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Hydrogen Fluoride Chemical Laser Multiple-Pass
Amplifier Performance
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The performance of a continuous wave hydrogen fluoride chemical laser master oscillator with power ampli-
fier was measured as a function of input power, the number of passes through the gain medium, and location of
the optical axis of the input beam. The amplification ratio is an inverse function of the input power (intensity)
and, for maximom amplification, the peak of the intensity distribution must be matched to that of the zero power
gain distribution in the amplifier. A substantial performance advantage was measured with two-pass amplifica-
tion when the two passes overlapped at least 60% and filled less than 84% of the zero power gain zone of the
amplifier. The measured two-pass P vs Py, performance curve was significantly above the single-pass data and
showed that only one-sixth of a device’s oscillator output must be input to obtain two-pass amplifier output equal
to the device’s oscillator performance. An amplifier performance model that predicts a device’s amplifier perfor-
mance given the device’s oscillator performance as a function of reflectivity was extended to predict muitiple-
pass amplifier performance. The two-pass model predictions were in good agreement with the measured two-pass
amplifier performance data. The predicted amplifier performance as a function of gain length was found to be
independent of device and showed that, with a 1-m gain length, one oscillator may be able to drive as many as 12

two-pass amplifiers.
Nomenclature X1 lasers was calculated for two-, three-, and four-pass amplifica-
AR = amplification ratio, Pout /Pin tion of the ir.lput beam thrm_xgh the amplifier. _
L, = thickness of the mixed flow (= L, when fully mixed) The multiple-pass amplifier performance calculations showed
L, = geometric gain length tpat ampllﬁe:r performance increased with multnple-;_aass amphﬁca-
P, = input power to the amplifier tion. of the' input beam through the amphfier’s gain medium. In
Pouswe = Pour = output power from the amplifier particular, it was foupd that t._he Pin required to achieve 'ampliﬁgr
Pouosc = output power from the oscillator Pou equal to the device’s oscillator Pouosc decreased with muiti-
Reg = effective reflectivity of the oscillator’s resonator, = plt_a-pass amphﬁqanon. ’_!'hls resplt indicated th_at an oscillator can
reflectivity of the outcoupler mirror times that of the dqve more amplifiers with multiple-pass amplification. To deter-
feedback mirror mme.lf this performance increase is realized experimentally, the
Xip = distance between the optical axis of the input beam and amplifier performance of the UIUC CL II (a two-channel, arc-
the H, injectors of the amplifier driven, .subsomc, continuous-wave hydrogen fluoride chemical
A = Pow —Pin laser with a 30-cm gain length) was measured for two and three
- = nondimensional input power, = passes through the gain medium.

input power to the amplifier
output power from the oscillator at R.¢ = 20%
Cout = nondimensional output power, =
output power from the amplifier
output power from the oscillator at R.¢ = 20%

1. Introduction

HE calculations presented in Refs. 1 and 2 showed how a de-

vice’s single-pass amplifier performance, Pou Vs Pin and AR
vs Pin, increased as the device’s gain length was scaled from 0.3 to
4 m. The results of these calculations showed that, independent of
device, a 4-m laser may be able to drive as many as eight ampli-
fiers if the amplifiers are to produce as much power as could be
obtained by running them as oscillators. All of these results are
based on single-pass amplification of the input beam. To deter-
mine the effect of multiple-pass amplification of the input beam on
amplifier performance, the amplifier performance model presented
in Refs. 1 and 2 was extended to predict multiple-pass amplifier
performance. In particular, the amplifier performance of the Uni-
versity of Illinois at Urbana-Champaign (UTUC), Helios, and CL
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The analytical model to predict multiple-pass amplifier perfor-
mance is introduced in Sec. II. Section III contains several multi-
ple-pass amplifier performance calculations. The experimental
multiple-pass amplifier performance data for three different align-
ment configurations are presented in Sec. IV. Several concluding
remarks are given in Sec. V.

II. Multiple-Pass Amplifier Model

The amplifier model'-? is based on the observation that the aver-
age gain in the amplifier will be the same as the saturated gain in
the oscillator when the circulating radiative flux in the oscillator is
the same as the average radiative flux in the amplifier. For a multi-
ple-pass amplifier, the Pou for pass N — 1 is the Pi for pass N.
With the assumption that the optical paths of all the passes coin-
cide, an approximation of the average radiative flux in the ampli-
fier after N passes is given by

N-1
1
Panve = 5 (P + Poun) + 3, Pou M
i=1
where P is the initial Pi, for pass one. Since the saturated gain in
an oscillator is the same as the average gain in the amplifier when

the circulating radiative flux in the oscillator is the same as the av-
erage radiative flux in the amplifier,

1
CaMp = OsAT = —37~ €n(Rer) 2
(4




