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Abstract：

Amplificationofopticallightexcitedbytravelingelectroninthevacuumenvironment

WaSfirstlyobservedinthenearinfraredopticalreg10naSaCherenkov－typeamPlifier．The

light whose wavelengthisl・5匹n PrOPagatedin a Si－SiO2dielectric waveguide．The

acceleratedvoltageoftheelectronbeamfortheamplificationwasaround42kV．Dispersion

relationbetweenthewavelengthandtheaccelerationvoltagewellcoincidedwiththeoretically

calculatedresults．
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Conventionallasersareutilizingenergylevelsofmaterialtogetthestimulatedemission．

Operatingwavelengthoftheselasersischaracterizedwiththelasermaterial．Identicaloptical

galnissupportedforbothforwardandbackwardpropagatingwavesintheselasers・Onthe

otherhand，thetravelingwavetubel，thefreeelectronlaser2andtheCherenkovlaser3are

devicestoemitoramPlifyelectr0－magneticwavebytravelingelectronsinwidefrequency

rangeonlyforfbrwardwave．Oneoftheauthorshadtheoretical1yproposedaschemetorealize

unidirectionalopticalamplifierutilizlngadielectricwaveguideandanelectronguninvacuum

environment4asacherenkov－typeamPlifier・Additionalprecisetheorywasalsofo1lowed5・

ConfigurationofthedeviceisillustratedinFig・1・Theopticalwaveguide（0・W・）consists

Of a higher and alower refractiveindexlayers to be the core and the claddinglayers，

respectively．TheopticalfieldpropagatesthlOughthiswaveguideandpartlypenetratesintothe

VaCuumreg10ninfomoftheevanescentwave・ThephasevelocltyOftheopticalfield vq，tis

glVenWiththeequivalentrefractiveindex nq tobe

V甲∫＝C／乃研・　　　　　　　　　　　（1）

Theelectronbeamisemittedfromanelectrongunwithaccelerationvoltage Vandtravels

Withvelocity ve　alongsurfaceofthewaveguide・Therelativisticenergyoftheelectronis

椚。ハJl－（ve／C）2＝椚。C2＋ey，Where椚。is伽reStmaSSOftheeledron．nen，me

electronvelocity veisgivenby

V‘＝C1－1／q＋ey／朋。C2）2

ConditionstogetopticalampliBcationareasinfollowlngS4：

（2）

1・Tbevelocityoftheelectron ve shouldbeslightlyhigherthanthevelocityoftheoptical

1igbt vqpr・

2．Electricfieldcomponentoftheopticallightshouldexistalongthepropagation

（longitudinal）direction・Thatis，TM（transversemagnetic）modeissuitableinthis

WaVeguidestruCtllre．

ExperimentalsetupisshowninFig．2．Anelectrongunwasinstal1edinavacuumchamber．

Theaccelerationvoltagevariedfrom30kVto50kV．TheemissioncurrentwasaboutO．05mA．

Rigtypeopticalwaveguide（0．W．）wasformedbyetchingSilayeroftheSOIsubstratewhich

COnSistsofSi－SiO2－Silayers・ThetopSilayeristhecorelayerwithstripewidthof50to

lOOpm．TheSiO21ayerworksasthecladdinglayerwhosethicknessofl．Opmisthickenough



topreventfieldpenetrationintothebottomSi．EtchedsurfacewascoveredwithAlmmto

releasechargedelectronstotheearth．Thewaveguideconsistsoftwostraightportionsanda

CtlrVedcorner．Oneofthestraightportionsisforintroductionoftheincidentlight・An0ther

POrtionisfortheamplificationandlengthoftheportionis5mm・neWaVeguidesanPlewas

SetOn ameChanicalmanipulatorinthecamber．TheincidentlightwasintrodllCed from a

tunablelaser operating aroundl．5匹Il through　Single mode optical nbers and a

点ber－POlarizationcontro11er・OutputlighHromthewaveguidewasdetectedthroughaview

POrt and a polarizer．The polarization controllerandthe polarizer were used to select

POlarizationoftheguidedlight．

Opticalfielddistributioninthewaveguideandtheeffectiverefractiveindex n研Were

theoretical1ycalculated．PenetratingdepthoftheopticalfieldintothevacuumreglOnWaS

estimatedtobeinorderofO．1p．Ontheotherhand，CrOSS－SeCtionalsizeoftheelectronbealn

inourexperimentwasaround20叫m・Tもen，theelectronbeamhadtotouchtosurfaceofthe

WaVeguide，Whichbroughtseveraltroublessuchaschargingupthewaveguidewithelectrons

andpilingupcontaminationonthewaveguide・

Torelaxthesetroubles，Wedeflectedpositionoftheelectronbeambypulsedcurrent

appliedoJlthedeflectingcoilintheelectrongun・Figure3（a）and（b）aretimetracesofthe

OutPutlightfromthewaveguideandpulsedcllrrenttOthedenectingcoil．Rectangularpulses

withl．6mswidthindicatethectlrrenttOthedeflectingcoil，duringwhichtheelectronbeam

runs along surface ofthe waveguide touching on the surface．The electron beam was

removedfromthewaveguideinothertimerange・Figure3（a）isthecasethattheopticallight

WaSnOtamPlified・Theoutputlightwasdecreasedbytouchingtheelectronbeamonsurfaceof

thewaveguide．Wefoundherethatdecreaseofthelighthasatimedelayofalmostlms．This

delaymaycomefromtochargeupwholeofthewaveguide・Figure3（b）isthecasethatthe

OPticallightincreasedjust afLerapplyingthepulsecurrentthendecreased・Am0untOfthe

decreasewassmallerthanthecaseofFig3（a）．TheincreasedporlioninFig．3（b）mustbe

evidenceoftheopticalamplificationbyproposedscheme．

SuchamPlificationcriticallydependontheaccelerationvoltage Vandwavelength入of

thelight．Figure4shows mapplngOfthe datawith circles where amplifications such as

Fig・3（b）wereobservedforsampleswhosecorethicknessesared＝0・315andO320岬l・The

linesaretheoretica11ycalculatedcharacteristicstosatisfy ve＝V甲，fromeqs・（1）and（2），

Whoseconditioniscalledtheresonanceconditionbetweentheelectromagneticfieldandthe



traveling electron・ne eXPerimentaldatawellfitwith the theoretically calculatedlines．

TheincreasingoftheopticalintensityinFig．3（b）wasO．1toO．3％whichcorrespondstothe

amPlificationgalnCOefficientofg＝0・2100・6m－1・DirectcompariSonofthisvaluetothe

theoreticallypredictedvalueinRef．4isnoteasy，becausewedonotknOwsomeimportant

ParameterSSuChastheinteractionlengthbetweentheelectronbeamandtheopticalfield・Tne

amplificationwereneverobservedforTE（transverseelectriC）modeofopticallight・

Ournextsubjectistoincreasetheopticalgainbyfocuslngtheelectronbeamwithan

electronlens．

ThisworkwassupportedbytheMinistryofEducation，Science，SporLSandCulture

throughascientificgrand－in－aid．
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FigureCaptions

Fig・1Schematicillustrationofanopticalampli鮎rexcitedbytravelingelectronbeam．

Fig・2　Experimentalsetup．

Fig3　Timetracesoftheoutputlightandthedeviatingvoltage．

（a）isthecasewithoutopticalamplification．

（b）isthecasethattheoutputlightisamplified．

Pulsedcurrentwithl．6mswidthwereappliedtodeflectingcoiltoruntheelectron

beamalongsurfaceofthewaveguideduringthisinterval．Theoutputlightdecreased

in（a）butincreasedjustafterapplyingthepulsein（b）．

Fig・4　DispersionrelationbetweeJltheeiectronaccelerationvoltageandthewavelengthof

thelight．
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