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ABSTRACT

X-band bulk limiters of 3.5 mils in thickness are being fabricated
using relatively low resistivity silicon , p = 4, 000 ohm-cm , p-type , un-
compensated ( i i i)  orientation .

Twenty (20) Confirmatory Samples were fabricated and are presently
being subjected to various environmenta l tests .
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PURPOSE

The obj ective of this program is to establish a production cape—
bility to manufacture High Power Bulk Semiconductor Limiters per U.S.
Army Electronics Command Technica l Requirements SCS-486.

The specification covers X-band high power bulk semiconductor
limiter and low power multistage clean—up limiter . Four fu ndamental
requirements are detailed In the specif ications . They are , (1) recovery
tim., (2) high power capability , (3) insertion loss , and (4) VSWR .

A total of fifteen (15) engineerIng sample limiters , twenty (20)
confirmatory sample limiters and fifty (50) pilot run production limiters
will be supplied . A pilot l ine capable of producing 100 bulk semicon-
ductor limiters per month will be demonstrated . Reports and documen-
tation as required In Sections E , F , G and H of DAABO7-76—Q-0040 and
as detailed in Section 3.5 of ECIPPR No. 15 , dated December 1976 , will
be provided. V

The program divides into the following f our phases , Phase I -
Eng ineering Samples (300 days) , Phase U - Confirmatory Sample Production
(240 days) , Phase III - Pilot Line Production (180 days) , and Phase IV —

Final Documentation (30 days) . The total program duration is 750 days .

During Phase I of this program, a number of factors In fabricating
bulk semiconductor limiters are being investigated . These include Iris
formation , circuit configuration , material characterization and chip
mounting . Efforts during Phase I will be directed toward selecting a single
limiter design capable of meeting the obj ectives of SCS—486 .

The optimum device design will be chosen at the end of Phase I.
In Phassi II , III and IV, a single device design will be produced .
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The maj or effort of this program will be realization of a single
bulk limiter design which meets all the obj ectives of SCS—486 . Individ-
ually, any of the goals described can be currently obtained . Recognizably ,
it is the development of a single component design which achieves all of
the desired performance parameters that is the formidable engineering
and manufacturing endeavor .
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I. OBJECTIVE

The objective of the current Manufacturing Methods and Technology
Engineering program is to establish the producibility of the X-band bulk
semiconductor limiter and the X-band bulk semiconductor lower power diode
multistage limiter by mass production techniques . Achieving the perfor-
mance goals of the program represents a formidable engineering task . These
goals , from SCS—486 , are summarized below .

A. Function Description

The high power , solid state , limiter described herein will
operate in the frequency band 9 .0 - 9 .65 GHz. A multi- stage configur-
ation is acceptable with the first stage incorporating the principle of
avalanche breakdown of near-intrinsic silicon to achieve isolation . This
device will be mounted In a fixed tuned resonant wavegu ide cavity designed
to provide the necessary avalanche field conditions . The second stage shall
be either a bulk effect device or a common semiconductor diod e limiter. Both
limiter devices will be mounted in a common structure and no external bias
or drive will be necessary for its operation . The receiver protector is re-
quired to operate in ur~pre&surized conditions .

B. Mechanical Characteristics 
V

The bulk semiconductor limiter structure will have the
following performance objectives:

Weight 7 .0  oz maximum
Input Flange : mates with UG-40B/U choke flange
Output Flange : mates with UG- 135/U cover flange
Mounting Position : any
Cooling : conduction

1 
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C. Electrical Characteristics

The bulk semiconductor limiter will have the following
objectives:

Peak RF Input Power : 30 kW , Duty Cycle = 0.001
1 ~sec Pulses Continuous: 10 kW , Duty Cycle = 0.001

Insertion Loss : 0.7 dB (maximum)
Low Level VSWR : 1.4:1 (maximum)
Recovery Time : 0.8 ~.Lsec (maximum)
Flat Leakage : 50 mW (max) , for 30 kW ,

0.001 Duty Cycle , 1 p sec
pulse

Spike Leakage : 750 mW (max) , for 30 kW ,
0.001 Duty Cycle, 1 psec
pulse

External Bias : none

D. Absolute Rating Objectives

PARAMETER SYMBOL MIN MAX UNIT

Frequency F 9.0 9.65 GHz

Peak Power -P -- 30 kW

Average Power -- 100 W

Ambient Temp. TA -55 +85 °C

Altitude —— —— 50 , 000 ft

2 tV 
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II. INTRODUCTION

This report covers the period from 23 March 1978 through 22 June
1978 . During this period , semiconductor work was concentrated in the
areas of semiconductor wafer processing and devic e fabrication .

Significant improvements in the semiconductor processing have

been accomplished during this quarter. Silicon wafer resistivity and
wafer thickness are being optimized to fabricate high quality bulk limiters
with a good yield . A new passivation scheme (plasma nitride) and plasma
etch ing techniques (to etch oxide and also metals) are being evaluated in
order to reduce the insert ion loss of bulk limiters and also to improve the
power handling capability of the bulk limiters .

The Contract Specifications were amended on 28 April 1978 and
is attached in Appendix I I .  (For ref erence only , the original specifications ,
SCS-486 , can be found in Append ix I .) The Confirmatory Sample testing
commenced on 15 May 1978 , and bulk limiters are presently being sub-
j ected to various environmental tests .

The subsequent sections of this report describe in greater detail
the work performed and results achieved to date

.3



HI. FABRICATION AND RF TEST RESULTS

During the last quarter , four (4) relatively low resistivity wafers
(p = 4,000 ohm—cm , (111), p—type uncompensated) from Wacker Chemical
Company were processed for bulk- limiters . These wafers were etched
and polished to 3.5 mils in thickness. The phosphorous and boron diff-
usions were done on both sides of the wafers at 1000 C and 950 C , res-
pectively . The 3/4 mil square checkerboard pattern was used prior to the
boron diffusion . Boron nitride source was used as the dopant source
during the boron diffusion . Both surfaces of a wafer were then metallized

0
with 400 — 1000 A layer of titanium (10%) and tungsten (90%) alloy and

0
2000 - 3000 A layer of gold and then electroplated with pure gold . Both
the sur~aces were plated to a thickness of 3. 0 mils. The active elements
area were defined by etching 10 mils in diameter gold posts on the top
side of the wafer. The posts were etched to a height of 3 mils using
conventional photolithographic and photoresist flow techniques . The
silicon mesa etching process was performed when the elements were still
in wafer form .

A. Evaluation of Stamped Irises

Presently , these wafers are being wire cut into 40 mil
squares. The bulk limiter chips will be mounted in low cost “ stamped”
gold plated copper X—band irises and will, be tested for their RF performance.

4
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I V

N . CALIBRATION OF RF TEST EQUIPMENT

Mr. G. Hall of ERADCOM visited Microwave Associates on
May 16, 1978 to May 18, 1978 to witness the calibration of low and high
power test kits and low level testing of the Confirmatory Samples.

Low and high power test set ups are shown in Figure 1 and Figure 2 ,
and the RP test data is given in Tables I to III. These test kits will be
used to RI’ test the bulk Limiters for Confirmatory Samples and pilot line
bulk limiters .



-~ 
__

,

PMI 1038
NEt WORK
ANALYZER

SERIAL NO . 492- f~J I ~f 
-SERIAL NO.489 I V

HORIZONTAL AMPLIFIER _
1038.11-11 V

WILTRON 
—

~~ EEPER 610D
V UNIT NO. 300992

SERIAL NO.
300993

_ _ _ _ _ _ _  _ _ _ _ _ _  I I
PRECISION ~~~~. ATI~~~ XTAL I IXTAL
ATTENUATOR MA 1 SINGER 1403 I ISINGER 1403HP 382A - SERIAL NO. I ADAPTER 

____
ISERIAL NO.

SERIAL NO . SERIAL NO 20 14701A I~~~ X 281A “1152993
12155 

___________  
SERIAL NO.30021 ISERIAL NO. 278

V FREQUENCY I [COUPLER I COUPLER 1 I V IcOUPLER IMETER 
~~~~~~ HP 752C —1 HP 752C I-.-I U U T I-.-~HP 752C I

SERIAL NO.766 1 
[SERIAL NO. 6€2 

1
SERIAL NO. 686

1 I I r~
RIAL NO. 597l

FIGURE 1. LOW POWER TEST EQUIPMENT

0-16575

4~
__ .. 

V T
~~~~~~ . .V V : ~~~~. * 7 •V j ~~ 

•~~~V~~~! VV -  

V~~~~~ 

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



1

IALFORD ~ VEE
IGENERATOR
1654R.S1
p109945

IWAVEGUIDE Td
ICoAX POWER
ITRANSITION METERIHP 282

ATTENUATOR THERMI STOR
WAVELINE ___________ MOUNT
TVPE 611 I 1 460%0.694 LOAD HP486A
_ _ _ _ _  I _ _ _ _ _

DIRECTIONAL FREQUENCY
ISOLATO R COUPLER METER
MA 77.8104 FXR 159 HPX 432D

MA 62.3115 6907
CIRCULATO R

I MAGNETRON 1.j f~~
’\ ] E

B
~~~ON I iDIRECTIONAL

LJ
DIRECTIONAL

_ _ _

_____________ POWER DIVIDER HP 752C 10 dB HP 752D 20 dB
________  

AIRCOM11G11R SER. NO.11064 PP429

[MODULATOR1 COBER IL0M)I LLOADI
WAVELINE 682 WAVELINE 682

SCOPE SCOPE CRYSTAL PRECISION I ~
[

mKTRoPnx H ~ffTRONIX Ft~ S2
~~617H~~7rA .

__ri_
UUT 

[ V

FIGURE 2. HIGH POWER TEST EQUIPMENT

D-16576

- ~~ 

-- 

~~~~~ 

L



_____  ______________________  _______________________

V 
—

U)

— 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
— 

U) (0 — 0 — — — 0 O~ 0 O~ O’~ 0a 0, O~I—’ •~~~ . .—. — — — — — — — 0 — 0 0 0 0 0 0 —
U)z
-S >.I

( D U ) 0 0 0 t O S n S n

~~ — 0 C~, O’~ 0 c’ Sn in ci c.i - ei in in 1% C’)

> — — — — — — — — — — — — — —
— --

U)
U) U)

Z — 0 51) 0 0 0 0 0 0 Sn Sn 0 0 0 0 0 0O ~~ 
(0 0) — 0 — 0 0 0 U) U) 0) 0) U) C) 0) 0_ .
— 0 — — — — — .-‘ 0 0 0 0 0 0 0 — U)

U)
U)z

V — V

0 t~ I!) C’) 0 t -  0 0 .-i 0 0 0 C.i CJ Cl 0)
~~~~~~~~~~~~ ) U ) 9 ( O ~~~~~~~~~Sn (0~~~~~~~~~ ’~~~~~~~~~ C l C l S n

> Cl — — — Cl — — — — — — — .-i — — —

_ S n 00  0 0  -
51) 0 ~‘. ~~. LI) 0 - 

C -  — ~~~ V ~~ C’) 0 0) ts. V

~% c ~~~~ c ’ ) u~~~~ u) O) Cl E;i— — — — — — — — — — — — —
— ____________________  -S

—
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

~ 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0) 0 — Cl C’) ~~~‘ Sn (0 0) 0 ‘-4 Cl C’) ‘~~‘ 51) (0

U ) 0 ) 0) 0) C) C) O) 0)0
— Cl

~-4~~~~~ * *

8

— ~~~~~~ 

~~~~~~ :~ ~



0 0 0  0 0 0  SD 0 51) 51) II) 51) 0 0 0  0 0 0
0 51) — SD 04 04 N Si) N N 04 SD N 51) 04 SD N— N N — N N ..l — (4 — N N — N N — N I’) U)

_ _ _  _ _ _  _ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _  
U)

Ii) N 04 — N 4~) — — — 1. U) F’. IF) N N N
~~ N 04 04 0 — SD ~~ F.. SD 04 51) 0) 0 F.. SD 04 V N

‘~ ) S D  0 0 0 )  0 4 0 4 I t )  ~~~~~~~~~~~~~~~— — — 4’) SD CO N ~‘) SD SD — 4’) ~~ 
p. V V

ID — 4’) 0 N SI) N 0 SD SD ~~ — 0 04 N 0) F’) F.. -
N N  0 0 4 0 4  ~~~~~S D S D  S D N C O  F’) U) ID C O N N  0— — — — — — — — — — — — — — — — N Cl I-I

5.. 
I

V _ _  V

0 00  0 0 0  0 0 0  0 0 0  0 00  0 0 0  U)
N 0 0  U )C 0  0 5 1 ) 0 O I D SD 0 0  0 0 0

04 — — — 4’) N 4’) Cl -I — N — .1 4’) Cl — SD —

— 4’) SD SD Cl.. N .1 N 51) 04 0 4 5 1 ) 04 0 )0  N C O N  OS SD 0 0  U) V

I
~~ 2 

— — — N — N — Cl 44) V — Cl 4’)

- 
- 2

~
il

ID~~~~~~N U ) 0 C l  0 4 4 0 4,) O r b  N 0 4 O  O t b CO

~ . SD C O N  0 5 4 ) 44) 04 i’) — ~~ II) N 04 4’) ~~— — N N N N — N N CI P IN  — — Cl N N N 
(5

I
, 

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

~~~u;~~~~ ~~~u;~~~ ~~~~ ~~~~~~~~~~ ~~~~M;~~~~ ~~~~~~~~~~

8 g § §
OS 04 Cl 0) 04 04

4;; .~~ F-4
* * * * * *
9 9 9 9 9 9

V V

i r -  
-
‘
I.
- i~EL ~ 

.

~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ti



- • • V  VV*  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

z z
U) 0 0

— 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 (0 — 0 — — r-4 0 0) 0 0) 0) 0) 0) 0) 0) —o — — — — — — — 0 0 ~~4 0 0 0 0 0 0 —

141
U)
Z 0 0
— 014 14

U) U)

z z
o 0 0 0 b 0 0 0 0 0 0 0 0 0

V ~~ Cl Cl (0 Cl ~~ U) ‘.0 ‘.0 U) 0) 0 Cl ‘.0 LI) U) 144

U) 0 0) 0 ) 0 C ’ ) t 1 )  S n C l C l C’ ) i n~~~~~~~ C’)4 — — — — — 4 — — — — — — — —_ _  _ _ _ _ _ _ _ _  — _ _ _ _ _ _ _ _

U) Z Z
U) 0 0 U)

~~~ — ~~~~~~0 0
_ s-i ~~ ‘~~9 9 9 9~~~~°. ~i 

0 0 0) 0 ’— — — — — — 0 0 — — — — — 0 — —
0 0 H

U)
Z 14 U) V
p.4 Z

V 

~~~~~~~~~~ V

— H (0 (0 0 (0 U) r .  (0 — — ‘.0 ~~‘ 51) (0 3) Cl)

4 ~~~~~~~~~~~~~~~~ 4
> 

.~~~~ C-i — — — — — C-i — — — — — ‘-~ — — V

_ _  — _ _ _ _ _ _ _ _  — 
E

V 14
— s-IN U)

4
H

— Cl

* 0) 0 — Cl C’) ~~~I 51) (0 * 0) 0 — Cl C’) ~~‘ (1) 10
* z — I — .

14 ~~ 0) 0) 0) 0) 0’~ 0) 0) ~~ U) 0) 0) 0) 0) 0) 0) 0)
V 

~~~~~~ Z Z -Zcy ~

—

10

-~~~ - -  

-i 

_ _ _ _ _ _



L 
V 

V. CONCLUSIONS

- X—ba nd bulk limiters are being fabricated using relatively low
resistivity silicon with p = 4 , 000 ohm-cm , , uncompensated
( i i i)  orientation from Wacker Chemical Compa ny . These bulk limiters
will be tested for their insertion loss , recovery time and power handling
performance.

Confirmatory Samples were fabricated , and Confirmatory Sample
testing commenced on 15 May 1978 , and presently bulk limiters are being

V 
subj ected to various environmental tests .
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VI. PROGRAM FOR THE NEXT QUARTER

During the next quarter , Confirmatory Sample testing will be
completed , and twenty (20) units will be shipped to ERADCOM on
schedule .
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V VII . IDENTIFICATION OF PERSONNE L

- During this quarter , the following technical personnel contributed
to this program .

TITLE MANHOURS

Project Manager 
V 

20
Silicon Materials Manager 5
Senior Processing Engineer 5

V Processing Engineer 10

- 
Limiter Engineer 50 V

Engineering Assistant (Fabrication) 845
Engineering Assistant (Test) 625
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I..-

~ E~cci:onic Commond ‘
~~~

‘ 
SCS’486

Tochnicol Requkemants. 
V - . 

. 28 March 1975 
-

V 

- Ifigh Power Butk_ semiconductor Limiter 
V

V 1. SCOPE: This specUic~ti~n dcscribes a passive , solid stoic , receiver
.~ prelector us ng a bulk semkonductor limiter in combination with a semiconductor
‘( diode limiter . Limiter operation wi lt provide so larion fr,m x-Bond pulses up V

to 30 trw over a variety of test conditions.
V • I V

2. APPLICABLE ~9CUW~~ TS 
. . 

-- 
V

2,1 Documents. 
V

_ The Follow ing documánt s , of issu e in effe~ t on th, dote of
~ Invhation for bids, - 

form a port of this specificati on to tI ’. extent specif ied herein .

SPECIFICATIONS . 

- 

V V

MILITARY

MIL—E—1 General Specification for Electron Tube
MJL—P-1 1268 Parts, M3terials, and Processes Used in

V - 
- 

Electronk Equ pment 
.

STANDARDS V ‘
.

() V

4: MILITARY . 

-
- 

V

•MIL—STD—105 Sampling Procedures and Tables For Inspect ion

- 
: 

by Attributes
- MI LSD Test Methods for Electronk and ~lectr cal V

-
. 

: . Components Parts . 
-

V ‘
~ d’~

’ MIL-STD—1311A MIcrewovi Oscillator Test Methods - V

V 
. . i- .

(cc~;.s of spóc if ico tt ons , standards and pubflcations required by contrac tors inV 

connect ion with specific procurement functions should b. obtained from the procuring
! ocfl v ity or as directed by. the contraCting oificsr , Both lb. title and number of
symbol should be stipulated when requesting copies.)

I . 
.

. . .

FSC 5961 
- • .

• 
• V • .~~ 

:. . . 
.. 

. 

-

.

— 
I 

V 
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~cQUlREI4Et’~TS: ‘V~~~~~~ . 
-.:, : 

V

3,1 Function Description. — Thc Mgh power , solid stat e , limiter spec if ied V

J herein ~TiI operate in the frequency bond 9.0 — 9.65 GHZ. A multi -stage

) configuration is acceptable with thp first stoge incorporating the principle of
avalanche breakdown of near— intr ins ic silk on to ochieve isolat ion . This device

- will be mounted in o fixed turned resonant woveguide cav ity desi gned to provide
‘ the necessary avolonche h old conditions. The second stage shall be either a bulk

- effect device or a semiconductor diode limit er . Both limiter devices will be
• mounted in a common structure and no ext ernal bias or drive will be necessary for

~ Its operat ion . The receiver protector is required to operate in unpressurized conditions.

3.2 Mechonkal Characteristics. — The bulk semiconductor flmher structure wfll
conform to th. following requirements: 

V
. 

~ . 

-

(a) Weight 20 oz max V 
V

(b) - input flange motes with UG —4OBAJ

• choke flange

(c) Output flange mates with UG -1 35/U
- 

cover flange V

(d) Mounting position any 
V

V 

~:. - cc) Cooling 
. 

conductIon 
• . 

- 
- V

3.2.1 P!~ysical D mensioris. — The bulk semiconductor 1imiter shalt conform to

~~ Figure 1. . • . 
- • 

V

- 
3.2.2 Construct ion. — Port; and materials wflI be in accordance wlih MIL—P—fl268.

:1 - 3.3 Electrical characierisfics. The bulk semiconductor flmUcr wilt con fo rm to
the following requirements: V 

-

j (a) Peak RI Input power , : 30 trw, ~~~~~ 

. 

• V

1j(s.c pulses cont inuous - 10 kw, Du .01 1
• - . .. 

•

(b) Inserfion Loss $ 0.7dB (max) V 
-

(c) Low Live1 VSWR : 1.4:) (mox) V 
V

- (ci) R.cov’sry Thris * O.B/~ sec (max) 
V 

V 

V

V . Ce) Flat Leakage s 50 mw (max), for 30 kw, .001 duty cycls, 1~ts.c
• puls.

V 
• (f) Spike Leakage’ - 

- s 750 nw~ (max), for 30 kw, .001 duty cycle, I
- 

• puts. •

(g) external bias * flOfli V 
V

V 

V 

2 ‘ 
-

— 
• _ .

_

~ 

. 
. I •

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

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



• ~~~~~ Absolute Ratings •- - • 
~~1 

• •

~~~
. Parameter 

V 
~~ 

Symbol Mm Max Unlt~~~1 V~ 

V 

•

~

IV Frequency :. 
‘

- 

. 9.0 9.65 . 0HZ
t~~~~~~ JV  

-V. V

Peak Power - 

30 kw j
Average Power pa too-
Ambient Temp. 

- 
~~~~~~~~ V -

~~~ • 
+~~ 

V

Altilude V 

- 
• 

50,000 : ft 
V

3.5~ Mrking. - Each bulk semkonductor f lmiter shall be marked with the
V following information:

(a) Monuraciurer ’s model number

(b) Manufacturer ’s seria l number, individually for each limiter. 
V

(c) rf inpi.~ por t. 
•

V

(rl) rf out put port . 
. 

- 
- - -

4. QUALITY ASSURANCE PROVISiONS 
• 

- 
V 

V 

- -

- 4 .1 InSpect ion . • V

4.1.1 Responsibilit y for inspect ion . — The contractor is responsible for the performance
of all Inspection roquhements as specifi ed herein. The contractor may utilize his own

- facilities or any commercial laboratory acceptable to the government . The government
reserves the right to perform any ~f th. inspections set forth in the spec ifl cafl on where

‘. such inspect ions ore deemed necessar y to assure supplies and servkis conform to prescribed
requirements . Inspection records o1 th. examinations and tests shall be kept completearid available to the gøve rnvnent •

• V V  • V

• 
• • 

. 
-

• V • - • 
. -

V • • 
•
• 

. 
. . 

• 

. 

-
- 

; V
- ~~ :.

S

-
. V 

Z V V
~~~~~ V

4V V V
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V V V V

~~
V 
:_._.:_ • - — - - • - S- - -~~~~~ - V ~~~~ _

~~~~
- V ~~~~~~~ 

~~~~~~~j f~,ci lit i cs shull be of ~ TIicicnt accuracy , quality, and quantity to permit performance
~~ required inspection . The supp lier shall establish coUbrati on of insp.ctio n

V equipment to the sot hloction of the government. 
.

j ) 4.2 Clossiflcat on of inspection .’- The exominatkn and testing of limhers shall
. be c lassified as fo llows; . . tt V ~~~~~~~~~~ 

. V

a. First artic le inspection (see 4~3). 
• V

b. Quality conformance inspection (see 4 .4.). - . - .•

~~~~ irst article inspection. — F rst article inspection shall be performed by the
supplier, after award of contract and prior to production of a locotkn acceptable to

-
~ t he government. It shall be performed on samp le unit s which have been produced with
~ cqu ipment and pr~ ce dures which w ilt be used in production . This inspection shall

- . consist oi QCI— 1, QCI—2 ond QCI—3 inspection in accordance with 4.4 .1, 4.4.2and 4.4.3, 
- 

V 

- 

V

4.3.1 Sample. — Twenty (20) limiters shall be submitted (or first articleinspection. - 
V

~ ~~~~~~ Quality Conformance Insoection , - 
.

V I I 4.4.1 Quality co nform~~ce ins~ecf on Port 1 ~QCl—1). — Every limiter -

V ~ shall be tested i- all pos itions of t he Qual ity Conformanc e Inspection — Port 1
~ ~4 (QCI—t). No failures shall be permitted . •

~~ 
• .

~ 4.4.2 Quality conformance ins’,ect on — Port 2 (OCI—2) — The QuoHty Conformance
lns ,ecti on — Part 2 (QCJ-2) sholl be performed in acc- :rdonce with MIL-STD—%05,

- Ins ection Level Si with an AQL of 6.5%. In the event of lot, rejection, tightenedIn spection procedur es sholl be invoked. Normal inspection shot! be resumed when
- ~ two’ (2) consecutive lots have conformed w ith QCI—2 tests. If the I s ;  s ize ~s less

• ~ 
‘.“ than 50 limiters , the sc~ipIe siZe shall be one (1) w ith un acceptance number ofzero (0). For purposes of inspectkri, the lot size sh’ . be one (1) month’s production.

• • . ‘5
-
• 4.4.3 Qualit y conformance insoect on — Port 3 (OCI—3) . — Three -limiters shall

-
. 

- 

undergo cOntinuous life testing for a min~~of 2500 Irs. No failures shall be permitted.

- V 4 ,5 D.t~~ted listin0s of auafltv c~nfor,ronce inspection tests. — Quality conformance V

- 

~ : Inspection tests tholI be conducted in occordonc, with T.’bI. ~~~.I—1), Table II (OCl—2),p ond Table :ii ~QCl —3). I V

I 
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‘

maximum lint leakage shall not exceed the specified limits for test
urequcnc es 9 000, 9.375 .9.65OG HZt. The incident RI pulse wilt have a V

,‘isøtime 50 nanoseconds maximum. Test configurat ion reference figure 4452 — lb.
The peak power measurement wi ll ‘be accomp lished by ca librating the deflection

V 

of a sampling oscilloscope os described in section 3.2 poragrophs 3.2.1 and
3.2.2 of Mil-St d -1311A. V

The maximum spike leakage shall not exceed the specified limits for test ‘ 

V

frequencies 9.000, 9.375, 9.650. GHZ. Oscilloscope calibration technique
as described in’ section- 3.2 -paragraphs 3.2.1 and 3.2.2 of’ Mil Std—131 1A is
applicable. Amplitude variation shall be recorded by oSserving ’ the distribution
of spike amplUudes for 1 minute time through open shutter of scope camera.

~uolity conformance test to be made using multi—stage limiter. For example
using the high power bulk stage followed by the limiter diode .

A swept frequency may be used. •

Match Termination used in this test circuU shal l have a VSWR of 1 .05 or less .

V The firming pow er shell be defined as a db increase of limiter insertion loss
)mpared to the “co ld” inserflon loss. • 

V
V Quality conformonco test to be mode using bulk semiconductor stage only.

For this specification the following abbreviations and symbols hi addition to
Iv’JL-E—l abbreviations and symbols shalt cpply;’t’~ time (recov ery),AR “

variation of phase on recovery (total deviation at a fired time),4R0 = ~variotIon
• ci amplitude on recovery (total deviation at a fixed time), 

~FR — firing power.

V The maximum variotf on hi phase and amplitude as measured by dynamic phase 
Vand amplitude tQst facility shall not vary mere than the specified limits aver

a 1 minute intogrotion time period. Measur ement to be made at a point $j~secfrom the cessation of 1~psec Input puise. ‘ 
• 

‘

Measurement of parameters cited wUI follow th. procedures outlined in QCI -1

The bulk semiconductor limiter shall operate over the ent ire duration of the
Hf. test . The spike leakage (P5)~w ilI be periodically monhored. Lii. test
will be interrupted each 720 * 20 . hours intervals to permit t ist ing of end of
life tâst end points. - - 

: • • • 
- 
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4 - j . PREPARATION FOR DELIVERY 
V 

,

s, i Packoqing, Poctdnq and Marking. 
~
‘ Packaging, poc ldng and pac kage ‘ VV V 

rkiñg ihalI be specified in the contract.

V 

- 
- V 

- 

— 
V

- I :V 
• 

I 

-

r • - .- 
‘ -1 

- - 

V 

• :,~~~~~
-

• 
V - 

V - . 4

~
:i

l

r:i:

~~~ V 
I 

- 

V 

•~~~~ .V •. - 

-

V 
“ V 

V~~~ ‘ 
:—. . . • 

• 
V 

~~~~~ • • .. 
V
. ;  . V_ ~

V 
V - 

I 
J

4 .  
: - -  

V -
‘ 

.

. 
. ‘ 

I . ’ • 1
- - V 

~~~~~~~~~~~~~~ ~~~ ‘ V -. ~~~ -
• •. ‘

~~~~~~ • £

V

V 
• S VV 

, V
S

- 

, 
~V 

-

I 

:. 

‘ 

10’ • 
-

- 

- . ‘ 

IV



~_~i
;vi:. 7)R,1:’,,, . - V

- •
V ~ 

‘

~ V

• 

u1_
_

.
~ 

~~~~~~~~~~ 

~
- 

• 
, 

. ~~

. 

I 

: 

~~~ 

•

‘ 
~ 

‘

• 

~~~~~ 

V 

‘ 

~ 
V 

•

_ _  - ‘~~ ~I
•

V 1 ~~~~~ 
. . ;

.. • 

, 

•
~V - •V 

• 
- 

•

~~ 

V VcJ~ — 
• 

VVVV ~(~~~ -

- 

V - 

•

. • 

V 

: .  
‘:. x.z.c r 

I. •

• 
- V

- 

•~~ • 
— t24 _

~~~~~~~~~~~

• i.z8
:‘“ : 

•_

. • •V :  

I 

• t ~~~~~~~~~~~~~~~~~~~~

.
.

V

I • .lc L4Z —.-

~~1

~r’43r V 

~ ~~~~

I

~~~~~~~~

•

• ~~ ‘~ z . •
~~~~~~~~~~~~ • 

S . 

‘

•

. 

r:I
~

:::r;J:uI_.___uI__.I...:c
~
1 I . I . 

— ‘. I • 

.
~

•
1 

- ~~ 
. . 

S.

. ~ V

.~~
I

• PL
~t~T_ _u1_hi

~J .1~ 
I 

: . . .: . 

.

. 
.
~~~~
. 

‘ . 
, 

V p4.~4j s s’ 
V 

. 

.

V ~
) all c~ s l~~Qhs I4øc  

V ’~~~~ 

,rchst
V 

• 

- 

•

V 
• b’) a.%1 +olC~~ cs’,~ * o;oL ~.,..%es;

• 
‘ 

• 
V • 

V
, , , 

•V 

V
, 

V
• 

- .•: 
V 

• o1kerwlce ~~~~~~~

- .

• 
- 

.

• 

: 

.: 
• • 

~

I 

~~~
• , 

V • 
V 

V ~~ 

•

~ 

‘ •

~ : 
• 

‘ 

~

‘

4;



APPENDD~ U

MODIFIED SPECIFICATIONS

Vi

4 ~1.IpVV:~ ~~~~~~~~ 

-
~~~~~~~~~~~ -



V- - V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

Modificat ion No • P00001
SUpplemental A~~eement to
Contract No. DAABO7-76-C-0039

SECTION F, Desoription/Specifications is amended. as foUows~
- Delete Subsection F.11~8.2 in its entir ety and sub stitute therefor :

“Test for Operational Life:

The expected operating life for the proóiction BL-LPL Aase~b1ies
shall be determined by calculation using the operating temperature and. silicon
device life-versus -temperatme experience curve . The mean life expectancy
~hf l  be no lees than 2500 hours and. this shkll be confirmed by direct high V

P.? power measurement or by calculation using direct high RP power measurement
of the burnout point along with established derating proceda~ es for miorawave
semiconductors. (See pera~~ ph 7.11.9.6) ”

Delete Subsection F. Li9. La. in its entirety and. sub stitute therefor:

“Th con-tractor will subject the samples to the tests specified
in para~~aph 6 of this provision. The confirmatory samples and associated 

Vteat report must demonstrate that aU applicable requirements of these specifi-
cations have been met before the contractor will be authorized to proceed with
the pilot run . This authorization ‘~iill be vented by the contracting officer .
At least 15 calendar days prior to the start of confirmatory samples testing,
the contractor shall t~ nish written notificati~~. to ~~~~~~~~~ US Army, !RADCOM,
Fort Mo outh , NJ 07703, of the tin. and. location of the testing so that the
Gover ent ma~j - witness such testing if it so elects. A copy of this notifica-
tion ‘hail be furnished sinultaneousj .y to the project engineer addressed as
follows: C~~~ander’, US Army ~~ADCOM, AT~~: 1~!LSD-D-?C , For’t Mo outh , NJ
07703, and. the Procuring Contracting Officer , Cm~’~dar ~ US Army C~~~~ ications
and Electronics Materiel Readiness ~~~~~~~ (~ RC(](, AT~T : DRS~L-?C-C-CS-2(3AC)
Fort Mo outh, New Jersey 07703.”

Delete in its entirety Subsection 7.11.9.6 and substitute therefor:

Pars~~a~~ 7. Ii.9.6 ~ha~gs to read.:
“a. Ran~~mi1y m~ ber all units with serial ni~ bers 1 to 20.

b. Si~ jeat the ~mit to tests in accordance with the following
schedule.

~~ST S C U LZ
• 

V PH!SICAL Per Figure 1 20 each
Serial. #2. to 20

- 
V ~~~~~~~~~ ~~V V~~:~~~~~~~~~~~~~~!~

V
VLV V 

~~~~~~~~~~~~~~~~~~ 
- - V~ 

~~~~~~~~~~~~~ ~~~~~~ kV~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Modification No. P00003.
V Supplemental A~~eement to

Contract No. DAA3o7-76-c-0o39

~~ST SC~~DUI~ (Cont .) 
-

~~
IEC’

~~
ICAL

Groixp A 2O TJnits
All. units wil l, be tested and. V~haij meet the Serial #1. to 20
following RF specifications .

~~~~~ Paver (measured at 9.3 
~~ , 
0.3 GH~

)

Peak Power V 20 kilowatts
Pulse Length 0.25 microseconds
Duty Cycle 0.001.
Recovery tine

to within 10 dB of law level loss 3. microsecond
to within 6 ~~ of low level loss 2 microsecond
to within 3 ~~ of lair level loss 3 microsecond

‘~~4”um ~ .at Leakage 50 mu
Magma Spike Leakage 750 mu

Low Power (measured throughout the 9.0 - 9.65
CH~ range )

~~~~~~ Insertion Loss 1.3 dB
d~~” VSWR 1.7

~ w~.~tOITh~~1TAL
Group 3 Temperature Cr14”g (non-operating) 3 each

V V Serial #3., 2, 3
T~ its ~~~~ be cycled from 25°C to # 100°C to
-55°C to 25°C for one complete cycle. There-
after they s!isa.U. meet the Group A specifications
above with da~ ’adaticnz in performance of no more
than:

Recovery t1~e Increase 2. microsecond
Insertion Loss Increase 0.3 ~~

~~~~~~~ VSWR 2.0
S~~.k. Paver Increase 200 ~~ V

P~,at Power Increase 25 ~ r

~~~~~ (non operating)
_____ 3 each

Serial #~1., 5 , 6
Th, unit, shall, be securely mounted to a vibration
table and sub jected to simple sins vibration as
follows:

-~~ (a) - 0.06 inch double .Iwpl itude from 20 to
26 Es, and 2 G ~~~~~~~~~~ from 26 to 2,000 Es.

“1~~~ 

~ 

- - - _ _ _ _ _ _ _  _ _ _  ~~~~~~~~~~~~~~
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Modification No. P00001
Supplemental A~~eement to
Contract No. DAABO7-76-C -0039

• Group C (Cont.)

(b) Logarit~~~c sweep from 20 to 2,000 ~z
• for 15 minutes per sweep.

(c) or 2.5 G ,wf”l’i~un at 50 + 5 Hz.
(d) 15 minutes per a~~,s, two a~~s.

Thereafter they V~~~~ fl~~~ 1 meet the electrical specifications
as explained in Group 3, above.

8Eoc~ (non operating)
Group D 3 each

Serial #7, 8, 9
The units 5h~~i-1- be subjected to three shocks in each
of the two directions along each of the three m us.U.y 

V

perpendicular axis (a total of 18 shocks). The shock
level 5h.1 1 be 25 G with a. thm’ation of 13, 4’ ~ ~~~~~~~ 1 (..

seconds. Thereafter they shall meet the electrical
specifications as explained in Group B above.

Et3(fl)ITY (non-operating) 3 each
Group £ S~ ’ial #10,11,32

The units sh all be subjected to an atmosphere of 80
to 98 percent relative hi idity at a. temperature of

to +65°c for a period of one cycle. There-
after they sh~.U meet the electrical specifications
as exr1~ 4’ ed in Group a above.

Group P

a) Ran~4~~ly select fain’ samples from Serial #13 thru 20.

b) set the pulse wi~tth at 1 microsecond and. a duty cycle
of 0.001. V

V c) Set the pulse power empl-4tud. at 5KW peak and app ly it
to the limiter under test for at least one (3,) minute

V to reach thermal equilibriun.

d) Increase the pus , power to 2. IGJ steps , r ” 4 ” i n g  at
V each level for at least one minute to reach equilibriun

before continuing to the next level.

e) Record the hi~ iest peak paver level. 
~M that is susta ined

for at least on. minute by each sample. V

~~ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~



Modification No. P00001
V Supplemental Ageenent to
• Contract No. DAA307-76-C-0039

Group P ( Cant.)

• f) Verify that the unit fai1~n.’e occin’ed as a result of the
gold-silicon eutectic (370°c) by either:

1) removing the bulk silicon element fran the
resonant iris and. confirming the presence
of a low DC resistance (less than. 100 o~~s)
thru the sample.

2) or locating the alloy fault thru a “lap and
stain” evaluation.

- g) The level obtained in step e) shall be a.t least 5.5 i~ peak.

szc’ri~i H, Deliveries or Performance is anended as follows:

SL~ T 0001AB, Confirmator~r Samples, delete “23 Dec 77” and. sub stitixte
the following therefor : “17 July 1978”

SL~~ 0001AC, Pilot Run, delete “25 June 78” and. substitute the following
therefor: ~“l9 January 1979”.

V -. V~~V~~V~~~~~~~~~~ 
V V 

~ V V V~~~~~~
V V
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