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  Abstract: AnX-bandmagneticallyinsulatedtransmissionlineoscillator(MILO)isconfiguredandinvesti-

gatednumericallywithKARATcode.Thedesignthoughtisintroduced,andthetypicalsimulationresultsare

illustratedandanalyzed.Insimulation,whenthevoltageis520kV,andthecurrentis64kA,thehigh-power

microwave(HPM)ofTEMmodeisgeneratedwithapowerof2.18GW,afrequencyof9.3GHz,andapower

conversionefficiencyof6.5%.
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  Themagneticallyinsulatedlineoscillator(MILO)isarelativelynewtypeofcoaxialcrossedfieldmicro-
wavedevicedesignedspecificallytogeneratemicrowavepoweratthegigawattlevel.Itrequiresnoexternally
appliedmagneticfieldtoinsulatetheelectronflowintheslow-wavestructure(SWS).Thisself-insulating
property,inherentinmagneticallyinsulatedlines,allowsthedevicetohandleanextremelylargeinputbeam
power(tensofgigawatts)withoutensuingelectricalbreakdownoftheanode-cathodegap(AKgap).Itisa
majorhotspotinthefieldofhighpowermicrowavesourceresearch[1-6].Intherelatedleadinglaboratoriesof
theworld,suchasAirForceWeaponsLaboratory(USA),SandiaNationalLaboratory(USA),CulhamLabo-
ratory(U.K.),InstituteofElectromagneticResearches(Ukraine),etc.,intensiveresearchesontheMILO
havebeencarriedout.
  ThefrequencyoftheinvestigatedMILOisfocusedontheL-bandandtheC-bandatpresent[1-6].TheX-
bandMILOisrarelyinvestigated[7].AnX-bandMILOisconfiguredandinvestigatednumericallywithKAR-
ATcode.

1 Basicprinciple

Fig.1 ConfigurationoftheMILO

  TheconfigurationoftheMILOisillustratedin
Fig.1.Theconfigurationiscylindricallysymmetrica-
boutthez-axis.Itconsistsofaseven-cavitySWS,pre-
cededbyaone-cavityrfchokesection.Thelastvaneof
theSWSisalsopartoftheextractor,referredasthe
extractorvane.Theinnerradiusoftheextractorvane
isslightlylargerthanthoseofotherSWSvanes,provi-
dingagoodmatchofthegapelectricfieldtothatofthe
outputcoaxialtransmissionline(CTL)[2].Theloadre-
gioniscomposedofboththerightendandtheendsur-
facesofthecathode,thebeamdumpdiskandtheinner
conductoroftheoutputCTL.Theelectronbeamemissionregionisconfinedbyplacingvelvetonthecathode
runningfromtheupstreamsideofthesecondchokevanetotherightendofthecathodeandtheendsurface
ofthecathode.Thevelvetisusedastheemittingsurfaceandispastedonthecathodewithglue.
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  ThebasicprincipleoftheMILO,usingFig.1forreference,willbedescribedasfollows.Ahigh-voltage

pulseisintroducedfromtheleftandpropagatestotherightinFig.1.Electronsareemittedfromthevelvet.
Theelectronsoftheloadcurrentareemittedfromboththesideandtheendsurfaceofthecathodeextended
intothebeamdumpregion.TheloadcurrentgeneratesthedcmagneticfieldintheSWSsection,whichpre-
ventstheelectronsfromreachingtheanode.Thisself-insulatingpropertyinhibitselectricalbreakdownofthe
AKgap.Atthesametime,thisdcmagneticfieldplaysakeyroleinthesynchronismbetweenthedriftinge-
lectronsandacertainelectromagneticwave,whosecharacteristicsaredeterminedbytheSWS,transferring
energyfromtheelectronbeamtotheelectromagneticwave.Thegrowingelectromagneticwaveinducesanrf
voltageacrosstheextractorgapwhichproducesaTEMwaveinthecoaxialsectionaroundthebeamdump[2].
TheTEMwavepropagatesdownthesectionofthecoaxialwaveguide.

2 Design
  ItiswellknownthatthefrequencyoftheMILOisdeterminedbytheperiodanddepthoftheSWS.By
reducingtheperiodandthedepthofSWS,anX-bandMILOisconfiguredandinvestigatednumericallywith
KARATcode.

  Formoreefficientoperationandmorecompactstructure,anew-typebeamdumphasbeenintroducedin-
tothisX-bandMILOinsimulation[8].Thenew-typebeamdumphastwoadvantages.Ontheonehand,the
axialdistancefromthedownstreamendofthecathodetothebeamdumpdiskcanbeadjustedcontinuouslyby
axiallymovingofthebeamdumpdisk.Theaxialdistanceaffectstheloadcurrent,andhencethedcmagnetic
fieldintheSWS.Iftheaxialdistanceisverylarge,theinsulatingofthisdcmagneticfieldwillbeinsufficient
andtheelectronsintheSWSwouldjustflowouttothevanes,possiblyinitiatinganelectricarc.Iftheaxial
distanceisnotlargeenough,theinsulatingwillbeverystrong,pullingtheelectronflowawayfromtheinner
radiusoftheSWS.Atthesametime,improperdcmagneticfieldwillaffectthesynchronismbetweenthee-
lectronbeamandtheelectromagneticwave.Allthesewillreducetheenergyoftheelectronbeamcouplingin-
totheelectromagneticwaveandresultinthedecreaseofthepowerconversionefficiencyandthustheoutput

power.IntheconventionalMILO[1-4](seeFig.2[1]),however,itisdifficulttoadjustthedcmagneticfield
becausenopartofitcanbemovedeasily.Therefore,thisimproveddeviceisabletooperateattheoptimal
statebyeasilyadjustingtheaxialdistance,whichleadstotheincreaseofthepowerconversionefficiencyand
thustheradiationpower.Ontheotherhand,thedeviceismorecompactthantheconventionalMILO.As
mentionedabove,intheX-bandMILO,theelectronsoftheloadcurrentareemittedfromboththesideand
theendsurfaceofthecathodeextendedintothebeamdumpregion.Accordingtosimulation,theendsurface
ofthecathodeprovidesmorethanhalfofthetotalloadcurrent.However,intheconventionalMILO,thee-
lectronsoftheloadcurrentareemittedonlyfromthesideofthecathodeextendedintothebeamdumpre-

gion.Therefore,inordertogeneratethesameloadcurrent,thelengthofthecathodeextendedintothebeam
dumpregionwillbeobviouslyshorterinthecaseoftheX-bandMILO.Atthesametime,theshortened
cathodeisalsofavorabletothecontrolofthesymmetryoftheemissionoftheelectronbeamandresultsin
optimaloperationofthedevice.

3 Typicalresultsbysimulation
  Insimulation,thehigh-powermicrowaveofTEM modeisgeneratedwithapowerof2.18GW,afre-

quencyof9.3GHz,andapowerconversionefficiencyof6.5%,whenthevoltageis520kV,andthecurrent
is64kA.

  Fig.3andFig.4aretheresultsfromparticle-in-cellsimulationoftheX-bandMILO.Fig.3plotsthe
timehistoryoftherfoutputpoweratthemidpointoftheoutlet.Thediagramshowsthatanonlinearsatura-
tionoccursatabout4ns,andtheaveragedrfoutputpoweris2.18GW.Fig.4givesthefrequencyspectrum
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Fig.2 SketchoftheconventionalMILO

associatedwithFig.3.Thedominantfrequencyis9.3GHz,whichfallsintoX-band.Thediagramshowsal-
sothatthefrequencyspectrumisverypure.Inthiscase,theappliedvoltageandcurrentare520kVand64
kArespectively,andthecorrespondingpowerconversionefficiencyiscalculatedtobe6.5%.

Fig.3 Outputpowervstimeatz=15.0cm Fig.4 Fourierspectrumofthesignal

  Fig.5isaplotoftheenergyflowversusz.Thediagramshowstheinputpoweris33GWatinlet,and
theenergyflowismodulatedintheSWSregion,transferringenergyfromtheelectronbeamtotheelectro-
magneticwave.Thegrowingelectromagneticwaveinducesanrfvoltageacrosstheextractorgapwhichpro-
ducesaTEMwaveinthecoaxialsectionaroundthebeamdump.Fig.6givesthedistributionofelectronsin
thephasespace.ThediagramindicatesthattheelectronbeamiswellbunchedintheSWSregionandmoste-
lectronshavelosttheirenergy,whichprovesthatthebeamenergyhasbeenconvertedintothemicrowaveen-
ergyeffectively.

Fig.5 Energyflowvsz Fig.6 Particlesinthephasespace

  Fig.7showsE-fieldsversustimeatthemidpointoftheoutletandindicatesthatEr≠0,Ez≈0,Et=0.
Fig.8givesB-fieldsversustimeatthemidpointoftheoutletandshowsthatBt≠0,Br=Bz=0.Fig.7and
Fig.8indicatesthatthemodeofradiatedmicrowavesisTEM mode.TheTEM wavepropagatesdownthe
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sectionofcoaxialwaveguide.

Fig.7 E-fieldsvstimeatoutputwindowat

z=15.0cm,r=3.00cm

Fig.8 B-fieldsvstimeatoutputwindowat

z=15.0cm,r=3.00cm

4 Conclusion
  AnX-bandmagneticallyinsulatedtransmissionlineoscillatorisconfiguredandinvestigatednumerically
withKARATcode.Insimulation,whenthevoltageis520kV,andthecurrentis64kA,thehigh-powermi-
crowaveofTEMmodeisgeneratedwithapowerof2.18GW,afrequencyof9.3GHz,andapowerconver-
sionefficiencyof6.5%.
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X波段磁绝缘线振荡器的模拟研究

樊玉伟1, 钟辉煌1, 郑世勇2, 舒 挺1

(1.国防科学技术大学 光电科学与工程学院,长沙410073; 2.防空兵指挥学院,郑州450052)

  摘 要: 设计了一个具有新型收集极的X波段磁绝缘线振荡器,并利用KARAT程 序 对 其 进 行 了 深 入 的 数 值 模 拟 研 究。

对设计思想进行了介绍,并对典型模拟结果进行了图示 和 分 析。当 工 作 电 压 为520kV,电 流 为64kA时,模 拟 中 获 得 了2.18

GW的微波输出功率,频率为9.3GHz,功率转换效率为6.5%,辐射微波的主模式为TEM模。

  关键词: 磁绝缘线振荡器; 高功率微波; 收集极; PIC方法
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