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ABSTRACT

The obj ective of this Manufactur ing Methods and Technology

Enginee ring Program is to establish the producibility of the X—band semi-

conductor bulk limiter and the X-band bulk semiconductor - lower power

diode multistage limiter by mass production techniques . During the quarter ,

X- barid semiconductor bulk limiters and multistage clean up limiters were

manufactured and were characterized for their RF performance. First

engineering samples (Item 000 1AA) consisting of five bulk limiters and

one clean up limiter will be shipped on schedule .

~~e~~q . 
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PURPOSE

The obj ective of this progra m is to establ ish a production capabil i ty
to ma nufacture High Power Bulk Semiconductor Limiters  per Electronics

Command Technical re quirements SCS-486.

The specification covers X -ba nd high power bulk semiconductor

limi ter and low power multistage clean up limiter . Four fu ndamental  require-
ments are deta iled in the specif icat ions.  They are , (1) recov ery time ,

(2) high power capabili ty , (3) insertion loss and (4) VSWR.

A total of 15 engineering sample limiters , 20 confirmatory sample
limi ters and 50 pi lot run production l imiters wil l  be supplied . A pilot l ine
capable of producing 100 bulk semiconductor limiters per month wi l l  be

de monstrated . Reports and documentation as required in Sections E , F , G,

and H of DAAB O7-76—Q - 0040 and as detailed in Section 3.5 of E CIPPR , No.
15 , dated Decembe r 1975 , will  be provided .

The program divides into the following four phases , Ph a se I -

Engineering Samples (300 days) ,  Phase II - Confirmatory Sample i roduction
( 240 days) ,  Pha se III - Pilot Line Production (180 days ) ,  and Phase IV -

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

During Phase I of this program , a number of factors in fabricat ing

bulk semiconductor limiters are being investigated . These Include iris

formation , ci rcuit configuration , material  characterization and chip mounting .

Efforts during Phase I wil l  be directed toward selecting a single l imiter

desig n capable of meeting the objectives of SCS-486.

The optimum device design wil l  be chosen at the end of Phase I .

In Phase II , III , and IV a single device des ign  wi l l  be produced .

The major effort of this  pro gram wi l l  be the real izat ion of a single

bulk li miter design which meets all  the objectives of SCS-486. Individual ly ,

any of the goals described can he currently obtained . Rec ognizably , It i s

2
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the development of a single component design which achieves all of the

desired perfor mance pa rameters that is the formidable engineering and

manufa cturing endeavor .

t
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I. OB JECTIVES

The objective of the cu rrent Manufacturing Methods and Technology

Engineering progra m is to establish the producib llity of the X-band bulk

semicondu ctor limiter and the X- band bulk semiconductor-lower power diod e

multistage limiter by mass production techniques . Achieving the performance

goals of the program represents a formidable engineering task.  These goals ,

f rom SCS—486 are summarized below .

A. Functional Description

The high power , solid state , limiter described herein will operate

in the f requency band 9 .0  - 9 . 6 5  GHz.  A multi-stage configuration is acceptable

with the first stage incorporating the principle of avalanche breakdown of near-

int rinsic silicon to achieve isolation . This device will be mounted in a fixed

tuned resonant waveguide cavity designed to provide the necessary avalanche

field conditions.  The second stage shall be either a bulk effect device or a

semicond uctor diode limiter. Both limiter devices will be mounted in a common

str ucture and no external bias or drive will be necessary for its operation .

The receiver protector is required to operate in unpressurized conditions .

B. Mechanical Characteristics

The bulk semiconductor limiter structure will have the following

performance objectiv es:

Weight 7 .0 oz max
Input f lange mates with UG-40B/U choke flange
Output f lange mates with UG— 135/U cover flange
Mounting position a ny

Cooling conduction

4

_ _  o-~llll ;; i



- •--~~~~~~~~~~~ -~~~~

C. Electrical Characte ristics

The bulk semiconductor li miter will have the following

obj ectives :

Peak RF input power 30 kW , Du = .001
1 psec pulses continuous 10 kW , Du = .01

Insertion loss 0. 7 d B (ma x)

Low level VSWR 1.4:1 (ma x)

Recovery ti me 0 .8  ~sec (ma x)

Flat leakage 5 0 mW (max) , for 30 kW , .001 duty cycle ,
1 12sec pulse

Spike leakage 750 mW (ma x) ,  for 3 0 kW , .0 01 duty cycle ,
1 J1sec pulse

External bias none

D. Absolute Rating Objective s

PARAMETER SYMBOL MIN MAX UNIT

Freq uency F 9 . 0  9 . 6 5  GHz

Peak Power P 30 kW

Average Power P 100 W

A mbient Temp . TA ~55 +85 °C

Altitude — —  50 , 000 ft

5
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II .  BASIC LIMITER PARAMETERS

A. Introduction

Microwave limiters serve two essential system functions . The

primary function is to protect sensitive receiver input stages from destruction

by excessive microwave power levels; that is , receiver protection . The

second fun ction often used in radar systems is to act as a switching element

to direct microwave power from the transmitter output port to the antenna .

Th us , the li miter can be used as an automatic Transmit- Receive switch . All

types of limiters are useful to some degree , depe nding upon their performance

parameters , as receiver protectors . However , only non-dissipative limiters

can perform the T-R function as the incident microwave power must be directed

toward the antenna port . The bulk semiconductor first stage operates by

switching f rom a parallel resonant circuit across the waveguide in the transmit

state to a mismatched resistance in the isolation state . The bulk semiconductor

limiter , therefore , can be used in both receiver protection and TR switching

applications .

Important performance parameters which specify the useful

operation of a microwave limiter are frequency of operation , power handling

capability , insertion loss , low level VSWR and bandwidth , recovery time ,

fl at leakage , spike leakage , bias requirements and arc loss. The component ,
-

• 
which is the subject of this production engineering measure , is an X— b and

unit with performance specified from 9 .0  to 9 .65 GHz.

B. Power Handlin g Capability

In order to achieve the high levels of attenuation needed for

receive r protection , microwave limiters are built as mult i—stage devices as

show n in Figure 1. In the example shown , a 2 0 kW incident power level must

be a ttenuated to a leve l of 20 mW before entering the receiver. Thus , the

inp ut signal must  be at tenuated by 60 dB to protect the receive r during the

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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t ransmitting pulse. This is done by using three 20 dB limiter stages . As the

power output f rom the first limiting stage should not exceed 200 watts , it is

the performance of the first or input stage that is most critical in determining

the power handling capability of the entire multi-stage limiter . Essentially

all the incident power must either be reflected or absorbed by the first limiting

stage . All stages after the first stage are low power stages which serve only

to provide the additional isolation needed to protect the receiver. Since ,

typically , Sch ottky mixer diodes can withstand 100 to 150 mW of flat leakage
power , the 20 mW example represents an extremely conservative flat leakage

• value . In fact , a three stage limiter with 18 dB per stage would adequately
protect a Schottky mixer from a 20 kW input power level .

The need for protection from very high power levels arises
primarily in radar systems . Short , high power , pulses are transmitted at a
relatively low repetition rate . The limiter must protect the receiver during

each pulse and allow the received echo signals to pass unattenuated between
transmit pulses. Thus , the power handling operational requirements pertain
to the first stage . They are peak power , pulse energ y and repetition rate .
These factors also combine to yield an average power capability for the
limiter component .

The peak power capability of a high power limiter is limited
by two factors , high field breakdown and energy absorption . High field
breakdown can occur if the microwave electric field rises to a sufficiently
large value to cause dielectric or gaseous breakdown within the limiter circuit
structure . With bulk solid state units , this li mitation is generally not critical
because the conductivity of the silicon element reduces the electric field
In the highest field regions of the device .

The incident pulse energy is primarily responsible for limiting
the power handling capability of bulk semiconductor limiters . Figure 2 shows

• the pulse energy for incident pulses of different amplitudes and lengths . The

8
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incide nt pulse energ y times the fraction dissipated by the limiter element

give s the amount absorbed by the element i tself.  This energ y must be stored

in the heat capacity of the limiter element.

The bulk limiter forms primarily a resistive mismatch across

the waveguide transmission line when in the isolation state . Using normalized

impedance , the isolation is given by:

P . 2
-

~~~~ 

= ~i+92~ (1)

where

P. = incident power
= transmitted power

y = transformed element admittance

Z transmission media impedance
0

similarly , the dis sipated power is given by:

= 

~~~~~~~~~ 2 

(2)Re(Z0Y)

In the case where the element admittance is primarily conductive
(Y G + J O) , equation (2) reduces to:

I
1 1Pt 

-

P. 
— 

P . (3)
1 

-~~

P
t

Thus , when the element is resistive , the f raction of the incident power which

is dissipated in the element is determined only by the isolation level ,

10
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Figure 3 shows the 
~~~~~ 

as a functio n of isolation level. The bulk limiters

of concern in this manufactur ing effort have isolations In excess of 19 dB

and therefore dissipate less than 20% of the incident power. Thus , to meet

the 3 x 10~ erg input pulse energ y required by the specification , the element

need absorb only 6 x ~~~ erg s per pulse.

The average power handling capability of the bulk limiter is

determined by the thermal conductivity between the active semiconductor

region where the pulse energy is dissipated to the ambient environment . This

conductivity is determined by the materials and geometric design of the

element mounting structure . Thus , a design goal of 1.0 to 2 .0 °C per watt

is required to limit the temperature rise of the active region of the limiter

to between 20°C to 40°C at the 100 watt average incident power leve l (10 kW

pul ses, .01 duty cycle) .

C. Insertion Loss

An equi valent circuit of the bulk semiconductor high power stage

of the limiter is shown in Figure 4. The semiconductor element is characterized

by parameters C and G while the iris mounting structure is characterized by

turns ratio , N; parallel inductance , L; series inductance , LW; and series

resistance , R. The input port is the normalized 1 ohm source on the left

and the output port Is the 1 ohm impedance on the right.

Eq uation (1) can be used to calculate the insertion loss and

isolation of the limiter stage by transforming the element and circuit admittances

th rought the ideal transformer turns ratio , N.  Empirical data have been used to

evaluate the circuit parameters of Figure 4.  The relationship between low level

element capacitance and conductivity is as follows:

G ( p  
(4)

11
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where

G eleme nt conductance (mhos)
p ele ment bulk res is t iv i ty  (ohm centimeters)

per mit ivi ty of free space (8 .85 x io ..14 
f/cm)

relati ve permitivi ty of silicon (11.8)

Fig ure 5 show s a plot of calculated insertion loss for bulk
semiconductor l imiters  fabricated from 4 , 000 ohm—cm material  as a function
of element capacitance. These values of insert ion loss are valid for a bulk
semiconductor limiter mounted in the center of a 1/16 inch thich iris plate wi th
a 1/16 inch high iris s lot tuned to resonate the element capacita nce of
9 .5 GHz .  Lower values of turns ratio can be obtained by moving the iris
vertically toward either top or bottom waveguide wall .  A typical value
for the single element turn ratio squared is a 2300 and a variat ion of 15c/~

can be obtained by moving the ir is .  This has the effect of permitt ing
larger capacitance limiter elements to be utilized with  the same va lues of
insertion loss. Higher power hand lino capabili ty can be achieved in this
fashion , as the higher capacitance element can diss ipate  more energy.

D. Low Level VSWR and Ba ndwidth

The low level VSWR and bandwidth of a l imiter determine the
frequency range over which the device is useful . At frequ encies where the
i nput VSWR Is high , the insert ion loss between the antenna and receiver is
also h igh .  High insertion loss caused by either resistive or reactive mis-
match of the limiter component degrades the system noise fi gure and
therefore limits its use fu lness .

In mult is tage l imiter  components , the bandwidth  of each

Individua l stage is of secondary importa nce to the ba ndwidth of the assembled
mu lti-stage l imiter  component . The reason for this  is that the bandwidth of

a two or three stage limiter can be wider than the ba ndw idth of each stage
alo ne. The wide bandwidth is accomplished by us ing  the off center frequency

reactance of one stage to tune out the reactance of the other stages , Thus ,

14
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a three stage limiter is designed as a band pass filter structure for the

low level case.

Figure 6 shows the VSWR of a three stage limiter consisting

of a single iris bulk semiconductor limiter stage built by RRC Internationa l , Inc.

and a two stage PIN- va ractor limiter built by Microwave Associates , Inc.

The assembled limiter was successfully tuned to meet the 9.0 GHz to 9.65 GRz

VSWR design specification for the current production program. The bulk semi-

conductor stage had an insertion loss of 0 .3  dB and a 3 dB los s bandwidth of
approximately 1. 32 GHz. The 0. 7 dB absolute bandwidth of the solid state

unit when measured alone was 450 MHz.  Howe ver , when combined with a

two stage low power diode limiter , the complete three stage unit provided

insertion loss performance as shown in Figure 7 and VSWR performance as

noted above .

E. Recovery Time

The recovery time of a microwave limiter is the period of time

required by the limiter to return to its low insertion loss state after limiting

a high power pulse. As all types of limiters exhibit quasi-exponential decay

in low level insertion loss from the limitir,g state , the recovery time is

ge nerally defined as the time to reach an insertion loss which is 3 dB above

steady state low level insertion loss. The measured recovery time of a

li miter is a function of both the limiter component and the conditions under
which it is measured .

Figure 8 shows the 3 dB recovery time required by a single

stage bulk semiconductor limiter as a function of pulse power for 1 ~s pulses
with 0.00 1 duty cycle. The increase in recovery time at higher input powers

Is the result of thermal heating of the semiconductor volume by the micro-

wave pulse. Recovery can be shortened and power handling capability

increased by adj ust ing the element geometry to minimize the temperature

rise In the element during a high power pulse.  The recovery mechani sm in

16
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the bulk semiconductor l imiter  is the recombination of holes and electrons

within the bulk and at the contacts of the l imiter element . Therefore , pro-

cesses which accelerate recombination of carriers , such as gold doping , will

reduce recovery time , althoug h perhaps at the expense of increasing dissi-

pation loss under the t ransmi t  conditions .

The low level PIN varactor l imiting stages use drift  f ields

throughout the device to achieve carrier recombination.  Therefore , their

recovery is rapid and does not materially affect  the 3 dB recovery of the

complete mult istage component.

F. Flat and Spike Leakage

The power t ransmit ted by a microwave limiter dur ing  a high

power pulse is called leakage power. At the beginning of a high power

microwave pulse , the l imiter  mus t  change from a low los s to high loss circuit

element . Thus , there is a short period of time at the beginning of a pulse

when the isolation is increasing to a steady state value . During this period ,

the leakage power (spike leakage)  is higher  than the steady state Leakage

power (flat leakage) which occurs later in the pu l se .

Spike and flat  leakage powers are ext remely impor tan t  as

they are ~he factors that  determine if mixer burnout  or noise figure degra-

dation will occur in a microwave sys t em.  All stages must  provide high levels

of isolation on both the spike and f la t  if excessive power levels are to be

prevented from enter ing the receiver.

The hulk semiconductor  l imi te r  is un ique  in tha t  it shows

highly  reliable a t tenua t ion  of th e  leading edge of m icrowa ve pu lses .  This

feature is in contrast  to gass  TR tuh~ -he ’:ices or gas TR tube-semiconductor

l imiter  c o m u m n a t l ( , - r , s .  The gas TR tube requires ei ther a keep-alive electrode

or a radioact ive keep-a l ive  source to min imize  spike ampl i tude . Keep-al ive

Is necessary  be~ ~use u very h igh  f ie ld  is necessdry  to create a qas  plasma

20
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discharge in the u L s ~~m ce of i~ee d o  -t rons  . The p lasma  m u s t  Lu i l d  up in

arm avalanche fash ion  over m~ian - , RI’ c y c l o ~; . It is during this  build up period

that spike leakage occurs .

The bulk s e i : i i c - a n d u c t or  1i!~ I t e r  d i ! ier .  tro m the gas TR device

in two important respects . 1 ir s i , there is a ~~ c~~j r u n d  dens i ty  of holes and

electrons which has a m i n i m u m  value of 10 10 
Cc om ~~/cc in silicon limiter

ele ments . Thus ,  carriers are present at all t l rnt s as a starting point for the

avalanche process to occur . Ii i  O f t O Lj t~ these carro~rs represent  a constant

high—level  of ‘ keep-al ive ” in the solid device.  Second , the avalanche pro-

cess is much fas te r  in the solid state than  in the gaseous state . In the

solid state , an electron (or hole) has a lower e f fec t ive  mass  than in the gas

plasma state . The d i s tance  the carrier m u s t  t r a . e l  be~ c~re reaching an ion-

izing energy level under  avalanche condi t ions is only 1 , 000 ~~~. Thus , the

solid state avalanche process is ~a st e r  Lan  the dr i ’. m n j  microwave f ie ld

oscillations and passage of h i T h  le’.’oI un dt t e n u d t ~~ s p ik e s  th rought  the bulk

semiconductor l imi t e r  is ~u n c i a m e n t a l 1 y  not p o s s i hl e .

Figure  9 i,hows tL~ - p~~I s e  shape t i m i s m i t t e d  by a typical  bulk

semiconductor l imi t e r  as a tu no t i on  of t im e .  The a s , p i l tj n e  of th e  ‘ spike ” is

only a few dB over th~ fla t 1earu.i~j e ~ m p U t u d o  . In n cu~ -l e s l i t  l im i t e r  u n i t s ,

the a t tenuat ion of the sp ike  was r e ~is . . I & - n ~It  ~ r e i~ .: than 16 dB with 20 k\V

input pulse powers .

Gas TR t u :  ‘ s ~~- r n  it narro .ver sut  h~ : h t - ~ s p i k e  leakage  powers

to be t r a n s i i i i t t ’  -d . They n a v o  no p h y si c a l  mech~~n i~- in wni c n  :.d~i n e n t a 1 l y

prevents narrow h i m S  power s~- 1ke. ~ ~i ::. ‘ : r r l r .  . ~ p i~~o l eak o-~e is :nn t r o l l e d

by keep—al ive  des in , gas  ii. ~ xt ’j r . - c c r p u s 1 ~non , p~~- .~suro  , ai~ i so :rt~ . These

facto rs vary with the age ~~~ the . -er ~~t i ;  c )nd i ~~i -n s ot the t u n e - . This re-

sul ts  in unpr o d i t a m  le st e  -n - i t t ~ - n i a t ion
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It has been found that  modern low noise Schottky barrier

mixer burnout is a funct ion of maximum (spike) leakage power more than

spike energ y content.  The bulk semiconductor limiter provides high spike

attenuation . When combined with a two stage low level diode semiconductor

limite r , which also feat ures excellent spike attenuation , absolute , long -life

receiver protection will result .

The flat  leakage is also important but is not as diff icult  to

achieve as spike leakage. Three limiter stages each capable of providing

20 dB of limiting will more than guarantee adequate fla t  leakage. A two

stage limiter , composed of one bulk semiconductor stage and one diode

limiter stage could also provide adequate flat leakage . However , the three

stage unit would provide superior spike at tenuation .

G. External Bias

External bia s is required in older types of gas discharge TR

tubes. Its purpose is to provide a “keep-alive ” plasma level ampli tude

required to initiate gas plasma breakdown . Hence , keep-alive is required

to reduce spike leakage ampli tude and prevent misf i r ing .

External bias keep-alive has been replaced in newer gas TR

designs with radioactive keep-alive . Thus , no external bias is required .

It should be noted that radioactive keep-alive doe s not provide as high an

electron density as does biased keep-alive . Therefore , spike leakage is

greater with the more recent designs .

The bulk semiconductor limiter require s no keep-alive

excitation in any form for its operation . Both the bulk semiconductor stage

and subsequent low power stages derive all energy for operation from the

incid ent microwave pulse.  There are , the refore , no service life limitations

caused by electrode sputtering or radioactive source decay.

23
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H. Arc Loss

The arc los s is the amount of power incident on a limiter

divided by the amount of power reflected by the limiter d uring a high power

pulse. It is usually expressed in dB. Absorptive limiters have high values

of arc loss and cannot be used as TR switching elements . Reflective limiters

absorb some power , but reflect most of the incident power. Arc loss value s

of 1 dB and 0.5 dB are anticipated for bulk semiconductor limiters which have

20 dB and 25 .5  dB flat isolation levels , respectively . Thus , the bulk semi-

conductor-diode limiter is a useful as a transmit-receive switch as well as

a receiver protector .

24
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III .  THEORY OF BULK LIMITE R OPERATION

A. Basic Operation

The bulk semiconductor limiter in its early stages was a piece

of high resistivity silicon with two sintered or diffused ohmic contacts . The

contacts were connected to a high impedance microwa ve transmission line
1—3

circuit . The device has since been developed with improve d passivation ,
4—7 -

circuit and thermal designs . A major cha.ige in the contact surfaces of the

device , checkerboa rd contacts , has bee n developed which Improves the

isolation state performance by permitting microwave fields to cause holes

and electrons to be injected into the high re sistivity silicon . The new contact

structure also accelerates recombinatior i of holes and electrons after a micro-

wave pulse has terminated ; thus , it reduces the recovery time of the device

to the order of one microsecond fro m previous values of approximately ten

microseconds .

In operation at low microwave field intensities the bulk limiter

element with checkerboa rd contacts behaves as a high Q capacitor . Thus , if

it Is incorporated into a parallel resonant circuit shunting a waveguide , micro-

wave signals will pass with minimal attenuation at the resonant frequency .

At higher power levels the microwa ve electric field across the device causes

both electrons and holes to be injected into the high resistivity bulk region

of th e device. These carriers reduce the resistivity of the bulk element and

changes its characteristics from a high Q capacitor to a capacitor with shunt

conductance. The table below shows conductivity values calculated from

microwave limiting data of bulk limiters at 9 . 3 GHz as a function of rms
7

microwave field intensity .

25
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E (V/cm) ~ (mho/c m) p (ohm/cm)

100 3 .33 x ~~~~ 3000

1, 000 1.12 x ~~~~ 891

10 , 000 1.48 ~ i0 2 67 .7

20 , 000 4 .76  x io 2 21
40 , 000 3 . 0 x 1 0 1 3.3

The isolation state with increased conductance is a non-equilibrium state
much like a PIN diode under forward bias . The major difference between
the bulk limiter and a thick based PIN diode is the contacts . The checker-
board limiter can be self-bia sed into conduction by a microwave field while
a PIN can not . For this reason a thick based PIP , NIN , or PIN structure
would all be expected to perform similarl y with rio limiting until an avalanche
fi eld Intensity is reached somewhere within the device .

B. Microwave Field Conductivity Modulation

Figure 10 show s an exploded view of a section of a checker-
board contact limiter element . Checkerboard P-N doped contacts are present

on each side of the limiter element . The centra l region is high resist ivity

silicon which is typically about 3 mils thick.

Figure 11 show s the effect of applying a high level microwave
fi eld acros s the device . Only the top contact is shown , but it will be under-
stood that the bottom contact functions in the same manner . In Figure 11 the
excess mobile carrier distribution is shown before bias is applied ; there are

no excess carriers . In Figure l i t h e  carrier distribution as a result of the
fi rst positive half cycle is shown . Mobile carriers , holes , build up a space
charg e within the intrinsic material . During the negative half cycle , most of
the holes are removed by the electric field . The holes near the shorted P-N

J unction of the contact surface are not removed , however , as their space

charge is neutralized by extra electrons injected by the N doped region . This

26
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effect is shown schematical ly in Figure l I c .  At the end of a complete cycle

the excess mobile carrier dis t r ibut ion is as show n in Figure ild .

The net effect of the checkerboard con tact structure is to permit
a neutral hole-electron plasma of excess carriers to be injected at the shorted
surface P-N j unctions in response to an applied microwave electric field .
Thi s plasma has the effect of modulating the bulk conductivity of the intrinsic

region so the increase in shunt conductivity across the device terminals can

be used to produce a limiting phenomenon . After a short turn-on (spike leakage)
period , the plasma is distributed substantially uniformly throughout the intrinsic
region of the limiter element .

C. Recovery from the Plasma Limiting State

The hole -electron plasma which causes the limiter to exhibit
Isolation performance is present at the end of the high power microwa ve pul se.
Aft er the pulse is over , the plasma must  recombin e or otherwise be removed
from the intrinsic region before the device can return to its low level trans-
mission sta te . in a PiN diod e the built in electric field at the P-I interface
prevents electrons from entering the degenerate P region and recombining .
Al so a similar field at the N— I junction prevents holes from entering the

degenerate N region and recombining there .

Figure 12 show s the electric field d i s t r ibu t ion  that  is a lways

present at the in ter face  between in t r ins ic  si l icon and a checkerboard contact .

Far from the shorted surface j unct ion the field s are as they would be in a

norma l N-I or P-I junc t ion ;  hence , l i t t le recombination occurs there . Near

the shorted junct ion , however , a la rge electric field exists which  dr i f t s

excess holes into the P doped contact region and excess electrons into the

n doped region. This carrier flow causes an equa l current to flow in the

metall izat lon layer which  shorts the N and P region.  The contact surface

behaves very much like a shorted silicon photo cell jun ct ion.  Thus , the

check erboard contact has a matrix of shorted P-N junct ion s whose built-in

29
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pote ntial recombines holes and electrons when no microwave field is present.

It is this high rate of surface carrier reco mbination caused by

the ch eckerboard ’s shorted jun ctions that is responsible for the rapid recovery

of the bulk limiter to the dielectric transmission state from the conductivity

modulated isolation state .

- 31
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IV. FABRICATION OF BULK LIM ITERS

A. Limi ter Fabrication Constraints

The theory of bulk limiter operation was presented in Section III

of this report . The obj ect of this section is to present tt. e overall fabrication

processing which must be done to build function al bulk limiters .

At the outset , it is important to realize that the structure and

materials requirements dictated by the bulk limiter ’ s event ual microwave

specifications rule out certain fabrication procedures and mandate others . For

example , recovery ti me specifications together with the dif fu s ion and drift

of non-equilibrium carriers toward the contact surfaces for recombin ation at

those surfaces require that the device thickness be on the order of 3 mils or

les s.

At the same time a re quirement exists for extremely high bulk

resistivity in the bulk intrinsic layer . The bulk res is t iv i ty  should be greater

than 8000 ohm cm in order to meet low level insertion loss goals . High resis t ivi ty

u ncompensated silicon cannot be grow n by epitaxial processes. Thus , the use

of ~‘pi wafers in bulk limiter fabrication ~s ruled out and all pr ocessing must  be

done using very thin float zone refined silicon wafers .

A second constraint is imposed by the nature of the power

dissip ation pulses within the limiter element . The power is dissipated in short

high power pulses whose energy is laroely stored in the heat capacity of the

silicon and is s lowly removed from the  device by ~hermal  conduct ion in the  long

period between pulses . Thus , the junct ion thermal resistance i~ importa nt for

average power considerations , but has little effect on peak power capab il ity .

For peak power , it is much more i mportant  tha t  the meta l contact mater ia l  have

a combination of high thermal conductivity and high specif ic  heat .  If this  is

t he case , the contacts wi l l  store a s ign i f i can t  fraction ot pul se d iss ipa ted  energy

during the pulse , prevent high r wer burnout  due to h igh  t empera ture  meta l

32
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semiconductor  junc t ions  and provi d low temperature  surfaces w h i c h  rec ombine

excess holes and electrons after  the microwave pulse has te rmina ted . Consequently ,

the bulk limiter fabr icat ion process uses plated gold heat s i n k s  on the plane side

of the limiter and a d i f fus ion  bonded gold wire on the dot side of the limiter e lement .

A t hird constraint  on bu lk  l imiter desi g n is imposed by the h igh

electric fields surrounding the device during a high power pulse.  The geometry in

the region between the dot contact and the exposed high res i s t iv i ty  surface mus t

be controlled to prevent surface , ericapsula nt , or ai r breakdown in this region.

It Is also found that excess parasitic ca pacitance of encapsulant  in this region

results in a direct trade-off with bulk limiter bandwidth and insertion loss ,

or a lternately a direct trade-off with power handl ing capabili ty . Hence , the

fabrication technology used must min imize  parasiti c ca pacitance and field concen-
trations around the dot contact on dot-p lane l imiter  e lements .

B. Wafer Processing

During the last quarter , 15 high res is t iv i ty  silicon wafers wi th

resist ivi ty p = 8000 — 10000 ~. lcm were processed for the fabr icat ion of bulk

li miters . First , s i l icon wafers  were th inned  dow n to 3 . 0  ml! th ickness  by pol ishing

and etching techniques.  Then , the wafe r s  were phosphorous  d i f fused  (900 °C

1050°C) for 30 minutes  us ing FOC I 3 d i f f u sion sys t em.  A t t e r  the complet ion of

phosphorous d i f fus ion , the phosphorous doped glass  or the  wafe r  surface was

etched in hydroflouric acid and 1000 of a s i l icon dioxide (S102 ) glass was thermal ly

grow n at 1000°C. At th i s  point the  two surfaces  of the w afe rs  are ident ical  as

show n in Figure 13.

Bo th surfaces of the  wafe r  were then pb ot o-pr nc -es sed  in sequent ia l

operations which t r ans fe r  the 0 . 5  mU checkerboard pa t t  ~f t he  photoresist  mask

to the silicon wafer . The checkerbo ard r~a t to rn  windows were t h e n  etched th rough

the Si0 2 and phosphorous  doped silicon layers by us in o  ff~- r ~ - : ~ hyd ro f l ow ic  acid

and l2 : l ~ l (H N O3 :HF :CH 3COOH) r espect ively . Af te r  the  s i l icon e tching , the wafer

surface had elevated squares of phosphorous doped s i l i con  c:ov~ r ed wi th  gl a ss
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and depressed a i ca  01 expo~~u~ ~r i d ü p e d  s i l i c o n . The wa fe r  was then  d i f f u s e d

wi th  boron at  1000 °C for 20 m in~ t~~s L i s i n g  ~ R N  ~ource.  The borcn d i f f u s e d  wafer

was then  etched in hydrof lour i c  .icid t . i - ! i ~uve - i l l  g l a s s  from the wafer  su r f aces .

The wafer  at th i s  processing s tage is sh own  in F i q u r e  14 w I t h  raised phosphorous

doped layers and depressed l o t  on doped l-iiy ers .

The fact  tha t  the two types of dopant  aro on squares  at s l i gh t ly

different levels into the silicon is the resu l t  of fab r i c a t ion  convenience ra the r  than

design necessi ty . In fac t , it can be show n tha t  if the levels of the two dopa nts

are too widely separated , the microwave in j ec t ion  and rec ombina t ion  charac ter i s t ics

of the resul t ing devices wi l l  be degraded . Smal l  level va r i a t i ons , however , should

not adversely af fec t  microwave per formance .

Both surfaces of a wafer  were meta l l iz ed  w i t h  500 — 1000 layer  of

chromiumand  2000 - 3000 layer of gold . The evaporat ion was conducted in an

NRC evaporator , Model ~3 117 , and wafer  was held at a temperature  between 80°C

and 120 00 during the evaporation . Figure 15 shows the l i m i t e r  wafer  a f te r  chrome-

gold metallizat ion and at t h i s  stage both surfaces  are Ident ica l . The t h i n  evaporated

gold layer on each surface of the wafe r  was then chemical ly  electroplated wi th

pure gold . One surface was plated to a th ickness  of 0. 1 mu while  the other was

plated to a thickness of 4 . 0  mils . The b u l k  l imi t e r  wafers  were then  saw cut  in to

40 mils squares , and were separated in to  ind iv idua l  l imiter  chips as show n in

Figure 16.

C. Chip  Fabrication

The l imi ter  chip of F igure  16 has a th ick  gold plate on one side which

is used as a heat s ink and heat  spreader in the  completed ch ip .  ‘he oppos i te  gold

plated surface has a th in  layer of gold to which  a gold wi re  (nomina l d i ame te r  equals

8 mi l s )  is du f fus ion  bonded us ing  heat  and p ressure . The L onding  t echn ique  is

s imi lar  to TC or nai l  head bonding w i t h  the exception tha t  the forces used in m a k i n o

the bond are s ign i f i c an t l y  below those  required to perform the  more convent iona l

bonds. The peak bond ing  p re ssure  is 25 , 000 n s i .  The p r ime  adv a-~t ac~c of t h i s

technique Is tha t  only  m i n i m a l d e f o r m a t i o n  occ~irs d~ r : ng t~~ - bond t nct p r o c e s s .  T h u s ,
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accurate control of the  bond area and geometry can be mainta ined us ing  the

di f fus io n bonding technique .  Figure 17 show s a bulk l imiter  chip after d i f fus ion

bondi ng. Note that the origina l plated gold-wire interface has disappeared .

The chip with its gold di f fus io n bonded wire was then etched in a

sequence of gold , chrome , and silicon etches to produce the mesa structure shown

in Figure 18. A passivation glass of silic on nitride was deposited on the exposed

high resistivity silicon surface to prevent inversion layer conductivity from degrading

microwave perf ormance . The typical DC characteristics , i . e .,  capacita nce and

conductance , are given in Table I. The bulk l imiter  ch ip  was then mounted in an

X -band brass iris and was also coated with polymide encapsulation to prevent

arcing under high RF power.
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BULK LIMITER NO .. CAPACITANCE IN pF* RESISTANCE IN OHMS *

BL1 — 3 0. 125 700 K

BL 1—4 0. 160 2000 K

B L 1— 5  0.145 1800 K

BL 1—6 0. 150 150 0 K

B L 1— 7 0. 160 1500 K

BL 1— 8  0. 165 1200 K

*Zero Bias at 1 MH z using Boonton Capacitance Bridge Model No. 75D

TABLE I

DC CHARACTE R IST ICS OF B U LK LI M ITERS

-42
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V. FABRICATION OF THE BULK-DI ODE LIMITER ASSEMBLY

The bulk-diod e limiter  assembly consists  of the bulk l imiter  followed by a

two stage diod e cleanup limiter . In addit ion , tuning screws are used to achieve

broadband performance.

A. Cleanup Limiter Assembjy

The diode limiter is a widely used and thoroughly proven device . The

main switching element in a limiter is the diod e i tself .  The parasitic reactances

associated with the packaged diodes must be resonated out with opposite ones .
0-ne way to do this is to use a wavegu ide to coaxial t ransformation which can

be designed to both match and broadband the device . Figure 19 shows a sectional

view of a diode limiter . The abrupt step to reduced height guide and the shun t

mounted post form the transformation . The diode is placed in the coaxial line .

The line continues through a folded , radial RF choke to a bypass arrangement

which RF shorts the line to ground while allowing the diode to be DC biased .

Figure 20 show s an equivalent circuit of the diode mount . The abrupt

reduction in waveguide height represents capacitance This  is followed by a

short length of line , L1 , of impedance ZR . Transformers , T , match this  line to

the coaxial line of effective impedance Z , w i t h  the diode transformed to appear in

shunt  with the t ransmiss ion line . The diode consists of a package capacitance ,

C , a junction capacitance , C . , series resistance , R , and series inductance

L . and L are the tuning reactances obtained by adjust ing lines 13 and 12shown in Fig . 19 .
Figure 21 shows a simplif ied equivalent circuit  of the diode in the

forward and zero bias states . Thus , tun ing  of the diode l imiter  i nvolves ad ju s t i ng

the position of the RF choke and the diode ’ s parasitic reactances.

Figure 22 show s the actua l diod e limiter being used for this  program .

Two stages of limiting are used in order to achieve enough i so l a t i on.  The inpu t

stage is a h igh  power PIN diode which does the main  l imi t ing  job . The output  stage

is a low power varactor used for additional  c leanup isolat ion . A detector diode is

used to provide DC bias to the l imiter  diodes .
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P igure 23 shows a schematic  of the b ias ing arrangement . The

resistor is used to provide the diodes with a discharge path to ground . This is

necessary to shorten the recovery t ime ,  This type of l imiter  design is a highly

reliable one . It w i l l  wi thstand environmental  extremes of temperature , shock ,

vibration , humid i ty , etc . without  degradation.  Its insertion loss is only 0 .4  dB

whi le  it provides a m i n i m u m  of 40 dB isolation across the band .

B. Bulk-Diode Limiter  Pac~~~~~

The bulk-d iode  l imi ter  package which  comprises the f irst  engineering

samples is show n in Figure 24.  In combining the bulk l imiter wi th  the diode limiter ,

it was necessary to use tun ing  screws to achieve optimal  broadband performance.

The bulk l imi ter  is ~ very narrow band device.  The effect of the tuning screws is to

transform into and c it  of the bulk l im i t e r  stage. Thus , it becomes better matched

across the band .

The re la t ive  spacings  of the screw s , the bulk l imiter  and the cleanup

limiter are also c r i t i cal .  Much t ime was spent in experimental ly determining the

spacings which  would give optima l broadband performance.

One of the goals of th is  program is to be able to replace bu lk  l imi te rs

without  the need for re tuning the package.  Some exper imenta t ion  has been done

a long these l ines .  It has been found that , in order to achieve th is  goal , the bulk

l imiters  must  be very consistent and uni form .

The technique used to obtain replaceable bulk l imi ters  is to tune each

bulk limiter in a standard , fixed package .  Unfor tuna te ly , once the bulk  l imi ter  has

been constructed , the only tuneable  par ameter  is its center f requency . Thus , care

must be taken in the manufac tu re  of the bulk  l imiters  to ensure a consistent and

uniform qua l i ty  in such untuneable  parameters as inse r t ion  loss and bandwidth ,
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A . L u . v i L w e r  Test  F a c t  I ty

T ’ h t -  low pu w er  m ic - r  ( wcl ’ e t e ut  is show n in F igu re  25. It cons i s ts

d l i i  -, ut  -
~~~ - . -l~i n 1  A l t  -4 - W e 4 - ~~ o~ c - i l l a t o r  (Model  ~ B000/705 1) and an  Alfred

r1~- tw o r . :  i - i i I y z -~ (V d e l  ~ C 5 0 ) .  T h i s  tes t  set up is used to tune  the device for

e r f r e q u e n cy , 1~ w — k and i n s e r t i o n  loss .

T I c  SWeep osc i l l a to r  generates  an  output  w h i c h  covers the 9 . 0  —

9 .~~
, ,  ( ; F I ~ dnd . it  diso provides a hor izonta l sweep for the  network ana lyze r .

The p rec i s ion  at t - c cd tu r  is set so that  the  pow er inc ident  upon the device under

tes t  is g e n e r a l l y  below 1 mW .

I L -  two 10 dB d i r ec t iona l couplers measure  the inc iden t  and reflected

power of the Jev ice  unde r  t e s t .  The network ana lyzer compares these two s igna l s

to m e a s u r e  r e tu rn  loss.  Then VSWh~ is calculated from the r e tu rn  loss m e a s u r e m e n t .

The 10 dB coupler  behind the device under  test  s amples  the power

t r a n s m it t e d  th roug h ~t .  The ne twork  ana lyzer  then  compares th i s  s igna l w i t h  the

inc iden t  power to m e a s u r e  i n s e r t i o n  loss .

B. H i g h  Powei Test  Fac i l i ty

The h igh  power test  f a c i l i t y  is show n in  F igure  26.  ~t consis ts  of a

h igh  power X-ba nd magnet ron , Model WE 2 J 5 1 and a modula to r  (Model MA 12330)

th is  sys t em is capable of g e n e r a t i n g  40 kW w i t h  .001 du ty  cycle . The m a g n e t r

generates  the microwave power w h i l e  the  mod u lator controls  tb~ pu l se  and du t y

cycle c o n d i t i o n s .

The c i r cu l a t o r  serves  two f u n c t i o n s . h i r s t  , i t  p r n t c c t s  the  r n a gn e t r

from the power ref lected by the d e v i c e  under  t e s t .  Second , i t  p rov ides  a way  of

i nj e c t i n g  the  echo source (V ar ian  K l y s t r o n  ~1 u i e l  No .  X— 1~~) s i gna l  ~ctc the r a i  l ice .

The echo s igna l pe rmi t s  recovery t ime  m e a s u r c r - e n ~~ to h r  code .  The echo

signa l en te rs  the  c i r c u l a t o r  and is r e f l e c t e d  f rom t h e  ri- n r t ~c -i cot  ~~— t h ~ - 4 - - v ice

under  t e s t .

The amoun t  of power in t h e  ma~c F~F l i n e  is s am p i c u  Lv m e a n s  of t h e

cr o s s g u i d e  coupler . The power I n e t  r m e a s u r e s  a ver a q :  p e w - i t .  The r a~ p c w f :  io~
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the  ma in  l i ne  is ca lcula ted  by d i v i d i n g  the average power by the duty cycle . The

f requency  meter is used to measu re  the RF f r equency  in the main  l i ne .

C . Fla t and Spike Lea k~~~~~M e a s u r em e n t

Following the device under  test  are a precision a t tenuator  and a

detector . The detector is cal ibrated so as to give an a rb i t ra ry  def lec t ion on the

oscilloscope for a 10 mW i n p u t .  The sp ike  and f la t  leakage through the device

under test  are determined by a dj u s t i n g  the precision a t tenua tor  such that the

oscilloscope presentat ion is returned to the previously  de te rmined  reference

level .  The amoun t  of leakage power being measured is then  equal  to the precision

at tenuator  se t t ing (dB ) above 10 mW .

D . Recovery Time M e a s u r e m e n t

Recovery t ime  is de f ined  as the  t ime  i e tween the end of the RF pulse

and the point  at which  the device under test  has re tu rned  to w i t h i n  3 dB of i ts

inser t ion  loss state . For t h i s  measu remen t , echo s i o n a l  is in t roduced  a long w i t h

the magnet ron power. The osci l loscope p i e s e n t a t i on  for t h e recovery measurement

is show n in F igure  2 7 .  The p r e c i s ion  a t t e n u a t o r  is v o r i v r I  so as to de t e rmine  a p o i n t

wh ich  is 3 dB below the  steady s ta te  level of the  echo s , gn a l .  The recovery t i m e

is measured us ing  the ca l ibra ted  osc i l loscope .

E . Test Resu l t s

A number  of bulk  l i m i t e r s  were tes ted for  t h e i r  RF per formance

us ing  the t echn iques  and tes t  set ups  described above.  T h e s e  r e su l t s  ari d tes t

resu l t s  of a bu lk-d iode  l i m i t e r  pacL age  are shown in Table II . As can be seen

from Table II , the b u l k  l i m i t e r s  can hand le  from 10 - 25 kW RF power , however ,

the  recovery t ime  and i n s e r t i o n  loss are h i g h e r  t h a n  des red and w i l l  be i n v e s t i g a t e d

d u r i n g  the second q u a r t e r .
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TABLE II

BULK LIMITER TEST RES ULTS

fo 3 dB B .W. Li Pin Pf Ps ts Rt

9560

30 — R 9280 8990 . 9 dB 5 KW 10 W 45 W 25 ns . 75 ~s

7.5KW 12W 55W 25 ns .75~ .z5

10 KW 16W 65W 25 ns 1.0~~s

30 KW 30 W 100 W 2.4 ~s
- 9670

21 9290 8950 1.7 dB ARC < 1 KW

9280

13 8980 8650 1.1 dB B .O. @4KW

9490

1 9090 8680 1.0 dB 5 KW 16 W 60 W 20 ns 1.0 p5

BL1B— 1 10705 11140 .8 dB 2 .5KW 40 W 200 W 20 ns 1.0 ps

10230

BL 1B— 2 10600 11090 1.0 dB B . O .  ~~1 KW

10100

BULK-DIODE LIMITER TEST RESULTS

S/N Freg . Li VSWR Pin Pf Ps ts Rt

9.0 GHz 1.0 1.20 15 KW 50 mW 1.6 W 8 ns 2 p5

30—R 9.3 1.0 1.32 8 KW 20 mW 1.0 W 5 ns 2 ps

9.65 1.1 1.46 10KW <10 mW .5W 5 ns 2 ps
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VI I . PROBLEM AREAS

Several problem areas become apparent during the first  quarter .

A. Diffusion Bondi~~

First , poor initial yield s were obtained in the diffusion bonding

process , where the gold wire is bonded to the bulk limiter chip .area . Identification

of pressure , temperature , and time parameters improved the yield significantly ,

but the process is still s low and limits production capability . A batch fabrication

process has been outlined and will  be fur ther  developed during the second quarter

to elimi nate thi s problem.

B. Surface Passivation

The low temperature pyrolytic silicon oxide passivation on the wire

bonded bulk limiter was found to be diff icult  to duplicate due to the low process

temperatures required . This problem has apparently been solved by replacing the

pyrolytic SiO 2 with an RF sputtered layer approximately 1000 thick.  Both DC

shunt conductance and microwave insertion loss stabil i ty indicate tha t the passi-

vation is acceptable.

C. Encapsulation

Problems were encountered with  the polyimide encapsulant  used in

the device high field region . The problem centers around the d i f f i cu l ty  in obtaining

proper adhesion to the passivated device sur face .  Method s are under inves t iga t ion

to improve encapsulant yield by usin g addition cureable polymide r esin as opposed

to a solvent based res in  system .

D. Bulk Limiter Tuning

Broadband tun ing  of the bulk l imiter  s tage was successful ly  accomp l i sI ~-ed

using tuning  screws on each side of the bulk  l imi ter . However , it was noted tha t  by

us ing  th i s  technique the peak power handl ing capabi l i ty  was reduced by approx imate ly

a factor of two. A new match ing  s t ructure  w i l l  be inves t iga ted  dur ing  the next  quar ter

57 
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which  should increase bandwidth without sacrificing power handlin g capability

so severely .
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V III . CONCLUSION

X-band bulk  l imiters  have been fabricated using high res is t ivi ty  si l icon

with  p = 8000 ohm cm p-type uncompensated <111> orientation using the process

technolog y developed by RRC Inter nation , I nc. The processes were optimized to

make better use of Microwave Associa tes ’ fac il i t ies . Process changes were

i ncorporated which  are well suited to mass production techniques . The ini t ia l

test results show that the devices do handle between 10 KW to 20 KW pulsed

RF power . However , inse rtion loss and recovery t ime require additiona l

improveme nt .
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I 
___________________IX .  PROGRA M FOR T I lE  NEXT QUARTER

- 

During  the next quarter , we wil l  fabricate devices wi th  improved yield

and performa nce. We will  ship 5 bulk limiters before 25 October 1976 , as

First Engineering Samples (Item 0001AA). Also , copper irises for mounting

bulk l imi ters  wil l  be evaluated .
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X.  ID EN TI F ICATION OF PERSONN E L

D ur ing  th is  quar ter , the followi ng technica l  personnel contributed to this

prog ram

TITLE HOURS

Project Manager 300

Silicon Materials Manager 20

Senior Processing Engineer  15

Processing Engineer 50

Limiter En fleer 95

Engineering Assistant  (Fabrication) 400

Engineering Assis tant  (Test) 290
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‘ SCS ’486

j  
Tec hnical Requirements 28 MOTCh 1975

- High Power Bulk sem ico nductor L imiter

~~. SC OPE: Th is spec iFi ca ti ’on describes a passive , soli d state , rece iver
pro t ector us i ng o bulk semiconduc tor l imiter in comb inat ion with a semiconductor
diode lim i ter . Limite r operat ion w i l l  pro vi de is Olat ion from x -Band pulses up
to 30 kw over a vor iet y of te st condition s .

2. APPLICABLE DOCUMENTS

2. 1 Documents. — The fo l lowing documents , of issue in effect on the dote of
-i invitation for bids , form a part of this specification to the extent s pecified herein .

SPECIFICAT ION S

MILITAR Y -

— 
Mti—E —i General Spec i f icat ion for Electron Tub e
MIL—P—fl 268 Ports , Wc ter ials , an d Processes Used in

- 

-
. Electron ic Equ i pment

STANDAR DS 
-

MILITARY

MIL— STD— 105 Samp l ing Procedures and Tabl es for Inspection
by Attributes

MIL— STD—202 Test Method s for Electronic ond Electr ical
- 
, -~ Components Ports

MIL-STD-1311A Microwave ~~c ilIator Test Methods

(‘Copies of s pecifications , stan dards and pu b l i cat i ons required b y contractors in
I connect ion wi th specif i c procurement func tions should be obtained from the procuring
act ivity or as d i rected b y t he contract ing of f i cer . Both the t i t le  and numb er of
symbol should be sti pulated w hen requesting cop ies .) -

FSC 596 1

.4 - . - .

- - ~~~~~~~~~~~~~~~~~ - - 
- : ~~~~~~~~~~~~~~~~~~ ‘



r -- - -

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

- -

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

- - -

~~~

- - - - --

~~

- - -- -

~~~~

-

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

- - -

~~~~~~~~

- -- 

J REQUIREMENTS ; 
-

3.1 Function Descr i ption. - The hi g h power , so lid sto t e , limiter specified
her ein w i l l  opew $e in the f requency bon d 9 .0 — 9 .65 GFIZ . A mu lti —stage
conf i gurat ion is acceptab le with th~ f i rs t  st age incorporating the princ ipie of
avalanche brea kdo wn 0f n e or —i nt r in s ic  s i l i co n to achi eve sol ati o n . This device
will be mounted in a f ixed tu rned resonant woveguide cavi ty  des igned to provide
the necessar y avalanche fie ld co nditions . T he seco nd stag e shall be either a bulk
effect device or a s emiconductor diode l imit er . Both l imiter devices wi l l  be
mounted in a common structure and no ext ernal b ios o~- drive wi l l  be necessar y for
it s o peration . The receiver protector is required to operate in un pressu r ized conditions.

3.2 Mechanical Characteristics. — The bulk semiconductor limiter structure w i l l
-

- 
con form to the following requirements:

(a) Wei g ht ZO oz .nox

(b) Input flange mates w ith UG-408/U
. choke flange

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

:1 (d) Mounting position any

(e) Cooling conduction

3.2. 1 P~ys col D mensions. — The bulk semiconductor limiter shall conform to
- -H Fi gure 1 .

3.2.2 Construct ion . — Ports and materials will be in occordonce with MI L— P—1 1268 .

‘
- ‘ 1 3.3 Elect rical chor o cter i st i cs. — The bulk semiconductor limiter will conform to

the follow ing requ irements:

(a) Peak Rf Input power , 30 kw , Du = .001
1/4 sec pulses cont inuous 10 kw , Du = .01 

.

(b) Inser tion Loss : 0.7dB (max)

(c) Low Leve l VSWR : 1 .4: 1 (max)

(d) Reco~ery Time : O.8~i~sec (max )

(e) Flat Leakage : 50 mw (max) , for 30 kw , .001 duty cycle , 1,g.& sec
- 

pulse

(f) Sp ke Leakage : 750 mw (max) , for 30 kw , .001 duty cycle , 1 / isec
pulse

(g) externa l bias : none

- 2
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3.4 Ab solute Rating s . 
-

•
..‘.-~. Porameter Symbo l Mm Max Unit

Frequency F 9.0 9.65 6HZ

Peak Power 

— 

P 30 kw 

- 

j

~~ Average Power Pa 100 w

Ambient Temp . TA —55 +85

): Alt tud e 
— 

50,000 1,

3.5 Mark ing . - Each bulk semiconductor limit er shall be marked with the
~~~~~ fol lowing information:

(a) Manufacturer ’s model num ber

(b) Manufacturer ’s seria l number , individuall y for each limiter .

(c) r f inpi.~ port. -

(d) rf output po rt . 
-

1 4. QUALITY ASSURANCE PROVISION S

4. 1 Inspection .

4.1.1 Responsibi l i ty for inspection . — The contractor is res po nsible for the performance
- of all inspection requ irements as s peci f ied herein . The contractor may util ize his own

. - ‘fa cilities or ony commercial labo ratory acce ptab le t o the government . The government
~, reserves the ri g ht to pe rform any ~f th e inspections set forth in the s pecification where

- such ins pections are deemed necessary to assur e sup p l ies and services confor m to prescribed
requirements. Ins pect ion record s of th e examination s and t ests shall be kept com p lete
and avo iloble to the gove rnment .
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4 .1 .2 1et~~~~~nment inspect ion f ac i l i t i es .  - Test equ m , ent and ins pec t ion
fa c i l i t ies  shall he ol su l l i c ,c nt accuracy,  qua l i t y ,  and quant i ty  to permit performance
of t he requ ired in spec tion . The supp lier sha l l establish calibration of ins pection
equipment to the sat isfact ion ci the government.

4 .2 Classi Ficati on of inspect ion .’ - The examination and test i ng of limiters shall
- be classified as follows: , —

a. First article in sp ect ion (see 4.3). -

b. OuoUt ~ conformance inspection (see 4 .4 .).

~~~~ tFirs t a r t i c le  i ns pection. — First article ins pect ion shall be performed by the
- - supp Uer , after award of contract and pr ior to producti on at a location acceptable to

-
~ the government. It shall be performed on samp le un its wh ich have been produced with

equ ipment and proce du res wh ich wi l l  be used in production . This ins pection s hall

— 
consist of QCI-1 , QCI-2 and QCI-3 inspection in accordance with 4.4.1, 4.4.2
and 4.4 .3.

4.3.1 Samp le. — Twenty (20) limiters shall be submitted For first article
.~~ inspection .

Ouo lity Conformance Insp ection.

4.4.1 Qualit y co nfo rm(nce j ns r,ectior , — Port 1 (QCl—1) . — Every limiter
~ shal l be tested i~- al l posit i ons of t he Qua l i t y  Con formanc e Ins pection — Part 1

~QCl— 1) . No failures sha l l be perm itt ed .

4.4.2 Quality conforrncnce inso ec ti o n— Port 2 (QCI.-2) — The Qua l ity Conformance
Ins ,ect ion — Part 2 (QCI-2) shal l  be pe rformed in oc r. :rdance with MI L STD IO5 ,

• - Ins~ ect on Level 51 with an AQL of 6 .5%. In the event of lot rejection , ti g htened
- i :%SpeCt io n procedures shall be invoked . Normal ins pect ia n shall be resumed when

-; two - (2) consecut ive lots hove conformed w ith QC I— 2 t ests .  If the lot size is less
than 50 l i m i ters , the samp le size shall be one (1) w i t h an acce ptance number of
zero (0). For purposes of ins pection , the t ot s ize sh’- .~ be one (1) month’ s pro duction .

4 .4 .3 Quoli ty conform an ce ins oe c tio n  — Port 3 (QC I—3) . — Three limiters shall
undergo continuous l i fe test ing for a m m .  of 2500 I r s .  No failures shall be permitted.

4.5 Detiil ed l ist in-i s of ciunlit y c~ nfo r r-once inspect ion tests.  — Qualit y co nformance
1ns pec tT o n~ t ests %~ o lI be con duc t ed in accordance wi th  Tr.bie I ((~C l—1 ) , Table II (OC I—2),
and Table Il l (QCI-3) . . 

-
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~ ‘TE S: 
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-

o max imum lInt leakage shall not exceed th e specified l imits for test
frequenc ies 9 000, 9 .3 75 , .9 .650G HZ . Th incident RI pu lse wi l t  hove a

r isetime 50 no nos econds maximum. Test conf i gurat ion reference fi gure 4452 — lb.
The peak power measurement w i l l  ‘be accomp Ushed b y ca librating the deflection
of a samp ling osci l loscop e as describe d in se ction 3.2 paragra phs 3.2. 1 and
3.2 2 of MiI-S1d 13 l LA .

?. The maximum sp ike leakage shall not exceed the s pecified limits for test - 

-

-

frequencies 9.000, 9. 375 , 9.650 GHZ . Oscilloscope calibration techni que
os described in sect ion 3.2 paragrap hs 3.2 . 1  and 3•2 .2 of Mi I Std - 13 11A is
app li cable. Amp litu de variation shall be recorded by obs erv ing the distribution
of sp ike amp litudes for 1 m inute time through open shutter of scope comera.

3. Quality conforma nce test to be made us ing multi—stage l imit e r.  For examp le ~~~. 
- -i

using t he hi gh power bu lk stage followed by t he limiter dio de .

I. A swept fre q uency may be used .

5. Wctch Term i natio n used in this test circuit shall have a VSW R of 1 .05 or less . -

The firming pcwer shall be defined as a ~~ increas e of l imiter insertion loss
4-npored to t he “ co ld” insertion loss. . 

~~~
-

7. Quality co nfor monco test to be made using bulk semiconduct or stage onl y. I

B. For this specification the fo l lowing abbrevia t ions ond sy mbols in add t to n to
MIL-E—1 abbreviat ions and symbols s hall cpp ly; ’t’= t ime (recovery ), 4R 0 =

var iation of p hase on rec overy (total deviotion at a fi red t im e) ,~~R0 var iot ion
of amplitude on recovery (tota l deviation at o fixed time), 

~FR = firing powe r .

9. The max imum variat ion in phase an d amp l itude as measured by dynamk phase
and amplitude tes t  faci l i t y sha ll not var y more than the s pecified limits over
o 1 minute integration time period . Measurement to be made at a pOint 5,&(sec
from the cessation of 1

~~
sec input pulse.

Measurement of para meters cite d wil l fol low the procedures outfl ned in QCI -1. 
- 

-

1. The bulk sem iconductor limiter s ha ll operate over the ent i re duratk n of the
life test . The sp ike leakage (P5)~w iI l  be periodicall y monitore d . Life test
w HI be interru p ted each 720 ± 20 hours ir teruo ls to permit testing of end of
life test end po ints. -

9
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5. PREPARATION FOR DEL IVE R Y

5. 1 Packaging, Packing and Marking. Packag ing , packing and package
mar ki ng shall be s peci ti cd in the contract. -
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ATT 1I- Acq~~; s i t i c r ;  Bcanch (S— A K/D L) ATTN: Dr .  F .  Jaumot , J r .
PC Box 8757 P0 Box 1104
Baltimore ( W a s h.  In t l A/H , MD 2 1 2 4 0  Kokomo , IN 46901

Syantek 1 General Instrument Corp.
AT TN : M r .  ‘rhielan Semiconductor Products Group
3001 Cooper Rd 6 0 0 W .  J o n  t .
Santa Clara , Cr1 950 51 H i c k s v i l l e , LI , NY 11802

AlL 1 H o n e y w e l l , Inc .
ATTN :  Mr . Lou C i a n c i u l l i  e e i  onbu c to r  Products
Comniack Rd. 2747 Fo rth Ave.
Deer l a r k  , LI , NY Minneapolis , MN 55408

American Electronic - s Laboratory 1 Micro P uct; nics Lab
Richardson Rd Hughes Aircraft Co
Comar , 1 5 500 S u~ r Ave .

New por t Beach , CA 92663
Alpha Industries Inc . 1
AT TN : Dr . W. K. N iblack IBM
20 Sylvan Rd. Components Div .
Wobu rn , M S 01801 ATTN : M r . 51 firan

East Fishkill , Rt. 52
Bendix Corporation 1 1-lopewell Junction , NY 125 3 3
Semiconductor Div.
ATTN : M;. J. Ruskin KSC Semiconductor Corp .
South It . STTN : M r . S. Cudletz , Pres .
}Iolmdel , NJ 07733 KSC Wa y (Satrina Rd).

Chel m sf o rd , I•IA 01824
Coll ins Rad i o Com pa ny 1
Cedar Rapids Div . Arthur 0. Lt t l~
ATT N : M r . W . Caldwel l  Acorn l a r k
Cedar Rapids , 10 52406 ATTN Dr. Il . P-edo-nI e:e 15 2 1 6

C:an-S - r;dge MS 02140
Gene ral Micro-Electronic s , I n c .  I
2)20 San Ysidro Way
Santa Clara , C:A 95 051
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D I S ’ l ’H I K I I F I O N  I•I ST

Ray theon  Company  1 Sanders  Associa tes , Inc .
Microwave Power ‘rube A T TN:  Microwave Dept .
A T T N :  B .  1, .  Roberts 95 Cana l St.
Wi l low S t .  N a s h u a , NH
Wa l tham , MA 021 54

Texa s Ins t r u ments
Mo torola , Inc . 1 Semiconduc tor Components Div .
ATTN : M r . J .  LaRue  ATTN : Semiconductor  Library
5005 East  McDowell R d .  P0 Box 5012
Phoenix , AZ 85008 Dalla s , TX

North rup Corporate Labs 1 Wes t e rn  Electr ic
ATTN: Library 320-6 1 ATT N : Mr.  R .  Moore
3401 West Broadway Maron & Vine Sts .
Haw thorne , CA 90250 Laure ldale , PA

Ph i lco  Ford Corporat ion 1 V arian Associates
Microelectronics Div . Solid State Div .
Church Rd. ATTN :  Mr . J .  Collard
Lansdale , PA 19446 8 Salem Rd.

Beverly , MA 01803
Ra ytheon Com pan y 1
Semiconduc tor  Operat ion Commander
ATTN : Mr. S. Wei sne r  A i r  Force Materie ls  Lab
350 El l is  St.  Wright  Pat terson AFB
Mounta in  \‘iew , CA 94040 ATTN: AFML/STE (Ms. E.  Tarrants )

Dayton , OH 45433
Dr.  Robert H.  Redike r 1
MIT
Bldg.  13— 3050
Cambrid ge , MA 02139

Sprague Electric Co. 1
ATTN : Mr. W.C’ - Donelan
87 Marshall St .

North Adams , M l 01247

Solitrori Devices , Inc . 1
256 Oak Tree Rd.
Tapna n , N Y  10983
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