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An experimental rnclhod (o study the laser output and stability of a small TEA nitrogcn laser is prescnlcd. Thc rncthod is based 00 the
ampliludc analysis 01' the nuorcsccncc produced by [he inlcraclion uf the ¡aser ultraviolct radiation with a ycllow fi!ter. Using this mclhod.
¡he inllucnce 01' heliul1l additions on the 1aser outpU! cncrgy and swbilily is analy.t.cJ. The experimental dala shows that in our conditions.
the higher laser OUlput encrgy anu stability are reacheu when the He reprcsents the 45% 01' the gas mixture coinciding with the heliulll
concentration for which a spark-frcc laser discharge is produced.

Kl'YW(m1s: Gas lasers. nilrogen, stabilily

En el presente trabajo se describe un método experimental parn el estudio de la estnbilidad ue un láser TEA de nitrógeno mediante el análisis
de la amplitud de la fluorescencia producida por la radiación l;íser en un ti ltro óptico. empleando para esto un sistema espcctromérrico nuclear.
Con este método es estudiada la influencia de la adición de helio alnitr6geno sohre la energía de emisión y estnbilidad tlel láser. De esta
manera fue determinado que en nuestras condiciones específicas los mejores resullatlos se alcanzan cuando el He representa el 45% de la
mezcla gaseosa. coincidiendo con la concentración de helio para la cual los :lfCOS en el canal l{iser desaparecen.

/JI'scril'lOres: Lasers de gas. nitrógeno. estabilidad

mes: 42.55

1. Introduction

Laser encrgy OUlput slahilily 01' pulsed lasers is an illlportant
par:une(cr in many applicalions and it is a sign 01' a correct de-
sign and an efficient operation. Thc stability 01' cOllllllercially
availablc compact TEA nitrogcn lasers with an nutpul energy
"p lo 100 Id is in Ibe range :r (3-5)%, relalively more sla-
hle than olhcr non-Iaser pulsed ultraviolct sources as xcnon
I:unps. whose instabilities can reach up to 50% :md require
complex stabilizing systems when they are employed for an-
alylical purposes [I l.

The sources 01' output energy instabilities are various. For
a compact TEA nitrogen laser with an open-air discharge,
therc can be pressure variations at the laser channel or varia-
lions 01' lhe photoionizalion intensity. Varialions ol' the resis-
lance and inductance ol' the connecting plasma al the switch-
ing elcmcnt generate deviations 01' Ihe laser output cnergy.
Tbe quadratic dependen ce 01" lbe slored energy 01" lbe cbarg-
ing voltage is mentioned as a possible so urce 01' laser oUlput
1111clualions when the high voltage power supply is nol slahi-
lized. Finally, the laser plasma instabilities, which favor thc
Iransition fram the glow discharge lO a breakdown Iype dis-
l'harge. are an important sourcc or laser OUlput varialions.

The analysis ol' output cncrgy variations requires the de-
teclion and record ol' a number al' laser pulses, which makes
Iheir posterior slatistical analysis possihle. For a nitrogen
Jaser. the radiation detector has to be sensible to Ihe ultra-

violel rudialion and be able to work at repetition rates 01' 20
to 50 Hz, whil.:h is Ihe common range for Ihese lasers. On
lhe other hand, Ihe associatcd-to-delcctor electronics has to
bc fast enough to resol ve pulses wilh a few nanoseconds of
duration. Since the last requirelllclll is not satisfied by con-
ventional c1cctronics. the analysis ol' inslability 01' nitrogen
lasers by Ihe pulse amplilude is nol simple lo perl"orm. In Ibis
case a killd 01" integration has lo be performed, for example
using a pyroeleclric ceramic as dClector. Howcver, the pyro-
electric ccramics available to liS are not able lo work al repe-
lition frcquencies excceding 10Hz, which limits any analysis
for highcr frcqucllcies and enlarges thc measurement lime.

In Ihc prescnt work, an experimcntal mClhod lo study Ihe
laser Olltput energy and stabilily of a compact TEA nitrogcn
Jaser is descrihed. The Illelhod is based on rhe analysis of
the Iluoresccnce produced in a yellow filter. when il is irradi-
arel! with pulsed ultraviolet Jaser radiation. The Iluoresccnce
is delccled hy a silicon photodiodc and regislered by a nu-
clear spcctromclric syslem with a multichanncl analyzcr as
the main clelllent. In this scheme Ihe inlegrating elemenl is
lhe optical filler, whosc fluorescence is proportional lo the
laser energy. The filler fluorescence liretime is several times
longer Ihal1thc !aser pulse duration and can be registered by a
common spcctrometric track. For such a system, Ihe maximal
allowed repetition frcquency outnumbcrs in several orders Ihe
laser repetition frcqucncy.
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F[{iUKE 1. Experimental ~lITangemenl of the N2 lascr. SG is Ihe
spark gap. INI> is [he ullcollpling induClancc. Le is Ihe Jase.- CillTl-

cr,l. LE <ll"Ctlll' l;lSL'I" c!eclrodes amI HV is Ihe high vollagc.

Using t!lis experimental sctup, lhe dcpcndcm:c of a TEA
nitrogcn laser oulpul and stability of lhe pcrccntagc nf hc-
liulll added lo lhe n¡trogen is investigatcd. Thc rcsults show
tha! in our experimental conditions. both lhe Jaser output and
lhe Jaser stahility rcach lhe maximum when lhe hcliull1 repre-
senls lhe ..t57r.01' (he gas mixture, and umJcr thcsc condilions
a spark-frcc laser dischargc is produccd. For highcr or lowcr
hcliulll concclllrations. lhe ¡aser encrgy and jls stahility dc-
crease al1llthc numhcr of ohscrved sparks in the laser channel
illcreascs as Ihe cOIlcentration goes far away from the optimal
valuc.

FIGURE 2. ExpcrilllCllt~ll sel-up sl'hcmatic diagram. LR is the laser
radiatioll. Fl amI F2 ¡lre Ihe ullraviolc! ami tluorescing: tilters. FL is
Ihe lluoresccnec. PI) is lhe phulodiode, Ai\lP is the amplilicr and
1\1CA is Ihe Illulti<:hilnncl imalY/cr.
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The TEA nitrogcn laser is hased on a Blumlicn gencralor with
an (lpen-air dis<:harge (f-ig. 1). The high vollage <:apacitors
are made 01' 1.,')-JIlIll cpoxy hascd doubJc side circuit hoard,
with a lotal capacilancc 01" I nF and were charged up lo 12
kV. The !aser ehannel is defined by two lungstcn 140-lllm
long cylindrical elcctrodes mountcd 011 two hrass holdcrs.
A triggcred spark gap was employed as switching clclllcnl
ami allowed the conlrol 01' lhe repetition frequency thal was
kcpt cOllstant ami equal to 15 Hz. The laser conslruclion al.
lowed Ihe dircct ohservation 01' the laser discharge challlle!.
For l!lis laser Ihe prcsence 01' sparks hctwccn Jaser cleclrodes
W;¡s characterislic. espccially for apure nitrogen llux. The
flux of the N:! : He gas mixture and 01' each componellt in
separalely were conlrolled. For apure nilrogen almosphere
this laser yielded a maximal OUlput encrgy of 12 Id with a
pulse duralioll no longer lhan 1 ns.

3. Expcrimcntal setup

Thc experimental SCIUP is rcpresented in Fig. 2. The laser ra-
dial ion is senl lo a dar k call1era, al lhe entry 01"which an ultra-
violel liltcr wilh a 90% lransmittance ror 337.1 11m and a high
absorhancc codficient in lhe visible zone is placed. Afie!" Ihis
¡ilter ilnother une is placcd to attenuatc Ihe ¡ase!" raJialion IIp
lo levcls rOl"which Ihe ycllow filler tluorcscence does nol sat.
mate the phOlodioJe. Thc photodiode signal is amplilieJ hy
a liming.lilter ampliticr Camberra 2110 and registered by a
Illllltichannel analyzcr Af\.lC-03, 1024 channels Illstrumen!a-
!"ion fludear.

frCiURE). Examplc nf lwo dilfercnt experimental dislributions of
!aser pulse cnergy wilh lhe paramcters ()f Ihe titted Gaussian.

G( )
..l [-2(11 - 110)2]

r 1/ = ('xp ------
.c,1l' Jrr/2 (~1l)2

The dala \Vas collectcd during 10 minutes with 256-
channel rcsollllioll, and lhen Iransmiucd to a pe, whcre it
was l1t1ed lo a Gallssian dislrihlllion [Eq. (1)]. from which
lhe ccntral channel (l/o) and widlh of lhe dislribution (oÓ.n)
were delermined (Fig. 3). Hcre A is lhe tOlal count and Jl the
channcl numher.

The ratio hCl\VCell Ihe hall" 01' Ihe distribulion widlh
(~1I/2) amllhe corrcsponding mosl probable energy chaoncl
(UD) was lakcll as Ihe criterionlo analyze Ihe Jaser OUlput sta-
bility. According to this crilerioll, the increment 01"lhe ralio
~nl2no mcans (he increlllent 01"lhe laser OUlpUI lluctuations.
The slahility analyzed through this criterion does not depend
on the ¡aser energy, amplilicalion coenicienl, or mullichanncl
analyzer resolulioll, howcver Ihe lasl stalement is only valid
whcll lhere is a lineal relaliollship hetween the la'icr olltpuI
energy ilnd lhe lluoresccllce signa!.

To verify Ihe syslelll lincarily, thc laser radiation was al-
tenualcd with tillers nf known transmiltancc ror Ihe 337.1 nm
and rOl"each filler the experimcntal dislrinution was rneasurcd
ami I"rom il, the paramelcr 1/0 was Jelcrmined. Figure 4 shows
Ihe gnod correlalion helwccn the 1Ilter transrnitlance and the
chanllel numner corresponding 10 Ihc rnost prohable laser en-
ergy.
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FJ(;URE 4. Central chunnel position (no) VJ. auenuarioll of the laser
radiatioll.

FI(;URE 6. Cenlr •.l! channcl posilion (110) vs. pcrcentage 01' He in
lhe gas mixture.
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FJ(,URE 5. Ccntml channcl position (no) vs. 1:1 gas mixlure flux.
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4. Inllllence of heliul1I addition tn the nitrogen
FIGlJIU: 7. Lascr OUlPUIst:lhilíly (.6.1I/2no) JJ.\'. pcrccntage of He
in the gas mixlure

Employing the melhod described above, the intlllence of he-
lium addilion lo the laser OUlput energy and stahilily was
illvesligaled. figure 5 shows Ihe dependence of lhe central
channel (mean energy) for diffcrcnt values of the lotal flux
through lhe laser channel, when the ratio hetwcen nitrogen
ami helium concentrations was 1: l. As it is shown. lhe laser
cllcrgy remains conslant for Ihe studied interval of l1uxcs, in-
dicaling that small variations 01' the flux value are no! respon-
sihle fm the outpul ellergy variations.

The dependen ce of the lascr OUlPUI energy for diffcrenl
proportiOllS 01"He and N2 was investigaled. keeping lhe to-
tal Ilux constant and cqual lo 60 IIh (Fig. 6). Slaning from
Ihe lowesl He concentralion, the la5er OUlPllt increased as the
pcrccntage 01"hcliul1l was increased, reaching the maximulll
\l,'hen the He was rhe 45% 01' lhe gas mixturc. The foJlowing
incrcmclll 01' fhc helium cOllcentratioll produced a rapid re-
duction 01"the !aser energy and ahoye rhe 65% Ihc Jascr stops
gCJlcrating.

1\ similar hehavior was olltaincd for the laser slahilily
(Fig. 7). Afler lhe initial incremenl of lhe He concentration.
an improvelllent 01' the lase!" stahility was ohserved, reach~
ing Ihe maximal value for lhe same concentration where lhe
Jaser encrgy rcacheo its maximum. However. when Ihe he-
lium prevails over nitrogcn (ahove 55%) the stahilily rapidJy
1"el1dowll.

Thc inlluence of He additions on the laser plasma homo-
geneily was cvalualed hy Ihe numhcr 01"obs-crvcd sparks. The
result (Ir such.cvaluation can he resul11cd as follows: As the
heJium concclltration hcgins to he increased. lhe nurnhcr of
observcd sparks in lhe Jaser channcl decreascs. disappearing
completely in lhe range (Jf!fe concellfrations where lhe laser
cncrgy :lIld slahili!y reach the maximurn. When Ihe heliurn
came lo 55o/r- of the gas mixture the sparks Ilewly appeared
and their nlllllher grcw up whcn lhe He concclllralioll was
incrcl1lenL
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5. Discussion

Thc incrcmcnt of lhe laser nutput roe a lowcr concentration
of N1 in lhe gas mixture is a sigo of ¡aser cfficicncy improvc-
ment. One 01' lhe reasons cxplaining this bchavior is lhe re-
duction or supprcssion of sparks al lhe lascr discharge. Thc
ahscncc of sparks favors lhe cflkient input 01'cncrgy lo lhe
!ase!"plasma and lhe efficicnt cxtraction of lhe lasee radia-
lion 12J. A similar result was reported by Kurnit el al. 13]
whcre Ihe He was employed as a discharge slahilizer with the
diffcrcllcc thal lhe rnaximal outru1 was oblaincd foe lowcr
n¡trogen partial prcssures.

Thc heliull1 stabilizing cffcCl 011 nitrogen dischargc muy
he cxplaincd through several mechanisms. One 01' those
Illcchanisms is lhe deactivation of metastahlc clcctronic lev-
cls in lhe N2 l1101cculc, rcducing that way the probahiliLy
01'Lhetwo-stcp ionization. which is considered an important
source ofplasma instabilitics in n¡trogen discharge (4]. In the
two-step ionization the moleculc is excited to metastable state
hy a lirst electron collision. and from this slate. the molecule
is ionized hy a second electron collision. The relatively long
tife 01' the rnelastahle rises the probabilily of occurrence 01"
lhe two-step ionization. Another mechanism is related wilh
tlle improvement 01' preionizing condilions Ihrough the in-
crcment 01"the initial free chargcs [2,5,6]. Since the helillll1
cmission speetrum is rich in ultraviolet and vacuurn ultravi-
olel lines. iLis expected thal Ihe presence 01'hclium will in-
crcment the electron emission [rom the calhode due lo pho-
toeffect. Besides. the nitrogen rnolecule can be photoionized
in presence of He. hecause of Ihe higher ionizalion pOlcntial
of the last olle. Uolh mechanisms increment Ihe numher of
inilial free charges in the laser inlcr-eleclrode zonc.

The helium moderation 01'fast electrons, responsible for
the developmenl of the streamer Iype discharge, could he an
importanl mechanism of arc suppression. The high thermal
cOlllluctivity oi" He is considered another stabilizing mech-
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anism lhrollgh the cffcctivc cooling of Ihe laser clcctrodes,
specially in zones whcre the local heating could produce an
anomalous clectronic cmissioo.

AlLhough the specific contribution of cach mechanism is
heyond the seo pe oftlle ",resent work, it can he concluoeo that
all these Illccllanisllls slabilizc Ihe lasc!"discharge. prcvcnting
thc transit lo (he streamer-Lype discharge. Since thc mOlllcnt
and place 01"spark dc\'clopment have a random nature. the
incremcnt 01'sparks at the laser channcl r¡ses the variahility
01"the eonoitions in which the laser radiation is produccd.

Ahove was Illentioned lhat the sparks in the laser dis-
charge hinder Ihe eflicicnt input 01' energy ioto the laser
plasma ano the exlraclioll 01' the lascr radiation. For such a
reason Lhc increment of sparks in the laser channel also re-
ouces Ihe laser pulse cllcrgy. Allhough lasee output stabilily
depends nol only on the llumbee 01'sparks in Ihe laser chan-
nel, (Jur rcsults show the importance of avoiding spark for-
mation in order to achieve an cffkicnt lasee operation.

6. Conc!usions

The presenlco methoo is simple and allows the evaluation 01'
Ihe laser out(1ut energy and slahi1ity of a TEA nitrogcn laser.
Using Ihis l1lethod (he inlluence 00 the laser output energy
and stabiliLy orthe hcliulll addilion lo lhe nitrogen was ¡nves-
tigated. 11was shown that in our specifk conditions. hoth the
¡aser encrgy ano stahilily reach a maximum when the He rep-
resents thc 45% oí"lhe mixture. For lowcr (hclow 20%) and
higher (ahove 55%) helium conccnlrations the laser cnergy
and sLahilily fal! down. which is corrclaled with the ohscrved
increlllent of Ihe numbcr 01'sparks distributed along the ¡aser
channe!. Although Ihis mclhod was developed for Ihe study
of a small TEA nitrogen laser, il is also perfeclly applicahle
to the stahility study of olhe!"pul sed ultraviolet lasers such as
the cxcimer oncs.
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