-
creases, the emitter follows. Any capacitance
across the output charges rapidly through the
low output impedance of the emitter-follower.
But, when the base voltage decreases, the
emitter voltage remains fixed momentarily
due to the coupled capacitor. Since the base
voltage has dropped, the emitter-follower
cuts off and any capacitance must discharge
through a relatively large emitter resistance.
The voltage difference between logic levels is
small in comparison to the difference be-
tween the supply voltage and the logic level
voltages, however, so the discharge time will
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not be excessively large with moderate ca-
pacitive loads.

As with all extremely fast logic gates, the
upper limit on fanout of an ECL gate is not
due to the DC loading factor, but rather due to
the total capacitive load that a gate can drive
in a given time.

SETUP AND HOLD TIMES

Two additional dynamic characteristics are
often important: the setup time (ts) and the
hold time (ty). The setup time is the time
interval between the active transition of a
timing pulse or control input during which the
data must be maintained at the input to insure
its accurate recognition. A minimum value is
specified that is the shortest interval for which
correct operation of the device is guaranteed.
The setup time can sometimes be a negative
value, in which case the minimum limit de-
fines the longest interval between the active
transition and the application of the other
input signal for which correct operation of the
device is guaranteed.

The hold time is the interval during which the
data must be retained at a specified input
terminal after an active transition of a timing
pulse or control input. A minimum value is
specified that is the shortest interval for which
correct operation of the device is guaranteed.
Again, the hold time may have a negative
value. In this case the minimum limit then
defines the longest interval between the re-
lease of data and the active transition for
which correct operation of the device is
guaranteed.
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ADVANTAGES OF 100K ECL

The 100K family provides a 0.75ns typical
internal gate delay, higher on-chip integration,
and improved immunity to voltage and tem-
perature variations. Subnanosecond speeds
are achieved via an oxide lateral isolation
process that allows very small transistors with
reduced parasitic capacitance (less than
0.2pF) and very high switching speed
(fr = 5GHz). An increased current through the
output gates also contributes to faster speed.

A new, smaller flat package with improved
propagation and high-frequency characteris-
tics has been developed to support the in-
creased performance offered by the 100K
family.

100K ECL devices have better immunity to
temperature variations than do 10KH devices.
While both 100K and 10KH have internal bias
voltage generators that compensate internal
thresholds for variations in supply and tem-
perature, only 100K devices offer tempera-
ture compensation at device outputs.

THE BASIC 100K GATE

Figure 5.1 shows a standard 100K gate. Note
that the 100K gate is similar to a 10K gate,
the essential differences occuring in the volt-
age and temperature compensation net-
works.

TEMPERATURE COMPENSATION
OF A 100K GATE OUTPUT

Additional temperature compensation at the
gate outputs is achieved by adding a current-
controlling network (Rg, D1, Do) between the
collectors of Q2 and Q3 and by a regulator
that generates a constant 1.3V control volt-
age for the current source, Vg, regardless of
variations in Vgg or temperature. R; and the
Vge of Qs (Figure 5.1) are designed so that
when current, |, is passing through the gate,
(R7) (1) + Vg Qs will be equal to 1.3V. When
Vin = Vs =-1.3V, current is divided equally
between the differential pair formed by Qo
and Qg, Rg is cut off, and the two output
voltages are equal: V3=V,=(Rz (1/2)
+ Vge Q1. By design Vgg Qq = Vge Qs,
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Figure 5.1. Standard Signetics 100K ECL Gate
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Figure 5.2. Effect of Temperature on 100K ECL Gate
With and Without Compensation
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R7=R3/3, and V3=V4=Vcg=-1.3V. The
switching threshold (central crossover point
in the transfer characteristic) is, therefore,
stabilized at Viy = Voyt = 1.3V, regardless of
supply voltage and temperature.

The Vgg of Qs decreases with increasing
temperature; therefore, for a constant Vcg,
the current in R7 increases with increasing
temperature. The network (Rg, Dy, D) keeps
this increase in current stable during varia-
tions in the output levels when the gate is fully
switched. It also absorbs an increasingly
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large portion of the current as temperature
increases.

Figure 5.2, shows the behavior of
voltage levels when the stabilizati
not functioning. Below 0°C,
rent remains in Rg and the stabilization net-
work ceases to function. Devices can still be
utilized below this temperature, but with re-
duced noise immunity; therefore, 100K ECL
device characteristics are not specified below
0°C.
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THRESHOLD REGULATOR

The threshold regulator used in 100K ECL
devices is shown in Figure 5.3. Vgg is regulat-
ed to hold the input voltage threshold con-
stant with temperature. Vg is regulated to
hold internal thresholds constant over tem-
perature to help keep the output voltage
constant.

Since
Vs - VB Q
g = (wos = VBE Qo) Eq 5.4
Rg
and
Vs - Vge Q
|H11=('——5 ee Q1) Eq. 5.2

R11

the current density, Jg, through Qg is deter-
mined by Rg and (Vcs-VeeQg) and the
current density, Jig, through Qo is deter-
mined by Rqy and (Vge Qs - Vge Q). Also,
since Vcs and Vs are connected to Vg by
Vee Q7 and Vgg Qg, Vcs and Vs are almost
equal. Therefore, the ratio between Jg and
J1o is fixed by the ratio between R4 and Rg.

Due to the physics of semiconductor junc-
tions, (Vgg Qg -Vge Q1¢) is proportional to
the temperature, resulting in a high positive
temperature tracking coefficient across Rqg.
The current through Rqq is the same as that
through R4y and Ryj3; therefore, they also
have a high positive temperature tracking
coefficient. Ry1 and Rq3 are designed so that

o— o Vec
V* ‘: R >
" Qg ;: Pee
o °
n’ ,
Ves
Ve
] 1
O Ve

Figure 5.3. 100K ECL Threshold Regulator
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the positive temperature coefficient across
them exactly cancels the negative diode
tracking coefficient of Vgg Q11 and Vgg Qs.
Thus, the voltages Vs and Vgg are tempera-
ture-independent.

Q41 is a shunt regulator, with Qg and Rqq in
negative feedback between its collector and
base. In the absence of current from Qq9, Q11
sets Vs at 1 Vgg and Vg at 2 Vg, independent
of Vg and any current through R42. Additional
current from Q4o compensates the negative
temperature coefficient of Qy4, and makes it

possible to maintain Vs independent of varia-
tions in supply voltage and temperature.

The capacitor, C, stabilizes the feedback
loop, Q41-Qg-R41, and prevents oscilla-
tions in the regulator when fluctuations occur
in current or supply voltage.

This regulator is designed to function across
a Vge range of -4.2V to -5.7V.

Figure 5.4 compares the effects of tempera-
ture and supply variations on the various ECL
logic families.

PARAMETER 10K 10KH 100K
tpp Variation vs. Temp (ps/°C) 7.0 4.0 0.2
tpp Variation vs. Supply (ps/V) 80 0 0
AVou/AT (mV/°C) 1.50 1.50 0.06
AVo/AT (mV/°C) 0.75 0.60 0.10
AVgg/AT (mV/°C) 1.20 1.20 0.08
AVou/AVge (mV/V) 30 20 0
AVoL/AVge (mV/V) 320 50 0
AVgg/AVge (mV/V) 190 25 0

Figure 5.4. Effects of Temperature and Supply Variations; DC Tracking Rates for 10K, 10KH and 100K Circuits
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LIMITATIONS OF THE REAL
WORLD

Logic functions implemented in the real world
must take into account that interconnection
wires do not transmit a perfect replica of a
theoretical signal, but instead add signal re-
flections and noise that can cause a system
to malfunction. The degree to which noise
and reflections will affect a system depends
on the speed of the signal being transmitted
and the distance the signal has to travel.

The maximum duration of noise or reflections
that can be produced on a piece of wire is
related to its length, varying between 3 to
4ns/ft of length, depending on the type of
insulation used. Therefore, a flip-flop with a
minimum setup time of 10ns can be used with
interconnections of up to % =24 ft. long
without much worry while a flip-flop with a
minimum setup time of 2ns may experience
problems with wires greater than =" 1t
long.

Simple transmission line concepts allow
waveform reflections to be predicted with
great accuracy and provides an easy way to
look at high-speed system wiring.

SIGNAL TRANSMISSION

Figure 6.1 shows a fixed voltage source, V,
connected to a load, R, through a switch and
a pair of wires of length x. When the switch is
closed, the voltage does not immediately
appear across the load. Instead, the voltage
propagates from source to load with a finite
velocity. Assuming the lines connecting the
source to the load have a uniform cross
section, the propagation velocity is given by

1
% dC
dx [\ dx

Sv= Eqg. 6.1

where L and C are the inductance and
capacitance, respectively, of both lines. It
turns out that even though L and C each
depend on geometry, the propagation veloci-
ty itself is not dependent on geometry. When
a geometry is reduced, L decreases and C
increases such that the product, LC, is rela-
tively independent of geometry. Therefore,
the propagation velocity of a wave is deter-
mined more by the dielectric constant of the
material and less by the geometry.
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Transmission Lines

The reciprocal of the propagation velocity is
the "delay per unit length," usually referred
to as the '"propagation delay."
d dC

dx dx
Figures 6.2a and b show the distribution of
the voltage along the line at times t; = x;/v
and tp = xp/v. At ty, the line voltage is V from
x=0 to x=x; and is zero for x > xy. The
voltage travels to the right with a velocity v so
that at time tp > t4 the voltage has propagat-
ed to x—xp. As the voltage travels down the
line, it is accompanied by a current which
charges the capacitance of the line to voltage
V. As the current moves a distance dx, the
additional capacitance that is charged to
voltage V is Cgx. The charge required to
accomplish this is dQ = VCgyy. Therefore,

tpp = Eq.6.2

Eq. 6.3
=2 Ve vov=vo—s
a Vic
T v
=v\/ Z=—
("7

The parameter Zg= V/(L/C) is called the
""characteristic impedance’ of the line.

The current, |, in Equation 6.3 above is the
magnitude of current flowing from x = 0 up to
the point where the voltage front is located.
To the right of the voltage front the current is
0. | is positive when current flows to the right
on the upper wire of Figure 6.1 and to the left
on the lower wire of Figure 6.1.

Let Ix and Vx represent the current and
voltage as a function of line distance, x. When
the switch closes, a front of voltage, Vy
moves to the right on the line with a velocity,
v. A current front, lx, accompanies Vx. The
distribution of current on the line at the times
ty and t, is shown in Figure 6.2c and d. The
voltage and current on the line, up to their
respective fronts, is given by

Vx Vv
—5=—=Zo'*\/E
I c

If the locations of source and load in Figure
6.1 were interchanged, then at the closing of
the switch a voltage and current front would
start moving toward the left. Using the same
sign convention as above, this voltage and
current is given by

Vyx \/f
2 =-Z20=- =
X ° c

The inductance and capacitance of a line can
be determined from Equations 6.2 and 6.4
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Figure 6.1. Signal Transmission Line
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when the propagation delay, line length and
line impedance are known. For a length i and
delay T, d=T/i. And

L = d(Zo) C=—
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THE CHARACTERISTIC
IMPEDANCE

The characteristic impedance Zo =VL/C is
a function of the geometry of the cross
section of the line. The cross sections of
three common lines are shown in Figure 6.3,
with the expression for their respective ca-
pacitances given below each diagram. Since
C increases and L decreases with reduced
spacing, Zo will decrease if the spacing
between the two parallel wires in Figure 6.3c
is reduced. A dielectric introduced between
the wires will increase C while L remains
unchanged, again decreasing Zp. (However,
the propagation velocity is also reduced.)

While the impedance of the coaxial cable in
Figure 6.3a depends on the logarithm of the
dimension ratio, the logarithm function varies
so slowly with changes of its argument that it
is generally not feasible to make very large
changes in Zo by changes in dimension.
When attenuation of the line results principal-
ly from ohmic losses in the conductors, the
loss for a fixed D is @ minimum for D/d = 3.6.
With D/d =3.6, using a relative dielectric
constant of 2.3, Zg = 51§2. Most commercial-
ly available coaxial lines have impedances
under 100f2. Parallel-wire lines may have
impedances up to several hundred ohms.

REFLECTIONS

Usually a wave incident on a discontinuity is
partly reflected and partly transmitted. Any
change in characteristic impedance encoun-
tered along a transmission line behaves like a
discontinuity. This is due to the fact that
Ohm's Law, V = IR, must be satisfied at all
times at all points along the line. Rearranging
Ohm's Law to R = V/|, if Ry = Rj then V{/l4
= Vy/ly, where R is the impedance encoun-
tered along the line and V and | are the
voltage and current fronts travelling down the
line. Therefore, a reflected voltage and cur-
rent front will develop such that V4/l; will
equal Va/la.

At the moment the switch in Figure 6.4
closes, the voltage source (assumed to have
zero internal impedance) applies a voltage V
to the line and delivers a current V/Zg (since
the impedance seen by the source looking
into the line is the characteristic impedance
Zp). If the line is infinitely long so that the
fronts of voltage and current never encounter
a discontinuity, the fronts would continue
indefinitely and there would be a constant
impedance Zg looking into the line.

If the line is not infinitely long, and a resistor
R = Zp is bridged across the line to ground,
the bridge would look like an infinite exten-
sion of the line. Then, when the switch
closes, a front of voltage V and current V/Zg
would travel down the line to the right. After a
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Figure 6.5. Transmission Line With
Source Impedance, Rg and Zg # R

time, t = /v, the fronts will have reached the
bridge and from that time on the voltage
across the line at any position, as well as the
voltage across the bridge, will be V while the
current at all points on the line and in the
bridge will be V/Zq. In other words, the fronts
reach termination and nothing further hap-
pens.

If the bridge resistor R_ does not equal Zp, a
discontinuity exists. When the fronts arrive at
x = they will be related by Vi/lj=Zp. At
x = the impedance is now R, and the ratio
of voltage to current in the initial wave is not
equal to the ratio of voltage to current re-
quired by R|. Therefore another voltage and
current wave is created at x=in order to
satisfy Ohm's law at this point; i.e. a reflection
will develop and start moving to the left. The
amplitude and polarity of the reflected fronts
will be such that the sum of the incident and
reflected voltage and current will be

Vi+ V=V Eq. 6.6
i+ =1 Eq.6.7
Thus,
VL VitV
I = 4 Eq. 6.8
Re RL
Also,
Vi =Vi
i=— and | = Egs. 6.9 &6.10
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Solving for V,

Vi Ve VitVe Vi Y
Zo 2o RL R R
1 1
=Vi| —
Zo RL
1 1
=v| —
R. Zo
S0,
RL.-Z
vi=vl =22 | =pv, Eg.6.11
R+ Zo
and
-Vy  —-pLV
== p_l‘! Eq.6.12
Zo Zo
Where the parameter p; is the 'reflection

coefficient'" at the load end of the line.

Since

Ve =Vi+V, Eq.6.13
then

VL=Vi(1+p) Eq.6.14

VL can also be determined without p. Using
Equation 6.11 above,

RL-Z0 Ry
1+p =1+ =2 ——
Ry +Zp RL+ Zo

so

R
v =2 —— |V
RL + Zo

Eq.6.15
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The reflection coefficient lies in the range —1
to +1. When R = Zg, p = 0; when the end of
the line is open, p = 1; when the end of the
line is short-circuited, p=-1.

A typical situation, where the load is not equal
to Zp, is shown in Figure 6.5. A line with
impedance Zg is terminated at the receiving
end by R_ = Zp. The source has an imped-
ance Rg = Zp. Let a voltage, V|, of amplitude
V be applied at t=0. The input to the line
appears to be a resistance Zp, so att=0 +
the voltage step at x=10 is
Zo

Vi=]| ——— |V, Eqg.6.16

Rs + Zo

V'j travels down the line to the receiving end,
where the load would dissipate the entire
front and no reflections would occur if
R = Zo. However, a reflection will develop in
this example since R| #* Zg. This reflection
will again be reflected at the line input, with
reflections continuing back and forth. Each
time a reflection arrives at the source or
receiving ends of the line, its front will be
smaller than the incident front so that eventu-
ally a steady-state will be established. In the
special cases where the reflection coeffi-
cients are +1 or -1, excluding the effect of
attenuation, a steady-state will theoretically
never be attained.

Figure 6.6 shows the effect of the ratio of Ri
to Zp. In Figure 6.6a, R > Zp and a positive
voltage is reflected back to the source. To the
left of V, the current flowing to the right is ;.
To the right of V; the net current flowing to the
right is |~ 1, a net decrease in current. In
Figure 6.6b, R < Zp and a negative voltage
is reflected back to the source. To the left of
V, the current flowing to the right is again ;.
But to the right of V, the net current flowing to
the right is |j + I, a net increase in current.

MULTIPLE REFLECTIONS

The reflection coefficient at the source deter-
mines the response to a voltage front reflect-
ed back to the source. From Equation 6.11,
the reflection coefficient is
_R-2o

d R+ Zp

Eq.6.17

If the source impedance and line impedance
match, the reflected wave will not be reflect-
ed back to the load and the voltage and
current on the line will be stable with the
values given in Equations 6.6 and 6.7. But, if
neither the source or load impedance
matches the line impedance, multiple reflec-
tions will occur.

In the presence of multiple reflections, keep-
ing track of the waves on the line and the net
voltages and currents at the ends can be very
tedious. A systematic method has been de-
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Figure 6.7. Multiple Reflections Due to Mismatch at Load and Source
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veloped to make the job much more conve-
nient. This method combines magnitude, po-
larity and time into a graph called a lattice
diagram. A lattice diagram for the line condi-
tions of Figure 6.7a is shown in Figure 6.8.
The vertical lines represent the discontinuities
at the ends of the line. A time scale is marked
off on each line in increments of 2T, starting
at t(o) for Vg and T for V. The diagonal lines
indicate the voltages and currents travelling
between the ends of the line.

The reflection coefficient of the unterminated
end of the line is + 1. Successive reflections
tend toward steady-state of zero line current
and a line voltage equal to the source volt-
age. (If the unterminated end of the line were
shorted to ground, the reflection coefficient
would be -1 and successive reflections
would tend toward steady-state of zero volt-
age and a line current determined by the
source voltage and resistance.) A negative
coefficient of reflection always reflects volt-
age in the opposite polarity. A positive coeffi-
cient of reflection reflects voltage in the same
polarity.

At t = 0, the voltage source switches from 0V
to 0.9V. Due to the voltage divider action of
Rs and Zo, the voltage at Vg is:

Vg = V. Zo v
S STEP 20+ RS

93
=| — | =0.79V Eq.6.18
118

The voltages and currents: at each point on
the lattice diagram are determined by sum-
ming all the voltages and currents arriving at
and leaving from the point. The process
continues until the voltage at the end of the
line approaches the new steady-state volt-
age, i.e., 1.0V in this example. Figure 6.7b
illustrates the extended ringing when the
source, Rg, is reduced to 132 from 258.

A shorted line, with the reflection coefficient
at the source end of the line negative also, is
shown in Figure 6.9. Graph 6.9a shows the
result when the input step function has a
pulse width much longer than the line delay.
In this circumstance the reflections constitute
a train of positive pulses. Graph 6.9b shows
the result when the input step function has a
pulse width shorter than the line delay. In this
circumstance the reflections constitute a train
of positive pulses. Figure 6.9¢ shows a short-
ed line for an input pulse duration >> line
delay when the source, Rg, and the load, Zg,
are equal (5082 in this case).
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Vg=0.79V
lg=85ma 7'
Vg=112V
lg=121mA 2T
Vg=083V
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Vg =104V
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lg=0AmA O
NOTES:
Vr=0.79V + 0.79V = 1.58V
Iy = 8.5mA + 8.5mA = 17mA

Vo1 =0.79V + 0.79V - 0.46V = 1.12V

I7 = 8.5MA + 8.5mA - 4.9mA = 12.1mA
Var = 1,58V - 0.46V - 0.46V = 0.66V

lgr = 17MA - 4.9mA - 4.9mA = 7.2mA
Vi1 =1.12V - 0.46V + 0.27V = 0.93V

lg7 = 12.1mA - 4.9mA + 2.9mA = 10.1mA

p= —0.58
—

pm +1
-

Vy

Vp=158V
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Figure 6.8. Lattice Diagram for Circuit of Figure 7.7
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Figure 6.9. Reflections on a Shorted-Line

March 1986




Signetics

ECL Products

PC BOARD
INTERCONNECTIONS

Often multilayer PC boards, as shown in
Figure 7.1, are used. Interconnections are
implemented on one or more layers, with a
separate layer (often more) utilized as a
ground ''plane’’. The ground plane is a con-
tinuous sheet of copper, and the impedance
of the ground connection thus becomes so
low that the signal appears almost entirely on
the signal wire. Therefore, this is a very
effective way to reduce ground noise.

The characteristic impedance of a wire over a

ground plane is:
4h
\/_E— Eq. 7.1
r

where d = wire diameter
h = distance from ground to wire center.

Two common types of PC boards are Micro-
strip, shown in Figure 7.2, and Stripline,
shown in Figure 7.3. Of the two, Microstrip
offers easier fabrication and faster signal
transmission but complex designs with high
packing density will require more design ef-
fort. Stripline, providing more interconnect
layers, more easily facilitates a high packing
density by providing shorter signal paths.
The characteristic impedance of Microstrip,
derived from Equation 7.1 abovs, is given by
the following equation:
Eq.7.2
- 8702 | 5.98e
% VE +1.41 "\ h+osw
The parameters e, h, and w are defined in
Figure 7.2. E; is the relative dielectric con-
stant of the insulating material.

From Equation 6.2, the propagation delay is a
property of the dielectric material rather than
line width or spacing, and

tpp = 1.016VE, ns/ft. Eq.7.3

where 1.016 is the reciprocal of the velocity
of light in free space. The effective dielectric
constant can be determined by measuring the
propagation delay per unit of length and using
Equation 7.3 above.

The characteristic impedance of a Microstrip
line, printed in copper on glass-epoxy, is
given as a function of dielectric thickness and
trace width in Figure 7.4.
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Figure 7.3. Cross-Section of a Stripline PC Board
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of Stripline, G-10 Epoxy

When the signal line is enclosed between two
ground planes, as in Figure 7.3, the board
material determines the dielectric constant.
G-10 epoxy Stripline boards have a typical
propagation delay of 2.26ns/ft. Using Equation
7.3, the characteristic impedance of Stripline is

Eq.7.4

 4e
0.677(0.8 w + h)

The charactenstuc impedance of Stripline,
printed in copper on glass-filled epoxy, is
given as a function of dielectric thickness and
trace width in Figure 7.5.

ECL CIRCUIT
INTERCONNECTIONS

Consider the connection of the output of a
driving ECL gate to the input of a driven gate.
The emitter-follower driver acts like a source.
It has a low output impedance ( < 102 includ-
ing the package pin and internal connection).
The characteristic impedance of high-speed
PC board interconnections is usually in the
range of 40 to 60S2, depending on line width
and insulating material used. The line load
consists of the input impedance of the gates
connected on the line, and any termination
resistors that may be present. The input
resistance (several k2) of gates connected
on the line can be ignored because input
capacitance, usually several pF, outweighs
the effects of input resistance.

A model for the interconnection between ECL
gates can be represented by a line of one-way
delay, tp, with characteristic impedance, Zo.
The sending end termination is Rg << Zgp and
the receiving endtermination is R >> Zo.

As discussed in the previous chapter on
transmission line theory, any change in char-
acteristic impedance encountered along a
transmission line behaves like a discontinuity
and causes reflections to occur.
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LINE TERMINATION
Let's consider the case where a transmission
line has no termination (an ''open line''). At
t=0, a voltage front, V, starts at x=0 and
travels down the line (Figure 7.6). At t=tp,
the front reaches x = 1 and is reflected with a
reflection coefficient of

pL= RL % =1 Eq. 7.5

RL + Zo
since the impedance of the load is very high
with respect to Zg. At t = 2tp, the reflected
front will reach x = 0 and be reflected by with
a reflection coefficient of
Rs 20 :

Ps = Rs + Zo
because Rg is very low with respect to Zp. The
negative reflection results in a front at x =1 at
time t = 3tp that travels in the opposite direc-
tion to the initial front. Positive reflections
cause the signal to "overshoot'' the initial
voltage level, and negative reflections cause
the signal to "undershoot" the initial voltage
level. When occuring together, these reflec-
tions cause a condition known as ''ringing."

Eq.7.6

If the signal line is short, the initial signal will
still be rising at t =tp and the reflection will
become part of the rising edge. If the signal
line is long, the rise of the signal will be
completed before t-tp and the reflections
will act like overshoot and undershoot. There-
fore, unterminated lines have a maximum
recommended length

tr
2 tpp

where tg =rise time
tpp = propagation delay/unit length.

Eq.7.7

lmax =

There are two configurations generally used
to terminate transmission lines: (1) terminat-
ing the line at the receiving end, which is
called "parallel termination;'" and (2) driving
the line through -a resistor inserted at the
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Figure 7.6. Unterminated
Transmission Line
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a. Parallel Termination Using Auxiliary
Supply Voltage
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TC03940S|

b. Parallel Termination Without
Auxiliary Supply Volitage

Vee

TC039508
c. Series Termination
Figure 7.7. Termination Configurations

output of the gate, which is called "series
termination."" These are shown in Figure 7.7.

Parallel termination is used for highest speed
and for driving distributed loads. Since
Signetics' ECL devices do not have internal
pull-down resistors on the outputs, the termi-
nating resistor must be returned to a voltage
more negative than Vg, commonly —2V. No
additional pull-down resistors are required at
the output of the driving gate.

The configuration shown in Figure 7.7b allows
parallel termination without the use of a
separate termination supply. In this configura-
tion, a pair of resistors is connected in series
between Vcc and the Vg supply. The values
of Ry and Ry are chosen to provide the
Thevenin equivalent of the single resistor to
-2V shown in Figure 7.7a.
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There is a trade-off between the two parallel
termination configurations. While the latter
eliminates the need for a separate V1 supply,
its average power dissipation is close to 10
times the power dissipation of the former
configuration. Decoupling capacitors are re-
quired between the supply and ground for
both configurations.

Signetics' ECL output transistors are de-
signed to drive low impedance loads with a
maximum output current of 50mA. Using a
502 load returned to -2V gives nominal
output levels of -0.955V at 20.9mA and
-1.705V at 5.9mA. These output levels will
vary with load current due to the fact that the
transistor's output resistance is nonlinear with
load current (the Vgg of the emitter-follower is
logarithmic with output current). The effective
source resistance, using a 5082 load, is ap-
proximately 6£2 in the HIGH state and 8S2 in
the LOW state.

The circuit shown in Figure 7.8 can be used to
estimate quiescent output levels at various
loads. The linearized portion of the output
characteristic is given by

Vou: Vout =-850mV - (6£2) (lout MA)
Vor: Vout =-1670mV - (892) (lout mMA)

Results are given in Figure 7.9.

60
Vo= —0.85V

VoL = —167V
oL Ve
TC03960S

Figure 7.8. Termination Load
Model Circuit

-0 SLOPE=8.00 |/ SLOPE=6.0Q
-4
1o {
N
E 12 N \\
- Ry =1002
3 i o
g o NAVERAN
3 \ |
© - I Ry =500]
5= Ry =250 ||
w By =37.50
Ve Tveub [ 111

-20 -16 -12 -08 -04 O
Voyr— OUTPUT VOLTAGE (V)
OP02120S

Figure 7.9. Output Characteristics With
Terminating Resistor
Returned to V¢t = -2.0V

March 1986

Since ECL outputs can drive two or more
lines in parallel (provided the load does not
cause the maximum rated current to be
exceeded), the effect of load configurations
on noise margin should be considered. Using
Figure 7.8, two parallel 758 terminations
provide Vo =-1.00V and Vg = -1.72V, ap-
proximately. A single 502 termination pro-
vides Vo =-0.96V and Vg =-1.73V, ap-
proximately. The single 5082 termination,
therefore, provides 35mV less margin for Voy
and 10mV more margin for VoL. Two parallel
5052 terminations provide Vou = -1.07V and
VoL =-1.75V, 110mV less margin for Vou
and 10mV more margin for Vo.

When using series termination, a resistor
value should be selected such that the driver
source resistance plus the series resistor
equals the line impedance. The net series
resistance and the line impedance act like a
voltage divider and cause an incident wave of
half amplitude to travel down the line. The
coefficient of reflection of an open lineis + 1,
so when the incident signal arrives at the
unterminated end of the line it will double and
be restored to its full amplitude. If the combi-

Vi D Vs L
2509
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‘
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Vi
Vs
v
t
[
t
0P02130S

Figure 7.10. ECL Gate Output
Characteristic With 5052 Load

v Vs 500 W

500
Vr

Vi Vs
Vi
v A
tr t
W to
t

0P02140S

Figure 7.11. ECL Gate Output
Characteristic With Matched
Long Line
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nation of the series resistor and drive source
resistance equals the line impedance, the
reflected wave will be absorbed without fur-
ther reflection, eliminating any possibility of
ringing. The ability to absorb reflected waves
makes series termination good for intercon-
nection configurations having impedance dis-
continuities, such as backplane wiring

A disadvantage of series termination is that
driven inputs must