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Abstract. A coaxial N2 laser excited .•••.ith a Polloni circuit ha.s b<'Cn
used as an amplifier in a MOPA configllration using a conv('ntional
Blumlein N2 laser as oscillator. A high amplification efficiency .•••.as
obtained. Synchronization was achieved using a lIniqlle spark gap and
an oplica] deJay line. The experimental r('suits pres('nted are discussed
and compar('d with lhe results reporled hy othC'r worhrs,

PACS: 42.60.-v: 42.60.By: 42.SS.Em

L Introduction

Nitrogen Jaser systems working in oscillator-amplifier configurations have beco de-
veloped to achieve the best characteristics of N2 lasers in a unique systcm. It is well
known that the transient nature of the population invcrsion in N2 has limitcd the
oulput power obtainable with these lasers [9J and only by Ilsing ~lOr" systems the
power has becn incrcased. Besides lhe improvements in the output power oblainahlc
there are impro\'ements in the quality of the heam by lhe use of amplifier config-
urations; spatial and sp£"Ctral characteristics of the lwam can he controlled ver)'
effectivcly by ¡nsertjon of speetral filtcrs or spatial filtering schernes, Low di\'ergence
and correded apatial profilcs are regularly obtained with tb('se systems.

1'0 extract high power CroInan N2 rnediurn, it is necessary to ha\'c high density
excitation during a period which is short compared with the I¡fetime oCthe excited
laser le\'el « 40 nsee). Foe the MOPAsystem to operate efficiently the oscillator pulse
must always reach the amplifier at the time oC maximum populalion inversion. This
means that the amplifier excitation pul!'e must be synchronized w¡lh the arrival of
the aptical pulse by sorne meaos, Delay lines can be aplical or e1cclricaL In lhe first
case, the optical pulse CroIn the oscillalor must travel a ccrtain distancc guidcd by
mirrors or aptical components to acrive to the amplificr at the time oC optimum
population inversion. Such lines are practical when the <lelay is Icss than 10 ns .
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FIGURE l. Transvcrsal sf'ction of the coaxial amplificr l. PVC, 2. Aluminum, 3. \lylar, 4. Alu-
minum, 5. Bra.<¡s(F:lcctrodes),6. and 7. Bra.••...•, 8. and 9. O-ringli, 10., 11. and 12. Bra.'is.

Elcclric delay lines are inductive delay I¡nes whose inductance can be adjllsled to
synchronize the ci£'Ctric pump pulse in lhe amplifif'r [9]. 'fhe induetance of thesc
Hnes is abaut tcns of nll. Transmission tines of difTercnt If'ngllis havc also becn
uscd lo produce 11)(' delay {31. Synchronization has also b('('n obtaiflcd by adjusting
the int{'r clectrode separation of ideutical oscillator ami amplificf la.$.ers[1}. Kagawa
el al. [5] achiev"d lhe requircd time delay by baving appropriatdy difrerenl gas
prcssurcs in different discharges, lhe delay inlroduccd due lo prcssllfc adjustmenls
is of lhe order of nsee.

In lhis paper rcsults are rcportcd on a Nz MOI'A las('r systcm synchronizcd by
a uniquc spark gap ami an oplical delay line. Also, a high amplificalion cfficiency
was observcd which is compared wilh lhe resulls reported by olher workers. Finally
a disclIssion of tile rcsulls Ís givcn.

2. Construction

A coaxial N2 laser was built followi.n.glhe dcsign first inlroduccd hy D. Olvicra {l)
and it is used as an amplificr. The 3.1 cm la.<¡('rtube was huilt t1p with PVC lube of
5 cm diamcler. Thc 30 cm long e1cctrodcs ",ere made of brass wilh an ¡nter c1eclrode
spacing of 1.2 cm. The coaxial line was made witlt .5 mm thick aluminum slH'Cts
altacheci lo lhe PVC lube wilh cpoxy glue, lhe insulator hctwN.m lhe coaxial platcs
werc four .1 mm lhick mylar shccts. Tlle capacit.ancc of lhis coaxialline was ahout
.5 nF. The laser tube was hcld togelher by screws threaded inlo the PVC tube and
sealcd va.cuum tighl with Q-rings, lhcse scrcws also connccteu lhe aluminum sht..'Cts
and its correspondenl c1cclrodcs inside lhe ¡aser cavily. A transversal cut is shown
in Fig. l. llrcwsler windows 1..1 mm thick made of fuscd quartz platcs wcrc provided



FIGURF: 2. MOPA sysl("m.
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al bolh {'nds of liJe amplificr. Tbc nitrogf'n gas ('nlces lo t1l(' ca"ily al ane ('mi and
pass through lIJe dischargc longitudinally. Thc storagc capacilors IIsl'd ""'eTC 2 and
4 nF lo\\' inductancc capacitors.

Thc n!urn!rin Ia."l'f us('d as oscillator was made with 1..:' 11111I thi<'k douhle sid(.'(i
prinlcd circuit board. Thc :10 cm long c1eclrodcs wcrc Illaclc oC alulIliuuJll and the
inler.dcclrodc sq>aration was aball! G mm, Thc capacitancc oC lile ptlrallel platcs
linc was 3 nF. \\'e uscd a spark gap made of lwo spherical shapcd brass clcctro<!cs, oC
20 mm rad¡lIs oC cUTvalurc and adjustable elcctrodc scparation. Th(' spark gap llscd
was opcratcd in aie al almm,pheric prcssure. 'fwo \'acuum systCTnS WC'fC install('d,
one roc cach laser in arder lo llave independent control of pressurc and gas flux for
each lascr. A spherical minor at thc rear end of the 05cillator was Ils('d to reduce
the divergcnce of the oscillator [6,8].

A convcntional B1umlein ciectric cxcitation circnit for the oscillator was uscd.
Por the ampliller Ia.<;crwe uscd tlle circuit first introduccd hy Polloni (2J whieh is
a modillcation of the C-C charge transfcr circuit with thc capacitor lH'ar the lascr
substitutcd hy a coaxialline with lhe laser cavity inside and conc(,lItric: lo the coaxial
line. The advantagcs of this eireuit have becn shown in Hcf. [!J.

3. Experiment

Oseillator aJl(i alTlplillcr were plan"(! in a ~IOPA eonfiguration. Thc op! ieal arrange-
ment is shown in Fig. 2 and lhe c1edrical arrangcmcnl is sllown in Fig. :l. \\'e USN)

only one c1cctric powcr supply for holh lascrs and only one spark gap lo fire thern
both. The gas fiow in lhe lascr lube is very important, particularly during opcralion
al high rcpelition ri'.tes. Thercfore we usro two indcpcndent \'a.CUUIll systclTls with
indepcndcnt nitrogcn supply. The time of initiation of the dischargc in the lascr
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FIGURE 3. Electric canne("(ion of the \fOI'A syslf'm .
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FIGURE 4. Output af thc MorA vs time delay in the aptical delay line.

depends on liJe prcssure oC lhc gas and hence il is casif'r lo synchronizc when bolh
lasers are operaled at aboul the same prcssure in lhe oscillator and lhe amplificr.
Fine adjustrncnt was achic\'cd hy varying lhe optical delay line joining thc oulpul oC
the oscillator and the inpul oC lhe amplifif'f as it is shown in Fig. 2. An eXé'lmplcoC
the synchronizalion results is shown in Fig. 4. Using a Tektronix 8.1.5ami PIN diodes
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FIGURF: 5. A. Input-oulput bchaviollt of the MOPA amplifiet reportrd hy Ihe <l.uthors, n, Input.
olllput beh;wiour of lhf' ~lOI'A amplifi('r rrportcd by Santa rl al. (frorn Hd. [7]).

1\IHIJ.100 lo Ilj('il.SurClile pulse duration and a '\toleclron .Jolllmetc'r ,JO-lOO wilh
a pyroelectric detector J2.), 12 IlS F\VII~l and up lo .1 m.J pulses were oblained
regulady ",ilh lhe ~IOP'\. Thc charact('rizalion for \'arious input C'Iwrgy pulses is
sbown in fig . .)-:\ for a r('petilioll rate of 1 IIz. lIighcr rC'petition rales \lP to.1 Hz,
produc('d a rapicl ddc'rioralion of the spark gap. Fig. 5-B shows lhe input-out pul
cllcrgy beha\'iour of a ~Ior'\ systclll r('portee! by Santa el al. (iJ huild out using
a TEA 1\2 lascr oscillator proclllcing similar enNgy plll~('S as OUTS and a TE Nz
amplificr, bolh of tllC'ITIwilh 30 cm long <'iectrodes a<¡ OUTS. As can be obscr\'ee! 00

tilf'se fig\lf~l fOl'similar inpul cllergies Ihe amplifi("ation dTi("i(,llcyis higilC'r for our
Polloni amplifiC'r. Adjusting an cxponcnlial y = cxp(P.r) to Figs. 5-:\ and 5-13we
oblain a !' \'alu(' of 0.5H afie! 0.397, fespectiw'ly, whieh givcs for our amplifier a
!'-cocficicnt ,1.1.6%highcr. This highcr e1Tici('ncyis dile lo the characteristies of lhe
Polloni eleetric excilation eircuit uscd in the amplifier. TIJ(' low inc!lIctance of the
circnit allows for a short risc time discharge dectrie pulse which makcs possible a
high poplllat ion JCllsily im'C'rsion which accounts for lhe highcr laser amplificalion
efficicncy.

4. Conclusions

A coaxial N2 laser amplificr cxcited with a Polloni circuit hao; beell IIsed togclhcr
with a convcnt ional Nz B1umlinc laser ading as oscillalor in a MOPA syslem, Tite
amplification efTicicncy of our Pollonj-typc amplifier showcd lo be highcr thao simi.
lar ooes reported elscwhcrc. Synchronizalion was achien'd IIsing a uniqllc spark gap
ane! all orlind delay linc,
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Resumen. Un lás('f maxial de :-;1 (':<rilado ron un circuito Polloni
fue ('mpl",,,lo romo amplificador ('n una ('"onfigurarilÍn ~lorA IIsando un
la.<¡('fBlllllllill(' de :\1 ronv('nrional romo oscilador. $(' obtu\'o IIna alta
efiri(,lIcia dI' alllplificari()Tl. La sinrronización Se realizó utilizando una
sola hujín y una líllf'a ()plica d{' rf'tardo. Los rl'sll1ta.<!os f'XI"'rimentales
prf'Sf'lll:H!O••.>;f' discuten 'j comparan con los prf'sf'lItados por otros
¡nvest ií::adll1"".


