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BOBFIZENTAL

ABSTRACY

(U) This report describes briefly the significant accomplish-
ments and progress :.iade in miniaturization work at this i.stallation
during the period 1 July 18! ...rough 30 September 1959, Follow-
ing the outline of the s~ennd apnucl report 3601 on this
same general subject, i:..ormgation is pred@nted under the following
three headings: (1) systems, (2) compongnts and assemblies, and
(%) methods, processes and techniques. '

(AL-3/2 142)

1, INTRODUCTION A

(U) Two annual reports of the DOFL microminiaturization pro=
gram have appeared previously, 'The first (ref 1) presented a brief
historical introduction to DOFL work which fell in the general area
of miniaturization, and described recent developments in the specific
arec of m. .ominicturizaiion up to June 1958, The g=cound annual re-
port (ref 2) covered dev.lopments in the area of microruiniaturization
in the period June 19858 through June 188y,

- (U; This present report is a quarterly report, the first of a
geries of quarterly reports planned for FY 1060 in order to provide
timely sum.. >ries for all sponsors of the DOFL microminiaturiza~
tion progrem. :

2. SYSTELS

2.. Ligat~-Weight GM Fuzing System "‘‘opperhead)

( A{C) A dis; .ay model to illustrs” e physical characteris-
tics of a lightweight integrated {uxing «. “ng device, arming pro-
graourer, and power aupply {»r use ou . .ctical miasile weapons was
delivered to ORDTN in Februar. 37 This model weighs only 15 Ib
compared with 60 b for the i.ittle vchn Adaption Kit. It conaists of
dual charinels  each containing (2* + :afety mechanism and arming pro-
grammer, (b) a UHF Cobra~‘ - «r fuze, (c) an electrante ti::
fuze having an accuracy of 0, 1%, ..u (d) a 32-watt batter, suppiy
waighiuy approximately 0.8 1o sower the integraled aystera a4 tne
warhead in; iation circuits (s 2 © . 2, item 1.1). Satirfactory laho-
ratury operation beg been domor - irated for nearly all system co:u-
ponents. Fabrication of fifte. flight :uodels was started for perform-
ange evaluation of the Copperhe--1 Syatem in the Picatinny research
vehicle, :

(C) The system design is based upon the following performance:

1. Time Mice with an accuracy of 0.1 sec for ianges corrg .-
ponding to flight times frocm 3 to 45 sec.

l'f.'he weight - ine Little John power supply is approximately 8 1b.

GONFIDENTIAL
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2. Radio-fuze for extended ranges (45 to 110 sec) with
seiectable burst heights ranging from ca 100 to 1160 ft.

3. A near-surface oursi fuzing function, to be incorporated
in the finalu«dwwign. ‘ ' h

4. Operation over the full military tempersture range with
a reliability of 99%. ) - Se% T

5., Maximum immunity againgst cohnterm'easureg.

2.2 The Cigarette Fuze

(U) Plans are inde, way to incorporate this subminiature
proximity fuze in a weapon gystem (Davy Crockett). Since perform-
ance details of this fuze are clagsified "SECRET", further informa=
tion is not given in this document but appears in references 3 and 4.

' 2.3 Radar Range Finder

(U) This system is a hand~portable, battery=powered, radar
range=finder which should have wide application wherever accuracy
and light weight are premium requirements, for example in artillkry
and weapon gystems of the Davy Crockett type. The short pylse radar
operates with a pulse of 10 mu sectand 100 w, developed and processed

in an electronic package that is smaller than a shoebox and weighs only
7 b (see ref 2, item 1. 3},

(U) Since July 1959, some defects in the scope indicator unit
have been corrected. The counter has been raconstructad to correct
erratic behavior and tc incrcasc rclfubility, Operational system teat:
were conducted, In thegde tests, certain defective components were
located and replaced. The major difficulty was a time jitter in the
range delay generator over about 2/3 o the expanded R sweep. A con-
centrated effort is being made to eliminste the jitter, either by employ-
ing a magnetostrictive delay line and avalanche ‘ransistcr circuit or by
replacing the phantastron circuit.

2.4 Radar Altimeter (Jupiter)

(U) In reference 2, item 1,5, 1t was reported that two modais
of a simplitied. self-telemetering, trajectory altimetér were delivered
to ABMA. Difficulties were encountered in the power supply. These
are belng corrected, o

2.5 Radpr Altimeter (Pershing Types I and 1)

(C) Two additional ministurized altiinaters are beins desigr:d,

‘developed, and teated. Type I is intended to be dn airborne package,

approximately 15 1b In wieight and 200 cu in, in volt:me which v il pro-
vide continuous altitude intormation from 50, 000 7i to below 1, C00 {t,

GONFIGENTIAL
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with an accuracy of 135 in 30 ft. A rrausistorized crystal-controlled
time-base, and a pulse ivodulaicr, have been developed. Work ~us
been initiated oi & mainjaic.ized verzion of the oscillator ca~ity. A
time Jaterval computer and a moculator ¢f higher powes 3@« under de-
velopment.

{C) The Type II aitimeser is bersy designed for a sysiem weigh-
ing avproxiinateiv & ™ aod having a voinme of approximately 125 cu in.
Tv's Mcewﬂipwnde 2ltitude information of the same s 33 that
of the prior model. I order to obtain mavizpzin reduction in weight
and volume, some unorthodox miniaturizating scheraes are being con-
sidered T+ possibility of incorporating ihe transmitter within the
anteans is being exgiored. Alzo, the possibility of incorporating the
first stace of (G2 receiver in the transmitier or in the adtenna cavity
is being cozicdered. A surve; of iow rwise, high gain transistors at
1002 mc is Leing made. H a ty e of razgistor oow under developmen:
proves ic be successini, it may be possibie to repackage an existing
40 cu in receiver in 2 volume af 300wt § ¢ in, Semicomductor modu-
iators thal ase magnetic techrigues for palse sharpening will be in-
wvestigatad. The pover remiremesis of the sysiem wili be xept to 2
misizzam in order to reduce the weight and volume roquirements of
the power SCPRlY SFIIPIDELT.

2.6 Radar Beacon

(U) In reference 2, Paragraph 1. £, preceding work om ihe
razs beacor wag described.

() A prototype model of 2 modulacr o vees solid stale -

{0} Devcioges=ro aof 2 C-ialk wicde of e regrined baadxict
is proceecing. A sarvey of availsble Chand tricdes kas Joem o
Presest medels ol 5o el reqguinraerts in e Elluwinar - awe G-

W) mafmamaypraqu:ﬂ;imm'mmn-
erterc., Tronmp G STenld

Ol RISl i very Low ., PORSEIF T

o) Tabe Jide is 2o low o reguiced powsr aad dity crcie 650 ¥
Peek powar, I DIP dutty opvied,

LT Egh G Tilemearr

TN Wiae ~wreot ix Jedipsd HEGE I @ ItelY :mzmg '=r
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Temperatures up to 1500°C and pressures of several atmospheres
will be measured. Laum,hing forces up to 200,000 g are anticipated.

(U) A transistorized 70-ke subcarrier oscillator and a veecuum
tube thermocoupie telemc*zr have been fabricated and tested. o
saltent problems remsin i the basic circuit degign. Two major
technical problems exist: (1) to find or develop components that will

withstand the high-g shock and (2) to test the components and the
complete system. -

{U) Several types of trangistors have been tested; others are

scheduled for test in thé near future. Potting material is being’ developed
and tested. '

Uy A ferrite-ﬂ-core rf oscillator was tested at 80,000 g. The
oscillator survived impact in operating conditions but the frequency

shift was found to be unsatisfactory. Further development will be under-
taken.

(U) A temperature transducer for heat transfer measurements of

the stagnation point of a missile in flight is being developad, calibrated,
and tested.

(U) Investigations of the facilities available for the testing of com~
ponenis and systems under high~g conditions are being made.

3. COMPONENTS AND ASSEMBLIES

3.1 Millimeter Magnetron

{C) Successful pératicm of a miniature 4 mm, 70 kmc magne-
tron was reported in reference 2, item 2.3. Thie tube produced 1 kw

peak output at 10% efficiency with 3500 v applied. The weight of the
package was only 2.5 1b,

(C) The lifetime of the first operating magnetron wae very short
because of los3 of émission from a marginal cathode. A nickel-auide~
matrix caii.nde has been aubstituted and it has substantiuily liupsuver
emisgsion, It operates ail a lower filament temperature over a longer
period of time, Output power of the new cathode is about 109 w. It is

expected that this pcwer can be raised by making small ch'anges; in
electrical design.

3.2 Microwave Strip Line

{U) Photo-etched, -fidt.coaxial, gtrip~lind componenis are
being invesatigated as substitutes for standard rectangu's: microwave
circuit componeats. 112 of inese otripdine omponentl will cnable o

than 32 5:)% reduction in size and weight of an rf head 2sgembly (see vef “z
item

CONFBENTIAL
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(C) Two strip-line rf heads for the Little Jokn T-2074 (XM?7)
fuze were received from the contractor. Figure 1 comgpares the
strip line mode! with the wuveguide assembly, The contracice's model
exhibited excess rf leakage, due tn the large number of zdjusiments.
Redesign was started at DOFL to improve the performance and reduce
the size and weight by a factor of two. The resulting package shuuld be
5 in. in diameter and approximately 2 (.., in height.

(C) An antenns system was started for ihe lightweight fuze.
Antenna patterns were taken using the printed spiral as the basic
element, Component developmeni work was begun un a strip-line-#f
head for the Cnral system.

3.3 Pure Preumatic Computer Elements

(U) Experimeiial models of purely pneumatic computer
elements have been devised., They can accomplish a-variety of logical
functions without moving parts. Amplification, feedback, digitaliza=
tion, proporiioning, memory, and normasal mathematical computation
functions have been accotuplished. It is possible to design pneumatic
ainalogs .of thost electronic circuits at frequencies up to 20 ke, The
pneumatic .equivalents oifer advantages of extreme ruggedness, reliability,
ability to serve large iforces, nuclear invulnerability, easy production~
lot quality control and testing, low cost, indefinite shelf life, high
density power supply, and, in some cases, use of environment as direct
input data and/or power supply. These advantages suggest wide applica~
tion in weapons systems. Work hag been started on templates to per-
mit application of printed circult techniques in production of these
elements (ref 5),

3. 4 ‘Electronic Programmers

(U) A miniature timer has been designed for usg as a pro-
grammer and time fuze, Iis vclume is approximately 10 cu in., and its en-
tapsulated 'weight:ig approximately 10.9%2.. It ytilized piintéd :circuits and
miniature transistors, and consists o7"22 mifftature binupy flip-Tlop
circuiiz fed by a crystal-controlled cscillator.. s Phe outpute ~te
recognized by miniature NOR circuits, which in turn control rwitelh
ing transistors, One prototype model of this design has been faii.t~
cated by a contractor and delivered to DOFL for evaluaubn Six nuore
prototype unita are in process of fabrication by thé contracior.

3.5 Power Pply

(1)) Experimental treat.vents of electrodes have reuul
in improved current density, i.e. au increase from 0.05 amp/sy i:.,
t0 0.5 amp/sq in. , st temperatures down ‘o ~30°F, in 33 vcr'OX‘dP“
zinc reserve batteries (see ref 2, item 2.13). Potassium Ly coa:tiv
and other elcctrolytes are being investigated; rubidinm hydroxide and
cesium lhydroxide show promise of higher conductivity at very low
teruperatures. An activation scheme, which iavolves vacuum filling of

GONFIDENTIAL i
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(left) waveguide head; (right)

Liine head.

F:ru.g 1, - Little John fuze r.f. heads
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. common chamber containing & series~connected stack of silver
cxide and zinc plates separated with a suiteble material, is beixg
investigated. Experimeatal and prototype devices incorporating

ihese developments are be.ag produced for evaluation prior o appli-
cation in the light weigat fuze system.

3. 6 "2-D'IF Amplifier

{U) An investigation is being conducted to determine the
practicability of constructing IF amplifiers in the "2-D'" form. The
dr rign objectives are: (1) a gain of about 100 db. (2) a center fre-
quency of about 30 mc/sec, and (3) a volume of & fraction of a cubic
inch, The circuit,under study empicys 2N700 transistors in a common
emitter coniiguration. The stages are not heutralized and simple
fixed-tuned transformer interstage coupling elementc ure employed.

(U) Single operating stages h»ve been constructed on ceramic
plaies which measure 0. 750 x 0. 750 x 0, 020 in. Cased trangistors
are employed 8o that the advantages of the axtireme thizness ot the
wafer have not yet been realized, Individual stage gains of 20db have
been achieved. An IF amplifier in "2-D" form is shown in Figure 2,
The inter-stage transformers are a key element in this design. The
toroidal transformers have an o.d. of 0. 200 in. and a thickness of
0. 040 in. Cores of Teflon powdered iron, and ferrite have been tested.
Such & transformer appears in the center section of Figure 3.

(U) Transistors having a thickness of about 0. 040 in. have
been fabricated from comimercial 3N700 transistors. This was sc~
complished by pouring potting ma.crial into the case of the transis-
tor, curing, and then slicing thrcugh the case immediately above and
imme diately below the transictor die. At the top of ‘figure 3, there
is shown a transistor which has been sou treated. Connection is then
made to the portiona of the three relatively large-diamater header-
lead-through wires which appear adjacent to the die.

(U) A new "2-D" layout is being fabricated on a wafer of dimen-
sions 0. 800 x 0. 600 x 0. 020 in, If an over-all stage thicknexzs of
0. 060 in, can be maintained, then a live«stage 100=-db amp!’ ™ . = cu.
be built in a volume of about 0. 1 cu in.

(U) Studies are. also under way tc determine the best shielding
methods, The present techanique invoives dipping the individual stages
in an insulating mediuni and then copper-plating to provide tite shield-
ing. Smaller toroidal transformers 2re alao being investigated. The
major problems will Yie in maintaining araplifier stability u...i providing
proper frequency response with fixed tuning,

3.7 Digital Electronic Program Timer

(U} A digital electronic program timer employing ccmmer-
cially available subminiature parts was buili (o dewonstrate the

CONFIDENTIAL
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Figure 3, - Interstage transformer {center; and potted
sliced tranaistor (top) for I. ¥, amplifier.
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feasibility of replacing mechanical program timers with ele~roniz
timers. The electronic tirrer provides five vutput pulses at “ixer

time intervals with respect to ihe last puise. In addition, the interval
beiween the time of starting the timer knd the time of gereration of

the last pulse is variable from 0 to 204. 8 s.c in stepe of 0. 8 sec.

Thiz variable time i cupable of belnyg set from a remote point in less
than 0 5 sec. The accuracy nf this timer, excluding clock inaccuracies,
1s inherontly limited to +0.0 or -0. 8 sec. Greater accuracies can be
obtained by adding binary divider stages and using a higher frequency,
more accurate, liaing oscillator,

(U) The packaged system containa 49 transistors, occupies a
volume of 4. 12 cu in. and represents & packaging density of over
110, 000 components per cu ft.(sée fig 4). When multicomponent "2-D"
printed wafers become available, a further volume reduction of 10:1
will be pcegible. This development is described in detail 1n reference 6.

3.8 AC Signal Comparator

(U) A specialized, transistorized voltage comparator has
been developed. The unit is designed to measure the difference in
amplitude between two signals of the same frequency and to determine
which of the signnic is larger. The first model used two amplifiers
with similar gain curves and compared their output. The dyaamic
range of these amplificrs was about 80 db and adjustment of the two
amplifiers to obtain the desired similar characteristica was very diffi-
cult, The new device uses one amplifier and switch between the two
siigfn'als and thus elimin: "=s any .:ced to balance the two high-gaiv am-
plifiers.

{(U) The unit operates with a signal irequency df 28 kc and in-
corporates automatic gain control. The sensitivity of ‘ne ays.em is auch
that unbalances of about 2 uv at an input level of about 100 uv provide a
readable meter defliection of several microamperes, The switching
ﬁreqq;;ncy is about 100 cps. Power requirements are 12 v at ah~at 40 we

ref 7).

3.2 Troub): Shooting the DOFL "2-D'" Binary Counter

(U) The DOFL "2-D' binary counter is more difficult to
trouble shoot than the type of package ccnizining commercial componenis
because not all circuit points are available for measurement A study
has been made of the waveforms, resistances and voltages at the avail-
able terninals of the ''2-D" wafor and thess are used to disguose coin
ponent failures. Cormzlst: waveforms and messusremencs #re given in o
report which is now being prepared for publication (ref 8). ‘'{fhic “pesa-
tion of *he unit iz explained in u non-mathematizal fashion.

3. 10 Micre.ainp

(U) A DOFL miicrominiature lamp iy shows in figure 5,
mounte in the lower right-nand corner of a ''2

B GONFIGENTIAL
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This "Microlamp' is somewhst smaller than sarlier models and
measures 0, 020 in. in diameter by C. 090 in. in length. The lamp
operates in the range 1.0 to .. 5 v, at currents of 25 to 30 m,
reapectively, onn be switchud on and off up io a frequenny of 14§
cps, and has sulficient light intensity to be essily viaible from . . |
any peoiat in a normally lighted room, Becauszs of ila.small nize

and jow power reguirements, this lamp .: suited o many appli-
cations employing microeléctronic circuiiry, for example, for
reading aut timer and computer information, and for buiit-in teat
lamps to indicate.the proper funclioning of various eections of
complex circuitry (ref 9).

t

3.11 High Froquonc;zbﬁmud-Bue Transistors

- (U) Photo-engraving techniques have been eraployed in.
the fabrication of diffused hase iiranaistors, and in the exiension of
these techniques to assembly of the transistors as an integral part .
of two-dimensional printed circuit wafere (zae ref 2, item 2.9,
Transistors with emitter and base contacts of dimensions 0. 002 x
0. 006 in. were constructed in the past quarter. Vacuum deposited
leads were used to make contact hetween base and emitter bars
and header leads. This construction provides a dolid wnd rugged
unit. which-is being eviluated for high frequency performsance and
resistance to high shock, Electrical tests thus far show.an alpha
cut-off of 280 mc with an alpha of 0. 328 at an emitter current of
3 ma. .

' 3.12 Tunnel Diode

(U) A new iype of semiconductor device known as the
"tunnel diode" or the "£saki diode' has a number of interesting
proverties, as follows:

1. Stable negative registance characteristic.

. Relatively insensitive to changes in temperature.
Insensitivity to semiconductor surface cunditions
(dus to high impurity concentrations).

Operation in high nuclear radiation enviroriment.
Very high frequency upersation; oscillation up to
10,000 mc has been reported. .
Fast switching spoed (kilomaegacycle rates have
been mentioned).

Noise almost a8 low as that of masers and

. parametric amplifiers, )

. Adaptability to simple circuitry for performing
wmost of the types of funciicns noeded in sniall
signal devices. .
8. Very low power conlsumpiion,

10. Very small size, hence adapiubilily to micro-

miniature circuits.

CONFDENTIAL ,_7
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(U) These properties are obtaiiied because this device uses
the majority carriers and furctions by "'quantum mechanical" trnneiing.

(U) Germanium turnel diodes built at DOFI, exhibit peaix currents
in the range 200 ua to 200 ma and appear to be rugged and stable. The
principal limitations of thece devices ars: (1) a limited voltage regiun
of 50 to 350 mv (with a few oh.ms of negative resistance), and (2) a high
value of junction capacitance. However, the limritations may b+ over-
come by operation of sultably designed circuits. The tunnel diode
shouid be useful id ""2-B" circuits because of the very low power re-
quired, and freedom from heating prohlems in very compact aggemblies.

3. 13 NOR Semiconductor Solid Circuit

{U) A NOR solid circuit was designed and fabrirated. The
NOR circuit was chosgen as the giinpleat building black for solid cir-
cuit fabricatior on diffuged base germanium, This circuit contains
four resistors, and cne transistor. It functions as a rultipie input
‘inverter in that a voltagelon one input or on both inputs results in-
zero output, whereas zero input gives a voltage output, This function
is accomplished bucause. the transistor operates in either the cut-off

or saturation state. Test apparatus was built to study and evaluate
the circuit, . :

3. 14 Printed Cables and Harnesses

(U) As stated in reference 2, item 2.11, two bids were rv-
ceived and a third one was expected on & proposal for the development
of flat, flexible, multiconductor cables in 500-ft lengths, Each cable
was required to compr] 2 » 0, 9U8-in.-thick polyester matrix in which
were embedded 30 flat copper conductors 0, 025 in. in width and spaced
0. 045 in. from center to center. The third proposal did not materialize
and, hence, testing of the two cables submitted by IRC and Tape Cuble

Corporation was started. The tests will include electrical, physical,
and chemical measurements.

3.15 Antennas
P——

\U) Two techniques for reducing the size of telc metering
antennas are being investigated. In both cases, linear dimensions are
cut approximately in half, The first approach uses capacitance loadiny;

the cecond uses ferrite materials for inductive loading (see ref 2,
item 2. 7).

(U) In the first approach, an antenna-swmplifier combination foir
the 235-260 mc range waas built during this quarter. It iy being readicd
for tests of efficiency, bandwidth, and antenua pattern. Thias amplifies
should be cepable of power outputs up to about 200 w. Some difficulty
is being experienred because of the high input capacitance of the tube

18 GONFIDZNTIAL
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(4X250) being used. A conxnial impedance transformer ig being deai ned

‘to. provide the impedance matuh between driver and amplifier,

(U) A smaller model designed to operate at 950 mc is buing
developed for tha Penshing Altimeter oroject, This unit will combine a
plate~pulsed os¢ilistor with the antenns. « raodel of this unit has been
wampleted, and. is being tested, ?ut no duta are available. .

[ . . . o . .

. () In;the gecond aporoach, a contract (DA-49-186-502-ORD-848)
has been.lat to,8perry Microwave Elecironics Compeny for meteitaly
development; Thé preliminary work consiats in the fabrication of -
representative coripositions of a family of ferrite-like materials hav-
ing hexagonal crystal structure and a preferred plane 6f magnetization.’
It should be possible to produce a material of higher permeanility and
lower loss at higher frequency than comparable ferrites. The sntennsa
work under this project bas cenged pending svailability of waterisls,

3.16 Thin~film Capacitors and Resisiors
3,164 .V:cuﬁﬁrdgmqitgd cépacitors:

(U) Breskdown sitangth and other w:gc’xftio_u may be
greatly affected by penetration of the vacuum-deposited counter slectirude
into pinholes in the dielectric film. An xdditional ﬁm of SiO~dislectric
capscitors was therefore made. Half of the group had standard vacuum-
deposited Au counter .alectrodes, and the other half had counter electrodes
made from sn uncurad silver~filled epoxy resin which should not penctrate
}:ho m., .Breskdown atrength and other propérties will be compsred

or both typss.: . . . '

5,102, Vacuum-depasited resistors:

' © (U} Saveral groups of nichrome film resisters have been
vacuum-deaposited onto giass. Resistivity rafiged from 30 tc 4700 :
ohms/sqy’following accelerated sging treatment at 350°C for 13 min
Over a piriod of 3000 hr, values were stable within 222%, the  ajayiiy
being within £10%, 'These values are believed to La ndeqrate fer ~xicro-
circuits nuw bming considered. I : .

3. 16. 3. Blectroless derpociiion of nickel-filni resistors: |

' CUU) The deposition of resistive films of meinllic dickel
is being {nvestigated as 3 means of producing resistory for t' , fabrica-
tion of '2-D" circuitry. Resistive films were produced on sensitized

gluss slidag by immersing them in an electrolssa nicks) bath,  Mima

.with resistivities of ahout 500 ohms/sq were deposited rap-oducibly

from solution at 50°C. De:reasing the depositicn temperature w 44°C
raized the resistivity of tilms to 1 - 10 kohma/iq.

Tide < ntning tntare e T T A ‘
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4, METHODS, PROCESSE.: AND TECHNIQUES

4.1 Spray-etching

{U) The stainless. steel spray etcher, which employs
ammonivm persulfate 28 etchant, was used tr etch boards on which
the patterned area waa protected either with plated solder or with
phuiworesist. The solder-plated boards etched satisfactorily, How-
ever, the spray waa too forceful for boards protected with photoresist
and the patterng broke down, Plans to modify the spray etche to
correct this irouble are being delayed pending collection of the latest
informatiou on commercial apray etchers.

4. 2 External Effort on "2-D" Wafers

4.2.1 Pilot-lot Production of "z-D'" Wafers

(U) Late in the preceding gqnarter, a contract was let
for the manufactire of 200 "'2-D" bi- iry counters by current DOFL
techniques. During the present quarter, discussious were held with
the contractor &nd work waa initiated by the company. Delivery is
expected to begin by Decembei 1958,

4.2.2 RAD on "2-D" Wafers

(U) The purposes of this contrict arc to conduct re-
search and development leading to a refinement of the microminiaturiza-
tion techniques pionee~ed by COFL, and to determine their value and
reproducibility by assembling experimentul sample quantities of a hasic
binary countur. Available alloy, diffused hase. and mes=a transistors

ill be modified, as required, to adapt them for uge with certain
techniques, such as vacuum deposition of Jeads and photolithography,
which may be employed in proceasing the circuil modules.

{U} The contract was let in the previous quarter. Woiw 0 dnle
has invalved Lhe investigation of verious cncapsulatiug rmaterialg.f~>
cementing the transistors in the "2-D' plate, Hysol 6020 was
found to produce the least changs in the gmall signal parameters of
the Philco 2N501 germanium micro~alloy-diffused transistor.

(U) Progress was made in worklig ot techniques for souttering
tantalum on an insulating subsirate for uitimate use as resisiance
elements and tantalum printed capacitors. These films arqg{ st
easily applied by cathodic sputtering becauge they are too ra‘g:ctory
for simple vacuum evaporation, These films can be reprouncibly d¢ -
posited in layers having reaistivities ranging from % to 4000 ohma/sq.

(7} Aluminum has been chosen as the inaterial for uge as eon-

ducting ieads be ' use of its high conducthvity, good corrosion re-
gistancs, ease of deposgition, and low cosi.
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