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ABSTRACT

This report describes the techniques and results of an investigation of the
susceptibility of 1N23 point-contact microwave dicdes to RF (9.375 GHz) encrgy,
Using a minimum change in noise figure of 10 dB as the failure criterion, failurs
levels have been determined as 2 function of pulse width, pulse repetition frequency,
and the number of pulses applied. The two significant results obtained are that the
50-percent failure level is independent of pulse repetition rate at least up to 10 KHz
and an cmpirical expression is derived which predicts these failure levels, This
cxpression is proportional to the log of the pulse width times the number of pulses
applied.  Utilization of the data is demonstrated by analysis of the susuptnbllm of
a hypothetical system undei an RF stress cundltlon.
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I. INTRODUCTION

This report describes the techniques and resulls of an investigation of the
susceptibility of 1N23 microwave mixer diodes to X-band radio.frt';iucn‘.y (RF)
radiation.  Approximately 1000 diodes were subject to RF (9.375 GHz) encrgy at
a number of pulse widths and pulse repelition rates for varying lengths of time.

The data was statistically analyzed to determine the 50-percent failure level for each
streas condition.  Curves are presented for the 50-pereent failure level as function of
the number of pulses applied for various pulse widths and as a function of pulse
width for varivus numbers of pulses applied.

The analysis of the data is focused on the development of an empirical
cquation to predict diode failire as a function of various RF parameters. The
failure criterion used and the reasons for this criterion are also discussed in
Section IV A hypothetical system is postulated and a susceptibiity analysis under
an RF stregs condition is performed in Section VI,

H. BACKGROUND AND OBJECTIVES

For several years, the Naval Weapons Laboratory has had an on-going program
to investivate the effects of microwave radiation on sohid state deviees. One class of
deviees of particular interest is microwave diodes. These devices are nearly always
located in the front ends of receiver svstems in which they function as detectors
ot KE radiation.  In such a location lhw are particularly auanul to high power
microwave radiation.  Use of these diodes is such that & failure can re n«l(r a system
incapable of acquiring an intended RE signal. Considered in this report are X-hand
point-contact mixer iodes,

Pamt-contact diodes have bheen used an receiver systems for many years amd
much work has heen done relative Lo therr failure levels, The failure eniterion used
iz most of the work has been w 3-dB change o noise figure. While this eritecion
tmay be switable for diodes used ana faboratory system ot s of hittle nse an nasal
clectrones syetems i which such o change may not seriously affect systems
perfonmance. I addiion, untl recently pulse testing has alwavs Leen done by the
Tarrey line method. I this method, o coanial line is charged o some pote ‘ntial
anl then aliowed o imcharee theough the drode. Mare recently 2ot has been ‘
weepted thal this video palse tvpe test does not aceurately simuate an {17 pulse.~

* Ra-ed nomerals reter to adenticalls namibered items o the Tt ot referenees at

the end o) teat.




b Barnout
irvels, hased on video pulse tests and the 32308 noise Tioae change caterton, do o net

Manuteeturers’ hurnout specitications have abso heen rather vague,

o ~utbetent infovinalion to allbow o detaded svstem rll‘\'L‘i)lil)ihl\ anilvsrs, "‘.\‘mqu'«- |
times are not definite, and tailure levels @iven difter amonge anatacturers,

Fatlure Tesels aee generally: given for two conditions: continuous wave (CW)
aml short nanoscecwd video pulse exposure. Pulse widths greater than 00 mierosceand
are assupied cquivalent fo CW o Tnreneral, there s presently little faidure information i
as A function of wypical radar parameters, exposure times, or large changes in uoise )
figure, This is the type of mformation required to evaluate an electronic svastem’s
suseeptihibity to radin emvironments,

The mitial objective of this investication was to delermine the amount of noise
Nare degradation of IN23 ciodes asa fimetion of typiead radare paraneters. Pre-
leminary data, howevers indicate] thai due 1o the diodes? response, thi- would et
be possthle. Figwe 1 inddieates s responses 1 is evident frow this fipure that ]
the noise frgure does not chaner monotonically L but rather undergocs random changes
Lol e ot aned decteasies s as a funetion ot the number of pulsc- ,|||||lird. This
behavior = niantanced untl the vlange exeeeds approsanadeiy 10 dl. Ouee the
change v noe Dpore has execeded HOARL the diode s peomanenity degraded and
docs not recover. 10 would theretore be prohubitive to predicty with any degree ot
canfulence, noise fionre changes of less than 10 dB Tor the application o a fined
ninnber 1 palses due to e random natime of these chaneess The only mcanigeiod
change 3 one ol erealer than 10 dB0 These resalts are inaureene ot weth other test
resalts "
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In view of the above behavior, emphasis was placed on changes in noise figure
of greater than 10 dB. This -vas done for various pulse widths, pulse repetition rates,
and exposure times. Some work was also done on the amount of RF poveer reflected
by the diode. as a function of incident power. Since the data has been corrected
for reflections, the failure levels given are in terms of absorbed power. Information
on the fractional amount of incident power reflected is therefore necessary in using
the burnout data to pertoim systern susceptibility analysis.

HI. EXPERIMENTAL PROCEDURE

The basic apparatus used to expose the microwave diodes to RF is shown
schematically in Figure 2. The RF source is a CW sweep generator used in the
discrete frequency mode. Modulation was performed on the low level signal out
of the oscillator and then amplified by the TWT. Pulsc width and repetition rate
were ccntrolled by the pulse generator. A presclected number of pulses was achieved
by use of the pregrammable data generator as a trigger source for the pulse generator,
which was upcraled in the external trigger mede. The data generator was used in the
manual reeyele mode.  The purpose cf the one shot circuit was {o actuate the data
gencrator and the ascilloscope camera. The directional coupier sampled both the
incident and reflected power. The outputs of the crystal detectors are replicas of
the envelopes of the incident and reflected RF pulses. These signals were displayed
on an usciloscope and rezurded photographically. The data required to comgute the
RF power dissipated by the diode under test was obtained from this photographic
record.  The response of the crystal detectors (i.c., RF power input vs video voltage
output), comhined with the calibration factors of the couplers and attenuators,
provided the relation between displaved pulse amplitit:de (oscilloscope photo) and
the incident and reflected power levels.
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The R1" souree was operated at a frequeney of 9375 Gliz, The puilse widths
were varied trom U3 gs to Y00 gs. Variation in the pulse repetitton rate was from
I Nz to 10 Kz, The diodes were subjected to o fined aumber of pulses ranamng
from 10 to 10K, The varnous conditions usod for cach test are given in Table 1.

Table 1. List oi RE Parameters Used i Tests
Puls Repetition
Width Kate ASTRETA
(us) () Pulses
] (1IN 1u
1 IK OO
1 IK 2N
] 1K 10K
| )0 10
i N 10
1 10K 10
3 IK 10
3 1k 100
10 IN 10
10 BN 100
100 1K 10
0.3 Ik 10
(1281 Ik 100
0.3 IN 3.5k

The diode under test was placed i an untunced waveguide eovstal monnt and the

video outpot of the diode was teominatel iy 300 Sinee the RE fpedance of the
diode = matched to the wavezuide impedanee anfy at a power level ot the order of
Pondthwatt, the ancilent aud eeflected powers were monitored to sletermine the net
RE power diespated by the diodes Al fadvre Jevels reported are for net absorbed

|‘“\\ vr.

‘.l\‘iwn\lln.\ll]} 1000 drodes were tesied,

b der aied the noasc T easueed vz the

Facle diode was placed o the cevstal
A Mol 39T o an e crs<tal Lest

ot B ded Been orevionshy vabibaated asins an AL Moddel 75 Precrron Vatomatn

N Taree bedn atea s Hhe odde ow e W ctreesed g e noaee Toniee s s et

toaen Nveen ot the N et s ak poawer. [ERNE width, soanher ot i\u!-x'~)
EEETTETI ot et wae Bt et ddnenhe te-bed b b ddioede W St o]

[N SR prosend curnadative erieots tioen Jdi-to te the daty




1V, DATA ANALYSIS

A slatistical unalysis of the data was peeformed to determine peeeent falure as
a function of abiorbed power. For cach set of RE parameters listed in Table 10 a
number of diodes was tested at each of several input power levels. Due Lo slight
variations in ineident input power and differenees in the amount of power reflected
for carh dicde, the data for cach test condition exhibited @ wide range in abaorhed
power levels, For cach test condition, the diodes were arranged inocroups. These
groups were defined inosach a way that all diodes whose absoched power fell within
aspeaified range were consdered as hewg o one cell The cell widths were chosen
so thal a minimn of 20 diodes wauld bhe vostained o cael cell. The range of
ubsorbed power in cach cell was no more than 2 10 pereent about the average vadue,

A an exawmple, data unul'\'si‘- of the diodes tested at BRilz pulse repetitton rate,
Pps pulse width, and an exposure of 10 pulses follows. Four cells were defined tor
this case. Al diodes whose absorbea power fell witlun the hmits 47 to 33 watls,
40 to 45 watts, 33 to 38 watts, and 20 to 29 watts were geouped in their
respective cells, Fhe average absorbed power for cach cell was 52 watts, 32 wails,
35 watts, and 27 watts, respeetively, OF the total devices te-ted e each cell, the
pereent (ailed was caleuiated  This viclded the following vesults:

Averapge Absorbed
Cell Width (watts) Power Value {watts) Percent Failed

4755 . 92
40-45 02
33.38 : 45 50
2029 7. 33.3

Figuee iz a graph of this data. Five-pereent error hars weee used us beg a
reasonable maximun experimental error.

The procedawre suthoed above war followed for all test comditions listed i
Tabde 1 oexcept for those diodes tested at 0.3 ps. For this case, only the H0-prreent
fatture Jevel was determined, Figares 4 through 12 are eraphs for the rewaining test
conditions,

The data was also anidyzed 1o determuie the percentage of the power reflected
as o figeticn of Legdent powers The edent power was disided wito cells b owatts
wide statting at 0 watt. For cach meident poveer dati pomt. the percent reflected
was deternned . The average merdent poser and pereent reflecred weee caleatatod
for cach cell arad are presented o Fygare 130 The erear bar= are actermined frong
the stredard desianion, This curve d= vabd onlby Tor systems o which thee diodde s
Cned to sheorh 100 Gereent of the ineddent pover ot oo mput of Lo Ty -
not wosenons drawhack siee it sy el of amost diode e,
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V. RESULTS
| One siiticant vesult which was determined s presented i Fieare 1L This s
. aplat of the 30-pereent failure level as 2 function of pulse repetition rale for a
1 1-1_.1.-' pulse width and a sivess of 10 pulses. 10 elear from the graph that the [ -
full.ur(' fevel is essentially independent of pulse repetition vate up Lo at feast 10 k. ! '
: Phis heliavior indicates a theemal relaxation time for the diode which is much faster !
than 100 us, which is reasonable. |
40 ]
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PULSE REPETITION RATE (H2)
Fagure 140 Preabh Abrorbed Power Reguired for EN23 Dode 50-Pereent Varlure Level
va Puine Hepetitton Rate for 1o Pulae Width
N

Fearres 15 and 10 are the resalts of the wiadysis Tor the 50-pereent falare fevel,
Fignre 15 0 a plot of the 30-pereent tailure fevel as a a0 of pulse width for
variats numbiers of applicd pudses. 10 em beoseen that Tor vevy tong palse widths,
all the curves tend towaok & W Sailure devel, as expected. Pogare 10 0 a plot of the
SUepereent Gabare devel as a7 etion of the wuber o apolied pulsecs The G0 s
cunve was obtwned beoextra oldiage the curves of Fioate B350 Dae (o then hiear
Bebaor i il remon, this seoos reasomable, 8o he vurves are plotted dowrn

Lo exposures ol 1D plll.\q“. therr hinear behasior shoald - dow ane to extend the-e down
For a large number ot apphed pefseso these canses also

1o single pulse exposine,
Food toward & CW devels Simce e S0 pereent falore Teved s tndependent of pulsce
topetition sabes ap to 1O KRz the nomber o padses requived to canee taoluee can
L transtormesd ito caposiie hite Jor a unen r-'prlnllnn.
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Fizure 10 is particulacly interesting in that all the carves tend to have the same
slope. I can be seen, for example, that the flure for a Lus, 10-pulse stress con-
dition s approximately the same as the fatlure Tevel for a O.1-ps0 100-pulse stress
condition.  This relation i= mare elearly indicated in Figure 17 where the 50-pereent

; farlure level is plotted as a function oi the product of the pulse width and mimber

’ of applied pulses. The steaight fine drawn through the data points was determined

as a least squares fit to the data and is given by the empirical Torouida on the graph,

For any xiven pulse repetition rate up to 10 kKhz and pulse width greater than 0.1 ps,
the S0-pereent falure level can be determined by the use of the empiriead expressions
given in Figure 17,

’ 60
: T« PULSE WIOTHI(SEC; (2 01110°6) :
50 . . . : N = NUMBER OF PULSES *
P = POWER [wATTS) !
40 -
+
»
-
[
«
2 3
o .
& :
= :
°
a
29 : . . ”' -
P s 1603 136G L—-——-——)
: \194 x 1Y,
10 _ Pe |67 - . . ]
!
I
[¢] . - : " 1
[¢H] 1 14 {00 1C00 10,000

PULSE WIDTH X NUMBER OF PULSES (i S)

Foaure 17, Eapenmental S0 Percent Falure Levelsof 1N2Z3 Dhodisasa Funetion
of the Pradaet of tiee Pulse Wadth and Namber ot Palees Apphed (e e drawa
Iva beat it to the data poiets as gven by tho above crpimical rquanion )




Vi DATA UTILIZATION

The data aven o this report can be sed to evaloate the sunvivability of el
cleclionie =ystems e (vpeeal radar envirozments whien ~eh syvteme (-m})h-\ Mo e
This van be done cither i the desipn™ piases fooensure suffivient protection,
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or oncenstng equiptient, to determne valneradndity.
demonstrate this atihzation,

Vestine one s coneerned witho the possible voloeraabity ol o recenaes which i

varried aboand ships The vharacteri=lies of the seceney are e tollow s,
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Operating
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Power oulpud 200 LKW

Patse wulth: (IR
Pulse vepetition

rate: 1200 iz
I"nw,ln'nr.\' Heon Mtz

Antenna w36 dbB

s pos=thle tor e receiver to be exposad to e nokae at adistanee i S0
tor 50 e The equations needed to aoabs 2o thi~ piobdem are as Tollow-
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A number determined by the miser characteristios

I'A = Power (peak) absorbed by diode e watts

I = Fractonal power reflected by dhade
I H0-pereent power fatlure level
T = Pulse width 1 seconds

N Nuber on pulses

For this case, aesume there are no dosses hetweoen the recening antenna aml the
nisers Siee the maver s a balaneed wiver contunig tao dhiodes cacle of whieh
recenes hadf of the power inedent upon the s s 050 Then the power
rl'.'u'llillg the diode at o distanee of 30 0 0~ calealated G be about 10 watts, From
Fiome 13 and equation (2)0 the power abcorhed by the diode is about 260 watts,

Under o ascinned condition ol a Sthans exposires O pulses will be recened,
Uy eqpration (3)0 the fardure desel Tor theae conditions is abonl 20 watt=c o this
caze Ahe receiver valnerabihity s marcinal. 10 this were to e teeriver dn g new
svetem, the anadvsis mdn abes that sonee protection should be buibt into the receiver

to cnsare survvabahily e the anticipaled caviranment.,

VIE. CONCLUSIONS

The resubts of gueasarements on PN23 N b promteontact nnerowane diodes
it onise frenre chanee ot 10 14 or ercater as the Tailare crderion, pernnt the
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oo Meanmztul data ean be obiained by ameasurenent of the percent of
sampde popbation of diodes whieh Tl whien stiessed ot come pantivubar poseer Tl
pod=c werdthe pulse ropeation rate (PRI and tesnher ol pudses (exposnre tune

r

Por o encn polse width and qoober ol pudses, the Lo Jesel e ntiadly
sdeperdent o e padsc repelitea vl tor PRES ope tooal Lewsd T LHE,
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Ao Lo pabee wndthe b s dhe Yatbre deve vacses s e bocanthion ol
precho s o pulcowrdthe wnd the msnbeer ar polosan e expoa e
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to g speetticd number of pulses can he determined by wsing the empiricatly derived
enpiesaien iy Section b
Ine addifron, (or the reasons set torts i Section it s not meaningfol to
eciploy a change i nose fignre of less than TO dB as @ failure eriterion for !
exposuares toa fined number of pulses,
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