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• The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products of servicesreferenced herein .
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~ X—b and bulk limiters of ~ .5 mil s in thickness have been fabricated using
high resistivity silicon(p) 12 , 000 to 18 , 000 ohm-cm , P—type uncom—
pensated < 111> orientatIon . These bulk limiters exhibit 3 dB bandwidth
of 0.6 to 0.8 GHz and power handling capability of 20 - 30 kW.

As a cost reduction measure , low cost stamped X-band copper irises have
• been introduced for mounting the bulk limiter chips . This would — --
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substantially lower the price of bulk limiter assembly. Various
parameters are being optimized to achieve both bandwidth and RF
power goals of the contract.
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ABSTRAC T

X— band bulk limiters of 3 . 5 mlls In thickness have been fabricated
using high resistivity silicon p = 12 , 000 to 18 , 000 ohm—cm , P—type
uncompensated <111> orientation . These bulk limiters exhibit 3 dB band-
width of 0 .6  to 0 .8 GHz and power handling capability of 20 - 30 kW.

As a cost reduction measure , low cost stamped X—band copper
irises have been Introduced for mounting the bulk limiter chips . This
would substantially lower the price of bulk limiter assembly . Various
parameters are being optimized to achieve both bandwidth and RI’ power
goals of the contract.

U

I.
vi 

— ~~— - - -~~~~~~~~~~~ —.----

-4 .-.. —- -~~~--— . .-  - -  -—- - -.



- ~~~~~

PURPOSE

The objectiv e of this progra m Is to establish a production Ca pa-
bility to manufacture High Power Bulk Semiconductor Limiters per U.S .
Army Electronics Command Technical Requ irements SCS-486.

The specification covers X-band high power bulk semiconductor
limiter and low power multistage clean-up limiter . Four fundamental
requirements are detailed in the specifications . They are , (1) recovery
time , (2) high power capability , (3) insertion loss , and (4) VSWR .

A total of fifteen (15) engineering sample limiters , twenty (20)

conf irmatory sample limiters and fift y (50) pilot run production limiters
will be supplied . A pilot line capable of producing 100 bulk semicon-
ductor limiters per month will be demonstrated . Reports and documen-
tation as required in Section s E , F , G and H of DAAB O7-76— Q-004 0 and
as detailed In Section 3 .5  of ECIPPR No. 15 , dated December 1976 , will
be provided .

Th e program divides into the following four phases , Phase I -
Eng ineering Samples (300 days) , Phase II - Confirmatory Sample Production
(240 days) , Phas e III - Pilot Line Production (180 days) , and Phase lv -
Final Documentation (30 days) . The tota l 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 iri s
formation , circuit configuration , material characterization and chip
mounting. Effort s during Phase I will be directed toward selecting a single
limiter design capable of meeting the objectives of SCS—486 .

- The optimum device design will be chosen at the end of Phase I .
In Phases II , III and N , a singl e device design will be produced .
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The maj or effort of this program wil l be realization of a single
bulk limiter design which meets all the objectives of SCS—486. Individ-
ually, any of the goals described can be cun ently 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 .

viii 
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I. OBJECTIVE

The obj ectiv e of the current Manufacturing Methods and Technology

Engineering program is to establish the producibility of the X-ba nd 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 repres ents 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 achiev e isolation . This

device will be mounted in a fixed tuned resonant waveguid e 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 driv e will be necessary for its operation . The receiver protector Is_re-

quired to operate in unpressurized conditions .

B. Mechanical Characteristics

The bulk semiconductor limiter structure will have the

following performance objectives:

Weight : 7 . 0  oz maximum

Input Flange : mates with UG-40B/TJ choke flange

Output Flange : mates with UG—1 35/U cover flange

Mounting Position : any

Cooling : conduction1



C. Electrical Characteristics

The bulk semiconductor limiter will hav€ the following
objectives:

Peak RI’ Input Power : 30 kW , Du = 0.001
1 Ii.sec Pulses Continuous: 10 kW , Du 0 .01
Insertion Loss : 0. 7 dB (maximum)
Low Level VSWR : 1.4:1 (maxImum)
Recov ery Time : 0.8 p.sec (maximum)
Flat Leakage : 50 m W  (max) , for 30 kW ,

.001 duty cycle , 1 ~isec
pulse

Spike Leakage : 750 mW (max) , for 30 kW ,
.00 1 duty cycle , 1 ~sec
pulse

External Bias : none

D. Absolute Rating Obj ectives

PARAMETER SYMBOL MIN MAX UNIT

Frequency F 9 . 0  9 .65  GHz

Peak Power P -- 30 kW
Average Power P -- 100 W

Ambient Temp. TA -
~~~~~ +85

Altitude — — -- 50 , 000 

ft2
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II. INTRODUCTION

This report covers the period from 23 rune through 22 September

1977. DurIng this period , semiconductor limiter work was concentrated

In the areas of semiconductor wafer processing , device fa brication and

bulk limiter circuit analysis .

Significant improvements In the semiconductor procedures have

been accomplished during the quarter . A low cost “ stamped” X-band

copper irises have been introduced for mounting bulk limiter chips . The

cost of a stamped iris is 20 cents compared to $15.00 of a machined iris;

this would substantially lower the price of bulk limiter assembly.

Theoretical investigation was carried out to improve the low level

RF performance of the bulk and clean—up limiters . The computer model

chosen was a simple filter structure consisting to two lumped capacitances

and a lumped inductance. In this model , the lumped capacitances were

represented by bulk limiters and the lumped inductance physically by an

inductive iris. Optimized parameters hav e been obtained and physica l

realization of this circuit and experimentation were conducted during the

quarter .

The subsequent sections of this report describe in great detail
the work perf ormed and results achieved to date .

t
3
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III. BULK SEMICONDUCTOR CIRCUIT TUNING ANALYSIS

During this quart er , an attempt was made to physically realize the

tuning circuit described in the Fourth Quarterly Report .

A model of a simple filter structure was described consisting of

two lumped capacitances and a lumped inductance . The capacitances

represent bulk limiters and the lumped inductance can be realized by an

inductive Iris (see F igure 1).

The model was analyzed with a computer program developed by

Microwave Associates which allow s to solve for steady—state character-

istics of microwave networks composed of transmission lines and networks

of capacitors , inductors and resistors . The results of this analysis are

given in Tables I and II .

Unfortunately , physical realization of the circuit was unsuccessful .
Extensive testing was done with various types of iris - bulk limiter com-

binations to no avail. The experiment was unsuccessful because the

computer model did not take into account the fringing effects which occur

when placing the reactive elements so close together.

In conclusion , it would seem that this technique , although a

worthwhile exercise , was unsuccessful.  To date , the best tuning

structure developed is that of the First Engineering Sample In which Lumped

capacitances are used to transform into and out of the bulk limiter

.4
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FREQUENCY VSWR LOSS

8.50 2.942 1.208

8.60 2 .246  0 .692

8.70 1.760 0.342

8.80 1.426 0.136

8.90 1.201 0.036

9.00 1.054 0.003

9.10 1.037 0.001

9.20 1.086 0.007

9.30 1’.091 0.008

9.40 1.050 0.003

9.50 1.032 0 .001

9.60 1.166 0 .026

9.70 1.374 0 .109

9.80 1.682 0.290

9.90 2 . 132 0 .608

10.00 2 .779  1.088

TABLE I. Computer Print Out of Circuit Model

6
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PARAMETER VALUE

C 0.25 picofarads

L 0.18 nanohenries

Z0 471 ohms

Z 1 515 ohms

Z2 515 ohms

0 .032 inches

0.032 inches

r

TABLE II. Final Circuit Values for the Optimized Model

7
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IV. FABRICATION AND RF TEST RESULTS

Durin g the last quarter , eight (8) high resistivity wafers (p =

12 ,000 to 18,000 ohm—cm , <111> , P—type uncompensated) from Wacker

Chemical and were processed for bulk limiters . These wafers were etched
and polished to 3.5 mils in thickness. The phosphorous and boron diffusions
were done on both sides of the wafers at 1000°C and 950°C, respectively.

The 3/4 mu 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 with
0

500 — 1000 A layer of titanium (10%) and tungsten (90%) alloy and 2000 —
0

- -
~ 3000 A layer of gold and then electroplated with pure gold . Both the

surfaces were plated to a thickness of 3. 0 mils . The active elements area
were defined by etching 20 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 .

Then the wafer was cut into 40 mu squares and were separated into

Individual chips . The gold posts of the bulk limiter chips were ball bonded

to gold wire (5 mu in diameter) . These chips were passivated with silicon

nitride and Dow Corning DC-643 Junction Coating . The bulk limiter chips

were mounted in low cost “ stamped ” gold plated copper X-band irises and

were tested for both low and high level RF performance.

A. Evaluation of Stamped Irises

X—b ar i d irises were stamped commercially from 0.062 inch
thick oxygen-free high conductivity copper. The burr s were removed from

the irises by filing and sanding operations . The irises were cleaned

thoroughly and then nickel and gold were electroplated . Bulk limiter chips

8
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from BL— 2 6A run were mounted in these irises and were tested for both
low level and high level RF performance. Results are given in Tables
III and IV and shows that these bulk limiters exhibit low insertion loss
and low recovery time and are capable of handling 20 kW RI’ power .

The above results also show that stamped irises performed
very well and can replace machined irises. The cost of a stamped iris is
20 cents compared to $15.00 of a machined iris . This would substantially
lower the price of bulk limiter assembly .

L 
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V. PROBLEM AREAS

A. Recovery Time

The recovery times obtained with both single and dual slot
bulk limiters have been in the order of 1.5 to 2 microseconds . This may
be reduced by geometry changes being incorporated in the batch fabri-
cation work currently underway.

12
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VI. CONCLUSIONS

X—band bulk limiters have been fa bricated using high resistivity
silicon with p = 12 , 000 to 18 , 000 ohm-cm , P-type , uncompensated

< 111> orientation from Wacker Chemical Company . These bulk limiters
exhibit 3 dB bandwidth of 0 .6  to 0.8 GHz and power handling capability
of 20 - 30 kW. Low cost stamped irises have been introduced for

mounting the bulk limiter chips . The stamped irises performed very
well and can replace high price machined irises.

I
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VII . PROGRAM FOR THE NDCT QUARTER

During the n ext quarter , we will fabricate devices using low cost
stamped irises . Batch process and ball bond ing techniques will be opti-
mized to improve the yield of good quality bulk limiters . Confirmatory
sample units will be fabricated and shipped on schedule. 

- -

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

- -
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VIII . IDENTIFICATION OF PERSONNEL

During this quarter , the following technical personnel contributed

to this program.

Title Manhours

Proj ect Manager 100

Silicon Materials Manager 10

Senior Processing Engineer 30

Processing Engineer 40

Limiter Engineer 50

Engineering Assistant (F~abrication) 200

Engineering Assistant (Test) 300

15
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~ E~~ct,onk Command SCS 486

~.. Technical Requirements 28 March 1975

Hiqh Power Bulk semiconductor Limiter 
- 

- . .‘1 L SC OPE: lhis speci1ic~ tron descr ibes a passive , so lid state , receiver
~ proiector using a bulk semiconductor limiter in combination with a semiconductor
‘

~ 
diode limiter . L miter operation wi ll provi de isolation from x —Bond pulses up
to 30 kw over o variety of test conditions. 

.

2. APPLICABLE DOCUMENTS 
- . 

- -

• 2.1 Do~urnents. - the Following documents , of issue in effect on the dote of
~ invitation for bids , form a port of this specif icat ion to the extent specified herein.

SPECIFiCATION S.

~

MILITAR Y . 
-

MIL—E—1 General Speci fication for Electron Tube
• MIL—P-- fl 268 Ports , W~ter ia)s , ond Processes Used in

- Electronic Equipment 
.

- STANDAR DS . I’

MILITARY -

•MIL— STD— 105 Samp l in g Procedures ond Tables For Inspection
by Attributes

MIL—STD—202 Test Methods for Electronk and Electrical
Components Parts

MIL—STD—13flA Microwave OcflIotOr Test Methods
(Copies of specificotioni, standards and publications required by contractors in

~t iconnection wit h specific procurement Functions should be obtained from the procuring
act ivity or as directed by. t he contracting officer . Both the tit le and number of

~ yrnbot should be st ipulated when requesting copies .)
4. 

-

- 

FSC 5961 
. 

. 
.. 

SB~STI4U~~IT’I ?MCTLCJ~~~
~~~ yf l~L~1S1~ D TO DI~Q ‘

C . :
I

- • _ .  4 
. 

. -

- — - - . . - -  - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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J REQUIREMENTS: —‘ .

- 

:~ 3.1 Function DescrIption. — The high power , soUd stote , limiter specified
hercin ~TIl operate in the frequency bond 9.0 — 9 .65 GHZ . A multi—stage

3 configuration is acceptable with thp f irst stoge incorporating the principle of
avalanche breokdown of near—intrinsic silicon to achieve ,sol~tson . This device
will be mounted in a f ixed fumed resonont woveguide cavity designed to provide
the necessary ava lanche Field conditions. The second stage shall be either c. bulk
effect device or a semiconductor diode limiter . Both limiter devkes will be

- mounted in a common structure ond no external bios ~ drive will be necessary for

~ Hs operation. The receiver protector is required to operate in unpressurized conditions.

- :1 3~2 Mechanical Characterist ics. — The bulk semkonductor flm ter structure will
• conform to the Following requirements:

(a) Weight ZO oz max -

(b) :Input flange motes w ith UG-40B/U
choke flange 

-

- (c) Output flange mates with UG—135/U
- cover flange .

(d) Mounting position any .

:~-;. . 
(a) Cooling conduction 

.

3.2.1 P~~~col Dimens ons. - The bulk semiconductor ‘limiter shall conform to
:& . Figure 1. - 

. 
- . 

S

- 
3.2.2 Construction . — Ports and materiols will be in accordance with M11 P U268.

- 3.3 Electrical characteristics. — The bulk semiconductor limiter will conform to
j the foll~w ing requirements: -

S
.

• J (a) Peak Rf Input power, : 30 kw, Du = .001 
- -

~,i-tsec pulses continuous 10 kw, Du = .01 
- . 

t

.
~~~~

. (b) Insertion Loss : 0.7dB (max) 
-

(c) Low Level VSWR : 1.4:1 (max) 
. .

• 
~~~

- ~ 
- (d) Reco~ery lime : O.8/.~ sec (max)

(a) Flat Leakage : 50 mw (max), for 30 kw, .001 duty cycle, 1,usec
-
. -

. 
- pulse - 

-

. (1) Spike Leakage - s 750 mw (max), for 30 kw, .001 duty cycle, 1 psec
- . . - .. pulse .C (g) - . external bias t none - 

-uALIrL rM~~- 

..
, 

2

_ _  - 

- -  -

.

-

~~~~~~

-

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

--

~~~~~~~~~~



3.4 Absolute Ratings .- .. 
- -

‘~ ~~~~ &cr 
- 

. Symbol Mm Max Unit~~~. -

- 

-
.

~
( Frequency • 

- . - 
F 9.65 . GHZ

Pook Power P 30 kw

- 

Average Power Pa - 
_

w

-

~~~~ 

Amb knt Temp . 
• 

-
. 
TA - .-55 +~5 

. 

Sc

Altitude • 

• - 
50,000 ft

3.S lMrking. — Each bulk semiconductor limiter shaft be marked with the• fo l low lii g informati on:

(a) Manufacturer ’s model number -

(b) Manufacturer ’s ser ial number, ind vklually for each limitè.

(c) ri inpe~ port . . -- 

~~ rf output port. 
- .

. .

4. QUALITY ASSURANCE PR OVISIONS - 
- 

- 

-
. 

-

. 

- 

•

-
. - 

- 4.1 Inspection.

4.1.1 Responsibility for inspection . — The contractor s responsible for the performance
of all inspectkn requirements as specified herein. The contractor may utilize hIs own

- fac il it ies or any commercial laboratory acceptable to the government . The government
reserves t he right 

- 
to per form any ~f the ins pections set forth in th e specif icat ion wh ere

• suc h ins pections ore deemed necessary to assur e supp lies and services co nform to prescribedrequ irements . Inspection records of th e exam ination s and tests sha ll be kep t comp leteand available to the gove rnmen t .

- 

.

C?ICØLI
- :. • 

- 

3
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- 

4 ,1.2 Test equipment C inspection t oc i l i t ies .  — test equl, .enr ana inspection
(.,cilit cs s i l  bc of suff icient accuracy, quolity, and qUant ity to permit performance

~.f the require d inspection . The supp lier sha ll cstoblish calibration of inspection
cquipmcnt to t he sothioctiori of the government. - • 

•

4.2 Class if ication of inspection .’ — The examination and test ng of limiters shall
be c lassif ied as fo llows: . .

-

~~ 
.

.~ o. First article inspection (see 4.3). . 
-

- 
b. OuoUty conformance inspection (see 4 .4.). - . -

~~tiirst art icle inspection. — First ortic le inspection sho!l be performed by the
-
~~ supplier , of ter award of contract and prior to production at a location occeptthle to
~ t he government. It shall be performed on sample units which have been produced with 

-

- -
~~~ cqu pment and procedures w hich will be used in production . This inspection shall
. consht of QCI— 1 , QCI—2 ond QCI-3 inspection in accordance with 4 .4 .1, 4.4.2

-~~ and 4.4.3. • 

- - S

4.3.1 Somp e. Twenty (20) limiters shall be subrrdtted For first article
-
~~~~ Inspection . -

~ Quolity Conformance Insoection .

4.4.1 Quality conform~rice inspeCtion — Port l (QCI I). — Every lim ter
-.--~~~~ shall be tested 1- all positions of the Qucf ity Conformance Inspection — Port I

~.2 (QCI— 1). No f&lures shall be permitted. . 
. -

• .4 4.4.2 Quoflty conformance ins” ection — Port 2 (QCI~-2)~ 
— The Quoflty Conformance

Ins,ection — Part 2 çQCI-2) shall be performed in occ. :rdance with MIL—STD— 105,
-
. lns~ ect on Level S~ with on AQL of 6.5%. In the event of tot- rejection, tightened

-
• 

s hispect ion procedures shall be invoked . Normal inspect inn shall be resumed when
-
~ two (2) consecu tive lots have conformed w ith QCI-2 tests . if the lot s z e  h less

-“ than 50 limiters , t he samp le size sholl be one (1) with un acceptance number of
- 

zero (0). For purposes of inspection, the lot size sh’~ be one (1) month’s producflon.
- • -

.
• • - - t

- 

:1 4.4.3 Quality conformance insoection — Port 3 (OCI—3) . — Three limiters sholl
undergo continuous liFe testing for a mm . of 2500 Irs. No failures shalt be permitted.

4.5 Detriiled listinos of ouolitv C .nforrronce inspection tests , — Quality confarmance
inspection lests tholi be conducted in accordan ce with T’~bie I (C~r.I—i ), Table It (OCI—2),
and Table :u (QCI—3) .

- 
-
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~)o maximum lint leakage shall not exceed the specified limits ior test
equcnc ies 9 000, 9.375, .9.650G U3. The incident Rf pulse wIll hove a
ris~t m e  50 nanoseconds maximum. Test configurotion reference f igure 4452 — lb.

The peak power measureme nt wi ll ‘be accomp lished by ca librating the deflection
of a samp ling osciIlo~cop e as described in section 3.2 porogrop hs 3.2.1 and
3.2.2 oF MI-Std- 13 1IA. . - .

The maximum sp ike leakage shall not exceed the specified limits for test
frequenc ies 9.000, 9.375 , 9.650. 0HZ. O3ciIloscope calibration technique
as described in sect ion 3.2 paragrap hs 3.2. 1 and 3.2.2 of M IS td— l3 f lA  h
applicable. -Amp litude variation shall be recorded by o~serv ng~the distribution
of spike amplitudes for 1 minute time through open shutter of scope camera.

Quality conformance test to be mode using mult i—stage lim tcr. For example
us ng t he high power bulk stoge followed by t he limiter diode . 

- 
. S 

‘

A swept frequency may be used. - -

?Mtch Termination used in this test circuit shall hove a \‘SWR of 1.05 or less.

The firming power shall be defined as a d’c increase of limiter inserUon loss
Ompoted to the “co ld” insertion loss. S

- 
- ‘ • - 

_ 
.

Quality conformance test to be mode using bulk semiconductor stage only.

• • • • t . • . . . . .For this specilicotion the fo’low ing abbreviations and symbols in addition to
• MIL E- i cbbrevicitkns and symbols shall cpply;’t’ time (recovery),4R0 •

.
.

vor kti on of phase on recovery (tota l deviation at a fired tirre), 4R0 = ‘variat ion
of omplitude on recovery (total deviation at a f ixed t ime), 

~FP = firing power . V

The moximum variation in phase and amplitude as measured by dynamic phase
and amplitude test fo&lity shall not vory more than the specified limits ov~
o ~ minute intôgrotion time period . Measurement to be made at a point ,5,’~sec
from the cessation of l

~~
sec input pulse. - 

. 
- . . S

.Meosurement of parameters cited will Follow the procedures outlined in QCI 1.

The bulk semiconductor limiter sholl operate over the entire duration of the ‘ S

life test . The spike leaka9e (P5)~wilI be periodicall y monitored. Life test
• wUl be interrupted each 720 ± 20 hours intervals to permit testing of end of

li fe to s t end po ints. : 
. 

. 
. -

() :- 
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5. 1 Pockog ing, ~~~~~~~ ond Marking. ~ Packaging, packing and package -

.

•rking shol l be specitiod in the contract.
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