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ABSTR ACT

Thiws report descr~bcs then tt cliniquc and re.Nults of an jlw'-tigatioii of I hr
suscptibility of 1IN23 point-contact microwave dicdes to RIF 935Gi) energy.
Usint! a minimumi change in noise figure of 10 dB as the failure criterion, failire

V levels Iia~c becen dletermnined as , function of pulse width, pulse repetition frequency.,
an] the iuinher of puLlses appliedl. Tile two significant results obtained arc that tile

5-percent failure lccie is independent of pulse repetition rate at least tip to 10 ll
and an empirical expression is derived which prcdict8 these failure levels. This
cxprc-ssion is proportzmial to the lo.g of the pulse width ties the number of pub-s
applied. UJt~ioin of Lte data it; demonstrated Ik' analysis Of the sLMCeptibility- Of
a hypothetical system undei- an RF stress condition,,
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IINTRODUCTION

This report Jescribes tlit, techniques and rCSLl11s Of an Investigastioni of the
susceptibility of 1IN23 microwave mixer diodes to X-barid radio-freq uency (RF)

radiation. Approximately 1000 diodes were subject to RF (9 ,375 Gliz' ieg at

T[he data was statistically analyzed to dletermnije the 50-percent failure level for each
str( .s Condition. Curves are presented for the 50.percent failure level as ftuictioii of
the numnber of pulkes applied for various pulse widths and as a fuliicli')n of pullsu
widlth for various numbiers of pulses applicd.

nhe analysis of thle data is focused on the decdoprnent of an empirical
cquatioin toi p)red(ict inuli failure as a function of variouis RI" paramneters- [he
failuire en lerion used arid] tbe reaton, for this criterion are alszo discussed ifl

Yecction IL. A* hypiothet ical systemn is postu1latedl and] a susceptibility analy sis unduer

an RPF st re-s conit ion is performed in Section NIL

IL. BACI(GROLNI) AND) OBJECTIVES

Fo vcalN-ar, lt-e Naval 'A raprori Labo~ratory h~as had an i)II-'Oiii
11(inIet~l Ilir' fed -f fu nrrAi ~ ranlidtin Oil solid stte~ l' i ( )i On class of
iuvuev of particuilar interest is miicrrnwrave diodes. 'These' deices arc nearlv, always
located lit ite frontl ends (if receiver .4.Sttefis ill wich they'. 1 11iitiieii dzultitc

ol 1(1- radliation. lIn such a oration they are particiflarlk rrulijcl In high power
Mi'rowavc radhiationi. Use, of iest, djoilis is such thait a failujre canl r-neirr a
inlcapablte of arcquirink, ian irItudnI 10I signal. Cean-idered lin this report arc X-harnld
poinit conitac! mixer lienl(cs.

l'oilr(eilact diodnes havc1e n icemi s i t reve~ r syst''nis for nmairy IYars and'
muchl %-orl, Ira' hiernr loll, rrliii% !t their Failure, levels. 'll(- lailum rari-on list-d
it: moist of 11ire work lia- bhii a jdBchrIJg in oI c figurr. Whilti thi criteronl
lrla% In ijilthr for ilhide. rled inl it lalunratnrs s\,h-n. It 1, of ittle- itit, in'ra~zif
nritcrnriel. s~' sIll wIhi4.h 11(,Ih it th-ii ulra nrt sfrimidsy ifft-it N'tiis

Inrmrrnie i hliti" Im(nr. Intil riin(ld a, X11 1i11- 1,tir l inlsavd la %'int ilti I'. lhr

a rI 111-1 lln~ it I i giihargr ti nn nih Ill 1, 1,4 \h'ni. 'I..rr ri-il % I t ii- -1oem

ri, 1jtu q-11liii [III- %Irrl iil-,1. tIw t.It rlm- writ airtiraitlcl -innitinift ai It I lIii-.~

tln l( ci . ti-xI
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In view of the above behavior, emphasis was placed on changes in noise figure
of greater than 10 dB, This was done for various pulse widths, pulse repetitioni rates,
and exposure times. Some work was also done on the amount of RF poN;er reflccted
by the diode., a-, a function of incident power. Since the data hab been correcteil
for reflections, the failure levels given are in terms of absorbed power. Information
on the fractional amount of incident power reflected is therefore necessary io using
the burnout data to pertoun siystei suLASCeptibility analysis.

1ll, EXPERIMENTAL PROCEDURE

The basic apparatus used to expose the microwave diodes to RF is shown
schematically in Figure 2. The RF source is a CWV sweep generator used in the
di~crete frequency miode. Modulation was performed on the low level signal iout
of the oscillator and then amiplified by the TWT. Puk-e width and repetition rate
were centrolled by the pulse generator. A pre';clected number of pukses was achieved
by use of the precarnmable data generator as a trigger source for the pulse generator.
W~hich was operauted in the external trigger mode. The data generator was used in the
manual recycle mode. The purpose cf the one shot circuit was ,o actuate thle data
gen~erator and the oscilloscope camera. The directional coupier samrpled h4)tlb 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 dikplayed
on &in oscilloscope and re;:urdcd photographically. The data rcquired to computc the
RV power dissipated by the diode under test was obtained from this photographic
record. The response- of the crystal detectors (i.e., RF power input vs video voltage
output), combined with the calibration factors of thev couplers and attenuators,
provdei the relation bietween displayed pulse amplit iti.-de (oscillorcope phioto) and
the incident and reflected power levels.

0LA-0 MOOM.ATOR 00010) WtU~0 ABPTR ON

A 1 1 7 TIlT $IT

VYA -l::-FTh,,.

V i; ur r 2 &-I~ 11(I aOlagrain if Appa;irstuq bed. for ItF F I,,pu~jrevc



The I{1' soure was operated at a frefliwiNe of' 9)375 G1 i.. '1l14' piIlmI wit li
%%vi-' 'aried trim 0.3 p4s IfI. 10l p . \ ariahio ill Ilic pidsc repctltioli late lva trimn

I Ili, tol 10 kliz. 'I', Iiode- w.ert, oiihjoch'd to it fix.ed mil)(r (dI pI~iki- ran _ni
fromn M( bII 10IK. ThH Nariou cmidil imIi. uis'd tor earl' WeA art, givcn Ii i, 'le 1.
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I m~iIIlnsal . III- i'.elet if,( retleutId Inn%,lr %%cr c mouiltrel i AIriic Ili, lIt

P1 l-* ju,'r th-11jltd b%~ tll di\ii [Hailim.r ht'.I lr'irtril ,lrs for iii] al-.rhied
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IV. DAT1A ANALYSIS

A rslt t-,1 1ai ialy-tis oif till- dtla Nvuz ptlfurined lt dltrzniiie fivrcent failtirt as
a fmiiettui of il,:uriui,! pmser. For tact ,;vt of H F' parittictrs lisZtvl Ili 'ld I .a
numbitler of uliodtle Nvas tcstvd ait vat-1 of SItveraI iiijiuit powcr levels. [)It( to Slighit
vtirilitioiii in iiidcit inilt power and ififft'rvee in the amiiounlt ot poiircr reflectril

l')r cxal iwir. th laiiif a loti ti't h inifitoi i~giu t a idc ri~i, Ili altouiric
pov levelk, For tacit Itsi ceomilijn, tlic diiol vi-re ;o-ranp-~ud ]it _,oos llie'
grup:,~ wert. ulfilluil In ,StI a t that all lfimlc whosc~ at,8orb11 tower tult withlti
;I tptcifiv'l ranpg ti rv conrific~ri- a, litir, lit III, tll. 1-4-1 te A idtll' % irel t1tti-ugi

lha i~t, a uiniiitint 4f 21) ilme tiudIli it uuuutajni til tiar.cll. 'Illt range 4t
abltorbhe(I pucr lin vacli tll wasi tiot more tlii 1 11) jierteit abtout till- aterage %aitiii.

A.,an exaitijlu. datai arialsis of ht tlirni tuvtt'I it I -kilt jiiiltu rtl-ttiliin rati.
I *jr puids width, andit art cxpost~irv oif 11) pjlsv f0110w-. Four eilb were ditfI'md tor
this' tas(. All (liolti whomi alisorleui Pl''~' fvll withini lilt- hinit, 47 tit -.- wutts

40 it) 45 wat tr, 33 to 38 f watts,~ and 26 to 2') writ t wort, gri upit ill tho-ir
rutcche ciils. liii avverdgt aletorlui itowcr for vad-i cull was~ 52 watts, 412 wa:tN,
S-) watts, and( 27 -iAuti', ritiuvutktl% M thei total di-vot tv-ted ill vacti til I lit

pwrueuit failtil waN ralttiu This Niouldluill flolfilowing 1-4.6111s:

AXvvrage AIbtorlt(
(1111 Width (Watts) tt owter ilitr %'watt) lt e.r4uuilt Iailedl

417-55 52- 921
40-45 42 62

. -38
26.29) 27.A 33.3

luguirc 31 k a graph of this dtatu, F:v.c-Pu7rceit error liar-, wi-* Lt
1 slirici iv cii

retmii ltI, mjaxitifliit 'vxplirimiiiil vrror.

The prriutdlict )Iitlllll.l ali4,)ve was~ folihwed for all 14ist 4-oitiilituli listecd Inl
'lt- I %-xcctt fiir Ilit diols Ichted ilt 0.3 pN. lor tIl) cav utithI lit,' 110.it rrnt
faiulurr levul 1 4a!s ovttriminid, ligitt. 4 thtrugh 12 art, graiphi for till.i rcinglil ttst1

'Fit dla %* it lr, amlasyz.ttl Ito ulirloiir. jut janioigf of ft iriflittuil

at 0~r ti -'r cal~t 11en lilt- ldiitlii ,rutwur I 11.1a Olici t it i f-ill, 1,.

~!i-fI ti) WO,-r lii) vn I, Iit lic th mii-mr! ;uu.vr it mt j juif tuf 1 !0',~. lTh,-
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(hir sigaaific~ial result whichi was ilctljriiiilc is pres4'Iitl ill l'i'1irv II.. Tisj~
ai pliI if (lit( 51 )-perruinl failure lvel its !I Itincton i t' piilst rupt-tiiul ratc lur it
I *ps I h! S. , wi IIIIitII( and aZ nr-, of1 W p ulses. It is vlear fromu tlhe graph that Ilu',
faiiluru level ik evseiI ial irui.penuleit if pulst- rcpulitimi ratc tillt. ,, at as h~l 1( kI iz.
'1ThI, l iir uiiatv, a thermlal rcld\111ionf time '(lir the d~~iod whiceuh i nuiil fastur
thli (100 U), which is rewii'Illvt.
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i lot o 1)1 1ci .piriuo lilihiru lc v l tII, of ptlm % !i l 1'()r
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Ilirir' 10 i pilrtichi iar IN. te crest ing lfl that all the'~ure tend tll him, the 4amc
slo . 11(al cseii, for cxdn;1d1, tbat thc falinrc for it I pus, 1I mIs stress cin-

dition ii a uproimar~jteI.N the same ill the failtire foiitr a 0).1 -p.,, ft0t-akv A~rcs.-

falli . levl is l tiuui as 1fntion m aha i c rdjto lvpdv %lfl n i i w
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0%e ti Figutrc 17.
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