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He-CulI hollow calhode laser in buffer gas pressures in lhe range 01" 6 lo 100 mBar
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\Ve repon lllensurements 01" lhe dischnrge and laser (lutput from a quaJrupolar He-Cull hollow cathode laser cxciled wilh a quasi continuous
discharge. 0reraling voltnges nI"ahout 150 V and threshold currenls (11' 8.~ A in a 20 cm !cngth discharg:e produced lasing on (he 780.8 nm
line 011 a pressure range from 6 mBar lO lOOmBarof pure He. The 411aLlrupolargeomelry gives the comhined effccls of a Iransversal dischnrge
whilc pr<xlucing the metal ion vnpor lhrollgh lhe hollow cathode splluering. producing Iaser nclion 011 a widcr rangc of prcssures Ihan olher
prcvious hollow cathodc dcsigns. The laser out pUl is faund to dcpend lincally \Vith the calhode cuncn!.

J\('."\I'ordc Quadrupolar Hc-ClIlI hollow c:lthode laser; transversal dischal'ge

¡{eportamos mediciones de In descarga y salida de un láser de He-Cu! I de dtodo hueco cuadrupolar. exdtaJo con una descarga cuasiconlinua.
Volt:ljes de opernción de alrededor de ISO V Ycorrienles de umbral de 8.;) A en una descarg::l de:W cm de largo producen last'o en la línea de
780.S nm en un inlervalo de presiones de GmRar a 100 mBar de helio puro. La geometrí:l cuaJrurolar comhina los efeclos de una descarga
Iran~\'ersal con la producción de iones melálicos por s¡mIlering del c;ílodo hueco. producienJo acción l;íser en un intervalo de presiones
lTltH.:horn:ís amplio que en OII"OSdiseños previos de cátodo hueco Se encuentra que la salida láser depcnJe linealmente de la corrienle de
dtodo

¡k.\lTi¡,tol"(',\': láser de He-ClIlI de cáloJo hueco clladrupolar; descarga transversal

I'Aes: 42.(IO.-V

1. lnlroduction

Hullow cathode lasers have bccn studied as good alternali\"cs
for lasing wilh melal ions. In these lasers, lhe vapor melal
ions are ohlained by sputtering 01' the calhode material wit-
hin a buffer gas, normally an ¡nert gas. Thc hollow cathode
discharge has heen used sincc 1974 for excitation al' laser li-
ncs 01" vapour metallic ions.

In the He-CllIl laser the active media is lhe copper va-
por prmlllced through sputtering 01' a Cu calhode in a Ho-
Ih)\l,.' cathode discharge. Helium buffer gas ion s are useL! lo
excile laser transitions in Jouhlc ioniled copper by a ¡hermal
charge lransl"er meehanism. The Cu aloms are cxciled lO lhe
uppcr lase!' level hy a lhermal charge transl'er reaction bet-
weell Ihe He ions and lhe Cu ncutral alollls: He+ + eH =
11(' + ClI++ + .3.E. There are several laser transitions, lhe
slmngesl being on the 780 nm. The He-CuIl laser was firs(
investiga(ed hy Csillag et al. [11. ami Me. NeiJ et al. [:!]
whom reponed 23 lascr Iines within lhe sysle!ll. the strongest
elllissioll being al lhe :~dJG8CD;d-3dI5pe F2) lransilion on
<l cenlre w¡¡velenglh at 780.8 nm.

Besides thc He-CulI lascr, lhere are !llany olhe!" !llctal
ions ami l'omhinalions \••..¡th dillcrcnl hulfcr gases likc Hc-
t\" [:11.lIe-A1 [.1,5J, Ne-C" [1. G], lIe-Cd [7, 8J that '11110-

gether span a range 01' laser wavelengrhs l'rom :220 to 800 nm.
Thc lllain advanlage 01' lhis kind 01' lasers is that there is no
Ill'l'd to !leal up the melal to gel vapor 01' metal ions. lhis
heing importanl rOl' lhose lllelals wilh a high temperature fu-
sion j1oint. While lhe hasie theory governing the produclioll

of ions has heen weH desLTiheo [!JI. (he design orthe t1ischar-
ge chambcr and the geolllelrical shape ol' lhe eathodes is yel
an importanl prohlem, since thcsc parls are importanl in the
discharge stabilily ano in sumc cxtent they determine lhe usc-
full ife of the laser. Thc prohlems 01' lhe lasers with lhese kino
01' Illctallic vapor proL!uelion are relaled to the grcat amount
01' metal removed from the cathooc surl'aee by the sputtering.
Tlle melal deposils itsel!' all arollno lhe cathodes, making dil'-
licult the eleelric isolation. Oll1cr eiTecl ol' lhe sputtcring is
a change in the shape 01' the cathoJe in such away lhat the
spatíal dislribution ol' ions changes as the Jaser aecumulates
110ms ol' use.

There are several vcrsions of hollo\\' cathode arrange-
tIlcnts, the Illost uscd havc been lhe slotted cathodc slructu-
re [:~] ami lhe hollow cylinJrical series 01' anodes ano cat-
hodes [ID). SOllle olher dcsigns llave heen studico, like lhe
Ill'lical eathode 111]. lile <lllode-eathode arrangements 112],
Ihe !Iollow anode-calhmlc [I:q amllhe series 01" hollow sp-
herieal calhodes [1.11. Those designs have drawhacks, ror
cxample. transvcrsc discharges give more unironnity in the
currenl dcnsily, while segmented designs shO\ ••..Icss instahi-
lily with proper ballasl al each segmento Helieal cathodcs and
lhe :lllodc-cathodc dcsigns givc hl'ltcr ...tahilily hut lhey work
with high \"oltages \....,hich add sOllle complicalions to dcsign
ami lo lhe power supply.

In lhis work we repon a study of a quadrupolar calhodc-
anodc structurc. where lhe Jaser region consists 01" a eylin-
drical hollow calhodc but wilh two open slots at the opposite
ellds 01' its diameter. (he anudes are placeo ncar those open



FIGURE l. a) Cross section of the quadrupolar hollow cathode lascr
and b) rhe laser sctup.
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3. Experimental results and discussion
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IIE-CUII HOLLOW CATIIODE LASER IN BUFFER GAS PRESSURES IN THE RANGE OF 6 TO ](Xl MBAR

a total transmission cocfficient 01' 0.3% al the output couplcr.
Thc Lotal Icnglh oí" lhe rcsonator is 1.5 111, aithough lhe dis-
charge chambel" is only 30 cm long, lhe internal cavily was
cnlarg:cd lo 1.5 m with glass tubes and stainlcss stecl bcllows
10 allow Lhe alignlllcllt of lhe mirrors. A 60 cm distance form
Lhe dischargc chambel" lo Ihe mirrors was used lo reduce Lhe
contamination orille mirrors hy sputtered metal [ram (he dis-
chargc. Thc prcssurc i11 lhe dischargc ehamber was monitoreJ
anJ cOlllrollcd in lhe rangc of I lo 100 mRar.

Thc Jaser was rumped by an clectrical dischargc driven
hy a spccially huill powcr supply, in which thc powcr deli-
vcrcd was cOlllro!lcd by ao industrial typc SeR in a phasc-
controlled syslclll. This syslclI1 produced a lrain 01' current
pulses at a repclilion frcquency of 120 Hz, and the pulse sha-
pe and pulse widlh of these current pulses were determined
by the par~lIllClerS 01"a pulse I"orming nelwork which finally
delivered lhe lrain of current pulses to lhe laser head. lo give
quasi-conlinuos pumping. This source produced Irains 01' cu-
rrenl pulses of ahout GOO JIS FWHM, with peak currents up
lo 20 A. ami \'ol!ages ranging fmm O to 500 V.
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slnt.'> and outside the hollow cathode region. This geollletry
produces a very symmetrical region 01"discharge. producing
a more stahle spalial acculllulation of copper ions along Ihe
oplical axis. The ion produclion 01' this quadrupolar hollow
c¡¡thode had becn cOlllpared against reclangular slol and a hc-
I¡cal kino of hollo\\' cathodcs hy AcoSla el al. 1151. although
Ihe quadrupolar gcolllctry docs not provide signilicanlly hig-
her corpcr ion dcnsitics than the othcrs, there are practical
advantages of Ihe design, for exalllple, il is easier lo produce
Ihan Ihe hclical onc, and also, lhe alignlllcnt of Ihe optical
axis is easier Ihan the rectangular slol type because of ilS mo-
re symmetrical cathode discharge region. Also. lhere is no
reason why lhis design could not be used in a larger array of
quadrupolar segments. Thc syslem works also wilh a voltage
hClween the anodes and calhodes of around 150 V which is
lower than Ihe vo!tage nceded in some olher designs, this re-
duces Ihe difflcultics of working wilh high voltage and high
current power sources.

2. Descriptiun uf the laser

Thc general shape of lhe electrodes is shown in Fig. 1a (he
hollow calhode had an internal diamctcr of 7.5 mm. Thc dis-
chargc lakes place in a lenglh 01' 20 cm {his length was de-
lcrmined by lhe availahilily of {he material and Ihere is JlO

rC<.lsonwhy a largcr dischargc Icngth could no be fabricatcd.
BOlh Ihe (.'opper cathodes and the stainlcss steel anoJes are
cooled with a cOlltinuous tlow 01' circulating water. Thc tlis-
chargc chamber was made 01':1 Pyrex tube of 3.5 inch inlernal
di~lrne(Cr wilh Tcllon walls supP0rling Ihe calhodes and l!le
anodes.

The whole laser is shown in Fig. I h. The Jase!" rcsonator
L'(lllsistcd in two high retleclivity mirrors (). = 780 nm). with

We were allle lo make simuitaneous rneasurernents of current
pulscs and optical laser ()utput. McasurcllIcnts of lhe outPUI
Jaser puJse energy we!"e made with a Molcctron P3 pyroe-
leClric head and a 11000 measuring ami averaging unir. A
7S0 I1Ill intcrferellcc !lltrr with a passband 01"abolll 10 nm
was lIscd in front of Ihe detector head to provide wavclength
scleclivity, although il cannot discriminate belwecn lhe 780.8
and Ihe 782.G nm Cull laser Iransitions. The CW output 1'0-
wcr was aJso measurcd with a Newp0rl power meter model
815. The temporal shape of the lasee pulses was monitored
with a Teklmnix oscilloscope TDS-520 and the current pul-
ses where measured wilh a dynamic current pro be Tektro-
nix AS03. Ihe voltage was also measured wilh a Tcktronix
A6902B high vollagc pmhe.

Thc transversal mode structure was monitored with a
charge coupled device (CCD) camera and a TV monitor with
a ?RO nm filler uscd to isolalc thc lascr OUlpul fmm the light
of lhe discharge. I\.1ultimode structure was observed.

Filling Ihe laser head with pure Helium, we found laser
oscillalioll ovcr a rnuch widcr pressure range lhan any other
Llesigns of hollow calhode laser lo our knowledge [12, 14J.
In Fig. 2 we show Ihe output Jascr pulse energy fOI" a centre
wavelcnglh of A = 780 nm using pure Heliurn as buffer gas.
The cxcilation fmm the Irain of 500 JiS (F\VHM) current pul-
ses produced a train of !aser pulscs wilh a Iypical pulsclcngth
of aboul :WO l' s F\VHM and a gaussian pulscshape. Thc ave-
ragc of Jaser pulse energy is reponed against {he average peak
of Ihe currcnt pulses. Thc graphs show a tenJency (o salura-
tion fOl"higher gas pressures, anJ lhe highcst OUlput is not
cenlered on a rangc 01"0-12 mBar Iypical in earlier designs
of hol!ow calhm.lc lasers, instcad lhe curves are more likc the
Iypical OUlpu[ fromlaser cxcitcd wilh a transversal Jischarge.
Thcse resulls show l!lcn a comhination of hollow calhode
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FIGURE 4. Currenl ~'erstlsVoltagc (peak values) on a pair anode-
calhooe.
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rlGURE 2. OUlpullaser pulse cncrgy \'l'r.'iUS pressure, for diffcrcnl
cathode currcnts (peak).
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F](jURE 3. Laser pulse encrgy dcpcndence 00 the cathodc currcnt

(peak), lIe prc~sure 1(X)mBar.

!llelal vapor production antl cxcitation through a transversal
dischargc. \Ve trieL! lo use lhe Iypical comhinations of .j(,:{,

Argon and Helium. or Hclium anLl Neon lo ¡nerense lhe pulse
1'llergy. huI lhe addition 01' those gases produccd an irregu-
lar dischargc. with sparks ami no i!lerease of Ihe laser yicld.
The Ihreshold currenl \Vas ahout 8 ..) A (al Ihe peak of lhe cu-
rren! pulse) allhough il \Vas sligh!ly dilTcrcnt rOl"L1itlercnl gas
prcssurcs. For a constanl huffer gas pressure. lhe pulse cllcrgy
inlTeases Iinemly \vi!h Ihe peak current, as showll in Fig. J.
The highest pulse energy oh!ained wi!h lhe laser was 1imi!cd
hy lhe maximum current of uur powcr supply. and Ihe shOrl
pulsl'lengtll nf lhe curren! pulses. Figure 4 shuws the ,"ol!age
applil'd 011a pair anodc-cathoLlc.

The results show lasing for a rangc of pressures Illuch
hroadcr Ihan Ihe convcnlional dcsigns of hollow call1odes;
lhe wide range nf prcssurcs of opcration Illcans thal Ihe dis-
chargc produced hy Ihe quadrupolar gcornelry nol ol1ly pro-
duces Ihe high vapor ion dcnsity neccssary lo Jase. hu! also

gives a comhination of transversal discharge and hollow cat-
hode characlerislics which could he uscd in advanlage, in {)f-

der lo obtain a higher laser olllPllt, in our case the maximum
laser pulse encrgy ohlained seems to be lirnilcd hy Ihe short
length of Ihe L1i:\charge and hy the short pulselenglh of Ihe cu-
rrent pulses given hy our eleclric power supply. Allhough we
llscd a discharge Icnglh of only 20 cm. there is no ohstacle lo
use a larger discharge or a scries of qllaJrupolar seclions in
order lo increase Ihe OIl!Plll. of higher rcpelition frcqucncics
in order lo get a larger averagcd quasi CW oUlpU1.

The dcvice will a!so hc sludied using olher rnelals and
huffer gases lo get morc IIseful wavelengths, like Ihe UV
CJlIissioll al 270 nm of the comhinalion Ne-CU, whcre lhe
hollow cathode laser is a gond altcrnalivc instcad 01' Ihe exci-
lIler lasers.

The quadrupolar design shows also a tendency to crode
Ihl' calhodes in the cenlre more Ihan in the edges. Ihis heing
Olle, nI" lhe prohlems of opcralion of Ihese lascrs. Sputtcring
also look place in all Ihe surface oí" the calhodcs, producing
copper deposits 011 the inner glass wall of Ihe chamhcr. In
our present work. we where more inlcrested in gelting more
po",'er and more simplicilY wilh Ihe quadrupolar geoll1elry,
leaving the solutioll of Ihe enlargerncnl of the uscful Jire of
Ihe device for a flllure work.

In nmclusion. we show a quaLlrupolar design of hollow
cathode laser whit:h comhines Ihe metal vapor proJuction
wilh [aser olltrll( fmm a Iransversally exciled laser. The L1e-
\'kL' is simpler than (llher designs ami il is eas)' lo fahricalc.
1I works wilh lo\\' voltagc..; anJ lhe maximulll output SCCIllS
lo he limiled hy the curn:nl in lhe pov,:cr supply. This design
could he scaled in ordcr lo gL'1 grcalcr oUlputs ami il could
also he used rOl" UV lighl prodllL:lion through other comhina.
tiolls of buffer gases.
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