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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 epltaxial

system includes a computer control system for the operation ari d

monitoring of the epitaxial growth process.
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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

ma nufacturing cost. The mechan ism by which these impr ovement s are to be

obta ined is the automation of the epitaxial crystal growth process with

appropriate feedback mechanisms which will  regulate process variables

in accordance with actual conditions . The sys tem is required to control and
respo nd 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 epita cial crystal evaluation (routine) will be

elimi nated and crystal evaluation (non-routine) will be reduc ed .

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 d iodes 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 ep itaxial crystal evaluation will productionize the measurement

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 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

1 
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pr oper bias circuitry , shall provide easy a ccess to the diode and f a s t
i ntercha ngeability of diodes for quick t esting . Parts and materials  shal l
be in accordance with MIL-P- 11268 . Forced air  or water cooling shall  not
be used . The output termina l 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 f if ty percent (50% ) of the wafers  grown
sh all have eighty percent (80%) (minimum area 3 .0  cm 2/wafer)  of usable
material. The term usable defines material which meets specifications
for dislocation density , doping profi le , and is capable of producing
di odes meeting specification SCS-48 1 . The required diode yield is
forty percent (4 0% ) of diodes produced and selected at random from any
us able wafer and tested shall meet the cited specification for output power ,
operating frequency , and power efficiency .

In addition , f or the X—b and diod e , performance curves shall  be
supplied showing typica l mm -max excursions for capacitance , breakdow n
voltage , therma l resistance , output power , power efficiency, and operating

frequency . Diode design and process flow charts covering all process

steps for the product shall be detailed .

2
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I I .  SUMMARY OF APPROACH

The Microwave Associates ’ approach uti l izes a maximum of

existing technology . This technology results from an existing GaAs IMPATT

diode productio n line and a complete epitaxia l GaAs materials laboratory .

The epitaxial system will consist of:

1) Fur nace and temperature controllers .

2) Epitaxia l GaA s reactor including reactor tube ,

Ga source boa t , and substr ate holder.

3) Gas and vapor control system including flow controllers ,

doping sys tem , an d AsCl 3 bubblers .

4) Computer control system .

Of these subsystems , the furnace a nd temperature controllers , the

reactor tube , Ga source boat , a nd substrate holder wil l  be identica l to

those currently In use at Microwave Associates and which have been

successfully utili zed to provide LHL epitaxia l GaAs . No development

i s required in these area s with the exception of the substrate holder drive

system.

The gas and vapor control system is derived using an evolutionary

a pproach from existing Microwave Associates epitaxial LHL GaA s systems .

This proposed gas and vapor control system corrects deficiencies in the

existing systems and improves the control of the gas and vapor flows. The

basic concepts utilized in this system have all been demonstrated In the

existing Microwave Associates crysta l growth facility . The deficiencies

in the existing systems manifest  themselves as low yields of the requisite

material and not as failure to produce the requisite material. These

deficiencies have been ana lyzed and appropriate design arid control changes

3
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have bee n made in the proposed system to correct these deficiencies  and

raise the yield to a projected 737 while  meeting the uniformity  and

mini mum area requirements .

The maj or Improv ements in the gas and va por control system are

the use of dynamic mass flow controllers for gas flow regulation .

The result will be a system which is characterized by:

1) Consta nt reaction t imes in the source and deposition zones.

2) Dy namic doping gas di lut ion to control impurity doping .

3) Aut omatic control of a l l  gases and vapors .

4) CapabIlity of computer control .

When these characteris t ~c-s are combined with alre ady determined

reactor operating condit ions to i ’isur c ’  Ga source saturation and scumming ,

and to insure and monitor i n — s i t u  suLst ra te  etching , the proposed epitaxia l

syst em fulf i l ls  all  of the re qu ir er ~ents imposed by th e contract for the

chemica l synthesis and deposition system.

The entire epitaxial system is interfaced with a computer control

system which calculates and prog rams the epitaxial deposition , performs

all required contro l settings , monitors performance of all components and

subsystems , times all operations , and record s and prints all releva nt

data of the epitaxia l system. The subsystems contain automatic dynamic

control components and as a result , the system Is manually operable

In the event of computer or computer interface failure and for system

trouble shooting in the event of component failure .

The minicomputer , computer Interfaces , and computer control

components are being purchased from the same manufacturer.  This

approach Insures interface compatability between the components of 
the4



compute r control system thereby el iminat ing engineering problems and/or

development programs required to interface diss imilar  components which

can be expected If such an approach is not adopted . The proposed progra m

does not , therefore , depe nd on the success and t imel iness  of such

engineerin g programs to meet the required obje ctives .

The compl3te epitaxial system will  meet all of the requirements of the

contract . This system will demonstrate that the control and reproducibility

of the proposed system when operated using existing processes and

gu arantee high yield s (> 70 7 )  of the requisite material and eliminates the

necessi ty for routine and non-routine epitaxia l crysta l evaluat ion.

The device fabrication and testing will  be performed in an existing

GaAs IMPATT diode production area . All processes required for these

devices have been developed and demonstrated at Microwave Associates

and no engineering development is required .
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III . SYSTEM DESIGN

A. Transport System

In order to insure the predictability and reproducibility of the

chemical reactions , it is necessary to control and reproduce the concentra-
tions of the reagents , the temperature at which the reactions take place ,

and the time Interval allowed for reaction to occur . Implicit In the control

and reproducibility of the reagent concentrations are the conditions of the
Ga source itself , the condition of the substrate surface prior to epitaxial
deposition , and the removal of unwanted impurities in the reagents

themselves .

The only reagents which are handled outside the reactor are the
hyd rogen gas , the As Cl3 and the d oping gas. This system Is further

subdivided by the inlet in which the reagents enter , I . e . ,  the transport
system composed of A5C13 from the transport bubbler , the carrier gas ,
hydrogen , and a diluent hydrogen flow; and the doping/etch system composed
of AsC 13 from the etch bubbler , the carrier gas , hyd rogen , the dop ing gas ,
hydrogen sulfide , and a diluent hydrogen flow . Since AsCI 3 is a liq uid at
room temperature , It is conventionally introduced by bubbling a carrier gas
(hydrogen) through a liquid reservoir . The problem of control of external

reagents Is now reduced to the control of gases and the control of vapori-
zation of a liquid .

The control of gas flow Is accomplished by the use of mass
flow controllers. These controllers are commercially available in a compact
assembly which contains the sensors , control valve , and control electronics.
An external set point is used to set the required flow and the self contained

controller senses and regulates the gas flow . A DC output which is linear
with flow rate is provided which may be interfaced with tF~ operator by a
digital voltmeter and a computer control system by an AD converter .

6 
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The control of the va porization of a l iquid is not as stra ight-

forwa rd . Normally , the amount of vapo~iz€ ” i l iquid is controlled by controlling

the flow of the carrier gas through a bubbler , mai ntained at a constant temper-

ature , which contains the volatile l iquid . The val idi ty of this type of syst em

rests on two assumptions . These assumpt ions  are:

1) The efficiency of the bubbler Is independent of the

liquid level and th ’~ carrier flow rate.

2) The vapo r pressur e of the liquid is dependent only

on the ext err~al tempera ture and independent of the

liquid level and car rier gas flow rate .

Wh at is being attempted in th i s  reactor system is the actual

control of the mass of ASCI 3 which  enters  the reactor . Conceptually , this

system will  operate i n the same fa sh io n  as a conventiona l bubbler system if

a temper a ture  controlled condenser were applied to the bubbler outlet.  This

conden src , actu al ly  a simple d i s t i l l a t ion  column would insure a constant

ma~~ of AsC L enter ing the reactor by condensing a portion of the AsCl 3
vapor and retu rnin g it as a l iquid to the bubb ler whi le  the remainder was

car ried into the reactor .

The system which is being installed will use modified mass

flow controllers to accomplish this same purpose. These modified mass

flow controlle rs wil l , however , have inpu l  ari d output sign~ is lIke regular

mass flow controllers and as such are capable of computer control . A

schematic diagram of this subsystem is show n In Figure 1.

B. AsCl 3 Etch and Doping System

1. AsC13 Etch System

The portion of the system which is used for the In-situ

etching is composed of the second AsC13 bubbler and a diluent hydrogen flow .

This subsystem is constructed in the same fashion as the transport subsystem .

7 



VALVE
NORMALLY OPEN

— 

CONTROLLER 
1

NORMALLY

HYDROGEN— ARSEN ICTR ICHLOR IDE TO REACTO R

INLET TRANSPORT BUBBLER TRANSPORT
IN LET

FIGURE 1 SCHEMATIC DRAWING OF TRANSPORT GAS INLET SY STEM

O 1~~~56s 

. 

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



~
- ——r~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2. Doping System

There are two (2) methods which are commonly used to

control carrier densities of the levels required for the drift region doping

den sity of an X— band LHL structure . These methods are impurity doping and

gas composi tion control. This system will use intentional impuri ty doping.

Impurity doping has been selected for the doping system

for the following reasons : (1) in order to improv e the reproducibility and

con trol of the Ga source reaction by malnta ini :.g a constant concentration

of reacting species in the transport reaction , (2) to allow the carrier gas

flow of the transport vaporizer controller to be used as an indicator of

norma l bubbler performance , and (3) the desire to maintain the transport

reaction products at constant concentrations in the epitaxial deposition

zone .

An addi tiona l reason for the use of impurity doping arises

f rom the nature of the species being controlled by gas composition doping

control . This species is a residual contaminant in the epitaxial system.

Improvements in the overall quality of the epitaxia l system from purity

considerations will thus have an effect on the doping levels whIch are

obtainable.

In order to use doping gases to control the carrier density ,

dilute concentrations of the doping gas in a carrier gas are required . At the

required levels for ~~~ donors/c m 3 levels , gas concentrations well below

1 ppm are required . Dilute gas concentrations of doping gases such as

H 2 S , H 2Se , SiN 4 are unstable in cylinders at these concentrations due to

reaction s with the cylinder walls , decomposition , arid reaction with trace

contaminants during blending . More concentrated gases must be used

and the gas dynamically diluted before use.

9
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The dilution system which will be used is composed of

three (3) mass flow controllers . This system is shown schematically in

Figure 2 .  In use , the mass flow controller which is utilized for the control

of doping gas flow and the mass f lowmeter  which controls the flow rate

in to the reactor utilize the same set point , i . e . ,  the flows th rough these

flow controllers are always equal .  The other mass flow controller which

is utilized thus controls and measures the amount of hydrogen which is

us ed for dilution . This type of doping dilution system has been success-

ful ly  utilized at Microwave Associates for epitaxia l LHL crystals .

In order to increase the versatility of this basic system ,

a bypass for the dilution system has been included . This bypass allows the

doping gas to be used and controlled directly which facilitates the growth
of the more heavily doped buffer layers and doping peak.

The reagent handling system thus ensures that :

1) A regulated AsCl 3 concentration enters the

Ga source reaction zone.

2) A regulated As CI 3 concentration enters the

etch Inlet fo r in— situ etching .

3) A regulated doping gas concentration with a

constant flow enters the etch/dopant Inlet

to control carrier density .

3. Computer Control System

From the outline of system operation , it can be seen that

the functions of the computer control system are:

1) Programming ,

2) Switching - motor control system , valves ,

control loops , and indicators ,

10 
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3) Set point control - mess flow controller s ,

vaporizer controllers , a nd temperature controllers ,
4) Timing — epitaxia l  run and cleaning ,

5) M onitoring and comparing - flow and vaporizer

controllers , thermocouples and control loops ,

6) Record keeping — data storage and printing .

The computer control system is composed of interface
units to couple the sensors and control elements of the system to the
computer , the control processing computer , the comp uter memory , the

interface unit to couple control elements and sensors to the computer , and
the printer to provide permanent record s for the operator . At this point , it is
instructive to examine the interface units which are required . The sensors
and control elements have the following input/output characterist ics :

1) Mass Flow Controllers

Input Signal: 0-5 V DC (3 units)
Output Signal: 0—5 V DC (5 unIts)

2) Bubbler Controllers

Input Signal : 0—5 V DC (2 units)
Output Signal: 0-5 V DC

3) Temperature Controller

Input Signal : 0 — 1 0 . 0  volts (3 units)

4) Thermocouples

Output Signal: 6.000 — 9.000 mV (20 unIts)

5) Relays

Input Signal: 5 .0  V DC (8 units)

12

L_~~. ._ .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~ . —



---~ - .~ - ~~~~~ - —~~~ - - . -~~~~~~~

In general , a computer equipp ed with suff ic ient  multiplexed

analog to digita l (A to D) converter input channels and digital to analog (D to A)

ch annels could function as the required controller . Fixed gain amplif ier

or attenuator stages would convert to 0 to 5 V DC signals from mass flow and

bubbler controllers to a computer compatable level . Switching functions and

resistance prog ramming for temp erature controllers could be derived from a

relay or opto-isolator matrix driven from the computer ’s D to A output channels .

Timing sequences could be generated by performing a number of instruction

loops of known cycle t ime.

Figure 3 shows the system configuration in f inal  form .

Table I lists the various Items with brief descriptions . All Items are

manufactured by Hewlett Packard and as such form a reliable factory

integrated system . A dual location configuration was chosen , with the

computer located at some distance from the reactor room . An HP 96 11R

Remote Industrial Measurement and Control Station was chosen as the

remote terminal and will be located together with a 2640B CRT terminal

at the reactor site . This configuration allows use of a second terminal at

the CPU location , to be used for program development without interfering

with reactor room activity .

The system consists of an HP 2 112A computer with 32 K

memory , a 14.7 mbyte disc with one fixed and one removable section ,

220 kbyte mini data cartridge system with two removable cartridges , a

200 lInes per minute line printer, HP RTE II real time operating system with

foreground and background capability , two CRT terminals , and the 96 11R

remote measurement and control station.

The 9611R will contain all of the analog to digital

(A to D) and digital to analog (D to A) converters necessary for communicating

with the reactor . Both high level and low level A to D inputs are provided

13
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in order to accomodate the 0 to 5 volt output signals from the mass flow and

bubbler controllers , and the 10 millivolt signals from the thermocouples.

Output signals for control of the mass flow controller and va porizer

con troller set points as well as the furnace temperature controller set points

are provided by 8 D to A output channels - Twelve solid state relays provid e

switch closures for operation of the slice insertion motor and solenoid va lves .

20
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IV . EXPERIMENTAL RESULTS

Most of the quarter was spent in des igning the exper imental  system ,

obtaining delivery of equipment and beginning reactor construction .

Experimental  results are , therefore , minimal  but some data have been

obtained .

The variation of the infrared reflectance minimum with the doping

density has been determined for Si—doped bulk GaAs c rys ta l s .  The reflecta nc e

minimum was determined using a reflectance spectrum obtained with a

Beckmann IR—20 spectrophotorneter . The portion of the slice used for t he

reflectance pattern was used to prep are a van der Pauw Hall effect  sample

which was used to measure the corresponding donor densi ty.

The log of the square of the reflectance minimum in wavenumbers

was plotted versus the log of the carrier concentration in the fashion

of Black , Lanning , and Perkowitz [i] . A least square fit was performed

yielding the re la t ionship  log M = 0.81 log (~~~) 2 
+ 14 .04 with a

correlation coefficient of 0 . 9 8 5 ,  These data are adequate for the measurement

of carrier density and carrier density uniformity but additional data wi l l  be
added during the program from each new substrate lot which is received .

These data are shown in Figure 4.

An evaporator for a luminum is in operation for the preparation of the

evaluation Schottky barrier diodes to measure the epitaxial layer carrier

density profile uniformity . The mask design which has been selected is a

square array of 20 mu diameter Schottky diodes with the square dimension of

1 inch . The array contains 25 Schottky diodes on 0 .250 inch centers . This
type of array will provide more useful uniformity data than the cross
arrangement and will accommodate variou s sizes and shapes of the epitaxial
layer structure.

21 

-—---- - ., —_ --~~~
“ 

— ---- — - - -.- - ..~~~~~ L.ê _~~~~~~~~. 



.—---—-~ —
~~~

- —------
~~~
- - - . _-

~~~~
---

~~ 
.-

~~~~~~
. ,-

10

9 .

8 .

7 —

6 .

5 —

4

z

log N 0.81 log 
~~m

2 
I + 14.04

~

DONOR DENSITY (1/c m3 X10 18)

FIGURE 4 SQUARE OF REFLECTANCE MINIMUM VERSUS DONOR DENSITY FOR
Si-DOPED GaAs

0 l55~(0

-- , - - — - -,~~~~
. -- .. 

-

~~~~~— -~~ --~~- --- -~~~~~ ~~~~~~~~ .-—- ---— -—.-~~~~ -.---- . .—--- — .--



~ -—-~~~~
------ -- 

The doping system of the  exis ting  reactor failed due to com~ c n ti t

f a i lure . It was therefore necessary to immedia te ly  build a new doping sys tem

which uti l ized some but not a l l  of the components for the new doping sys tem.

This system uti l izes only 3 mass flow controllers instead of the 4 shown

in Figure 2 .

Typical results  for low-high—low epi taxial  GaAs are shown in

Figures 5 , 6 , 7 , and 8 for materia l us ing  this interim system . Since these

data are not extensive , no in terpreta t ion will be attempted at this  t i m e .

These structures were pre pared without  buffer  layers .

The primary purpose of these runs  was the evaluation of the doping

system for the peak growth . As a resul t , only minor attention was paid to

the drift  carrier region except to insure that It was dop9d to the approximate

level required for an LHLep it axia l c rys ta l .  As a resul t  of th is  lack of attention

and the absence of a b uf f e r  layer , the interface region is not adequate and for

these runs indicates a small  inversion layer .

The peak heights were targeted for 2 X 17 donor s/cm 3 with a
target location of 0 .35  ~im from the surface.  The results of these runs are

tabulated in Table II.  These results are not definitive but are defini tely

encouraging . The performance of this doping system is superior to the 3 mass
flow controller system previously in use especially with respect to peak

location .
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Peak Height Pea k Location

Crystal (donor s/cm3) (I.i.m from surface)_—
4729 2 .4  X io 17 0.36

4730 1.9 X io
17 0.39

4731 3.3 x io~~ 0.39

4732 2.0 X io
17 0.39

TABLE II

PEAK HEIGHTS AND PEAK LOCATION FOR LHL CRYSTALS
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V. PROGRA M FOR THE NEXT QUARTER

The system which is presently in existence wil l  be used to prov id e

the materia l required for the f i rs t  engineering sample .  This system will

continue to be operated for addit ional  experimental  data unt i l  the remainder

of the components have been received . The system will then be shut  down

and rebuilt  into its f inal  configuration .

The computer control system Is expected to be shipped in its entirety

by the end of May.  Work will  begin during th i s  quarter on getting the

computer system interfaced with the reactor although this work will  not be

completed until the third quarter of this pr ogram.
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VI. IDENTIFICATION OF PERSONNEL

NAME TITLE HOURS

Dr . Robert E.  Walline GaAs Department Manager 156

Dr. John Heaton IMPATT Product Line Manager 159

James E. Holtz Materials Engineer 278

Carl N. Foose Engineering Assistant 112
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1. SCOPE

1.1 flc~nr~’. - This  sp~’cl~~i c . ’ ’~i cI u e~ v c r s  the d e t n i l e d  requir c~’ent.s for
hig h ef I  i :~ i~~~ c:.’ , h u r ~h po~;c r GtiI . lu: .  Ar:  e n l c ’e Ilecd-Typ~ L4PATT Di odes.

2. t1fl ~~LICABLE Dcc~~E~:T3

2.1 The fo].1~~r~ n s docu~nent r , of t h r  i r~~ie in e f fu e t  on the ~1t ~te of
invi tatios f’or btth , or reque st for pro~ ou~~ , for m a por t  of the sn c c t f i c at i o n
to the ‘x tcnt  spec i f i ed  herein.

SPEC 11’I CItTI OHS

1~1 I LI TARY

MIL.-S..19500 Semiconductor Dcviccs , General Specific~tLon for.

STJ~~D/\RDS

MILTTARY

MIL-STD- 750 Test Hethod s for ~cmic onductor Dcv ices

MIL-STD-) 311 Test Method s for Electron Tubes

(Cop ics of srecifi c~ tion , ct~ nda rds , dr awing s  ~nd publica tions required by
supp lier s in c~nnr ct i cn  with ~-p’�cif~c procurenent fu nctions shou)d be obtoined
f r o~n the proc urinr  act ivi ty or as d i recL~d by the Contracting Off ice r ) .

3. f lF , Q UIRFNEN T3

3.1 Det ail  reo~ tr r r e nt s .  - The indiv idua l  item requirement s shall be
in accord ance %. i t h  1~4- i9~ O0 , and a~ sp~ ciuie d h ere in .  In the event of
any ccnf] . tct , the r equ ir ements  of this  sN ci f ica tion  shall govern.

I’L 11
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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3. ~~‘ thb~~~i’.’ ¶ 1’ ~ . I O’l S nnl ~‘ ‘ ~i l i l r , — The n h hr c vin  L I  ons iin d rymbols usc- cl
h e r e i n  arc d~~ I i  !ud i~ . , k ~~_ i~~ ()~~~) and as follo~ c:

= externa l  qual i ty  factor  of diod e o~ c i llator

3.3  Dc.rj rn ~
- ~I eenrtr i ic tl on ~ ~ ie~ 1 d ’ • n r Ion~i. — The diodes  shall

be i . ~.th l y e p ~ t~~ i.~~i owt h  ol i~e n i — t : , -ue  p r o f i le s .  t h e  d iode shall cen si~ t
of a ~:In r ,le trc - r~~, s i  n~-, ie chip  mounted  in a c er a n i c— t o — m c t a l  m ic rowave  pa cL~~r~ - .
The p~ cL:: ~e sh~.ll be ~oi d pla ted  t :d h er m e t i c a l ]  y sealed • The package sha ll
pro’!: ( 1( . ~~~~~ S f ü r  r ead i ly  bent r i . r i L i n ~ the diode • A cchemati . c  of a SU I  t ab l e
pac~ ~~e is iiiu; :n In  1i f u r e  1.

3 .3 .1 ft i~~~:t i ~~~~r n r i t I on .  — The d iode  shall be cap~thle of proper
operat ion in u: , ~ :;i L i o n .

3)~ Perfo”’ ,err ’ o_ eh~ r a ct er i r t i c s .  — The d iode  performance ch a ra c t e r ist i c s ,
uh l l . e o p er at i n ~ a .  or c i i  a tor~~, n a il be a~: rp ea I f i e :1  in Tab) cc I and II and
as ).i~:tec1 b elow . The p e r fo r rj : nce  cl ’irnc ter i  ~t i e c  chril l orply over the spe c i f i ed
amb le:~t ope ra t i r ~’, t c: : .t -ernture range unless  otherwi se  spec i f i ed .

3. I~.i Proec- r~ r c r d i t i o n i n r .  - All u n i t s  shal l  he process concf lt ioncd
he fofe  th~-v : l s r  sub jec te d  to tue t e s t s  and e x am i n a t i o n s de f ine d  in Tables I
end II ( roe  I4 .5. I~) .

~.5 S ’r i a l n :rPer .  — The man uf ac tur e r shal) . a s si gn a serial nurb c r  to
each do .‘ice f’~rH chc ’d to t h i s  ~p e c i f i c o t i o n . This  se r in i  number rhol. l he
sequen t i al  and no r i - r epe u t i  rig.

3,6 T nt r rc hnn ~ enbI i1ty . — All parts  hm~’i nt ~ the m a c  m an u f a c t u r e r ’ s port
number shal l  he cii  r o c t ly  and completely In terchangeab le  wi th  each other
wi th  re snect to i nst a l l a t i o n  and perfor :nnnce w i t h i n  the requ i rements  of’ this
specification.

3.7 Stu r~~~c ) i  fe (n o n - c r n e r nt i n r~). - Fclloving storage at an ambicnt
temper ature ol ‘V~)°C + 3 k .  lor IOQU hours  rn~ ni auui , all diodes shall meet the
requirements of oscillator frequency , oscillator output power and oscillator
e f f i c i en cy  as d e f ined  in Table III (see 14.6.5).

3.8 Op~~ n t ir .g  l i fe .  - Mi diodes which have operated for 1000 hours
mini~ruim per the r e q u i r c s cn t c  of Table Ill  shall have a power output of no
less than 75 percent  of the in i t i a l  power output  (see 2~.6.6 ) .
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3.9 ~ n c P u t r i ~l t t ~n n r ~. — The HF outp ’:t ~- n - ’ n r  shal l  no t  d er r e an c  be low
specll ’ i ed vol ue in  f ue l  e i l l .  The f r o r n en s y  and nower shal l  vsr ,’ f . ’; ooLhiy  -

w i t h  no steer or jumes (see I; .6 . 3) .

3. 10 Ex~~’~r : n l__P . — The ex terna l  q . n t l . i t ’  f a ut or , 
~~~~~ 

of the d i o d e

o~c1 I l u t or  rh:  11 not  be unre  than 200 (so’: ~ 6. i i).

1~• QUALITY fUh ~~ CE PHOVISIONS

I H~ :’onn: ’ I t v  for  i n r ~’ou t i  n T~i~ contractor  in  r empans  hi e for
the p u ’ I t ’ :v . :anc  0 1 all  i 1 I r : n c  .[ ens : , .n~ s’i h e r e i n.  The cont ;ra c tor  m a ’
ut- i 1 i ze h i  :~ c : o  fuc~ 11 t or a::’,- e c . ’u ’ rc m l  I n h e r ~~Lory occep tch ie  to the-

: o - - :en L . I o - - :  cut  en roC~’~~ c f  t he i’;~o-u i no 1. i our and ter ts shul.] he hc pt
ccv~ hiete on..] Ev e il&H i to  the Gc .v:i ’svu;it an seccified in the contrrct. The
Gev - s a n e n t  r e s erve s  th °  r i r h t  to v~~r fce - ’i C r: :, - of the i n sp e c t i o n s  ‘ct f o r t h
in t } : - r p = c i . f ic n t .  [on where  such in c n e c t i  ou r  are deemed necessary to assure
thut s u p p l i c - s  oH se r v i c e r  cc .iiform to prescribed requirements.

~~~. 2 v no t i c s  n’~ i ncrecti or. — Inspec t ion  shall be c l a ssi f ied  as
follows :

(a) Firnt article inspection (does not include preparation for
d e l i ver y ) (see I i .ii ).

(b) (.hial i ty conformance inspection (see 14.5).

14 .3 Test _ L i : n .  — The contractor  prepared Government-approved test plan
shall cout o i  i i :

(a) T i m e  schedul e and sequence of examina t ions  and tests.

(b)  A descrip t ion of the method of test and procedures.

Cc ) Progr ams of any automatic tests I n c l u d in g  flow charts and bl ock
d i n ~.r ams .

(c)) ident ification and brief description of each Inspection Instru-
ment nod date of most recent calIbration.

14 . 14 F i r r t n r L ~ c1e_ l n r r e c t i o n . — First article testing shall consist of
- :  the t~~r t m  r :roe~ f i c d  in Tahl. c- s I and TI .  For the test s  of Table I and the

E’nI Poi nt s r n r i i r -~ - - r n t , r  of Tahli’ II , the d iodes  shall be operating as oscillators
i n  the t~’ct . cn v t t . v .  The nueber of uni t s to be subj ec ted  l.o each test shall
be as sta ted in the cont r act .  Ho l’a t . iu r e s  v i f l  be pe rmi t t ed .
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14. 5 Guol I tv c or 5:0 flec I nr0 00 t I on. — Tl~ Is I ns pect I or shall he perf~ r;r .~- 1
on ct implt ’r  : :n lec te d  i n  the p i lo t  p -r e d u c t i o n  as spec i f i ed  in the coot r n c h
and ~hull  consist of Group A and B inspections.

14. 5 .1  f l rnu~~ A 1n- :~j ’rr t l a n .  — Group A ~.ncpect ion  rho) .) . cons i s t  of the
exan i  r i :t t i o s n  and  t est s  sp e c i f i ed  in ‘fublc I. The d iodes  zhal. l be opcr(tt i  n~
Hr o r c i l i u t o r s  in the test cavity .

14.5 .2  ~~~~~~~ I o s o e e t l n n. - Group B inspec t ion  chnl ,l consist  of the
ex a ’ ; t r i - a t i  o-:s no d too; ~ :; : :pcctficd in Table II.

14.5 .  ~ Ci- o e~ C i n - p e c t l o n .  — Group C i nspec t i on s  are not appl i cable to
t L ’ ~ sp ocH i c ~~t i o n .

1&. . .~. P~ - -~~n~ e c H i t l o n i n n . — All d i o d e s  ~:11) he stored , non -opera t in g ,
u i it - n ~~~ ml  c’: np  co: d t ions

( a )  Ju n c t i on t emp era ture : 2 °5°C rr~ x
200°C m ii i

(b )  Storage t ine : i68 hrc .  r im

1 4 . 5 . 5  T nt ,  cnv i t’,’. - Two su i ta b l e  microw ave tent cavities , one for each
frequency ] n ’md , snai l  be used to Lest the p er fo ir ”ance  of the dicdes .

14 .6 Prtb ,’i;~ of’ c-x~’oj~ otjr,n or-i test. — !-~c’Lhod s of exam ina t ion  and test
shall he as specified in ‘faules I and II and as fol lows :

14.6.1 A~~t n o i r e .  - An AM noise measurement system as shown schemat ica l ly
in Fit~ure 2 shal l  be used to determine the !~~- noise  to signal.  ra t io .  The AM
noise s p e c t re : :  shall be measured cont inuously  from 10 KHz to 100 KNo from the
carrier  as u mini mum and recorded by an x-y recorder.  Noi se measurements
shall be p erformed while  diod e oscillator is meet ing the operating require —
ments  in Tubi~ I II .

k.6.p FM n o i r e .  - An FM noise mensure ncnt system as shown cchematicrlly
In Figure 2 ~-ha1l be used to determine FM noise deviation . The FM noise
spec trum shall -he measu r ed continuously from 10 Kl !z to 100 KHy from the carrier
as a m i n i m u m  and recorded by on x-y recorder. Noise measurement shall be
Ierformed w h i l e  the d io d e  oscillator Is meeting the operating requirements
in Table ill .

14.6.3 t~~-eh~’io ca1 t , n i n r i . - The oscillator unit will be mechanically
tun ed over the r e q u i r e d  1rc qaenc ’~ ran ge of + 250 M h z  fforn operat ing frequency.

14
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l i .6. 1t ]~x I ;r - rn n l C~. - The external ,  q u a lit y  factor , Q
(.. •

~~~~‘ 
of the diod e

one l i l a  tor ~.-h n i. 1 be d~- t ermined by st and ard injec t I on ioc~ I ng techn I quca . A
ronli l o c k l w .~ s i gn a l  shall be in j ect ed  i n t o  the d iode  osc i l lato r  for measure-
mont of loching bandv~.dth as a f u n c ti o n  of injected power.

14. 6.5 S L or n~~e l i f ’ c (n o n - o n e r n t i n t ~). — Th~ d lode ~ shall be stored at an
ambient  tc-:np craturc ’  01 -rCO°C + 3°C for 1000 hours m i n i m u m .  These d iodes  sha].l
be selected rand omly from diodes wh i c h  have undergone irroce ss c o n d i t i o n i n g
end have successfully passed all Group A inSpect ions .  Upon comple t ion of
stcro~o, the diodes shall be subj ected to the fo l lowing  tests described in
Table I: Oscillator freque ncy , oscillator output power and efficiency.

14 .6 . 6 O o e r r i t 1 n r 1 i f ’c~ — Th~ diod es  shall bc tes ted un der  operat ing
c o n d i t i o n s  i n  accor dan cc-  w i t h  Table III for 1003 hour s  m i n i s : u m .  Po~:er outnut
shall be m on i t o r e d  cont inuously . The d iodes  subjected to  the opera t ing  l i f e
test shall be selected randornl.y from diodes which have un dergone process con-
d it i o n i ng  and  have successfully passed all Group A inspect ions.  The number
of fa i lures as a func t ion  of t ime shall be recorded. The test shall be
c onducted i n  an ambient  temperature of 25 4- 3°C and the cavity temperature
shall not exceed 15°C d u r i n g  th i s  test.

1 4 . 6 . y  E f f i c I e n cy  ( 1F-DC ). - The RF to DC power efficiency of diodes
operat ing as o sc i l l at or s  shall he deter ir i ined by measuring the DC input pow er
and us ing  s tandard  mcthcmatical  formulat ions.

Power Eff iciency (RF-DC ) Power or i t nu t  (}~F) x 100
Power in (iiC)

14.6 .8 RF outrut nower. - BF output power of diodes operating as oscil-
• l~ torn shal.i be measured at operating frequency in accordance with method

14250 , ?41L-STD-1311 using a calibrated thermistor and power meter.

Ii .6.9 O sc i l i nt or _f renuencv . - Frequency of diod c-s operating es oscil-
intor s ~hnil be detc r i1 ine d  w i t h  a calibrated spectrum analyzer and verified
with a cal ibrated frequency meter .

14.6.io DC bias vol t n r ~e. - DC bias voltage of diodes operating as oscil-
la tors shall be mea sured in accordance w i th  method 14oi6, 1.IIL.STD—750.

14.6.11 DC b i n s  current .  - DC bias current of diodes operating as oscil-
lators shall be measured in accordance w i th  method ~LO16 , MIL-STD.j50.

5

1

~

1

~ 

_ _ _ _ _ _



- - _________ 
_ _  _ _  _ _

14.6.17 fl • -
~ r ra~~ I r~t~ on e~ :’-°::ure . — Ik- ’ Ices ~,il1 he ex rose d to the neutron

1 -vel  ~~e II • , - .1 (~ - ( ‘ ‘ ICr  (I. Li ::e pert ad not to eXcee d) l ive ( 5)  m i n u t es .  Thi
exp Osure  w i l l  he con duc t ed  w i t h  the d ev i c e c  in a non—operating, n o i i— bia ~:od
c~m f l  t~ on and at a t -c:- :r -r at n r e  not to exceed 140°c. Devices shall not experience
t e: :p eratur~- :; In excess of 14G°C prior to evaluation tenting. Evaluation wil.1
be co:~thi’~~c” 1 in such a r r asn er  that no device vil.1 be operated for more than
two (7 )  m1mi ~ en p r i o r  to complet irri  of’ the cub— group tc-~ ts. The~’e precautions
are an ce s r a r y  tc~ r educe the e ff e cLo  of high temperature annealing of the
m c i  i s tt ion i ndnc c d damage.

1013n/es7 , 1 T!~V equivalent  (S i)

i-ad s (Si ) gU~sia

14.6.13 J u n ot i cn t ’~r :rerature. - The j unc t ion  temperature shall be determiner j
as fel lows: ~The br eahdas ’n voltage of the diode shall be measured at 140°C
in terva l s between 20°C and 200°C in accordance with method 14021 of I-iIL-STi~—7 50.
The br enLdo ’~:ri vol tage shall be that  voltage corresponding to a reverse current
of 1 mA . The diode shall then he biased under pulsed eenáitions in a lossy
circuit to suppress osc i lla t ion s thus making input  power equivalen t to dissi-
pat ed power.  Pui~ e w i d t h  shall be s u ff i ci e nt  (about 1 mccc ) for the dIod e
to reach thermal e q u i l i b r i u m .  The diode shall then he pulsed do~;n to a
current of 1 mA and breakdown voltag e shall be mea sured . The Pu) se-dow n
duration shall be short (several, mi croseconds) to prevent cooling of the d iode .
From t h i s  data  thermal resis tance  of the d i o d e  shal l be deternined . Th~
j u n c t i c~ temnerature of a diode under operating cond i t i ons  shall be determin ed
fron Its power input , power output and thermal resistance.

5. PBEPA 1~ATIOi’~ FOR DELIVERY

5.]. P reparnt io :-i for delivery,  - Packaging and marking shall be in accord -
ance wi th  the contract .

6. NOTES - None,
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scs-1481

TMTh E I — CROUP A TP~ P~ CY T ON

TA 25 ~ 3°C unless otherwise specified

‘rent l.1ethod Symbol Mm Max Units

- re in 1

0r~’i 1 i n tor  Frequency 14.6. 9 fc ’

Diode  Type 1 9 11 0hz
Diodc Type 2 114 16 GHz

Oscilletor o itput 14.6.8 Po
power

Diod e Type  1 3.5
Diode Type 2 2.5 W— CW

Oscillator
efficiency (RF-DC) L6.7 20

Ju nct i on Temp 14.6.13 Tj 200

Mechanical tuning 14.6.3 + 250 MHz

~ uhrro i rn  3
J ~-i flo i se 14.6.1 ( N/S )p~4 .-115 dB
Fl-I Noise 14.6.2 ~fr .’ 50 Hz

Suh~ roun 14
• J)C Bias voltage 14.6.10 V0 70 v

DC Bias current 14.6.11 10 500 ma

1’;xt ernu l Q 14.6.14 Qex-t 200

7
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sC~-IiO1.

TAPT 1 TI CROUP 13 T~~ PECTT0TI

l•~lL-S1D- ~~O T
Tent T.~r.t hod D e t a i l s  1Mm ~-~C lX ‘~~i t~~~

Suhrrou ~ 1
Shock 2016 Non -oper ati ng ; 5O00~,t -‘ 1.0 m ccc , X1,

Yj ,  and orienta~ ion

Vibration ,
Variable Freq. 2056 Non ..opr- r at ing; 200,

50 to 2000 Hz.

Constant
acceleration 2C06 Non-operating; 20,0000

rain , X1, Y1 and

orientation

Hemmeticity 1071 Test Cond ition H— Traces
Gas Fine Leak (Helium )

End point measurements; Table I, Subgroup 1

Subgrouo 2
Nuclear rad iatlo
exposure I 14.6.12

4 End point measurements: Table I, Subgroup 1

Suh grou~~~ -

• ‘
1 Storage life 14.6.5

(non-operating)

• I S bmr o~rn 14
Ope ra t ing  life 4.6.6
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_ _  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~-~~~~~---

5CC - ‘! 3].

TA1I1,l- 111 OPER A TING 1l~~T IT !~~-~1~ f l 3

Amb ient Temperature flange: _140°C to 65°C

Diode Tvpe l

Oscillator frequency 10.0 0Hz + 1.0 0Hz
- Oscillator out put power 3.5 W—C W , rain.
- Oscil lator  e f f i c i ency  (RF— Dc ) 20~ rain

Junc t ion  Temper ature 200°C mSX

Oscillator fr equency 15.0 0Hz -
~ 1.0 0117.

- ‘ Oscillator ou t-put power 2.5 W— CW , ra in
• Oscillator e f f i c i ency  (BF-DC) 2O~ ra in

Junction Temuerature 200CC max

9
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