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ABSTRACT

I 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 I 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
Z 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
developmentof 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 Z00 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 II 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.

.- V



1. 0 Narrative and Data

1. 1 DIFFUSION

Wafers are prepared for diffusion by etching them in an HF + HNO solution
3

to reduce the thickness of the slice to 0.011 inches. A final etch of

H 20 + H SO4 is used to polish the (1I!) 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

H SO4 + H2 0 solution makes it possible to identify the (ITT) 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 overcom~e 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:

Cj= Co
(1- Vapp)n

-b-

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

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

2



Hazy SurfaceI (No As pressure)

I 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.

I The slice, coated with P-type contacts, is given a thirty second preheat at

250 0 C before being pushed into the 500oC 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.

I.
L. -5-
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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

Sthe P-type side of the wafer which has 0. 002"1 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 0 C is

sufficient to harden the KMER enough for further processing.

I 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 product a 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 a 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.

H -6-
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The reduced dot is photographed and put into a stop 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

j 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.I
After baking, the wafer is etched in a 25 0 C 18 HF + 1 HNO 3 solution until by

I 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 + HN03 etch is given to the individual diodes after mounting in

the package and thermal compression bonding in order to bring the junction

capacitance down to the desired value. In the past a 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 capacitance values

are obtainable within a given etching time period. Generally a five second

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

1 -7..



FIGURE 3

MASK USED 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,

I 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 . ZZ uuf

I (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 I 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. ZZ uuf has a series

inductance (Ls) = 0. 9 nh while the shorter package in Figure 8 with a Cp of

0.35 uaf hpts 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 hal been designed which will also be tried in order

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

I--
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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 2000C

for thirty minutes prior to the final sealing which was carried out in a controlled

environment with a dew point of -90 0 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 11i1) axis. The resistivity

of the slice was . 0037 ohm-cm and had a Hall mobility of 2700 cm 2 /volt sec.

The slice was etched in a H2 SO4 + H2 0 2 solution which polished and thus

distinguished the (ifl) 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 I x 2 mil mask and was sintered at 5000 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

I1.



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.

1
I

I,

U

- ?



Z.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.

I
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3.0 PROGRAM FOR NEXT INTERVAL

1. Fabricate two groups of seventy-five engineering samples for

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

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

of the present package.

3. Continue refinement and simplification of processes in order to

facilitate volume production.

j Notw. A planning and scheduling chart breaking down the major tasks

into five divisions is shown in Figure 10.

[
F
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SEMICONDUCTOR DIVISION. SYLVANIA ELECTRIC PRODUCTS INC.
PROJECT PERFORMANCE AND PLANNING SCHEDULE

Contract No. DA-36-039-SC-86736 S Completion Information
Order No. 1905B-PP-62-81-81 as of February 28, 1963

1-1 Engr. -Prod. Device Processes
Diffusion
a. Furnace Set Up & Calibratio
b. Const. of Diff. Prep. Equip.c. Diff. Parameters(prel. eel. ) D

d. Diff. Parameters(final eel.) -) .%
e. Final Prod. Type Diff. Proc. -

Contacting
N-Type
a. Prel. Dec. Prod. Type Cont.
b. Sol. Final Contact -0

c. Final Prod. Cont. Process -

P-Type
a. Prel. Dec. Prod. Type Cont. C L
b. Selection Final Contact 5
c. Final Prod. Contact Proc. -

Packaging
a. Prel. Study of Parameters
b. Decision Best Combination 81[c. Finalized Package Design 7 i

Sealing Package
a. Init. Welder SetUp Contr. At. 0 L E
b. Prel. Sealing Processes C
C. Finalised Sealing Processes- 9

Measurements
a. Reflectometer Set Up L
b. Capacitance Measurement Wp7
c. Contract Holder Set Up - F E D

d.Compl.Prod. Meas. Ojera. I I

1-1-1 75 Engineering Samples 0 E
75 Enginseerin Samples 0 E
75 Engineering Samples
75 Engineeriag ape

75 Engineering Samples

1.1-2 100 Preproduction Samples

1-2 Production Type Equip 49

1-3 1000 Pilot Pro&. Units

I0iL 01 I L



M'igure 10

SEMICONDUCTOR DIVISION, SYLVANIA ELECTRIC PRODUCTS INC.
PROOECT PERFORMANCE AND PLANNING SCHEDULE

1 9 6 2 I 196 3 1964

1-4 Reports

1-4-1 Monthly

1-4-2 lst Quarterly Report (draft)
?nd_ stitio

Quarterly Report (draft) 0
Distribution

3rd Quarterly Report (draft' 0
Distribution4th Quarterly Report (draft)

Distribution I
5th Quarterly Report (draft)

Distribution
6 th Quar terly Report(draft)

Distribution
7th Quarterly Report (draft)

Distribution

1-4-3 Final Report - Step I (draft)
Distribution

1-4-4 Bills of Material & Parts

2 General Report-Step II(drafK
Distribution

1.:



4.0 MAN HOURS OF WORK PERFORMED

9 Month

Engineers Third Quarter Cumulative Total

T. Baker 432 1224

G. Bowne 36 153

G. Ching 13 99

I F. Tausch 32 232

H. Ramsey - 15

t K. Gunn 32 32

j Technicians

W. Hyde - 18

I E. Juleff 88 496

D. Johnson - 324

SE. Penny 116

A. Marmiani 424 1056

G. Kokk 488 872

F. Skalkos 68 140

R. Greene 1.5

D. Hapgood 40 40

Operators

Grade 5 Operators 49 130

TOTAL HOURS 1702 4948.5

I



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

i which involve double diffusion and different contact materials.

1 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.
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APPENDIX AI

Signal Corps Technical Requirements
SCS-128o 2 March 1962

(and Amendment #1, 2 May 1962 See Note #9)
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SIGNAL CORPS SCS-123
TECHNICAL 2 March 1962
REQUIREMENTS

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

1 1. SCOPE

1. I Scopa.- This document covers the dotall requiromonts for gallI lum arsonido,
variable roactanco, semiconductor iode$s for application as low-noiso c.-nplificrs In
microwave-frequency receiver circuits, cno cc.cle of proper performance (see 3.4 herein)
under the following conditions. (See 3.2 haremn):

Cperating Cparating operating Reverse
temperature altitude CW di::ipation voltage

0C ft. mW Vdc
nw Mum 170--

Maximum 200 Any

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of Invitation for biWs, 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 Electronic Symbols
MIL-STD-202 Test Methods for Electronic and Electrical Cowponont Ports

Sheet I of 12 sheets
FSC-5960

I



SCS-123

DRAWI NG S

SIGNAL CORPS

SC-A-464.O0 Preproduction Sample Approval In Lieu Of Qualification
Rcquiremcnts in Spacifications

(Copies of specifications, standards, 4rawino's, end publications rcuired by contractors
in connection with specific procurement functions shold be obtain.d from the procuring
agency or as directed by the controctin- officer. Both the title and number or symbolfshould be stipulatod when requesting copies.)

3. REQUIREMENTS

3. I Reouirem.cnts.- Requirements for the semiconductor diodes shall be in accordance
with Speciflcation MIL-S-19500, and " spccifiaoc herein.

3.2 Aýbrevlations and symbols. - The cblreviatlons and symbols used heroin are definod
in Spocification MIL-S-1950,3 and as idontifled in Tables I and it, end paragraphs 4.8.1
through 4.8.8 herain.

3. �3�. ~~.n and construction. - The design and construction of the &emiconductor diodes
shall be in accordance with requirements of Specification MIL-S-19500, and shall be
compatible with intended installation and opplication of the devices.

3.3. 1 Opercting positioni. - The semiconductor diodes shall be capable of proper
operation in any position.

3.3.2 Polorllz indication. - The graphic syrbol for polarity indication on the
semniconductor diodes fit be as designated in Standfrd MIL-STD-15.

3.4 Perforrarince characteristics. - The semiconductor diode performance characteristics
shall be as specified in Tables I and II heroin. (Sea 6.3 heroin.)

",.5 Mornina.- The samiconductor diode shall be marked in accordance with
Spocificatlon MIL-S-19500 and as follows. In Instances where the diminutive size or
lack of suitakle surface area on the davice would prevent a marking accomplishment
readable by the unaided eye, 20/20 vision, at eight inches distance from the device, such
marking may be omitted directly on the device. All required marking shall be placed on the
unit package.

2



SCS-122

3.5.1 Type-doslgnrtion morktnq.- The semiconductor diodes shall be marked with the
letters "SVgC" and tho "IN" e2sintnolon of the dcvico. The "IN" iosignotion of the devico;
shall be "(X-2)" until an Identification num!)er conformina to typo designation requirements
of Specification MIL-S-19500 has been estacblishod.

4. QUALITY ASSURANCE PROVISIONS

4. 1 General.- Except as othonvise specificd herein, the responsibility for in:,poctlon,
general pi-r7,s for acceptance, classification of in:poction, and Inspoction conditions

nand methods of test shall be In accordance with Specification MIL-S-19500, Quality
Assurance Provision:.

4.2 Preproduction Saule Aroval.- The Proproduction Sample Approval requirements
In Signal Corps Drawing SC-A-466CO, hereby replace any Qualification requirements rcfoar.h
to the product covcrod herein.

4.3 Saomlinf" and acceptance cr!tcrla for Accoptance lnsicction (soo 6.2 herein).-

For ail tosts except Life tests,, soretplln;- oný acceptance criteria sholl be In accordan
with paragraphs 4.3.1 and 4.3.2, respectively, heroin. For Life tests, sompling ond
acceptance criteria shall be In accoreanco with requirements for Methoi B in Specification
MIL-S-19500, Appendix C. The respective LTPD (Lot Tolerance Percent Defective) and
Max. Ace. No. (Maximum Acceptance Numbcr) requirements in Tables I and II heroin shall
govern relative to the details in paragraphs 4.3. 1 and 4.3.2 herein.

4.3.1 Sample size. - The sample size shall be selcted by the manufacturer, using
Table Ill heroin. "rh sample size so chosen shall be within the Max. Ace. No. limit
associated with the LTPD specified in Tables I and II heroin.

4.3.2 Semple accoptance criteria.- For the sample size tested, the Acceptance
Number "(aX'ln Table Ill shall not bo exceeded. (Rejection Number "r" "e(a)" +1).

4.3.3 Tichten c inspection. - TiGhtened inspaction on resubmitted lots Is obtained by

testing to anLTI"D equal to or less than one-half of the specified Initial LTPD.

4.4 Specified LTPD and Max. Ace. No.- The LTPD and Max. Ace. No. specified
for a subgroup in Tables I and3 1 herein shall apply for all of the tests, combined, in the

subgroup.

4.5 Destructive tests.- None.

3



SCS-123

4.6 Dlsoo:Itlon of sample units.- Sample units that have beon subjected to and have
pasted Group 5, Subgroups 2, 3,, 4, and . te~ts ncy be dollvored on the contract or ord.:r
provided thct, after Group B inWpection is torm. inatod, those sample units aro subjected to

and pass Group A inspection. D.;fcctlve saimpla unil. from any sample group that may have
passed group-Inspection acceptance critria shall not be dcllvcred on the contract or order
until the defact(s) has beon romedied to the satisfaction of the Government.

4.7 Holder for test measuroments,.- The semiconductor diode shall be affixed within

the holtdr specified in Figure I her~ln for all electrical test moasuremonts.

4.8 Particular examination and te:t procedures. -

4. $.11 Fre!qency Cutoff test. - This test may be performed in accorciance with
M Method A thod M , following:

(p) Method A: Applylry the condition spccificd for the tct (zoo Table I herein),
the to-t'sholl be performed using a tcst circuit mutually arroed upon between

the contractor and th aut.orized Government techilcal reprosontetive.
The cutoff frequency datarmination shall be based on the measurement of the

L- 10 kmc or higher small-signal reflection coefficient of the tunable holder
contalning the diode. The app!ied microwave signal level shall be such that
a 6 db Increase in level does not change the measured cutoff frequency by
more than 10%.

(b) Method 0: The frequency cutoff may be computed from the formula:
ir - 0 x frequency of measurement (10 kmc or higher), where Q is

determined from the test procedure for the Diode Q test (see Table I herein).

The condition specified for fc (See Table I herein) shall be applicable.

4.8.2 Diode Q test. - The diode 0 may be 4etermined in accordance with computations

per (a) or (T) below. Test eircuitrq s44ll be as mutually a.raod upon between the contractor

and the Contracting Cfflcet$s technical representative. It should be noted that the

presentations in (a) and (b) bWlow are based upon Smith Chart plot of the diode impedance

as a function of frequency. The impedance of the diode as a function of frequency will

rotate along a constant resistance circle, and the self-resonance frequency will coincide

with the point of minimum VSWR Wnd the crossing of the real axis on the Smith Chart.

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

4
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whore:
2AF is the differonce betwoen the fr6quoncios, when the reactive
component is equal to tla resistive component at self-resonance
at any bias voltage.

(The 0 of the diode junction alone is the product of:

the obove Q x 1

S 
0Cs

where: C - stray capacitance

Co , junction capacitance)

Note: The construction of a solid brass dummy diode for short-circuit
reference will be necessary.

(b) The d•Iode 0 may be computed from the known junction capacitance and the
VS'VR at.resonance in accordance with the following relationship:

SQ.I I

r(razonance) x

whore: P - VSWR normalized to 10 ohms In the test holder
Cs M stray capacitance

Ca - junction capacitance

4.8.3 Solf-Raor.oance Frequency test.- 1he salf-resononce frequency shall be
determined from t io tc~t proceduros per 4.6•. 2, Method A or B, herein.

4.8.4 Ccrmcitcnco tests.- The specified voltage and a-c signal (sea below) s.hall be
cppliold to the'tcrmincls, an• the capacitance shall then be measured. The Prnction capacitance
Co is the capacitance atsoclatod with the barrier at zero bias. Capacitance shall Le
mocturod at 100 Kc with a Soonton Electronics 74-C Capacitance Bridge, or equal. Tne a-c
sional level applied to the junction shall be such that a 3 4b Increase in level produces
less than a 10% change in junction capacitance. Junction capacitance may be calculated
by subtracting the capacitance of the empty packaga from the measured total capacitanceo.
The capacitance of the empty package, measured at 100 Kc, shall not exceed the limit
specified (see Tcblo I hcrein). The definition of "package" shall bet complete unit minus
the gallium ar, nid wafer.

l5
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4.3.5 P.cvcr:o Vowltco BrcL':eown test. - The spocified revarso current, and c-oclatcd
rcvcr•. blo: vo too sI"'l 6aO c?.plcd to tho termi.ols. Braokdown shall occur when tho
minimum :pcci•fcd rcvrzo bias voltcoo level is reochod.

4. 8.6. Srncs kz.cnco - Tho mccurz.-c.t ot scrias rosIstanco shall be bas:d
u-n tho cc.=citonco chnc o"thc diodo, c,;'d :h.I b, moco ata fracucncy % 10.0 kmc.
T.ho mot.od of mccurc.-cnt shall I o a: mutually oarood upon between the contractor and the
Czntroctin3 Cffloor or his authorized tchnical reprosontative.

4.8.7 N:,,aclizod Incrercntal Ccpocitanca test.- Determinotion of normalized Incremental
capocitor.co tor.t shall :,o iD::d upon a moaurc•ncnt of AC and CI per the formulas

Normalized Incremental Capacitance - 4C

Where: AC n diffcronce between capacItaneo valuos at 2 volto~e points at
the extremes of the non-lin.ar portion of the C-V curvo.

CI - moosurement of the pump capacity at Its terminals, when
tormin•tatd by the diode.

The toest pioccdure and test circuit(s) shall be as mutually coreod upon between the contractor
and the Contract;ng Cfficcr or his authorized technical representative.

4.8.8 iýurnout tczt. - The specified d-c forward power,. computed as the product of d-c
forward current an d-2 voltage drop, shall be applied to the diode for at least 10 seconds.
The extornal temperature of the diode under test shall be at least 25* 3*C,

6
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I Prc,-ýrctiom fir dc,:iv.~> F .r, ,:rctk~i #-:r jo ay Fýr,o~ b-c~ i n cccotdoncu wit'A

6~. N!CTES

6.1 Notms:.- Tcnotzs incluz~c. In ccici;L.t for-S- t~z. c. eri.
quoilifcation (cc 4.2 Scrcin) ani :. fwr: cr .;icI to t~iis dc!urncnt.

j6.2 Cr..crin~i 161a - 1. t:-.is ýocu-i.;t is kie wit:. t:,: "C. or lZ~tar issue a,. Sp.-cificcion
MIL-S-I 9ýý contain~inLr- thKAcL' ncl:.t~ r..cui~r.,'ricrts, t!,,- sat icitction
s'roul Indicato tZýct t!-.o Accoj,thnc% -:: mc!n c-nu~.Jr ire~c.-tt in ocro:;rap'.%I4.3 t:;ru 3! 4.3.3 harain s:-.al bc ccn-.i~cr, :ur-1 d by t.c pirtinc--t r.quircr.ncnt in tho
"C' or later lcsuo of Sip;cificctio., MIL-!-195C% 1.

6.3 E~~i1mof iinIt~ r~ks Tha rc~aiutlon of a.ny cetoa
tc.,ts end parcmit-tr-s Ekzt will &Lrvu f~t, r voluation of t!-,o c2;01co
relctivo #to t-hec )?*1iiGcttof n:-,z, is cur. tizc;.- c.. '#:*.t wco

wi1 ýo Ly mutual u.,rccircnit btxvcýn 0.,contractor cn.' iA-.. r.;;criziý1 c ,rr...1
czencyt or.:' will ba nc~uý'o' in Ci: finci c~c .critariu fý,r th.-, dovica. Pni.rtint
cicctircal, p~.ysicol, in--chenical, an.ý cnvionr.mcntal t..-:t covcr%;-o in Spzciflcotion
MIL-5-)95,.-X sL~oult; ba conskcroJ cs c. prin-cry Cuic.c in this rejarc..

NOTICE: WIhon Govarnr.cnt drrowi-nL;, :.;-sifications or othcr ectc cr.- u.-c- fcr any,
purpozo ot.-cr than In connection with Qz ediflit.z1 rcdotc;d Govc.rnrcnt p.-ocurc,--..nt ep.-rotion,
tho Unitod Statos Sovcm~mcnt thcr;;by incur- -. rc::ia-n:i.Il it', nor any, o!. i.cjotion v4'ict.!oavcr,
on; th~fc !a ~ o~nc~r~yhv ~uct~cd, furni~hcd, or in cny way suppliad

thcs said erawin-s, swciricctqicn:, or otl;4r c'alfo is not to Lo rzxcr~ud by imp!IiC04ion or

othorv~isi;Q ain on', narnncr iccnmin'? t~i I-oldr or any oth4r ýcrzon or corporation, or
convoying any r~oht or pcrrnission to rmicnufacturo, uso, or; -Il any pzatntcd Invention that
mzy in any wacy bo ralaotd th~croto.
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