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SUMMARY 

During the last quarterly period, time ha. been .pent on 

organising material requirement« and .etting up microwave and pul.e bia. 

circuitry along with producing initial run. of ".caled-up" CW unit, for u.e 

a. pul.e device.,   initial te.tlng ha. .hown efficlencie. a. high a. 8« but 

more normally around 5 to 6 1/2%.   Power level, wer* ^elow 1 1/4 , »ttt 

due to improper device fabrication but are expected to improve appreciably 

in future runs. 

Thermal and geometrical con.ideration. have been given to 

single and multiple unit .andwich type device..   Multiple chip unit problem, 

were con.idered and variou. mode, of operation have been .tudied for more 

efficient operation.   LSA operating range ha. been con.idered to be too con- 

fined for low frequency operation in general.   Hybrid mode and re.onant 

tran.it time mode, .eem to hold more promise for achieving required 

pul.e performance. 



FOREWORD 

The putted oscillator work reported in thla quarterly report haa 

been authorised by Contracting Officer S. If. Perkina, Procurement Division. 

United State» Army Electronica Command. Fort Monmouth. New Jeraey. 

under Contract No. DAAB07-68-C-0209. 

The work haa been performed under the auperviaion of Dr. 

M. M. Atalla.   Thia report haa been prepared by Dr. J. Barrera.   Signifi- 

cant contributiona have been made by Mr. T. Fortier. Mr. B. Farrell and 

Mra. P. Clow.   Diacuaaions with Dra. G. W. Mathers and C. F. Quate 

have been of great benefit. 
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In McordMc« witii UM mummpto puto« dvvtc« dmuf» giv«« MI UM 

IMI quarterly report. »» haw UbrtcAiwI an intuat nm of tfavtcaa tmh*lmi 

TE 288.   The rmiistivity used waa 0.80 0 cm, Ui» Ivngih «aa 18 um t 1 „m 

and tha dot contact was 12.7 mil diamatar on a 2ft mil chip.   Thaaa dimvn- 

■ions sra almost ssacUy aa raqutrsd by Uta dasign calculation givao on 

pages 16 and 17 of the last quarterly report.   After the finsl sUge of pre- 

parauon. the wafer was scribed and th« 4ft mil square samples separated. 

Unfortunately, the scribing and separating of these thin, yet large area 

chips resulted in parUally cleaved areas on the chips, severe edge damage 

and tiny fractures.   In addition, the electrical performance was quite 

obviously affected.   The better looking chips were mounted on 7ft mil dia- 

meter, gold plated, copper studs 300 mils long with a 10 mil high, 40 mil 

diameter pedestal under the chip.   The low field i esistance was from 0. 90 

to 1. 1 n and the threshold voltage was from 5.2 to ft. 9 volts.   When pulsed, 

most of the units would not survive past 10 or 11 volts and were producing 

less than 400 mw peak power at 5% duty cycle for 1 usec pulse widths.    The 

best appearing chips offered somewhat better performance and would with- 

stand voltages approximately 3 times threshold voltage or about 16 to 18 

volts.    Typical 5% duty peak power was around 1 watt before the samples 

expired.    Figure 1 shows device No. 6 peak power output as a function of 

voltage.    The output frequency was varied from 5. 3 to 5. 7 GHz with much 

less than 0. 5 db variation in power.   The average efficiency was only 2. 5%, 

which again points out the inherent inadequacy of this run of samples. 



14 

1.2 

1.0 

*tart 

as - 

0.6 

0.4 
10 

1 
12 14 

V(VOLTS) 

TE2M#6 
Vrwasv 
f*5 36GMt 
l/AMC PULSE WIDTH 
504MI P.H.H. 

- 

 1 1 
20 

Ftgur« 1.   PMk Power vs. Bus 
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field rMiiUnctt of 1 0 or lest, tt becomej tncreasingly difficult to «up- 

prwii bus circuit otcilUtiona and to match or load the device properly. 

Alao for the sub-Gunn frequency mode of operation, a« preaenUy be ,ig 

uaed. expected efricienciee are around 5 to 8%.   Thla range of efficiency 

reflecta beck to expected peak power output« of 5 watt« or leaa when devicea 

are deaign«! a« ouUined in the laat quarterly report.   To obtain a deal red 

output of 10 watu or more, we would have to parallel at leaat 2 or perhapa 

a« many a« S chip« and accept the reaultant low field reaiatanre of 1 /a ohm 

or lee«.   Alihou#t theee drawbacka are eignificam. they are not ao aeriou« 

a« to preclude invectigation of the device« proposed. 

There «re other poaaibiliuea for uaing aeveral acated-up CW 

dupe without «uffenng eome of the above conaequencet.   For example, it 

I« perhepa poe«ible to connect a few chip« in parallel for O.C. operation, 

but have them connect«* in «erie« Rr-wiae.   Thla would improve the im- 

pedance problem eigniflcantly. but raid certainly complicate the micro- 

wave circuitry, a puah-puah or properly phaeed puth-pull operation would 

be mandatory. 

The be«l «olution would be. of coume. to run device« m mode« 

of operation where from IS to 30% efficiency could be obtain**     The rrali- 

ing lower input power to achieve the derived output level raid allo» higher 

device impedance« and would reduce the «event? of the paralleling pn* 

lama.   Some of the poaaibiliue« will be dlacu«aed in a later «ection 



U. MICROWAVE CIRCUITRY 

The requirement oC • fixed frequency of 5.675 GHi U 10% tuning 

bandwidth) make« the task of deeigning microwave cavities somewhat 

simpler than for wideband operation.   Care must still be taken, however, 

since any hi^ier order resonances might provide a better operating point 

for a sample at some particular btaa voltages.   For example, s coastal 

recooator with a quarter wave resonance around 1 GHt will have 3/4 X, 

5/4 V. 7/4 X. . . . reaonancee which are suit within the operating range 

of a device that will perform well at ft to • QNi.   There are also possible 

smblgtttuee with waveguide cavitiee having to device mountsd aa part of a 

post in the guide.   Here fee basic reaonaac» might b» that of m» post and 

device betwvvn lbs lop and bottom wall abort« and conceivably mi#H be 

below CM-oft for if» guide used.   The detected radiation in tins case would 

Ibeoooly bv lD*«r tK>w«r KcrttK^iir« of uw cvfnff NndMnaMol.   la tboae 

««veffvtd» «*••• «twr« thm 4«>t«Ncic«t radiauon la tode«d the f—Isnmiiil and 

the cavny la larm** btlaiaa • «ii^nt ^»rt am toad. •* find a •igfulirafit 

•mowH of fr*«i9MK| paliiikg «#*•* IH. lama I» ad|oeted for maaimum power 

"■•P"1     ** «"»W *»• deairsbla Um» to Nnld s MVHy «trwrtur« «ttlm«! hi#i Q. 

bigMr reeonanr* iMHaetor. wt» only u* deaired o^pui frequency, and with 

netUgUM« ffiqauny pHu* wpm loodu* 

We hove bad #««4 »m***» «i» • t^tmf anwi cavity «trwetur» 

u«st invwlip« moMüiim UM device in eoMart wttb a WMTOW g^. capacitive 

ins at ttw nptotng of a lengtn of J^i^mi mm IJ7) guid».   An X-band eliding 



short is placed on the other side of the iris.   Figure 3 shows a schematic 

of the total circuit used, and Figure 4 shows a photo of the iris flange 

itself.   The sample is mounted on a stud as described in the previous 

section and the stud inserted in an anodized aluminum cylinder (also shown 

in Figure 4) which serves as the RF bypass capacitor.   Figure 5 shows a 

photo of the iris flange and the J-band adapting flange mounted to an X-band 

sliding short.   Note that the stud end and device are circled and that the 

particular iris shown has J-band height instead of X-band height as shown 

in Figure 4.   The bias pulse is introduced through the top opening of the 

iris flange. 

Looking across the guide, we see that the top of the iris and the 

top wall of the flange define a microstrip-like transmission line with some 

characteristic impedance Zo terminated with shorts at either end.   Figure 6 

shows a sketch of the line defined and the placement of the sample.   If the 

sample impedance is Zc = ^ and ZL is the net reflected impedance at C, 

the resonance condition is met when IZ^I = /Zc/.   The impedance Z    is 

just the paralleled impedance Z      given by 
Ll 

Z.      =   jZ  tan^T L,        ^   o X.    2 1 

and thus 

Z 
/ZL/   - —tan-- 
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Figure 4,   Iris Flange and Device Hold er. 
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Figure 6.    Iris Cross Section 
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At resonance 

0 *«    trt- 
C2irf       T^T 

or finally. 

f Unlif - - l 
v wi . o 

where v is the wave velocity. 

The above equation defines the cavity frequency when C and Z 
o 

are known.   Even without values for C and Zo, we see that the unloaded 

resonance which supports a half wavelength equal to t U given by ' • Jr. 

For our case. X-band width is used which Is cut off at 6.56 QHt 

U ' 0. 900 in).   When loaded by the device Impedance, the resonant fre- 

quency is accordingly lowered into the range desired.   Final frequency 

trimming is accompUshed by the X-band sliding short.   Since the dMlred 

5.675 GHz wave is very heavily attenuated, the short position affect« the 

frequency only by very smaU amounts, which la all that is requred.   The 

device radiation is coupled out quite easily by the larger «la« guide on the 

other side of the iris and loading adjuatment is provided by a slide scrww 

tuner.   Thus by adjusting the width t of the iris and the X-band «hon 

position, the desired 5.675 OH. resonance can be obtaiaed for a teir rang, 

of sample capacitance.   A further adjustment can be made by using in« 

flanges with different w/h ratloa.   This changes the effect!v. 2   of the 
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crosB guide line and hence the resonant frequency.   At present we are using 

a w/h ratio of 3.2 (h - 10 mils), which for sample capacitances of about 

0. 5 pf gives a resonance around 5. 5 GHx and a Zo of «, 20 n.    By changing 

the short position, tuning from 5 to 8 GHt can be achieved.   In operation 

we have h. 1 no problem in setting the frequency where desired in the 

5 to 6 OHt range, loading has been quite effecUve even for low real.tance 

samples and frequency pulling at full load has not been a problem.   With 

regard to higher order reaonances. we see that the next frequency up would 

be a full wavelength over the length t or about 13. 3 GHx unloaded.   This 

mode is not poa.ible. however, aince it requires a nodal point at «/2 where 

the device all«.   Thy., the n«rt reaooance would be a 3/4 X mode or about 

10 OH. ««lolled, wfuch for the a^npie. to be conaidered la quite probably 

much above Uietr operating rmnge 

;> 



III. MODES OF OPERATION 

In section I we concluded with a rather obvious statement con- 

cerning the advantage of using high efficiency models of operation.   When 

one considers the prospect of obtaining high efficiency behavior from Gunn 

effect devices, very few real approaches come to mind.   There have been 

many encouraging paper studies made of cavity controlled operation with 

results yielding MLSA, " "quenched domain, " "inhibited domain, " "delayed 

domain, " and, lately, "hybrid" mode categories, all with their respective 

recipes for the required parameter values for n , L, f, and V        .   In the 
o Bias 

world of numbers, one finds, however, tnat device performance most often 

has fallen quite short of expectations with efficiencies t overing around the 

2 to 9% level as opposed to the hoped for 10 to 20% range.   In those excep- 

tional cases where efficiency has been quite high, the device physics has 

not really been understood or the operation has been at frequencies much 

lower than the 5 to 6 GHz range considered here. 

There are many reasons why device performance is not as 

expected theoretically, but the basic point to be made is that there is not 

yet a clearcut practical approach to truly efficient device operation.   Con- 

stdertng the case at hand, we can quite probably rule out trying the LSA 

mode of operation.   Aside from what has been achieved experimentally by 

other workers (which is not very encouraging for efficient 5 to 6 GHz 

operation at high duty factors), we see that the LSA approach should be 

used in an inherently higher frequency range of operation where transit 

M 



umt rr«qu«nci«« «r« much lo«*r Itea optrstli« trwqmmtiM, Mrf 

•amplM ar« much longvr Ifiao v     ^/f.   HoUi npvnmMiiyiy •«! ito«r«ft 

cally wt find • prohibiuvvly narrow r«^» of pmr%m*9n r*mr94 le 

LSA operation.   Tb« oo/f and ^mMB ruy ia indaad q«ii» ■•rr«« 

peak efftciancy oointa. powar output ta a vary aanam«« faidinwi of 

and RK field build-up Uma ia quita ertucal in ordar to praaMi ilianaia 

formation and conaaquant fiald ionttauon dvaimctloa of umplao. 

Tha vanoua othar modaa of oparauon can ba ctaa»tfla4 — «wA* 

fled  Cunn modaa wbara cn.nty volug« la uaad to MMbtt. qoaocji. daisy or 

initiate domatna or partial domaina and cooaaqoaMly daliaar pooor to a 

load at the cavity frequency.   The object for efncieni oparauon ta to Itoaa a 

load voltage waveform with a minimum of harmonic coMaM and to accooi- 

pliih a proper aynchronitation of cavity frequency with tranall um* t 

In a recent paper by Carroll and GUbtn1. moat of the more important 

aspect! of the poaaible modified domain modaa are dtacu«*»4 »nd a goo« 

dlacuaalon given on the importance of proper aynchroniiatiao of caviiy 

voltage period with tranalt ttme. 

In general, it appears that operation la beet when output f 

if lower thpn the Gunn frequency although there la a raaooam mod« •*.#« 

operaUng fn  uency la twice the Own frequency, which atlo*« go«} ym4 

voltage form and good efficiency but only under eery »pacific operatlf« 

condlllona.   There are other "raaonant tranalt time* mode« at one toU ai>4 

directly at the Gunn frequency which ahow very high efficiency bot ***** er« 

i a 



4»mc«ti lo rwmUw fTMUcatly htmw at *• nqmn* prvciMon of tyncHro- 

ntftmmif, « »o-CAlWd >)f^rt4M Mo4t hM bMü fWMtod1* * Hue* 

M qwi« rmtaMliljr • mod* at apmnum wtoc* rowm m* ir«MtUiw rvfton 

btt«M« • tnw UouMd tpM« «iMrg» C«««|II4CNI to • tpac« cMrgv coodiuon 

«twr« OM CM ao lon^pr «pMk of Ml? fomMd irmMtun« «xxnAtM b^MM 

of b«ld-«p HOMO bouit oo ttw ordor of on nr «otu«* p«nod.   BMICOII?. 

OM «UOM ft dipol« to form for • lorf« portio« of iiw Rr fwrtod »t* itmn 

uMfcilot«« ifet r «ttHuig opoco diorf« dMinboUoo boioro it «Uto »i uw 

Mod».   Tfct volMf» ««UII mm M«ordiogty f» btloo MotouuAf towi «ad 

romaio ia u»« fasoiuvo TMIMUOC« rogioo lo^ «mq* to ««cay all apM« 

cHorgo. f*m iMonnt l»riodic«jr ovor OM ftaJllir volUf« rsct»r«»ao.   Thu 

notfo of oporaaoo tea boo« wod «life ffeirty food wnprnrunwrnmi tmcm* ro- 

cwMLtjr   wtu» 11% «fflelvocy tmwutg hewn r«*}t»K) »i «ho«! f oil»     TMrv 

•MM to bm mamm iti«cr«tAi)ry «fMn b^*««t> ifwor»Uc«J «ltd npvrtmmiAJ 

bManor «life r««Mci to •>• ropoo of blM «oHof* Md nl prodon alto««d. 

Ho«M«r. in gMorml IM pinunvior vim rwif»* «»«m lo b» raifevr broM 

M   ^AtivociM «hovid «pproocfe 10% to prMOco. 

COMidinog lfe» •»»♦» ducMMoe. II »avid ••«?> uuii vffon to 

•cfelovo bvllcr HUcimfmf frao» c*vnrt ettmci dnrtcM. M r«Ul«d to our prob- 

IM», «oold Mol bm plac«d M roMMM ITOMII Um« Md hybrid lyp» modn 

of o|»r*iioA.   W« «tU ifeaa coMidor Uw dMign. Ubrtcauoo «ad laaoag of 

MM dovtCM dartof Ifeo followtat qoanvr« aloaf «life a coattaoing »ffort on 
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tfMcrtlMd Mirli«r 
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W. TttgmtAL AND OlflOHrTHICAI. C^)?<h^U»iATIO^B 

t fidcrtuan miMl b« ftv^i |o xhmrmmt Htpci» m this work 

b~«*.. ol oi» r#UiiW|y hifli dmy faciort «nd i^qutrxl output po»»r in- 

•ohr^.   ror ««•mpl*. • 10% •fflciMii d#vic« pulUi« out 10 w pcok power 

•I M <M> cycU wiU <ii«f ip.t« | „tu «v.r.«. powor.   Dtpondinc on UM 

lüvrtiMl rMWiaac, of Ite mipl« .«i mount. • BipulicMi t^npomture 

rtM can occur which may «pprvcubly altor the peak to v«ll«y ratio and 

mobility of th« OaAs matartal b^ng uuod. 

For • tMdwich-typ* dovic«. OM can improve the thermal con- 

diuoo by "braakiof" • Urge device into eeveral smeller devtcee of equiva- 

lent total area.   Thet le. on thr MtumpUon of en csentully coneunt power 

per unit area for a gtveo mode of operation, we can deUver the same output 

power a« from a large chip with several smaller chips and have the smaller 

chips running appreciably cooler than the single large chip.   It has been 

shown in an earlier report4 that the maximum steady state temperature 

rise in a sample of dot radius r, length t and die attach layer thickness d 

(see Figure 7) is given by 

W01'      K       2KS      SJ 
where the thermal conductivities are assumed temperature independent and 

heat sinking is on the die attach side only.   From the above equation, we 

see that for a given power input per unit volume, the temperature rise is 

decreased as the dot radius and length are decreased.   Consequently, by 

18 



Figure 7.   Geometrical Model for Thermal Calculation 
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divtdinf Ihr § wall« «••t|a|M| by v* «tw«« m*»mp»m d^tc« UN« I w» 

•mounia of rfutipftUon from flir« sfMlWr MIII|4M at it>i*l «^M«BI«<H «olwit» 

(or ar«« •tnct in* iMgih «mld b« k^M COMDMIIJ. M ««mM «pw* •«, #lvr#. 

cublp derrv««» in indi«i<)u«i ««mtM« i«fnt»*f«i«r« r.«« 

For concrMMM,*. M in» terg» ««gt» clup b» U «in i«*t «^ 

hw a 20S »m (KM dMinvivr    lu let» n«M rwi«»!«» •t^ttf b* 0. • 0 for 

0.5 Ocm mauml« and il «wld teto^r 19 m pm* govor «i Ml doty cyclo 

for 10% •fftctvocy    Tho niroloiod ib«rm*t r««.«!«^« for ihi« Mmpl« 

•ooW bo « rc/ooii Md for tto I «otto of «i. »tptaao »» «««M h,», 

•ppro«iiMi#lr 10%: i»mf»f»i«ro rio«    Kto».  far fliro chip» rmuiif to 

pormUol ««I ^cb howig o». WUiy» Mm, •• OM U» doi d»om«ior to bo 

* irc/oon    Mowooor. for dio I «on di^feiMi by ^cb cNp oo o«wld bovo 

• tomporoioro rt»o of ooly IfC.   Ihm, • coolor nMoun« mvluplo-wm. 

rqu.ir.Unl  la lb» •t«CtV dMp ^ ^ r^,aliftc# .^ „^»j,^ pamwr   ^^y 

r«0ttll. 

Of Cooroo. mu •impl» wAOipl* •••«in»« no 4l»odfr*nl«ge of 

runwng ■ motupl« cbip MM -b4cb, lo pr^»c., mAfm*b*inm    Prabloo». 

of moonuog. eootociiog, apwuag ^„^i,, .,,, ^ for1|| m|#|| ^^^ 

mo odvoaiogo«    llo^rpr. tbo idM vtU bo kopi to mtod for po»«tbl» futvr« 

MO. 
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AR PA Ord«r Ho. «M 
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transmttut to roroifn govorRmoou or loroipi MIJOOOIO mmf b» «o«» ao|y owh ftrmr 
approval of Comm.iwJtnf (;»n«r*t.  I . fc. Anay Kloctrooic« C .   rorf MCMWAOWII 

l  «liM.rr 

. t. Army Klortraoiro 
Fon MawMoflfc. It«» laroof  9Tt9l 

Oirtog th* Uo« qoanorlr poriad. iimo MM too« opooi ao ort«>i»Mic 
malarial roqiiiramml« and aanirti wj. micr»««™ ««M* I^}«« buo circvHrr •*** 
wllh producmf Miiial maa of ' »c«l^ «j»" cii «nHa f»f a«« ao pmim 4w»r«a 
Initial taatlnf haa ahman affiner »«a aa hi^ — t% ** nor« «»finally aro^d 
& to 0 1/1%.   Powar inr.i» »«ra balo« I }   4 »«iia 4w m itnpt^mt 4**** 
fabrication but ara aspactod to imprw a^rartoMy to fetora rwao. 

Tbarmal and gwimotrical cMi.Ntor.iioM tea« baa» gtva« to atoal« 
and multipla unit aandwuii typa davtcaa     Mulii^i« «^ «on imrttlimj «ara 
considarad and vmrtoM modaa of a|wr*i»an Mw b*ao tiMliil tor mora »ffirtani 
oparatlon.   LSA oparaitoi rsnga hM btM MMIdorM to ba too cmfinad for 
low fraquancy oparaitoo to gaMral.   Hrhrw mada aod riicaum iraoaN Um* 
modaa aaam to hold mora promtoa for acbiovm« r^atrod pmt— parf^rmaina. 

DD ^..1473 . ••• -zrr 

; 



u,*** fu,.{ru-^r 

r .u.-.i Ounn Fffn i OitciUatorB 

Mod«« of Operation 

Microwsv« Circuitry 

Thermal Consideration« 

•J 

3 

•I 

2 

I     l_l 
•curity CUoiriratlnn 


