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TRANSFORM-LIMITED-BANDWIDTH INJECTION LOCKING OF AN XeF LASER

Irving J. Bigio and Michael Slatkine
Los Alamos National Laboratury
Los Alamos, NM 87545

ABSTRACT

A pulsed rr-ion laser, operdting on the 3511 A line of the
doubly ionized species, has been used to injection luck an unstable
resonator XefF laser. A single longitudinc1 mode of the Ar-ion laser
was selected with a Fabry-Perot étalon, an. the resulting XeF band-
width was measured to be ~ 50 MHz which is the Fourier-transform
11mit corresponding to the XeF laser pulse duration of ~ 20 ns.
Since the XeF B + X emission originates from nure than one upper
vibrational level, for this pulse duiration it was detnrmined that
v 00% of the total output was available to be locked to the
reference oscillator line. The 2 MW output beam was also found tu
be near (< 1.5 x) diffraction limited.

INTRODUCTION

The channeling of the energy of high-power excimer lasers into
very narrow spectral bandwidths in 1ow divergence heams is a
prercquisite for many potential applications nf these lasers. High
spectral brightness is required for spectroscopic applications and
optical harmonic qnneration.l-? and the long coherence length
associated with a narrow bandwidth is required for nonlinear phase
conjugation, backvard stimulated Brillouin and Raman scattering?
among other applications. Ultranarrow bandwidth is virtually
essential for most nonlinear vuv genvration schemes.

It is by now well recognized that the simplest way to control
the spectral bandwidth and beam diverqence of high-qain excimer
lasers is by the combined implenentation of an unstable resonator
and inicction locking. This conclusion is not new, nor is it
without precedent. Injection locking has lonq been recoqnized as a
way to lock the friquency of a high-gain broadband oscillator to the
frequency of a low-power narrow-bandwidih reference oscillator.?
This technique has been applind successfully to ynstable resonators
for CO» lasers? as well as for dye 1as rs.00 1t has also been
used previously to narrow the bandwidth and peduce the divergence of
high-gin unstab le-resonator excimer la,ors, /9

The technique is attraclive becanse noar=diffraction=1imitod
output and ultranarrow livewidth ¢ o be achioved with no oss ol
laser eofliciency. HMorcover Lhe attractivencss of the Ltechnique |y
enhanced by the fact that very dttle reference oscillator power is
requircd to achleve those paramelers.  The contribution of our work
has been to determine (and obtain) the theoret tcal minimum vegquired
injected power for reliable locking,” and to achiove transtors-
limited bandwidth in an njection=locked excimer system!? (also
with ultralow reterence escillator power).



In this paper we review the simple technique employed for
achieving transform-1imited bandwidth in an XeF laser.

EXPERIMENTAL PROCEDURE

The experimental setup used for injection lockina the XeF laser
is schematically depicted in Fig. 1. As a reference oscillator we
used a small pulsed Ar TlI-ion laser followed by a Fabry-Perct
étalon, which passed a single longitudinal mode of the laser. The
Ar-ion laser is inexpensive and simple to constirurt, and its design
closely follows that of Ref. 11. It emits a polarized 10-W,

0.5 -us-duration pulse whose divergence is near the diffraction
limit. Because of the selectively reflective optics, most (v 80%)
of the output cnergy was at the 3511-% transition of the doubly
ionized Argon aton.. It was composed of several Ionqtitudinal modes
within the inhomoaencous Doppler linewidth (v~ 1 GHz).
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The single longitudinal mode transmitted by the étalon (~ 2 W)
had a bandwidth of < 50 MHz. About £0% (1 W)of the Ar-ion beam
was injected through a 1-mm hole in the rear mirror of the positive-
branch confocal unstable-resonator cavity of an XeF laser. The
unstable resonator is ~ 100-cm long (variable * 5 cm), and the
magnification is 3. The discharge dimensions are 2 cm x 2 cm x
A0 cm, and the device is similar to the one in Ref. 9. The free-
i :nning XeF laser's total output energy was ~ 40 mJ, and the beam
w's unpolarized. The timing of the XeF (25-ns pulse duration) and
the Ar-ion laser are easily adjusted for injection locking since the
Ar-ion laser-pulse duration is as long as 0.5 us. The sinqgle-pass
gain of the XeF amplifier at 3511 A was measured to be > 10.

RESULTS

In contrast to the KrfF, XeC1, and ArF lasers, thore are inherent
1i..itations to the injection locking of a XoF laser on the 3 » ¥
transition. The XeF emission is composed of man¥ distinct lines
with several different upper vibrational levels, =15 ana there s
no necessarily fast eneryy transfer among those upper levels,
Consequently, only part of the total enerqy is available Lo be
pulled into a specific locked line. The effect is similar to that
of an inhomogeneously broadened laser when one attempts Lo force it
to run on a single longitudinal mode,

Since our 1-m spectrometer's resolution was v 0.1 A (v 50 GHz),
the spectrometer was not useirul for measuring the locking officicncy
into a 50-MHz pandwidth, Thus we determined the energy transfer ty
measuring Lhe amount of XeF ourpul eneray nulled by the injection
process into the polarization staty of the Ar 111 Yaser. Thisg
measurement was accomplished by a deceptively simple yet accurate
techniquer. First the laser enerqgy was measured in both locied and
unlucked (i.ec. with tie reference oscillitor blocked) conditions,
Then the measurements woere repeated wilh a linear polarizor placed
in front of the detector and ariented so as to hlock the
polarization state of the ‘eference oscillalor,  Some simple
algebraic manipulatior ot the four nurbors vields a locking fractio.
of w05, (This can oe coapared =ith ~ 1000 for (b or ark,)

The fraction locked can be expected to improve with higner
tomperature, higher pressure, and longer pulee duration,

The beam diveragence (for the locked (vaclion) was found 1o be
very near (< 1.5 x) the Jdiffraction Limi when cempared with the
Ltheoretical optimum for an Airy disc of the Lame aperture.  When
unlocked, the divergenee was % - 10 times areater,

In Fia. 2 we presont o high vesolution Labry=-Perot intorterameam
of the locked Xel output, demonstrating the sO-M1y bandwidth,



Fig. 2

CONCLUSTONS

We have demonstrated the channeling ot v 60% of the output
enerqy of an unstable-resonator XeF laser into a 50 MH: Fourier-
transform-limitnd bandwidth at 3511 A. This has been achicved by
injection locking the XeF laser witn~ 1 W of gower from a Fabry-
Perot-filtered Ar-ion laser. 1f one wants to remove most of tho
remaining 40% broadband Xel output, it is possible to do <o in a
simple manner by extracavity filtration with an étalon after the
unstabie resonator or by spatial *iltering since the unlockad
portion has nuch larger Adiverqence, iinally, we have been able Lo
abserve backward-stimulated Brillouin and Raman scottering from
several liguids by use of the iajection-locked XeF laser.  These
stimulated processes were abserved only when the laser was lTocked.
thus providing an additional indication of the reduction of the Xef
laser bandwidth, 19, 19

These injection locking techniques dewonstrate that ultahigh
spectral vrightness and excellent beam quality are available from
excimer lasers with relatively uncomplicated and moderate-cost
systems,  Thiy should enable a much Taraer number of researchers Lo
probe nonlinear aptics fn the yv oand vuv,



—
.

(S0 -3 w N
.

REFERENCES

R. T. Hawkins et al., Appi. Phys. Lett. 35, 391 (1980),

H. Egger et al., Opt. Lett. 5, 282, (1QBUT

J. Reintjes, Appl. Opt, 19, 3889 (1980).

I. J. Bigio et al. CLEO'TBI postdeadline paper THS3, IEEE J.

Quantum Electron. E 17, No. 12-11, 220 (19R1).

R. ndler, Proc. IR 351 {1946).

C. J. Buczek, R. J. ?’Heberg. and M. L. Skolnik, Proc. 1EEE 61,

1411 (1973), C. Cason et al., J. Appl. Phys. 48, 2531 (1977)
Irving J. Bigio, in High-Power Lasers and 5pp}1catlons.

K. L. Kompa and H. Walther, eds. (Springer-Verlag, Berlin

1978), p. 116.

J. Goldhar and J. R. Murray, Opt. Lett. 1, 199 (1977);

J. Goldhar et al., IEEE J. Quantum Electron. QE-16, 235 (1980).

{ J. )Paca1a and C. P. Christensen, Appl. Phys, [c tt 3o, 336
1981).

Irving J. Bigio and M. Slatkine, Npt. Lett. 6, 336 (19€1).

Irving J. Bigio and M. Slatkine, Opt. Lett. 7, 19 (1932).

J. C. Hsia et al., Appl. Phys. Lett, 34, 202 (1979); ™. Rokni

et al., Appl. Phys Lett. 36, 243 (19RU)

J. Tellinghuisen et al. J. Chem. Phys. 64, 4796 (1976).

J. Tellinghuisen ot al., J. Chem. Phys. BE, 5177 (197¢).

I. J. Bigio, B. .}). Feldman, R. A, Fisher, and M. Slatkine, CLLO
'”1 postdeadline paper FK3, I[EC J. Quantum Electron. QE-17,

No. 12-11. 228 (19¢1). :

Michacl Slatkine, Irving J. Rigio, B. 1. Feldman, and

R. A. Fisher, Opt. Lett. 7, 108 (1982}.




