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ABSTRACT

An epitaxial GaAs system has been designed for the growth of low-
high-low GaAs for use in Read-type IMPATT diodes. This epitaxial system

includes a computer control system for the operation and monitoring of the

epitaxial growth process.

vi




I INTRODUCTION

The purpose of this program is the establishment and verification of
techniques to reduce the labor and increase control of processes used in the
preparation of epitaxial GaAs and subsequent fabrication of Read-type,
Low-High-Low (LHL) GaAs IMPATT diodes. The reduced labor and increased
control will be demonstrated by improved manufacturing yields at reduced
manufacturing cost. The mechanism by which these improvements are to be
obtained is the automation of the epitaxial crystal growth process with
appropriate feedback mechanisms which will regulate process variables
in accordance with actual conditions. The system is required to control and
respond rapidly to variation in wafer temperature, exposure time of the wafer
to this temperature, the flow rate of the dopant and epitaxial gases, the
chemical composition of these gases and the interrelationship of all these
factors. In addition, the epitaxial crystal evaluation (routine) will be

eliminated and crystal evaluation (non-routine) will be raduced.

The engineering effort will be restricted to the epitaxial crystal
growth and epitaxial crystal evaluation required to produce high-efficiency
Read-type IMPATT diodes plus sample diodes to demonstrate the progress.
The success of these control programs will be demonstrated by a pilot line
production demonstration of the required X-band diode as defined in SCS-481,

dated 23 December 1974.

The epitaxial crystal evaluation will productionize the measurement
methods specified for dislocation density of the substrates and buffer
layers, doping and uniformity of the substrates and buffer layers, doping

profile of the epitaxial LHL crystal, and the thickness of the buffer layer.

A suitable X-band test cavity shall be designed, fabricated, and

used to test the performance of the diode. The cavity shall incorporate
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proper bias circuitry, shall provide easy access to the diode and fast
interchangeability of diodes for quick testing. Parts and materials shall
be in accordance with MIL-P-11268. Forced air or water cooling shall not
be used. The output terminal shall be a standard waveguide terminal
mating with flange UG-39/U. The cavity used to test engineering samples

shall be identical to that supplied with the samples.

The required wafer yield is fifty percent (50%) of the wafers grown
shall have eighty percent (80%) (minimum area 3.0 cmz/wafer) of usable
material. The term usable defines material which meets specifications
for dislocation density, doping profile, and is capable of producing
diodes meeting specification SCS-481. The required diode yield is
forty percent (40%) of diodes produced and selected at random from any
usable wafer and tested shall meet the cited specification for output power,

operating frequency, and power efficiency.

In addition, for the X-band diode, performance curves shall be
supplied showing typical min-max excursions for capacitance, breakdown
voltage, thermal resistance, output power, power efficiency, and operating

frequency., Diode design and process flow charts covering all process

steps for the product shall be detailed.




IT SUMMARY

The vuccess of the computer controlled epitaxial GaAs system in the
preparation of low-high-low (L-H-1) epitaxial GaAs capable of producing
20% DC - RF conversion efficiency has permitted the program to address
the reproducibility of the epitaxial GaAs system and the uniformity para-
meters of the epitaxial GaAs crystals. These requirements, reproducibility
and uniformity, are necessary to insure high manufacturing yields of the

high power, high efficiency GaAs IMPATT diodes.

During this period, the second engineering samples were delivered.
These diodes meet all of the requirements of the X-band diode specified in
SCS-481. These diodes had output powers from 4.0 - 4.5 watts at fre-
quencies from 10.4 to 11.2 GHz. The DC to RF conversion efficiency was
21.0 to 23.7%. Junction temperature for these diodes was a maximum of

1750C for a ZSOC case temperature.




IT1 EPITAXIAL GaAs CRYSTAL GROWTH

The computer controlled epitaxial GaAs reactor was completed during
the last quarter and was demonstrated by preparing epitaxial low-high-low
GaAs which was utilized to prepare IMPATT diodes with efficiencies greater
than 20% at X-band. It was, therefore, decided to investigate the flexi-
bility of the epitaxial system, the reproducibility of the system and the uni-

formity of the epitaxial GaAs prepared.

In order to successfully prepare epitaxial GaAs for use in low-high-

low Read IMPATT diodes, it is necessary to control the:

1) Drift layer thickness

2) Drift layer doping density

3) Doping peak doping density or height

4) Doping peak width

5) Doping peak position relative to the epitaxial

crystal surface

A series of epitaxial runs was made with the material parameters
targeted for Ku-band devices at the start of the series and for C-band devices
at the end of the series. This series was selected to investigate the per-
formance of the epitaxial system with drift doping changes and different
growth times in order to determine the reproducibility of the system under
circumstances in which it must be utilized to manufacture high efficiency

IMPATT diodes at various frequencies.

This type of reproducibility avoids fortuitous reproducikiltty data
which can be obtained on a single type of material. If the system loses
control of the growth process at some time after the epitaxial growth is
initiated, the growth of C-band material, which is thicker than the X-band

material, will determine if this problem exists. The growth of less heavily




doped drift regions (C-band) and more heavily doped drift regions (Ku-band)

allow the verification of the reproducibility of the intentional doping system
and lack of contamination of the Ga source leading to a fixed doping

density.

This series has been utilized to demonstrate the reproducibility of
the growth rate and the resultant reproducibility of the drift layer thickness.
The growth rate is determined by dividing the average thickness of the epi-
taxial layer by the growth time . The average thickness is determined by
averaging the five thickness measurements which are made on each epi-

taxial wafer using the infrared (IR) reflectance technique.

The reproducibility of the growth rate should be better than + 10%
in order to manufacture high efficiency IMPATT diodes. This variation
would result in a + 10% variation in the drift thickness which is acceptable

for the manufacture of these devices,

The data for the growth rate for six epitaxial crystal runs made with
the same AsC13 concentration are shown in Table I. The first four of these
runs were targeted for Ku-band IMPATT diodes and the latter two were
targeted for C-band devices. The growth rate is reproducible to + 7% which

is better than the + 10% required.

It is important to verify the use of the average thickness to deter-
mine the growth rate. The use of the average thickness depends on the epi-
taxial layers having uniform thickness across the wafer so that the average

thickness is not distorted by non-uniformities.

The epitaxial layer thickness uniformity for these six crystals is
shown in Table II. The maximum deviation is the percentage deviation of the

thickest and thinnest of the five measurements from the average thickness.







MAX DEVIATION

CRYSTAL AVG THICKNESS

4838-1 4.4

: 4839-1 4.1
4840-1 4.4
4841-1 4.2

! 4844-1 7.4

]
4845-1 .2

+% [/ - %
gl 6.8
4.9 2.4
4.5 4.5
2.4 2.4
1.4 0
2.8 4.2

TABLE II EPITAXIAL LAYER T..ICKNESS UNIFORMITY




All of these epitaxial layers have thickness uniformities better than + 10%
and for five of the six, the uniformity is better than + 5%. All of these epi-
taxial crystals had areas in excess of one square inch with the nominal

area being about 1.4 square inches.

The drift carrier density reproducibility was determined for the four
Ku-band runs. The drift carrier density was evaluated by measuring the
carrier density profiles on step-etched samples using evaporated Schottky
barrier diodes. The use of step~etched samples introduces error in the
Schottky diode evaporation by preventing the samples from lying flat against
the metal evaporation mask. This factor introduces additional uncertainty
in the area of the Schottky barrier diode. Since the square of the area is
utilized in the measurement, the uncertainty of the measurement could be
significantly larger than the + 10% accuracy normally considered for the

carrier density profile measurement.

The data which were obtained are shown in Table III. The average
for this series, excluding the first run, is 9.6 e 15 donors/cm3 +15% -17%.

These data were not as reproducible as was expected.

This lack of reproducibility may be related to the measurement
process which was previously mentioned. There is some indication, however,
that the epitaxial system does not always respond to the first run after a
change is made but requires an additional run. It was felt that this lack
of reproducibility was related to inadequate cleaning between epitaxial
runs. The cleaning time was lengthened and an additional series was pre-
pared for X-band IMPATT diodes at lower doping densities. These data are
shown in Table IV. The average drift carrier density is 5.0 e 15 donors/cm3
+ 8% which is the variation expected from the measurement technique. It
may be concluded that the computer controlled epitaxial GaAs system will

reproduce the drift carrier density to better than + 10%.

=



E CRYSTAL DREFT x 10”%° FREQUENCY
4838-1 6+ Ku
4839-1 11.0 Ku
4840-1 9,9 Ku
4841-1 8.0 Ku
NOTE: Average of 3 Ku-Band Runs = 9.6 + 15% - 17%

TABLE III DRIFT CARRIER DENSITY REPRODUCIBILITY FOR
Ku-BAND L-H-L STRUCTURES




CRYSTAL UDRIFT x 1070 FREQUENCY
4864-1 5.0 X
4865-1 5.0 X
4866-1 4.6 X
4867-1 5.4 X
NOTE: Average of 4 X-Band Runs = 5.0 + 8%

TABLE IV DRIFT CARRIER DENSITY REPRODUCIBILITY FOR
X - BAND L-H-L STRUCTURES
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The reproducibility of the growth of the doping peak is characterized
by the reproducibility of the doping peak height (np), doping peak position
(Xp), and the doping peak shape normally characterized by the width at
1/2 the peak height (8). Reproducibility data for the peak is shown in
Table V for six epitaxial L-H-L runs. For five of the six runs, two meas-
urements were performed on the peak height and peak position from widely
separated portions of the epitaxial layer, at least one inch apart. These
data were obtained to provide preliminary uniformity data on the peak para-

meters for an epitaxial wafer.

From these data, it is apparent that the reproducibility of the peak
height is +15% -21%, the peak position is + 15%, and the peak width is + 9%.

These data may be interpreted as excellent reproducibility of the doping peak.

The variation in the peak doping density may be related to slightly
different growth processes which may occur using different substrates. These
slight differences would be magnified by the non-equilibrium doping con-

ditions which are required to form the doping peak.

In order to more clearly show the reproducibility of the peak shape,
the doping peaks obtained from five epitaxial runs are replotted from the
carrier density profiles in Figure 1. The peak position is normalized to the
center of the doping peak so that the reproducibility of the peak shape can
be illustrated. No curves have been drawn since the excellent reproduci~
bility of the doping peak shape is apparent from the doping points and the

inclusion of curves would unnecessarily complicate the figure.

The uniformity of the doping peak across the surface of the epitaxial
GaAs L-H-L crystal is also extremely important in the manufacture of high
efficiency, .igh power IMPATT diodes at high manufacturing yields. In order

to establish this uniformity, an array, 25 x 25, of Schottky barrier diodes

11
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CRYSTAL x 10 (km) (nm)
4.6 0.21
4838-1 i 4.6 0.2 0-22 40
5.3 0.25
4839-1 5.0 52 0.26 0.26 44
| 4840-1 5.4 5.4 0.30 0.30 47
| 4.7 0.24
l 4841-1 S Bl 0.g 0-26 48
|
| 4.9 0.28
4844-1 g g S8 0,25 D-27 42
4.1 0.21
4845-1 3.7 3.9 0.28 0.25 42
NOTE: Average: r1p = 4,7 +15% - 21%
xp = 0.26 + 15% - 15%
) = 44 + 9% - 9%

TABLE V PEAK REPRODUC IBILITY

12
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Ku

Ku
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was evaporated on the surface of crystal 4844-1. These diodes formed an

array of one inch by one inch or one square inch of the crystal surface. The
carrier density profile for 35 (thirty-five) of these diodes was measured and
the peak height, peak position and peak width were determined. These data

are listed in Table VI, and a summary of the data is shown in Table VII.
The total variation of the measurements are:

5.35 % 107 donors/cm3 + 7%
0.285 um + 7%
42.5 nm + 11%

Peak Height

Peak Position

Peak Width

If the precision of the technique is estimated to be 5 - 6%, the total number

of measurements within this deviation is:

33 of 35 or 94%
32 of 35 or 91%
33 of 35 or 94%

Peak Height

Peak Position

Peak Width

These data indicate that the computer controlled epitaxial GaAs reactor is

capable of both reproducible and uniform doping peak growth.

Sufficient information is now available to initially predict the yields
which will be obtainable in the production of epitaxial L-H-L GaAs crystals.

The critical parameters which are required and their reproducibility are

1) Drift Thickness + 10%
2) Drift Carrier Density + 10%
3) Doping Peak Height + 15% t;
4) Doping Peak Width * 10% l
5) Doping Peak Position + 10%

The buffer layer parameters are not critical provided a minimum thickness

and carrier concentration are obtained.

14
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SCHOTTKY POSITION PEAK HEIGHT PEAK POSITION IDTH
ROW COLUMN (n_x 10-17) (xm) (om)
1 1 5.2 0.300 42
5 5.4 0.290 40
10 5.3 0.285 38
15 5.4 0.287 45
20 5.3 0.300 45
25 5.4 0.290 41
5 1 ! 0.285 42
5 5.1 0.283 43
10 5.0 0.283 45
15 5.2 0.287 45
20 4.9 0.305 41
25 5.2 0.295 43
10 1 5.2 0.280 42
5 5.1 0.275 43
10 5.0 0.267 41
15 5.0 £.278 42
20 1.8 0.295 42
25 5.1 0.290 47
15 1 5.2 0.273 42
5 5.4 0.270 1
10 5.2 0.268 45
15 5.1 0.280 45
20 5.1 0.288 42
25 5.0 0.290 43
20 1 5.0 0.275 42
5 5.2 0.280 40
10 5.5 0.272 40
15 5.2 0.282 45
20 5.1 0.290 14
25 4.9 0.293 45
25 1 4.9 0.273 43
5 5.2 0.280 45
r 10 5.2 0.280 14
| 15 5.2 0.275 43
20 4.9 0.280 40

TABLE VI UNIFORMITY OF PEAK HEIGHT, PEAK POSITION,
PEAK WIDTH FOR L-H-L CRYSTAL 4844

15
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The yield for each step is given in Table VIII. These yields result

in an overall yield of the 56% for the epitaxial low-high-low GaAs structure.

The computer controlled epitaxial GaAs reactor will thus exceed the yield

requirements of this contract.

The uniformity information indicates that the epitaxial crystals pre-
pared will have in excess of the 80% usable area required. This required
uniformity is obtained over more than one square inch or 6.5 cm2 , far in

2 ;
excess of the 3 cm  area required.
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BUFFER LAYER

ACTIVE LAYER

OVERALL YIELD

Thickness

Carrier Concentration

Drift Thickness

Drift Carrier Concentration
Peak Height

Peak Width

Peak Position

100%
100%

90%
90%
83%
100%
83%

56%

TABLE VIII

PROJECTED YIELD FOR n/n+/n/n+/n+ L-H-L

GaAs STRUCTURES




v IMPATT DIODE RESULTS

The required device to be utilized for this program is an X-band

IMPATT diode with the following specifications:

Frequency (Fo) 9.0 GHz min, 11.0 GHz max

Output Power (PO) 3.5 watts CW minimum
Efficiency M) = 20% minimum

17 SOC maximum

Temperature Rise (AT)

70 volts maximum

Operating Voltage (Vop)

500 mA maximum

Operating Current (I op)

The second engineering samples have been provided and exceeded
all of these specifications. The device results for these diodes are listed
in Table IX. As can be observed, the output power ranged from 4.0 to
4.5 watts and operated in the upper portion of the required frequency change
10.4 - 11.0 GHz. Efficiencies ranged from a low of 21.0% to a high of
23.7%. Of particular importance are the thermal resistance and the junction
temperature rise above case temperature. The thermal resistance values are
low, 8.0 - 10. IOC/W, leading to junction temperature rise of 121 to ISOOC ¥

These diodes also met the noise specification of SCS-481.

The computer controlled epitaxial reactor has also been utilized to
prepare IMPATT diode material in Ku-band and C-band in order to investigate
its versability. The epitaxial crystal is evaluated as thermocompression
bonded (TCB) diodes, referred to as the evaluation portion, and subsequently
as plated heat sink (PHS) diodes, referred to as the process portion. Data

for Ku-band diodes are shown in Table X, and C-band diodes in Table XI.
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ALUATION PORTION

¥
DIODE VB Cto Po Vop 1 ® }‘o n
(V) (pF)  (watts) o) (mA) (GHz) (%)
2 34.2 13,0 3.2 57.6 273 8.8 20.3
28.0 Y13 3.0 60.7 257 D 19.2
4 35 .8 k.2 3.0 62.0 238 7 20 20.0
PROCESS PORTION #]
1 4.7 18.2 5.2 €9.7 283 7.3 255
2 44.0 21.7 8.4 68.4 364 Tk 2X 7
3 51.2 19:2 1352 70.1 310 Zivk 239
PROCESS PORTION #2
1 37.9 16.9 5.0 63.8 324 745 24.2
2 38.0 16.8 4.2 65.1 337 72 19.1
3 37.6 7.7 4.8 651 334 T ol 22.1
TABLE XI DEVICE RESULTS FOR L-H-L CRYSTAL 4842-1

22
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The process portions are tailored to obtain maximum diode performance

by sputter etching some of the surface away to attempt to precisely locate
the doping peak relative to the surface. This etching has a marked effect
on the breakdown voltage and also affects the operating voltage. It is this
processing step which results in the changes seen in the breakdown voltage
and operating voltage. As more experience is obtained with the epitaxial
system, it should be possible to eliminate or at least minimize this process

and its subsequent effect.

The material parameters for the crystals used in Tables IX, X, and

XI are shown in Table XII.

23
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\ PROGRAM FOR THE NEXT QUARTER

The epitaxial system will be operated to provide the required epi-
taxial GaAs for the third engineering samples. Additional data will be obtained
on the reproducibility of the epitaxial system and uniformity of the epitaxial

crystals.

Doping density curves as a function of dopant concentration and
AsCl3 mole fraction will be started in order to provide the doping curves re-
quired in order for the computer program to calculate the appropriate doping
conditions for the required drift doping density. The initial attempt will be
made to process the copius data generated by the computer control system

into more useful formats.
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' ELMOEROUTCS COMMAND G
3 December 1074

1 PRENNECAY, NEGUTREMENTS

HIGH ¥EFICTENCY, HTGH-POWER GALLIUM
ARSENIDE RilALTYPE TMPATT DIODES

1. SCOPE

1.} Scope, - This specification covers the detailed requirements for
high officicney, high power Gelliuw Arcenide Reed-Type TUPATT Dicdes.

ey

2. APPLICABLY DOCUMLNTS

2.1 The folloving documente, of the iscue in effeet on the dete of
invitation for bids or request for propogal, form a part of the snecification

to the extent spccified herein.

SPECTFICATICHS

MILITARY
MIL-S-19500 Semiconductor Devices, Generol Specificatinn for.
STAIDARDS
MILITARY
MIL-STD-T750 Test Methods for Scmiconductor Devices

MIL-STD-1311 Test Metheds for Electron Tubes

(Copice of cpecificution, etendards, dravings and publications required by
suppliers in conncction with specific procurement functions should be oblained
from the procuring ectivity or as dirccted by the Contracting Officeor).

o

3. REQUIREMENTS

3.1 Detnil rcautrcments. - The individual item requirements shall be
in accordunce with MiL-£-19500, nand as specified hercin, In the event of
any cenflict, the requirements of this specification shall govern,

L
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3.2 Abbreviections anl symbols, - The sbbrevialions and symbols uscd

herein are defined in MLL-J-lQUOd~und as follows:

Q = external quality factor of diode oscillator
ext Y

3.3 Desipn end conctruction and nhysical dimensions. - The diodes shall .
be nmude by epituxﬁxlfnizﬁﬁxor HgnJ-ijJ‘;}ofilcs. the diode shall consist
of a single mesea, single chip mounted in a ceramic-to-metal wmicrowave rackare,
The packege shall be gold plated end hermetically scaled. The package shall '
provide means for readidly beat sinking the diode, A schematic of a suitable ¢
packege is shoun in Iigure 1.

3.3.) Operatin~n vosition. - The diode shall be capable of proper
operation in any position.

3.k Perforucnce cheracteristics, - The diode performance characteristics,
while operating ec¢ oscillators, chall be es specified in Tebles I and II'and
ac )isted below. The performznce characteristics shall apply over the specified
ambient operating temverature range unless otherwise specified,

3..1 Process conditicninm, « A1l units shall be procece conditioncd
before they are subjectced Lo the tests end examinations defined in Tebles I
end II (sce 4.5.4), :

3.5 Serial number, - The manufacturer shell assign & seriel number to
each device furniched to this specification. This ceriel number chall be
sequential and non-repeating.

3.6 Interchanseability, - All parts having the same manufacturer’s part
number shall be directly and completely interchengeable with each other
with respect to installotion and performance within the requirements of this
specification.

, 3.7 Storare life (non-overating). = I'clloving storapge at an ambient
temperaturc of 200°C + 3°C Lor 1000 hours minimum, all diodes shall mcet the
requirements of oscillator frequency, ocscillator output power and oscillator
efficiency as defined in Teble III (sce 4.6.5).

3.8 Operating life. = All diodes which have operated for 1000 hours
minimum per the requiremcnts of Table ITT shall have a power output of no
less than 75 percent of the initial power output (see 4.6.6). |
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3.9 Mechanionl tunine, - The RF output power shall not decrcase below
speclfied value in Teble 11U, The frequeney and power shall vary smoolhly’
with no steps or Jumns (sce %,6.3).

3.10 Externnl Q, - The external quality factor, Qaxts of the diode
oscillator shall not be more than 200 (see h.E.h).

L, QUALITY ASSURANCE PROVISIONS

h,1 ﬁgsonnnibilitv for incvestion, - The contractor is respongible for
the performance ot all incpec.ions e-ccified herein. The contractor way
utilize hisz oun facilities or any comnercisl laboratory ecccepteble to the
Government. Inspection recordc of the exeminetions and tests shall be kept
complete and evailable to the Government es specified in the contrect. The
Government reserves the right to psrfomm eny of the inspections set forth
in the specification where such inspections are deemed necescary to assure
that supplies and services ccnform to prescribed requirements,

L,2 Classificaticn of insrection, ~ Inspection shall be classified es
follows:

(a) First article inspection (does not include prcparation for
delivery) (sce h.l),

(b) Quality conformance inspection (scc 4.5).

4.3 Test plan, - The contractor prepared Government-approved test plan
shall contain:

(a) Time schedule and sequence of examinations and tests.
(b) A description of the method of test and procedures.

(¢) Programs of eny automatic tests including flow charts and block
dingrams,

\d) Tdentification and bdbrief description of ecach inspection instru-
ment and date of most rccent calibration.

hoh First article inrnection. - First article testing chall consist of
the tests enecificd in davlee 1 and TT. For the teste of Teble T and the
end point mencurcnents of Table TII, the diodes shall be operating as oseillators
in the test cavity., The number of units to be subjected Lo cach test chall
be as stated in the contract., No faflures will be permitted.
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ho5 Quality conforaance incvection. « This inspection shall be performed

.on samples selected troa the pllot preduction as specificd in the contract
and shall consist of Group A and B inspections.

5. 5.0 Gronp A fnspeetion. - Group A inspection chall consist of the
exeminations and tests specified in Teble 1. The diodes shall be operating
ag oscillators in the test cavity.,

h.5.2 Groun B {ncveection. - Group B inspection chall consist of the

examinations and tests cpecified in Table II.

h.5.3 Grouy C inspection. - Group C inspections are not applicable to
this spec cification.

h.5.h Process condi inninn. - All diodes vwill be stored, non-operating,
under Lhe f5lloving conditions

(a) Junction temperature: 225°C nmax
200°C min

(v) Storage time: 168 hrs. min

4,5.5 g}uh cavity, Two suiltadle microwave test navxtics, one for each
Trequency band, chall be used to test the performance of the dicdes.

4,6 lMethods of exeainetion #nd test., - Methiods of examination and test
chall be as cpecified in Yaoles I und II and as follows:

h.6.1 A noise. -« An AM noise measurement system as shown echematically
in Fibure 2 chall be used to determine the AN noise to signal ratio. The AM
noise spectrum shall be measured continuously from 10 Kiz to 100 KBz from the
carrier as & minimum and recorded by an x-y recorder. UWNoise measurements

shall. be performed while dicde oscillator is meeting the operating require-
ments in Table III,

L.6.2 ¥M noise. - An FM noisc measurement system as shown schematicelly
in Figurc 2 zhall be uscd to determine FM noise deviation. The ¥ noise

gpeetrun shall be neasured continuously from 10 Kllz to 100 iz from the carrier

ag a winimum end recorded by an x-y recorder. Noise weasuvrement shall be
perforred while the dicde oscillator is meeting the operating requirements
in Table 1I1I.

h.6.3 Fechanienl trnineg. = The oseillator unit will be mechonically
tuncd over the required xxuquency ranpe of 1+ 250 Mz from operating frequency.

S ——_—
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L.6.h Externnl Q. - The external guality factor, Q... of the diode
oscillator ¢hall be deterimined by ctanderd injection locking techniques. A
canll locking stpnal shall be injccled into the dinde oscillutor for meacure-

ment of locking bandwidth as a function of injected pover.

h.6.5 Storace 1ife (non-oneratine), - The diodes shell be stored at an
ambient temperature of :oo“C 4 3°C Tor 1000 hours minimm. These diodes shall
be selected randomly fron d¢fcdes vhich have undergone process conditioning

end have successfully passed all Group A incpections. Upon completion of
storage, the diecdes shall be subjected to the following tests described in
Table I: Oscillator frequency, oscillator output power and efficiency.

h.6.6 Ovncrating life, - The dicdes shall be tested under operating
conditions in accordancce with Table IIT for 1000 hours minimua. Power output
shall b2 monitored continuously. <The diodes subjected to the operating life
test shall be selected randomly from dicdes which hove undergone process con-
ditioning and have successfully pasced all Group A inspcctions., The number
of failures as a function of time ghall be recorded. The test shall be
conducted in an ambient temperature of 25 + 3°C and the cavity temperature
shall not exceed 75°C during this test.

L.6.7 Efficiency (RY-DZ), . The EF to DC power efficiency of diodes
operating as oscillators shall be determined by measuring the DC input powver
and using standard methematical formulations,

Pover Efficiency (R¥-DC) = Pover onitmut (RF) X 100
Pcwer in (LC)

4.6.8 RF outvut wower. - RF output power of diodes operating as oscil-
lators cshell be meacured at operating frequency in accordance with method
4250, MIL-STD-131) using a calibratcd thermistor and pcuer meter.

h.6.9 Occillator frecuency, - Frequency of dlodes operating as oscil-
lators chall be determined with a calibrated spectrum analyzer and verified
with a callbrated frequency meter,

4.6.10 DC bies voltere, - DC bias voltage of diodes operating as oscil-
lators shall be mececurce in accordance with method 4016, MIL-S1D-TS0,

4,6.11 DC bias current. = DC bias current of diodes operating as oscil-
lators shall be measured in accordance with method h016, MIL-STD-750.

A% )
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radlation exvosure, - Devices will be exposed to the neutron

h.6.12 MNuelear
.hL

level speeificd below over a Lime period not to excecd five (5) minutes.
exposure vwill be conducted with the devices in a non-operating, non-biaccd
condition and et a temperature not to execed h0°C, Devices shall not expericnce
tewperatures in excess of LCOC prior to evaluation testing. Evaluation will

be conducted in such a menner that no device will be operated for more than

tvo (2) minutes prior to completica of the sub-group tests. Theze precautions
are necessery to reduce the effecis of high temperature anncaling of the
radiation induced damage.

1013n/ca?, 1 MeV equivalent (i)

104 »a s (Si) gemma

L.,6.13 Junction temperature. - The junction temperature shall be determined
6s follovs: Yre breakdown voltaze of the diode shall be measured at 40°C
intervals between 2000 and 200°C in accordance with method LOZ1 of MIL-STD-T50.
The breakdowan voltape shall be that voltage corresponding to a reverse current
of 1 mA., The dicde shall then be biased under pulscd conditions in e lossy
circuit to suppress oscillations thus waking input pover emuivalent to dissi-
pated power. Pulse width shall be sufficieut (sbout 1 ms co) for the diode
to reach thermal equilidbrium. The diode shall then be pulsed down to a
current of 1 mA and breckdoun voltage shall be rmeasured. The pulse-dovn
duration shall Ye chort (several microseconds) to prevent cooling of the diode.
From this data therral resistance of the diode shall be determined., The
Junction temperature of a diode under operating conditions chall be determirned
fron its pover input, power output end thermal resistance,

5. PREPARATION FOR DELIVERY

%.1 Preparstion for delivery. -~ Packaging end marking ehall be in accord-

ance with the contract.

6. NOTES - None,

6
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TARLE T - GROUP A ]?!f‘-l‘?‘lﬁ’l‘}"(ﬁ
Ta = 25 4 3°C unless othervise specified "
= }
|
Test Methed Syubol Min Max Units
s p—— i ; :
.ff'_ll_llp,r'mm_]_.' '
1 Oscillotor Frequency h.6.9 fo Pl
Diode Type 1 9 b3 | Ghz
Diode Type 2 14 14 GHz
Oscillator output 4,6.8 Po
pouer
Diode Typec 1 3.5 W~CW
Diode Type 2 2.5 W~CU
Oscillator
efficiency (RF-DC) b.6.7 n 20 %
Junetion Temp 4,6.13 T, £00 o¢
Subgroun 2
Mechanical tuning 4,6.3 A‘FMEC“ + 250 MHz
Subproun 3
R4 Toise 4.6.1 (N/S) g ~115 aB
? o3 1 :
J11 Noise +.6.2 L e 50 Hz
Subgroup k
LC Bias voltage k.6.10 Vo 70 v
DC Bias current 4.6.11 o 500 ma
Bubrroup 5
! Fxlernal Q LGk Qext 200
E
}
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TABLY 1T

CROUP B THOPECTICH

HIL-STD=-750

Test I{~thod Details Min Max ‘Inits
Subrroup 1
Shock 2016 Non-opereting; 500G,
t = 1.0 usec, X,
Y1, ond Z; ovienteiion
Vibration,
Veriable Freqg. 2056 llon--operating; 20G,
50 to 20C0 Hz.
Constant
acceleration 2006 lon-operating; 20,0005
min, Xy, Y; and 23
orientation
Hermeticity 1071 Test Condition H- Traces

¥nd point measur

Subgronu .
Nucleor radiatic
exposure

End point measur

Subgroun 3
Storage life

(non-operating)

Subgroun b

s o e o

—aicrufiﬁg life

-

cments:

4.6.12

4.6.5

I&c 6.6

Gas Fine Leak (Helium)

cments; Table I, Subgroup 1

Table I, Subgroup 1l




PARLE 11T OPERATING RECUTRVMITITS

Ambient Temperatuve Renge: -h0°C to 65°C

219@3 Tvpe 1

—

Oscillator frequency 10.0 GHz + 1.0 GHz
Oscillator outpul power 3.5 W-Cid, min.
Oscillator efficiency (RE-DC) 205 win

Junction Cenperature 200°C max

Niocde Tvve 2

Oscillator frequency 15.0 Gllz 4+ 1.0 Glz
Occillator output pover 2.5 W-CW, min

Ozcillator efficiency (RF-DC) 207 min
Junclion Temverature 200°C mex

SCS-h 81
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