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Acompactandinexpensivetechniqueisreportedforadischarge-excitedpulsedmetalvaporlaser
(MVL)atalowoperatingtemperatureutilizinganair-blown･typespark-gapswitchAlaseris

excitedinanaperiodicpulsetrainbysuccessivepulseddischargesofastoragecapacitorthrougha

spark･gapswitch.Avarietyofneutralmetalvaporlaser(MVL)usingmetalcompoundasalasant
isbrieflyreportedwiththecompactdevice.

lNTRODUCTION

Anelementalmetalvaporlaser(MVL)possessessomeexcel-

lentfeatureslsuchashigh output,highe鮎 iency,highgaln,
largecrosssectionoftheoutputbeam,andhighpulserepeti-

tionfrequency;although ama30rdisadvantageisitshigh
operatingtemperature.Substitutionofametalhalide,2-5

volatilemetalcompound,and/ororganometalliccom･

pound6-9asthelasantpermitsoperationinalowtempera-

tureandallowsconsiderablesimpliAcationofthedesignof
thelasertube.MVLwillbeusedextensivelybecauseofthe

greatvarietyandifitissimpleandeasytohandle.Thispaper
describesacompactandinexpensivetechniqueforthe

pulsedMVLsystematalowoperatingtemperature.

LAPPARATUS

A.GeneraldescriptionoftheMVLsystem

AnelectricalcircuitusedtoexcitetheMVLisshownin

Fig･1,whereahandmadeair-blown-typespark-gapswitch

(GS)isusedasasubstitutefortheusualthyratron.Byusing
thisGS,acompactandinexpensiveMVLsystemcanbereal･
i之ed.

Alaserisdrivenbysuccessivepulseddischargesofan

energystoragecapacitor(C-4×InF;ceramiccapacitorof
doorknot!type)throughthefree-runningGS.Thisisdonein

anaperiodicpulsetrainasaboosted-ac(50Hz)highvoltage

sTIT2Rqir＼LGS
-IST--~六

FIG.I,Anelectricalcircuitusedtoexcitethemetalvaporlaser.S:knife
switch.Tl;0-130V,21kVAautotransformer,T2:1;60,3-kVAsingle-phase
transformer,GS:air-blown-typespark-gapswitch,LT:lasertube,C:energy
storagecapacitor･

ofabout5･4kVrms,duringeachhalf-Cycleofthe50･Hzac.

FlowlngHegasisusedasabuHergasinordertopurge

thedischargeproductsfromthetubebyavacuumpump
togetherwiththegasflow.Hegasnowrateandinternal

pressure(p)ofthetubearekeptthroughoutexperiments.
TlleirvaluesareinthereglOnOf15-30cc/minand2-20
Torr,

Theopticalresonatorof～551cmspacingisformedbya
natdielectric-coatedmirrorwithhigh reflectivityandan
outputcouplerofa且atdielectric･coatedmirrorwithanade･

quatetransmittanceatadesirablewavelength.

B.GSconstruction

Figure2showsaschematicconstructionoftheGS.The
electrodesoftheGSaremadeofbrass.An-2.mmholeis

drilledinthecenteroftheone-sidedelectrodeandcom･

pressedair(1.5-210kgcm~2gauge)isblowntotheopposite

electrodethrough thehole.Thespaclngbetweentheelec-
trodesisadjustedbyscrewlngOneOftherodsinan,dout,thus

thedischargevoltageandthepulserepetitionratearecon･

trolled･TypicalspacingoftheGSelectrodes(d)inthepres･
entsystemisabout1mmforappliedvoltage(Va)andabout
5･4kVrmsandabout10-kHzrepetitionrateofpulseddis･
C壬largeS.

C.Lasertube(LT)construction

Figure3showsaconstructionofthelasertube(LT)･A

LTismadeofa1-2-1･31cm-i･d･T-shapedPyrexorquart2

FIG.2.Aschematicconstructionofth{
air･blown-typespark-gapswitch･AI
compressedairin,AO:airoutII):brass
T:Teaon.
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FIG.3.Axialcross-sectionalviewofthemetalvaporlasertube･BW:Brewster
window,C:connector･DE:dischargeelectrode,H,andH,:heaterfortube
andreservoirheating,respectively,TC(T,)andTC(T,):thermocouplefor
tubeternPerature(T,)andreservoirtemperature(TJ,respectively.

tubewithBrewsterwindowsmadeofphotographicglassplate
atbothends.Theannulardischargeelectrodesmadeofbrass
areseparatedby17-20emandthetotallengthofthelaser
tubeisabout40cm.Thei.d.ofthedischargeelectrodesis
about0.5-刀.6cm.TheportionofthebranchintheT-Shaped
tubeisemployedasareservoirforthelasant.Themetalvapor
isintroducedfromthereservoirintothedischargereg10n.
outsidetheportionsofthereservoirandthedischarge

tube,nichromewireheatersareseparatelywoundand
wrappedinceramicsheetsforthermalshielding･Asself-heat-
ingbyrepetitivepulseddischargesgraduallyraisesthetube
temperature,independentwinding(ofreservoir/tubewind･
ing)oftheheater;isreasonableinordertoobtainanadequate
vaporpressureofvolatilecompoundsandtocontrolthevapor
pressureforapracticaluse.Thereservoirtemperature(T,)
andthedischargetubetemperature(T,)inthecenterofeach
portionaremeasuredindependentlybyChrome1-Alumel
thermocouples(TC).Rubber"0"ringsareusedforgasseal-
1nBOfthecohnectionsintheLTbecauseofthelowoperating
temperature.ThusquickassemblyanddisassemblyoftheLT
becomepossible･

TAtlLEI.Metalcompoundsobtainedfromlaseroscil]ation･

Osci11ation Temperature
p (oq

LasArLtB (Torr) T, TL

CuCI
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Cu(TAA)2
Cu(HFAl2
Mnc王2
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Mn(AA)3
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E
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～一
～E
～E
～f

70-150C

ADetailedexplanationwaspresentedinRef･9･
bunpublished.
cWithstraightdischargetube,HenowratewasI10cc/min･
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FIG.4.Typicalmultiexposedoscilloscopetracesoflaser一〇utputpulses･(a)
cu(AA)2,T,=50oC,T1-60oC,(b)Mn(AA)3,T,-180℃,T,-185gC,
(clCuCl:T,-540℃,T,-330℃･

lLEXPERIMENTALRESULTS

A.GSoperationanddischargecharacteristics

AswitchingrateoftheGSreachedabout600Hzand10
kHz,withoutandwithblowlngthecompressedair,respective-
ly.ltwasundertheconditionsofoptimumoperationinthe
former,andofdI-1mm,V0-5.4kVrmsinthelatter･The
higherpulserepetitionratewasachievedbyremovingthefree
ionsbetweentheGSelectrodeswiththecompressed-air丑ow.
Although ahexcitationpulsewasaperiodicduetodriving
withanacsource,thetimeintervalofeachpulseinanaperi-
Odicexcitationpulsetrainwaslocatedintherangebetween
theminimumandthemaximumdelaytimeswhenametal
compoundasalasantwaswelldissociatedandexcited.

B,Laseroperation

Laseroperationwasobtaineduslngthemetalhalideor
CuCl,MnC12,tilemetalβ-diketonechelateoFCu(AA)2(cop-
peracetylacetonate),Cu(TAA)2(Coppertri伽oroacetylace-
tonate),Cu(HFA)2(COpPerhexa且uoroacetylacetonate),
Mn(AA)2,Mn(AA)3(manganeseacetylacetonateJ,andthe
volatilemetalcompoundofHAuC14,4H20(chloroauric
acid)asalasant･
Thelaser-oscillationwavelengthwas510･6(and578.2
nmatthehighertemperature),534.1,and627･8nmforthe

copper,themanganese,andthegoldcomppund,respectivel
ly.Themetalcompoundsobtainedfromlaseroscillationa1-e
listedinTableI.Thelowestoperatingtemperatureof370c
couldbeobtainedusingtheCu(HFA)2Chelate,whichwas
preparedinourlaboratory.Typicalmultiexposedoscillo-
scopetracesorthelaserou･tputpulsesareshowninFig.4.
Thesefiguresindicatehowthenumberoftheoscillation
pulsesinthemetalp-diketonechelatelaserarefewcom-
paredwiththatintheCuCllaser.

Hl.DlSCUSSION

Insummary,wewereabletoreali之elaseroperationina
low-temperaturereg10nuSlngaCOmPaCtandinexpensive
MVLsystem.ConstructiontechniqlleOfthesystemwasrか
ported.
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Thepresentsystemisnotconstructedtooptimizethe
laseroperation.TileMVLoperatesonlynearthepeakvol-
tageofeachhalf-Cycleofthe50-Hzacbecausethedriving
voltageislowandtheactivelengthoftilelaserisrelatively
shortcomparedwiththatQftheusualdevice.ModiRcation
ofthelligh-Voltagepowersupplyandthelasertubemaylead
toevenmoreimproyedlaserperfわrmance.
Further,thisapproachwillenableustousetheMVL
systemuslngtileOthermetalcompollnds.
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