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SUMMARY 

This report contains results obtained during the final months of 

work on Contract No. DA28-043 AMC-01758(E) and for the first month of 

work on Contract No. DAAB07-68-C-0209. 

The former work involved the design and fabrication of CW Gunn 

effect oscillators in the range from 4 to 13 GHz and with output powers 

greater than 25 mw.   By solving the GaAs material p .oblem with soution 

epitaxy, the CW device investigation led to the fabrication of samples 

oscillating in the range 4 to 13 GHz with outputs up to 140 mw with over 5% 

efficiency and with maximum sample temperatures of about 1< 0oC.    The FM 

noise is qualitatively correlated to the sample current noise and is typically 

less than 45 Hz at 10 KHz from the carrier in a bandwidth of 200 Hz for 

Q's « 200 (» 50 db carrier power to noise power ratio). 

The latter contract involves the study of high power, high duty 

factor pulsed Gunn effect devices.   A listing is given of pertinent design 

requirements and the various problems that will be considered.    The initial 

approach to the problems is outlined and a design calculation given.   The 

schematic of a very simple pulse amplifier using RCA overlay transistors 

is shown along with output data of 10 amp.  1 ^sec pulses and voltage pulses 

across both Gunn oscillator and resistor loads. 



FOREWORD 

The work reported in this quarterly report will consist mainly of 

the latest progress on the development of a CW Gunn effect oscillator and 

the preliminary work done on the development of a pulsed oscillator for 

phased array radar.   The CW work is being continued as an in-house pro- 

ject, but the work reported here was done under the now terminated Contract 

No. DA28-043 AMC-01758(E) under the authorization of Contracting Officer 

Mr. Edgar D. Fitzgerald. 

Pulsed oscillator work is being done under a new contract. No. 

DAAB07-68-C~0209, by authorization of Contracting Officer Captain 

Suzanne M. Perkins, Procurement Division, United States Army Electronics 

Command, Fort Monmouth, New Jersey. 

The work has been performed at Hewlett-Packard Laboratories 

under the supervision of M. M. Atalla.   The report has been prepared by 

J. Barrera.   Significant contributions during the report period have been 

made by G. W. Mathers, J. Raymond, B. Farrell, and T. Fortier.   Dis- 

cussions with M. M. Atalla and C. F. Quato were of great benefit. 
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Wim UM Mt^n, of muOm ouftlily »oltiiioii «rovn O^U «im low 

dopl^ prt^lt w. i«^ bt« «bto to «»c««^ «i CW d^ie« dtwi».   Our 

O^MUV« bM bM to d^vlop MtefO—ib MVMt »Hh gwd ovlpwi po^f 

ov«r • «td« bMd »ad «tin to« rM oou«.   Imfw ,»*, f,* HMOIIM «• tev« 

•ttcc««M i« prpduciÄg d^rtCM «tucb o^iltei* u» Om rwig» ffftm 4 to II QNt 

Mdllli^ir«lo«i|MHpo^r«ofrroiiiIOioUOmilU««n..   Th* Hnam^m 

•r» •! • l^l or from J ic cwr 4*. ^ o^rtu«« «««rat« lomp^ivr« oT UM 

dtvieM I« at ■ eomforubi« Iml of .ivm.im.ioiy l*VC or I—, ** *9 n» 

i»oi.o i. «.11 -v tu», «im moi r^oriMl in prwicm. r«poru. 

W. b.vo f.^wi UM to ofwr.1. MO.teetority on . CW but., iiw 

d^nco f^motr, ««« bo b^t oodw «rrtbl cooifol    Tb. I«,^ of . do^co. 

tor «wpt«. will «Helot, to. Urf «M «»O lOilf I fr^joo^y «b.fo 

«wbl« poww eoo bo oouto«!.   Tb. f«.«« for uo. m portly do. to ibo 

cootroll«^ h^ ^r „^ t^p,^^^ ^ ^ ^j^^    With «ol«« to«.. 

pcr.turr ib.ro ,. a d^i^teuo« «r Com„ „^„^ .^ t corr^poodliif I«MO 

of pooor ompm ot *• ht^, trm**t* f pom of oporoboo.   Tb. ^foct of b«oi 

cwb.pl^oly.o^ioriforol.   Wo b.vo plott^ moaimom ,««•, o«^ 

M . fttacuon of Irwquwncy for Wi# Mm» d^ic» biM»o •« i«tc« mroobold. 

botb CW ood pulMd <l ^^ pol^ .! 1% D. r. I.   Tbo d^ico i. roloti*oly 

lonf (IB. 6 ^m) wid |«o . 3 A pow^r cormr .1 I • Of, for CW oporouoo 

but M 8. • OH. coro.r for p**** ^.üoo.   T^ ooporotio. lo Wc.l « 

i« • 3 db difr.r«co l« pooor loool bot«ooo CW ** ^o«, ^^ ^ ||w|r 

I 



TE-238 ^10 
VTM-6.2V 

^Ii4v PULSED 

f(GH|) 

rifur. I      MMd «ad CW pmr o«ip«i «i rued biM ntotf. 



«« from l.tQNi down to •! tMMOMt. 

A rMktr «p^r««! pro»!— M UM WMM^ r«|M uu-oA m 

lOM. ttM M# for UM fttaf« ^ |»r«mrt.f« «MI #r# ^^j, »igi y|,,, 

CW d#tnc^. *« npM po.^ ^y.^,. ^j^,^ ^^^ ^ ^ 

lo« m* f^ ^. >ii ^. ^ ^^ ^ p| ||<>tiu f|^ , _ |fli* ^-« ^ 

b*l*9 lr«Mt9fM itoftl MMTt Ml tUBM «ol MMk rtwnti «Ml o«r AT fr#- 

«MMjr ptrioii.  TkM la aoi to t^ «MI • 

for w MaplM b« UMi 

Hr ^lUf .nd U« «^^ |«rtu^ t CM *•• ^l,# Äff#f^ 

tft r»rif 3w99how9 tmkrif HpiMi ^IU^ l--^ pg^ ^ 

^U^IOM^M».!,,,.^    DM—^M-.li.M-Ucirr, 

ifc» 4rvtc« M <® • c«r«B4a vottaf* MM UHM «M 

111 l-V MHMIO . fcHr.rirml«     T» l^-^ '-      Timllj     Lj _ 

mmM «^c, for • i«. aomM« d^i«.   •fc« «M Mmt IM« WMI f»^ 

***™***™* mwrn.**mm, lm«m mm* ****„*, 

• w«# r^g, IM-r, U«i. rr^^cr M»4« o««^.   TIM •mIMu«. M 



' 

Figure 2.    Typical voltage tuning curve. 



lose cavity control of the device after a certain bias voltage which quite 

probably reflects as a decrease in the ratio of RF voltage to DC bias 

voltage.   The tendency for this tuning behavior to occur decreases as the nl 

product is lowered and Increases as the loading is increased. 

I« 2 Power Output 

la i-igriai . CW o.cill.;,r to perform r.lUbly with long Ufo 

(» »000 hr.) on. mu.t con.ld.r th. control of dovtoe temporMure .long 

with d..ir.d fr.qu.nc,-, per, .„d tap«!««, i«,,.   w, h,ve con,ld,red 

*... fMtor. in d^l ..d h.». ton* th.t d«lc.. en b, buUt to op.r.t. ln 

U» 4 to 13 OH. r.*on with pow.r output «ngin, .„o ft, hundrKl. of „,„,,. 

«tU.   Th. high.r powr d«lc.. .ccordingly run hott..t, but on. en .ÜU 

f.bnc.u. then, to operate under 170«C mMünum t.mp.r.tur.. 

An «.mpl. of . furly high powor d.vic. 1. gtv.n in Figur. 3.   We 

h.y plott«! th. output pow.r M con.Unt hi., volug. for CW „d pul.ed 

op.r.tion.   Th. »«imum CW powor .hown i. 140 mw„ 7 OH. .nd « 11.0 V 

MM.   Not. ».t .t 9.0 V hi« th. fr«,«^ „.„on,, „ better .„„ ..   M 

>«.t in pM, du. to . lowor input powor .„d con.«Iu.ntly . lower temper.- 

tur. ri« (.. i^ic«, ,„ the pr<(cw)lng iection)    ^ ^ ^ ^^ 

indie» th. ov.r.U ««, of t-np.r.tur., .nd. .. .hown e.rlier, .n en- 

•«nc«! output with r..p.ct to fr«,.««, i. obuin«!.   The device u.ed in 

Figure 3 •« 1». 4 „m in l.ngth .nd w« m«i, from 0.5 n m.teH,l with . 

dot conuct dumber of 11. „m.   Th. ,„„„ „„, of TE 240 ^^ ^ ^ 

con.l.t.nt .Ithough mo.t m.Kimum efficiency point, were below 5% ye, .bove 
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4%.   The power output for the TE 240.e was Hat within a few db from 8 OH. 

down to about 4 GHz. 

To obtain good X-band operation, we must go to thinner devjc... 

We have found that in order to push the CW power corner to the top end of 

X-band a device with 12 or 13 .m length is required.   Such a device i. 

shown in Figure 4 where again maximum power is plotted again.. trtqwocy 

for a voltage of 9. 4 V (twice threshold).   The highest power is about 44 

at 9 GHz with a 3 db drop at 11. 6 GHz.   Higher power has been obtained a. 

the upper end of the frequency range, but the plot shown is falr.y typical of 

a conservatively designed device for X-band operation.   The eificiency for 

the TE 245 devices was about 3%.   Similar rune have „„„ ^ ^ ^ 

ciencies are 3% and better for all.   We fee. that our efficiency to date ., 

stiU somewhat limited by our use of alloyed contact, but ezpec. U.a. the u.. 

in the near future of thin, grown n+ «n™    -i, 
-, grown n   skans will improve the efficiency con- 

siderably. 

1,3 Noise Performann» 

We have shown in previous reports that the FM noise of our 

devices is consistently low and easily approaches that of «.. b... .„.,.„,. 

-ngle cavity refle. «ystrons.   F^ 5 ahow8 ^ pM ^ ^^ ^ 

a TE 331 device compared to an HP eiaA mlocked Uystron .^ ^ 

noise level. 
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For X-band operation with medium Q valu«« U 300) the FM noiee 

level is typically around 45 Ht at 10 KHt from the carrier In a 200 Hi band- 

width (« 50 db carrier power to noise power rauo) end can be as low as 10 

to 15 Hz.   In general, the noise levels for a given run are quite conatstent 

but some variation doee occur.   We have found that a good quahtaitve cor- 

relation exists between the current noise and FM noise levels for otherwise 

identical devicea.   In a paper presented recently1 we showed this noiee be- 

havior for TE 231-70 devices.   Figures 6 and 7 reproduce eoroe of the data 

presented and show what is a consistent trend for eU our samples,   in 

Figure 6 the FM spectra for samples f 0 and #7 ere given.   Note that the 

devicea are identical except that 17 has a higher notee level,   la Figure 7 

the current noise spectra are revealed for the two device« at both low and 

high field bias conditions.   The noise levels are eeeentully vhe seme for 

frequencies above 10 KH« where there sppoers to be a generation-recombination 

noise contribution.   However, the l/f noise component is quite s bit hlgier 

for sample #7.   It is this ,,extr«M l/f noise that ts quite probably responsible 

for the additional FM noise for «ample #7.   |n any case, one will always find 

that the higher FM noise sample will have the highest low frequency current 

noise level. 

"Circuit and Noise Performance of Solution Grown Bulk GaAs Oscillators' 
byD. C. Hanson and J. S. Barrera. ICAMEB. Jan. 25,  1068. New York 
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Figure 7.     Current noise spectra of two "identical" devices. 
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n. PULSED GUNN EFFECT OSCILLA-TORS 

U'1 Specific Device Development 

AB a vehicle to demonstrate device captbOlUM, wt pUn to carry 

out the development of an actual device and to demonatrau Ita cooinbttUon. 

in the specific area of aolid state pulaed microwave aourco. for phaaed arr^ 

microwave transmitter application..   Following are device goala aod guide - 

lines: 

1. Application:    phased array pulaed microwave tranamlttera. 

2. Frequency range:    C band with 5. 675 GHa center frequency. 

3. Tuning bandwidth:    up to 10% of center frequency-volUge 

tuning. 

4. Peak power output:    10 w or greater. 

5. Duty factor:    1 to 5%. 

6. Pulse duration:    0.1 to 10 microseconds. 

7. Conversion efficiency:    15% or greater. 

8. Output:    50 fi line with an antenna load mismatch no 

greater than 4:1. 

A coherent pulse output is required with phase preservation over 

hundreds of pulses. Design configuration, packaging, and circuitry is to be 

consistent with phased array module design with lateral extent less than 

\ cm. 

13 



Alter mn «ppraiMl of tti« l«chfuc«l guidvUn.. of th* prMtdto« 

••ettoo« «• iiNmd «Mi UM major eoMidorouocM tarolvod for th* «twte« 

dMIfn «hould b« M follovt: 

t.    A rtforowi tiväy muti b« mad* ol L&A oparatioo vtraus 

Owo or modified Omm mod« operation for productnf »ff»- 

eiam. pilaad« rolativatjr ia#i dMy cycl« powar at C band 

fraqoaoelM. 

I.    Haat dtaatpauon «tadiaa ara raqmrad for aaao vary hifh 

afftctaacy daaieaa (> IVk). and gaomatry trada-offa batwaan 

lataral and »frmSwich atructaraa maat ba coMtd*rad from 

both a baat dlaatpatton and microwav* oparauon aundp^nt. 

I.    Ptom a circuitry vtawpoiat. caatty atmentraa moat ba 

carafaUy da*ifo*d to incorporaiv (good h*at •inlmif «ad 

tnmmablUty to provtd* th* axact frcqaaacy d*alrad aad 

oaaraU tit* muat, of court*, b* considered.   Special 

•ttanuon muat ba paid to placamam of th* pacbafad davlca 

within the cavity, ••apaclally for LftA oparation.   Atao vary 

Important ara eooau* tratiooa of puU* bia« circuitry for 

Prävention of pulae defradauon end tupp^vtion of Um fr*, 

quaocy blaa occiUauon. 

4.    It may prove oeceaaary to rely on the uee of mulu-chlp 

davlcaa; that la. aaaumlnf problama of phaae coherence do 

not occur for a roultl-chlp unit, then it la quite poaaibla thai 

14 



I»i«i «Mipitt» problMM would bMom« t«M Mv«r« «^ 

pov«f dMBMd pmr chip »«Mid b«<am» mor« rmi—lilt. 

1.    D^ric« ctefMt«rtMito» IUMI b« coaMd«r«d frtw» UM «uad- 

fwurt of «ud.uc«} itntformt^. rvprodttdbtäty, tad ftaml 

PMUicicr tmlM tMNHiy.   l^ta-e«r«|*| «owtomf or 

DC prtMOT. pMb piilM po««r« tad •fflciMciM. UM 

moaeorooiMii of polo«-to-polo« e«iMr*occ »nj j.^f.j ph»«» 

coteor«oc« mtMl IM i*fM«n«k«i M • enttcot mtooorvmvoi. 

0.1 Itxmml U*e\c* t>»tMiofmooi 

Al UM UOM of vrmog of Una roport. UM fiaoi fobneouoo ood 

toiuof of UM ftroi n» of p^o«d dwcoo hw ooi bw, compl»««!.   V« vUl 

roporf. iMwovor. oo UM uuuol dovtc« dooifs ood o^octtd roooti« 

Sloe« «U our pr^now «ort tao dooh «tdi • Motfwiea.^p, 

d^c. tih .« ^^«1*0 dot ooMct oo ooo «do. -mU*y* imoof^ 

UMl «PT.«C, ^y^d o^ to . p^«, o^c, o^igo.   rr«n.n.^r,f 

powor ouodpoioi. UM UMrmol problo» «HooJd IM jo« u t^m for UM 

potM probl«» M H to for UM CW •itiMiian.   CooMdortof ih. gutd.Uoo 

rtqio wn^nu of 10 o •• IM •mattcy Md Mk doty cyclo. •• «oo «Ml • 

dM.ip.Md powor woJ«. of 3 Jj . ,. Ih# mj,.«,,« ^^ te b, o^H ^u, 

THia Op»« M UM! MKMI UK Urgwi u», •, «aroMl^ <MoJ «tu. for Wr CW 

d«ic«o to obtoto r.    utroly comfonoM« oporouo«,   CooMqiMMly. •• otetl 

•ot ooi lo boodt« uir«« «ott« rrmg* l»«^f M • turtint poim ood wiu 

• Modwiöi.^pt dwe,    *•»-•»fooodUMi. lHon^tf^^ 

ss 



will operate quite nicely at 5 to 6 OHs on a CW basis, ami accordingly we 

will choose 16 um as the active length of the device.   Now, let 

Input power at max bias   ■   3 watts avera^ 

Efficiency    .-   9% 

and consider a 

Duty Factor ■   5% 

We then have. 

Max Input Pulse Power    ■   60 watts 

which leads to an expected peak output power of 3.0 watts. 

For L ■ 16 i*m, V^p^^^ * 5.2 volts and if we make the 

assumption of operation around 5 VTh, then we mmrt have, for a maximum 

of 60 w peak input power, a bias current I of approximately 2. 3 A. 
T^ax 

Now, the threshold current, 1^, will be « I /.76 or about 3 A aasum- 
Max 

ing an average current drop of 25%.   There is usually a current "bendover" 

at threshold bias such that the low field resistance H   is w 0 6 V     /I 
o Th TV 

Bur this calculation then, 

5 2V 
Ro   * 0-6OÄ   "   104n- 

2 
Since R     ■   oL/nr o 

16 



w« h*ve 

or. 

r  ■   2.36 x 10*   ^T   cm . 

For 0. I n cm mmtorUl our device will be 16 urn long and have 

a US iim dot diameter and for 5% efficiency ahould produce 3 watte peak 

power.   Such a device will be fabricated and teeted ahortly. 

0.4 Device Pul»er 

A duty cycle requirement of 9% for pulse widths around 1 »sec 

requiree a pulser with high repetition rate capability.   Our present HP 214A 

puleer la quite capable of providing the necessary biaa pulse widths and at 

the desired repetition rates.   However,  for the 50 0 output Impedance ranges 

the maximum peak power available is about 40 w.   We have thus considered 

the possibility of building a pulse amplifier to drive our devices using the 

HP 214A as the triggering pulser. 

After checking the availability and performance of high power 

switching transistors, one quickly comes to the conclusion that there are 

virtually none that are fast enough for our requirements.   Fortunately, 

however, there are available the relatively newly developed RCA overlay 

tranalstors.   These units are not designed primarily as switches, but we 

found that they perform admirably, and we have. In fact, successfully 

developed a pulse source using two 2N5018,s In parallel.   On a CW basis 

17 



each transistor will carry 4. 5 A collector current and will withstand up to 

65 V collector-to-emitter voltage.   The f    is around 600 MHz. 

Our circuit is very simple as can be seen in schematic form in 

Figure 8.   Basically, we have an emitter follower with the two 2N5016ls 

paralleled and with the GaAs device as the load.   The 0. 3 fi emitter resis- 

tors are there to balance the transistors, and the 100 Q input resistor tends 

to provide an « 50 n input impedance to the HP 214A pulser when the expected 

device resistances are reflected to the input.   Figure 9 shows a picture of 

the physical unit. 

The available pulser output has not yet been fully explored, but 

some preliminary data is shown in Figures 10,  11, and 12.   In Figure 10 

we show the output voltage for a 10 A,  1 ^sec pulse through a 2> j resistive 

load.   The pulse is quite clean and is a conservative output for the circuit. 

Figure 11 shows the output voltage across both a Gunn device and 

a resistor of the same low field resistance.   The two waveforms are essen- 

tially indistinguishable.   Figure 12 shows the voltage waveform for the above 

device on an expanded time scale.   There is some ringing, but no attempt 

has yet been made to "clean-up" the circuit.   The rise and fall times are 

actually less than what is shown due to the oscilloscope limitation. 

18 
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Figure 8.     Pulser circuit schematic. 
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Figure 9.     Transistor pulse amplifier. 
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Figure 10.     Pulse voltage across a 2. 5 n resistor. 

Vertical scale:       5 V/cm 

Horizontal scale:   0. 5 M,sec/cm 
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Figure 11.     Pulae voltage acroti a Gunn effect dertce (bottom) 
and resistor of equal low field value. 

Vertical acale:      5 V/cm 

Horisontal scale:  0. S itsec/cm 
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Figur« 12.     Pulse volUge across Gunn effective device. 

Vertical scale: 5 V/cm 

Horitontal scale:   50 nsec/cm 

23 
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11.  ABSTRACT - . —.™.,™«„__i_^,w-_^ 

This report contains results obtained during the final months of work on 
Contract No. DA28-043 AMC-01758(E) and for the first month of work on Contract 
No. DAB07-68-C-0209. 

The former work involved the design and fabrication of CW Gunn effect 
oscillators in the range from 4 to 13 GHz and with output powers greater than 25 mw 
By solving the GaAs material problem with solution epitaxy, the CW device invest!- " 
gation led to the fabrication of samples oscillating in the range 4 to 13 GHz with out- 
puts up to 140 mw with over 5% efficiency and with maximum sample temperatures of 
about 170-C.   The FM noise is qualitatively correlated to the sample current noise anc 
is typically less than 45 Hz at 10 KHz from the carrier in a bandwidth of 200 Hz for 
Q s w 200 (s» 50 db carrier power to noise power ratio). 

The latter contract involves the study of high power, high duty factor pulsed 
Gunn effect devices.   A listing is given of pertinent design requirements and the vari- 
ous problems that will be considered.   The initial approach to the problems is outlinec 
and a design calculation given.   The schematic of a very simple pulse amplifier using 
RCA overlay transistors is shown along with output data of 10 amp,  1 ^sec pulses and 
voltage pulses across both Gunn oscillator and resistor loads. 
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