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Subpicosecond, High-Brightness Excimer Laser Systems

A. J. Taybr, T. R. Gosnell, J. P. Robe@, C. S. Lester, R. B. Gibson,
S. E. Harper, and C. R. Tallman

Los Alamos National Laboratory, Group CLS-5, Los Alamos, NM 87545 USA

Subpicosecond, high-brightnessexcimer laser systems are being used to
explore the interactionof intense coherent ultraviolet radiation with matter. Appli-
cations of current systems include generation of picosecond x-ray pulses, investi-
gatior( af possiblex-ray laser pumping schemes, studes of muttiphotonphe-
nomena in atomic speaes, and time-resolved photochemistry. These systems
[1,2], based on the amplificationof subpicosecondpulses in small aperture (-1
cmz} XeCl or KrF amplifiers, deliver focal spot intentiles of -1017 W/cm2. Scaling
to higher intensities, however, will require an addhional large aperture amplifier
which presewes neardiffraction-limited beam quality and subpico$econd pulse
duration [3]. We descrllm here both a small aperture KrF system which routinely
provides intensities >1017 W/cm~ to several experiments, and a b~e -We
XeCl system designed to deliver -1 J subpicosecond pukes and yield intensities
on target in excess of 1019 W/cm? We also discussthe effects of two-photon
absorption on large-aperture, high-brightness excimer lasers.

The small apet?ure KrF system consistsof a Wont-end” which generates 248-
nm seed pulses, fallowed by two KrF amplifiers. The seed pulses are initiallygen-
erated at 648 nm with a mode-locked dye laser that uses DCM as the gain dye
and DTDCI as the absorber dye. The dye laser is synchronouslypumped with the
lrequencydoubled output of a cw mode-locked Nd:YAG laser, The pulses are then
ampllfied at a 3 Hz repetition rate and frequencydoubled in a 2-mm-thkk BBO
crystal. The resulting pulses at 324 nm are finalty sum-frequency mixed with
ampllfled 1064-nm pulses in a second 2-mm BBO crystal to produce & to 10-PJ
subpicosecond seed pulses at 248 nm. These pulses are then ●mplified by iwo
Lambda Physik EMG 200 Series KrF amplifkrs, separated by a vacuum spatial
fliter to suppress ASE and Improve beam quality. The output beam diameter is 17
mm and tl~efinal output energy at 248 nm is 25 ~ 3 mJ with <5% ASE. The
pulsewidth, measured using two-photon ionization in NC), is 70C fs. The focused
spot size achievable with this system has been determined indirectlyby measuring
the confocal parameter of a beam focused bv f/3 optics. The inferred focal spot
diameter is 3.6pm (twice the diffractionlimit], which implies an Intenshyat the focal
plane of 3.5 x 1017W/cma. For all experiments parabolic mirrorsare used as the
focusing optics to preserve pulswkf!h, minimize aberrations, and avoid nonlinear
absorption and rofractkm.

This system is routinelyoperated as a source for several physics●xperfments
[4]. An x-ray spectroscopyexperiment has shown that multiphotonprcwsses in a
solid aiuminum target produce an aluminum ion plasma exhibiting line radiation at
energms exceeding 2 KeV. Another experlmsinthas shown that highly charged
ion states can be produced by rrmttiphotonionization. In xenon, for example,
absorption of 213 248-rim photons yields a Xe+l 1 Ior..



t We are currentlybuilding a second high-brightnesssystem based on amplifi-
cation in XeCl, that uses a large aperture (100 cmz) final amplifier designed to
deliver pulse energies appro=hing 1 J at a maximum repetition rate of 1 Hz. The
seed pulse generator scheme is skkhad in Fig. 1. Pulses of 175 fs duration at
616 nm are initiallygenerated in a Iinearevity, efispwsion-compensateddye laser
(Rtmdamine 6G/DODCl] that Is synchronouslypumped by a cw mode-bcked
t4d:YAG laser. The Nd:YAG iaser also provides 1.06pm seed pulses to a regener-
ative amplifier, whose frequencydoubled output bngitudinally pumpsa three-
stageamplifier for the dye laser. This synchronousamplif-ion scheme has the
advantages of bw amplified spontaneous emission, good beam quality, and the
elimination of a separate pump laser for the dye amplifier. We observe no temporal
broadening of our 175 fs pulses through this amplifier. The amplified 616-rim
pulses are then frequency doubled to 308 nm In a BBO crystal. ?re-amplification of
these 30-pJ uv pulses to the 3-mJ level is accomplished with a single small aper-
ture commercial XeCl discharge amplifier. The beam is then expanded In a
vacuum spatial filter before entering the final amplifier. This 10 x 10 C# aperlure
device consists of two independently pumped discharge gain regions which share
a common x-ray preionizer. The small signal gain, gel, in each dkcharge region is
five. The amplifier is triggered by bw-jkter, thyratmn-switchedpuke modulators
with three-stage magnetic pulse compression. The resultantjhter is less than 5 ns
over a -50 ns gain time. In order to maintain nmr-diffraction-limited beam quality
al a sustained 1-Hz repetitionrate, a transverse gas flow system is used. Tho wave
frontdistortionis less than ~0 over 80% of the aperture and th6 hot gas clears
within 30 ms after a shot, Barnng additional distofiion due to nonlinear refraction
in the output window, focal-spot intensities>10~9 W/cmz should be obtained with
this system.

Wonm‘T
Fig 1. Subpkmsecond, 308-nm seed pulse generator.
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Fig 2. lm~lin vemus l~nfor 0.5-inch-thick CaF~ and fus~ Mi= samples.

An understanding of nonlinear optical phenomena such as two-photon absof’p-
tion and nonlinear refraction in ultraviolet window materiak at excimer wave-
lengths is essential for the design of Jargeaperture amplifiers. We havo measured
the two-photon absorptionocMicients at 248 mn for those materfals (fused silica
and CaFa) which can be obtahed in large apertures. For fused silica ~ = 4.5 * 2.2
x 10-11cm/W, while for CaFZ, ~ = 8.3A 4.1 x 1VIZ cmiW. To evaluatethe implica-

tions of these values of ~ for KrF laser systems,wa plot, h Fig. 2, ~/1~ versus l~n
far 1,2?-cm-th~ windows of fus~ silim and cm~ at 240 nm. BQthtwo-photon
absorption arid its associated pulsewidth broadening are inchded in the cakula-
tion of bm. At l~n= 3 x 10~0W/cma, a typical intensityfor cummt systems, &/~n =
0.33 for fused silicaand ~~ = 0.66 for CaFa. Therefore, for large aperture, KrF-
based, high-brightnesslasers, the materfai for the output window, as well as for any
subsequent windows shoufdbe carefully chosen and the total thickness after the
gain medium minimized. In contrast, XeC1-based high-b~htnoss lasers, where the
photon energy is 4 oV, become attractive since two-photon absorption in CaFz Is
not possible.
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