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Fujitsu’s Bipolar Memory Products

Introduction

ECL RAMs

BiCMOS RAMs

Programmable ROMs

Fujitsu manufactures a wide range of integrated circuits
that includes linear products, microprocessors,
telecommunications circuits, ASICs, high-speed ECL
logic, power components {consisting of both discrete
transistors and transistor arrays), and both static and
dynamic memories.

The Bipolar memory product line offers devices for use
in a wide range of applications. These memories are
manufactured to meet the high standard of quality and
reliability that is found in all Fujitsu products.

FMI currently offers fast ECL I/O RAMs ranging in density
from 1K to 256K. The pure ECL RAMs are available in
the following organizations: 512 x 4 to 16K x 4 and 4K x
1 to 64K x 1. Fujitsu has the fastest pure ECL RAMs
available, with speeds as fast as 3 ns, 5 ns, and 7 ns
for other 4K, 16K, and 64K densities respectively.

Fujitsu offers BICMOS ECL 1/0 RAMs in both 64K and
256K densities. The 64K devices are pin compatible with
the pure ECL devices and are also offered in 16K x 4
and 64K x 1 organizations. The 256K BiCMOS ECL /O
RAMs have both the x1 and x4 organizations and have a
Taa of 15 ns maximum.

Fujitsu's complete line of low-power EPROMs are
compatible with the industry standards. The EPROM
product line offers BICMOS technology and high-density,
high-reliablility parts.
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Section 1

ECL RAMs
Maximum
Access Package
Page Device Time(ns) Capacity Options
1-31 MBM10422A-5 5 1024 bits 24-pin Ceramic DIP
MBM10422A-7 7 (256w x 4b) 24-pin Ceramic FPT
24-pad Ceramic LCC
1-39 MBM100422A-5 5 1024 bits 24-pin Ceramic DIP
MBM100422A-7 7 (256w x 4b) 24-pin Ceramic FPT

24-pad Ceramic LCC
1-47 MBM10470A-7 7 4096 bits 18-pin Ceramic DIP

(4096w x 1b) 18-pin Ceramic FPT
18-pad Ceramic LCC

1-57 MBM10470A-10 10 4096 bits 18-pin Ceramic DIP
MBM10470A-15 15 (4096w x 1b) 18-pin Ceramic FPT
MBM10470A-20 20 18-pad Ceramic LCC

1-67 MBM100470A~7 7 4096 bits 18-pin Ceramic DIP

(4096w x 1b) 18-pin Ceramic FPT
18-pad Ceramic LCC

1-77 MBM100470A-10 10 4096 bits 18~-pin Ceramic DIP
MBM100470A-15 15 (4096w x 1b) 18-pin Ceramic FPT
18-pad Ceramic LCC

1-87 MBM10A474-3 3 4096 bits 24-pin Ceramic DIP
(1024w x 4b) 24-pin Ceramic FPT

1-93 MBM100474A-3 3 4096 bits 24-pin Ceramic DIP
(1024w x 4b) 24-pin Ceramic FPT

1-101 MBM10474A-5 5 4096 bits 24-pin Ceramic DIP
MBM10474A-7 7 (1024w x 4b) 24-pin Ceramic FPT

24-pad Ceramic LCC

1-111  MBM10474A-10 10 4096 bits 24-pin Ceramic DIP
MBM10474A-15 15 (1024w x 4b) 24-pin Ceramic FPT
24-pad Ceramic LCC

1-121 MBM100474A-5 5 4096 bits 24-pin Ceramic DIP
MBM100474A-7 7 (1024w x 4b) 24-pin Ceramic FPT
24-pad Ceramic LCC

1-131 MBM100474A-10 10 4096 bits 24-pin Ceramic DIP
MBM100474A-15 = 15 (1024w x 4b) 24-pin Ceramic FPT
24-pad Ceramic LCC

1-141 MBM10480-15 15 16384 bits 20-pin Ceramic DIP
MBM10480-25 25 (16384w x 1b)  20-pin Ceramic FPT
20-pad Ceramic LCC

1-153 MBM10480A-8 8 16384 bits 20-pin Ceramic DIP

(16384w x 1b)  20-pin Ceramic FPT
20-pad Ceramic LCC

1-163  MBM10480A-10 10 16384 bits 20-pin Ceramic DIP
(16384w x 1b)  20-pin Ceramic FP

20-pad Ceramic LCC
I



ECL RAMs

(Continued)
Maximum
Access Package
Page Device Time(ns) Capacity Options
1-173 MBM100480-15 15 16384 bits 20-pin Ceramic DIP
MBM100480-25 25 (16384w x 1b) 20-pin Ceramic FPT
20-pad Ceramic LCC
1-185 MBM100480A-8 8 16384 bits 20-pin Ceramic DIP
(16384w x tb) 20-pin Ceramic FPT
20-pad Ceramic LCC
1-195 MBM100480A-10 10 16384 bits 20-pin Ceramic DIP
(16384w x 1b) 20-pin Ceramic FPT
20-pad Ceramic LCC
1-205 MBM10484-15 15 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
1-213  MBM10A484-5 5 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
1-219  MBM10484A-8 8 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
28-pad Ceramic LCC
1-229 MBM10484A-10 10 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
28-pad Ceramic LCC
1-241 MBM100484-15 15 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
1-249 MBM100484A-8 8 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
28-pad Ceramic LCC
1-259 MBM100484A-10 10 16384 bits 28-pin Ceramic DIP
(4096w x 4b) 28-pin Ceramic FPT
28-pad Ceramic LCC
1-271  MBM100A484-5 5 16384 bits 28-pin Ceramic FPT
(4096w x 4b) 28-pin Ceramic DIP
1-277 MBM10490-15 15 65536 bits 22-pin Ceramic DIP
MBM10490-25 25 (65536w x 1b}  22-pin Ceramic FPT
1-285 MBM100490-15 15 65536 bits 22-pin Ceramic DIP
MBM100490-25 25 (65536w x 1b) 22-pin Ceramic FPT
1-293 MBM10494-7 7 65536 bits 28-pin Ceramic DIP
(16384w x 4b) . 28-pin Ceramic FPT
1-299 MBM93419 45 576 bits 28-pin Ceramic DIP
(64w x 9b)




Introduction to Emitter-Coupled Logic

Emitter Coupled Logic (ECL) refers to a type of circuit in which the signal is coupled from the
emitter of the transistor(s) of one stage, to the base(s) of the next stage. This interconnection
pattern differs from normal bipolar practice in that the collectors of the transistors are used to
couple the signal from one stage to the next. The ECL arrangement is necessary because, unlike
normal bipolar circuitry, ECL transistors are, ideally, never saturated, or turned fully on. In actual
practice, however, there may be instances where saturation does occur.

The benefit of ECL circuit non-saturated operation is speed.The ECL transistor can turn on and off
much faster than a transistor operating in a saturated mode. All other things being equal, ECL
memories are five to ten times as fast as the nearest competitor, CMOS. This gap is narrowing,
however, as some of the faster CMOS memories have reached the 35- to 25-ns range. This is
beginning to encroach on ECL territory, which ranges at present from 25 ns for some of the slower
ECL devices to 3 ns for the fastest, state-of-the-art integrated circuits.

10K Versus 100K—What is the Difference

ECL logic and memories come in the following two basic family groups: 10K and 100K. These can

usually be differentiated by the use of the numbers 10 or 100 in the part number (e.g., MBM10480
and MBM100480). In most cases, the 10K part and the 100K part are the same die with the 100K

modification being a mask option.

Because ECL transistors usually are not saturated, the voltage level of the transistor is a function
of more than just the drive level of the base. When a transistor is driven into saturation, enough
drive is applied to the base of the transistor to turn it fully on. At this point, the collector and
emitter of the transistor are at the supply voltage level or Vcc. In a non-saturated transistor, the
collector is at Vce, but the emitter is at some voltage below that level.

For example, imagine the transistor as a valve in a water pipe. The base drive is represented by
the force on the valve handle. When the handle is turned fully clockwise, the water pressure on
one side of the closed valve is high and the pressure on the other side of the valve is zero. As the
valve handle is turned counter-clockwise, the water pressure on the controlled side of the valve
starts to increase. When the valve is turned fully counter-clockwise, the water fiow is essentially
unrestricted, therefore, the pressure measures the same on one side of the valve as it does on
the other.

A transistor works in a similar manner. As the base drive (or force on the valve handle) increases,
the voltage across the collector-emitter (the water flow) also increases until the point is reached
where the resistance to current flow cannot be reduced further. At this point, the transistor is said
to be saturated (fully on). iIn the saturated state, the stability of the current being conducted by
the transistor is largely unaffected by such factors as temperature and power supply regulation.
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Introduction to Emitter-Coupled Logic (Continued)

In ECL design, however, the opposite is true. Because the transistor is never saturated, the
emitter voltage is a function of the base drive. The relationship bétween the base drive and the
output level of the transistor is dependent upon both power supply and temperature. This means
that for a given drive voltage, the output of the transistor can vary over a voltage and temperature
range. In 10K ECL parts, voitage is specified over temperature. The specified temperatures are
usually given as 0 degrees C, 25 degrees C, and 75 degrees C.100K ECL parts temperature is not
specified over voltage because ECL integrated circuits have built-in voltage/temperature
compensation.

The major difference between the 10K and the 100K products is that the 100K parts have
temperature compensation components on board the integrated circuit as well as voltage
regulation. This makes the 100K ECL much more stable over extremes of temperature and voltage.

ECL Soft Error

Generally, aside from the non-saturated transistor’s susceptibility to voltage and temperature
variations, there are no inherent disadvantages to ECL circuitry. However, as ECL devices have
become larger and more dense, a problem has come to light that was not previously associated
with ECL.

This problem, called soft error, is caused by the memory cell's state being altered by the intrusion
of an alpha particle. Unfortunately this phenomenon, caused by increasingly smaller cell
geometries, is aggravated by the non-saturated mode of the cell’s transistors. To overcome this
problem, many ECL manufacturers are changing to a cell structure that contains one or more
saturated transistors. While this may seem a contradictory move, it must be remembered that only
one of two transistors per cell are affected. The actual cell pair itself is not saturated. Any speed
lost due to the saturation of the added transistor pull-ups will be regained by further reductions in
actual cell size due to design improvements. The important consideration is the reduction, or in
some cases, the virtual elimination of soft errors.



PNP Load Cell Design: A Design Strategy to Eliminate Soft Errors

With access times in the five nanosecond range, present Emitter Coupled Logic (ECL) Static
Random Access Memories (RAMs) are the fastest computer memories available. Their
circuitry is designed primarily for speed.

ECL Memory in Computers

ECL memories are usually used in large processing systems where the lightning fast speeds of

individual integrated circuits (ICs) make up for the complex circuitry that these machines contain.

The complexity of mainframe computers make it desirable for designers to save power and board n
space by using very dense memories. A single large memory chip can do the same job as many

smaller ones, at a fraction of the power dissipation and with only one package. Therefore, the

desire to squeeze as much ECL memory as possible into one single package is the driving force in

ECL memory design today. '

In order to meet the market requirements for larger ECL RAM ICs, it has become necessary to
reduce the physical size of the on-chip components to levels thought impossible a few years ago.
As the size of the individual memory cells shrinks to smaller dimensions, a problem formerly
associated with the much slower MOS designs has started to plague ECLs. This problem is
alpha-induced soft error.

Hard and Soft Errors

In IC memories, an error can either be hard or soft. A hard error is one which is device-related,
that is, an error caused by a fault in the chip itself. Hard errors are usually repeatable and are
generally corrected by replacement of the faulty IC. A soft error is caused by an outside source,
usually random, which cannot be repeated easily in a test. Sources of soft errors in memories are
usually either disturbances on the power lines, sometimes called glitches, or alpha particies.
Power glitches can be controlled by power supply design or by adding special filters to the
computer’s AC line. However, alpha particle-induced soft errors cannot be so easily eliminated.

The Alpha Particle

Alpha particles continuously bombard the earth from outer space. Our atmosphere filters most of
the alpha particles out, but a few still manage to make it to the earth’s surface. These particles
have very little mass and, under most circumstances, have little or no effect on human technical
endeavor. However, in the case of modern high-density IC technology, alpha particles can create
real problems.

In ECL memories, the cell is usually made up of two transistors, which in older technologies were
large enough that an alpha particle passing through didn’t cause any problems. But as the cells
have gotten smaller, so have the transistors that comprise the cell. Therefore, an alpha particle
passing through one of the new, small cells has more than enough energy to cause change. A
one becomes a zero and a zero becomes a one, thereby creating inaccuracies.
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PNP Load Cell Design (Continued)

An alpha particle penetrating a standard ECL memory cell creates a temporary conductive path
along its trajectory through the cell. This conductive path bleeds away the charge that is keeping
the on transistor in that state. When the on transistor starts to turn off, the memory cell flips and
produces an error, resulting in bad data.

To illustrate the point, imagine that your company's payroll service has a large mainframe that
uses ECL memories to handle payrolls. One soft error could change someone’s paycheck by a
factor of ten! To avoid this, most computers using ECL memory in sensitive locations use a
hardware fix called error correction. Error correction works, but it is at best a treatment for the
symptom rather than a cure for the disease. Error correction works by using a redundant bit of
data that can take the place of any data that has been lost or aitered by a soft failure. While this
technique can be successfully applied to ECL system design, it is often not desirable to do so
because the resultant increase in complexity and decrease in speed makes error correction
impractical. By not using this approach to soft error correction, the mainframe computer designers
have placed the burden of eliminating or controlling alpha-induced soft errors squarely on the
shoulders of the ECL memory manufacturer.

Solving the Alpha Particle Error Problem

The problem of alpha particle soft error increases with each newer and larger ECL memory. ECL
producers have tried to solve the problem in several ways. In the past, the most practical
approach has been to shield the memory area of the die with some material through which alpha
particles could not pass, such as polyamide. The major problem with this approach is that many of
the most successful alpha shield materials are also low level alpha sources. This means that when
an alpha particle is stopped by the shield material, the energy is sometimes transferred to that
material on a sub-atomic level and can knock an electron loose. The accelerated electron then
penetrates the die. This doesn’t happen very often and generally alpha shields do a fairly good job
of reducing alpha-induced soft error to acceptable levels.

The Best Solution

The best method for controlling alpha particle circuit disruption is to change the cell design.
Fujitsu Microelectronics, Inc. has done just that. The PNP pull-up cell design developed by Fujitsu
allows for further reduce overall cell size with an accompanying increase in the cell’s transistor
stability.

An ECL memory cell contains two NPN transistors connected so that when one is turned on, the
other is turned off. The cell’s memory state, (that is, whether it contains a logic one or a logic
zero), is determined by which transistor in the cell is on and which one is off. This arrangement of
transistors is called a monostable multivibrator, or a flip-flop. One of the major characteristics of
flip-flop is that the state of one transistor cannot be altered without changing the state of the other
transistor. So, if the on transistor is turned off, then the off transistor will automatically turn on.



How The Classic ECL Memory Cell (NPN) Works

As explained above, the traditional ECL memory cell is constructed from a pair of NPN transistors
connected together as a monostable multivibrator called a Parallel Diode Cell (Figure 1-1). The two
transistors in the cell are connected so that they are pulled up to the word line via a pair of
resistors in parallel with a pair of Schottky diodes. This diode pull-up configuration is the classic
ECL memory cell design and, until recently, was the basis of almost all ECL static RAMs.

Circuit Load

2

> \V

Ve [~ .

Figure 1-1. Parallel Diode Cell

This design has the advantage of being fast because the two multivibrator transistors are biased so
that when they are turned on, neither are in a saturated state. Being non-saturated, they are able
to turn on and off very quickly. As long as the cell is designed with relatively large geometries,
this traditional architecture is problem-free. Problems do occur however, when the geometries are
shrunk to make larger and larger ECL organizations.

As cell geometries get smaller, the individual cel! transistors become more susceptible to soft
error because the other on transistor in the cell is held high by its base capacitance charge. Since
the base areas of these devices have now become much smaller than they once were, they hold
a very small charge (on the order of approximately 75000 electrons). This charge is easily
dispersed, and an alpha particle has enough energy to do so. The voltage drop at the load resistor
in the standby mode

(AV = iC x RL)

is limited by the forward voltage applied to the Schottky diode. Therefore, there is a chance that
due to alpha particle penetration, the charge on the on transistor
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PNP Load Cell Design (Continued)

(Q=Cx AV)
could become as small as the charge on the off transistor, causing the cell to flip.
How the New PNP Load Cell Works

In an effort to solve this problem and to supply very fast, virtually error-free ECL memories to its
customers, Fujitsu has developed a new design that is a radical departure from the classic diode
pull-up cell. This new design is called the PNP load cell because it replaces the diode-resistor
pull-up with a PNP load cell (Figure 1-2). The PNP load cell places a PNP transistor between the
collector of the cell transistor and the pull-up’s emitter is also tied to the word line.

Circuit Load

Vs l

Ve

Figure 1-2. PNP Load Cell

The result of this design change is a decrease in noise and an increase in alpha particle immunity.
The increased protection from soft error is due to the difference between the dynamic
characteristics of the Schottky diode in the standard pull-up configuration and the PNP transistor in
the PNP load cell.

Since the voltage drop across the PNP transistor is greater than across the Schottky diode, the /\V
for the new design is twice the /\V of the diode cell. The internal capacitance for the two designs
is about equal, the base~-collector capacitance is about equal, but the base-emitter capacitance

is much greater for the PNP cell design because both transistors are saturated. Since the cell
noise immunity, or “Q” is the product of the base—emitter capacitance and theAV of the design,
the PNP load cell enjoys a large increase in noise and alpha particle immunity over the
diode-resistor design (on the order of a ten to the fifth or a ten to the sixth improvement).



Fujitsu’s new design has made it almost impossible for the transistors in a memory cell to be
changed by an alpha particle because the size of the charge that holds the on transistor in that
state has been increased. If an alpha particle cannot bleed away enough charge to flip the cell,
then soft errors cannot occur.

Are There Tradeoffs

The new PNP cell design uses saturated, active components to achieve the high noise immunity
that ordinarily would cause a loss of speed. However, in the case of the Fujitsu ECL family, the
performance of the ECL Static RAMs has been retained and, in some organizations, improved.
Fujitsu has reconciled these two diametrically opposed concepts of high noise immunity and high
performance by recovering lost speed through the reduction of propagation delays on the chip
itself via improved design rules.

Fujitsu’s Improved Design—IOP 1l and ESPER

Fujitsu uses Isolation by Oxide and Polysilicon (IOP) in its ECL memory designs. The original IOP
design has a V-groove isolation channel between cells. The width across the top of the groove
was a function of the depth to which the groove had to be etched (see Figure 1-3).

Poly.Si
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o ";‘& S o“

*

Sio

Figure 1-3. Original IOP Design
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PNP Load Cell Design (Continued)

The new PNP puli-up cell design features a U-shaped isolation channel instead of a V-shaped one.
The IOP Il design is shown in Figure 1-4. When a U-shape is used, both the width and the depth
of the channel can be carefully controlled. The resultant groove is about one-half the width

of the old V-groove. This allows for a reduction in overall die size and a shortening of both row
and column lines, while allowing decoders and other peripheral circuitry to be located closer to the
cell area. This new set of design rules will be used for all future Fujitsu ECL memory designs.

Poly.Si

N ~EPI.

N*B.L.

Sio

Figure 1-4. IOP Il Design

Fujitsu has now developed an improved, second generation PNP load cell design known as ESPER
that offers high soft error immunity, smaller die size, lower power dissipation and performance
uncompromised by the presence of saturated components in the cell.

Summary

In summary, an ECL memory design that nearly eliminates alpha particle~induced soft error is
invaluable to designers of large, fast, mainframe computers, processors, testers, and other
systems in which errors cannot be tolerated. The PNP pull-up design of Fujitsu’s ECL Static RAMs,
when coupled with new technologies such as IOP Il and ESPER, achieves this goal with little or no
overall loss of ECL performance.
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INTRODUCTION

ECL (Emitter Coupled Logic) devices are considered by most computer designers to be
the highest performance devices available. However, these devices are not used in many
system designs where they could be the most appropriate choice. This restriction stems
from the fact that most system designers, even experienced ones, are usually uncom-
fortable with switching from designing with TTL compatible parts to ECL parts. The
purpose of this document is to acquaint both experienced and inexperienced designers
with the ECL technology and recommended steps for implementing an ECL design.
This document covers different aspects of ECL system design. In order to understand
the basic rules for designing with ECL, it is worthwhile to have a brief discussion of
what ECL is and how the basic gates are designed.
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ECL: WHAT IS IT?

ECL (Emitter-Coupled-Logic) is one form of current mode logic. The basic current

switch for Fujitsu’s ECL RAM is shown in Figure 1.

|
EMITTER
FOLLOWER

Output |

Input Flxed ;eference Input Input

voltag
RN
]
|
|
|
— _ .1 CONSTANT CURRENT SOURCE
VEE —®—— VEE

(a) (b)

VccA $— VccA

Output

Figure 1. Basic Current Switch for ECL RAM

At the base of this switch there is a constant current source or resistor. (The

current source is programmable for ECL gate arrays). The collectors are also

connected to resistors.

The inputs can be driven in two different ways. In the first technique, a differential

input is used on both the bases of the transistors forming a current switch.

Whereas in the second method, an input voltage is applied to one transistor base
while a fixed reference voltage is applied to the other transistor base. The latter
technique is very common because it has twice the input voltage swing compared to

the previous case. Emitter-follower outputs are connected to the collectors to

provide high driving capability. With an insight into the basic ECL gate, let us now

discuss the nature of the inputs and outputs in a standard ECL RAM.
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ECL Inputs

Fujitsu’s ECL RAMs have a pulldown resistor on the Chip select input, tied
internally to VEE. This input is an assertive LOW signal when left open. Hence, if
the input is left floating, the pulldown resistor ensures that the device is held in an
active state. On the other hand, the write enable, the address inputs, and the data
input pins do not have a pulldown resistor connected internally to VEE. Thus, these
pins should never be left floating, because the input level may change due to
leakage current. Therefore, it is recommended that the specified level on these
inputs be maintained.

Wire-ORing the ECL Outputs

Like the preceding input pins, the output pins do not have pulldown resistors.
Hence, wired-OR connections are possible and ECL gate arrays support this
feature. However, propagation delays will increase because of greater capacitive
loading. Propagation delays increase about 30psec for each output load increase of
1pF. As the output capacitance for the current ECL RAMs is 6pF max, the
propagation delay caused by one wired-OR connection is about 180psec. Compared
to address access time, the delay is negligible. Fujitsu guarantees the AC
characteristics for an output load of 30pF; thus, five 5 wired-OR connections can be
used without causing noticeable propagation delays. For ECL gate arrays, Fujitsu
recommends using cutoff mode output buffers to wire-OR ECL outputs in order to
minimize reflections.

In using the wire-ORed capability, the designer must be aware that the output
transistor is never completely at cutoff so, in the high-impedance state, current
leakage is possible. If a large number of drivers are combined in a wired-ORed
arrangement, the sum of their leakage currents can pull the output voltage out of
the logic 0 state. Hence with every additional driver wired to an output, a slight
loss in noise margin is incurred. (Reference 1). Before discussing noise margins
and their effects, differences between 100K and 10K families must be pinpointed.

Difference Between 10K and 100K

Basic differences between these two families are circuit stability and performance
with variations in supply voltage and ambient temperature. 100K ECL parts are
both temperature-compensated and voltage compensated; 10K parts are only voltage
compensated.
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ECL is a current mode logic, that is, it relies on voltage changes to generate
changes in current. ECL has only a 1V logic swing with appropriately small noise
margins. Before further discussions, an explanation of noise margins is in order.

NOISE MARGIN

Noise margin is a DC voltage specification which measures the immunity of a
circuit to adverse operating conditions. This is defined as the difference between
the worst-case input logic level (VIH min or VIL max) and the worst-case output
(VOH min or VOL max) for the corresponding input logic level. Guaranteed noise
margins (NM) for 10K at 25 degree C are:

Logic 1 NM = VOH min - VIH min
= -.960-(~1.105)
= 145mV

Logic 0 NM = VIL max - VOL max
-1.475-(-1.650)
175mV

For 100K it is as follows:

Logic 1 NM = 1.025-(-1.165)=140mV
Logic 0 NM = 1.475-(~1.620)=145mV

For system design, worst case conditions are always considered. If so, the 145mV
noise margin becomes the design limit. In system design, the user is concerned with
the noise margin when devices at different temperatures and different power supply
voltages interface with each other. This is because, the logic level thresholds of
ECL parts drift with temperature. Hence, unless the ECL family being used is
temperature compensated, a hot driver may not be able to send data to a cold
receiver due to threshold differences. This is the result of noise margin impairment
due to the ambient temperature differential existing between the receiver and the
transmitter circuit. When several hundreds, or thousands of ECL circuits are
present in the same cabinet, it becomes difficult to provide sufficient cooling so
that all of these circuits are essentially at the same temperature. The bottom line
shows it is really worthwhile to use the 100K family with built-in temperature
compensation.
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Without voltage compensation, output thresholds and switching parameters vary
from part to part, thereby decreasing noise margins. Also, power dissipation is the
product of the constant current source and the supply voltage VEE; uncompensated
ECL circuits will experience rapid power dissipation changes as VEE varies.

High and Low Level for ECL RAM Inputs

A high level for 100K is -880mV to -1025mV. In order to preset the inputs to a
high level, they should not be tied directly to the ground which is the higher of the
two voltage planes available on the board. If the input is tied directly to ground it
will drive the input transistors into saturation, which will drastically slow down the
gate’s switching time in response to changing signal levels at the inputs which are
not tied high. Hence, Fujitsu recommends the following circuit for presetting the
inputs (both 10K and 100K) to a high and a low level. The value of the output
termination depends upon various factors which will be discussed later in the
section on terminating techniques.

NAND Gate
> HIGH
— [ OW
VTT = =2.0V output termination load

Figure 2. Presetting the Inputs to a High or Low Level

Switching Multiple Inputs and Outputs
The base current flowing through the ECL inputs is very small. Hence, when

multiple inputs are switched simultaneously it does not cause any specific problem.
However, in case of switching multiple outputs certain precautions should be taken.
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This is because output current changes drastically when switching from high to low
or from low to high (for 50 ohms termination resistor and termination

voltage = -2.0 V, IOH = 22mA and IOL = 5SmA). Thus, when multiple outputs (4-bit
wide and 8-bit wide devices) are switched simultaneously, current spikes may occur
at the VCCO terminal. This in turn induces voltage spikes on VCC (ground) and
decreases input and output noise immunity.

Before going into precautions for spikes on the ground lines, a look at the power
supply lines on Fujitsu’s ECL devices will be beneficial. All ECL devices have a
VEE supply line (a negative power supply, -4.5V for 100K and -5.2V for 10K
devices) and a VccC ground line. In some ECL RAMs, i.e '422, '474, *484 etc.,
there are two VCC pins. As shown in Figure 3, VCCO supplies the output drivers
while VCC supplies the remaining circuits.

Vee VeecOo
Main
Circultry
[——-o0 Output

Figure 3. Vcc and Vcco

Due to the separation of VCC and VCCO, changes in load currents while the outputs
are switching do not cause glitches on the power supply ground bus which is
connected to the Vcc. This can, however, cause ringing on the outputs.

The ringing can be eliminated by internal connection of VcC and VCCO pins but it
may cause spikes on the power supply ground lines when multiple outputs are
switching. This is due to the current noise caused by the switching of multiple
outputs. These spikes will produce glitches on the output waveforms. Glitches may
also be observed when the impedance of the VCC pin is too large.

To prevent ringing on the outputs and glitches on the VCC and Vcco lines, Fujitsu
recommends that the Vcc and VCCO pins be connected to the nearest place outside
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the package. A thick cable for VCC on the printed circuit board is also
recommended to reduce the VCC impedance as much as possible.

Preceding discussions were focused on ECL gates and the 10K/100K families of
parts. The remainder of this Applications Note is devoted to system design details
when switching from TTL to ECL.

EFFECT OF RISE AND FALL TIME

As devices operate faster and faster, rise and fall times become shorter and
shorter. For TTL, the voltage swings are typically 2 to 3 volts, while ECL voltage
swings are 750 to 1000 millivolt. These TTL swings are harder to deal with than
the ECL swings when rise and fall times are only a few nanoseconds. Crosstalk
current I which flows between signal paths through a coupling capacitor C is
proportional to dV.

I =Cdv/dt

I = cross talk current

C = coupling capacitor
dt = given rise/fall time
dV = logic swing

ECL

TTL

s

Figure 4. Voltage Swings for ECL and TTL Signals

For a given set of rise and fall times, the crosstalk for TTL is more than ECL
because dV for TTL is greater.
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Another difficulty is that at very high-speeds it becomes hard for circuit designers
to develop satisfactory output buffers to drive realistic signal line impedances with
full TTL voltage swings (Reference 1).

TERMINATING TECHNIQUES FOR THE ECL DEVICES

Any signal path on a circuit board may be considered as a form of transmission
line. If the line propagation delay is short with respect to the rise time of the
signal, any reflections are masked out during rise time and are not seen as over-
shoot or ringing (Reference 2). Thus when the edge speed increases with faster
forms of logic, the line lengths should be shorter in order to retain signal integrity.

When high-speed signals are transmitted over long lines, terminations should be
used to minimize reflections and line distortion. These reflections cause ringing on
the signal line, which, if severe, will effect system noise immunity. The reflections
appear as undershoot and overshoot as shown in Figure 5.

overshoot
K undershoot undershoot

level 1 C/ ; ; y / \)
7=

Figure 5. Definition of Overshoot and Undershoot

For best system performance the designer should consider using termination
resistors when the two-way propagation time of the line is greater then the rise time
of the signal on the line.

In ECL systems, every output must be terminated in the characteristic impedance of
the signal interconnection which is being driven. However, these terminations
depend on the physical parameters of the circuit boards. Realistic values are 50 to
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75 ohms for multilayer etched boards, 100 ohms for multiwire boards(R), and 100
to 120 ohms for wirewrap boards (Reference 1). Standard, prepackaged termination
resistors are available with values of 50 ohms, 68 ohms, 75 ohms, and 100 ohms.

Basically, there are two methods of termination viz: parallel termination and series
termination. Respectively, these two methods are required for impedance matching
and damping.

Parallel Termination

Parallel termination lines are used for the fastest circuit performance.There are two
methods of parallel termination. In the first method, the termination resistor can be
connected to a termination supply voltage VTT of -2.0V as shown in Figure 6. The
value of the termination resistor Rp should match the transmission line impedance
Zo. If there is an appreciable mismatch, line reflections will be present with an
increase in both noise and propagation delay. In parallel terminated lines, the line
termination supplies the output pulldown. Consequently, no pulldown resistor is
required at the output of the driving gate.

| Zo |
) [ )—

Rp

VTT = -2.0V

Figure 6. Parallel Termination Using Separate Termination Voltage
Plane VTT.

However, equivalent Zo may decrease when the loads are distributed over the
transmission line. Hence, the designer should consider each case separately. The
recommended value of Rp is 50, 75, 100 or 150 ohms depending on the estimated
value of Zo. (The values of Zo can be calculated for various transmission lines as
shown in Ch 3 of Reference 2). For large systems where total power is a
consideration, the lines are normally terminated with a -2.0V DC supply. When
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power consumption is a major concern, this is the most efficient manner of
terminating ECL circuits. The drawback, of course, is the requirement of an
additional power supply voltage.

In the second method, a pair of resistors is connected in series between ground
(Vce) and VEE, providing a Thevinens equivalent resistance and voltage. In this
case VIT = VEE = -5.2V (10K) as shown in Figure 7.

Zo (Q) Rp1 (Q) Rp2 (Q)
Vee 50 81 130
Ap1 70 113 182
20 75 121 195
80 130 208
90 146 234
Rp2 - 100 162 260
120 194 312
VIT = -5.2V (10K) 150 243 390

Figure 7. Parallel Termination Using Thevinens Equivalent
Rp1 and Rp2 are selected so that they satisfy the following equation:
1/Zo = 1/Rp1 + 1/Rp2

Hence
Rpl =1.625 Zo
Rp2 =2.6 Zo

for
VTT = -5.2V (10K)

In contrast to the first method, this technique requires about 11 times more power
per termination (because the drop across the termination resistance is not as large)
and uses twice as many components per termination. The advantage, however, is
the non- requirement of a special power supply or a separate voltage plane per
circuit board.

Series Termination

Overshoot and ringing on longer lines may be controlled by using series damping or
series terminating techniques. Series damping is accomplished by inserting a small
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resistor Rs in series with the output of the gate as shown in Figure 8. In this case,
the value of Rp is such that it can drive 5 — 15mA of current. As for VTT, -2.0V
is not compulsory, hence -5.2V(10K) can be used. It is mandatory that Rs be equal
to Zo. Signal transmitted from (A) is reflected at (B). But due to the presence of
Rs (Rs=Zo), this signal is not seen at (B). The advantage of this method is that the
power does not increase as much as in the parallel termination method even when
multiple lines are connected to (A). (Note: Thns advantage is not effective if the
load is distributed on the signal lines.)

. Rs Zo
A B _)_
T

Rp

VTT (-2.0V or -5.2V)

Figure 8. Series Termination

For efficient ECL system design, it is important to know not only the termination
techniques but also power supply considerations (tolerances and decoupling), as
well as the board layout techniques.

Power Supply Voltage Tolerances

Power supply voltage tolerances must be equal to or better than +5% for 10K ECL
parts. 100K ECL parts are designed to operate over the range of -4.2 to -5.7 volts,
which includes the 10K voltage range and also includes the 100K range of -4.5
volts +7%.

Power Supply Decoupling

Power supply decoupling is required at the point of board entry and at every ECL
device. In order to block low frequency noise from entering the board, a tantalum
electrolytic capacitor of 22 microfarads or more is placed across the main power
supply terminals. On the other hand to block high frequency noise, Rf grade
ceramic disk capacitors of 0.1 microfarads are placed across the main power pins
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of each device (Reference 1). It is recommended that a 0.1 microfarad capacitor be
placed at the end of each row of packages for additional decoupling. If the ground
plane is not good, then a 0.1 microfarad bypass capacitor should be used for every
two packages.

For good design, the power supply ground line noise should be limited to less than
50mV peak-to-peak. Also maintain VEE power supply voltage with less than 10mV
difference among all logic cards to which the signals must interconnect

(Reference 2).

For dealing with very high frequency noise, boards are available which have
internal power supply voltage planes separated from each other by a few mils
thickness of mylar, to provide distributed capacitor for the whole board.

SOME THOUGHTS ON CIRCUIT BOARDS AND LAYOUT

Standard double-sided circuit boards with good ground distribution may be used. A
low impedance ground is necessary because any noise which is present on the
ground lines are coupled into the signal lines. Any voltage drop across the ground
impedance will increase noise response of the ECL circuits (Reference 2).

In the past, most of the ECL work has been done with multilayer, custom-designed
etched PC boards. If proper care is used in designing, then Multiwire(R)* boards
and /wirewrap boards can also be used. Several vendors offer wirewrap boards
which are specifically designed for ECL work.

One thing is worth mentioning about the ground and voltage planes on these boards
and that is, to ensure clean signals, at least 50% or more of the board area should
be occupied by ground and voltage planes (Reference 1). These voltage planes
present a low impedance return path to the ECL circuits and so act as electromag-
netic shields for the signal lines.

For high-speed systems, signal lines should be kept as short as possible to minimize
ringing and overshoot. Ringing and overshoot are due to. the intrinsic inductance
and capacitance of the line itself and can be reduced by shortening the lines. In so
doing, propagation delays are minimized and critical timing parameters are easier
to achieve. Also for ECL circuits, the ringing on the logic level 1 is critical as it
subtracts from noise immunity.

Fanout Limitations for ECL Outputs

When laying out a circuit board an important consideration is device fanout.
Fanout is the number of inputs which can be driven by a single output. This is
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greater in the ECL world than in the TTL world. For gold-doped TTL, a fanout of
10 is assumed. In case of ECL, if one looks at the ratio of external output currents
to input currents in ECL specifications, the fanout is about 100, so there are no
fanout limitations. Although there are other disadvantages, each additional input
which is connected to a given output adds more capacitance. This in turn will cause
switching time delays as well as decrease in the output transmission line impedance
which causes reflections. In case of MBM10480-15, this delay is about 30psec/1pF.

Note: Multiwire is a registered trademark of Multiwire Corp.

Also, input capacitance of an ECL. RAM varies depending on the package type and
the pin location. For the MBM10480, typical input capacitance is as follows:

PACKAGE CENTER PACKAGE CORNER
DIP 3.5pF 4.8pF
FPT 3.0pF 3.8pF

For other ECL RAMs, these values can be requested from Fujitsu. In addition to
fanout limitations for the ECL outputs, another factor that should be considered
while working with ECL devices is the voltage swings and the slew rate.

EDGE RATES FOR THE ECL FAMILIES

In ECL circuits, the output logic swing is typically 900mV. Rise and fall times are
defined as the transition time between 20% and 80% reference points as shown in
Figure 9. The difference of the voltage level between 20% point and 80% point is
about 540mV (900mV x 60%). The voltage slew rate is 0.54/tr or 0.54/tf (V/ns).

Figure 9. Rise Time
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In most system designs, ECL, TTL, and CMOS devices are intermixed; thus, the
designer should understand the “whats”, “whys”, and “hows”, of interfacing these
technologies.

INTERFACING TECHNIQUES

Intermixing of 10K and 100K ECL Families

ECL is used to obtain the required circuit speed and provide the circuit features
necessary to optimize high-speed system design. All ECL of the same family
interface directly with each other. As mentioned previously, the power supply range
of 100K ECL includes the range of 10K parts. Hence, no basic physical problems
are encountered when interfacing these two families. The real problem is when a
100K output is connected to a 10K input. At high temperatures, VOH min of 100K
approaches VIH max of 10K. This results in a decrease in noise margin. However,
this type of connection is allowed if the operating ambient temperature of all the
ECL devices is under control. Another important fact is that when 100K is operated
at -5.2V, VOH is shifted to a low level by about 30mV. The devices can still
function as indicated by the data sheet specification, although max/min limits of
each parameter cannot be guaranteed.

Interfacing ECL RAMs with TTL

Circuits of the 10K ECL family normally operate with ground on VCC and a
negative supply 5.2V DC power supply on VEE. The negative supply operation-has
a noise immunity advantage and is recommended for large systems. Circuits of the
100K ECL family normally operate on VCC and -4.5V DC power applied to VEE.

With the -5.2V power supply for 10K ECL, the high logic level is about ~0.96V
and the low logic level is about -1.65V. This provides a small voltage swing of
690mV. So for this reason, the 10K ECL and 100K ECL are not directly compatible
with common slower-speed logic types such as TTL and MOS. Translators should
be used when interfacing ECL with these devices.

The most common interface requirement for ECL is with TTL logic levels. This
occurs when ECL system must interface with an existing TTL system or when both
ECL and TTL are used in the same system design. The interface requirements
between ECL and TTL depends on how circuits are being used.

The normal ECL/TTL interface occurs when ECL is powered with a -5.2V power
supply (10K devices) or -4.5V power supply (100K devices) and TTL is powered
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with a +5V power supply. The use of common ground and separate power supplies
will isolate the TTL generated noise from ECL supply lines. At the outputs of the
ECL devices translators are used to convert ECL level to TTL level.

On the other hand, for interfacing TTL to ECL devices, TTL to ECL translators are
used. These devices usually have a propagation delay in the order of 1.6nsec. The

devices from Fujitsu are shown in Table 1.

Table 1. TTL to ECL Translators

NO. OF CKT
PART # | INPUT OUTPUT | tPD (TYP) | PER PACKAGE | PACKAGE
MB766 | ECL 10KH| TTL Snsec at 8 DIP-20
75pF
MB767 | TTL ECL 10KH | 1.6nsec 8 DIP-20

Usually the ECL to TTL translators have a propagation delay which is dependent
on fanout loading. Thus, if more devices are being driven, tPD of these translators
increase. For ECL gate arrays, on—chip translators are used; hence, intermixing of
ECL with TTL can be easily accomplished.

Interfacing with TTL on a Common Power Supply

In many system designs, where only a small number of ECL devices are used, it is
desirable to operate both ECL and TTL on a +5V DC power supply. ECL works
well in this mode (pseudo-ECL) if care is taken to isolate the TTL generated noise
from the ECL +5V supply line. Translators for interfacing: TTL and ECL in this
mode are built out of discrete components since integrated circuit translators do not
operate on +5V. Typical discrete translators (ECL/TTL and TTL/ECL) are shown
in Figure 10(a) and (b) (Reference 2). The ECL/TTL translator uses one PNP
transistor for translation and the typical translation delay time is less than 10nsec
when one high-speed TTL load is driven. The TTL/ECL translator consists of three
resistors in series to attenuate TTL outputs to ECL requirements. The translation is
very fast, normally under 1 nsec, depending on wiring delays and stray capacitance.
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+5VDC +5VDC
1800}
ECL
Device |—Cutputs
ECL
Inputs — Device 270Q
TTL Outputs
Device -
Inputs — Dzvllée
82002
10 (a) ECL/TTL 10 (b) TTL/ECL

Figure 10. Discrete Translators

Interfacing ECL to CMOS

The ECL/MOS interface varies with the MOS power supply voltage. For P-channel
MOS circuits operating between ground and a —Ve voltage, a discretely built
translator is used. Modern N-channel circuits are commonly TTL compatible, so

CMOS at +5V operates with TTL logic levels. For such cases, TTL/ECL translators
are used.

ECL devices offer an efficient solution to a high-performance system design as
compared to TTL and CMOS with only one extra requirement for system cooling.
The reason for this is that ECL devices consume more power than TTL. Thus, it is
important for ECL system design to consider the thermal characteristics of the ECL
devices and the different cooling techniques normally used.

Thermal Considerations for ECL Circuits

The electrical power dissipated in any integrated circuit forms a heat source in the
package. This heat source increases the temperature of the circuit die relative to
some reference point (normally 25 degree C ambient) in an amount which depends
upon the net thermal resistance between the heat source and the reference point.
Thermal resistance, theta, is the difference between the temperature of the junction
and the temperature of the reference point, per unit power dissipation. Thermal
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resistance is the primary figure of merit for power handling capability of any
integrated circuit package. Thermal resistance from “junction to case”, theta JC,
and/or the thermal resistance from “junction to ambient ”, theta JA, are the
thermal parameters most often specified for integrated circuit packages. The
junction temperature Tj for a given junction to ambient thermal resistance theta JA,
power dissipation Pp, and ambient temperature Ta , is given by :

Tj =PpOja + Ta o

If a heat sink is used and it has the thermal resistance 6ga (sink to ambient) and
the thermal resistance from junction to case, 03¢, is given by :

Tj = Pp (85c +6cs+0sA) + Ta (ii)
where Ocs = thermal resistance from integrated circuit (case) to heat sink.

The values of 85c, 654 for Fujitsu’s ECL RAMs and different ECL gate arrays are
available upon request.

Thermal resistance is not usually specified for digital ICs, though maximum power
dissipation is generally defined. The maximum ambient temperature rating is the
usual point-of-interest for users of digital integrated circuits. Regardless of the
ambient temperature, the system designer using ECL should be aware of the device
junction temperature. The lower the junction temperature of the device, the higher
the reliability and consequently the life of the device. For every 10-degree rise in
junction temperature, the MTBF (Mean Time Between Failure) decreases by a
factor of 2.

Cooling Techniques

ECL products dissipate a lot of heat. The power dissipated in an integrated circuit
is the heat source for thermal purposes. This power dissipation is somewhere in the
vicinity of 1 Watt. This means to stay within the operating range of 0 to 75 degree
C, designers have to pay special attention to heat dissipation in their systems.

The majority of ECL users provide some form of air flow cooling in medium and
large size systems. Fujitsu specifies a constant air flow of more than 500 linear feet
per minute across the package. As air passes over devices on a printed circuit

board, it absorbs heat from each package. Thus, the ambient temperature of the air
will increase as it flows from the inlet to the outlet. The heat gradient from the

first package to the last package is a function of the package density, air flow rate,
and the individual package dissipation.
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The major means of heat transfer from the top of the die to the outside surface of
the package is by conduction through the solids. Heat transfer through the bonding
wire from die to lead frame is negligible. Once heat is transmitted to the package,
transfer to ambient air depends upon the package mounting techniques and its
environment. If the integrated circuit package is installed in, or attached to a heat
sink, the heat transfer is mainly due by conduction to a heat sink, and then by
convection and radiation from the heat sink to the ambient. Figure 11 shows the
different type of heat sinks recommended by Fujitsu. The material used is
Aluminum. The number of fins is dependent upon the theta JA of the device. If
theta JA is large then more fins are required.

A) (B)

the number of fins:

4t0 10
© (D)
the number of fins: the number of pins:
>to 15 < some hundreds

Figure 11. Recommended Heat Sinks

Besides air cooling together with heat sinks, some users.use emergent cooling
techniques when the system generates a lot of heat.

Liquid Coolants

As mentioned earlier, cooling is used to prevent excessive temperatures, since
higher power together with reduced size often results in detrimentally high heat
dissipation density.

A common technique used for cooling of high performance and high voltage
electronic equipment use a dielectric liquid. This is used in many applications
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where forced air cooling is not adequate. The liquid cooling techniques commonly
used are divided into four categories.

1. Ebullient (Boiling) Cooling
2. Free (Natural) Convection

In both these techniques, the sealed package with electronic components is
immersed in fluid.

3. Forced convection-Laminar flow
4. Forced convection turbulent flow

In these techniques, the coolant is circulated through or around the outside of the
package.

The basic considerations in selecting a coolant for electronic system are :

1. Properties relating to heat transfer (density, thermal conductivity, specific
heat, viscosity, etc).

Properties relating to handling (boiling point, freeze point, toxicity, etc.)

3. Properties relating to electrical characteristics (dielectric strength, dielectric
constant, etc).

4. Properties relating to reliability (compatibility with components, thermal
stability).

5. Cost.

The classes of liquids considered suitable as dielectric coolants are petroleum oil,
diester synthetic oil, polyglycols, phosphate Esters, chlorinated hydrocarbon,
Fluorocarbons (Flourinert (R) liquids) and Chloroflurocarbons, silicones and silicate
esters. Most ECL users using liquid cooling techniques use Fluorinert (Reference
3). The Fluorinert(R) liquids provide effective heat transfer in free or forced
convection. Cooling by boiling, using Flourinert liquids is even more effective.
Because of their ability to remove heat so rapidly, especially in boiling, the
Flourinert liquids keep component temperatures lower and thus reduce failure rates
and increase reliability. Thus the components can be packaged closer together to
maximize power densities and minimize equipment size.

FUJITSU’S ECL RAM FAMILY

Fujitsu offers an extensive line of different organizations and speeds of ECL
SRAMs, both in 10K and 100K. The deepest configuration now available is the

64K x 1 at 15nsec and the fastest ECL. RAM available is Snsec at 4K and 1K
depth. In addition to this, Fujitsu also offers a 16-bit wide ECL RAM which are
256 and 1024 words deep. In addition to the Buffer Address Array, the Color
Display Palette and Self-Timed RAMs are offered as Application Specific memories.
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ECL Gate Arrays

Fujitsu offers a wide variety of ECL gate arrays. The largest gate array available at
present is about 4500 gates (ET4500). The basic gate in this series features typical
propagation delay times of only 220 picoseconds unloaded and 500 picoseconds
loaded (3mm wire loaded).

Finale

This paper has covered most of the questions which may arise in the system
designer’s mind, when planning to work with ECL system design instead of the
usual TTL environment. For system designers, the ECL technology with efficient
implementation brings a new dimension of expertise and problem-solving ability to
an already advanced field. However, one common benefit will be encountered by
both the experienced and inexperienced designer and, that is, a major gain in
system speed over standard TTL designs.
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1024-BIT BIPOLAR ECL RANDOM ACCESS MEMORY

The Fujitsu MBM 10422A is fully decoded 1024-bit ECL read/write random
access memory designed for high-speed scratch pad, control and buffer storage
applications. This device is organized as 256 words by 4 bits, and it features
on-chip voltage compensation for improved noise margin.

The MBM 10422A offers extremely small cell and chip size, realized through
the use of Fujitsu’s patented DOPOS {Doped Polysilicon), as well as |OP-II
(lsolation by Oxide and Polysilicon), processing. As a result, very fast access
time with high yields and outstanding device reliability are achieved in volume
production. CERAMIC PACKAGE
Operation for the MBM 10422A is specified over a temperature range of from DIP-24C-C05

0° to 76°C (T, for DIP, T¢ for Flat Package and LCC). It also features 24-pin
DIP, Flat Package, or LCC. It is fully compatible with industry-standard 10 K-
series ECL families.

® 256 words x 4 bits organization

® On-chip voltage compensation for improved noise margin

® Fully compatible with industry-standard 10K-series ECL families
B CERAMIC PACKAGE
® Address access time: 5 ns max. (MBM 10422A-5) FPT-24C-C02

7 ns max. (MBM 10422A-7)
LCC-24C-F02: See Page 9

® Block select access time: 3 ns max. (MBM 10422A-5)
4 ns max. (MBM 10422A-7)

PIN ASSIGNMENT
® QOpen emitter output for ease of memory expansion

® Low power dissipation of 0.7 mW/bit typ.
® DOPOS and 10P-II processing
® Pin compatible with the F10422

6 19
TOP viEw
7 18]

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Vee Pin Potential to Ground Pin Vee +05t0~7.0 \Y
Ay Ay AgVEpA; Ag
Input Voltage Vin +0.5 to Vg \ PP o Iy
. A2 17 WE
Output Current (DC, Output High) lout ~-30 mA oiacs w6,
orja TPV g0,
Ta for DIP | -B5 10 +125 s s,
. ° 00308, g o 10 10 15000
Temperature Under Bias Te for Flat 56 10 +125 C Rsz [HV[_CUH Q‘g
Package and LCC ‘uy Vee
“Vec grounded
Storage Temperature Tsta -65t0 +150 | °C LCC PAD CONFIGURATION: See Page 8

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM - A .
. . . Small geometry bipolar integrated circuits are
RATINGS are exceeded. Functional operation should be restricted to occasionally susceptible to damage from static
the conditions as detailed in the operational sections of this data voltages or electric fields. It is therefore advised
sheet. Exposure to absolute maximum rating conditions for extended | th2! normal precautions be taken to avoid

. . e application ot any voltage higher than max-
periods may affect device reliability. imum rated voltages to this device.
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Fig. 1 — MBM 10422A BLOCK DIAGRAM
Ag A A;
‘ Y-DECODER/DRIVER I
I : |
Aoo—r & i i i
2
o«
Ay O— a
4 5
mo—— B MEMORY CELL ARRAY
: I :
Azo—— &
x
Ay O——
WEO———————1  SA/WA SA/WA 1 SA/WA i SA/WA
DI, BS; DO, DI, BS, DO, DI3 BS3; DO; Dl; BS,; DO,
TRUTH TABLE
INPUT
— — OUTPUT MODE
85 WE Dy
H X X L DISABLED H = High Voltage Level
L L H L WRITE “H” L = Low Voltage Level
L L L L WRITE “L” X = Don't care
L H X DouT READ

FUNCTIONAL DESCRIPTION

The Fujitsu .MBM 10422A is fully decoded 1024-bit read/
write random access memory organized as 256 words by 4 bits.
Memory cell selection is achieved by means of a 8-bit address
designated Ag~A,. The active low Block Select (BS) input is
provided for memory expansion. The read and write opera-
tions are controlled by the state of the active low Write

Enable (WE) input. With WE and BS held low, the data at
Din Is written into the addressed location. To read, WE is
held high, while BS is held low. Data at the addressed
location is then transferred to Doyt and read out non-
inverted. Open emitter outputs are provided to allow for
maximum flexibility in output wired-OR connection.
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GUARANTEED OPERATING CONDITIONS

(Referanced to V¢c)

Ambient Temperature for
Parameter Symbol Min Typ Max Unit DIP, Case Temperature for
Flat Package and LCC

Supply Voltage -5.46 52 -4.94V v 0°C to 75°C

DC CHARACTERISTICS

(Vee =0V, Vgg = -5.2 V, Output Load =50 2 to -2.0V, Ta = 0°C to 75°C for DIP, Airflow > 2.5 m/s, Tc = 0°C to 75°C
for flat package and LCC, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit Ta
Outout Hiah Vol ~1000 -840 o°c
utput Hi e ]
put High Vo'tag Von -960 -810 mv 25°C
(Vin = Vin max OF Vit min) ~900 -720 75°C
-1870 -1665 0°c
Qutput Low Volitage v o
- oL -1850 -1650 | mv 25°C
(Vin = ViH max Of ViL min} ~1830 _1625 75°C
Output High Voltage ~1020 oc
utpu 1
put Tigh Voltag Voue | -980 mv 25°C
(ViN min OF ViL max) -920 75°C
Output Low Volt ~1695 e
utput Low Voltage
P o VoLc -1630 | mv 25°C
(Vin = Vin min OF Vit max) 1605 75°C
. -1145 -840 o°c
Input High Voltage v o
{Guaranteed 'Input Voltage High for All Inputs) B 1105 -810 mv 250 ¢
~1045 -720 75 C
)
Input Low Voltage 1870 ~1490 Oo ¢
{Guaranteed Input Voltage Low for All Inputs) Vi -1850 1475 mVv 25° ¢
-1830 -1450 75 C
Input High Current (V,y = V4 max) m 220 MA 0°C to 75°C
Input Low Current (V= V| min) mn -50 UA 0°Cto 75°C
BS Input Low Current {V,n = Vi min) I 0.5 170 uA | 0°Cto 75°C
Power Supply Current o o
(All Inputs and Qutput Open) lee 200 mA 0Cto75°C
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance ) Cin 4 6 pF
Output Pin Capacitance CouT 6 7 pF
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AC CHARACTERISTICS

(Vee =0V, Vgg = -5.2 V 5%, Output Load = 50 2 to 2.0 V and 30 pf to GND, Tp = 0°C to 75°C for DIP, Airflow >
25 m/s, Te = 0°C to 75°C for Flat Package and LCC, unless otherwise noted.)

Fig.2 — AC TEST CONDITIONS
GND
T 0V ——— 80%
Vee 4.7V 20%
Dout ty 'ty
t, =t = 2.5ns typ
Vee Ry CL
_L—‘—" Output Load: R, =500
0.01uF -
T o -20v €y = 30pF i
= Ve — {including jig and stray capacitance)
NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
MBM 10422A-5 MBM 10422A-7
Parameter Symbol * Unit
Min Typ Max Min Typ Max
Address Access Time taa 5 5 7 ns
Block Select Access Time tas 3 25 4 ns
Block Select Recovery Time . trB 3 25 4 ns

READ CYCLE TIMING DIAGRAMS

BS ADDRESSES %570%
I taa {

Dout

1-34



AR
MBM 10422A-5 FUJITSU

MBM 10422A-7 MM

WRITE CYCLE
MBM 10422A-5 MBM 10422A-7
Parameter Symbol Unit
Min Typ Max Min Typ Max

Write Pulse Width tww 3.5 5 ns
Write Disable Time tws 35 4 ns
Write Recovery Time twRr 3.5 8 ns
Address Set Up Time tsa 0.5 1 ns
Block Select Set Up Time tsp 05 T ns
Data Set Up Time tsp 05 1 ns
Address Hold Time tha 1.0 1 ns
Block Select Hold Time the 1.0 1 ns
Data Hold Time tup 1.0 1 ns

WRITE CYCLE TIMING DIAGRAM

55 _——\ﬁ ]{_——
X X

tsp  f—o thp —

DouTt tsg 50% 50%

——[ tws ——1wR

RISE TIME and FALL TIME

( Parameter Symbol Min Typ Max Unit
Qutput Rise Time t, 15 ns
Qutput Fall Time ts 1.5 ns
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — OUTPUT HIGH VOLTAGE Fig. 4 — OUTPUT LOW VOLTAGE Fig. 5 — SUPPLY CURRENT
vs AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE
2 -07 2 -4 200 M ?! 22!A5
2 — MBM 104224
w w < {4
g K £ Py
0 -08 58 5 180 —
e ] 2 -
z 3 MEM 10422A.7
9 09 R 3 100
I - N
- = 3
> g &
a
=10 E 17 S 50
> pu) »
3 o o
I 2 2
L S s of-
[ 20 20 60 80 ] 20 20 60 80 0 20 40 60 80
T, AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Fig. 6 — SUPPLY CURRENT Fig. 7 — ADDRESS ACCESS TIME Fig. 8 — ADDRESS ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
_ 200 MBM 10422A-5 % 8 7 8
kS w "
= = g
£ 150 = 8 1042247 = 6 MBM 10422A-7
& a «
@ MBM 10422A-7 I 2
5 8 ]
o 100 I 4 (:(; 4
> a — 7
g o ]
3 s0 S ob——1mBM 1042245 S o mam 1042285 ———
4 b aQ
w N <
w < .
0 g 0 ; 0
-4 -4.5 -5 -5.5 -6 0 20 40 60 80 —4 —45 — —55 —
Vee, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C) Veg, SUPPLY VOLTAGE (V)
Fig. 9 — WRITE PULSE WIDTH Fig. 10 — WRITE PULSE WIDTH
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
- 8 8
£ - e
z T
) 5
= z
w MEM 10422A- w MBM 10422A.7
2 4 9Q A
2 - ol
& - g
£ =
z =
z ? £
; MBM 10422A-5 g MBM 10422A-5
0 ‘0
0 20 40 60 80 4 —a5  _ P ——
Ta, AMBIENT TEMPERATURE (°C) Vg, SUPPLY VOLTAGE (V)
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PACKAGE DIMENSIONS

CERAMIC DIP (:-CZ)

24-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No.: DIP-24C-C05)

0°~15°
TP TP ¢ TF TP TF TF T T T 1
R.025(0.64)
REF
354(8.99) 403(10.24) TP
378(9.60) 430(10.92) 400010.16)
CI' LF 4k &F «F F 8 L8 48 L1 L1 1T ‘[ L
1.180(29.97) 008(0.20) ]
! 1.220{30.99) ..014(0‘.36)
—_’ﬁ l=—.060(1.52)MAX
i N | |2s0aamax
120(3.08)
150(3.81)
os0229) | | 032080 ||| oz0(081)
.110(2.79) TYP 050(1 27)
1.100(27.94)REF.
| .04201.07) 013(033) R
I ethbuhust S Dimensions in
062(1.58) 023(0.58) inches (millimeters)

CERAMIC FPT (:-ZF)

24-LEAD CERAMIC AXIAL FLAT PACKAGE
(CASE No.: FPT-24C-C02)

.370{g.40} .333(8.46)
.400(10.16) .360(9.14)
PIN #1 IDENT
T
o
[—— | —1 1.066(27,08) o
] ———] MIN L»
— ———— .370(9.40) b
.400(10.16)
= M
l
.333(8.46)
.360(9.14)
osotzn | [ b Ll 6780101 max .00410.10)
TYP 016(0.40) L,008(0.20)
[018(0.46) .100(2,54)MAX
.250(6.35) =
REF Dimensions in
inches (milimeters)

1.066 (27.08)MIN

© 1986 FUJITSU LIMITED F240035-3C
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PACKAGE DIMENSIONS

CERAMIC LCC (:-TV)

LCC-24C-F02

PAD CONFIGURATION

Ve 00,
8100, | Vee | B

ToP ViEw

*PIN NO. 1 INDEX

395110 03)
410(10.a1)

24-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER

(CASE No.: LCC-24C-F02)

395(10 03)
410(\0 a1)

L 105(2.67)MAX

*Shape of Pin 1 index: Subject to change without notice

R.012(0.30)TYP
{aPLCS)

.0852.16)
TVP

R.008(0.201TYP

24 P LI
L el .075(1.91)

PIN NO.1_INDEX

i
025(0.64)

310(7871TYP

Oimensions in inches
(miltimeters)
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1024-BIT BIPOLAR ECL RANDOM ACCESS MEMORY

The Fujitsu MBM 100422A is fully decoded 1024-bit ECL read/write random
access memory designed for high-speed scratch pad, control and buffer-storage
applications. This device is organized as 256 words by 4 bits, and it features
on-chip voltage/temperature compensation for improved noise margin.

The MBM 100422A offers extremely small cell and chip size, realized through
the use of Fujitsu’s patented DOPOS (Doped Polysilicon), as well as I0P-I
(Isolation by Oxide and Polysilicon), processing. As a result, very fast access
time with high yields and outstanding device reliability are achieved in volume
production.

. - - CERAMIC PACKAGE
Operation for the MBM 100422A is specified over a temperature range of DIP-24C-C05

from 0° to 85°C (Ta for DIP, T for Flat Package and LCC). It also features
24-pin DIP, Fiat Package, or LCC. it is fully compatible with industry-standard
100K-series ECL families.

® 256 words x 4 bits organization

® On-chip voltage/temperature compensation for improved noise margin

® Fully compatible with industry-standard 100K-series ECL families CERAMIC PACKAGE
FPT-24C-C02
® Address access time: 5 ns max. (MBM 100422A-5)
7 ns max. {(MBM 100422A-7) LCC-24C-F02: See Page 8

® Block select access time: 3 ns max. (MBM 100422A-5)
4 ns max. (MBM 100422A-7) . PIN ASSIGNMENT
® Open emitter output for ease of memory expansion

® | ow power dissipation of 0.7mW/bit

® DOPOS and 10P-II processing.

® Pin compatible with the F100422. ? TP view ::
ABSOLUTE MAXIMUM RATINGS (See NOTE)
Rating Symbol Value Unit _.
Vee Pin Potential to Ground Pin Vee +0.56to ~7.0 Vv x40
Input Voltage Vin +0.5 to Vgg \ U
Output Current (DC, Output High) lout -30 mA ’ ! .
T, for DIP T %L
: Te for F ° ra s o
Temperature Under Bias P:clzgge ;:td ~55 to +125 C LHJUUQL]
Lcc *Vc grounded
Storage Temperature Tsta -65 to +150 °c LCC PAD CONFIGURATION: See Page 8

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM Small geometry bipolar integrated circuits are

RATINGS are exceeded. Functional operation should be restricted to oclcasiOnauy Isusc'ep;ibll: ul, dan:'ageffromdsta(i;

Yo . . " . . voltages or electric fields. Itis therefore advise
the conditions as detailed in the operat!onal sections of this data that normal precautions be taken to avoid
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than max-
periods may affect device reliability. imum rated voltages to this device.
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Fig. 1 — MBM 100422A BLOCK DIAGRAM
As Ag Aq
l Y-DECODER/DRIVER ]
Ao O o ;
2
A O 3
4 s
Ay O uo" MEMORY CELL ARRAY
8 N
A3 0- B
x ,
As O !
WEO———] SA/WA ; SA/WA SA/WA : SA/WA
Dl; BS, DO; DI, BS, DO, DIz BS; DO; Diy BS; DO4
TRUTH TABLE
INPUT
— — QUTPUT MODE
BS WE D\n
H % X L DISABLED H = High Voltage Level
L L H L WRITE “H" L = Low Voltage Level
L L L L WRITE “L" X = Don't care
L H X DouT READ

FUNCTIONAL DESCRIPTION

The Fujitsu MBM 100422A is fully decoded 1024-bit read/
write random access memory organized as 256 words by 4
bits. Memory cell selection is achieved by means of a 8-bit
address designated Ag through A,. The active low Block
Select (BS) input is provided for memory expansion. The
read and write operations are controlled by the state of the

active low Write Enable (WE) input. With WE and BS held
low, the data at Dy is written into the addressed location.
To read, WE is held high, while BS is held low. Data at the
addressed location is then transferred to Doyt and read out
non-inverted. Open emitter outputs are provided to allow for
maximum flexibility in output wired-OR connection.
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GUARANTEED OPERATING CONDITIONS

(Referenced to Vgc)
Value Ambient Temperature for DIP
Parameter Symbol Unit Case Temperature for Flat
Min Typ Max Package and LCC
Supply Voltage v -5.7 -4.5 -4.2 \Y 0°C 1o 85°C

DC CHARACTERISTICS
{Vee =0V, Vgg = -4.5V, Output Load = 50 to ~2.0V, Ta = 0°C to 85°C for DIP, Air flow > 2.5 m/s, Tc = 0°C to 85°C for
Flat Package and LCC, unless otherwise noted.)

Value
Parameter Symbol Unit
Min Typ Max

Output High Voltage

\% -1025 -880 mV
(ViN = Vidmax OF ViLmin) oH
Output Low Voltage

" -1810 -1620 mV
(Vin = Vit max OF ViL min) oL
Output High Voltage

\Y -1035 mV
(VIN = VIH min OF VIL max) one
Output Low Voltage *

\Y -1610 mV
(ViN = Vi min OF ViL max) oLe
Input High Voltage
(Guaranteed Input Voltage High for All Inputs) Vin 1165 -880 mv
input Low Voltage
(Guaranteed Input Voltage Low for All inputs) Vie 1810 ~1478 mv
Input High Current (Vi = Vin max) hn 220 HA
Input Low Current {(V iy = V| min) I8 -50 HA
BS Input Low Current (Vin = V| min) he 0.5 170 uA
Power Supply Current
(All Inputs and Outputs Open) lee -200 mA

MBM 100422A-5 MBM 100422A-7

Parameter Symbol Unit
Min Typ Max Min Typ Max

Input Pin Capacitance Cin 6 5 pF
Output Pin Capacitance Cout 7 8 pF
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AC CHARACTERISTICS

(Ve = 0V, Vgg = -4.5V £ 5%, Output Load = 5052 to -2.0V and 30pF to GND, T = 0°C to 85°C for DIP,
Air flow > 25 m/s, Tg = 0°C to 85°C for Flat Package and LCC, unless otherwise noted.)

Fig.2 — AC TEST CONDITIONS

GND
T “0.9V == — 2