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ABSTRACT

An epitaxial GaAs system has been designed for the growth of
low-high-low (L-H-L) GaAs for use in Read-type IMPAiT diodes. This

epitaxial system includes a computer control system for the operation
and monitoring of the epitaxial growth process.
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I~~~~~~~NTRODUCTION

he 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 fa brication 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 improve-
ments are to be obtained is the automation of the epitaxia l 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 epi—
taxial gases , the chemical composition of these gases and the interrela-
tionship of all these factors . In addition , the epitaxial crystal evaluation
(routine) will be eliminated and crystal evaluation (non—routine) will be
reduced .

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—48 1 , 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

1
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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-l1268. Forced air or water cooling shall
not be used . The output terminal shall be a standard wav eguide terminal
mating with flange IJG—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 cm 2/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 mm -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 .

H 
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II. SUMMARY

Construction of the computer c ci~trolled epitaxial GaAs system
was completed and the computer control system was interfaced with the
epitaxial system . The epitaxia l system is in its final configuration with
th e exception of the bubbler controller for the AsCl3 etch bubbler . The
bubbler controller for this bubbler was received in poor condition and was
returned to the manufacturer . A mass flow controller is being utilized
instead of the bubbler controller . The impact of this change is not material
to the successful operation of the system since It is used only for the pre—
growth etch and is not used during the actual epitaxial crystal growth. In
addition , the input signal s of the two different units are identical , allowing
th e computer control system to be connected in the same fashion .

The computer controlled epitaxy system was operated during the
latter part of the quarter. The computer controlled epitaxy system prepared
good epitaxial L-H-L GaAs which produced devices which meet the output
power, frequency and effieicncy required for the X-band IMPATT diode
specified by SCS—48 1

3

4 
_________________



III. SYSTEM CONSTRUCTION AND EXPERIMENTAL RESULT S

The epitax ial system was operated in a manual mode dur ing the
first portion of the first month of the quarter. The system is in its final

configuration with the exception of the vaporizer controller which was

returned to the manufac turer . Th is un it has not yet been returned by the
manufacturer. The impact of this change is not material to the successful
operation of the system since it is only used for the pre—growth etch and

not used during the actual epitaxial crystal growth. In addition , the input

signals of the two different units are identical , allowing the computer control

to be connected in the same fashion .

The epitaxial system performed similarly to the performance previously

reported. The peak shape was still too broad . As a result , a mixture of
SIH

4 in hydrogen was used to replace the H 2S in hydrogen doping gas. The
peak shapes appear to be much improved. The epitaxial system was shut

down about the middle of the first month of the quarter to permit wiring in

the computer control system.

All com ponen ts of the computer contro l system were del ivered.
The com ponents were interfaced and checked out with only minor problems .

The problems which were encountered were primarily in the nature
of wiring errors in Interfacing the epitaxial system to the Hewlett-Packard

96 11R Remote Measurement System . The other problems which were en-
countered were in the interfacing of the various Hewlett—Packard equipment .
The se problems were: 1) the wrong cable connectors were shipped for some
of the cables; 2) som e cables were not supplied and: 3) wiring errors
which were made at Microwave Assoc iates on the cable connectors used to
remote the laboratory cathode ray tube display and the 96 11R Remote Measure-
ment System from the computer . None of these problems were serious, and
were easily corrected .

4

• —-

~

•• • - - —  -- --- • -~~~-- .~~ - • •



~ ~~~~~~~-- - - - ~~--- -- - -—- - -.

p.

The remote measurement system and laboratory cathode ray tube display

were then reloca ted to the epitax ial GaAs laboratory and the wiring to the
• ~• computer room was completed and tested.

The wiring of the reactor to the remote measurement system (the

portion of the computer control system which is located in the epitaxial GaAs
laboratory) was completed . The wiring was performed in two separate stages .
Th e gas handling portion of the epitaxial system (the mas s flow controllers ,
vaporizer controllers and control loops) and th~ necessary thermocouplers
were initially completed . A computer program was written to grow L—H-L
structures and this program was utilized to successfully prepare L-H—L
structures under computer control . The temperature controllers were then
wired into the system and the entire epitaxial deposition performed by
computer control . The epitaxial system controlled by the computer control
system is now operational and has successfully prepared L-H—L epitaxial
GaAs .

I.
5
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IV. DEVICE RESULTS

• The first of the epitaxial L—H—L crystals prepared in the final
computer controlled epitaxy system were performed toward the end of
the quarter.

The evaluation diodes which are assembled are thermocompression

bonded ~TC B) square (7 x 7 m u )  chips with a platinum Schottky barrier
serving as the junction . This type of evaluation is utilized to provide quick
information on the performanc e of the epitaxial GaAs for Read IMPATT diodes
and to select material for subsequent fabrication into the high—power plated
heat sink (PHS) diodes.

The device results which were obtained are shown in Table I using
the dev ice test proc edures and cavity described in the Second Quarterly
Report .

The se ranges of eff iciency are consistent with efficiencies of PHS
diodes in excess of 20% . In general , the PHS diodes exhibit efficiencies
4 to 5% high er than the TCB evaluation diodes .

I
The various epitaxial crystals operate most efficiently at different

frequency ranges . The best operating frequency is a function of the drift
doping density and drift thickness. These different crystals were prepared
to different specifications in order to determine the correct material to be
utilized for the required device. The material parameters for these crystals
are given in Table II.

6

-

~

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



~ 

~~ 0) — 0 C’) to

~~ tO ~
.. 0 0)

— _I — .~~ — — .-4 c.~ c~i — c.i

0 C C’)~ I ~~ 
‘~~~ to 9

o ~t 0 0 0 0 — — — —— .-4 -~ — ~~4 .-4 — . 4  ~~4

ci)
o ~ 0 C..) to ~~~ 0 csi t’. ~~ C’) u

0~~~~~ C..) C.. L C..) C’) C’) C’) C.) C.)

0 0U)
1-4

-~~ 0 0 ~~ to ~~ 0 0 0 0
0. .~~ CO CO 0 0) tO C’) tV’. 0 

~~~
‘o ~ C’) C..) C’) C’.) CV) (

~)  C’) C’) C’) C’.) U) E~‘-4 —

- —
to C..) CO CO to C..) 0) tO ‘q’ ~~ ‘0...-, . . . . . . . . . .o 
~~~‘ LI) ~~ LI) ~~ ‘ (1) to P... to IF)
~~ I ~~~ .~~4 ~ 4 ~

C..) LI) P.. 4 C..) LI) LI) (0 N.. -4 4
O~~~ 

~~ 
• • 

0 —
C..) — C.) C..) C’.) C..) C’) C’) C’) C’)

0

ci
O — C..) C’) ~~ c’ tn ‘~~‘ LI) C’ LI)

ci

I — — — —1-’ u uCl) 0) LI) tO CO
— C.%I C’.) C.)
CO CO CO CO 4o ~~ ‘ ~~~‘ ~~~‘ 

~~
.

7

I-. ~~~~~~~~~~~~~~ -..- --

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

.
—.••--.--• —__-- •— • - •  — -• -- •- - - -  — ___________________



I

CO
CO

~~ ‘ C’) N C’)

L ( ~~ L

N

CO
z

1-’

1 9 9
~ 2• 0 p.

1-’

• LI) ~~ to N
C’) C’)~ C.) C’1

•
0 0 0 0

• 1-’

N
—

C N 0 9
~~ ‘ 4/) 4/) to

C

1 4
— _ -4 -4
I I I Ia•) LI) tO CO

— C.) C.) C.)

‘ r •

8

• —-_ •- ••- —_ • —--— - - - - — --- .-•--- —-- • - - — ~~~- - 
_; -.~~~

__ _ _ _
~
_

~~•_ . • ~~~~~~~~~~~~~~~~~~~~~~ . T . - -



Within each crysta l , there is a variation of the breakdown voltage
from diod e to diode. This variation is the result of a slight variation of the
integrated charge density of the peak. This variation is the result of
slight variations in the peak height and peak position . The peak position

is the result of the origina l peak position of the epitaxial layer , the amount
of epitaxial GaAs removed by sputter etching to clean the surface and locate
the peak for optimum performance and the amount of platinum which is re-
acted with the GaAs to form the reacted platinum Schottky diode.

The variation of the breakdown voltage from crystal to crysta l is
caused by larger variations from run to run in peak height and peak position

than within an epitaxial crystal. These variations of breakdown voltage
from run to run do not translate to corresponding variations in operating
voltage as can be seen from the data in Table 1.

For each crysta l , the evaluation diodes were square chips and are
subject to damage during the chip fabrication and assembly processes . As
a result , after bonding , these diodes are etched to provide a sharp break-
down voltage . This etching process leads to an area variation in the eval-
uation lot . This area variation manifests itself as a variation in operating
current and output power such as seen in the results in Table I. The smaller
diodes have a lower capacitance and thus operate at a slightly higher
frequency.

The efficiency for these devices appears to follow the breakdown
voltage , i . e . ,  the higher the breakdown voltage , the higher the efficiency.
This feature can be seen more clearly from the data in Table III for PHS
diodes from crystal 4819. These data would indicate that the integrated
charge density of the peak in some of these diodes is slightly too high . Those
devices which have the lowest breakdown voltage have the greatest amount of
undepleted peak with a resultant decrease in efficiency.9



--- --~ ----- - —~~~----- --- - --- - -~~ ---—---~~~- - • • —~~

p

I

0) ~~‘ N N — —
.)4 C..) — C’) C’) j)

~~~ C.) C.) C..) C.) C.) —
CO

4
4~) N C.) 0) C’.)

o~~ ~ ~~ .-; d ~-;‘4-4 — — “ C)

L
Cl) Cl)

LI) 0 C’) C’) 0

I:~ F: E~ E E E~• 
0 0 4 /)  ~~. ~~‘.co~~ ~~ C’) 0 C’) C’.)

> C.) C’.) C.) C.) C.) —

C..) C’) ~~ U) (0

ci

10

-



-—

~~~

-

~~~~~~

The breakdown voltage variation does not translate to the sameI • operating voltage variation . The variation of the breakdown voltage (± 8%)

results in a variation of operating voltage of only ± 4%.

The carrier density profiles obtained from these evaluation diodes
are shown in Figures 1,2 , 3, and 4.

The first of these crystals — 4819 - was processed into plated heat

sink diodes . Results of these devices were shown in Table III . These
devices meet the output power , operating frequency and efficiency for the

X-band diode of SCS-481.
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V. PROGRAM FOR THE NIXT QUARTER

The second engineering samples will be prepared , tested and
delivered . It is expected that these diodes will meet all of the speci-
fications .

Preliminary reproducibility data on the epitaxial system will be
obtained . These data will be used to determine if any serious reproduci-
bility problems exist with the epitaxy system which could then be immed-
iately addressed .

Uniformity data will also -be obtained on the epitaxial crystals to
determine the variation of the carrier density profile, thickness and the
doping peak parameters over the epitaxial crystal. j

• 16
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VI. IDENTIFICATION OF PERSONNEL

NAME TITLE HOURS

Dr. Robert E. Walline GaAs Department Manager 48
Dr. John L. Heaton IMPATT Product Line Manager 75
Mr. James E. Holtz Materials Engineer 410
Mr. Carl N. Foose Engineering Assistant 80
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1t. T~~~ icr. CO~4~At~D ScS—1481
T1~C!I ICI~b 3U~~UIR E~4L ITS 23 December 197!i.

HIGH ~~YICIEI~CY , HI3H-PO~ ER GALLIUM
ARSENIDE REAI)-TYI’E IMPATT DIODES

1. SCOPE
H

- ~ • -~~ 1.1 Scoi t’. - This specification covers the detailed requirements for

high ~fficicncy, high powcr Gallium Arcenic~e Read -Ty~pe II4PATT Diodes.

2. • AP1’LICABLE DOCUMENTS

-: 2.1 The follow inG documents , of the issue in eff ect on the date of
- 

. 
invitation for bids or request for proposal , form a part of the specif icat ion

- - to the extent specified herein.

• 
SPECIFICATI ONS -

MILITARY

MIL-S-l9500 Semiconductor Devices, General Specification for.

STAI~DARDS

-~ MILITARY

1 MIL-STD—750 Test Method s for Semiconductor Devices

MIL-STD-1311 Test Methods for Electron Tubes

(Copics of specification, standard s , drawings and publications required by
- - suppliers in conn~’cticn with specific procuvement 

functions should be obtained

from the procurinG activity or as directed by the Contracting Off jeer).

• 3. REQUXR~ 1ENTS

3.1 Detail r ermtr rr~ent.~~ - The ind ividual item requirements shaU be
in accordance with ~IL-C-l95OO , and as spccificd herein. In the event of

j any cenfl ict , the requirements of this specification shall govern.

-4

I . .

• Y — — - - —
~
- - — - - -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —-



• • THIS PAGE IS REST QUALITY P &cTICA
FEOOIM O~?Y FURMISIiED TO DD,C __

~~~~~ —

SCs-lsCi

3.2 Abbrevthti ons and svmboi.~~ - The abbreviations and symbols used
herein are don ned in tUi1-~-195C0 and as follows: - -

Q
~~t 

= external quality factor of diode oscillator

3,3 Dest~ n and constructi on and ,hvsical dimensions. — The diodes shall
be made by epitaxiu2. growth of Read-type profiles. The diode shall consist
of a single mesa , single chip mounted in a ceramic-to-metal microwave package.
The package shall be gold plated and hermetically sealed . The package shall
provIde means for read ily heat sinking the diode. A schematic of a suitable
package is shown in Figure 1.

3.3.1 Operating r~osit ion . - The diode shall be capable of proper
• 

- 
operation in any position.

3.11. Perfornance cheracteristics. - The diod e performance characteristics,
while operating as oscillators, shall be as spec~ficd in Tables I and II and
as listed below. The performance characteristics shall apply over the specified
ambient operating temperature range unless otherwise specified .

3.ls.l Process conditioning. - All units shall be process conditioned
before they are subjected to tne tests and examinations defined in Tables I
and II (see 1~.5.11).

- • - 3.5 Serial. number. - The manufacturer shall assign a serial number to
each device furn i.shed to this specification. This serial number shall be
sequential and non-repeating.

• -~~ 3.6 Interchan.~eabt1ity. - All parts having the same manufacturer 2 s part
rumber shall be dI.reetly and completely interchangeable with each other
with respect to installation and performance within the requirements of this

• specification.

3.7 Storer~e life (non-oneratinp). - Following storage at an ambient
temperatui~c of 2OO°~~+ 3~C for 1000 hours minimum , all diodes shall meet the
requirements of oscillator frequency, oscillator output power and oscillator
efficiency as defined in Table III (sec 11.6.5).

3.8 Operatin~ life. - All diodes which have operated for 1000 hours
minImum per the requirements of Table III shall have a power output of no
less than 75 percent of ~hc initial power output (see 1 1 .6 . 6 ) .

:

~
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• 3.9 MechanIcal. tünl n ’ .~ - The RF output power shall not decrease below
specified value in Table III. The frequency and power shall vary smoothly
with no steps or jumps (see 4. 6 .3 ) .

- 3.10 External Q. - The external quality factor, 
~~xt’ 

of the diod e
oscillator shall not be more than 200 (see 4.6. 1& ) .

• 
4. QUALITY ASSURANCE PROVI SIONS

11.1 Resoonni•btlttv for tns~’eatton. - The contractor is responsible for
- the performance o1 all in~pec~ ions s~eeif1ed herein. The contractor may

uti lize his own facilities or any commercial laboratory acceptable to the
- Government. Inspection reco-rd~ of the examinations and tests shell be kept
-

- complete and available to the Gov~rnment as specified in the contract. TheGovernment reserves the right to perform any of the inspections set fort.h
-; in the specification where such inspections are deemed necessary to assure

that supplies and services conform to prescribed requirements.

4.21’ Classification of Insrection. — Inspection shall, be classified as
follows:

- * 
(a) First article inspection (does not include preparation for

I - ;-‘: delivery) (see 4.4).

(b) Quality conformance inspection (see 4.5) .

Ji..3 Test plan. - The contractor prepared Government-approved teat plan- - 
-
. shall contain :

•
.•
. .

~ 
(a) Time schedule and sequence of examinations a.nd tests.

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

(c) Programs of any automatic tests including flow charts and block
diagrams.

• (d) Identification and brief description of each inspection instru-
meat and date of most recent calibration.

I 
-- h .4 First article tn~t ’ectton . - First article testing shall consist of

the tests specified in Tables I and It. For thc teste of Table I and the

I • 

j end point mensurements of T’ble II , the diodes shall be operatthg as oscillators
In the test cavity . The nuL’iber of un it s  to be subjected to each test shell
be as stated in the contract. No fat lures  will be permitted.

~I—~•TI1~ :i~::: I•±ITIITTII
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11.5 Quali ty conformaice Incn~ctton . — This inspection shall be performed
on samples selected from the pilot prod uction as specified in the contract
and shall consist of Group It and B inspections.

4.5.1 Group A innpeetlon . - Group A inspection shall consist of the
- ,~ examinations and tests specified in Table I. The diodes shall be operating• :1 as oscillators in the test cavity.

4.5.2 Grouo B insnection . - Group B inspection shall consist of the
examinations and tests specified in Table II.

4.5.3 Croun C inspection . - Group C inspections are not applicable to
this specification .

4.5.4 Process conditionint~. - All diodes viii be stored , non-operating,
under the following conditions:

(a) Junction tempera ture : 225°C max
200°C mm

i (b) Storage time : i68 hrs . mm

4 .5.5 Test cavity . — Two suitable microwave test cavities, one for each• - !  frequency band , shah , be used to test the perfori~ance of the dicdes.

4.6 )4ethod s of examination and test. - Method s of examination and test
shall be as spec if ied in ¶~.‘ables I and iY and as follows :

- 

- 

4.6.i AM noise. - An AM noise measurement system as shown schematically
in Figure 2 shall be used to determine the AM noise to signal ratio. The AM

— noise spectrum shall be measured continuously from 10 Kliz to 100 }~iz from the
carrier as a minimum and recorded ‘by an x-y recorder. Noise measurements
shall be performed while diode oscillator is meeting the operating require-

I meats in Table III.

4.6.2 Ft-I noise. - An 714 noise measure~nent system as shown schematically
-J in Figure 2 ahali be used to determine F’M noise deviation . The 714 noise

spectrum shall be measured continucusly from 10 )ClIz to 100 KH~’. from the carrier
- an a minimum and recorded by en x-y recorder. Noise weasurement shall ‘be
• performed while the diode oscillator is meeting the operating requirements

in Table III.

4.6.3 !~ech’tntcul tun ins ’.~ — The oscillator uni t  will be mechanically

I tuncd over the required frequency range of + 250 11h z feom operating frequency.

““  
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• 4.6. 4 External. Q. - The external quality factor, % ~ 
of the diod e

- osc illator shnll be determined by standard injeetton locI~[ng technI ques. A
cmall locking signal shall be injected into the diod e oscillator for measure-
ment of locking bandwtdth as a function of injected power. -

- 4 .6. 5 Storni’e life (non-onc~ratinp .~~ - The diodes shall be stored at an
• 

- 

ambient temperature of 2C0°C + 3°C for 1000 hours minimum. These diodes shall
• be selected randomly from diodes ~:h1ch have undergone process conditioning

• and have successfully passed all Group A inspections. Upon completion of
-~~~ storage, the diodes shall be subjected to the follos~ing tests descr ibed in

Table I: Oscillator frequency, oscillator output power and efficiency.
-

. -
~ li.6.6 Ot,cratj ni~ 3J.fe. - The diodes sh~11 be tested under operating

• - conditions in accordancc with Tab~.c III for 1000 hours minimum . Po%zer output
-

- shall be monitored continuously . The diodes subjcctcd to the operating life
test shall be selected randomly from diodes which hav e undergone process con-
ditioning and have successfully passed all Group A inspections. The number
of failures as a function of time shall 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.

f 4.6.7 Eff iciency (HF-DC ). - The RF to DC power efficiency of diodes
operating as oscillators shall ‘be determined by measuring the DC input power

[-:~~- • 
-~ and using standard methematical formulations.

Power Efficiency (RF-DC) = Power outrn1t (PP) X 3.00
- Power in (DC )

- 
.

•~
- 4.6.8 RP outnut rower. - RF output power of diodes operating as oscil-

:. 
- . lators shall be measured at opera ting frequency in accordance with method

4250, 141L-STD-131l using a calibrated thermistor and power meter.

• 
- 

- 4.6.9 Oceulator freo iencv. - Frequency of diodes operating as oscil—
letors shall be deterir~ined ‘with a calibrated spectrum analyzer and verifiedwith a calibrated frequency meter.

- 

: .~~ 
b.6.io DC bias volta~e. - DC bias voltage of diodes operating us oscil-

lators shall be measured in accordance ‘w ith method 4oi6, !41L-STD-750.

4.6.ii DC bins current. - DC bias current of diodes ooerattng es oscil—
• lators shall be measured in accordance with method 4016, MIL-STD-’r50.

~

• 

•
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4.6. 3.2 Nuc lenr radiatton exnnsure. - Devices will be exposed to the neutron
level specified below over a time period not to cxcecd five (5) minutes. Thi s
exposure will be conducted with the devices in a non-opciating, non-biased
condition and at a temperature not to exceed 40°C. Devices shall not experience
temperatures in excess of hC°C prior to evaluation testing. Evaluation will
be conducted in such a manner that no device will be operated for more than
two (2) minutes prior t~ completion of the sub-group tests. These precautions
are necessary to reduce the effects of high temperature annealing of the
radiation inducad damage.

1013n/cm 2, 1 11eV equivalent (si )

10 rad s (Si ) gamma

hi. .6.13 Junction tc~rnerature. - The junction temperature shall be determined
as follows: The breakdown voltage of the diode shall be measured at 40°C

• intervals between 200C and 2C00C in accordance with method 11021 of MIL-STD—750.

j The breakd own voltage shall ‘be that voltage correspond ing to a reverse current
of 1 mA. The diode shall then be biased under pulsed cond itions in a. lossy
circuit to suppress oscillations thus making input páwer equivalent to dissi-
pated power . Pulse width shall be sufficient (about 1 msec ) for the diod e
to reach thermal equilibrium. The diode shall then be pulsed d own to a
current of 1 mA and breakdown voltage shall be measured. The pulse-down
duration shall be short (several microseconds) to prevent cooling of the diode.

Prom this data thermal resistance of the diode shall be determined . The

• junction temperature of a diode under operat ing conditions shall be determined
from its power input, power output and thermal resistance.

5. PREPABATION FOR DELIVERY

5.1 Preparotion for delive.~~~ - Packaging and marking shall be in accord-
once with the contract.

6. N O T E S -N o n e.

I
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TAI4TJE I - GROUP A INSPEcTIoN
- TA 25 + 3°C unless otherwise specified

______________________  

I 
_________ __________ __________ ________ __________

Teat Method Symbol Mm Max Units

Subgroup 1

Oscillator Frequency 4.6.g fo
Diode Type 1 9 11 0Hz
Diod e Type 2 111 16 0Hz

Oscillator output 4.6.8 P0
• 

- power
Diod e Type 1 3 5
Diod e Type 2 2.5 W-CW

• Oscillator
• -j efficiency (BY-DC ) 4.6.7 20

Junction Temp 4.6.13 Tj 200

~~~ roup 2

• Mechanical tuning 4.6. 3 + 250 MHz

I SUbf ~rOuD 3
AM Noise li.6.1 (N/ S)AM —315 dE
~ •I Noise 4.6.2 50 Hz

Suhgrou~ 4
C Bias voltage 4.6.10 V0 70 v

DC Bias current 4.6.11 10 500 ma

• Subr~ro~ip 5
1~xtcrna1 Q 11.6. 11 %xt 200

I - 
• - • •

Ill I .11 ~I~TI1T1::i~i~ I: i::~
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• TABLE II GROUP 13 INSPECTION

• 141L-STD-750
- Test Method Details Mm Max ~Jnit s

Subgr ou~~~Shock 2016 Non-operating; 5000,
• -

- • 
t 1.0 msec , X1,

- 
- 

1 
Y1, and Z1 orientation

- • 

Vibration ,
Variable Freq. 2056 Non .operating; 200,

- 50 to 2000 Hz.

• 
•
~ Constant

acceleration 2006 Non..operating; 20,0000
.1 • - mm , Xl, Y1 and

• 
• 1 - orientation

• Hermeticity 1071 Test Condition H— Traces
• 

• Can Pine Leak (Helium)

I End point measurements; Table I, Subgroup I -

Subgroup 2
Nuclear radiatio

1 exposure 4.6.12 • 
-

End point measurements: Table I, Subgroup 1

Subgroup_3
Storage life 11 .6.5
(non-operating)

Subgrouo Ii.
- 

- Operating life 4.6.6

- 

-

• 

.
. j

8

i 
.

. 
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• ?A13T~E III OPERATING REC~UIREMEP1TS

Ambient Temperature Range: -40°C to 65°C

•

:1 Dthde Type l

Oscillator frequency 10.0 0Hz + 1.0 0Hz
-

- Oscillator output power 3.5 W-CW, m m .
• Oscillator efficiency (RF—DC ) 20% mm

Junction Teraporatui 2000C max 
-

Diode Type 2
- • - •~~~ Oscillator frequency 15.0 0Hz + 1.0 0Hz

Oscillator output power 2.5 W-CW, m m
Oscillator efficiency ( BY-Dc ) 20% m m
Junction Temperature 200°C max

~

I
9

— 
- 
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