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T he drum rolls and bugle calls that accompany 
every innovation and introduction in the field 

of integrated electronics tend to obscure realities 
about the future of electronics technology. Con
cern that discrete semiconductors are gradually 
fading away is being fostered by announcements 
that more and more manufacturers, including 
some old-line semiconductor houses, are phasing 
out of the discrete-device business. Anxiety about 
pricing and progress is clouding the perspective 
of designers whose products are tied to the capa
bilities of discretes with no suitable or advanta
geous alternatives. It is time, therefore, to take 
stock, and to look at the situation as it really is. 

In more than a decade of feverish activity, 
integrated circuits have succeeded in capturing 
nearly 40 percent of the total semiconductor mar
ket. This is truly a remarkable achievement, but 
the figures alone exaggerate the inroads that have 
actually been made. A more detailed investigation 
leads to some interesting insights. The most per
tinent of these is that virtually all of the gains 
made by integrated circuits have been at the 
expense of lead-mounted transistors and diodes. 
Of all discrete semiconductors only these small
signal devices have taken a nose dive in the past 
four years. Other discrete sales, including chassis
mounted (power) transistors and rectifiers have 
actually increased. 

Complementing this statistic is the fact that 
85 percent of all integrated circuits sold in 1971 
fall into two very narrow categories: Logic circuits 
and operational amplifiers. Removing these cir
cuit classifications from the $450 million IC mar
ket leaves a mere $63 million worth of ICs to 
infiltrate markets other than those involving data 
processing and instrumentation. That represents 
only about 10 percent of the dollar value of the 
discrete semiconductors now serving these same 
markets. Clearly, the unrivaled capabilities of dis
crete semiconductors show no inclination to suc
cumbing to the glamour of integrated circuits. 

The statistics presented here are subject to 
change. A sudden awakening of a vast new IC 
mass-market, as for example in the electronic 
watch market, can immediately and drastically 
effect the relative ratios of IC-to-discrete sales. 
The development and acceptance of consumer 
product ICs can have a similar effect. But one 
thing remains predictably certain: ICs are, and 
will continue to be, relegated primarily to tasks 
that can be accomplished with small-signal tran
sistors and diodes operating at moderate frequen
cies. Their principle attributes are their ability to 
reduce the cost, size, and weight of electronic 
equipment and, in the case of very complex equip
ment, to improve reliability. The task of over
coming performance barriers will continue to fall 
mainly to discrete components. 
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This is clearly demonstrable by comparative 
evaluations which show that virtually every IC 
advance was pioneered with discrete components. 

The advantages of MaS techniques which are 
just now being emphasized in integrated circuits 
have been available for years with discrete MaS 
FETs. 

Achievable power levels in integrated switch
ing and amplifiers are totally eclipsed by power 
transistors with several hundred watts dissipation 
capabilities. 

Flip-flop frequencies up to 300 MHz are 
achievable with high-speed MECL circuits, but 
discrete oscillator devices tested at several giga
hertz are commonplace. 

At small-signal levels, amplifier ICs go up to 
perhaps 40 to 50 MHz. But one can obtain up 
to 10 watts at 400 MHz and as much as 2.5 watts 
at 1000 MHz with discrete components. 

To achieve the significant performance superi
ority, discrete-component processing technology 
treads well ahead of IC practices. 

Tolerances as tight as half a micron are rigidly 
and routinely enforced in some RF device groups, 
compared with 1 micron tolerances for the more 
critical IC production lots. 

Transistor chips as large as 275 mils per side 
are employed in some high-power transistors, 
while 150 mils per side is still considered advanced 
for IC processing. 

Production control of diffusion profiles can be 
made much tighter and the permissible range 
of material resistivities is much broader for the 
simpler discrete devices, thereby permitting 
designs that result in tighter limits and substan
tially better specifications. 

It is a way of life in electronics today that 
integrated circuit limits will be pushed as far as 
process limitations permit, and as fast as high
volume usage demands. It is also true, however, 
that every performance specification of an inte
grated circuit can be matched with a discrete 
component design (albeit at greater cost), while 
many of the capabilities of discrete circuits are 
totally beyond the projections of today's IC 
planners . 

The future of discrete semiconductor compo
nents, therefore, is not dimmed by the prolifera
tion of ICs. On the contrary, as the low-cost 
aspects of integrated circuits technology opens 
new markets to the penetration of electronic 
principles, discrete components will be used in 
increasing numbers to supplement and extend IC 
capabilities. At Motorola, we are strongly devoted 
to continuing the advancement of discrete semi
conductors in all phases of the technology, and our 
vast financial and technical commitments in this 
field give assurance of our continuing sensitivity 
and response to the industry's needs. 
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SEMICONDUCTORS 
WITH MUSCLE 
By LOTHAR STERN, Manager, T echnical Information Center 

I t began in 1955. It sprang from a brand-new 
idea in transistor packaging and an under

lying desire to get rid of the troublesome mechan
ical vibrator that had plagued automobile radio 
owners ever since Paul Galvin* first put radio 
entertainment on wheels. And today, power tran
sistor technology still remains one of the more 
dynamic growth areas in a field where other dis
crete semiconductor components are rapidly suc
cumbing to the inroads of integrated circuits. 

Over the past 15 years, progress in power 
semiconductors has been impressive. From the 
modest 2-watt (output) 2N176 power transistor 
that first replaced output tubes in car radios, 
audio power output capabilities have now been 
expanded to well over a hundred watts with a 
pair of inexpensive complementary devices. From 
the very restricted frequency range of less than 
10 kHz of the late '50s, today's power capabilities 
have pushed well into the microwave region. From 
the single-minded applications category of the 
early power transistors, solid-state power devices 
have today invaded every field of electronic 
amplification, switching and power control. 

*Paul V . Galvin, 1895-1959, founder of the Galvin Manufac
turing Co., later known as Motorola Inc. Generally credited 
with introducing first automobile radio. 

Yet, despite this progress, plans for future 
power device improvements at Motorola still 
occupy a high priority rating. Each "milestone" 
to date has served merely as a stepping stone for 
subsequent advances, and the end is nowhere in 
sight. 

A Major Milestone 

In common with other transistor types, power 
technology began and flourished in the germa
nium era. For over a dozen years of evolution, 
the germanium specifications expanded to 
encompass ever widening applications categories. 
Current ratings increased from 3 amps to 60 amps, 
breakdown voltages from 40 volts to 400, and 
frequency response increased by about an order 
of magnitude. But the first major breakthrough 
came not from an evolutionary process, but in 
the transition from germanium to silicon as the 
basic semiconductor material. 

Silicon power transistors had been available 
since around 1957. Their cost, however, had been 
prohibitive. Attempts to make them with the 
familiar alloy process used for germanium resulted 
in price tags ranging from $25 to over $100. Cur
rent gain was low and saturation voltage high. 
It wasn't until 1960, with the development of a 

PRICE/PERFORMANCE CHART RF POWER TRANSISTORS 

Vee = 
25 V to 
30 V 

Vee = 
12.5 V 

POWER OUT (WATTS) 

Price ranges of Motorola off·the-shelf silicon RF power transistors as functions of power output and 
frequency. RF transistors are normally grouped into specific voltage ranges that determine their ultimate 
applications. The voltages specified are power supply voltages at which the transistors are tested for the 
indicated power at the rated frequency. 
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single-diffused system, that silicon power transis
tors became practical for high volume applications. 

The switch to silicon had two immediate bene
fits of significant proportions. First, it instantly 
increased the maximum junction temperature of 
power transistors from 110°C to 200°C, thereby 
increasing the permissible operating ambient, 
reducing heat sink requirements, and enhancing 
safe operating area (SOA). Secondly, it facili
tated the development of both NPN and PNP 
power transistors (germanium yielded principally 
PNP devices) , resulting in the development of 
true complementary circuitry with greatly 
improved circuit performance, simplicity, and 
cost. And, where germanium transistors had never 
been able to generate significant power levels at 
the higher frequencies, silicon, over the years, 
has overcome this limitation. * 

Paradoxically, the rapid expansion of silicon 
technology, so far, has failed to affect germanium 
power devices as strongly as had been predicted. 
In certain high volume applications, as in car 
radio output stages, germanium has proven itself 
technically adequate, and the long production his
tory has reduced device costs to the point where 
silicon is still non-competitive. Similar cost advan
tages accrue to applications requiring high current 
flow; cost differentials ranging as high as 10 to 1 
favor germanium as the current limits of both 
technologies are approached. Germanium even 
holds certain technical advantages. Its threshold 
voltage being lower than that of silicon (0.2 V 
compared with 0.6 V), it follows that the internal 
voltage drop is lower in germanium transistors. 
For high-current, low-voltage applications, there
fore, germanium power transistors can provide 
enough of an increase in efficiency to make them 
the logical choice. These considerations, plus the 
many years of experience accumulated by circuit 
designers with germanium power transistors, vir
tually assure a continuing existence for these 
devices, though the shifting of research activity 
to the more growth-oriented silicon lines will 
diminish the influence of germanium on new
eq uipment designs. 

The How and the Why 

The exploitation of silicon t echnolog y for 
power devices is taking many different directions. 
In contrast with the early days of the transistor 
art, when engineers were diligently looking for 
the one structure and the one process that would 
yield an ideal "universal" transistor, today it is 
recognized that such a phenomenon does not, and 
cannot, exist. On the contrary, there are many 

':'A ctually , m ost of the improvem ents credit ed to the use of 
silicon are not caused by the differences in the materials, but 
by th e vastly superior process technology that can be employed 
with s ilicon . 

ways of making transistors, and each method 
offers some improvements while suffering some 
limitations. In its ultimate form, a particular 
application requiring extremely tight specification 
of one type or another could demand a special 
device in which process, geometry and structure 
are all carefully matched to optimize a specific 
series of parameters. In general, however, power 
transistor technology has already progressed far 
enough to satisfy the vast majority of applications 
with readily available, off-the-shelf devices utiliz
ing the gamut of proven process techniques. 

To achieve a meaningful insight into power 
semiconductors, the field must be initially divided 
into two groups: low-frequency power transistors 
and high-frequency devices. The division occurs 
at approximately 30 MHz and represents a tran
sition from process-dependent specifications to 
geometry-dependent parameters. At the lower 
frequencies, transistor specifications depend to 
some extent on the manufacturing process. At 
the highs, the processes do not change much, but 
geometric designs can cause significant perform
ance variations. 

Low Frequency Processes 

There are four basic processes by which 
today's silicon power transistors are manufac
tured. " Each of these is outstanding in certain 
device characteristics but has compensating weak
nesses in others. The tradeoffs are between rug
gedness (SOA), frequency response, voltage 
rating, versatility, and cost. 

The processes and structures of the low-fre
quency devices are illustrated and described on 
page 7. Of these, the Epitaxial Base (Epi-Base®) 
structure is by far the most popular, and probably 
accounts for better than 45 % of total industry 
sales. The reason for this is a unique combina
tion of characteristics that best satisfies the large 
majority of low-frequency applications. The Epi
Base process results in one of the more rugged 
transistors, making it suitable for the large power
amplifier and series-pass regulator markets. It is 
moderately fast (f.c - 10 MHz) making it useful 
for medium-speed power switching. Current han
dling capability, up to 50 A, is as high, or higher, 
than that of any other process, and voltage rat
ings (BV(",~o up to 140 V) spans most common 
application requirements. Moreover, process ver
satility made this the first power structure suit
able for both NPN and PNP devices, adding 
immeasurably to its applicability due to comple
mentary-symmetry circuit possibilities. Finally, 
the process is relatively non-critical, producing 

*Germanium transistors are made by alloying or by a combina
tion of diffusion and alloy ing. Since little processing progress 
has been made in this product line ill recent years, these devices 
will not be d,:scussed here. 



LOW FR UENCY SILICON POWER PROCESSES 
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high manufacturing yields and associated low cost. 
Small wonder that the development of this pro
cess, in 1965, represented a second major mile
stone in the power transistor development 
calendar. 

The Epi-Base process doesn't entirely supplant 
the earlier single-diffused process, however. For 
one thing, single-diffused devices have been 
around for a long, long time and prices for some 
of the more popular devices are low. For another, 
they are extremely rugged and provide better 
SOA in the region of BV CEO than do the equiva
lent Epi-Base devices. However, their frequency 
response is a limiting factor, restricting them to 
slow-speed power switching applications and 
series-pass power regulators. Indeed, for special 
power supply circuits, where the transistor must 
work into an undamped inductor and must absorb 
the stored energy, the single-diffused device is 
still the best choice. The process yields only NPN 
transistors. 

Whereas most power transistors are used in 
applications requiring little more than 100-V or 
200-V breakdown ratings, the number of uses 
for higher voltage devices is increasing. More
over, high-voltage applications are becoming more 
important because of the large number of devices 
associated with these potential markets, as in 
TV deflection circuits and automotive ignition 
systems. 

Most power devices are voltage limited by 
the reach-through (punch-through) phenomenon 
resulting from the spread of the collector-junction 
depletion region into a high-resistivity base region. 
To overcome this, a triple-diffused structure has 

been developed in which the collector region has 
much higher resistivity than the base. As a result, 
the depletion region spreads into the collector and 
the reach-through limitation is avoided. 

With the triple-diffused process, transistors 
with voltage ratings up to 1500 volts have been 
fabricated on a production basis and even 2000 V 
is under active discussion - and at prices com
patible with low-cost requirements of the mass 
markets. 

There's still one more process employed for 
silicon power transistors. It's a double-diffused 
process similar to that used in Ies, and it yields 
devices of relatively high frequencies - up to 
150 MHz fT. And they have excellent gain charac
teristics. Generally, these are used in high-fre
quency switching circuits. Their high-frequency 
characteristics are a result of very narrow base 
widths which limit the dc safe-operating area. 
But, since such devices are used principally in 
the pulse mode where junction heating is mini
mal, this is not a major detriment. The double 
diffused process can yield both NPN and PNP 
devices. 

It is quite conceivable that devices suitable 
for a given application can be made by anyone 
of a number of processes. The ultimate device 
selection is normally based on electrical specifica
tions and cost, rather than on processing. Never
theless, since each process has a preferred area 
of technical emphasis, it is evident that only a 
manufacturer with expertise in each process cate
gory can provide devices for across - the -board 
applications needs. 

MILESTONE CALENDAR FOR THE POWER TRANSISTOR INDUSTRY 

GERMANIUM SILICON EPI· BASE PLASTIC DARLINGTON 
POWER PACKAGE SINGLE DIFFUSEO NPN/PNP COMPLEMENTS AUTOMATED PROCESSING TRAlltTtltt OF 

EXPANOED CREATION OF MAJOR DISCRETE DEVICE 
TEMPERATURE CONSUMER POWER TOWARDS 

RANGE MARKET IITlIRATED 
DEVICES 

p i I I 

':1 tQ tQ , Ii!] 
1960 1965 1968 1970 1975 
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Low Frequency Power Packaging 

A major, undesirable by-product of power is 
heat. Under high-power operating conditions, if 
the heat is not conducted away from a transistor 
junction, the junction could become hot enough 
to break down, and even to melt the solder that 
holds the die to the package. Since the package 
serves as the first heat sink for the die, the amount 
of power that can be dissipated by the transistor 
is directly related to the ability of the package 
to carry the heat away from the junction. Hence, 
the package becomes an important part of the 
power system. 

Like the dice themselves, transistor power 
packages have proliferated with a myriad of vari
ations and improvements. From the first diamond
shaped TO-3 , a variety of designs have evolved; 
always with two purposes in mind : improving 
power dissipation and reliability, and reducing 
cost. The former led to the development of a num
ber of stud packages, while the search for the lat
ter resulted in the use of a number of different 
case materials, leading from copper, to steel, to 
aluminum, and finally to what must be considered 
another milestone in power transistors - plastic. 

Plastic-packaged power transistors don't have 
the higher power dissipation capacity of the vari
ous metal packaged devices, but they're perfectly 
adequate for a large number of applications, and 
they literally blasted power transistor prices. 
From an average selling price of about $2.00 for 
metal-can transistors, the ASP for plastic devices 
has dropped to approximately $0.50. That's 
because of automation in die assembly (through 
stripline assembly) and one-step, multi-unit 
encapsulation. Whereas a typical TO- 3 meta l 
package takes 4 individual assembly steps of rela
tively expensive package parts, a few cents' worth 
of plastic material can encapsulate dozens of 
plastic transistors in one fell swoop. The resulting 
lower prices have caused plastic devices to create 
a market for power devices in the entertainment 
and other consumer fields, * and to make strong 
inroads into the industrial market as well. 

*This does not include the auto-radio power stages which are 
still heavily com mitted to m etal-packaged germanium tran
sistors . 
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Start of a New Era 

The available discrete power transistor types 
a lready number in the thousands. They dis
sipate up to 300 watts and operate at currents 
up to 60 A and voltages as high as 1500 V. At a 
first evaluation, it is difficult to see where there 
is room for much improvement other than a con
tinuing advance of the parameter frontiers -
but there is! 

A strong hint as to a new direction came late 
in 1970, when Motorola introduced the industry's 
first commercially practical power Darlingtons. 

A Darlington device actually consists of two 
independent transistors and a couple of resistors, 
all hooked up in a powerful amplifier circuit with 
current gain on the order of 1000 or greater. In 
essence, such devices consist of a driver-output 
stage combination which reduces the component 
count in a circuit significantly. 

By today's standards, a couple of active 
devices in conjunction with two resistors hardly 
constitute an "integrated circuit," but the impli
cation is clear -- power devices aren't succumbing 
to integrated circuits; with the advent of Darling
tons, they are starting to head in that direction 
themselves. 

Power Darlingtons are being made today in 
volume with both single-diffused and Epi-Base 
processing, with double-diffused and triple-dif
fused units already in the prototype stage. The 
single-diffused technology, as with individual 
transistors, yields only NPN devices while Epi
Base processing provides complementary pairs. 
The other processes will lend their individual bene
fits to the upcoming Darlingtons. The a lmost 
incredible simplicity of a high-power amplifier 
obtainable with such a system is illustrated below. 

The practical step up in multi-component 
power chip is, of course, the natural evolution from 

Schematic diagram of 60-watt power amplifier with dc-coupled , com
plementary Darlington output devices demonstrates circuit simpli
fications resulting from this latest technology. For greater detai ls 
regarding this circuit (and others) send for AN-483B. 

Monol ithic dual Dar
lington amplifier is 
one of a line of 
single-pola rity PNP 
and NPN devices 
now bein g readied 
for off-the-shelf intro
duction in a matter 
of weeks. 
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Motorola's silicon 
power Darlington 
"transistor" incor
porates both driver 
and output transistor 
plus necessary resi s
tors in one mono
lithic structure. 

Hybrid dual Darling
ton amplifier incor
porates PNP a nd 
NPN devices in a 
sing le package. This 
prototype device 
illustrates feasibility 
but is not yet ready 
for standard intro 
duction. 



a single power Darlington to dual Darlingtons 
and, indeed, this has already been achieved. Dual 
Darlingtons further reduce package count and 
manufacturing costs, but the devices available so 
far suggest that some progress is still in the offing. 
For example, today's dual Darlingtons contain 
either two PNP or two NPN devices. None yet 
contains a complementary pair in a single mono
lithic structure. This means that single-channel 
complementary amplifiers with a single-package 
output are still over the horizon. For stereo or 
quadra-sonic amplifier systems, however, the 
single -polarity dual Darlingtons again cut the 
number of needed packages in half. 

It isn't that single-package complementary 
Darlingtons can't be produced. They can and have 
been made, both monolithically and by putting 
two complementary chips in a single housing. Both 
methods, however, involve extra processing steps 
which, so far, have raised the projected selling 
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8 VCCl 

MC3101 

MC3101 
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VCC2 
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I 4 
I Gnd 

I 
~----
I 
I 
I 
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Dual power driver 
demonstrates hybrid de· 
vice capability. This off· 
the·shelf device, type 
MCH2890R, provides a 
6·ampere output for 
driving mechanical 
loads. 
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price to a level beyond what the expected market 
will bear. Until such manufacturing costs are 
reduced, complementary single-package Darling
tons probably won't go into mass-production. For 
those with applications in this category, one can 
predict with reasonable certainty that it's only 
a matter of time. 

That single-package power circuits of greater 
complexity are not beyond the realm of feasibility 
is indicated by the MCH2890R dual power hybrid 
circuit shown. Here, in a lO-pin TO-3 package, 
are a multi-gate chip and two Darlington ampli
fier chips. The drivers are capable of providing 
up to six amperes of current for driving digital 
printers, relays, lamps, punches, etc. In the near 
future, one can anticipate a proliferation of cir
cuits of this kind. But they won't be inexpensive, 
Hybrid technology involves substantially more 
labor than monolithic technology, and it isn't easy 
to combine power devices and small signal devices 
in a single package. The latter cannot tolerate the 
high temperature at which power devices are often 
operated to achieve maximum ratings, This means 
that the power devices, when operated in the same 
package with low power circuits, can't be made 
to function at their maximum ratings, And if this 
is true for hybrid circuits, it's emphasized even 
more strongly in monolithic designs. Though one 
can predict an increase in power hybrids on a 
specialty basis, mass-produced, complex, mono
lithic circuits with substantial power output capa
bility still are relegated to the R&D phase. 

In review, low-frequency power semiconduc
tors have already successfully replaced vacuum 
tubes in every major application involving high
volume production. Technically they have 
entrenched themselves solidly in all markets. But 
there are still barriers to be overcome. Of most 
immedia te importance is the proliferation of 
multi-component, single-package monolithic and 
hybrid devices, with the attending cost-reduction 
potential. 

A potential also exists for such power transis
tors to penetrate the very high power control field, 
i.e., greater than 2 kW, This category is now being 
served principally by gas tubes and thyristors. 
Power transistors offer the distinct advantages of 
continuous control. There is little doubt that the 
technical capability already exists. The big ques
tion is a marketing one - whether the available 
volume is great enough to justify the development 
effort. But even if the profit motive cannot be 
satisfied, it's still a safe bet that very high power 
transistor barriers will be broken - if for no other 
reason than - "the mountain is there to be 
climbed." 
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Power At High Frequencies 

It wasn't very long ago that a frequency of 
30 MHz was in the area of wishful thinking for 
semiconductors at any power level. Today a whop
ping 100 W of CW power can be wrung from a 
single transistor at five times that frequency, and 
in excess of 10 W is possible at the new frontier 
of 1 GHz (1000 MHz). 

High-frequency power transistors are similar 
to their low-frequency counterparts in name only. 
That, and in the fact that they generally employ 
the double-diffused epitaxial structure that is 
sometimes used at the lower frequencies. But, 
whereas low-frequency devices utilize large, simple 
geometries, high-frequency geometries are more 
like high-density integrated circuits that demand 
the ultimate in state-of-the-art processing. 

All of the problems of low-frequency power 
transistors are accentuated and multiplied in the 
VHF/UHF region. For example, there's the prob
lem of current crowding. It is well known that 
when a heavy emitter current is injected into the 
base region, the base current that traverses the 
base region to the base contacts can be quite 
large. Since the base region has a certain amount 
of resistance, this base current sets up a lateral 
voltage drop and establishes an internal bias po
tential. The effect of this potential is such that 
it tends to reduce the external bias in the center 
area of the emitter, thereby crowding emitter 
current emission to the edges, or periphery, of the 
emitter structure. 

Obviously, this impairs the efficiency of the 
emitter, and reduces the amount of current that 
can be injected. Also obviously, to compensate 
for this effect, one could increase the emitter 
area, thereby increasing the emitter periphery. 
But this expedient not only calls for a bigger and 
more expensive chip, it adds parasitic emitter 
capacitance that literally makes the device use
less at high frequencies . 

A practical solution to this problem is simply 
to make the emitter in the form of long, narrow 
fingers, interspersing these with base-contact 
metalization. This gives each emitter finger two 
emitting edges, eliminating much of the useless, 
parasitic-producing, center portion of a square or 
round emitter. And, the slimmer the fingers , the 
greater the periphery-to-area ratio, hence the 
grea ter the emitter efficiency. 

This periphery-to-area (P/A) ratio represents 
a figure of merit for high-frequency power tran
sistors. 

The interdigitated geometry just described 
does a great deal for power transistors by con
siderably reducing the size of the chip required 
for a desired power output. But as frequencies 
go higher and higher, the requirements become 
increasingly critical. To hold parasitics to an abso-
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o Emitter Current 

a Base current compensates 
for internally generated 
charges, but sets up 
reverse -bias voltage drop. 

E) Reverse-biased region 
inhibits emitter current 
flow. 

Current Crowding. In power transistors , base currents are not always 
negligible. This current sets up internal vo ltage drops that bias the 
center of the emitter region to cut off , thus crowding emission of 
emitter current toward the edges of the emitter. Left: Multifingered 
emitter structure provides more "edge" for less bulk, and greatly 
increases emitter efficiency. 

RES ISTORS 

~ -.. -I " • I I~ I .~ 
r /l!! ( fl'l .( . ~ . ('. r;.! r ~ ( F'" r r ... r 

I ~' 
1 

I 

I I I 

J 

.. 
I i I f. I j 

In high frequency structures, non-emissive 
emitter area must be minimized to reduce 
parasitic capacitance. Hence, many slender 
" fingers" that maximize periphery·to·area 
ratio . Enlargement of this "interdigitated" 
geometry shows emitter resistors that have 
been added to balance the current through· 
out the chip. 
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lute minimum, the emitter area must be very small 
compared with that of low-frequency units. 
Therefore, if power is to be held to a high level, 
the width of the fingers (and the resulting metal
ization) must also be reduced , permitting a 
greater number of fingers , to maintain the higher 
power capabilities at the reduced area. In the final 
structure, the emitter consists of long, narrow 
diffused fingers, all interconnected by a metaliza
tion pattern. 

Of course, there's a limit to how thin the 
fingers can be made. The limit is set both by 
processing capability and by the minimum amount 
of metal required to handle a given current with
out introducing a failure mode called metal migra
tion . This causes the metal to squirm, buckle, or 
otherwise disfigure itself under extremely high 
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current densities, finally causing metalization fail
ure. Practically, by pushing the limits of the tech
nology, interdigitated structures can be built with 
a periphery-to-area ratio of about 5 to 1, and with 
0.1 mil lines and spaces. Because of this line
width limitation, devices with about 5 W at 3 
GHz appear to represent today's best capabilities. 

The splitting of the emitter into a geometry 
with a lot of edges for a given area provides the 
basic RF transistor structure, but for higher power 
applications there are numerous improvements 
and variations. One of the most important im
provements is the so-called BET (balanced 
emitter transistor) configuration that involves 
the deposition of a small, thin-film resistor at 
the end of each emitter finger, just ahead of the 
interconnecting metalization. The purpose of 

13 



EM ITTER CO NTACT AREA 

Overlay Structure. I ndividual emitter cell blocks are diffused into a 
common base region. Emitter interconnection runs are made over a 
passivating silicon dioxide layer, reducing the need for critically thin 
interdigitated metal fingers. 

EMITTER CONTACT (MESH) EMITTER 
AREAS 

AL EMITTER CONTACT AREAS 

BASE CONTACT 
AREAS 

AL 

Network Emitter Structure. This structure maximizes emitter periphery 
to base area ratio but pays for it with increased production difficulty 
and increased contact resistance. 

Motorola employs a thin nichrome barrier (not shown) between the 
silicon and the aluminum metalization in most network emitter and 
overlay devices to prevent aluminum metal migration thus improving 
long-term reliability. 

RELATIVE CHARACTERISTICS 
OF RF STRUCTURES 

GEOMETRY ADVANTAGES LIMITATIONS 

Interdigitated High emitter periphery to Processing critical due to 
base·area ratio. (",7.0). narrow interdigitated fingers. 

Low rb ' . Limited to relatively low 

Adequate manufacturing currents due to narrow 

experience. metal stripes. 

Easily balanced with 
emitter resistors. 

Overlay Wider fingers for higher Higher rb' and considerable 
current capability. Reduced emitter-base parasitic capac· 
manufacturing difficulty. itance limits high·frequency 

response. Relatively low PI A 
ratio, (",4.0). 

Emitter balancing difficult. 

Network Wide metal f ingers. Highest High contact resistance. 
Emitter PIA rat io, (7.0 to 8.0). Emitter balancing difficu lt. 

Processing critical. 

TABLE I 

these resistors is to make sure that the total emit
ter current is essentially balanced between all 
emitter stripes. Should a chip develop a "hot 
spot," thereby causing some emitter stripes to 
conduct more heavily than others, the increased 
current flow through the emitter resistors so 
affected would set up a negative feedback, thus 
reducing the current through those emitters. As 
a result, the damaging phenomenon of "thermal 
runaway" can be prevented, and the safe-operat
ing area of the transistor is greatly extended. 

There are two additional high-frequency 
geometries coming into favor. Both of these are 
outcroppings of the interdigitated structure in 
that they utilize many small interconnected emit
ter segments to make up the total emitter. Their 
principal advantages over the interdigitated 
geometry are that they reduce manufacturing diffi
culties and improve current-handling capability 
by permitting increased metalization thickness 
and width. Typical specifications of devices made 
with these processes are listed in Table 1. Per
formance wise, it should be emphasized that the 
available process can yield very similar electrical 
specifications. The choice, therefore, is up to the 
device designer, and depends on his evaluation 
of the best price/performance ratio for a given 
application. 

The last words in high-power, high-frequency 
chip design have not yet been spoken. Already, 
the state-of-the-art structures shown here are 
being modified and improved. The result is that 
the frequency and power specifications which rep
resent the present limits can be expected to be 
moved ahead as the need arises. Yet, from the 
standpoint of need, it is not clear that further 
significant chip processing improvements will be 
needed in the near future. 
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Typical of the trend toward modules is (a) this CATV amplifier being readied for imminent introduction, 
and the two custom power amplifier modules (b and c) operating in the UHF region. Hybrid technology, 
combining standard semiconductor processes with thin· and thick·film techniques, provide a high 
degree of flexib ility. Except for a few high·volume categories, like CATV, modular technology is expected 
to become principally a custom business. A new 8·pin experimental power package for hybrid circuits 
(d) is indicative of a wide interest in this exploding technology. 

(a) (b) 

A Trend Toward Modules 

If the previous statement seems contradictory 
to the philosophy of technological progress, con
sider the following: 

Already, today's chips possess a power-fre
quency capability that satisfies the requirements 
of most high-volume applications, even in the 
UHF and microwave spectrums. And, the tech
nology is pressing the theoretical limits of silicon. 
There is, therefore, no clear-cut mandate to push 
the state of the art much beyond what can already 
be achieved by nailing down and perfecting pres
ent capabilities - particularly at the high cost 
levels to be encountered as we approach the ulti
mate limit. But there is a strong mandate to take 
much of the "art" out of state-of-the-art, and to 
replace it with more predictable technology. 

This is not surprising at frequencies where a 
wavelength is measured in inches and where the 
repositioning of a component by a few millimeters 
can spell the difference between success or fail
ure of a circuit. Nor is it surprising, that, as fre 
quencies increase, the difficulties and cost involved 
in developing a suitable chip housing, a package, 
are at least as high as those for improving the 
chip itself. That's why there's a trend today 
toward the development of hybrid modules that 
eliminate the deleterious effects of individual tran
sistor packages and take full advantage of the 
chip's maximum capability. 

The modular concept, by utilizing unencap
sulated high-frequency transistors, eliminates the 
parasitic capacitance and inductance associated 
with the package and permits significantly better 
performance than can be achieved with the same 
transistor used in the conventional way. 

Periodically, in every age, men of vision have 
pondered the various situations and proclaimed 
that "Everything that can be invented, has 
already been invented." Invariably, to prove 
them wrong, such pronouncements have heralded 
a raft of new inventions which have dramatically 
advanced both technology and civilization. With 
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regard to semiconductors for RF and microwave 
applications, while it is tempting to predict that 
there will be no startling breakthrough in the 
years ahead, history and a projected doubling of 
the potential market over the next five years just 
don't bear out such a contention. Nevertheless, 
the industry is faced with the everpresent ques
tion of whether there should first be a demon
strated need for greatly improved products, or 
whether the products should be developed first, 
in the hopes that the need for them would then 
materialize. 

In the region beyond a gigahertz, that question 
is perhaps a bit easier to answer than for other 
categories - and for logical reasons: 

1. Despite the fact that microwave compo
nents other than semiconductors are 
readily available, the use of microwaves 
has not expanded significantly over the 
years. 

2. As frequency and power increase, the device 
cost increases as well, so that there appears 
to be little hope for creating large new 
markets through low-cost components. 

3. The potential volume at these frequencies 
does not appear to be high enough at the 
projected device cost to predict process 
breakthroughs toward lower costs through 
a rapid traversal of the learning curve. 

While there is little doubt that the need for 
improved reliability in special projects will con
tinue to push the development of semiconductors 
into the microwave power region, it is not likely 
that technical advances into these new frontiers 
will be as rapid as they have in the past. It is 
far more likely that the efforts in the immediate 
future will be concentrated on getting the most 
out of already existing techniques. This will gen
erate further performance improvements, to be 
sure, but it is likely that these improvements will 
come in the form of high-performance modules, 
rather than in any dramatic advance in discrete 
component capabilities. 
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FIGURE 1 ' - The strength and diversity of 
Motorola's commitment to the production of· 
complementary MOS is reflected here. The latest' 
techniques of computer-aided design are coupled 
with completely modern diffusion facilities to 
produce Motorola CMOS devices. The latest tech
nological breakthroughs, such as the ion-implan
tation depicted here, allow Motorola to pass 
along process savings to the customer. Critical 
in-process testing assures that all CMOS devices 
measure up to Motorola's high-quality standards. 

As digital equipment needs 
are studied, and logic lines are 

evaluated to meet these needs, 
an early commitment to Com

plementary MOS is likely to yield 
substantial rewards to both equip

ment and components manufacturers. 

By JIM GEORGE and BERNARD SCHMIDT 



T he bulls and bears are at odds again. The 
dispute in this instance is not over market 

trends, it's over technology - Complementary 
MOS technology, to be specific - and the nature 
of the disagreement is not as much over direction 
as it is over magnitude and time. That is, while 
the wildly enthusiastic CMOS prognosticators 
predict a world-wide CMOS market of around 
$220 million by 1975, the far more conservative 
members of Motorola's market research depart
ment have it pared down to about $150 million 
in the same time frame. 

The significant aspect of this controversy is, 
however, that even the least optimistic sales out
look still predicts a growth rate for complemen
tary MOS technology that eclipses the previous 
most dynamic new-product lines in the explosive 
semiconductor industry. 

Pragmatically, market analysts reason that: 

To be successful, a new product line must be 
able to offer practical benefits that permit it to 
capture a significant share of an existing market. 

To be spectacularly successful, it must, in 
addition, offer capabilities that permit it to tap 
large new markets that cannot otherwise be 
served. In both categories, complementary MOS 
could be cited almost as a textbook example. 

History Projected 

The winds of change deal devastatingly with 
products in high-technology areas, but nowhere 
as emphatically as in the digital logic field. 
Already, in little more than a decade of IC tech
nology, two types of logic (RTLlDCTL and DTL) 
have captured the spotlight, and then succumbed 
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to improved performance and lower cost of newer 
developments. Currently, transistor-transistor 
logic (TTL) is king of the hill, and though its use 
rate far exceeds that of previous logic favorites, 
Figure 2, and its growth is still on the ascent, 
experts are already predicting its decline in the 
next few years. Indeed, by 1976 the relatively 
new CMOS technology is expected to surpass 
TTL. So say the experts charged with market fore
casting and development. Of total MOS tech
nology (PMOS, NMOS, and CMOS), CMOS is 
expected to capture a third of the market. 

The projected CMOS explosion is predicated 
on its unusual affinity for the twin requirements 
- existing-market penetration and new-market 
development. 

To gain market penetration, it is aiming its 
sights directly at TTL, the heart of today's digital 
component lines. It is doing so with the promise 
of technical improvements that will result in 
greater versatility and lower cost. 

Like TTL logic, complementary MOS is prin
cipally a medium-speed logic form. Though there 
are still differences in maximum-speed capabilities 
for the two, in the overlap region (the speed range 
where TTL usage is most prominent) the power 
dissipation of CMOS is substantially lower, in 
some areas by several orders of magnitude. This 
power reduction opens a number of applications 
advantages. For one thing, it permits the use of 
bigger chips, housing far more components, with
out running into thermal problems that attend 
bipolar MSI and LSI designs. For another, it 
simplifies portable equipment design and greatly 
reduces power source costs. For computer 

FIGURE 2 - The wide 
dominance of TTL in the 
digital logic field is be-
ing seriously threatened. 
As seen in the frequency 
graph at the top of the 
figure , both CMOS and 
ECl are pushing into 
areas previously covered 
by TTL. In the bar graph 
portion of the figure the 
erosion of TTL's market 
dominance is depicted. 
Here, within the half 
decade, both CMOS and 
ECl market dollars are 
projected to bypass TTL. 

lEGEND 

D • D 
TTL ECl CMOS 
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1972 MeMOS NEW PRODUCT CALENDAR 
2ND QUARTER 3RD QUARTER 

MC14001 MC14015 MC14007 MC14006 MC14017 
Quad 2-lnput NOR Du al 4 Stage Static SIR Ou al Pair And Inverter 18-Bit Shift Register Decade Counter/Divider 

MCl4002 MC14021 MC14009 MC14008 MC14034 
Oual 4-1 nput NOR 8-Bit Static SIR Hex Inverter/Buffer Four-Bit Full Adder 8-Bit Static Bus Register 

MC14011 MC14027 MC14010 MC14016 MC14511 
Quad 2-lnput NAND Du al J/K F/F Hex Buffer Quad Analog Switch BCD-to-7 Segment Latch/ 

MC14012 MC14501 MC14023 MC14028 Decoder/Driver 

Dual 4-1 nput NAN D Triple Gate Triple Three NAND BCD/Decimal Decoder MC14517 

MC14013 MC14508 MC14025 MC14032 Dual 64-Bit Static SIR 

Dual Type D F/F Du al 4-Bit Latc Triple Three NOR Triple Full Adder (Positive) MC14528 

MC14507 MC14514 MC14510 MC14040 Dual Monostable Multivibrator 

Quad Exclusive' 0 R 4-Bit Latch, 4/16 Line Decoder BCD Up/Down Counter 12-Bit Binary Counter MC14529 

MCM14505 (High) MC14512 MC14502 Dual 4-Channel Analog Data 

64-Bit RAM MC14515 8-Channel Data Selector Strobed Hex Inverter Selector 

4-Bit Latch, 4/ 16 Line Decoder MC14516 MC14506 MC14530 
Low) Binary Up/Down Counter Expandab le A.O.L Dual Majority Logic Gate 

MC14518 MC14522 MC14527 MC14531 
Dual BCD Up Counter Programmable BCD Divide-by- BCD Rate MUltiplier 12-Bit Parity Tree 

MC14519 N 4-Bit Counter MC14581 
4-Bit AN % R Select MC14526 ALU (74181 Type) 

MC14520 Programmable Binary Divide- MC14582 
Dual Binary Up Counter by-N 4-Bit Counter Look Ahead Carry Block 

Table L Available Motorola CMOS devices, as well as the rest of this year's product 
introductions are given here. Those devices presently available provide the logic designer 
with the initial logic tools needed for low-power CMOS circuit design. Subsequent devices 
to be introduced throughout 1972 will add to the range and fl exibility of devices for more 
complex circuit designs. 

Denotes proprietary 
devices 

memories it enhances non-volatile designs, and for 
mobile equipment it significantly increases the 
proportion of electronics that can be used with 
a convenient power supply. 

And there are other advantages, too, that 
make CMOS a most desirable logic form. It can 
operate over a power-supply range from less than 
1 volt to 18 volts, with extremely high noise 
immunity at the higher power-supply voltages. 
Unlike other MOS lines, it demands only a single
polarity power source; and, in general, it has all 
the attributes that will make its consideration for 
new system designs a virtual mandate. 

But it's in the area of totally new markets 
that CMOS has its greatest potential. In fact, 
CMOS represents the first stepping stone toward 
the implementation of electronics in the vast con
sumer market where present penetration is limited 
primarily to the entertainment field. 

The first concrete example of this is the elec
tronic timepiece market which is already well into 
the production phase. How can electronics help 
time keeping? It can bring to the ordinary wrist
watch or clock an accuracy comparable with that 
of today's secondary time standards. It can pro
vide reliability and trouble-free performance that 
comes from replacing the multitude of mechanical 
gears, springs, and bearings with an all-electronic 
movement with very few failure or wearout mech
anisms. And it can do so, at a cost that can rival 
that of watches now sold to the mass markets as 
early as 1975. 

The key to this market is low-voltage, low
power electronics. Electronics that can operate on 
a single voltage cell. Circuits that will draw so 

18 

little current that a pea-sized power cell will last 
a year without replacement. Components with so 
much built-in stability that changes in environ
ment and operating conditions don't even need 
to be considered. And, to date, CMOS circuitry 
is leading the way into this arena. 

Similar considerations are valid for the auto
motive industry which, in the next few years, 
must undergo a radical change with respect to 
performance and safety. Electronics, which hardly 
participates in today's automotive operation, will 
become a major battery drain problem in the next 
few years. Again CMOS represents the logical 
answer. And it takes only a little imagination to 
anticipate the phenomenal impact that can be 
created by a low power, high-complexity, low-cost 
line of electronic circuits. That's why Motorola has 
mounted a heretofore unequalled commitment to 
the development of a single technology - to move 
the technology from pilot line to production - to 
provide for unshared development time to assure 
an ever-increasing flow of McMOS* products for 
the emerging markets. 

Motorola's commitment to McMOS encom
passes all aspects of product development, from 
product planning to volume production. 

In the area of product planning, the needs 
of various market segments are being carefully 
and rigorously explored. Special McMOS market
ing task forces are investigating the industry's 
needs for the computer, consumer, industrial, and 
federal markets. Corresponding technical teams 
are researching and implementing the broadest 

*M cMOS is Motorola's trademarh for its complementary MOS 
circuit lines. 



MeMOS FAMILY ELECTRICAL SPECIFICATIONS 

.. 30% voo 

.. 30% voo 
.. 30% voo 
.. 30% voo 

8. Output Drive Current 
I"Source" VOO' 5.0 Vdc, Vout = 2.5 Velc 

= 10 Velc, = 9.5 Velc 
I"Sink" VOO = 5,0 Vdc, Vout = 0.4 Vd, 

10 = 0.5 Velc 

9. Quiescent Power Dissipation 
Gates VO O = 5.0 Vel, 

= 10 Vel, 
Dual Flip·Fl ops VOO = 5.0 Velc 

= 10 Velc 

SWITCHING PARAMETERS (CL = 15 pF) 

11 . Propagation Delay Gate (50%) 
Turn-Off 

counters} 
Registers 

100 

Po 

- 1.5 
-1.0 
0.8 
1.2 

0.005 
0.01 
0.025 
0.05 

100 
35 

60 
25 

4.0 
10 
3.0 
5.0 

variety of processing innovations. In this way, a 
product line is being planned with a parts line-up 
that reflects the existing demand for specific popu
lar devices, as well as for devices that must become 
available to permit the customer to fill his total 
system requirements with McMOS. The key point 
is the major emphasis being placed on defining 
complex functions which effectively utilize Mc
MOS's ability to pack large numbers of devices 
on the traditionally limited silicon real estate. 

In the design field, a group of well-trained 
circuit and process specialists has been assembled 
to convert the marketing plan into a market 
reality. This team of specialists is exclusively 
McMOS; with no responsibility for other product 
lines. Its charter is to marry the circuit require
ments with the processing capabilities to create 
the most efficient designs for optimum perform
ance at the highest yields. One of the industry's 
largest and most modern computer-aided design 
and test facilities, supplemented by an experi
enced team of layout draftsmen give McMOS 
requirements their highest priorities. 

Then there's production. Within a single year, 
Motorola has expanded its McMOS production 
capabilities from a trickle to a potential flood. A 
new wafer processing facility , encompassing the 
most modern equipment, has been assembled for 
this purpose. Staffed by personnel devoted to pro
duction goals, this multi-shift area has been 
planned to expand in accordance with the antici
pated McMOS growth timetable. 

Testing is a key consideration. Motorola's 
commitment to McMOS includes advanced final
test equipment capable of automatic handling to 
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lower production cost. But more important, the 
facili ty performs 100 % ac and dc testing to 
extremely high resolution. In this way, the user 
is assured that his requirements are satisfied to 
the highest degree of accuracy. 

The Trickle ... 

Motorola entered the year 1972 with seven 
McMOS standard products, Table I, and two 
production processes. All of the standard products 
were made with the aluminum-gate process which 
yields 3-to-18 volt devices, and all but two of 
these were designed to second-source similar units 
already on the market. The remaining two stan
dard products, a 64-bit Random Access Memory 
and a Quad Exclusive OR Gate, had been 
developed as sole-source items on the basis of 
customer need. This modest beginning is pro
jected into an ambitious flow of new standard 
products already being introduced in 1972. For it 
is fully realized that, to be successful, the device 
line must be expanded to provide the widest pos
sible choice to the designer who must match his 
system requirements against available logic 
functions. 

The second McMOS production process is a 
silicon-gate process which is capable of producing 
very low device thresholds in the below one volt 
area. This process, so far, has been adopted prin
cipally for the production of electronic watch cir
cuits on a custom basis, in order to achieve the 
lowest possible power dissipation. But, since sili
con-gate processes can also be used to increase 
circuit speed, it is expected to enter the standard
parts category around the end of the year. 
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MC14501 Triple Gate. Versatility is the keywo rd for this 
logic dev ice. Both a 2·input NOR/Invert gate and two, 
4·input NAND gates are made avai lable in a single pack· 
age. With an external connection the circuit can provide 
2·, 3· , or 4·input AND gating. 

so ABCD 
SI ABCD 
S2 ABCD 

A S3 ABeD 
DATA 1 S4 AS CD 

S5 ABCD 
B S6 ABCD DATA2 

LATCH 4 TO 16 S7 ABCD 
21 C DECODER S8 ABC 0 

DATA 3 S9 ABeD 

22 0 S10 ABeD 
DATA4 SII ABCD 

S12 ABCD 
STROBE S13 ABCD 

S14 ABCD 
S15 ABCD 

INHIBIT 
23 

MC14514/MC14515 4·Bit Latch/4 to 16 Line Decoder. 
These devices provide temporary storage of binary 
weighted input control information. They also provide 
one·of·sixteen mutually exclusive active outputs. The 
MC14514 gives a decoded, active high level output 
while its companion circuit, the MC14515, provides an 
active low level output . 

The Start of the Flood ... 

To compete with other forms of standard 
digital logic in both new and existing markets, a 
product line must have a critical number of off
the-shelf available items. This year, by coupling 
a rigorous market survey program with in-house 
expertise and a full production commitment, 
Motorola's McMOS product line is expected to 
achieve "critical mass" status. Already, 40 gen
eral-purpose digital building blocks have been 
defined and scheduled into the 1972 calendar. 
Some of these, the 14000 series, are intended to 
expand the availability of functions that have 
already found wide acceptance on the market
place. Others, the 14500 series, represent previ
ously unavailable logic functions scheduled as the 
initial results from market research, and these 
are expected to be only the stones that start the 
avalanche toward greater circuit complexity and 
expanded performance limits in the years ahead. 

New for '72 

Of the 40 McMOS circuits definitely scheduled 
for 1972 introduction at the time of this writing, 
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MC14518/MC14520 Dual Up Counters. Both of these devices pro· 
vide two identical, independent, internally synchronous counters. The 
MC14518 prov ides a dual BCD up counter function and the MC14520, 
a dual 4·bit binary counter function . A clock inhibit structure allows 
multistage cascading, or ripple counting. The actual counter stages 
are Type D flip·flops with interchangeable clock and enable lines 
for incrementing on either the positive·going or the negative·going 
transitions of a clock pulse input. 

A SAMPLING OF MOTOROLA 

(10 of these circuits have already been intro
duced) 23 represent new designs. Some of these, 
like the MC14501 triple-gate, are designed to 
round out a specific type of function in order to 
enhance design flexibility. Others, including 
coun ters, latches, and special functions, are 
designed to increase the availability of complex 
functions to permit the reduction of package 
count. All are based on inputs from industry and 
incorporate the most asked-for features. 

A case in point is the triple gate. This device 
brings to the McMOS family both the NOR/ 
N AND and the OR/AND function in a single 
package - a feature not often found in digital 
I C lines - and can easily be used for a large 
variety of gating needs. In its natural form, it 
provides two 4-input NAND gates and a 2-input 
positive logic OR/NOR function. By the simple 
expedient of interconnecting pins 10 and 11 (or 
12 and 13), one can obtain a 4-input NAND gate 
and a 2-, 3-, or 4-input AND gate (by properly 
biasing some of the inputs of the AND gate). 
Finally, an up-to-8-input AND/NAND function 
can be generated by interconnecting pins 10 and 
11, and pins 12 and 13. 

Other members of the MC14500 series are 
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MC14021 8-Bit Static Shift Register_ This 8-bit register finds primary use 
in appl ications such as parallel to serial data conversion, and asynchronous 
parallel input/serial output data queueing. The outputs may be fed back 
through exclusive OR gates to generate a non-linear, or random, sequence. 
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OUT MC14008 4-Bit Full Adder_ 

1 0 1 1 1 1 1 1 

0 1 0 0 "" B4 15 

0 1 1 0 A4 1 

1 1 0 1 B3 2 

1 1 1 0 A3 3 

B2 4 

MC14027 Dual J-K Flip-Flop_ In this dual circuit, 
each flip-flop has independent J, K, Clock, Set, 
and Reset inputs. Typical applications for these 
flip-flops include contro l, register, or toggle func
tions where the inherent CMOS low power dissi
pation offers a system design advantage. 
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A1 
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CMOS DEVICES FOR 1972 

equally functional *. The silicon gate MC14502 
Strobed Hex Inverter features 3-State output for 
direct interface with standard TTL functions over 
the full -55°C to +125°C operating range when 
using a single 5-Volt power supply_ A set of six 
dual 4-bit counters offers both binary-coded
decimal and hexidecimal coding UP counters, UP/ 
DOWN counters, and Programmable Divide-by-N 
counters. There are even some very unique func
tions, like the MC15427 BCD Rate Multiplier 
which multiplies an input frequency by a frac
tional number determined by four control inputs_ 

Electrical Characteristics 

In the design and development of all McMOS 
devices, particular attention is given to achieving 
unified, family-oriented electrical specifications_ 
Unlike other available CMOS logic families, where 
device characteristics such as output drive cur
rents and propagation delays may vary from one 
device to another (even for the same kinds of 
functions, i_eo, gates, flip-flops, counters, etc.) all 
similar McMOS functions have common perform
ance characteristics, see Table II. That is, the 
driving capability and speed for one type of gate 
are the same as for all other gates at a specific 

*For a more detailed discussion of scheduled McMOS func
tions, send for the brochure " MeMOS 72." While the discussion 
of these parts does not constitute a guarantee that all parts 
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10 S1 

This part offers a fast in
ternal look-ahead carry for 
high speed operation in 
arithmetic circuitry. Four 
buffered-sum outputs are 
provided along with an 
adder-to -adder ripple carry, 
and a parallel look-ahead 
for interchip carry func
tions. Larger adder struc
tures can be constr ucted 
from this basic adder, i.e., 
if a 16-bit structure is re
quired, four MC14008's can 
be wired together. 

voltage and temperature. This greatly simplifies 
system design calculations_ 

Moreover, McMOS system building blocks 
have consistent input-out specifications, thereby 
simplifying interfacing with other logic forms. For 
example, the typical capacitance of every McMOS 
device input is 5 pF. On complex functions, addi
tional circuitry is added on-chip to maintain 
the same fan-in characteristics as for simpler 
units. All functions also have the same excellent 
immunity to external noise_ Regardless of logic 
levels, noise voltages up to 30% of the power 
supply voltage will be rejected. 

This designed -in standardization philosophy 
virtually eliminates part- by-part idiosyncrasies 
and frees the McMOS component user from the 
traditional ns, /LA, specsmanship game. 

In today's fast moving electronic environment, 
timing plays a major part in determining the suc
cess of a new product or a new technology. When 
a market is ready to accept a new technology as 
viable, the successful company will concentrate 
its resources and move with single-minded pur
pose toward establishing a comprehensive capabil
ity_ For McMOS, Motorola feels the time is now. 

will be available exactly as planned, the calendar is on target 
to date and there is a high degree of confidence that future 
introductions will adhere closely to the schedule. 





Programmable Read Only Memories are becoming increasingly 
important in digital system design. A new twist, an added test bit, 
gives the Motorola MCM5003 / MCM5004 PROM a unique 
pre-use test capability. 

By John Linford, Section Manager, Bipolar Memory Design 

U ntil recently, Read Only Memories (ROMs) 
served as good topics for exposition in tech

nical articles and papers, but generated a less 
than spectacular dollar volume in sales. This was 
due to the fact that the number of logic bits avail
able on a semiconductor chip had been too low, 
at prices too high, to compete with existing mag
netic techniques. As late as 1965, only 4 to 8 bits 
of information could be stored per semiconductor 
chip. But now ROMs are beginning to receive 
wider acceptance due to recent advances that have 
changed economic perspectives. 

A major reason for increased usage of semi
conductor ROMs stems from an increase in avail
ability of more complex devices at lower prices. 
Advances in both MaS and bipolar technologies 
have provided complex structures with as many 
as 1024 bits per chip on an off-the-shelf basis, and 
up to 8192 bits per chip as the newest state-of
the-art capability. This availability at last gives 
the system designer the large, fast semiconductor 
ROMs needed for microprogramming. 

Enter the PROM 

With expanding ROM usage has come the 
need for greater versatility in programmability 
in less time. The field programmable read only 
memory has stepped in to fill that need. The 
ability to program a ROM at the customer's prem
ise not only eliminates possible expensive mask 
changes, but has also done away with the usual 
four to eight weeks turn-around time required to 
obtain a new ROM program. Now, turn-around 
time for special application ROMs has been 
reduced, literally, to minutes. This provides 
increased flexibility in making product design 
changes and modifications. 

Programmable ROMs also affect the spare 
parts stocking situation. Keeping on hand many 
different ROMs that might be needed in the 
development of a computer system could be a 
formidable problem. Using programmable ROMs 
eases the situation considerably. A single device 
type and a programmer are all that are needed 
for many different custom ROM applications. 

True, field programming of a ROM wasn't 
meant to compete with vendor ROM production 
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on large quantity runs. Some circuits such as 
code converters, character generators , look-up 
tables, keyboard encoders, and some micropro
grams are off-the-shelf items at relatively low cost. 
That should be looked into first. But for special 
custom program applications, versatility makes 
the PROM a valuable tool in system design. 

Both bipolar and MaS technologies are used 
to manufacture PROMs. The bipolar approach 
used in the PROM discussed here provides both 
a high-speed access time of 75 ns, and a new con
cept in flexibility. This device, the MCM5003/ 
MCM5004 512-bit PROM, adds a bit extra to 
conventional field programmable memory design. 

How it Works 

The Motorola MCM5003/MCM5004 (64 x 8 
bit) programmable read only memory is a bipolar 
device with nichrome resistors as fusible links 
in a memory array. The nichrome resistor links 
are between the decoding word drivers and out
put buffers (see Figure 1). The PROM is manu
factured with all fusible-link resistors intact, 
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BINARY WORD 
ADDRESS 

A4 A3 A2 A1 

0 0 0 0 

0 0 0 0 

0 0 0 1 

0 0 0 1 

0 0 1 0 

0 0 1 0 

0 0 1 1 

0 0 1 1 

0 1 0 0 

0 1 0 0 
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1 

0 
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1 
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B7 
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PROGRAMMED BCD 
WORD OUTPUT 

B6 B5 B4 B3 B2 B1 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 1 

0 0 0 0 0 1 

0 0 0 0 1 0 

0 0 0 1 0 0 

0 0 0 1 0 0 

0 0 0 1 0 1 

0 0 0 1 0 1 

0 0 0 1 1 0 

TABLE I. POSSIBLE PROM CODE CONVERSION PROGRAM 
(binary address input for BCD output) 
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representing the logic 0 state for all cells. To 
obtain a logic 1 output for a particular cell, it is 
necessary to open its corresponding nichrome 
resistor element. 

The following functional description of the 
PROM refers to Figure 1. Six address lines (AO 
through A5) are used to select 1 of 64 binary 
coded words. The memory array consists of 64 
words by 9 bits. The customer normally uses only 
8 bits of the 9 bits available in each word for in
system memory functions since many codes such 
as ASC II-8 and EBCDIC-8 require 8 bits per 
character. The 8-bit words appear on outputs BO 
through B7. 

The PROM has two chip enables (CE1 and 
CE2) which are ANDed together internally. Both 
chip enables must be high to enable the selection 
of 1 or 64 words (WO through W63) in the 
memory array. The MCM5003 has open collector 
outputs while the MCM5004 has 2 kilohm pull-up 
resistors on the outputs. 

A possible PROM program for code conver
sion, Binary to BCD, is shown in Table I. The 
binary word address selects the proper BCD word 
bits for output. 

Memory Array and Programming 
As seen in Figure 2, a typical memory array 

consists of nichrome resistors RO, 0 through 
R63, 7. (Circuitry in the shaded area of Figure 2 
is a ninth bit that has been added for testing pur
poses, and will be discussed later.) Each nichrome 
resistor has a nominal value of 150 ohms. Vacuum 
deposition techniques are used to deposit these 
thin film nichrome resistors on a planar surface 
to ensure uniform thickness (see Figure 3). 

The MCM5003/MCM5004 PROM provides 
additional programming circuitry to make cer
tain that enough current gain is available to open, 
or blow, memory links (see Figure 4) . To program 
a logic 1 into a memory location, at RO, 0 for 
example; the proper bit output line, BO in this 
case, is connected to -6.0 volts. This causes the 
associated transistor in the program circuitry to 
turn on, allowing fuse current to flow through the 
nichrome resistor RO, O. It takes 25 to 35 mA of 
current to open a nichrome link. During this pro
gramming time the sense amplifier circuitry is 
turned off. The circuit technique described above 
results in a high ratio of programming current to 
operating current in order to ensure that the 
nichrome resistor does not program during normal 
operation. 

A Problem 
One major problem faces the engineer when 

he receives an unprogrammed PROM. That is 
how can he test the device before he inserts his 
program? How can the new PROM be tested for 
24 
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64 WORD 
BY 9 BIT 

MEMORY ARRAY 
WITH NICHROME 

RESISTORS 

14 1516171819202122 
B8 B7 86 85 84 83 82 B 1 BO 

TEST 
FIGURE 1 - BLOCK DIAGRAM OF THE MCM5003/ MCM5004 
512 ·Bit PROM. Before programming. all output bits are in the 
logic 0 state. This means that all of the nichrome resistors 
situated between the output bu ffers and decoding word drivers 
are unopened. 

programmability? How can read-out time to an 
actual address be tested? It turns out, that for 
most available PROMs, this can't be done. 

The problem can be seen more readily by 
returning to Figure 2. The decoder driver selects 
and drives a single word line. Current then flows 
through all of the transistors connected to that 
word line. For example, word line 0 turns on QO, 0 
through QO, 7. That same current flows through 
all of the unopened nichrome resistor links on 
that word line, RO, 0 - RO, 7, and provides base 
drive for the sense amplifiers QB, 0 through QB, 7. 
Note that with all of the nichrome resistors pres
ent, t he output bits BO through B7 will always 
read low, or logic o. 

If an address circuit or part of the decoders 
were defective, the fault possibly would not be 
detected. For example, if portions of the decoder 
word lines were shorted to each other the output 
buffers could still all read logic O's just as if the 
PROM were operating properly. 

This means t hat a significant portion of the 
PROM cannot be tested until an actual pattern is 
inserted into the memory array. For a field pro
grammable ROM, the customer then, not the 
manufacturer, finds these defects. This is a prob
lem common to many PROMs, but is now solved 
in Motorola's 512 bit PROM. 

The Solution: An Extra Bit 

Motorola's solution to the testing problem in 
PROMs is to add a ninth bit, B8 to all 64 of the 
usual 8-bit words (see the shaded area of Figure 
2). The ninth bit is used during manufacturing 
final test to determine if decoding logic is oper
ating properly. Approximately 16 of the 64 word 
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AMPLIFIER 
INVERTERS 

DECODER 
DR IVER 
1 OF 64 

WORD 

o 
1 
1 
1 
I 
I 
1 

WORD 

63 

VCC 

FIGURE 2 - SIMPLIFIED SCHEMATIC OF TYPICAL 
PROM. Address information (AO through A5) is inverted 
and decoded to select a designated word (WO through 
W63) of the memory array. Nichrome resistors RO, 0 
through R63 , 8, nominally 150 ohms each , link drive 
circuitry to output sense amplifiers. If a resistor l ink is 
present (RO, 0 for example) , the respective output (BO) 
will be a logic O. If the resistor link is blown , the output 
will be a logic 1. The shaded area of the diagram indi 
cates addit ional test-bit circ uitry provided by t he MCM-
5003/MCM5004 PROM. 

GLASS 

(b) 

FIGURE 3 - NICHROME RES ISTOR S. 
a) Prof ile of the nichrome-aluminum-glass layers. 
b) Progra m med resistors compared with unblown 

resistors . 
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MCM5003/5004 PROM 
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t FUSE 

B8 
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TO BUFFERS 
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CIRCUITRY 

G2 
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I) 

BO 
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TO SENSING CIRCUITRY 

FIGURE 4 - PROGRAMMING ARRANG EMENT. 
To program a log ic 1 into Bit 0 of word 0 , nichrome 
resistor l ink RO, 0 must be blown . 
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ninth bits are made with open links. The locations 
of these open links are chosen such that all of the 
amplifier inverters, and a portion of the decoders, 
can be tested during manufacturer wafer probe. 

Then, 16 more of the ninth bits are opened 
by the manufacturer using a method similar to 
that which the customer would use. This in-house 
programming checks nichrome-resistor quality on 
the chip, while at the same time checking drive 
capabi lity of the program circuitry and word 
drivers under actual operating conditions. Since 
all of the ninth bits are physically arranged on the 
chip to be in worst-case condition with regard 
to propagation delay, worst-case delay testing can 
also be done. 

At this point, there are 32 of the ninth bit 
locations left unopened on the tested chip. The 
customer can now perform his own in-house test
ing prior to actual programming. These remain
ing 32 extra ninth bits allow him to test his 

Thumbwheel Switches Data Output 

o o 00000 0 00 

0 Address Word No. 0 

Start Confirm In 

0 (ill (ill 
Fusing Process 

0 0 
Clear Pulse Width 

Manual Program 
"1" n.. n..n..n..n..n..n..n.. "1" 
"O" UUUUVV UU "O" 

87 86 85 84 83 82 81 80 

Master MCM5003 
Device or 

(Pre-Pro- MCM5004 
grammed (Device 
MCM5003 being 

or pro-
MCM5004) grammed) 

Man. Auto 

D 
Programming Mode 

FIGURE 5 - PROGRAMMING THE MCM5003/MCM5004 PROM. 
A fusible link PROM. unlike some complicated and costly PROMs 
now on the market. is quickly and easily programmed. The pro
grammer shown has a total of 13 integrated circuits . 

An unprogrammed PROM is placed in the programming socket. 
and Address Word No. 00 is dialed into the programmer using the 
set of thumbwheel switches. This addresses the first word location 
inside the PROM. Then. the word bits to be entered into this first 
word location are set on the Manual Program switches 80 through 
87. The Start Fusing switch is pressed to initiate programming; 
and. once the word has been entered. the Confirm lamp lights. 
The thumbwheel switch is set to 01 for the next word. and the 
same programming sequence is repeated until all 64 words have 
been programmed. Once programmed . the PROM provides non
destructible. read -only memory at fast semiconductor speeds. 

If more than one PROM is to be programmed with the same 
pattern. additional devices can be programmed automatically. The 
already programmed device is moved over to the Master Device 
socket. and the Programming Mode switch is set to AUTO. The 
same sequence as above is followed . except that the most time 
consuming step of setting the MANUAL PROGRAM switches 
(step 3) is performed automatically by internal electronic switch -
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programming circuitry both for logic capability 
and for power levels necessary to fuse the 
nichrome links. 

Along with field programmable test bits, the 
logic levels of the MCM5003/MCM5004 PROM 
are compatible with all MDTL and MTTL 
families. This ease of interface offers wide appli
cations possibilities. 

The Next Step 

A 1024-bit PROM currently being developed 
at Motorola also has additional bits on the chip 
to facilitate both manufacturer and customer pre
program testing. Its memory array is expanded 
from a typical 32 x 32 bit array to a 33 x 33 matrix. 

When looking over the field of avai lable 
PROMs, the designer should take a long look at 
the extra bit capability that provides for pre
program testing. It's the MCM5003/MCM5004 
that provides a bit more testing versatility. 

START 

PROGRAM 

On 

0 0ff 

Power 

END PROGRAM ~ 

PREPARATION 

• INSERT MCM5003 OR MCM5004 TO BE 
PROGRAMME D 

• APPLY POWER 
• SET PROGRAMMING MODE SWITCH TO 

MANUAL 

SET ADDRESS WORD NO. THU MBWHEEL 
SWITCH TO PROPER NO . 

(START PROGRAM AT 00) 

SET THE MAN UAL PROGRAM SWITCHES 
(BO THRU B71. 

• PRESS AND RELEASE THE START 
FUSING SWITCH. 

• CONFIRM LAMP LIGHTS. 

IF THE ADDRESS WORD NO. OF THE 
BITS JUST PROGRAMMED IS < 63 

RETURN TO STEP 2. 

IF THE AODRESSWORD NO. OF THE 
BITS JUST PROGRAMMED IS 63 

ing. As many PROMs as are needed can be quickly programmed t o 
the memory pattern initially stored in the Master Device. 

If you would like complete schematics and more detailed pro
gramming information . write for Motorola Application Note AN -
550. Programming the MCM5003/MCM5004 Programmable Read 
Only Memory. 
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"YOUNG PORCUPINE" 9" x 10" PEN AND INK 
BY KENNETH MEN HORN 

8RTiITL8R1D 
Phoenix, Arizona is artistland. 

The almost perpetual sunshine, the irresist
ible lure of easily accessible playgrounds, the 
most spectacular examples of nature's crea
tions, the abundance of raw materials and 
stimulants all combine to arouse the urge 
toward creative expression. And, in Phoenix, 
expression takes many forms. On canvas and 
on film, with wood and in stone, with a hun
dred different methods and techniques Ari
zonans, both professional and amateur, apply 
their individual skills. 

Shown on these pages are the works of 
some Motorola artists. For a few of these, art 
is a business. For most, it's a way of forgetting 
business - a recreation that's founded and 
fostered by the boundless perspective of the 
Arizona Territory. 

"HARRY'S GERMAN BAND" 15" x 20" PEN AND INK WITH WASH BY RICHARD PHILLIPS 27 



JEWELRY BY JACK SADDLER 

GREEN RING-CAST BY THE 
"LOST WAX" PROCESS IN 14 
KARAT GOLD. SEMI ·PRECIOUS 
STONE IS CHRYSOPRASE 

PENDANT-CREATED IN STER
LING SILVER. THE OPAL STONES 
ARE CEMENTED ONTO BLACK 
JADE TO INTENSIFY THEIR 
BRILLIANCE 

"THE HUNTING LODGE" 
14" x 16" PEN AND COLORED INKS 
BY SHERMAN ROGERS 
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"AR IZONA WILDLI FE" LIFE SIZE SCULPTURES 
BY JAMES V. MUECKE 
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"HIGH COUNTRY" 
5" x 7" OIL PAINTING 
BY NATALIE CECIL 

" SPOTTED CORN 
KACHINA DOLL" 
lO" x20" WATER
COLOR BY JOSEPH 
M. LEONARD 

29 



"MUSHROOMS" 
g" x 12" UNO·CUT 
BY JOHN T. FITZGERALD 

"LOSERS" 15"x20" WASH AND LlTHO·PENCIL 
BY WILLIAM PREISS 

30 

"OLD SALT" 
II" x 14" COLOR PHOTOGRAPH 
BY EDWIN RITIERSHAUS 
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(204) 786·7521 

MOTOROLA International Semiconductor Offices 
ARIZONA, Phoenix 85002, Box 20906 (602) 273·6900 

AUSTRALIA, Sydney . . . . . . . . . . Motorola Semicond uctor Products Div. 
37·43 Alexander St., Suite 204 Motoro la Austra lia Pty. Ltd . 
Crow's Nest. N.S.W. 2065 43-4409/4299 
BRAZIL, Sao Paulo . . .. . _ . .... .. Motorola Semicondutores do Brasil ltda . 
Avenida Brigadeiro. Luis Antonio 1892 287-2608 
CANADA, OntariO, RexdaJe . Motorola Semiconductor Products, Canada 
39 Enterprise Road (416) 249·7654 
CANADA, Ontario, Ottawa 6 . Motorola Semiconductor Products, Canada 
Suite 106, 1007 Merivale Rd. (613) 729-4361 
CANADA, Quebec, Montreal 9 . Motoro la Semiconductor Products, Canada 
7800 Cote de Liesse Road (514) 731·6881/2 
DENMARK, DK2800 Lyngby . Motorola Semiconductor A /S 
Bredebovej 23 (01) 88 44 55 
ENGLAND, Wembley . Middlesex . Motorola Semiconductors Ltd. 
York House, Empire Way 01 -903·0944 
ENGLAND, Manchester, 2. Lancs ... Motorola Semiconductors Ltd. 
Television House, 10/12 Mount Street 0618348778/9 
FRANCE, Paris 7e . Motorola S.A. 
15·17 Avenue de Segur 705.29.10 
GERMANY. 62 Wiesbaden . .. . Motorola Halb lei ter GmbH 
Luisenstrasse 28 (main offi ce) 0612 1-3949 1 
Bleichstrasse 3 (branch office) 06·121·370·077 
GERMANY, D 3000 Hanover . Motorola Halbleiter GmbH 
AM Klagesmarkt 18 0511/15322 
GERMANY, 8000 Muenchen 71 Motorola Halbleiter GmbH 
Fiedlerstrasse 5 0811/798938 

GERMANY, 7032 Sindelfingen . . Motorola Halbleiter GmbH 
Stralsunder St re. 1, Postfach 450 0703 1/83074 
HOllAND, Utrecht Mot oro la N.V. 
Emma laa n, 41 030510207 
HONG KONG, Hunghom. Kowloon .. Motorola Semiconductors Hong Kong Ltd. 
11th Floor. Island House - 41J Matauwei Road 632201/2 
ITALY, 20129 Milan .... Motoro la Semiconduttori S.p.A. 
Via Ciro Menotti 11 738·6 141 
ITALY. 00162 Rome . . . Motorola Semiconduttori S.pA 
Via Constantino Maes 68 83.14.7.46 
JAPAN, Minato·ku, Tokyo 106 ... _ . Motoro la Semiconductors Japan Ltd. 
Tonichi Bldg. 2-31. 6·chome, Roppongi 405·2700 
JAPAN, Osaka . . . . . . . . . ... . . . .. Motorola Semiconductors Japan Ltd. 
Mitsuwa Bldg., 2·41 Minami·hommachi. Higashi ·ku 06·262·4637 
MEXICO, 5 D.F. . . . . .. ........ .. Productos Semiconductores Motorola 
de Mexico, S.A. Rio Marne No. 19-103 566·53·72 

535·32·17 
SCOTLAND, East Ki lbride, Glasgow . . . . Motorola Semiconductors Ltd. 
21 Hawbank Rd., College Milton North East Kilbride 25264 
SWEDEN, 12721 Skarholmen _ Motorola Semiconductor AB 
80x 32 08/710 06·60 
SWITZERLAND, 1211 Geneva, 20 .. Motorola Semiconductor Products Inc. 
16 Chemin de la Voie ·Creuse (Headquarters European Operations) 33 5607 
SWITZERLAN D, 8702 Zurich·Zo llikon . Motorola Semiconductor Products Inc. 
101 , Alte Landstrasse - P.O. Box 62 (051) 65 56 56/07 
TAIWAN, Taipei . .. . ... . . Motoro la Semiconductors Hong Kong, Ltd. 
4th Floor, 171 Chung Shan Tel: 510707 
North Road, Sec. 2 

MOTOROLA Franchised Semiconductor Distributor Offices 
ALABAMA, Huntsville 35801 . Hall· Mark Electronics MINNESOTA, Edina 55435. . . . . Lew Bonn Co. 
P.O. Box 1133 (205) 539·0691 
ARIZONA, Phoenix 85009 . . Hamilton/Avnet 
1739 N. 28th Ave. (602) 269·1391 
CALIFORNIA, EI Segundo 90245 .. Uberty Electronics Corp. 
124 Maryland St. (213) 322·8100 
CALIFORNIA, Los Angeles 90230. . ..... Ha milton Electro Sales 
10912 West Washington Blvd. (213) 870·7171 
CALIFORN IA, Los Angeles 90022 . . . _ ..... . . Wesco 
5650 Jillson Street (213) 685-9525 
CALIFORNIA, Mountain View 94040 . Elmar Electronics 
2288 Charleston Road (415) 961 ·3611 
CALIFORNIA, Mountain View 94041 Hamilton/Avnet 
340 Middlefield Road (415) 961 -7000 
CALIFORN IA, Palo Alto 94303 . Kierulff ElectroniCS. Inc. 
3969 East Bayshore Road (415) 968·6292 
CALIFORNIA, San Diego 92123 . Hamilton/Avnet 
5567 Kearny Villa Rd. (714) 279·2421 
CALIFORNIA, San Diego 92 123. KieruHf Electronics. Inc. 
8797 Balboa Ave. (714) 278·2112 
COLORADO, Denver 80211 Hamilton/Avnet 
1400 W. 46th Ave. (303) 433-8551 

7275 Bush Lake Road (612) 941·4860 
MINNESOTA, Minneapolis 55420 .... Hami lton/Avnet Electron ics 
2850 Metro Drive (612) 854·4800 
NEW JERSEY, Cher ry Hill 08034 . Hamilton/Avnet Electronics 
1608 Marlton Pike (609) 662·9337 
NEW JERSEY, Moorestown 08057 ... . Angus, Inc. 
(P.O. Box 126), Pleasant Valley Avenue (609) 235·1900 
NEW JERSEY, Pennsauken 08110 . . . . Radio Electric Service Co. 
Airport & Centra l Highways (609) 662·4000 
NEW MEXICO, Albuquerque 87119 ..... .. .. Kierulff Electronics, Inc. 
2524 Baylor Drive. S.E. (505) 247·1055 
Maif: P.O. Box 9107 AMF, Su nport Station/Albuquerque, N.M . 87119 
NEW YORK, Binghamton 13902 _ Harvey/ Federal 
P.O. 80x 1208 (607) 748·8211 
NEW YORK, Hauppauge, L.I. 11787 . . Cramer Electronics, Inc. 
29 Oser Avenue (516) 23 1-5600 
NEW YORK, Rochester 14623. . . Cramer Electronics, Inc. 
3259 Winton Road South (716) 275·0300 
NEW YORK, East Syracuse 13057 . . . Cramer/Eastern 
6716 Joy Road (315) 437-6671 
NEW YORK, Westbury, loJ. 11590 _ . Schweber Electronics 

COLORADO, Denver 80239 . .. . . . ..... . . . ... . Kierulff Electronics Co., Inc. 
10890 E. 47th Ave. (303) 343·7090 
CONNECTICUT, North Haven 06473. . . . . Cramer ElectroniCS. Inc. 
35 Dodge Ave., Wharton Brook Ind. Center (203) 239·5641 
fLORIDA, Hollywood 33020 . . . . ... ... .. . . .. Cramer/EW, Inc. 
P.O. 80x WW (305) 923·8181 

Jericho Turnpike (5 16) 334·7474 
NEW YORK, Woodbury, lor. 11797 . . . .. Harvey Radio Co., Illc. 
60 Crossways Pa rk West (516) 921 ·8700 
NORTH CAROLINA, Ra leigh 27604 ... Cramer/EW, Inc. 
3901 Winton Road (919) 876·2371 
OHIO, Cincinnati 45222 . . . . . . . . . . . Sheridan Sales Co. 

FLORIDA. Hol lywood 33020 . Schweber Electronics 
2830 N. 28th Terrace (305) 927-0511 
FLORIDA, Orlando 32814 .... .. ... .. . .. Cramer/E W, Inc. 
P.O. Box 20214 (305) 894·1511 
GEORGIA, Atlanta 30325 . . . . . Jackson Electronics Corp. 
1135 Chattahoochee Ave., N.w. (404) 355·2223 
ILLINOIS, Chicago 60624 . . ... .. .... Newa rk Electronics Corp. 
500 N. Pu laski Rd. (31 2) 638·4411 
ILLINOI S, Chicago 60666 .. . . .... . . . Semiconductor Specialists. Inc. 
P.O. Box 66125, O'Hare International Airport (312) 279·1000 
ILLINOIS. Schiller Park 60176 . Hamilton/Avnet Electronics 
3900 N. 25th (312) 678·6310 
INDIANA, Indianapolis 46204 . . . Graham Electronics Supply. Inc. 
133 South Pennsylvania Street (317) 634·8202 
KANSAS, Lenexa 66215 . . Hall-Mark Electronics Corp. 
9006 Roseh ill Rd. (913) 888-4747 
MARYLAND, Rockville 20850 ... Cramer/EW, Washington 
P.O. Drawer 1648 (301) 948·0 110 
MARYLAND, Rockville 20852 . . . Schweber Electronics 
5640 Fisher Lane (301) 881·2970 
MARYLAND, Savage 20863. . .. . Pyttronic Industries, Inc. 
8220 Well moor Court (301) 792·7000 
MASSACHUSETTS, Lexington 02173 . . _ .... . ....... Harvey/R&D 
44 Hartwell Avenue (617) 861 ·9200 
MASSACHUSETTS, Newton Centre 02 159 . . Cramer ElectroniCS, Inc. 
85 Wells Avenue (617) 969·7700 
MICHIGAN, Detroit 48227 RS Electronics 
12775 Lyndon Ave. (313) 491-1012 

10 Kn otrcrest Drive (P.O. Box 37826) (51 3) 76 1·5432 
OHIO, Cleveland 44 105 . . . ... Pioneer/Cleve land 
4800 East 131st St. (216) 587·3600 
OHIO, Cleveland 44125 . . . .. _ Sheridan Sales Co. 
7800 Wall Street (P.O. Box 4457) (216) 524-8120 
OHIO. Dayton 45404. . . Pioneer / Dayton 
1900 Troy Street (513) 236·9900 
OKLAHOMA, Tlilsa 74145 . . . Hall -Mark Electronics Corp. 
4846 S. 83rd East Avenue (918) 835·8458 
TEXAS, Da llas 75231 . . Hall ·Mark Electronics Corp. 
9333 Forest Lane (214) 231·6111 
TEXAS, Dallas 75229 . . Sterling Electronics, Inc. 
2875 Merrell Road (214) 357·9131 
TEXAS. EI Paso 79903 . . . .. Midland SpeCialty Co. 
2235 Wyoming Avenue (915) 533·9555 
TEXAS, Houston 77042 . Hall ·Mark Electronics Corp. 
8000 Westglen (713) 781 -6100 

X~~~~o~~~!~~~ ~~e~~a'y' (p.e: S'ox"i229)' . . Sterling ~i~~)o~~~~6~~~ 
UTAH , Salt Lake City 84115 . . . .. ... Cramer Electronics, Inc. 
391 West 2500 South (801) 487·3681 
WASHINGTON, Seattfe 98121 . . . . Hamifton/Avnet 
2320 North Sixth Avenue (206) 624-5930 
WASHINGTON, Seattle 98108. Liberty Electronics 
5305 Second Avenue South (206) 763·8200 
WISCONSIN , Mifwaukee 53226 . . Hall ·Mark Electronics Corp. 
11925 W. Ripley Ave. (414) 476·1270 




