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Abstract. Time-resolved and time-integrated spectra for various He-Ar-F, mixtures
excited by a fast transverse discharge were recorded. The fluorescence of ArF* and Ar,F*
was investigated and the radiative lifetime and emission characteristics of Ar,F* were
determined. A mechanism for the formation of Ar,F* is suggested.

PACS: 42.55H, 52.80

Rare-gas halide exciplex molecules which radiate from
a strongly bound excited state to a repulsive ground
state were first observed by Velazco and Setser [1, 2].
Detailed spectral and structural analysis studies as well
as ab initio calculations were reported soon thereafter
[3]. While these diatomic RgX* molecules were in-
vestigated, discovery of a new class of triatomic rare-
gas halide exciplex molecules was made [4]. The
broad-band continuum emissions of triatomic rare-gas
halides were identified as transitions between ionically
bound excited states (Rgy X~) and repulsive covalent
lower states, that dissociate to ground state atoms
[5].

The triatomic exciplex Ar,F* has a broad continum
emission centered around 290nm [6, 7]. It therefore
merits consideration as a potential candidate for a
widely tunable uv laser. Previously, the formation and
decay processes of Ar,F* in Ar-F, and Ar-NF,
mixtures were investigated by Nakano et al. [6],
Lorents et al. [4], Marowsky et al. [8] using electron
beam excitation, and by Chen and Payne [11] and
Chen et al. [12] using proton beams. Béwering et al.
[13] report on the kinetics of Ar,F* from e-beam
excited Ar-NF; and He-Ar-NF, mixtures.
Corresponding data obtained under conditions of
direct electric discharge have not been published so
far.

Discharge excitation is very attractive under two
aspects:
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1) Low energy electrons feature large excitation cross-
sections, which translates to a high pumping efficiency
[10].

2) High pulse repetition rates, that is high average
laser powers, are possible. Understanding the kinetics
initiated by a fast discharge is a prerequisite to eval-
uate the chances of a directly pumped Ar,F* laser and
should thus be rewarding.

In this contribution we report on our investigation
about the kinetics of He/Ar/F, mixtures excited by a
TEA discharge. The partial pressures of the three gas
components were varied, the ranges are given in
Sect. 1. Since the electron temperature is lower in the
discharge than under e-beam excitation conditions, a
different reaction kinetics may be expected. Backed by
experimental observations this paper suggests a
scheme leading to the formation of Ar,F*. It also
reports the radiative lifetime of this trimer and the rate
constant for quenching by F,.

1. Experimental

The experimental setup is shown in Fig. 1. A detailed
description of the fast TEA discharge can be found
elsewhere [14]. A main capacitor (200 nF) charged to
36kV resonantly charges 40nF capacitors to produce
a fast discharge. The pump power density is estimated
to be about 30 MW/cm?. Laser gases are premixed in a
circulation system before being admitted to the dis-
charge chamber. Partial and total pressures are mea-
sured by a capacitance gauge (MKS Baratron, Model
170 M-26 B).
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Gas pressures were varied within the ranges ArF* formation is considered to occur via ion-ion

0.05-6mbar for F,, 50-3800mbar for He, and
50-2500 mbar for Ar. Ratios He: Ar varied between
60:1 and 1:2. Total pressure was <4000 mbar.
Time integrated spectra were recorded using a spectro-
graph in conjunction with a uv-sensitized OMA sys-
tem (B+M Spektronik, Model OSA 500 equipped
with scintillator). Time resolved measurements of
Ar,F* and ArF* emissions were made using fast
photodiodes (Hamamatsu R 617 S-5) connected to a
dual beam scope (TEK 7844). In this case, discrimi-
nation between ArF* (193nm) and Ar,F* (290nm)
was achieved by narrow band filters.

2. The Formation of Ar,F*

Before presenting our results it seems appropriate to
establish a basis for their interpretation by briefly
listing some of the processes that can possibly result in
the formation of the laser active species from He/Ar/F,
mixtures.

Excited and ionized Ar which initiates the formation
process may either be generated directly (electron
impact) or via collisions involving He* and He}:

He* + Ar — Ar* + He, )
He%¥ + Ar — Ar* + 2He, (2)
He* + Ar — He + Ar* +e¢7, (3)
He¥ + Ar — 2He + Ar™. 4

Reaction (1) proceeds slowly [10] compared to pro-
cesses (2-4) [10, 17, 18].

Both excited and ionized Ar atoms are channelled into
the excited dimer state via the following termolecular
reactions:

Ar* + Ar + He — Ar, + He, (5)
Ar® + 2 Ar — Ar, + Ar, (6)
Ar* + Ar + He — Ar} + He, (7)
Ar* + 2 Ar — Arf + Ar. (8)

recombination :
Ary + F~ — ArF* + Ar, 9)
ArT + F~ + (M) — ArF* + (M) (10)

(where M is an arbitrary collision partner) and/or by
formation reactions like [10]:

Ar* + F, — ArF* + F. (1)

Finally, these excited and ionized dimers participate in
reactions resulting in the formation of the trimer
Ar,F*:

k1

ArF* + Ar + Ar —— Ar,F* + Ar, (12)
ArF* + Ar + He -2 Ar,F* + He, (13)
Ar¥ +F, 2, Ar,F* +F, (14)
Arf +F 4+ M) =5 Ar,F* + (M). (15)

Figure 2, in a simplified form, visualizes the formation
mechanism for ArF* and Ar,F*, as it is suggested by
(5-15).

The rate equation describing the mechanism of for-
mation of Ar,F* can thus be written

% [Ar,F*] =k, [ArF*][Ar]*+k,[ArF*] [Ar] [He]

+k[Ar¥][F,]

1A 1M - A

(16)

7 is the effective exponential decay constant of Ar,F*.
It is given by
v =1, + k[Fo]+ k[ Ar]+k,[Hel +kg[ Ar]?

+ko[He]? + ky o[ Ar] [He]. (17)
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Here 1,4, is the radiative lifetime of Ar,F* and k; are
rate constants for the quenching of Ar,F* by the
species shown in square brackets.

3. Results and Analysis

From the time resolved measurements of the AtF* and
Ar,F* fluorescence two observations can be made
(Fig. 3):

1) Ar,F* emission reaches its maximum only after
ArF* has peaked and dropped to a very low value
again. This supports the assumption of ArF* being a
precursor of the trimer, as it has also been suggested by
Marowsky et al. [8].

2) The Ar,F* trace appears to be a superposition of
two events peaking at different times. The decay does
not show simple exponential behavior. This seems to
suggest that this molecule has more than just one
precursor, the fast and slow decay rates reflecting
mechanisms of formation on two different time scales.
We sec evidence that ArF* is responsible for the fast
formation but, at this point, hesitate to speculate on
the detailed nature of the slow reaction. This reaction
must be slow on the timescale of the Ar,F* lifetime,
otherwise we would not observe a second, distinct
peak. It is conceivable that it involves siow energy
transfer processes and ion-ion recombinations.

If the Ar pressure is raised from 800 mbar (Fig. 3) to
2000 mbar (Fig. 4), the relative contributions from
different pathways change drastically. The second
component of the Ar,F* emission that only began to
appear at p,, =800 mbar now clearly dominates in the
overall signal. At the same time, the appearance of the
second peak is further delayed relative to the first one.
From Fig. 4 we obtain an exponential decay rate for
the second peak of ~500ns.

Variation of the He pressure has only minor influence
on the fluorescence signal. This indicates that contri-
butions from reactions (1-4) are of lesser
importance.

Increasing the number density of Ar atoms facilitates
dimerization reactions (5-8). In view of the compara-
tively low electron temperatures in the discharge,
reactions proceeding via ionic channels (5 and 6) will
likely be of minor importance. The increased supply of
the Ar% species will then greatly enhance the contri-
bution from (14). The influence from (15) should, again,
not be very noticeable, for reasons outlined above.
We draw support for this resoning from a comparison
with data obtained under e-beam excitation conditions
(transverse and longitudinal geometries) where corre-
sponding fluorescence intensity measurements do not
reveal a second peak [4,6,11-13]. Due to high
e-energies ionic channels (5, 6,9, 10) will be dominant
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Fig. 2. Simplified scheme describing the formation of Ar,F*. Arrows
mark reaction steps in which the shown collision partners are
involved
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Fig. 3. Time-resolved fluorescence intensity of ArF* and Ar,F*
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Fig. 4. Time-resolved fluorescence intensity of Ar,F* Compared to

Fig. 3, this graph demonstrates the effect of an increased Ar pressure

i




160

25+ \
20 \

Pac = 100 mbar
Pye = 2500 mbar

far,Fx Lrel. units]
o
T
1

5t .

0 | I I

0 1 2 3 4
Pg, [mbar]

Fig. 5. Peak intensity of Ar,F* fluorescence vs. F, pressure. Ar and
He partial pressures were kept constant
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Fig. 6. Ar pressure dependence of the Ar,F* and ArF* fluorescence
intensity {peak value)

and the preferred route of Ar,F* formation will be via
ArF*, (12, 13).

The observation of a second peak obtained in a coaxial
e-beam geometry [8, 9] at Ar pressures higher than the
ones of this experiment, does not necessarily obsolete
this reasoning: Once the electrons have penetrated the
wall of the tubular anode containing the laser gas they
are confined in a potential that supports oscillatory
motions, which results in a rapid loss of energy due to
multiple collisions. The electron temperatures of the
coaxial geometry are thus considerably Jower than
those in the transverse arrangement. This seems to
justify the comparison of coaxial excitation with TEA
discharge data.
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The Ar,F* emission shows a pronounced peak as the
F, pressure is varied (Fig. 5). From the decay rates that
we obtained for various F, pressures we derived the
quenching rate constant k,=1.83x107*°cm3s™?, cf.
{17). These data were taken at an Ar pressure suf-
ficiently low to suppress the second, slowly decaying
component. We assume that under the conditions
pertinent to this experiment three body collisions may
be neglected. Quenching rates k, and k,, describing
the effects of two body collisions with Ar and He,
respectively, have been determined to be: kg=22
x107"*cm3s™* [8] and k,=05x10""*cm®s™!
[13]. Using these values, the Stern-Volmer plot yields
a radiative lifetime for Ar,F* of 7,,,=236ns.
Considering the magnitude of k¢, quenching due to Ar
should be a minor loss mechanism. The formation
reactions (12) and (13) would thus suggest that, by
increasing the Ar pressure, we might obtain higher
Ar,F* intensities at the expense of ArF* output.
Figure 6, which compares the intensities of both spe-
cies verifies this expectation.

4. Conclusion

The excitation of He/Ar/F, mixtures in a TEA dis-
charge results in the formation of ArF* as well as
Ar,F* molecules. The production of Ar,F* proceeds
via two routes on largley different timescales. The fast
formation suggests the participation of ArF* in a
termolecular reaction (12, 13) to yield the excited tri-
mer. The slow process indicates a reaction involving
Ar? (14) via Ar* (8) and/or, possibly, other slow
intermediate steps. The relative contributions from
both sources can be controlled by varying the ratio of
rare gas pressures. This paramater also controls the
relative signal strengths observed at 193 and 290 nm.
Information on the slow reaction step should be
obtained from additional measurements of time-
resolved Ar* emission in vuv.

This experiment tried to evaluate the prospects of
realizing a discharge pumped Ar,F* laser. The param-
eters that maximize the fluorescence emission of this
trimer could be determined. However, the details of
various quenching mechanisms that may prevent the
buildup of sufficient gain for laser action are still in the
dark : The mechanism of formation is very complex as
it involves many transitory species whose absorptive
characteristics are not known. We therefore suggest to
gather corresponding data and measure the transient
absorption around 290nm. Quenching of Ar,F* by
electrons [20] has also been invoked and merits
attention.
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