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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 
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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 improvement s are to be

obtained is the automation of the epitaxial crystal growth process with

app ropriate feedback mechanisms which will regulate process varia bles

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 fl ow rate of the dopant and epitaxial gases , the
chemical composition of these gases and the interrelationship of all these

factors . In addit1on , the epi taxial crystal evaluation (routine) will be

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

The engineering effort will be restricted to the ep itaxial 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 product ionize the rneasurement

method s specified for dislocation density of the substrates and buffer

layers , doping and uniformity of the substrates and buffer layers , doping

profile of the epitaxlal 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 incorpora t

e1
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proper bias ci rcuitry , shall provide easy access to the diode and fast

In terchangeability 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 fif ty percent (5 0%) of the wafers grow n

shall have eighty percent (80%) (mInimum area 3 .0 cm 2/wafer) of usable

ma terial. The term usable defines material which meets specifications

for dislocation density , doping profi le , and is capable of prod ucing

diodes meeting specification SCS-48 1. The required diod e yield is

forty percent (40%) of diodes produced and selected at r andom from any

u sable wafer and tested shall meet the cited sp ecification for output power ,

operating frequency , and power efficiency .

In addition , fo r the X—band diod e , perfo rmance curves shall be

supplied showing typica l m m - m a x  excursions for ca pacitance , breakdow n

voltage , thermal resistance , output power , power eff icie ncy , and operating

frequency . Diode design and process flow charts covering all process

steps for the product shall be detailed

.2



II SUMMARY

The ~uc cess of the computer controlled epitaxia l  GdAs system in the

preparation of low—high-low (L-H-L) epi taxial  GaAs capable of producing

20% DC — RF conversion eff ic iency has permitt ed the program to address

the reprodu cibility of the epitaxia l  GaAs system and the uniformit y para-

meters of the epitaxial GaAs c rys ta l s .  These requirements , rep roducibility

and unifor mity , are necessary to insure high manufacturing yields of the

high power , high eff icie ncy GaAs IMPATT diodes.

During this period , the second engineering samples were delivered .

These diodes meet all  of the re quirements  of the X—band diode specified in

SCS—48 1. These diodes hdd output powers from 4.  0 — 4. 5 watts at fre-

que ncies from 10.4 to 11 .2  GHz.  The DC to RF conversion efficiency was

21 .0  to 23 .7% . Junction temnper ci ture for these diodes was a maximum of

175°C for a 25 °C case temperature .

3
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II I EPITAX IAL GaAs C RYSTAL GROWTH

The computer controlled epitaxL ’~ GaAs reactor was completed during

the last quarter and was demonstrated by preparing epita xial  low-high—low

GaAs which was util ized to prepare IMPATT diodes with eff iciencies greater

tha n 2 0°/ at X-band . It was , therefore , decided to investigate the f le xi-

bi l i ty  of the epita xial system , the repro ducibi l i ty  of the sys tem and the uni-

for mity of the epitaxial  GaAs prepared .

In order to succes sful ly  pr epare epi taxia l  GaAs for use in low—hi gh—

l ow Read IMPATT diodes , it is necessary to control the:

1) br lft layer th ickness

2) Dr i f t  layer doping density

3) Doping peak doping density or height

4) Doping peak width

5) Dop ing peak position relat ive to the epi tax ia l

crystal surface

A series of epitaxia l runs was made with the mater ial  parameters

targeted for Ku—b and devices at the start of the series and for C—b and devices

at the end of the series. Thi s series was selected to investigate the per-

f ormance of the epitaxial system with drif t  doping changes and d i f fe ren t

growth ti mes in order to determine the reproducibi l i ty  of the system und er

circu mstances in which it must  be u t i l ized  to manufac ture  high efficiency

IMPATT diodes at various f requencies .

This type of reproducibility avoids fortuitou s reproduci l ;~~ y 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 dete rmine 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

de nsity .

This series has been utilized to demonstrate the reproducibility of

th e 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 fiv e thickness measurements which are made on each epi—

ta xial wafer using the infrared (IR) reflectanc e technique .

The reproducibility of the growth rate should be better than ± 10%

in order to ma nufacture high efficiency IMPATT diodes. This variation

would result in a ± 10% variation in the drift thickness which is acceptable

for the manufacture of these dev ices .

The data for the growth rate for six epitaxia l crysta l runs made with

the sa m e As C l 3 concentration are shown in Table I. The first  four of these

runs were targeted for Ku—band IMPATT diodes and the latter two were

ta rgeted for C-band devices. The growth rate i s reproducible to ± 7°,~ which

is bette r than the ± 10% required .

It is imp ortant to verify the use of the average thickness to deter-

mine the growth rate. The use of the average thickness depend s on the epi —

taxial layers having uniform thickness across the wafer so that the average

thick ness is not distorted by non-uniformit ies .

The ep ita xia l layer thickness uniformit y for the se six crystals is

shown In Table II .  The maximum deviation is the percentage deviation of the

thickest  a nd th innest  of the five measurements  from the average thickness .

5 
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CRYSTAL GROWTH RAT E (p .m/mm )

4838— 1 0.16

4839— 1 0.15

4840— 1 0.16

4841—1 0.15

4844—1 0.14

4845 — 1 0.14

NOTE: Average of 6 (six) Runs = 0.15 ± 6 .7%

TABLE I GROWTH RATE REPRODUCIBILITY 6



MAX DEVIATION
CRYSTAL AVG THICKNESS + % / - %

4838— 1 4 .4  9 .1  6.8

4839— 1 4 .1 4 .9  2 . 4

4840— 1 4 .4  4 .5  4 .5

484 1—1 4 .2  2 , 4  2 . 4

4844— 1 7 .4  1.4 0

4845— 1 7 .2  2 .8  4 . 2

TABLE II EPITAX IAL LAYER L~ICKNESS 
UNIFORMITY 7



~~.

All of these epita xia l layers have thickness uniformities better than + 10%
and for fiv e of the six , the uniformity is better than ± 5%. All of these epi—
ta xial  crystals had areas in excess of one square inch with the nominal
area being about 1 .4 square inches .

The drif t  carrier densi ty  repr oducibility was determined for the four
Ku-band runs . The drif t  carrier density was evaluated by measuring the

carrier density profiles on step—etch ed 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 aga inst

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/c m 3 + 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 a lways respond to the first run after a

change is made but require s an additional run. It was felt that this lack

of reproducibility was related to inadequate cleaning between ep itaxial

runs . The cleaning tim e was lengthened and an additional series was pre-

pared for X—band IMPATT diodes at Ir”er doping densities. These data are

shown In Table 1V. The average drift carrier density Is 5 .0  e 15 donors/cm 3

± 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%.

8 
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CRYSTAL 
nDRffT x 10

_ i s  FRE QUENCY

4838—1 6 .5  Ku

4839— 1 i i . o  Ku

4840—1 9 .9  Ku

4841—1 8 .0  Ku

NOTE: Average of 3 Ku-Band Runs = 9.b + 15% - 17°/

TABLE III DRIFT CARRIER DENSITY REPROD UC IBILITY FOR
Ku-BAND L-H-L STRUCTU RES

9
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CRYSTAL ~DRIFT x 10~~~ FREQUENCY

4864— 1 5.0 X

4865— 1 5.0 X

4866— 1 4 . 6  X

4867—1 5 .4  X

NO TE: Average of 4 X-B and Runs = 5 . 0  + 8%

TABLE IV DRIFT CARRIER DENSITY REPRODUCIBILITY FOR
X - BAND L- H-L STRUCTURES

10 
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The reproducibility of the growth of the dop ing eak is characterized

by the reproducibility of the doping peak height (n ), doping peak position

Ø ( ) ,  and the dopi ng peak shape normally  characterized by the width at

1/2 the peak height (6). Reproducibility data for the peak is shown in

Table V for six epi t axial  L-H— 1. runs . For f ive of the six runs , two meas-

urements were performed on the  peak height and peak position from wide ly

sepa rated portions of the epitaxia l layer , at least one inch apart . These

data were obtai ned to provide prel iminar y uni formi t y  data on the peak para-

meters for an ep itaxial wafer .

From these data , it is apparent that  the repr oducibil i ty of the peak

height is +15% _ 2 10/c , the peak position is ± 15% , and the peak width is ± ~~~~~~

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

Th e 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-

ditio ns which are required to form the dopinq p eak.

In order to more clearl y show the repr oducibili ty of the peak shape ,

the dopi ng peaks obtained from fiv e ep itaxia l runs are replotted from the

ca rrier density profiles in Figure 1. The pea k position is normalized to the

center of the doping peak so that the reproducibili t y of the peak shape can

be illustrated . No curves have been drawn since the excellent reproduci-

bility of th e doping peak shap e is apparent from the doping points and the

Inc lus ion of curves would unnecessari ly complicate the f igure .

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 manufactur ing y ie lds .  In order

to establish this uniformit y , a n array,  25 x 25 , of Schottky barrier diodes

11 
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n X 6
p p

CRYSTAL (x 1O~~~ ) (
~~

) (~j~) FREQUENCY

4 . 6  0 .21
4838 — 1 4 .6  4 . 6  0 .2 2 0 .22  40 Ku

5.3 0 .25
4839 — 1 5 .0  5 .2  0 .26  0 .26  44 Ku

4840 — 1 5 .4  5. 4 0.30 0.30 47 Ku

3.7 0 .24
484 1—1 3 .6  0 .28  0 .26  48 Ku

4 . 9  0.28
4844— 1 5 .6  0. 25 0 .27  42 C

4.1 0.21
4845—1 3.7 0.28 

0.25 42 C

NOTE: Average: n~ = 4.7 + 15% - 21%

X = 0 . 2 6  ÷ 15% — 15%
p

6 = 4 4

TABLE V PEAK REPRODUCIBILITY

12 
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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 crysta l 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 sum mary of the data is shown in Table VII.

The total variation of the measurements are :

Peak Height = 5 .15 x 10 17 donors/c m 3 
~

Peak Position = 0.285 ~m ± ~%
Peak Width  = 42.5 nm ± 11%

If the precision of the technique is estimated to be S — 6% , the total num ber

of measurements within this deviation is:

Peak Height = 33 of 35 or 94%

Peak Position = 32 of 35 or 91%

Peak Width = 33 of 35 or 94%

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 ini t ia l ly  predict the yields

which will be obtainable in the production of epitaxia l 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%

4) Doping Peak Width ± 10%

5) Doping Peak Position ± 10%

The buffer layer parameters are not critical provid ed a minimum thickness

and carrier concentration are obtained .

14
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SCHOTTKY POSITION PEAJK HEIGHT PEAK POSITION WL)T H
ROW COLUMN (n x 10-17 ) (g m) (ri mS

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 .2 9 0  41

5 1 5 .1  0 . 2 8 5  42
5 5 .1  0 .2 8 3  43

10 5 . 0  0 .2 8 3  45
15 5 . 2  3 .287 45
20 4 .~ 0 .305 4 1
25 5 .2  0 .2 9 5  43

10 1 5 . 2  0 .2 8 0  42
5 5 . 1  0 .275  43

10 5 .0  0 .2 6 7  41
15 5 .0  0 . 2 7 8  42
20 4 . 8  0.29 5 42
25 5 .1  0 .290  47

15 1 5 . 2  0 . 2 7 3  42
5 5 . 4  0 .2 7 0  4 1

10 5 .2  0 .26 8  45
15 5 . 1  0 .280  45
20 5.1  0 .288  42
25 5 .0  0 .290  43

20 1 5 .0  0 .2 75  42
5 5 .2  0 .280  40

10 5 .5  0 . 2 7 2  40
15 5 . 2  0 . 2 8 2  45
20 5 .1 0 .2 9 0  44
25 4 .9  0 .293 45

25 1 4 . 9  0 .273 43
5 5 . 2  0 .280  45

10 5 . 2  0 .2 8 0  44
15 5 .2  0 .2 7 5  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

u niformity is obtained over more than one square inch or 6 . 5 cm2 , far in

excess of the 3 cm 2 area required .

17
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BUFFE R LAYER Thicknes s  100%

Ca rrier Concentrat ion 100%

ACTiVE LAYER Dri f t  Thickness  90%

Dri f t  Carrier  Concentrat ion 90~/

Pea~.z He igh t  83%

p Lak Width  100%

Peak Position 83~

OVERALL YIELD 56%

TABLE VIII PROJECTED YIELD FOR n/n+/n/n+/n+ L-H-L
GaAs ST RUCTURE S

18
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IV IMPATT DIODE RESULTS

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

IMPATT diode with the following specifications:

Frequency ( F )  = 9 .0  GHz mm , 11.0 GHz max

Output Power (P ) = 3 . 5 watts CW minimum
0

Efficiency (17) = 20% minimum

Temperature Rise (AT) = 175°C maximum

Operating Voltage C V )  = 70 volts maximum

Operating Current (I ) = 500 mA maximum

The second engineering samples have been prov ided and exceeded

all of these specifi cations.  The device results for these diodes are listed

in Table IX. As can be observed , the output power ranged f rom 4 . 0  to

4 . 5 watts and operated in the upper portion of the required frequency change

10.4 — 11.0 GHz . Eff iciencies  ranged from a low of 2 1 .0 %  to a high of

23 .7% . Of particular importance are the thermal res is tance and the junction

temperature rise above case temperature . The thermal  resistance ~r a lue s  are

low , 8. 0 — 10. i°C/W , leading to junction temperature rise of 121 to 150 °C.

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

The computer controlled epitaxial  reactor has also been ut i l ized to

prepare IMPATT diod e material  in Ku-band and C-band in order to investigate

Its versability . The epitaxial crystal is evaluated as thermocompression

bonded (TC B) diodes , referred to as the evaluat ion portion , and subsequent ly

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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EVALUATION PORTION

DIODE V~ C~0 P V~~ I F

( V  ) (pF) (watts) ( V  ) (mA ) (GHz) (~~)

2 34.2 13. 0 3. 2 57 .6 272 8.8 20.3

3 29. 0 11.3 3. 0 60. 7 2 57 7.5 19.2

4 35.8 11.1 3.0 62.0 239 7.5 20.0

~~OCESS PORTION *1

1 4 6 . 7  18. 2 5 . 2 69 . 7 293 7 .3  25 .5

2 44.0 21. 7 5 .4 6 8 . 4  364 7 .1 2 1.7

3 5 1 . 2  19. 2 5 . .  7 C . l  310 7 .1  2 3 9

PRO CESS P0RTION~~~

1 37 .9 16.9 5 . 0  63.8 324 7 .5 24.2

2 38. 0 16. 8 4 .2  65.1 337 7 .2 19.1

3 37 .6 17. 7 4.8 65.1 334 7 .2  22 .1

TABLE XI DEVICE RESULTS FOR L-H-L CRYSTAL 4842-1
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The process portions are tailored to obtain maximum diod e performance
by sp utter etching some of the surface away to attempt to precisely locat~
the dopi ng peak relativ e to the surface. This etching has a marked effect
on the breakdown voltage and also affects the operating voltage . It is this

F 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 e l iminate  or at least min imize  this process

and its subsequent ef fect .

The material  parameters for the c rys ta l s  used in Tables IX , X , and

XI are shown in Table XII .

23



::: ;. ;. ;

C’)
.

4:’ U) C’)

0~~ C) CC) C) C”)
~~~ CI) — . .

LI) C) U)
-4

_ _ _ _  _ _ _ _ _ _ _ _

24

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



. -

~~~~~

- , - .

~~~~~~~
--- - ______________

V PROGRA M FO R THE N EXT QUART ER

The epitaxial system wi ll  be operated to provide the required epi—

ta xial GaAs for the third engineerin g samples . Additional data wi ll be obtained

on the reproducibility of the epitaxial system and un iformity of the epitaxial

crystals -

Doping density curves as a function of dopant concentration and

AsC l 3 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  dop ing 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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VI IDENTIFICATION OF PERSONNEL

NAME TITLE HOU~~

Dr. Robert E. Walline GaAs Department Manager 96

Dr. John L. Heaton IMPATT Product Line 67
Manager

Mr. James E.  Holtz Materials Engineer 444

Mr. Carl N .  Foose Engineering Assistant 80
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F:i~ .:2. ’~ .r~’.; C~~’
c1~. Hl,.’~JJ h :• ’~ ~3 ~~~~~~~~~~ - ~

. 
~ f l (I

~

II T GII  1. - F’ t C i  i~~”Y , T~~~~- -! ’~~..’ER Ct l,LlT..J~I
/tRSE ’~.ti)F. (U U- . ’iIPE I L)  ‘ i,’ DI0DE~

1. SCOPE

1.1 ~e .  — Th i s  sp~’c if i  - .“. t io i i  covers the dct n i l cd re quir c tec-nLs  for

l)i~,h 5ff ’ ’ C [ c~ c:i , l i i p h  po~cr (~:1.1. iu ~ .\rr . ~ i i i ~~e 1~c’u d—T ypc~ L•H LIT Di cdcs.

2. APPLICAl~i~

2.1 The folloeinh d c>cu~ cnts , of the ir~~c in effc’ct on the dnt~,’ of
in v i tat i o n  for bi~~ or request ; for pr opo s~~l , f orm a por t  of the sn cc i f lcut i o i
to the e;~tent  spec i f i ed  herein ,

SPEC IFI CATI ONS

MILI TARY

MIL—S-19500 Semiconductor Devices , Generni Specificrtton for.

STANDARPS -.

MI Li TARY

MIL-STD-750 Test Method s for Sc nlconduct or Dcv~ ces

MIL-STD-1311 Test )4ethcj s for Electron Tubes

(Cop ic~ of srecifi c~ t ion , ctenda r dc , dr ~- .~:tn ~ s and pub l i c a t ion s  required by
suppliers in c~ nn~ ct i en  ~‘i th ~-p ’~c if ~ c p c o C uf C n c - n t  f un ct i on s  s~1Ou1(1 be obtoi ned
from the proc erinr ac t iv i ty  or ~is d f r c c L~d by the Contracting Of f icer ).

3. E(WrR~ .U-:NT3

3.1 D~ tni1 . ren r c r e n t r .  - The in d iv i du a l  item requirements  shall he
tn aceor d~~iCe wi Lii N J 1~ — U . 1,92 CO , and Cu; r p c e i  f l e d  h~?re i n .  In thc event of

~ny ecnf].ict, the r e qu i r ’ nC ’r I t S  of th i s  s p t c l f i c mt i o r i  shall  govern .
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3, ~“ Abb revl  r t. I ~v1s nn ’J ~-‘,-“~ }~~~~ ) ‘ . — Thr nbbr cvi  n Lions ond symbols used
here in  are del i ncd i i~ L~I i , — . —1 ) G,) u~~i mS foilow~

next = ext erna l , quali ty factor of diod e o’eillator

3.3 DesIre e~id eor tr’icI, i c ~i ~i r i r~ ~~ ‘.-s i en l  d l ’ - r i ~~inn ~~. — The diodes shall
be tru( 1C by epi t axi  nI growth  oi’ 1~~l i — t , e~ proL ’i].e~; . the ci iodc ’ shal l consist
of a single  tneso , s i ng l e  ch ip  m ounted  in a cera m ic—to -met a l  a icrow ilve i(t C ka C e.
The package sImli bC gol c’. p) ~~~~ u nd h~ rrn etlcn1 .}y sealed . The package shall
provide- r e n C s  for ;‘e~ d u ] y  heat r i n h i n g  the diode.  A sehemriti.c of’ a sui table
packege is sho ;rn in Figure 1.

3.3.1 ati~~’~~~os i t io n .  — The diode shall be capable of proper
opera tion in any position .

3. .
~ P e r f o ’e~ c~- ch er n e t er i st i c s .  - The diode perform ance character is tics ,

~:hile op erat in~ as osc i l la tors , shall  be as spec~ fLe d  in Tables I and TI and
as ) .ictecl belo~.’. The per foraonce c har n el er i n t le s  shall apply over the spec i f ied
ambien t operating te~aerature range unlc ’~ s othervise specif ied ,

3.~~.l Process e o n c l i t i e n i n~ . - All u n i t s  shal l be process conditioned
before they ar e  suh ,ject c-d to the tests and exaa i s a t i o n s  def ined in Tables I
and II (sec ~~~~~~

3.5 SerIal . number.  — The manufacturer  shell a s s i gn  a serial number to
each device f u r n i sh e d  to this spec i f i ca t ion . This  se rial  nu’riber shall be
sequential  and norI-r epe at ir~g.

3.6 Tnt crchon ’~enbt l ity . - All parts having the same ~~~~~~~~~~~~~ par t
number shall be d i  rectly and co~ipletcl.y int crchan ~ c-ob te w i th  each other
with x’esnect to instal la t ion and performance w i t h i n  the requ irements  of this
specification.

3.7 Storn ~ e l i f e  (n t -In _ n n e rn t inp ) .  - Following storage at an an-1bicnt
temperature 01’ ?0O~C + 3 ”-.~ 1cr 1000 ilours m in im um , all diodes shall meet the
requirements of oscillator frequency , osc i l la tor  ou tput power and osci l la tor
efficiency as def ined  in Table III  (ccc 1~.6.5).

3.8 O~~!~ t i nr ~ l if e .  - Mi  diodes which have operated for 1000 hour s
mini mu m per the r equi rements  of ‘fable III shall, have a power output of no
lens than 75 percen t of the init ial .  power output (see I~.6.6).
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3.9 ~-~‘cV ’u’~1 ‘.~nl.  tue  i n~~. . Time Ri’ outvmu t power shal l, not decrease below

~p ecIf i  cci value in  Tab l e  111 . The- f r e q u e n c y  mi nd power shall vary smooLhly ~
~;I.th no steos or jum ns (see h . 6 . 3) .

3.10 Ext e rnn l ._0. - The external  qual i ty  factor , 
~~~~~ 

of the diod e
oscillator  shall not he inure than 200 (see t~.6. l m ) .

14. QUALITY t~ SURAN CE PNOVISI ONS

Im. l Rcsncmnibfl,ltv for in~rc’~ Li n -~~ — The cnn t rnc tor  in  respo iisib1.~ for
the pei’ fni’ ncinee oi all in~~ t c  - 1 cri ~ ~~ec~ f’i cci h e r e i n .  The contrac tor  may
u t i ] , i 7,e h i~ o~m fuciliti e~: or any co~ ’~~- r c in i .  lnb or~iCory occc ’ptcb lc to the
Govern men t .  In svm e st ion  cer~~ of the ex~ m i n e t i o n s  and tests  shall he kcpt
complete and avai lable  to the Gov~ r sment as sp c c i f i~ d in the cont rr c t .  The
Government reserves the r i g ht  to perfonn coy of the i nep ec ti  ons set fort -h
in the sp e c i f i c a t i o n  where such inSpec t ions  are deemed necessary to assure
that supplies and serV ~ ces conform to prescribed requirements.

14.2 C l a s s i f i c a t ion  of i n s r e c t i o i m .  — Inspec t ion  shall be c lassi fied  as
follows:

(a) First article inspection (does not include pr ep arat ion for
delivery ) (see 11. 1!).

(b) Qual ity conformance insp ection (see 14.5) .

14.3 Test plan .  — The contractor prepared Government-approved test plan
shall contain :

• (a) Time schedule and sequence of examinat ions  and tests.

(b) A description of the method of test and procedures.

Cc) Pro~r~ms of any automatic tests inc lud in g  flow charts ant -I block
diagrams.

t d ) I d e n t i f i c a t i o n  and brief descr lp t l . nn of each inspec tion in st ru —
nient and da tc of most recent cal ibrat ion .

14.14 F ir s t  a r t i c l e  i ’~~ rc Lion . — Fir st  ar t i c l e  test ing shall con s I st  of
t he tests  sn~ ei j ’i c d  I n  ‘I’~~ i ~~~~ I nod TI • For time tc~ t~ of rJ~.f t le  I and the
end poi n t  erase r~~-- r u t s of Tabl e TI , the c l i  odes shall be opera t ing  as oscil la tors
in th~ t en t  c av it y . The nueber of u n i t s  to be sub jec t ed  to euch test sholl
be as ~t o t - c d  In the - con t ra ct .  Uc fo i ] .urc ’ s w i l l  1)1’ p e rmi t t ed .

3 



• 14. 5 C~tu~l i - -i c ’~~i r n r  :-~ -~~c I Si - I - ’ ’ t t  II. — T i m i  s I n :~;~~r~t 1o~ sh all be j i’l’or t ;ed
on ct i r ip l t ’r  ; -~ 1 - r  t ed 1rc ,n the  p11 01. prc d rc Lion *ts rpec I I’ied in the co mm t racL
and ~hul 1 con s 1st of Gfoup A and B inspect ions .

14 .5.1 C r eep A Insj ’ec ’t to~ . — Cr oup A insp ec t ion  shall, consist  of the
exoni n at i on s  a rid tes ts  speCi  f l e d  Lu Table ~ di  oJes sha) 1 be operating
as osci ll , t ,ors In the test  cav i t y.

1m .5 .2  or ’n ~ B ~-e - ’~h~ on . - Group B inspec t ion  shal l consist of the
e x u ’ n l r j n t i  ons esd tc’s~ s ::pc c f led In Table II.

14.5 .3 Gro in C i n s p e c t i o n .  — Group C i nsp e c t i o ns  are not app l i cab l e  to
th i s  s u e c i f i c a t i o n .

14 .5. 14 Pr r r - ~r n  c o n d i t I o i i i n r ~. - All diode s  i :I l)  he stored , non-opera t ing ,
und er  ~he fal .lo u i  nj ;  cond i L ion s :

(n) J u n c t i on  t e m p e r a t u r e :  225°C r , iex
200°C mm

(h )  Storage t ime : i68 hrs . mm

I i . 5 . 5  Ttr~t cav i ty . - Two su i tab le  mic ro wa ve  t ent  cav i t ie s , one for each
• frequency basci , shaLl  be used to Lest the p e r foremnc e  of the d iodes .

14. 6 I-’.et- b-’An or rxn ‘i  n a t i o n  ~-r-i  t c r t  . — ~‘j ct L o- R~~~ of c’xa:s i nat ion and test
shall he as spec i f ied  in ~‘au1os i. and II. am id as follows :

14.6.i AM n o i r e .  — An AM noise measurement system as- shown schemat ica l ly
in }‘igure 2 shall  be used to determ ine the ~~~~ noise  to s ignal  ra t io .  The AM
noise spectrum shall, be measured comtinu ous] .y from 10 K’r iz to 100 Kli~’, from the
carrier as a min imum and recorded ~~ an x-y recorder. No~. se mea sureme nts
shall, be ler fo rm ed while diode oac.illator is meeting the operating require-

• n ients in Table III .

14.6.2 Ft-I no ise .  — An FM noise meanure.sent system as shown schematical ly
• In  Figure 2 ~hall be used to de termin e  FM noise d e vi a t i on . The FM noise

spectrum shall be mni~a s tmrc d  cont inuously  from 10 Kl!z to 100 ~~~ from the  carr ier
as a m i n i m u m  and recorded by an x— y recorder.  No ise measur ement shall be
performed w h i l e  the diode oscillator is m eet ing the operating require m ents
In Psble l It .

Ii. 6.3 c~} man  i col t-~ ii  ur~ . — The- oscil lator u n I t  w i l l  he mecha n f  cafly
tuned over the rcq~ i red l’ i’e( ;lsenc :T r cmn ge of’ + 250 MHz f fom operat ing f requency .

• 14
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14.6.Ii F x Lc ’r r i ’t l O . — TIv ’ c-x t ~ - r m i n ]  q ial  I t .y f c tor , ~~~~ of the d lod e
occ I ll a to r~~ h”_ I I te d~ • t.r’rmr, t ii ’ -d by ~‘tmisd ard i. n ,~ec I. I on I oe ~ I ng tcc lm I ques . A
m mall  lock i  f l~~ s i  ~‘ur l : ;},u ml ) be I ri , ir c tc -d  i n t o  the  c i i  ode n rc  i ll  at •or for  meoc ur e—
mcli t of loch  iii~’~ l ) , 1 \ i  (I L i t  (15 it f w m e t  I ~n Of i nj ( ’Ct cd  power .

14.6. 5 ~;I,urn ’e ‘i i  Pr’ (n o n _ n n c re l , i  nt ’ ) .  — The d i o d e n  shal l be stored at en
ambi ent  t e m s e r atu r L - 01’ ; i, O ~- C ~~ C t ’or 1000 hours  n i  h I  r , ~u a .  The~ c d iode s  shall

• be s’~iec t ed  rand o:n l ~
‘ fre:n d I i~ ni t  I ci i  hav e u~ der , ’, one I r  eons  eoncl I t ion

and have s uc e c - e s f u f l y par sed  all Group A is: ;.cct I one .  U po n coap l et i  O!I of
storage , th e  d i c — I c s  cdtai • l be nub ,~eetcd to the f’o l l o w i n j ;  t ent s  descr :bcd  in

• Table- 1 : Osci lla tor  f requen cy , ose I h ater ou tp u t  power and ef f ic iency .

14.6.~c Oeera t -~ ue l i f e . — The- (II e l e ~ shr, J 1 be t r e t € ’ d  unde r  o p e r a t i n g
cond i t ions i n  a~ c: n1- , a n e i ’ w i t h  Thb~ e II I  for  lOt~) 1 :sren i i  n i a u m .  Power outnut
shall h .~ t’:lon i tored coSti nuously . The diod e su ’u j ec : . d r the opr r : tL  I ng ii fe
test si’ial l  be selected rando:r ,l .y from d iod e s  -.~}t~ ch h , •ve un der Gon e process con—

• d i t 1o r m i n ~ a r1d have successful ly  ese ed all Cr c u~ A ~ra~~~’u t 1 o ns .  The number
of fa i lures  as a f u n c t i o n  of tire n hali be recorded.  The test shall be
c onducted i n an ambi ent  tc : perat tu’e of 25 4 3°C a nd the cavity temperature
shall not exceed 15°C d u r i n ~ t h i s  test .

b . 6.y Ef f l c i r t i r ’  (iW.d~~) .  - Th~ FF to J~C power e f f i c i e n c y  of d iodes
operat ing as osci 11 aLoes nba ] .] in ’ d et er ~:i I nr ’:’i by m ea s u r i n g  the DC input  power

• and u s i n g  s tandard methcuot l .cal  ~or~eil  i t t i  r u n .

Power E f f i c i e n c y  ( b Y _ I C )  Pow a n i . r n ~. (bF ) x 1.00
l’cwer i n  (i~ J

14.6.8 RF outmut nn :er. - BF output power of d iodes  opera t ing  as oscil-
• lators she) .) be me a sured  a t  o p e r n t i m t r ~ f re qurn cy  in accord ance w i t h  method

14250, 141L-STD-131l. u s i n g  a cal i b r ot c i  thermistor and power meter.

14.6.9 O s c i l l nt n r fr e r r ienev . - Fre q uenc~r of diodes operating as cccli-
].ntor s ~ha1l be u e t e r i r1 imie c l  w i t r i  a calibrated spectrum analyzer  and verified
with a cel. lbr at ed frequency meter .

14.6.i.o DC h i p s  vnl tn~ e. - DC bias vol.tnge of d i o d e s  operat ing as oscil-
lators ~hn1]. be mcasur eu in accorda n ce w i t h  method 140) 6, 111L—STD..750.

14.6.1.1 DC bi~~n cu r ren t .  — DC b ias  current  of d iodes  ope ra t ing  as oscil-
lators shall be measured in accordance wi th  method 14016, t.I IL-STD-y50.

5
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I
~~ 6.12 II t e l  ear  rad tat! oti v::- n;ure . — h . v ices wi l l  be exp osed to the n~ u t rnn

level. sped i t  ed hod ow n -icr  a Line pL r Lo c i  not to exceed f i v e  ( 5 )  m i nu t e s .  ‘Ciii ~
• exposure  wi  1.1 be cond uc ted  w i t h  the dcv i  ceo in a n on— op eru t i  ng ,  non—bia s ed

cor id i t I  on at id at a teapernt i i rc ’  not to exceed 140°C. Dcvi ce-s shrtl.1 not exper i once
terperaturen in e):cr’~;s of I;~ 0C pr ior  to evaluat ion  t e st ing .  Evaluation uil.l
be conducted in such a manner  tha t  no device will  be oper~-Ltcd for more than
two ( 2 )  m In u t e s  p r ior  to comple ti ru  of the sub— group I:c -nt s .  Thc ’~ e precautions
are necessary to reduce the e f fec t s  of h igh  trup er ature  annea l ing  of the
ra3 int ion induced d t t u a g e .

1OlSn/c~
2, 1 1-1eV equIvalent  ( G i )

rods (Si ) gfmeea

14 ,6.13 Junct i  cn temperature ,  — The j unct i  on temperature shall be determined
• as follows: ~ he br ealcj own voltage of the diode shall be measure d at 140°C

In tervals between 20°C end 200°C in accordance with met ho d 11021 of I-I IL—CTD— 75 0.
• The breakd own voltage shal l be thaI. voltage correspond in g  to a reverse current

of 1. mA . The diode shall then he- b iased under  pulsed conä i.t ions in a lossy
circuit to suppress o s c i l l a t i o n s  thus making input  power eeui1alent to d i s s i -
pated power . Pulse w i d t h  shall. ‘be su f f ’ ic ic -m t (~ hout I. m n e c )  for tlte d5od e
to reach thornal e qu ih i br i u n .  The diode shall then ‘or ’ pulsed do~ n to a
curr en~ ~~j. 1 mA and treal :dre, n  vol Loge shall be measured . The pu) ne—down
dura t ion  sh all he sho)’t ( Severn ]  ni  crosc ’conde) to p r e v e n t  t:u o) .~ ng of the diode.
From t h i n  data the-r ash re si s tance  of the cl i  ode shall be de t e rmined . Th~
j u n c t i o n  teat~erature of a diode under operating c o n d i t i o n s  ~ha2.1 be detern i ir ~ed
�‘ron its rower Input , power output and thermal, resis tance.

5. PREPP.RATIOU FOR DELIVERY

5.1 Prep ar at ion  for de l ivery .  - Packaging and marking  eha) .l be in accord-
ance wi th  the contract .

6. NOTES - None,
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25 4 3°C unless ot1 r~ .wI5e ep-eci 1’Ied

Tent 
_ _ _ _  

SycibO] ?•~i n

2ubproun 1

Osc i l int o r  Fr equency 11.6.9 fo
Di ode Type’ 1 9 “1 C it 7.
Diod e Type 2 1~

Oscillator output 14.6.8 Po
power

Diode Type 1 3.5
Diode Type 2 2.5 U- C- . ’

Osci llator
efficiency (RF-DC) 11.6.7 ~1... 20 *

Junct ion Temp 14.6.13 Tj 200

~iechanica]. tuning 14. 6.3 + 250

Suharo lit) 3
J~M Noise 14.6.i ( N/S )~~ —115 dD
i1-i Noise 14,6.2 L~+r,y~~ 

50 liz

Subr rout) 14
~~l~~~~~ oi tage 14.6.io V0 70 v

DC Bias current 14.6.11 10 500 ma

Subgrou p 5
14,6. 14 

~~ 
200
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TADT,E TT GROUP 13 T~:nPECT T0H

~ 1 L-i f lD-( 5 0
Tr ’t .  1’~~t hod Dr ’l :ni .l r-  __________________ ~- ij n EaX i n it s

Sub - - r e ’un 1
e s  2016 Non -operat in g ;  5003 ,

t 1 .0 moe c , X 1,
Yj, , nod ‘~l

V i l r a t ~ on , -

Var iab le  Freq. 2056 Iton .-op~ r at in g ;  200,
50 to 2000 Hz.

Cons t ant
accelerat ion 2co6 Non-operat ing ;  20 ,0003

rain , X1, Y1 and

orientation

Hcrnicticit y 1071 Test Condi t ion  11— Traces
Gas F ine  Leak (Helium )

End point measur ements ;  Table I , Subgroup 1

Suhgroun 2
• Nucle ar radia tlo

exposure 14.6.12

End point measurements: Table I, Subgroup 1

Sub grou~~~
Storage l i fe 14.6.5
(non-operat ing)

Subgroun 14
~~~~~ l i fe  4.6.6
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Ambient Temperatur e 1~aiuge -ltO°C to 65°c

0sci].la~ or frequency 10.0 0Hz + 1.0 GJlz
O~ e il l  a tor output  power 3. 5 ‘J—C~-!, ra i n .
Oscillator e f f i c i e n c y  (ifl ’ ..DC ) ~~~ mm

-: Junct iot i  ‘Ec-!lperatUre 200°C max

Diode Tvne 2
Oscillatee lr e (3uency 15.0 0Hz -

~ 1.0 G Il? ,
Oscillator o u t p u it  power 2.5 W—CW , ra in
Oscillator e f f i c i e n c y  (RF~ DC) 20~ n~in
J u n ct i o n  Tc-mucrct ture 200°C max

9
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