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INJECTION LOCrING OF ExCIMER LASER>

Irving J. Bigio and Michael Slatkine
e . university of Californmia
o . Los Alamos National Laboratory
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Apstract

Reliaple 1njection locking of nign-power unstaple resgnator excimer lasers can pe
acnieved with extremely low reference oscillator power. Tne criteria for injection locking
are di1scussed ana experimental results arc given,

Introduction

Tne channeling of the energy of .i1gn-pcwer excimer lasers int2 very narrow Spectral
banc=idths in low divergence Deams 1s a prerequisite for many potential applicatigns of
these lasers. Hign spectral brigntness 1s reJuired for spectroscopic applications ang
optical narmonic yeneration 1.2 ang the long conerence lengtn asscciated =1th a4 narrgs
bandg=1gth 1§ reJu}ren for nonlinear pnase conjugation, backwarg stimylated Brillouin ang
Raman scaiLtering among other applications.

It 1s oy nom well recognizea that the simplest way tc contrcl thne spectral bandwigthn
anda beam dive:. gence of nign-gaitn escimer lasers is by the comsinad i1mplementation of an
unstable rescnator ang injection locking. Tnis conclusion 1s Nol nNew nor 1§ 1t witheut
precedent. Injection locking nas lang been reccgnized a5 1 way; tc lock the frequency of a
nigh-gain broagbard oscillator to the frequen_.y of & lor-power narrom-candwigth reference
oscillator,4 Tn1is technigue nas ceen 1ippliea successfully tiy unczaple resncnarors fgr
Loz 1asersg as well as for dye laserc.” It hac also been useda previously to narrow
the panawidtn and reduce the divergence of nigh-gair unstaple-resonator exCimer lasers.”.8

The tacnnigue 1S attactive Decause near-aiffractian-limiteq aytput and uliranarrows
Tinewigth can be achieved =1th ng loss of laser efficicnc,. Mgresver the attractivernass of
thr technique 1S enhanceq Dy the fact that very ligtle raference ascillator power 1g
required to acrieve thgse parametersS. Thng contribution of Gur work nas been tg defermineg
(ang pbtrain} the theourctical minimum reQuircd Injected power for reliable \oﬁ!lng_ anag
to achieve transform-ltmited Dandwidth In arn injectivfi-lgcken excimer system'Y (alsg =1tn
ultra.ow reference ascillatar po.-rij,

W2 reviews 10 this paper the criteria =nich determineg reliable tnjrctian lrcking of
unstable rcsonator excimer lasers (ur gthor high-~atn lasers) with Mnisal injecleag power,
Eaparimgntal conf mations are al:zo revieand.

Tre Parameters of Loncern

To achieve reliaple lucking of a power nscillator (PO) 1t 1c necescary that tne finln
intensity frogm the refearance ascillator {R0)) exccen thr spnnLinensys emission npise tn all
trangsverg: Andes «Nich CANn resognante 1n the PO, Thye the use nf an yn<table re=nnatnr far
a PO of l|rge mone vClume w11l qreaAlly reduce the require.| injecten Hi pawer, Thig 1§ dye
to the fact tha* much fewer transverse modns can ssctllate 'n oa praperly cnasen unstanle
resonatar wher compare.d with a stanle resonator nf equal mode vnluma In tne case of a
contpocal unstable resonat.r =ith properly chasen maqnificatinn, it 15 ponciple tn injectinn
lock with an RQ prwe: which exrpeds only the nnise in 3 single transvrrsna mnde, For xrf
lagers thiy means that a 10 MW dnrvice can he reliaply tnjoctian lackrd with lpes than 1 w
of i1njectea prwer, The divergence of tne nutpul heam in Hpf, 4 w,s near ([« | 0 timece)
the diffraction limsg,

Tne paperimantal drrancement for gchirying tnpse Tpeylty 1% Shawn tn 2 1q, V1, he RD
Deam 18 tnjactr:d throcgh a4 $mill hole In Lhe rear aptlir nf tne unctaple responator, An
effic'ent mapoing of tha 1iJ@uLeéd) D@am ante the lywest-nrder mode (taMm) nf thr gnstable
resonator 1s sasily effected 'r the injeclad Deam hae 115 bram walst (1,.r., 15 collimateq)
4t the surface of the unctable resnnatar output cnuplar, Thig mnae mapping effirignr, 1¢
aplimized 1f-thal heam waist gigameter 18 17M timeas the ngtput Couple- alampter The
Arr nqementl shown in Fig. 1 algn tacilitates 1l1qnmrnt of the ynctaple resanytar,

Even 1t thes injecled Pram has bren effiraently mapped antn the 10M, the minimym

injectrd power regquiren for loeking will ctill nnt be AThirved if Lhe ynctanle r.gaonatnr
"prefers to as.tllator un, say, modr #7 rather than the LM, Slegmnn ann Millpr 0 hive
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shown that the cavity losses for the first few moaes, of an urstable resonator, oscillate

.as a function of the equivalent Fresnal numbaer, Neq, which is defined as follows

2 9N Y
Neq * = | — -1
eq L [92 (9192 )]

"where a {is the laser tube radius, L {is the cavity length and gy = 1 - L/Ry 1s the

usual stability parameter. Therefore, it is important to select the Neg of the cavity

“{(by adjusting L or X) such that the LOM is the mode which will experience the lowest

cavity losses and thus be the mode most likely to oscillate.

Figure 2 shows a plot of the minimum required RO injected power for locking as a
function of unstable resonayor cavity length, L. Two cycles of Nggq are seen to have the
expected frequency.

The attainment of transform-limited bandwidth is accomplisked by injecting an RO beam

"of sufficiently narrow bandwidth, This {is greatly simplified by the fact that, under the

above specified conditions, less than 1 W of RO power is sufficient for lorcking. Thus, it
is possible to injection lock a high power flashlamp-pumped dye laser with B ultra-narrow
bandwidth cw dye laser.® 1In the case of an XeF laser, we have demonstrated transform-
1imited bandwidth injection locking with an Ar-fion laser as the RU. By usling selectively
reflecting optics, the Ar-ion laser was made to lase on th: 3511 A transition of the

doubly fonized =pecies. A Fabry-Perot etalon was used to select a single longitudinal mode
from the Ar-ion laser. The result after injection locking was a 50-MHz bandwidth for the
20-ns pulse duration of the XeF laser.

It is interesting tc noce that the unstahble resonator itself can be made to have
relatively low sensitivity to its own longitudinal modes. This is due to the fact that the
longitudinal-mode interference effects in an unstable resonator occur predominantly in the
paraxial region. Thus the small hole in the rear optic causes a large reduction in the
fntensity of those effects.

Another advantage of injection locking for excimer lasers is a significant i1ncrease in
laser output. This is attributed to the earlier bulldup of laser oscillation (to a
saturating intensity) since the oscillation can start from a level well above the noise,
consejuently less energy is lost to fluorescence in the eurly bullding period. Figure 3
compares the time histories of locked and unlocked pu'ses frecm a KrF laser,

Finally 1t should be pointed out that it ic only possible to loch all of the PO output
to twe RO Yinewidth If the PO transition is homogeneously broadened and all the emission
emanates from a common upper state. This is the ¢ s: for most of the excimers For
discharge-pumped XeF, however, it is only possible to lock ~ 6G£ of the output\0 to the
RO line since the XeF laser emission originates at several different, slowly coupled
states. if the communication rate among those upper states were to be increased (say, by
raising the temperature) a greater locking percentage could be acnieved.

In conclusion, the implementation of relatively simple technlques can allow the
experimenter with a mocost budget and level of effort, to obtaiin a3 ultraviole! excimer
source of very high quality., This should enable many more rescarchers to address their
flelds of interest in the ultraviolet.
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