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ABSTRACT

This paperdescribesa newmethodof controllingthe fre-
quencyof W-bandsubharmonicGUM oscillatorusinglaser
beam.In our experimentthe maximumoptical tunning f%
quencyshift of 7MEz hasbeenobserved.A cavity with a
siliconpiecegluedon backshortis analyzed,The complex
frequenciesof the cavity as a function of plasmadensities
areobtained.

I. INTRODUCTION

Interest in opticlly controllwl oscillator has beengrown
in recentyears, Many researchersdevotedthemselvesto
microwaveoptically controlled GaAs-MESFEToscillators
with illumination effectsboth on devicesand circuits(e.g,
dielectricresonators). Millimeter waveopticallycontrolled
oscillatorshavealsobeenreported,Yu et al describeda os-
cillator at Ka-bandwith the illuminationon aSipiecewhich
is a part of circuitll Fewwork on optically controlledos-
cillators at W-bandhasbeendone. Seedset al reported a
frequencymodulationoscillatorof IMPATT diodeby opti-
calillumination,themaximumfrequencyshift of g.~~z has
beenobservedl It canbeseen,however,that the coupling
light to activeareaof a diode is somewhatdifficulty. One
preferschangingthe circuit parametersto deviceparame-
ters. In this paper a W=bandoptically controlledsubhar-
monicGum diodeoscillatoris reported,in whichthe light
illuminatesdirectly on a siliconpiecegluedon backehortof
a cavity. The frequencyshift of 7AfHZis demonstratedas
an optical response,which is comparablewi+hthe ondzlof
illumination on activeareaof dkxk+ The cavity with Si
piecelowkd is alsoanalyzd by using transverseresonant
technique.

II. THEORETICAL ANALYSIS

Fromthe theoreticalpredictionsof theDrudetheory[~l,we

knowthat therelativedieletricccmstantof Si illuminatedby
light is a complexvalue,whichis a functionof light injected
plasmadensity. The configurationof the resonantcavity
to be analyzedis shownin Fig,], Accordingto transverse
resonantprincip1e141,the complexfrequencyw of rectangular
waveguidecavity with a Si pieceloadedand illuminated by
light canbe calculatedin termsof followingequation;

J%wldt pltgjzt = o

where
/9;= ##ot, -. (:)2

and q is complexdielectric constantof the Si piece,a is
width of the cavity, Fig.2 showsthe resultsof calculation.
The realpart of complexfrequencywis resonantfrequency
and imaginary part is loss. In Fig.2(a) the resmmt fre-
quenciesof thecaviiy areplotedasafunctionof the plasma
densities.The imaginaryparts of frequenciesare ploted in

Fig,2(b), Whenpkwmadensitiesarebetween10l~on@and
1016crn-3, the kquency changesabrupily from 46.6WHZ 10

48.70GH#and approaches to maximum at phisma density of

IO%m-g. The loss]peakhasbeenobservedat plasmaden=
sity of IO%rS, Whentheplasmadensityis below1o%w$,
the resonantfrequernlcyof the cavity is nearlyaconstmttand
lossincreasesasplasmadensityincreasingbecausethe illu-
minatedSi showsdielectricnature, Whenthe plasmaden-
sity is aboveIO%n-S, the resonantfrequencyis no longer
chaugedand lossdecreasedas plasmadensity increasing,
This is due to the metallic nature of illuminated Si mate-
rial It can be sea that the sizeof cavity is equivalently
reducedbecauseof metalized Si piecewhenplasmadenti-
ties arehigh enough.

III, EXPERIMENTAL WORK

The configuratio~~of an experimentaloscillator is shown
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in Fig.3, Gunndiodeisaceramicpackageddiodeandisused
in resonantcaptype circuits Siliconpieceis 1,2x4,1x ,4nvn
and its dark relativedielectricconstantis 11.9,It is slightly
P-type with an intrinsic carrier density of IOI%tn-$arid a
resistivity of LOx IO@m, The Si pieceis put in waveguide
cavity whichisresonantat about48GHZ)2ndharmonicwave
is coupledto WR1Owaveguideand output. The optical
signal is generatedby GaAs/GaAIAs laseremitting at a
wavelenthof 863tvnand power is about 6mW, The optical
poweris coupledto the Si piecewith optical fiber through
a holein the backshort,whichis actully a cutoff cylintilcal
waveguide,The diameterof cylintilczd waveguideis .WWm
The free-runningfrequencyof the oscillatoris 95.58GMz and
output poweris about Mtnw.

In our experhnent, the oscillator is connectedto mea-
surementsystemwhichusessubharmonicmixingtechnique,
and the IF spectrumcanbeobservedon spectrumanalyzer
tirstly under dark condition. Whenthe Si pieceis illumi-
natedby laserbe~ thefrequencyshift of 7MHz is observed
on the screenof spectrumanalymr. Fig.q showsthe spec-
trum of the optically controlledoscillator. The right=hand
peakis the free-runningfrequencyunderdark conditionand
left-handis oscillationfrequencyunderillumination, When
laser beamis cut off, the oscillation frequencyreturns to
original fkquency. In this experimentthe output powerof
oscillatoris not changedwith or without laserbeamillumi-
nating.

IV. DISCUSSION

It can be seenthat the frequencyshift is negative.The
positiveoneis expectedin our analysisabove,The explana-
tion for it is that the Si pieceis nowcloseto.the diode,the
illuminated Si piecegivesmore effectson external circuit
impedancelookingout from the diodethan the impedance
of cavity. The analysisof a Si piecein the neighborhood
of a diode is for the momentdiflicult. In addition the fTe-
quencyshift issmallascomparedwith theoreticalresult. In
our analysisthe plasmais considerd to be full of wholeSi
material, In fact, however,the plasmaexistsonly whthin
the areaof optical spot, For this casethe frequencyshift is
surelymore lemthan the theoreticalcase.The analysisof
a cavity with partly illuminatedsemiconductorpiecearein
progress,

backshortis reported. By this new techniquethe optical
powercan more convenientlycoupledto oscillatorcircuits
than illuminating the active areaof diode, The frequency
shift of 7MH2 has beenobserved,The cavity with illumi-
natedSi pieceis firstly analyzed.

This techniqueof opticaUycontrolled oscillator can be
usedin W-band optically modulatedoscillatorsand lock-
edphaseoscillators,
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Fig.1 A cavity with semiconductor loaded

V, CONCLUSION

In this paper the W-band optically controlled subhar-
monic Gum oscillatorby illuminating a Si piecegluedon
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plasma density(l/cm?)
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(b)

Flg.2 Calculated complex frequency versus plagsma density

(a) I%SOSWICe3 frequency of the cavity

(b) imaginary part of complex f%equency
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Fig.3 Experimental W-band optically controlled Gunn
subharmonic oscillator

Fig.4 Spectrum showing optically tunning frequency
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