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Intelligence needs impel giant edvances
i miciopowered inicroelectronic systems.

MICROTECHNOGLOGY

Donsld Redser
#nd
My Wood

It can be said that in general ideal intelligence collection systems
perfonn best when placed s close to the tasget as possible.  This
cerininly was the poinoiple adopted by the ancicnts in thcir liberal use
of harlots as informers. But in the absence of a desive on the part
of the target to have itin close proximity, the collection systom needs
a completely diflerent set of qualifications.  To list but a few of the
wore obvicus, # must operate in a hostile cnvizenment, be as wndetect-
able as passible, have an extiemely long life, and provide reliable,
Ligh-quality information.  These general requitements spply to audio,
vidzo, optical, and electrenic intelligence gatheving systems. A com-
mon nced among &}l sach systemns is for mivimum sive and weight.
And the satisfaction of this need often entails a requiremnent for micro-
power as well i

Micropower, as the term implies, is the vperation of equipment with
greatly reduced power drain?  Minimizing power needs vastly sim-
plifies the size and weight problem by elininating bulky power supply
corsponents.  Itis also possible to toin the coin over and say that for
a given power supply a greatly enlianced capability and reliahility can
be obtained fiom miciupower operation; more fouctions can be per-
forined and redundancy provided by the same @wnount of energy.
Thus micropower operation will improve any system, whether airborne,
animal- or men-borne, or permanently installed, whether the power
source s a battery, a generator, or a solar cell

Int Migence Initiative

In 15d-1965 the authors made a survey of eighteen top U.S. micro-
electronic finas to detennine the current status of micropower tech-
rology.  The resolts were of sufficient interest to warrant a staff paper
on micropower and microclectronies in handbeock form.  The cover

*ihe prefix micro is sppropriate both in its general sense of “very siwall” and
in its precise scieutific vsage as ane of the series micro=a willionth, nanow=a
thousandth of a millioith, and picos=a millionth of a millionth. Some have sug-
gested, indeed, that the pauopower stage is not far in the futare.
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of that handBbook is reproduced in Figure L. It shows the power
&rain in illiwsits of a VIF superheterodyne receiver projected from
1865 to a date in 1870. The rapidly falling curve was hased on esti-
mates of the improvement that could be made in industiial technology
over this span of time if the eflort received soficient emphasis. Up
to 1638 it ivdicated a reduction in the power required for this rep-
reserdative oo er fiom as much 2s 50 mrw to as Litle as
0.5 wrw, two ¢rders of magpitude.  JUis exiremely pratifying to Le able
to st Le that this is in fact the pature of the progress that kas boen made.

Cii the bazds of the 1665 fndings CIA 1 the Advanced
Reseaich Drofects Agency with a proposal to 5 ted micro-

Micretechnelogy

€X yecery

power dovelopiment, and ARPA agieed to divert substantial fonding
o the program. An sivangement was establithed with three solected

[

straciors under which the governnent would contiibute fifty per-
cent of the costs.  Calevlations at that time showed that power offi-
cocy could theoretieally be imp
maguiiade,
desited in o

Y O

i ioved by seven or eight orders of
Lile only thiee to five were pucessaty for the rosalls
Wity advanced intelligence devices.  Dnprovemcid by
a5 of magrilude would poymil important systeins to oparate
on mnbient power, that 5s on the light, heat, yadiatim at radio fre-
guencies, elc, availelle in the snvironment,

One of the keys to microteclmnlogy is the practice of building elec-
tronie dovices and circuits with thin deposits or diffusions of conduct-
ing or scimiconducting waterial on the surface of wafers, Lut progress
in ruiniinizing the size of these requires a corresponding maximizing
of precision in the fabijcation. We shall not treat here the Jetails
of impioveinents in the industrial processes—phote ctehing, controlled

e

deposition, swrface cleanliness contiol, cte~—that are being achicved,
Broadly, the requirement is for advances in the following fclds of
solid state technology:

Fabrication of very small active devices (notably transistors)
through hnproved topography, inasking, etc.

Low-parasitic jsolation and interconnection (the elimination of un-
wanted by-product frequencies in the circuits)

Surface characteristics

Structure control

Ultimately, developrent of new materials,

Micro Tt

The £eld of microclectronics was born with the advent of the
travsistor in the early 1950°s.  Operating voltages cropped, the size of
devices became significantly sialler, and there was notivation to re-
duce the over-all size of most passive clectronic components also.
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Microtechinelogy

Starting with very modest Leginnings by researchers at Bell Labs,
transistor teclmology progressed from the crude audiofroquency de-
viees of that era to the high-frequency tiansistors of the carly 69's.
Alang with this growth in Lensistor technology, en industrial com-
e L sed on a concept of 2l] solid-state eletionics came Lito bAng
7 l sner of electionic components weove redesigned, the new difler-
ically ‘u‘O]"ﬂ the old primanly in size. See Figme 2. Number
(“ﬂ thoussredths of en inch in dineter) gave ey tc one
tion (a matsl layer one th »M"\mth of an fnch thick} for
oinection between devices,  Oue 1o longer Umiupnla\\'f} circuits

{0
1
X

puck” and the “1'0-18 can” Figure 3 ilustrates such packagl

Figure 3. Vurious packages eoch helding o complete electronic direeit, Flat

pocks cre of upper el the TO-18 af upper right.

This new techmalogy had immediate applications in intelligence;
size reduction obviously satisfied a pressing need to make surveillance
devices much more unobtiusive.  As solid-state technology provided
ciresit functions which could be packzged in increasingly high-density
microminsature form, the Pro]\,cuon of & million ur;upnmwts per cubic
fsch was not ent of the question from a size point of view. DBut if
each of these compenents used a milliwatt of power there would be

livsipated a kilewatt of heat in that same cubic inch--a situation
wivable to say the Jeast, Feat dissipetion per unit volume was
what limited the wseful application of microminieturization.  Thus
the developnent of micoclectionics Jed ditectly to that of micro-
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mo t =)f.  Note particularly the lincar cdge and wniformity of these
strize . 2nd their saperior alignment within the window. These are
the reasons for the improvement in performance.

Figare 74 shows the achievernent of the counterpart elements for
the next advanced wicropower transistor.  The characteristic fingers
Liere wre one wnicion wide and the space between than is also one
widcron, This stroctore, fabricated with the new projection masking
systery, consiitutes the smallest transistor elemeonts febricated o date,
It 1 planned to integrate this projection wasking system into the
over-all inicropower program and begin the vegolar production of iran-

to pr-duce two protolypes of the optical system for delivery to two
prro pal miccopower transister developers so that they can inske these
si-a 1 devices.

T - e are muny other facets of the effort to improve the performance
of 1 .yopower devices; but thie technique for size reduction and im-
pro-od precision discussed above, which has yet to be employed, illus-
trutee how we ean achieve some of the advances needed to narrow the
gap. between existing capabilities end the theoretical linit.

Figure 14, Latest advonce.
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‘The development of WHCrOPoWer systeins was approal
ing first on ¢

sed by work-
e cornpnents, above ell the teavsisiors, Figure
4, which sppeared in the orginal micropowear handbook, foveshadawed
the dyop in power consimmption that might be achicved in advanced
trensistors. These ealy resvlts were oliained only at very low fre-

cT (M¥r)

t¢, GAIN BANDWIDTH PRODU

Ig

Figure 5. Perlormunce of micropower tronsistor ot 100 micraamperes equals
that of commesrciel counterpart ot 2 mithamps.
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Figure 6. Micro-T packages compered with TO-18 can,

SR LACKEMENT VOLUME PrAN AREA
{cu. in.) (¢q.in.)
Facluding Toelading  Excleding  Including
Yeads leads lesds Yoads
Wiceo-T Package ... ... .. 00030 L5033 SKST 0107
FO 18 pzc}\zge ......... LG58 D63 £44 044
Patio: 1TO-12 to Micro-T  19:1 19:1 8:1 4:1

quency, but constant development efforts over the past two years have
vow produced a high-perforinance high-frequency micropower tran-
sistor.  Iligure 5 shiows its gain-handwidth product-—a measure of per-
formance-—versus bias current (a function of power) compared with
that of a commiercially available counterpart.  The special riicropower
devices are cheady available in quantity to the inteligence conrmunity.

The reduction in operatiang power snd increase in frequency brought
a {further reduction in size. Figure 6 shows a half dozen of the
Micro-T packages survounding a TO-18 can. The reduction in size
and power is nol Bmited to a particular type of transistor but applies
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in genoral to an eative {amily.  Four c‘oxrxplw‘swm:ﬂy devices suitable
for both digital and anslog applications are presently svailable,

Micro Circuits

Tea mg‘q the key active claments, av¢ pot the whole story,
ik pa s thom led io fm ther, aod continuing, developimental
wuik in clrouit de ign g ircuits of pug;\ mwely in-
ceeasing complexily were t‘:hcscﬂ to chalknge &

nology. Re

ults in this arca have 2bo bern guite dvamatic.

C‘ A X= 5H dB
BW =295 MHz
DLVICE  SKT 807
VD‘= -0V

PD {816 I,Xw {cne
hundred wmicy ouarr ;

g

TRANSDUCER GAiN {dB)

FREQUENCY {(MH2)

Figure 7. Performance of micropuwer RF amplifier.
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{A) ETCHED INTERCOMKNECT
PATTERN ON £POXY
LAKINATE BASE BOARD

(B) MICRODISCRETE ACTIVE
AND PASSIVE COMPONENTS
ASGERBLED ON BASE BOARD

(C) GOLD- PLATED 8RASS HOUSING
(D) FULLY ASSEMBLED AMPUFRER

WITH INPUT & OUTPUT
CONNECTION FiN

wide-bond wiluopower IF cmplifier (150 MHx).

Buring the first year the efforts of the piogram were devoted to
designing and falvicating two representative circuits, a radio-frequency
amplifies end 2 digital Jogic function.  Tn the amplifier a reduction in
power drain of two orders of magnitude as comipared to the best avail-
able corwmercial cireuit was schieved, and size was also reduced by a
factor of 100. The curve in Figure 7 shows jts gain of 11 decibels,
almost flat over 16 megelim iz (thovsand Klocycles per secund), with
a power input of 100 wiicrowatts,

An equally bopressive improvernent was made in the digital circait,
whose power drain was reduced by a factor of 1000. [hus after a
year's effort the power reduction achicved was at least 100-fold while
other parameters of both circuits were maintzined at the original
level or improved. ‘these accomplishisents rested on careful and
clever circuit design and utilization of the new micrepower transistor
fanily.  The prospect of further advances along these lines continued
to be extremely good when the first year’s program was assessed at its

conclusion.

The next Jogical step was to push on to more complicated circuits
and subsystems, and the results were again highly fuvorable. The
goals were accordingly expoended to include all the basic building
blocks of radio receivers and transmitters.  Figure § shows the fabrica-
tion details of a wiaopower intermediste-frequency” amplifier, the
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heart of any good supaheterodype veceiver.  The power consuption
of this device is at least 100-fold, or two ouders of magnitude, lower
than that of any previous subsystem,

Cscillztors have been built and tested.  Converter circuits and trans-
witters huve been fubricated with equal success and demonstrated
capability.  In short, a great seservoir of new technclogy bas been
= arvd biought to bear on the techuical side of intelligence col-
feetion, At the present

- e

'3 - 3 . A NS
e thera is CYETY ressun ta helieve that aclive

pureait of the basic program will continve to yield further advances,

The vtimate o

ctive, that of aresting complele micropower cquip-
went, is veully the aiiterion of sucecss as {ar as ntelligence gothering
is conceined, so it is gratifying to Le alle to repost that system devel-
opment has been as sucoussful as the work on camponent civeuits, In
a truly spectacular dew

mistration of what can be achieved, candle-
power has been used to operate a complex repeater unit consisting of

a receiver, a trausmitter, digital processing civeuits, and a solar cell
network for energy conversion. The enthe woit, Literally dviven by
the light from a czndle, continued to function perlectly in conjunction
with the other units of the repeater neiwork.
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Tigure 9. Micropower receiver.




Microtechnoelogy SECREP

Figure 10, Micrepower pencil vecciver,  Cheullry visible of top; assembly

shown below,

The receiver in this repeater is shown in Figure 9. Tts performance
is comparable to that of a standard cornmunications yeceiver, normally
about 12”7 x 12" x 3”. At a center frequency of 300 MHz it has a noise
figure of 2.6 decibels in a bandwidth of 15 MHz~a figure not so un-
usual except that only one thousandth of a wait is required to operate it.

The impact of the availability of this type of electronic equipment
is very significant. The operation of a repeater from a candle, of
reccivers such as the above from single batteries, and almost as many
other iuarvels as one cares to dreamn gbout are at hand.  The actual
application of these possibilities is not so straightforward as it may
at fust seem; we have pot discussed the mechanical probloms as-
wcizted with micotechnology.  But these problems, thongh many and
complex, are certainly not wnsolvable. That solutions are possible is
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pertiaps best Mustizted in Figore 10, showing a full supertlieterodyme

recei.er, including anterma, audio section, snd batiery, jaside a pencil.

The system rans on two heaing-aid batteries end performs as well as
J

any conventionsl peitable.

Soine Fufise (_T‘oaz's

With ‘-yv s Jike i‘r ose descrily - jutelligence

COrvEEn l)/ can begin a;;‘;’:rm-,; 5 fon an on-

tizely different point c»f view.  FProblems sossible just a
hY .

{Lw years ago have become sol "“')lf t’;‘n 05 ower torhniques.

218 saller than a
ge of dgarcties can be op m} .Fm;; the light of a candle, bat-
teiy Yfe snd resupply no lengor treable an sgemt in huostile u:;xuury
‘The prolilcns ere not edically diffcrent, buz the runge of possible
solutions has been tivwendously broadened.

When a vommuaications mm‘n) 3
packs

The scope of ihis technclogy can be Mushizted by a few agvanced
conccpts as Bsted below,  These are af prosent either undergoing Gavel-
opracnt or being conceptually explued.

High-density digital storage: The falirication of a microminiatare
unit capalide of storing 200,000 bits of digital information in a eubie
inch.  This unit, operating on a 18milliwait total power draln, will
mabe on-site processing or storage a reasonable design requirement
in fvtvre intelligence collection systerms.

A 50- 1o 10,000 megahertz swveilllance yecciver in a fve-pound
microminiatore package, Tutting into fve pounds what vrdinarily
sequires a {ull rack of equipment has enormons implications for the
size aind rauge of the rcconnaiesance vehicle,

Distributed jrunsners.  Consideiing the hig b efficiency of the micro-
power u‘,e.nsmutem, it is veasonuhle to consider deploying vast arrays
of byw-power oscillators in the area of auy potential electromagpetic
intruder. An orbital vehicle would be particularly susceptible to
such jarmners since they could be put into orbit too end powered
by the sun. .

A 6-bit snslog-to-digital converter powercd by one penlight cell

andd one cell %” in diameter by %, Jong.  The Jife expectancy of
the Loatteries v.*ou}d be ten years.

The remarkable nature of such develupments leads one to speculate
whether they are about to reach a fundamental lunit that patere has
surely set.  Many people like to draw conrperisons between the human
brain and the elect:onic computer,  If we adupt, thercfore, the brain
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HMicrotechinelegy

zs our standard, we can mcasure how close we are to this stundurd
with micropower creusts,

A logic clesnent, the bagic building block of the computer, compares
with the brain’s nieuron on a one-to-one functional bauds.  The veuion
is a hundied times smaller than any miwopower circuit, though dlso
160,000 ties slower in operating. The real suiprise comes, Lowever,
i power cosswnplion: a newron operates at about cie tenth of a
watt, 10,600 Umes Joss power thadl the bast miorop wer civs
wade to date. Tt is therefere apparent that mach yemaing to be done
in the future befure we achicve the goal nature has sel up for s,

i

We have Leen working only thiee years, to be sure, and Moiher
Neture a hilliom,

The Lotest in Tvansistor Felbrication

Finally, let us exswnine the results of work done vnder yecent
contracts involving even more advanced concepts. One aspect of this
work is the use of a highly sophisticated optical projeciion masking
system for deposiling accurately the elements of a ruinute trensistor.
This equipment will coustitute the means for falnication of the next
generation of micrepower transistors. Reducing the size of a given
transistor by ene bhalf, if all other paraineters remain proportionately
the same, reduces its power eonsamption by one hall; but this redue-
tion in size aulomatically doubles the requirement for precision in
the fabrication.

Finst let us compare the wicropower transistors curently in pro-
dnction with previovs devices.  The original Shackley alloy transistor
riade in Bell Laboratories 18 years ago is shown in Figure 11 above
one of the curvent series.

A fairer compan’son can be drawn between the current r,m'cropower
transistor and its best previous couuterpart. Figure 12 is a photo-
micrograph of one of the best high-frequency, low-power transistors
svailable in 1965. The important fealure is the narrow finger-like
stripes 0.2 mil (5 microns) in width, It should be obscrved that some
of the fugers are of slightly different widths and do not always fall
directly in the center of the window space provided for them. 'The
difficultics eaperienced in trying to achieve unifonnity and precision
are cvident,

In the photornicrograph in Figure 13, onc of our cwrvent micropower
devices, the finger-ike stripes are 3 microns in width, reduced by al-
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