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Abstract

We report experimental studies of ArF, KrF, KrC1l and XeCl lasers in a
device cohtaining continuously adjustable, through-the-screen U.V. pre-
ionization of the discharge volume. Since the discharge closely followed
the volume illuminated by the U.V. preionization, the input power density
was thus smoothly variable whilst all other parameters remained constant.
The results clearly indicate that the different rare-gas halide fuel
gases require power input densities differing over a range of a factor
of 2 in order to deliver optimal laser output energy. This result im-
plies that for the now common excimer laser in which the discharge width
is controlled by electrode shape, it is unreasonable to expect maximum
achievable output energy from all of the rare-gas halide fuel gases.
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I. Introduction

The different rare gas halide lasers are commonly operated interchang-
ably in the same laser device. That the same discharge technology is
successfully applicable to all these systems, which exhibit quite dif-
ferent pumping kinetics, optical parameters and chemical composition is
somewhat surprising. The question remains whether or not considerable
improvements in performance are possible if the relevant technical para-
meters are optimized individually for each given system. The interde-
pendent parameters for rare gas halide lasers, which are of interest in
this connection, are the spatial distribution and intensity of the pre-
ionization, the discharge dimensions, circuit capacitance and inductance,
and charge voltage as well as gas mixture composition and fuel pressure.
The fact that different performance results are often reported from
different laborabories for seemingly similar devices might often be
explainable by unspecified small parameter variations.

There is another point motivating a more detailed look at these depend-
ences. Currently, rare gas halide discharge lasers, both commercial and
laboratory operate with "wall-plug" efficiencies of 0.5-2 %. Pure elec-
tron beam pumped KrF lasers on the other hand have achieved intrinsic
efficiencies of ~ 10 % /1/. There is no fundamental reason why the same
cannot be achieved with electric discharge lasers. From theoretical
modelling /2/ it is estimated that KrF may be electric discharge pumped
with 30-35 % efficiency. Extraction losses due to unsaturable absorption
at the laser wavelength reduces the maximum estimate to 15-20 % for
KrF. The achievement of higher efficiencies in rare gas halide discharge
lasers obviously rests with a better understanding of the parametric
behavior of these devices. This question cannot be answered theoreti-
cally since discharge instability which cannot easily be treated in
modelling studies, is expected to be of crucial importance. For that
reason, an experimental study was conducted with an effort to control
the discharge width of such lasers for otherwise constant parameters.
This should give information on the optimum input power per unit volume
and on the working range of the power loading to the laser fuel gas.



II. Experimental

The measurements have been conducted for ArF, KrF, KrC1 and XeCl Tlasers

in the discharge device shown in Fig. 1. This excimer laser design differs
from that of other pulsed transverse discharge lasers in that the dis-
charge width is continuously variable via a longitudinal slit located
half-way between the U.V. preionization sparks and the main discharge
region. Exposed Polaroid burn patterns certified that the main discharge
volume was well restricted to the boundaries of U.V. illumination. The
preionization consisting of a single row of 42 inductively separated

free sparks, situated 5 cm from the stainless steel screen cathode gave
exceedingly uniform illumination of the discharge volume. By adjustment

of the driver circuit inductance and hence of the preionization to main
discharge delay time over the range 120-500 ns it was found that no
variation in laser output energy as a function of delay time occurred,
indicative of a more than adequate preionization intensity /3/. All
measurements were performed with the laser's electrical circuit fixed at
values C1 =100 nf, C2 = 27 nf, and an inductance between C1 and C2 of approxi-
mately 120 nH giving a voltage rise time and, automatically, a preionization
to main discharge delay time of 120 -150 ns depending on breakdown voltage.
In the laser head itself the voltage fall time and inductance were found
to be approximately 30 ns and 5 nH, respectively. The geometrical dimen-
sions of the discharge were 3 x 48 centimeter with the width adjustable
between 0.4 and 1.2 cm. Such current and discharge parameters are directly
comparable both to most of the electric discharge devices described in

the literature and to available commercial systems.

Since all other power loading parameters were fixed, it follows that
variation of the laser discharge width at constant break-down voltage
across the electrodes led to direct variation of the power input per
unit volume of laser fuel gas. The laser output energy was optimized for
each of the four lasers with regard to mixture composition and total
pressure as given in Table 1, the charging voltage being held constant
at 34 kV.



Table 1: Laser Parameters

Laser Gas mixture (%) Total pressure (atm)
ArF FZ/Ar/He .001/23/Bal 1.5
KrF FZ/Kr/Ar/He .001/.05/.075/ Bal 1.9
KrC1 HC1/Kr/He .015/.12/Bal 2.5
XeCl HC1/Xe/Ar .015/.06/Bal 1.3

III. Results and Discussion

Fig. 2 shows the total output per pulse as a function of discharge width
using the gas mixtures shown in Table 1. Immediately apparent from this
plot is the result that maximal output energy for the different rare gas
halide systems obtains for different, non-overlapping input power densities.
The ArF system requires nearly double the input power as the KrF or the
XeCl systems, with KrC1 Tying in between, in order to achieve maximal
performance. This explains the wide range of relative performance values
between especially the KrF and ArF lasers reported by different labora-
tories in the literature; a laser device with fixed discharge dimensions
and electrical circuit parameters will never be optimized in output
energy for all of the fuel gases by virtue of the different intrinsi-
cally required input power densities.

Some clue for the rather narrow input power parameter range is found 1in
the comparison of output energy and lasing pulse duration as plotted for
KrF and ArF in Fig. 3. The results for KrCl and XeCl are qualitatively
similar to the KrF plot. In Fig. 3 it is seen that as the discharge
width is decreased, or equivalently as the input power density is
increased from the peak value, output energy and lasing pulse duration de-
crease. This behavior is consistent with the notion of early termination
of the glow discharge due to current runaway and arcing /3,4/. That is,
for input power densities greater than optimum the discharge becomes
unstable and arcs within the electrical pumping pulse time causing rapid
laser pulse termination through both loss of further pumping and absorp-



tion of the laser emission in the arc plasma. In ArF, the fact that the
lasing pulse duration remains constant as the input power density is
decreased below optimum supports the above explanation but does not
clarify the observed decrease in output energy. It is noteworthy that
the effect is not due to excessive optical output coupling as was
checked in a separate experiment in which the 8 % output coupler used
here was found to be optimal. The rather rapid drop-off from peak output
energy with decreasing input energy density cannot be simply explained
but appears to be a result of the complex interplay of particle and
electron kinetics characteristic of an excimer laser discharge /1,5/.

IV. Conclusion

In conclusion it has been found 1) that the optimum input power density
is quite different for different rare gas halide discharge lasers, 2)
that the range of input power density is rather narrow for some systems
(e.g. ArF), and 3) that parametrization results obtained on different
fixed electrode experimental devices should be compared with due cau-

tion.
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Figure Captions

Fig. 1 Rare gas halide laser head with continuously adjustable
preionization width (for further explanations see text).

Fig. 2 Laser output energies as function of the discharge gap
width or equivalently as a function of the inverse in-
put power density (other relevant parameters Tisted in
Table 1).

Fig. 3 Comparison of output pulse energies (heavy lines) and
lasing pulse widths (thin lines) for two different rare
gas halide Tlasers.
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Fig. 1: Rare gas halide laser head with continuously adjustable
preionization width (for further explanations see text).
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Fig. 2: Laser output energies as function of the discharge gap

width or equivalently as a function of the inverse in-
put power density (other relevant parameters listed in
Table 1).




EOUT [mJ]

| | I I | [
500
KrF
KrF —=
400
300~ ArF
L s
200 ArF
100 —
0 ] | | | | |
0 1 2 3 4 5 6
COLLIMATING GAP WIDTH [mm]
Fig. 3: Comparison of output pulse energies (heavy Tines) and

lasing pulse widths (thin Tines) for two different rare

gas halide Tlasers.
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