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ABSTRACT

Studies to obtain the processes necessary for
the high volume production of gallium arsenide
varactor diodes are described in this report.
These investigations include diffusion, ohmic
contacts, junction formation and packaging. A
diffusion process utilizing zinc and arsenic as a
diffusant source is described as well as a low
resistance P-type contact and a successful

procedure for a uniform mesa formation,
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PURPOSE

The purpose of the work being carried out under this contract is to establish
the producibility, in accordance with Steps 1 and II of Signal Corps Industrial
Preparedness Procurement Requirements (SCIPPR) No. 15 dated 1 October
1958, of Gallium Arsenide Varactor Diode per Specification SCS-128, dated
2 March 1962. Fulfillment of the stated purpose is being accomplished by
the completion of the major steps as follows:

1. Engineering work necessary to establish capability to manufacture
the subject varactor diode on a pilot line basis. This includes the
development -of production processes, materials design, and test
procedures suitable for fabrication of the diode in accordance with
the requirements of specification SCS-128 (See Appendix A) on a
volume basis,

2, Manufacture and submission of samples for evaluation and approval
according to established schedules as follows:

375 Engineering samples
100 Preproduction samples

3. Design, development, procurement and/or fabrication of production
type equipment necessary to manufacture and test units meeting the
above mentioned specification at the rate of 200 per day on a single
eight (8) hour shift basis.

4, A production type run of 1000 units for the purpose of demonstrating
the capability of the pilot line processes and equipment to manufacture
at the specified rate of 200 units per eight (8) hour day in accordance
with the applicable device specifications.

5. Submission of monthly, quarterly, and final reports.

6. Preparation of a report in accordance with Step Il of SCIPPR No. 15
outlining steps required to establish production of units meeting the
applicable specification at the rate of 2000 units per eight (8) hour
day.



1.0 Narrative and Data

1.1 DIFFUSION

Wafers are prepared for diffusion by etching them in an HF + HNO3 solution

to reduce the thickness of the slice to 0. 011l inches. A final etch of

Hzoz + HZSO4 is used to polish the (HT) face and to decrease the thickness
to the desired 0. 010 inches. This preparation procedure minimizes the surface
damage and thus allows for shallower diffusions. In addition use of the

HZ‘SO4 + HZOZ solution makes it possible to identify the (I11) face easily.

This is necessary, since it has been found that etching is more uniform on this

face and therefore, is the side used for mesa formation.

After diffusing with a Zn or Zn + Ga source according to the procedure
described in the second quarterly report, a rough hazy surface (Figure 1)
results on both sides of the wafer. At first it was thought that this condition
was caused by the diffusant condensing on the wafer during the cooling cycle.
This idea was disproved by quenching one end of the tube which condensed
the vaporized diffusant in the cooled end. Although this procedure cleaned
up the wafer somewhat, the surface of the wafer was still visibly disturbed.
It was concluded that the surface problem was caused by a loss of arsenic

during diffusion.

To overcome this loss, an arsenic vapor pressure was put in the tube during

an elemental zinc diffusion by loading in 99.99% pure As. The diffused wafer
came out perfectly smooth as illustrated in Figure 1. The additon of an arsenic
pressure was tried also during a Zn-Ga diffusion, but with poor results. The
arsenic reacted with the gallium to grow gallium arsenide from dilute solution.
Consequently, the diffusions done during the latter part of this period have
utilized elemental zinc with an arsenic background pressure. In addition, in '
order to keep the tube and wafer as clean as possible, one end of the ampoule

is cooled immediately after withdrawal from the diffusion furnace.



The capacitance versus voltage variation in the above type diffusion is different

than in previous diffusions. The n = . 44 in the relationship:

C. = Co

using zinc and arsenic as a source. The (n) in the diffusions described in

preceding reports was .33 and .5 (see Figure 2).



Hazy Surface
(No As pressure)

Smooth Surface
(.5 atm As pressure)

FIGURE 1

Ga As SURFACES WITH AND WITHOUT ARSENIC PRESSURE DURING
DIFFUSION
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1.2 OHMIC CONTACTS

A significant increase in the adherence and lowering of the resistance of the
P-type contact was attained during the past quarter. By changing the process-
ing and increasing the amount of contact material, an improved and repro-
ducible alloy was obtained. The series resistance of the diodes was lowered
sufficiently to make possible the fabrication of several diodes with cutoff
frequencies in excess of 200 Kmc at -6 volt bias, These results were repeated
on several wafers to substantiate reproducibility. Prior to evaporation of the
P-type contact the wafers are etched in HF for approximately five minutes and
after rinsing are dried in instrument air. A Au-Zn alloy is evaporated through
a . 002 inch diameter mask. The mask is carefully removed so as not to smudge
the evaporated dots; to prevent smearing the dots, a jig was built to insure
removing the mask and holder in a vertical direction. Alloying of these dots is
accomplished immediately after removing the wafer from the evaporator in

order tc minimize exposure to the air.

The slice, coated with P-type contacts, is given a thirty second preheat at
250°C before being pushed into the 500°C zone of the furnace for three minutes,
The gas flowing through the furnace is hydrogen which as a reducing atmosphere
facilitates a smooth alloy to the surface of the gallium arsenide.
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1.3 MESA FORMATION

After much investigation it was found that Kodak Photo Resist (KPR) did
not adhere well enough on the small mesa areas to mask them against
intensive etching. The KPR peeled off repeatedly after a specific length
of etching time,

Kodak Metal Etch Resist (KMER) was investigated and is being used
successfully in place of the KPR. The KMER is extremely resistant to
etching and is as easy to apply as the former. The KMER is flowed onto
the P-type side of the wafer which has 0.002" alloyed dots spaced at
0.020" intervals. The wafer is rotated at a constant RPM for one minute
in order to insure a uniform layer thickness. The excess KMER is thrown
off by the centrifugal force of the rotation. A one-hour bake at 65°C is

sufficient to harden the KMER enough for further processing.

Photographic masks have been developed in order to make possible the use
of photo resist techniques. The facilities and techniques of the Sylvania
Advanced Development Group were utilized to develop these

masks. The fabrication of these masks is quite a difficult and elaborate
process due to the fact that an 0. 002" diameter dot must be repeated sixty
times at 0. 020" intervals in all directions to producta 1 1/4" X 1 1/4"
array. Any minute error in spacing will be magnified across the array and
result in a faulty mask. Consequently, tolerances on these masks must be
kept to less than 0, 0001". A negative mask with 0.006" holes on 0.020" X
0.020" centers is illustrated in Figure 3.

The procedure in developing a precise 0.0015" or 0. 002" mask consists of
drawing & perfect master dot several thousand times larger than the required
size. This dot is photographed and reduced in size with a system of lenses
until it is the desired size of 0. 0015'" or 0. 002" diameter.
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The reduced dot is photographed and put into a step and repeat machine

which accurately places and exposes these dots on film at 0. 020" intervals.

An entire array 1 1/4" x 1 1/4" consists of almost 4000 precision dots,
Photographic negatives (Figure 3) of positive plates can be made from the
master film, After hardening the KMER, the wafer is placed in a jig
previously developed by the transistor group at Sylvania's expense. This
jig holds the slice by vacuum and permits the mask to be moved above it
(Figure 4)., When alignment is attained, as seen through the microscope,
vacuum #2 is turned on to hold the plate in position. The vacuum chuck is
then exposed under a mercury arc lamp following which the slice is placed
into a developer solution. The unexposed areas are removed by the developer
leaving the exposed mesa areas covered with KMER., The masked slice is
then baked to further harden the KMER coating and make it more resistant

to etching.

After baking, the wafer is etched ina 259C 18 HF + 1 HNOj solution until by
probing it is found that the diffused P layer has been removed between the mesas.

The time for this operation varies with the diffusion depth.

The KMER is removed from the top of the mesas by agitating a sufficient
length of time in triad, The resultant 0, 002" diameter mesa is illustrated

in Figure 6 where it has been magnified 225 X.

A final HF + HNOj etch is given to the individual diodes after mounting in

the package an& thermal compression bonding in order to bring the junction
capacitance down to the desired value. Inthe pasta problem was encountered
in this etching procedure, The time for etching the individual mesas varied
extremely from diode to diode; this could have been caused by poor wetting of
the acid around the junction. By ultrasonically cavitating the solution during
the etch, this problem has been eliminated, and uniform cap'acitance values
are obtainable within a given etching time period, Generally a five second

etch is sufficient to bring the capacitance into the desired range.



FIGURE 3

MASK UJSED IN KMER MESA FORMATION
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1. 4 PACKAGING

Thirty prototype packages were received from Ceramics International as per
Figure 7. The capacitance of this configuration is . 146 uuf which meets the
contract specifications (see Appendix A). The ceramic is fabricated of
alumina with a wall thickness of 0. 015", The wall thickness is limited by
strength considerations since it is most desirable to have it as thin as possible
for minimum capacitance. Diodes have been fabricated in these packages and

some of them will be included in the next 75 engineering samples.

The second group of engineering samples which were delivered on January 30,
1963 were packaged in two different configurations. One package had a
capacitance of 0. 35 uuf (Figure 8) and the other had a capacitance of .22 uuf
(Figure 9). An 0.7 mil gold wire was thermal compression bonded from the
mesa to the flange in both configurations. The series inductance of the two
latter assembled packages was measured at 1 Kmc in a 50 ohm line using a
conductor with the same external dimensions as the packages measured for a
reference point. The package in Figure 9 with a Cp = 0. 22 uuf has a series
inductance (Ls) = 0.9 nh while the shorter package in Figure 8 with a Cp of
0.35 wif has an Ls = .7 nh. The high values of inductance can be attributed
to the thin contact wire in these packages used for ease of fabrication. Steps
are being initiated to fabricate diodes with a ribbon-type contact in order to

decrease the series inductance'.

Since there are problems involved in contacting a wide ribbon to a small
mesa, a fine gold mesh had been designed which will also be tried in order

to compare its inductance with that of an equal sized ribbon.

.12 -
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1.5 ENGINEERING SAMPLES

Seventy-five engineering samples were delivered to the U, S. Army Electronic
Research and Development Laboratory in Fort Monmouth, New Jersey according
to schedule on January 30, 1963, These diodes were vacuum baked at 200°¢

for thirty minutes prior to the final sealing which was carried out in a controlled
environment with a dew point of -90°F. The samples (see Appendix B) showed

a significant improvement in comparison to the first lot of 75 units delivered

to the Signal Corps on November 30, 1962. The average frequency cutoff
improved by almost 30 percent from an average of 66 Kmc to 85 Kmc. The
junction capacity spread on the second set of samples, for the most part, was
within the desired SCS-128 specification (see Appendix A), The junction
‘capacitance of the first set of units ranged between 0, 025 uuf and 2, 45 uuf while
the second lot ran between 0,087 and 1, 28 uuf,

The wafer used for this pilot run was from an ingot horizontally grown by
Monsanto Chemical Company and oriented on the [lll) axis. The resistivity
of the slice was , 0037 ohm-cm and had a Hall mobility of 2700 emZ/volt sec.

The slice was etched in a H3SO4 + H20; solution which polished and thus
distinguished the (i l-l.i face, The wafer was diffused at 800°C with an
elemental zinc source. The penetration depth on the As side was approximately
.2 mils, The N-type contact was put on the Ga face and consisted of Au-Sn
which was evaporated and alloyed in forming gas. The P-type contact was

evaporated through a 1 x 2 mil mask and was sintered at 500°C in forming gas.

The mesas were masked by wax evaporation and etched until the desired

capacitance value was reached. The dice were header mounted with Au-Sb

- 16 -



preforms and an 0. 7 mil Au wire was attached to the mesa by thermal
compression bonding. Before final sealing, the individual diodes were given
a final etch when necessary to bring the capacitance into the specified by
SCs-128.

-‘7-
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2.0 Conclusions

During the past quarter, the second group of 75 engineering sample diodes
were manufactured and sent to the United States Army Electronic

Research and Development Laboratories for evaluation.

Investigations have continued in order to evolve the procedures necessary

" for the high volume production of gallium arsenide varactors.
A P-type production contact has been developed which has a sufficiently

low resistance to make possible the production of varactor diodes with

frequency cutoffs in excess of 200 Kmc.

- 18 -
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Note:

PROGRAM FOR NEXT INTERVAL

Fabricate two groups of seventy-five engineering samples for

delivery on March 31, 1963 and May 31, 1963,

Ihvestigate foil and ribbon type contact in order to lower the inductance

of the present package.

Continue refinement and simplification of processes in order to

facilitate volume production.

A planning and scheduling chart breaking down the major tasks
into five djvisions is shown in Figure 10.

-19 -
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l-1-1 75 Engineering Samples

1-1-2 100 Preproduction Samples
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Flgura. 10
SEMICONDUCTOR DIVISION, S8YLVANIA ELECTRIC PRODUCTS INC.
PROJECT PERFORMANCE AND PLANNING SCHEDULE
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Diffusion

a. Furnace Set Up &k Calibrationy—

b. Const. of Diff, Prep. Equip.

¢. Diff. Parameters(prel. sel.)
d. Diff. Parameters(final sel.)

COMPLE]

e. Final Prod. Typs Diff. Proc.

Contacting
N- Type

a. Prel, Dec, Prod. Type Cont,

b, Sel. Final Contact

COMP LéTde

Bop

¢. Final Prod. Cont. Process

P-Tne

a.Prel, Dec. Prod. Type Cont.
b. Selection Final Contact

e

¢. Final Prod. Contact Proc.

Packaging

a. Prel, Study of Parameters
b. Decision Best Combination

c. Finalized Package Design
Sealing Package

a. Init. Welder SetUp Contr. At.

b. Prel. Sealing Processes

c. Finalized Sealing Processes

Measurements

a. Reflectometer Set Up

b. Capacitance Mouuromont%o
c.Contract Holder Set Up P
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75 Engineering Samples
75 Engineering Samples
75 Engineering Samples
75 Engineering Samples

Production Type Equip
1000 Pilot Prod, Unite

A
Ml

Jir




—bigure 10
SEMICONDUCTOR DIVISION, SYLVANIA ELECTRIC PRODUCTS INC.
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Quarterly Report (draft)
Distribution
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4tk Quarterly Report (draft) ¥
Distribution X
5th Quarterly Report (draft) X
Distribution X l
6th Quar terly Report(draft) K
Distribution X
7th Quazterly Report (draft) X
Distribution X

1-4-3 Final Report - Step I (draft) X -
Distribution L
1-4-4 Bills of Material & Parts X

2 General Report-Step II(draft) X X
Distribution




P

e T

4.0

Engineers

T,
G.
G.
F.
H.
K.

MAN HOURS OF WORK PERFORMED

Baker
Bowne
Ching
Tausch
Ramsey

Gunn

T echnicians

w.

O®MO>mOMN

Hyde

Juleff

Johnson .
Penny

Marmiani

Kokk

Skalkos

Greene

Hapgood

Operators

Grade 5 Operators

TOTAL HOURS

-2l

Third Quarter

432
36
13
32

32

88

424
488
68

40

49

1702

9 Month
Cumulative Total

1224
153
99
232
15
32

18
496
324
116

1056
872
140

1.5
40

130

4948.5
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5.0 VISITS

December 20, 1962 - Mr. S. Sokolove, USAEMA, visited Woburn to review

contract progress. A review was made of each of the processes and the new
KPR process was demonstrated. The new package design was described and
a thorough analysis made of the data. The problems involved in recuding

contact resistance to the mesa were discussed and the solutions for the same

which involve double diffusion and different contact materials.

January 28, 1963 - Mr. G. Hall, USAERDA, visited Woburn, and discussions

were held regarding the contract progress with special regard to the

correlation of USAERD diode holders to Sylvania.

-4é.
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APPENDIX A
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[ Signal Corps T echnical Requirements
! SCS-128, 2 March 1962

{and Amendment #1, 2 May 1962 See Note #9)

-23 -
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SIGNAL CORPS $CS-128
TECHNICAL 2 March 1962
REQUIREMENTS

SEMICONDUCTOR DIODE, GALLIUM ARSENIDE, VARACTOR, MICROWAVE
TYPE SigC-IN(X=2)

1. SCOPE

1.1 Scopa.= This document covers the dotall requiroments for golllum ersenido,
varlable roactanco, semiconductor dioces for opplication es low=noise cmplificrs In
microwave-froquency receiver circults, cno ccpcble of proper porformance (see 3.4 horein)
under the following conditions. (Ses 3.2 horein):

Cperating Cporating Cperating Roverso .
temporature oltltude CW diz:lpation voltago
*C At mW Vde
.| Minimum -—e e X0 .o
Maximum 200 Any o= cem

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the Issus in effoct on date of Invitation for bids, form
a part of this specification to the extent specified herein:

SPECIFICATIONS
MILITARY
MIL-S-19500 Semiconductor Devices, General Specification For
STANDARDS
MILITARY

MIL=STD=15 Electrical and Elactronlc Symbols
MIL-5TD~202 Test Mathods for Electronic and Electrical Contponont Parts

Sheot 1 of 12 sheets
FSC=5940
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DRAWING S
SIGNAL CCRPS$

SC-A=44500 Proproduction Scmplo Approval In Lievw Of Quallflection
Requirements In Spacifications

(Coples of spacifications, standards, crawings, end publicctions required by contractors
In conncction with specific procurement functions should bo obtalnad from tho procuring
ogency or as cirected by the contracting offlcer. Both the titlo and number or symbol
should be stipulctod when requesting coples.)

3. REQUIREMENTS

3.1 Reaulremcnts.= Requirements for tha semiconductor dlodes shall be in accordence
with §peci?lcation MIL=5=195C0, and cs spscifiod hereln.

3.2 Abtbreviations ond symbols. = Tha ubbroviations and symbols usod hereln are deofincd
in Spocification MIL=5-19500, ond cs Idontifiec in Tebles | and Il, end parographs 4.8.1
through 4.8.8 herein,

3.3 Dazian and construction. = Tha design cnd construction of tho semiconductor diodes
shall be in accorcance witn requiroments of Spocification MIL-5~19500, and sholl be

compatible with intended installation and cpplication of the devices.

3.3.1 Opereting position, = The semlconductor dlodes shall be capable of proper
operation In any position. :

3.3.2 Polerlty indicction. = The graphlc symbol for polarity Indication on the
semlconductor disdes shall oe as designatod in Standcrd MIL-STD=15,

3.4 Pcrforricnce characteristics. = The semiconductor dlode performance choracteristics
shall be as spocificd in Tables | and 1l heroin. (See 6.3 herein.)

3.5 Marking.= The semiconductor diodes shall bo marked In accordanco with
Spacification MIL=S=19500 and cs follows. In Instences where the diminutive size or
lack of sultable surface arca on the davice would prevent a marking eccomplishment
roadable by the unaided eye, 20/20 vislon, ot elght inches distance from the device, such
marking may be omitted directly on the device. All required marking shall be placed on the

vnit packogo.
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3.5.1 Type=designation marking.= The semiconductor diodes shall bo merked with the
letters "SigC* end tha "IN" c3siunation of the devico. Tho "IN" designatlon of the davico:

ghall bo “(X=2)" untll an icentificction numier conforming to typo dosignation requirements
of Spacification MIL=S«19500 has been cstablished,

4, QUALITY ASSURANCE PROVISIONS

4.1 Gencrol. = Except as othorwise ssecificd herein, the responsibility for Insncetion,
genaral procoduras for accoptance, classification of inzpaction, end inspaction conditions
and methods of test shall be In accordance with Specification MIL=§=19500, Quality
Assurance Provislons.

4.2 Pregroduction Sample Aporoval,= Tha Proproduction Sample Approval requiremaents
In Signal Corps Drawing SC-A-463CC hercby replace any Qualification roguirements reforath
to the product covered herain.

4.3 Saranline and acceptonco critcrla for Acceptance Inzsacetion (s00 6.2 herelin). =
For all tests excapt Lifo tests, sompling anc ceceptanca criteria shall be in accorcance
with parographs 4. 3.1 ond 4. 3.2, respoctivaly, hereln, For Lifo tests, sampling and
accoptanca criteria shall be In accorcanca with requiremonts for Mothod B In Specification
MIL-5=195C0, Appondix C. The respective LTPD (Lot Toleranco Percent Cofective) and
Max. Ace. No. (Meximum Accoptance Number) requircments In Tobles 1 and If herein shall
govemn relative to the detalls in paragraphs 4. 3. 1 and 4. 3.2 horein.

4.3.1 Sample size,= Tho sample size shall bo selottod by the manufacturer, using
Tobla Ill heroln. ha sampla size 8o chosen sholl be within the Max. Acc. No, limit
associated with the LTPD specified In Tables | and 11 heroln.

. 4.3.2 Semole accoptenco crlteria, = For the somple slzo tested, the Acceptance
Number “(a)"4n Tcble HT shall not b oxceodad. (Rejection Number “r" = "(a)" +1).

4.3.3 Tightencs Inspcction.= Tightencd Inspaction on rosubmitted lots Is obtalned by
testing to an LIPD equal to or less than ona=half of the spacified initial LTPD.

4.4 Specified LTPD and Max. Acc. No,= The LTPD and Max. Acc. No. specified
for ¢ sybgroup In Yables | and 11 herein shall apply for all of the tests, combined, In the
subgroup.

4.5 Destructive tosts.= None.
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4.6 Disposition of samplo units, = Sample unlts that havo been subjected to and have
pasted Group 8, Subgroups 2, 3, 4, ond 5 tests mcy be dolivered on tho contract or order
provided thet, aftar Group B Inspection Is temainated, thoss samplo ualts aro subjected to
and pass Group A inspaction. Dcufcctive samplo units from cny cample group that mey have
pascad group=Inspection accaptanco criteria shall not bo delivered on tho contract or order
untll the defact(s) hes been roamedicd to the satlsfaction of the Governmont.

4.7 Hcldor for test measurements. = The semiconductor dioda shall bo cffixed within -
the holdcr spacitiad in Figure 1 hersin for all electrical tast measurcmonts.

4.8 Pcrtlculer examinotion and test procedures. =

4.8.1 Froguency Cutoff test. = This test may be performed in aceorcdance with
Method A or Mothod B, tollowing:

(o) Mathod A: Applylng the condition speeificd for tha test (zee Tablo | herein),
the ta:t shell bo performed using a tcst clrcult mutuclly csreed upon betwaen
the contractor and th authorized Government tecanleal reprcsentetive,

The cutoif fraquency dotermination shall be besed on the measuromant of the
10 kme or higher small=signal refloction cocfficiont of the tunable holder
contolning tho diode. The app!led microwave signal level shall be such that
a & db increcso In level doos not change the measured cutaff frequency by
more than 10%. )

(b) Mothod B: The frequency cutoff may be comauted from the formula:
T. = Q x froquancy of measuroment (10 kme or higher), where Q is
determinod from the test procedure for the Diods Q test (sae Table | horeln).
The condition specified for f, (See Table | heroin) shall ke applicable.

4.8.2 Diode Q test,= The diode Q may be detormined in accordance with computations
per (c) or (B} Delow, Test clrcuitny shall be as mutuolly c3reod upon botwsan the contractor
ond the Contracting Cfficer's technical reprosentative. |t should be noted that the
presantations In (o) and (b) below are based upon Smith Chart plot of the diode impedance
os a function of froquoncy. The impedance of tha diodo es o functlon of froquency will
rotate along @ constant resistance clrcle, and the self-rezonance frequancy will colncide
with the polnt of minimum VSWR cnd the crossing of the real axls on the Smith Chart.

(a) The diode Q (including the effect of strays) at resonance may be computed

from the following: a= K
= F(resonance)

4
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whore: )
24F is the difforonco betwaon the frequencies, when tho reactive
component Is oqual to tha resistive component ot self-resonance
ot any bles voltago.

(The Q of the diodo {unction clone is the product of:

?ho obove Q x 1

*G

—

©

where: C‘ = gtray copacitance
C, = lunction capacitance)

Noto: Tho construction of o solid brass dummy diode for short=circuit
roforence will be necessary.

(b) The clodo Q may be computed from tho known junction capacitance ond the
VSWR ot rasonance in accordance with the following relationship:

Q= } ]
2"(rcm'»m:m:a) x 0 %G x +Z‘::‘

wvthorer ' = VSWR normalized to 10 ohms In the test holder
C‘ = gtray capacitance

G, = {unctlon capacitance

4.8.3 Solf-Rezorence Frequency test, = The self-rosonance frequency shall be
determined frem the test proceduros per 4,6.2, Method A or B, herein,

4.8.4 Cecnacitence tests, = The spacified voltage ond a=¢ signal (seo bolow) shell be
cppliod to the terminals, and the capacitance shall then be measured. The unction capacitance
C, is the capacitance assoclated with the barrler at zero bias, Capacitence shall be
moasured-at 100 Ke with a Boonton Electronics 74-C Capacitance Bridge, or equal. Tne c=¢c
signal level appliod to the junction shall be such that @ 3 ¢b increasa In lovel produces
less than a 1095 chango in junction copacltance. Junction copacitance may be calculated
by subtracting the caracitance of the empty packaga from the measured total capacitance.
The capacitanca of the ompty package, measurad at 100 Ke, shall not exceed the Iimit
spocified (soe Teblo | herein).  The definition of “package™ shall bes comglcu unit minus

the gallium ersanido wafor.
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4,3.5 Recverze Veolteme Brez!:idown test, = The spocified reverse currcat, and casocloted
reverse blas voltase shell bo apzlicd to the teminals, Drockdown shall eccur when the
minirum specificd reversa bics voltase level s reachod,

o 4.8.& Serics Neslstence tezt. = Tha mecsurement of scrlas reslstonce shall be based

=on tho eepacitanco enange o tixc dlode, cind shail oe moda ¢t a froquency = 10,0 kme,
The mathod of mecsurcment shall ba a2 mutually agreed upon botweoon the contractor and the
Ceatracting Cfflcor or his outhorized technlcal reprotontativa,

4.8,7 Nzrmelized Incremental Covocltance test, = Detormination of normalized Incremontal
ccpacltarce tost shall 2o boisd upen a measuremcent of AC and C1 por the formulas

Normalized Incrementa!l Capacltance = AC
<r

Where: AC = diffcronco betwoen capacitance values at 2 voltage polnts ot
tho extremos of the non=lincar portlon of the C-V curve,

C1 = mcasurement of the pump capacity at Its terminals, when
termingted by the dioda.

Tho tost proccdure and tast circult(s) chall ba os mutually cgreed upon betwaen tha contrcctor
and tho Contracting Cfficer or his authorizad tochnical ropresentative.

4.8,8 Lurnout test,= The specifiod d-c forward power, computed os the product of d=¢
forwerd cufront cnd d-c voltege drop, shall be applicd to the diode for ot least 10 seconcs.
The extarnal temperatura of tha dicde undor test shall be at least 25° £ 3°C, -
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S, PRCPAPATION FOR CEILIVERY

S

-
.

repzretica far doiivery sacll be in ceccordence with

K rezarction far duiivery, =
Spucification MIL=S=17iC0,

& NCTES

.

3.1 Notas.= The notss includced In Doleliization MAIL-S=19520, exccst for taose coverlng

quoiification {sco 4.2 hercin) and the follcwing, cre ensliceblo to this docursent.

6.2 Crlcring data, = 1€ this cecumant is used with the "C” or létar issue of Spoeificction
MIL=5-195C7 centalning LTPO-mstho | Accoaiunce Incuicticn reguircments, the solicitction
stould Indicate thet tha Accoptance tnstection LiPD-nictiad requircments in perajraphs
4,3 tirough 4.3.G norain siall bo censicered supcricdas by the pertincat requirements in tho
“C" or later lssua of Specification MIL=S=19500, /

&.3 Eutablichracnt of g/ litlzncl t-2i: va paranciurs, = Tha recolution of any edditiona!
tests and paremters toat will scrve for oltirun, soriernance eveluction of tha duvics
relative to the adpiicction necd is ercsurcsed. it s exsoeted it such cetenaination(s)
witl bo Ly mutus! uzrcement between (62 eeatractor en! ik rassensivle Governraeat
ezency, cr. will be Inciuced in the finci ceeoniance criteria for the dovica. Pertinent
clectricel, physical, meckenical, and cnvironnacntal tict covercye in Specification
MIL=$5=1953G shoule ba consicerod es o priracry puice in this reyarc.

NGCTICE: When Govarnment draveings, s-scifications or other date ers uzee fer any
pueposa othicr than in conncction with o cefinitaly related Government procurcaiunt operation,
tho Unitod Stotes Government therchy incurs 59 recsenzilility nor eny eblijation vihetioover;
anz ths fact that the Govemanicnt racy heve formvleted, furnished, or in eny way supplicd

tha said drawiags, specifications, or otiier d'ata is not to Lo regerded by Implication or
otharvrisa as In any mannce licensing thic bolder or any ofiher wcrson or corporation, or
conveying any rlght or pemmission to rmeaufacturs, vsa, or scll any patented invontion that
msy in ony way be ralated thercto, .

10
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APPENDIX B
Data for Engineering Samples

submitted this Quarter
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Netwe of Tost
D Eloctricel

SYLVANIA ELECTRIC PRODUCTS INC,

SEMI-CONDUCTOR DIVISION

m Envirenmenta!

[ Srerege
Das’c Des*c O_%
Howrs
O Tuip. Cysle
% _% __*%
D Melsture Resls.

Dhchﬂinl
O Centrituge G's
O viwetien -

G's . G's

D Shock _:;.‘__G'o
Remorks __Data for Sécond Group 75 Engineering Sambles Gallium Arsenide Varactor Diode

Shoat Mo, 1 of ._E
Tost Depr,

Tyee 2
Lot Mo,
Lol TN N —
Test Oper,
' Engineer

Dare 30 January 1963
Job Ne,

Contract No. DA-36-039-SC-86736

Order No. 19058 -PP-62-81-81 ‘

Jered. C0evel, ClCams.

Sackground: Regq d by Dept. Dete Revd.
Cond, ]V C_L C . Fgg Q Q.\
Uy 1O pas Jopatt o v -0y, e v ohms
) 1.5 JAS 424 A1L.0 1.2 R.
- 4.0 Y A4 16,0 122 .6 ]
6.2 VYA 460 104.0 10.9 13
4 16.4 A8 L26S Y1 —-6. 19.0
S 6.0 AS 543 8¢t 9.\ VLS
N 1.0 L AS R 109.¢ (119 () —
? 1.2 AS V) 6.0 £9 Y e
. { g.0 JAS A3 V3.0 \AA L SOVE 1 S P
9 9,0 A8 . 419 103.0 0.9 ,_&-_S,rf..,_T e
1 5.6 L34 422 52 85 Wl oo,
1 6 248 33 .2 B Vi |
n 6.6 JAS 40§ $6.0 10,4 m.oi o
13 Qs AN 341 85.2 9.l IR |
\q 8.4 38 LTS 325 103 | B T ST R
s 2.0 A .249 6.0 3. T YT O S
) 2.8 A5 ALS 1S L e |
\Z : .28 Sl &uj,_‘_m 1T S
8 9.2 Y L8509 94 4.9 42 ——
19 _84 2 200  heg L) K73 S
9.0 .3 101 0.0 2.4 Q3.8 | . )
18.0 A8 . 10% e -1 33.9 i
23 1).® AS . 007 20.% $0.0 I
as 13,0 24 P 8.4 . 18,0,
a4 $.2 94.0 3 20.0
5 ,207 \33.:01 3.0 18,

19-40:29 (11/00)
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SYLVANIA ELECTRIC PRODUCTS INC.

SEM-CONDUCTOR DIVISION

Neture of Tost
] Elecrrical D emwienmemeal

0 Sterege
Das’c Oese O__*%
Heurs
0O Tomp, Cycle
€ _%¢ __°%
D Melstwe Rosls.

Remerks Data for S8econd Group 75 Engineering Samples Gallium Arsenide Varactor

D Mechenicel

D Centrifuge _____G's
O Viwetien . -

G's _____G'
O sheek G's

Shoot Mo, T o4 JIET

Test Dept,

Type

Lot Mo,

Prej. Ne,

Teost Opor,
Englneer __

Dete 30 January 196!

Job Ne,

Diode

ontrac O, -30- -8C-8067306

Order No. 19058-PP-62-81-81

Background: Requasted by Dept. Dete Revd, Orred. Toevel, ClCems.

Cond, By ap c: fb. Q. Rﬁ

s N I T $]  lobies b s
_£Lb 350 . 4 4 /0.2 7
w-ii 2 350 X8 /.0
-£8 . 15 0
21 8.1 720 8.0 9 7.9

36 .7 380 9 . 2.2 50.0

a1 10-8 380 139 13.0 78 .0
_43 v AA 350 142 24.0 g.0 aj.o

33 27 2360 Yy 0.0 -4 1320 e

34 . 350 2 103.0 10-9. 1220 i -
_35 Y1 192, 0 2.8 J ) -
—26 4 133 (TR Sl ol o !
31 3so| 9.0 .l%2 3.0 Lo
28 2¢ 0 L 235 88, 9.3 .0l L.

39 k2.0 () r20 fo.0 f.5° L 1725 U -
_40 R.2 AZ0 206 2.6 fol| I
41 l.0 As0 Wils 92.0 221  _|%eo | .
—42 R.0 350 623 $£3.0 9.3 X -

43 o ‘L350 +§¥7 A A.4% RO}

+¢ 4 350 410 73.L 8 (29 ] B
4 28 o Lze8 £1.0 28 400/ | __
_ 4L 407 0.0 24 ol .

41 _yn3 ase| - L9s0 4t.0 68 £eol | ]

18 96 : L3355 LB 9-.9._1. ]

19 LQ? ¢*0 . 6o r.__t___.1
&0 -8 ilfs:-‘o W30 i£%0 6.l J.0)

10:49:29 (11/40)
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SYLVANIA ELECTRIC PRODUCTS INC.
«  SEMICONDUCTOR DIVISION

[ Emwienmentel [ Mechenicel ,
3 Serege 3 Contrituge G's
Oasc Desc D__*¢
Hows O Viwetien _ -~
D Temp, Cysle G's _____G's
% __% __°% [ sheeh______0G's

D Meisture Resls.

Remerks

— -
Shoot No, _ M1 o M
TestOopre
Tyoe
Lot Ne,
Proje Moo
Vost Oper,
Eng!
Dete
Job Ne,

30 January 1963

Data for 8econd Group 75 Engineering Samples Gallium Arsenide Varactor Diode

Contract No. DA-36-039-8C-86736

Order No. 19058-PP-62-8]-81

Beckground: Roquested by Dept. Dete Revd. _____ [IPrad. (JDevel, CICemp,

Cond, § - (.’ C: Fcn Q R.\
POC

Un pajad © V. -6 v, ~6V ahwy
51 9.3 ,AS A1 €60 2.0 3.8 N
$3 2.0] : 1. 280 4.0 6.8 $s.
63 15.4 . £99  ¢ | ¢o 6.4 1X-
64 15:6 23 Y| ©2.9 [A4 1.40.0 ]
8s 3.9 AS AL €4.0 LB 230.0 ]
§6 4.0 AN 027 A% | 14 §0.9 i
(- ¥ J 6.2 s .54\ (1.9 1 8.\ %) 1
§8 2.2 Yy .40 24.0 1.3 1.0 ]
58 9.0 A8 424 480 10-4 LY R
(-] 1.5 A8 .90 101.0 10.6 b"oﬂ”““’T" ;
6 6.$ AT Yy 1Y | 0 210 |
63 2.0 AS Rt { 82.0 L WA 1o ___
€3 .0 S AW $1.0 o6l . 1l9el | |
%4 2.0 A% 180 g4 a8 |ee| i .|
%S ¢.s , ; 669 75 S B XX A S
(1Y 2.8 %99, 10.4] | d3of

Y 6.6 a 15 89 L T3 D .
63 9.2 .23 \2. va.ef . L.
69 4 Aijn‘ 43.0 16 16.9] _ | . )
20 1.2 . 0.0 - .0
21 A% YTy 1na.0 V2.0 ) .
12 9.4 232 O 8.4 62 _

i & 912 . 1341 126.0 L L3

24 3.3 23 (%Y 1.9 et y N
28 66 .22 23 134 330 [24e| ]

14020 (11/38)



[P —

Sylvania Electric Products Inc.
"ORDER NO. 19058-PP-62-81-81

DISTRIBUTION LIST

Commanding Officer

U. S. Army Electronics Research & Development Agency

ATTN: Dr. Harold Jacobs
Solid State & Frequency Control Division
Fort Monmouth, New Jersey

Commander
Wright Air Development Division
Wright Patterson Air Force Base, Ohio
ATTN: Mr. R. D. Alberts

WCLKS

Advisory Group on Electronic Devices
346 Broadway, 8th Floor
New York 13, New York

Director

Armed Services Electro-Standards Agency
Fort Monmouth, New Jersey

ATTN: Adjutant

Armed Services Technical Information Agency
Arlington Hall Station ’
Arlington 12, Virginia

ATTN: TICSCA/42740

Commander

Air Research & Development Command
Andrews Air Force Base

Washington 25, D. C.

ATTN: RDTCT

Air Force Cambridge Research Center
L. G. Hanscom Field
Bedford, Massachusetts
ATTN: Mr. R, A, Bradbury

CRRSC

.

G. Abraham, Code 5266
U. §. Naval Repearch Laboratory
Washington 25, D. C.

Commanding Officer
U. S. Army Electronics Research & Devel. Agency
ATTN: Mzr. F. *Brlndl

.Solid State & Froqucncy Control Division
Fort Mﬂnmouth. New Jersey

No. of Copies

10

A



1 R R - Ao it sttt o 9 Tt " PR I ULl SRR il MRl DA 23 WIS JA=- PN

- 3
No. of Copies

Dr. Robert H. Rediker, Gr 85

Division 8, Room C-310

Lincoln Laboratory

Lexington, Massachusetts 1

U.S. Army Electronics Materiel Agency

ATTN: Chief, Quality Assurance Operatmns Div,

225 So. 18th Street

Philadelphia 3, Pennsylvania 1

Commanding Officer

U.S. Army Electronics Materiel Support Agency

ATTN: Mr. Leon Kramer

Fort Monmouth, New Jersey 1

Commanding General
U. S. Army Electronics Command
ATTN: Mr. Fitzpatrick
Room 309, Russell Hall
Fort Monmouth, New Jersey 1

Diamond Ordnance Fuze Laboratories
Connecticut and Van Ness Streets, N. W,
Washington 25, D. C.
ATTN: DOFL Library, Room 211
Bldg. 92
(ORDTL-C11-59-138L) 1

General Electric Company

Electronic Park

Syraguse, New York

ATTN: Mr. J. Flood o 1

Hughes Products
SemirConductor Division
Newport Beach, California 1

Motorola, Inc.

5005 East McDowell Road

Phoenix, Arizona .

ATTN: Mr. James S. LaRug 1

Pacific Semi-Conductors, Ing.

1452( S. Aviation Blvd.

Lawndale, California

ATTN: Dr. H. Q. North 1

. mSi Electronics Incorporated '
116-06 Myrtle Avenue
Richmond Hill 18, New York
ATTN: Mz, Sedesman 1



e

———— e = -

Philco Corporation

Lansdale Division

Church Road

Lansdale, Pennsylvania

ATTN: Mr. Frank Mayock
Mgr. - Govt Sales

Radic Corporation of America
Somerville, New Jersey
ATTN: Mr. R. Wicke

Raytheon Manufacturing Company
Chelmsford Street

Lowell, Massachusetts

ATTN: Mr., W.W, Robinson

“'exas Instruments, Inc.
Semi-Conductor Components Division
P. O. Box 5012

Dallas 22, Texas

ATTN: Semi-Conductor Library

Transitron Electronic Corporation
168-182 Albion Street

Wakefield, Massachusetts

ATTN: Dr. D. Bakalar

Bomac Laboratories, Inc.
Salem Road

Beverly, Mass.

ATTN: Mr. Fink

Westinghouse Electric Corporation
Youngwood, Pennsylvania

Western Electric Co.
Marion & Vine Streets
Laureldale, Pennsylvania
ATTN: Mr. Robert Moore

Microwave Assoc¢iates
Burlington, Masgachusetts
ATTN: Mr. D. Atchley, Ik,

U.S. Army Electronics Materiel Agency
ATTN: SELMA-R2b

225 So. 18th Street

Philadelphia 3, Pennsylvania

No. of Copies

[ &)
(Balance of Copies)




