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Influence of excitation parameters and active medium
on the efficiency of an electric-discharge excimer ArF laser

A.M. Razhev, A.l. Shchedrin, A.G. Kalyuzhnaya, A.A. Zhupikov

Abstract. The kinetic model of processes occurring in the
plasma of an electric-discharge 193-nm excimer ArF laser
operating on mixtures of He and Ne buffer gases is
developed. The influence of excitation and active medium
parameters on the lasing energy and total efficiency of the
electric-discharge excimer ArF laser is studied theoretically
and experimentally. It is shown that a specific pump power of
~4.5—5.0 MW cm is required for attaining the maximum
lasing energy for the highest efficiency of an ArF laser
operating on a He— Ar—F, mixture. For the first time, the
pulse energy of 1.3 J at an efficiency of 2.0 % is attained for
an ArF laser with a specific pump power of 5.0 MW em ™
using mixtures with helium as a buffer gas.
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1. Introduction

Pulsed electric-discharge 193-nm excimer ArF lasers are
currently used extensively in photolithography, microelec-
tronics, medicine and scientific research. For many of these
applications, the most important parameters of the laser are
the highest attainable output pulse energy at a high
efficiency, a reliable and efficient laser excitation circuit,
as well as its operational cost which is mainly determined
by the cost of the gas mixture. It is well known that the
operational cost of laser is considerably lowered if helium is
used as a buffer gas instead of neon. In this context, the
development of a high-power efficient laser operating on
cheap gas mixtures with He as a buffer gas is a problem of
topical interest. An understanding of the physical processes
occurring in the gas discharge plasma is necessary for
optimising the laser parameters.

The active medium pump intensity is one of the most
important parameters ensuring a high output energy and a
high total efficiency of the laser. For each active medium
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(with He or Ne as a buffer gas), there exist optimal values of
the pump intensity for which the highest lasing energy is
attained for the highest total efficiency of the laser. By the
pump intensity we mean the specific pump power of the
active medium defined as W = E/(V7), where E is the energy
stored in the peaking capacitor, V is the active volume, and ©
is the duration of the first half-period of the discharge
current at the base. The total efficiency of the laser in this
work was defined as the ratio of the laser output energy to
the energy in the storage capacitor of the excitation system.

It was shown in [1] that high values of the output energy
and efficiency of a neon buffer-gas mixture ArF laser can be
attained for a pump intensity of 1.8—2.5 MW cm >. The
highest efficiency of 2.1 % for an electric-discharge ArF
laser with a radiation power of 270 mJ was attained for such
a pump intensity in a laser with an excitation system
assembled in a capacitor-transfer type circuit and automatic
UV preionisation. Depending on the experimental condi-
tions, the active medium volume was equal to 5 x (0.6 —
1.0) x (2.6 — 3.2) cm. An output energy of 500 mJ at an
efficiency of 1 % was attained in [2] for a laser similar to the
one described in [1].

Similar results were also obtained in [3] using an
excitation system analogous to the one considered in
[1,2]. In a Ne—He—Ar—F;, mixture occupying a volume
of 116 cm3, a maximum efficiency of 1.3 % was attained for
an output energy of 300 mJ, while the maximum output
energy attained for an efficiency of 1.1 % was 420 mJ. The
pump intensity was estimated at about 2.0 MW cm ™.
Studies of the role of buffer gases He and Ne in the laser
developed in these works reveal that replacement of neon by
helium lowers the output energy and efficiency by a factor of
about 2.5, while lasing is quenched for charging voltages
below 30 kV.

The maximum output energy was achieved in [4] for an
ArF laser with a helium mixture. A circuit with a two-stage
Marx generator and automatic UV preionisation were used
for exciting a laser with an active volume of 500 cm?. For a
charging voltage of 70 kV and an active medium pressure of
5 atm, the output energy was 1.7 J, but the laser efficiency
did not exceed 0.44%. The total efficiency increased to
0.67 % upon a decrease in the voltage to 40 kV and pressure
to 4 atm. However, the pump intensity could not be
estimated in this work due to a lack of information on
the voltage across the discharge gap and the duration of the
discharge current.

In their theoretical studies on the effect of a buffer gas
on the efficiency and output energy of ArF lasers, the
authors of [5, 6] showed that the use of neon instead of
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helium does not give any considerable advantage and that
the effective excitation of the active medium with He as the
buffer gas requires a higher pump intensity than in the case
of Ne.

The results presented in [7] are slightly different from
those obtained in [5] and indicate that, from the point of
view of obtaining higher values of energy and efficiency,
mixtures with Ne as buffer gas in an ArF laser are preferable
to those with He. For the conditions considered in [7], the
limiting efficiency of a gas-discharge ArF laser must be at
least 4.0 %.

In our earlier work [8], we studied a He— Ar— F»> mixture
ArF laser in which the pump intensity was increased to
3.0 MW cm>. This made it possible to attain an output
energy of 550 mJ at an efficiency of 1.3% in an active
medium of volume 130 cm?. For the maximum efficiency of
1.5 %, the output energy was 350 mJ. A further increase in
the pump intensity was hampered due to technical limi-
tations of such an excitation system.

It follows from the literature review presented above that
there is no consensus about the advantages of using helium
or neon as the buffer gas. The highest lasing energy for the
maximum efficiency of an ArF laser was attained in
mixtures with a Ne buffer gas for an optimal pump intensity
of ~2.0 MW cm 3. It was assumed that the replacement of
Ne by He as the buffer gas would increase the pump
intensity. However, its specific value ensuring the maximum
output energy for the highest efficiency remains unknown.

The present paper aims at theoretical and experimental
studies of the effect of excitation parameters and the active
medium on the parameters of electric-discharge excimer ArF
lasers operating on mixtures with He and Ne as buffer gases.
Since no data are available in the literature, we shall
endeavour to determine the optimal pulse intensity for
which an ArF laser operating on He buffer gas mixture
has simultaneously the highest efficiency and the highest
output energy.

2. Experimental setup

We measured the energy and amplitude — time character-
istics of voltage, current and radiation pulses in the
nanosecond range. The apparatus and the measuring
technique used for this purpose are described in [9].

The experimental setup used by us in the present
investigations was described in detail in [10]. It should
only be recalled that the excitation system consisted of an
LC inverter circuit with a spark gap, automatic UV
preionisation and a low-inductance discharge circuit. To
increase the pump intensity in the excitation system used
here in analogy with Ref. [10], the inductance of the basic
LC inverter circuit was increased to 100 nH by increasing
the inductance of the subcircuit between the LC inverter and
the low-inductance discharge circuit. The effect of this
inductance on the pump intensity was described in detail
in [10]. Using this method for controlling the pump
parameters, we were able to change the pump intensity
over a wide range (up to 6.0 MW cm™>).

The distance between the main electrodes in the dis-
charge chamber of the laser was 2.7 cm. The length of the
active part was 59 cm. It should be noted that the discharge
width is a variable quantity that depends on the parameters
of an active medium (composition and pressure) as well as
pump (charging voltage). The discharge width was deter-

mined from the size of the cavern formed as a result of
ablation of polymer materials. The minimum discharge
width (0.7 cm) was obtained in mixtures with a helium
buffer gas at the lowest pump levels, while the maximum
width (1.2 cm) was obtained for the highest pump level of
gas mixtures with a neon buffer gas. Thus, depending on the
type of the buffer gas and the pump level, the active medium
volume varied from 120 to 190 cm?. This fact is important
for a correct estimation of the pump intensity.

3. Theoretical model

We have developed in this work a theoretical model for the
pump system and constructed a kinetic model of the
processes occurring in the discharge plasma of a He(Ne)—
Ar—F, mixture ArF laser. The results of theoretical
investigations were compared with the experimental data.

In the numerical simulation of the dynamics of discharge
and emission, kinetic equations were solved for the mixture
components together with the equation describing the
processes in the laser excitation circuit as well as the
Boltzmann equation for the electron energy distribution
function in an electric field [11]. The diagram of kinetic
processes used for modelling the plasma kinetics in He—
Ar—F, and Ne—Ar—F, gas mixtures consists of 94 reac-
tions (Table 1). The rate of reactions (1)—(17) was
calculated with the help of the Boltzmann equation. The
cross sections of elastic and inelastic collisions of electrons
with He and Ne atoms were borrowed from [12-14] and
[13, 15—17], respectively. The cross sections of processes of
interaction of electrons with argon atoms and F, molecules
are presented in [12, 13, 17—19] and [20] respectively. The
theoretical model of processes occurring in the excitation
system was developed by us and described in detail in an
earlier publication [10].

4. Results and discussion

In theoretical and experimental studies aimed at the
attainment of the maximum lasing energy, the composition
of the active gaseous medium based on the He buffer gas
and its total pressure were optimised relative to the
charging voltage. As a result, it was established that the
theoretical composition of the gas mixture components is in
good agreement with the experimentally obtained compo-
sition He:Ar:F,=79.7:20:0.3 [8], while its optimal
pressure increased from 1.7 to 2.5 atm upon an increase
in the charging voltage from 20 to 32 kV. If He was
replaced by Ne, the optimal pressure increased from 1.8 to
2.6 atm upon an increase in the charging voltage of the gas
mixture.

In order to determine the effect of the type of buffer gas
on the excitation and emission parameters of the ArF laser,
we studied the discharge kinetics in the mixtures based on
He and Ne. Figure 1a shows the electron energy distribution
functions calculated for various electric fields in He— Ar—F»
and Ne—Ar—F; gas mixtures with a constant concentration
of Ar (20 %) and fluorine (0.3 %).

One can see from Fig. 1 that the presence of neon in the
discharge results in a considerable increase in the fraction of
electrons with energies in the interval ~10 — 15 eV, which
can excite and ionise argon atoms (having an excitation
threshold equal to 11.5 eV and an ionisation potential equal
to 15.7 eV). A change in the electron energy distribution



Influence of excitation parameters and active medium 801

Table 1.

Reaction No. Reaction Rate constant Reference
1 He+e— He* +e Calculated from the Boltzmann equation

2 He+e—He' +e+e -

3 Ne+e — Ne* +e -

4 Ne+e— Net +e+e -

5 Ne*+e—NeT +e+e -

6 Ar+e— Arf+e -

7 Ar+e— Ar” +e -

8 Ar4+e—Art +e+e -

9 At +e—Art +e+te M-

10 Ar”+e—Artt+e+e -

11 Arf fe— Ar” te -

12 Ar* +e— Ar* +e -

13 F,+e— Fyv)+e -

14 F,+e—F; +e¢ "

15 F,+e—F) +e -

16 Fy+e—F+F~ -

17 Fy+e—F+F+e -

18 Ar™ +2He — HeAr ™+ He 1.0 x 1072 cm® 57! [21]
19 Ar® +2Ne — ArNe* + Ne 1.0 x 1072 cm6 57! [21]
20 Ar" + Ar + He — HeAr™ +He 8.0 x 1073 cm6 57! [22]
21 Ar* + Ar + He — Ary + He 8.0 x 107> cm® 57! [22]
22 ArT 4+ Ar+ Ne — Ary” + Ne 2.5% 107! cemb 57! [22]
23 ArT + Ar + Ne — ArNe™ + Ar 2.5x 107 em6 57! [22]
24 Ar™ 4+ Ar + Ar — Ars 4 Ar 3.0x 1073 em6 57! [22]
25 He® + He + He — He; + He 10 x 107" em® 57! 21]
26 Ne* +2Ne — Ne,” + Ne 3.0 x 107 ecm6 57! [22]
27 He™ + He + Ar — Hes” + Ar 8.0 x 107°% cm® 57! [21]
28 He™ + He + Ar — HeAr " + He 8.0 x 10732 cm® 57! [21]
29 He™ + 2Ar — HeAr™ + Ar 8.0 x 107> cm® 57! [21]
30 HeAr™ + He — Ar™ + 2He 1.3% 107" cm3 57! [21]
31 HeAr™ + He — He™ + He + Ar 50x 107" cm? 57! [23]
32 HeAr™ 4 He — He; + Ar 5.0 x 10710 cm? 57! [23]
33 HeAr" + Ar — Ar* + He + Ar 50x 1070 cm3 57! [23]
34 HeAr™ + Ar — He " + 2Ar 5.0 x 10710 cm? 57! [23]
35 HeAr™ + Ar — Ar; + He 3.6x 107 cm3 57! [21]
36 ArNe™ + Ar — Art + Ar + Ne 50%x 1070 cm3 57! [23]
37 ArNe*t 4+ Ne — Ar™ + 2Ne 50x 1070 cm3 57! [23]
38 ArNe* + Ar — Ar;" 4+ Ne 50x 1070 cm3 57! [23]
39 He" + He + He — He; + He 43 x 1072 cmd3 57! [11]
40 Ne* + 2Ne — Nej + Ne 4.1 x 107 cm6 57! [24]
41 Ar" + Ar+ Ar — ArS + Ar 10X 1072 em® 5™ (2]
) Ar™ 4 Ar+Ar — Arj + Ar 5.0 x 1073 cm6 57! [26]
43 Ar*+ Ar + He — Arj + He 1.0 x 1072 cm6 57! [21]
44 Ar™ + Ar + He — Ar; + He 1.0 x 1072 cm® 57" [21]
45 He; +e — 2He + ¢ 38%x 107 cm? 57! [27]
46 He* +e— He+e 2.6 x 107 cm3 57! [27]
47 He; — 2He 3.6x10%s™ [27]
48 Ne*+Ne*—Ne"+Ne +e 2.5% 107 cm® 57! [28]
49 Ne® +F, — NeF" +F 53 %107 em3 57! (28]
50 Ar* +Ar* — Arf +e 5.0 x 10710 cm? 57! [26]
51 Ar™ 4 A — Ary te 50x 107" cm3 57 [26]
52 Ar* +Ar* — ArT +Arte 50x 107" cm3 57! [26]
53 Ar™ £ Ar™ S ArT 4 Arte 50 x 107" cm3 57! [26]
54 Ari +e—2Ar+e 1.0 x 107 cm3 57! [30]
55 Arj — 2Ar 3.12%10° 57! [25]
56 Ne; — 2Ne 6.0 x 10* 57! [25]
57 Ar+He* — Ar* + He+e 7.0 x 107" em3 57! [31]
58 Ne® +Ar — Ar* + Ne 6.0 x 107 cm? 57! [29]
59 Ne;f + Ar — Arf 4 2Ne 50 x 107* cm3 57! [25]
60 F+He+e—F ™ 4He 6.6 x 107 cm® 57! [27]
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Continuation of Table 1.

Reaction No. Reaction Rate constant Reference
61 At* +F, - ArtF* +F 54 %1071 cm3 57! [25]
62 Ar™ 4+ F, — ArF* +F 54 %1070 cm? 57! [25]
63 Ary +F, — ArF* + Ar+F 3.0x 107" cm3 57! [25]
64 He;” +e — He* + He 5.0%1071°(0.026/T,) cm? 57! [23]
65 Ary +e— Ar* + Ar 8.5 x 1077(0.026/T,)"" cm3 57! [23]
66 Ne;” +e — Ne* + Ne 1.7 x 1077(0.026/T,)** cm3 57! [23]
67 F  +F—F,+F 107% cm? 57! [27]
68 AtT+F 4+ M — ArF* + M Calculated by using Flannery’s formulas [34]
69 Ars +F~ 4+M — An,F* +M " [34]
70 He"+F +M — He*+F+M - [34]
71 He;f +F~+M — 2He +F+ M " [34]
7 Net+F~+M — NeF* + M " [34]
73 ArF* + Ar —» Ar+ Ar+ F 9.0 x 1072 cm3 7! [7
74 ArF* + He — Ar+ He + F 1.0 x 1072 cm3 57! 7
75 ArF* + Ne — Ar+ Ne + F 1.6 x 10712 cm3 57! [32]
76 ArF* + F, — Ar +3F 1.9 x 107 cm3 57! [7
77 ArF* +2Ar — Ar,F* + Ar 52 %1073 cm® 57! [25]
78 ArF* + Ar + He — Ar,F* + He 1.0 x 1073 cm® 7! [7]
79 ArF* + Ar + Ne — Ar,F* + Ne 3.5%x 107 emb 57! [7
80 ArF* 4+ 2Ne — Ar + F + 2Ne 1.0 x 1073 cm6 s*l [32]
81 ArF*+e— Ar+F +e 20x 107 cm3 s 7
82 Ar,F* + He — ArF* + Ar+ He 1.0 x 1072 cm3 57! [11]
83 hv+Ne* - Net +e 12 x 1078 cm3 57! [33]
84 hv+Ar* — Art 4 e 3.0 x 1071 cm3 57! [33]
85 v+ Ar*™ — Art +e 9.0x 107 cm3 57! [33]
86 h+F —F+e 28 x 1077 cm3 s [25]
87 hv+He; — Hey +¢ 57 %1078 em?3 7! [11]
88 hv+Ne; — Ney™ +e 3.0 x 1078 cm3 57! [7
89 hv+ Ar; — Ars +e 3.0x 10~ cm‘ [11]
90 hv + Ar,F* — ArF* + Ar 3.0 x 1078 cm3 57! [
91 hv + ArF* — ArF(X) + 2hv 9.0 x 107 cm? 57! [11]
92 hv+ ArF(X) — ArF” 9.0 x 107° cm? 57! [11]
93 ArF* — ArF(X) + hv 2.4 x 108 s7! [25]
94 ArF(X) — Ar+F 10° 7! [11]

Note: (M) — buffer gas; (X) — ground state of the excimer molecule; (7,) — electron temperature in kelvins.

function upon a replacement of He by Ne is due to the
difference in the transport cross sections of electron scatter-
ing from the atoms of these gases (Fig. 1b). For low
energies, the elastic scattering of electrons at Ne atoms is
much weaker, and hence electrons with energies below
20 eV formed as a result of excitation and ionisation of
argon atoms are accumulated in the discharge region of the
mixture with neon. In He-based mixtures, such electrons are
scattered effectively and move away to the low energy
region. Hence, in view of the fact that the presence of
neon in the working mixture increases the number of
electrons capable of effectively exciting and ionising the
atoms of the working noble gas, the breakdown of discharge
gap in such a medium occurs slightly earlier than in the
medium with He as a buffer gas.

Figure 2 shows the time dependences of the discharge
breakdown voltage in He(Ne):Ar:F, = 79.7:20:0.3 mix-
tures, calculated under a pressure of 1.9 atm and a charging
voltage of 22 kV. The breakdown voltage in buffer gas
mixtures with He and Ne is 36 and 31 kV, respectively. The
time interval between the onset of UV preionisation and the
instant of the discharge breakdown decreases from 140 to

120 ns, which may adversely affect the homogeneity of the
volume discharge [35, 36].

Moreover, it was observed that a replacement of He by
Ne also decreases the time of energy depostion into the
discharge. In other words, the duration of the first half-
period of the discharge current decreases from 40 to 35 ns,
other conditions remaining the same. Hence, a replacement
of He by Ne in the ArF laser mixture leads to a decrease in
the energy contribution. The results of calculations were
confirmed in the experiments and match with the results
obtained in [5, 6].

The dependence of the voltage U across the discharge
gap and current J through it on the charging voltage U, for
the He— Ar—F, mixture was obtained both theoretically and
experimentally (Fig. 3). One can see from Fig. 3 that an
increase in the charging voltage from 20 to 32 kV increases
the voltage across the discharge gap from 35 to 50 kV and
the current from 76 to 100 kA. The optimal pressure of the
gas mixture increased from 1.7 to 2.5 atm upon an increase
in the charging voltage.

The nature of these dependences does not change upon a
replacement of He by Ne, but the voltage across the
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Figure 1. (a) Electron energy distribution function in He(Ne): Ar: F»
=79.7:20:0.3 mixtures under a pressure p = 2.5 atm in the electric field
of 4 (1), 8 (2) and 12 kV cm™! (3); (b) transport cross sections ¢ of
electron scattering by helium and neon atoms.

discharge gap is lower and changes from 32 to 44 kV, while
the optimal pressure of the gas mixture remains practically
the same and increases from 1.8 to 2.6 atm upon an increase
in the charging voltage. However, the discharge current
remains virtually the same in both cases, which is in accord
with the theoretical results. It was mentioned above that an
increase in the charging voltage also increases the discharge
gap width from 0.7 to 1.1 cm in He mixtures and from 0.8 to
1.2 cm in Ne mixtures. We took into account this circum-
stance during the theoretical analysis and found that the
active volume increases upon an increase in the energy
deposited into the active medium. Using such an appro-ach,
we obtained a good agreement between the theoretical

J/kA

U/kV L
/ 100

55
50 |
45t

35+

30 -

4.e,m—cxperiment 40
o o,0— theory

20 24 28 U, /kV

Figure 3. Theoretical and experimental dependences of the voltage U
across the discharge gap, discharge current J and pump intensity W on
the charging voltage U, for the He— Ar—F, mixture.

In analogy with [1, 10], we estimated the pump intensity
for the He— Ar—F, mixture. It was found that an increase in
the charging voltage U; from 20 to 32 kV and in the active
medium volume of the laser from 120 to 180 cm? for a
constant duration (at the base) of the first half-period of the
discharge current 1 = 40 ns increases the pump intensity W
from 3.8 to 5.3 MW cm ™ (Fig. 3). It was found in such
estimates for Ne-based mixtures that upon an increase in the
laser active medium volume from 145 to 190 cm? and for
T =35ns, the pump intensity W increases from 3.0 to
4.4 MW cm .

It was shown that record-high values of the lasing energy
and efficiency of a ArF laser with a He buffer-gas-based
active medium are obtained upon an increase in the total
pressure and the active medium volume with the charging
voltage, and upon the attainment of a high pump intensity
W. Figure 4 shows the dependence of the laser output
energy E,, and the total efficiency # of an ArF laser on
the charging voltage U, for He(Ne): Ar:F, = 79.7:20:0.3
mixtures. One can see that an increase in the charging
voltage increases the output energy of a He mixture laser
from 0.4 to 1.35J, while the efficiency attains its highest
value. Thus, a lasing energy of 1.3 J at an efficiency of 2.0 %
was obtained in an ArF laser operating on He:Ar:F;
= 79.7:20:0.3 mixtures having a volume of 175 cm? under
a pressure of 24atm and a pump intensity of

results and the results of experimental investigations. 5.0 MW cm >,
U/kv [ Eou /T o,m He—-Ar-F, n (%)
45
B —— He-Ar-F, 12 L o,0 Ne—Ar—F,
30 | — — Ne-Ar-F, ’ i
I - 14
20 +
o 0.8 1
10 b i 93
0 === 04 f 15
—10 L ]
1 1 1 1 1 1 1 1 41
0 1 1 1 1 1 1 1
0 100 200 300 t/ns 20 " - 0 /kV

Figure 2. Time dependence of the voltage U across the discharge gap in
He(Ne): Ar:F, = 79.7:20:0.3 mixtures under a pressure p = 1.9 atm
and a charging voltage of 22 kV.

Figure 4. Experimental dependences of the output energy E,, and the
total efficiency # of an ArF laser on the charging voltage U, for the active
media He— Ar—F, and Ne—Ar—F,.
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Figure 5. Dependence of the total efficiency 1 of an ArF laser on the
pump intensity W for the active media He— Ar—F; and Ne—Ar—F,.

An increase in the charging voltage leads to a slower
increase in the output energy (from 0.5 to 0.88 J) in the
active medium of an ArF laser with Ne buffer gas than in
the case of He based mixtures. The highest efficiency is
attained for a minimum charging voltage and decreases
monotonically from 1.9 % to 1.1 %.

The results obtained for an ArF laser with Ne as a buffer
gas (Fig. 4) can be interpreted from the point of view of
attainment of the optimal pump intensity. Figure 5 shows
the dependence of the total efficiency # of an ArF laser for
active media based on He or Ne buffer gas on the pump
intensity W. It follows from the results presented in [1] that
the optimal pump intensity is 1.8—2.5 MW cm > for the
Ne— Ar—F> mixture (see Fig. 5). In the present research, we
used pump intensities exceeding 3.0 MW c¢cm™>; in other
words, we extended the (W) dependence to the region of
higher pump intensities and obtained a good agreement with
the results obtained in [1]. The results of theoretical
investigations reveal that the decrease in the total efficiency
for a pump intensity higher than the optimal value is
associated with a decrease in the output energy due to a
stronger quenching of ArF* molecules by the discharge
electrons.

The results of our investigations showed the range of
optimal pump intensities in a He — Ar— F»-mixture ArF laser
for which the highest value of total efficiency was obtained.
It can be seen from Fig. 5 that for such excitation
conditions, the optimal range of pump intensities is 4.5—
50 MW cm >, It should be remarked that the total
efficiency is almost identical for both active media with
He and Ne, but is attained for different pump intensities —
2.0 and 5.0 MW cm >, respectively.

5. Conclusions

We have performed theoretical and experimental studies of
the effect of excitation and active medium parameters on
the output energy and efficiency of an electric-discharge
193-nm excimer ArF laser operating on He(Ne)—Ar—F,
mixtures. It is shown that the highest output energy can be
achieved at the maximum efficiency for an optimal intensity
of the active medium pump. For a He—Ar—F, mixture
ArF laser, the optimal pump intensity is 4.5—
50 MW cm ™, which is much higher than for the
analogous Ne—Ar—F, mixture ArF laser. For the first
time, a lasing energy of 1.3 J at an efficiency of 2.0 % was
obtained in an ArF laser operating on mixtures with
composition He:Ar:F,=79.7:20:0.3 with an active
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