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FOREWORD (U)

This report summarizes the miniatiirization work at this instal!-
lation during FY 1959, A brief historical introduction and the status
of this work as of the end of FY 1958 are given in reference }. The cur-
rent work is aimed at two objectivea-—first to meet the immediate
needs of the weapons program with cffective short-term development
efforts; and second, to anticipate and provide for future requirements
through research.

When there is an immediate need for miniaturization of a specific
system unit, the work is usually accomplished with proven techniques
that can be quickly adapted to the problem. Also, technigues under re-
search may be accelerated through development and tasting if they ap
pear te offer a solution. There are occasional apportunities to minia-
turize entire systems when they evolve from research projects at these
laboratories.

-

The research program to maeet future needs has progréssed to the
po‘int that there is an evident potential for at least a 10-to-1 improvement
over the most advanced miniaturization methods now in use. The fabri-
cation of extremely smail subassemblics is based on techniques for plac-
ing ali the elements of a single basic ¢circuit on or just below the surface
of 2 amall cevamic wafer. The techniques asv .daptable to many low-
power circuits. Compared with circuit mountings now in use, even those
considered miniature, the individual wafer circuits are csscntially two-
dimensionai, henceé the nickname ''2D. " The basic circuits may then be
handled as components, a large numbg: of them being interconnected to
perform complex functicas.

e

Volume, weight. and susceptibility to acceleration damage are dras-
tically reduced by 2D techniques, and the power requirements are usually
lower., On the other hand, the circuit elements, being thin and of slight
mass, are more readily affected by temperature changes and by humidity
Therefore, the wafer circuits must be protected from the external environ-
ment, either cellectively or individually. Since the wafers are so smal!,
even when grouped into a complex, hermetic sealing does not appear to be
a serious prcblem. Techniques for canning or potting, and for sealing the
separaie elements within the wafers are being developed. Because the
dimensions of each element are reduced tenfold or more, the electrical
characteristics tend to have broader tolerances than are customary in con-
ventional parts. Systemns that incorporate them have to be designed to
operate properly with such elements. ;

é bbby, 0



While further laboratory investigation of the 2D approach continues,
contracts have been let for the industrial production of pilot lots of NOR
and binary divider circuits. These contracts develiop production methods
and supply 2D wafers in quantities large enough to rermit extended in-
vestigations of reliability and systems design.

Referenced technical repori~ and monthly lett:r reports are on file
at the Army Or inance Missile Command, Redston:: Arsenal, Alabama,
and at the Technical Reference Branch, Diamond Jrdnance Fuze Labora-
iorie3. Where such reports are still in'process, more detailed info .na-
tion is given in this report. -

vl
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~BSTRACT (U)

N\gl‘he miriaturization work dates back to 1941 and stems from re-
search and development on proximity fuzes and related items. Sig-
nificant advances in miniaturization during ¥Y 1959 are summarized
briefly. Investigations of techniques. components, assemrbiies ard
systems 2vre described. References are cited in which detailed infor-
mation can be found. ‘

1. SYSTEMS

1.1 {C) Light-Weight GM Fuzing Syatem

A light-weight radio proximity fuzing system (figure 1), complete
with power supply and safety-and-arming device, has been designed for
the Missile-A class of short range ‘actical missiles. This system,
designated ''Copperhead, ' uses dual coinponents throughout for reliable
operation, yet weighs only 15 1b.

The low weight has been achieved . ting {1) a transmittar oper-
aiing at a frequency which does not regquire 3 magnetron, nor the com-
plex and heavy power supply associated with a magnetron or klysatron;
(2) completely integrated cellular-aluminwn structure; {3) microstrip
r-f head; (4) simplified antennas (new slotted types or spiral); (5) ar
extremely compact safing, arming, and programming device {figure 2);
and {b) transistors, wherever possible, to replace vacuum tubes.

Further research will emphasize the development of more sophis-
ticated arming systems to accommodate correspondingly more sophis-

tocated firing and guidance systems.

1.2 (U) The Cigarette Fuze

During this period a subminiature proximity fuze was developed.
Because of its small size, it has been namad the "Cigarette Fuze'
(figure 3). Since performance details are classified "SECRET", further
information cannst be given in this repuri without upgrading the classi-~
fication of the entire document. Additional technical data is contained
in references 2 and 3.

1.3 (U) Rangefinder

The first model of a man-portable, batrers-powered radar range-
finder is now under test. It should have wide application wherever
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Figure 1, Mcdel of light-weight Copperhecad fuze system,
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Figure Z. Coppcrhead tuze system electrenic programmer,
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accuracy and light weight are premium requirements, as in artillery
and weapon systems of the Davy Crockett type. An earlier version of
the Short Puise Radar Rangefinder, showedar. accuracy of 0. 0Z percent.
The research model, empioys a new statistical averaging technique
and a direct dgital rcadcut. In 200 measurements of ranges from 100
to 3500 ft, the deviation of range error as 0.6 ft.

The shori-pulse radar operates with a 10 mpsec 100 w pulse devel-
oped and processed in an electronic package that is smaller than a shoe-
box and weighs only 7 lb. Antennas, power supply, and oscilloscope
used in the above-mentioned tests were laboratory accessories.. These
auxiliary units are now undergcing specialized development. Two meth-
ods for increasing capability for target identification are included in this
utvelopment: first, a inapping capability of the radar with a narrow-
angle B scan; and second, 2 delaycd and expanded range display showing
the target area in azimuthal and distance deiail (ref 4).

1.4 (C) Command Systein Miniaturization

As a resuit of the assignment  to miniaturize a receiver arnd a de-

coder used in missile command systems, suitable equipment, already
in production, haz been lo-ated. The first cifort of personnel assigned
to this project was an inv:stigntion of the "state of the art, " thirough cor-
respondence, consuitatiu + with other agencics, and visits to ¢ ymmercial
firn's. Zventually, it wes ‘ound that a contractor to the U. S, Navy
BUAER was produc:no: 2.751b, 36 cu in. model of the decoder, which
was originally 19 1b in weight and occupied 254 cu in. By this time, the
concurrent experimentai work at DOFL had progressed to the point that
a two-stage transistor r-f amplifier had heen aceemblcd in o chicldca
box mmade of copper-clad teflon laminate. Some of the inductors and
canacitors for the <ircuits were formed by etching the coppe. surtace

cf the laminate box séctions beiore assembly. Parameters of the lamin-
ate ard the etched componenis were bging studied in detail. Also, con-
siderable effort went intu a study of the oscillator requirements and the

quest for a miniature crystal.

i

By March 1959, it wac apparent thar, considering the advanced status
of the BUAER contractor's product, little more could be gained in per-
formance or in volume reduction without changes in basic performance re-
quirements. By agreemenrt between ABMA and DOFL this task was terminated
and the remamning funds were transferred to the Radar Altimeter Minia-

turization project {ref 5'.
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I 5(C) Radar Altimeter

Two models of a simplified trajectory altimeter were del.vered
to ABMA. They provide on a~curacy of 75 ft An associared ground
system has been completed The altimeter system empluys compo
nentz of amall size, hght weight, and simphified circemitry and sho s~
siuprovement in reliability and performance characteratio s

L tl.r vutstanding feature of the systein 1s thatat sclf telemeor:

- [N

This was dCLOI"‘!OllShed by making the transmitter repetition rate o fui
tion of altitude Thus, the tirne and base time comparators are nut
mussile-borne, but are in the ground equipment. This results .oan

treased reliability and decreased volume, weight and power dramnar

"t .L.iile borne portion of the system. -et -
1.6 -U) Kadar Beacon

Of prime importance in the development of 2 radar beacon for
ABMA 5 the realization of an appreciable reduction in the size and
weight of the entire system. This is being done by applying the most
rec-nt advances in microminiaturizatien {ref A) It hac heen fonnd thas
muach transistorization of circuits which can be used for th:s applica-
t:on has already been done by irdustry. Work on the development ot «
magnetic modulator and a triode transmitter for this system 1s in pro-

cess in-house.

1 7 (U) Transistorized Teurperature Telemeter

A unit utilizing miniature components (ref 7) has been develcped
for monitoring and telemetering the skin temperawures ot 20-mm and
40-mm projectiles in flight. It will be very heipful in determining the
effects of environmental heating on fuzes and other components u~vd '
very small privjectiles. This unit, which has a telemetering range of
50-60 ft, consistsof a VHF transistor osciilator, a thermocouple, ana
a power supply. The oscillator is frequency modulated 1n response to
the nose temperature by the sutput of the thermocouple. The item has
survived impacts in air gun tests in excess of 40, 000 G (Se~ DHipure 3

1

1,8 {C} Transistorized Two-Gate Digital Velociiy Computcr

A transistorized digital computer for measuring the veloaity of
vn-ojectiles was developed and a breadboard mode!l fabricated fref 8.
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Figuvs 4, 20-pm Temperaturs tileueter,



reproducing the output pulses from eptical detectors, and performance
was within the computed maximum error. The system was synthesized
from basic digital building blocks such as high-speed reversible binary
counters, low-level voitage comparators, and high-speed coincidence
circu’ts. Since the system consists of a number of these independent
logical blocks which are merely tied together in a pattern, it should be
readily adaptable to microminiaturization.

1.9 {U) Transistorized Sampling Pulse Osc:lloscope

By exploiting the avalanche phenoinenon in transistors to prodice ex-
iremely short sampling pulses, it 1s possible to dispiay on an oscillo-
scope of rather limited bandwidth the waveform of pulses having rise
and fail times as short as 1 musec. Such an oscilloscope, called SPOUT
{Sampling Pulse Oscilloscope Unit, Transistorized), has been developed
as 2 by-product of work in microminiature pulse circuitry (ref 9}). The
sampled pulses ‘may recur at pulse repetition rates between 500 and 10,000
c¢ps and have an amplitude as small as 0.1 v. The oscilloscope sampling
unit gives a more convenient display of repetitive pulses than more con-

ventional means such as the traveling-wave oscilloscope.

1.10 {U) Transistorized Ordnance Stethoscope

A completely transistorized-tape recorder and a single battery for
supplying pows=r have been incorporated into the transistorized electrical
ordnance stethosccpe previously designed {ref 16 and 11}. The stethoscope.
which 's now moure rugged, versatile, ¢ i reijable, replaces the much
larger, standard vacuum-tube type of s._ hoscope for use 1n explnsive
ordnance disposal, Other modifications were made to improve the elec
trical peetviaeanis. retiabulity, and environmental capability.

2, COMPONENTS AND ASSEMBLIES

2.1 U} improved Decade Counter

An wsherently mnore veliable decade-counter circnit has
oped as part of the rmicroriniaturization program. [Decade counters tor
computer and control ne rk applications are basically stacked binary
counters, which unmodi i, would produce an output pulse whenever 16
input pulses had been accamulated. Feedback circuils are added to restore
the inmitial circuat condition after the tenth input pulse to produce the desired
decade-counter perfurmance. Unfortunately, in custormary design, signal

boan devel.
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delay in the fzedback circuit has made tor marginal performaice

due to the feedback pulses arriving too late to perfarm their proper
function, requiring more than ten input pulses to produce one ontput
pulse. The improved decade counter (see block diagram below) in-
cludes a blocking NOR gate circuit in the feedback loop so that aelays
do not affect proper operation.

l- . ouTPUT
(-1 e

ALl ac \ [u | BC e BC

4

BC -~ BINARY COUNTE®R
N = NOR

Nove! Decade Counter

2.2 (U) Compact Ferrite Duplexer -Detector

A duplexer-detector has been designed and built which has ad-
vantages of small size, light weight, {ew component parts, no exter-
nal circuitry, and at least 35-db receiver isolation oves a {requency
range greater than 200 Mc {ref 12). This duplexer utilizes the non-
linear properties of spinel-structure materials (ferrites) to permit
sirnultanecus transmission and reception of short pulse radar signais.
Use of this duplexer-detector should greatly simplify many micro-
wave systems.

2.3 (C) Miniature Magnetron

A miniature millimeter-wave magnetron producing l-kw peak out-
put at 10-nercent efficiency with 3500 v applied was successfully oper-
ated recentiy. The design is based on low-field operation first reported
by Columbia Uuniversity. The weight of the package is only 2.5 1b, Be-
cause of the low voltage, it should be possible to short pulse the 70-kMc
source, and hence this magnetron is the f{irst step toward highly accurate,
portalle range-finder and battlefield-surveillance systems with suifi-
cient xnguli.r resoluiion -- less than 0.5 deg -- for radar presentations
of televigion-type definition. This further opens the door to fuze sys-
tems operzting in the secure band, and to recognition devices based on
exact elecirical signatures of vibration and motion (ref 13).

CONFIDENTIAL



T

CONFIDENTIAL

2.4 (U) Amplifiers

A miniaturized, wide-band amplifier, occupying a volume of 0.7 cu in.
and weighing 0. 5 0z has been developed (ref 14). This small package con-
sumes 0.2 w at 12 v and has A5 db gain, 50 kc to 60 Mc bandwidth and 1-v
output across a 1000-chm impedance. It replaces wide-band distributed
amplifiers of relay-rick dimensions. The amplifier i3 to be 2sed in a
miss-distance indicator and other short-pulse radar equipment, and as a
general purpose amplifier where bandwidths of this order are required

(figure 5).

Another transistorized amplifier, for use in short-pulse high-resa-
lution equipment, has 26-db gain, and a 50-Mc bandwidth at a center fre-
quency of 425 Mc. It uses mesa-type transistors, and has a noise figure
of 11 db (figure 6).

2.5 (U] Miniature Ozcillator

A miniature pulse oscillator {figure 7) has been developed which pro-
duces 2-w peak power and requires less than 2 w to operate. Its expected
use is in short-range fuze aystems (less than 1060 fi} and ia guidance bea-
cnansg.

2.6 (C) Microwave Strip Line

C umponents (photo-ctched, flat coaxial, transmission line) are being
sabstituted for standard rectangular microwave circuit components in the
r-f head assembly for the Littlejohn T-2074 (XM?7) fuze (ref 15). The use
of these strip-line components will enable more than 50 percent reduction
in size and weight of the r-{ head aszembly while meeting the aame per-
formance specifications. iidividual ctrip-line components have been tested
and show acceptable electrical performance. Assembled r-f heads are
under test. It is probable that the atrip-line fabrication raethods will be
adaptable to other radar fuzes of similar design.

2,7 (U) Antennas

Two approachcs iowarc reducing “+e size of telemetering antennas
are being investigated. In botk cases, lincar dimensions are cut approx-
irnately in half. One approach uses capacitance loading; the other uses

ferrite materials for inductive loading.

Figuree 8 and 9 show an experimental model built to test the first ap-
proach. Essentially, it is a re-entrant cylindrical cavity cut in half at the

‘This document nm.wmmmumun Ptates within
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Figure 6, Transistorized wideband UHF amplifier,
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Figure 9. Tube mounting, capacitance-load

2d antenna.
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missile skin through the axis of the cylinder. The r-f oscillator or power
amplifier tube is mounted across the capacitive loading space of the cavity.
This nvi only makes a snust compact assembly, buat it results in a broad
band antenna due to the absence of reactive coupling elements. Measure-
ments of antenna pattern, bandwidth, etc., have yet to be made This
ampilifier/antenna combination should have wide application in missile

telemetry.

Figure 10 shows an experimental model built to test the second ap-
proach, and delivered to ABMA. This model has a VS'WR of less than 1. ¢
over a 70-Mc bandwidth centered at about 250 Mc. However, the output is
about 15 db below that of corresponding unloaded anternas due to losses in

the ferrite.

A coatract has been let to obtain ferrite loading materials with much
lower losses than those available on the open market. This should lead
to the construction of antennas having the same broad-tand characteristics
but much more output.

2.8 (U} Staudawrd Transistor Switching Ci-cnits

A compatibie sei of siandard T~2.ae15t0 circuiis has been designed
fo- use in #upcrimental breadboard systems (ref 16). Thus far available
~ce inverters. binary counters. flip-flops, monostable and free-running
mu.tivibrators, NORS, indicator lamp controls, and power switches, all
iesigned for low-frequency (15 ke) switching operations over a moderate
temperature aunge (45°C). Extending these limitations and investigations
of linear circuits such as amplifiers could provide standardized compatible
elementary circuits specifically designed for microminiature fabrication
techuiques as system building blocks. One of the first packages to be
attempted will be an 18 BIT shift register for ABMA operating at a 100-kc
rate. Illustrating the application of the presently available standard cir-
cuits, an electronic timer generating 5, 10,and 15 second intervals {fol-
lowing an initrating tiigger) has been built and performed satisfactorily.

A computer program is being develcped which will provide an exact
solution o the clectrical behavior of a binary divider. If the requirements
of the binary are defined, then ar automatic computor can use the program
to design the divider. It will also predict the distribution of performance
of large numbers of dividers if the statistical distribution of the components
is known. This program will provide material for- a quality contro! program
for 2D wafers.

14
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2.9 (U) Transistors as Oscillators

Mees -frrne oo rminniill hirwielvi s have weou teaied as uscillaiors

up to frequencies of 200 Mc, Up to 100 Mc they have exhibited efficiencies

of 4¢ percent or mora, The alectrodas used {5 emitter and base ars § x
1Z mila - the germaniwm wafer constitutes the collector. This is a si.-
n:ficant advance in the effort o devise a rugged transistor specially de-
si;ned for use in microminiature circuits for ordnance applications.
lhere are np loose parts and the transistor ss well as the connecticns

te it constitute an integral solid maas {figure 11).

2.10 {U) ARCSAP

Research is continuing on circuitry which employs AC and pulse
power in place of DG power. This type of circuitry is called ARCSAP,
""all reactive ccupled circuitry, signal and power,” The obiectives of
this approach ae subaszemblies which can perforin logical functions
and which are reactively coupled and thus have no requirement for ohmic
interconnectior:s between subassemblies. A breadboard consisting of 12
ARCSAP NOR circuits has been constructed to investigate the special
logic mnd circaitry problem of the system.

2.11 (U) Printed Cables and Harnesses

Two bids have been received and s third is expecied on the proposal
‘or the development of flat, flexidle, multi-conductor cables in 500-ft
lengths. The project was discussed with 1Z manufacturers, and invita-
tions to bid were sent to eight. The physical and electrical properties of
cables from the various companies will be determined and compared with
the ABMA specified values.

2.12 {U} Miniature Incandescent Lamps

More than 50 miniature incandescent lamps were provided to the
Jet Propulsion Laboratories for use in the Juno 11 Moon Probe. These
lamps. oniy 0.030 in. in diameter and 0. 090 in. long {figure 12) met all
the environmental tests made by JPL to establish their suitability for
this use. Whon operating at 1 v and 35 ma of current these lamps pro-
duce a light z2sily visible frora any poinat in a normaijly lighted room.
Raising the potential to 1-}/2 v increases the currens to about 40 milli-
amperes and produces a very bright, and a very small source of illum-
ination., Throughovt the aormal range of operation these larap currents
are well below the upper limit of about 50 ma available in miniaturized

16

MG s

> LE PN RRTICIY: PR



Figure 12, Micrcminiature incandescent bulb,



transistor circuits currently under development in these laboratories,

By suitably changing the size of the filament wire and the number of turns,
it is possible to design lawmips of stmalar geometry 1o meet different volt-
age and current requirements. ’

Although these lamnps were originally designed as indicator devices
for transistor circuits, their usefulness is not limited to this application.
They can be used for illumination in very confined ‘quarters; i.e., for
endoscupes, for tuspecting 1nside of sall waveguides, or as nonlinear
resistors -- in 'microminiature Wein-Bbridge oscillators and as ballasts in
filament and heater circuits.

2.13 (U) Miniature Silver Ox:de-2inc Batteries

Miniature silver oxide-zinc batteries bave been built and teated suc-
cessfully for missile use. They supply the required current densities at
low environmental temperatures without auxiliary heating (ref I7). The
major rerraining problem is slow build-up of voliage at the very low tem-
peratures and several solutions are being investigated.

3. METHODS, PROCESSES, AND TECHNIQUES

3.1 {U) Protective Hermetic Sealing of Transistors in 2D Circuits

Achievement of a -hermetic sealing techniquc for trane¢istors in 2D
wafers means that these units can now be used without externsl sealing.
The transistors that are incorporated into the 2D wafers must be pro-
tecled from contamination and subseqguent deterioration. One method is to
enclese a group of the wafers in a hermetically sealed can; there remains
the prollem of contamiihaats encloseé.in the chnwopigenerated by ather
vafer elements during operation of the circuit. Recently, a 2D NOR cir-
cwit consisting of a transistor and four resistors was censtructed in which
the transistor is hermetically sealed within the wafer. This is the first
2D circuit yn which the active eleinent has been hermeatically sealed
(ftgures 13 and 14). The unit is 0.25 x 0.25 x 0.030 in. Units fabricated
in this manner have been exposed to ammonia vapor for several hours and
to an atmosphere of 95 percent humidity at 71* C for a period of 32 hours
without degradation of transistor characteristics, although ammonia causes
a rapid change in the characteristics of unprotected transistars.

S 3.2(v) Dip Soldering

Vasious techniques of dip soldering several small components to
etched wiring boarde in one operation have been investigated. A method
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Figure 13. "NOR" circuit with hermetically sealed transistor,
This view shows emitter and base couatacts and three re~istors,

Figure 14. "NOR" circuit with hermetically sealed tiznsisto.,
This viev shows collector contact and one resistor,




o

has been developed which eliminates some earlicr problems, such as sol-
der bridging of narrow spaces between canductors, heat damage to lamin-
ated circuit boards and scnsitive components, excessive flux residues, and

uncertainties regarding dip timing (ref 18).

3.3 (U) Vacuum Deposition of Films

The usefulness of presently available as well as new materials in
niicrominiaturization work depends upon the facility with which they can be
utilized in fabrication of microminiature components and circuits in exactly
the loc .tion and configuration required.

Vacuum evaporation and deposition is one of the most effective methods
of producing thin films of a large variety of materials.

During the past year DOFL has been successful in vacuum deposition
of silicon monoxide capacitors with thicknesses from 0.46 to 2. 23 microns,
with capacitance per unit area 0. 0019 to . 0099 uf/cm?®, breakdown 1100 to
3500 volts per mil, d-c insulation resis‘ance 10, 300 megohms, dielectric
loss one percent, average dielectric coustant 6, and has done prelimjnary
w3tk on vacuum evaporation and 'ieposition of fumed silica for capacitor

dielectrics (ref 16).

3.4 (U) Spray Etching Apparatus

Two new types of spray etching apparatus were developed to overcome
limitations of commercially available equipments which produced non -uni
form etching of plates. Previous investigation: nd development of bubbler
type etching appasatus had revealed unsatisfactory uniformity (ref i9}.

"Botk of the new units permitted etchant to be sprayed upon horizontally posi-
tioned plates from above, and the second unit also from below the plate, en-
abling better control of uniformity. The first unit, employing ferric chlor-
ide etchant, was made largely of polyethelene, rubber, and phenolic opera-
tional components. A number of limitations to successful use were dis-
covered. Primarily, distortion of components at operating temperatures
caused leaks, and the spray nozzle assembly produced an unsatisfactory
spray paiican. Jie second unit, employing ammonium persuifate etchant,
was constructed laroelv of stainless steel operational components, and a!
though not cs yet completely evaluated, promises to be a most useful too!

in determining the variables which affect spray etching (ref 20).

3.5 (U) B-C Glow Discharge Cleaning

This work was undertaken to determine the optimmum coaditions for
the cleaning of glass substrates by exposure to a d-c glow discharge in
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order to improve the adherence of thin films subsequently to be vacuum
deposited upnn the substrates (ref 21). Glow discharge cleaning theory was
analyeed, assumptions were considered, problern arzas determined, exper-
imental apparatus assembled, and a series of tests resulted in the following
Lonclusions’

1. The charge in substrate temperature varies inversely with both
the electrode diameter and the residual pressure for bombardment
either by ions or by electruns.

Z. The change in subsirate temperature is practically independent of
the electrode spaciug for ion bombardment, but it varies inversely
with the spacing for electron bombardment.

3. lon bombardment gives higher substrate temperatures than does
tlectron bombardment over s part of the pressure range 5to 75

nHg and over the entire range when smaller electrodes are used.

4. Presuming that the higher substrate ternperatures are indicative

oi more effective cleaning of the glass, bombardment by ions :s the

preferable technigue.

3.6 (U) Filot Lot Production of 2D Wafer Circuits

The feasibility of mass production of the two-dimensional wefer cir-
cuit has been demonstrated by the successfal fabrication of 250 NOR wafers
by a contractor. About 9C percent of the units met the DOFL requirements
when tested individually. Binary counters foruned by combining the units
jerformed satisfactorily. Some counters were made up just after the lot
was received, and some were rnade with units that had been stored for a
few months. Although the transistors in the wafers are protected only by
A coat of developad phote-resist, little deterioration of characteristics has
been noted in the several months that have elapsed since their manufacture.
A contract has been let for the manufacture of 200 2D binary dividers incor-
porating improvements in conductor and terminal materials, dcrived from
the experience with the NOR wafers.

3.7 (U) Mechanization of Fabrication of Microminiature Electronic
Assemblieg

Machinery for both hand and automatic fabrication of microminiature
electronic assemblies has been studied and developed (ref 15). Utilizing
mechanization techniques in processing and orienting each element in the
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circuit during asseinbly operations promises more effirient production with
increased reliability dae to minimizing the human element. Mechani=ation
consddered included the placement of conductors, resistors, capacitors,
transistors, diodes. inductors, and protective coatings on dielectric base -
plates. After fabrication of some experimental machines, it was concluded
that caution should be exercised in deciding the degree of mechanization
which 1% sconomically desirable at this time. A certain amount of mecham-
zation is essential to production of large quantities of agsemblies; however,
since microministure technology is so new and almost day-to-day changes
cccur. machine development should not be undertaken unless it can be
-#dapted to meet future requirements and there is a reasonable presumption

. of cost amortization.
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