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INTRACAVITY FLUX DEPENDENT ABSORPTION IN B-BRAM PUMPED KRF
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Abstract

Transient absorption measurements are performed on e-beam excited KrF under lasing and
ponlasing conditions for 10% Kr (Ar diluent) and 99.8% Kr gas mixtures. The intracavity
flux is varied by changipng the output mirror reflectivity. The deposition rate for this
experiment is #388 kW/cm®. For the 10% Kr and Kr-rich mixtures, the small signal absorption
at 248.4 on is 0.76%/cm and 1.25%/cm, respectively; while the nonsaturable absorption is
0.682%/cxn and 0.90%/cm, respectively. A flux loading of ®1.5 MW/cm® is needed to achieve
nearly complete saturation of the saturable absorption.

Background

In an ongoing effort to support the KrF laser modeling progranm at Los Alamos National
Laboratory (LANL), Spectra Technology, Inc. (STI) has been conducting various experiments on
its e-beam pumped laser facility (Tahoma). One of the goals of these experiments is to
generate a complete set of data at a known operating comdition in order to provide data to
belp validate the LANL model. The Tahoma laser facility bas proved to be a device very
suitable for such a task. The laser has been used extensively in many experiments. It is
both a well characterized and reliable device. Some of the experiments included in the set
of KrF characterization data are transient absorption and gain measurements under lasing
(loaded) and noplasing (unloaded) conditions, e-beam pumping cbaracterization measurements,
and intrinsic efficiency measurements. This paper discusses the transient absorption
experiment results.

Description of Experiment

The laser is a Marx powered cold-cathode vacuum diode that delivers %375 keV electrons
at the foil. A magnetic guide field of 2 _kgauss confines the e-beanm to a 6 cm x 70 cm area
at an average current density of #32 A/cm®. The pulse length is variable, but for this work
it is ™450 ns. The cylindrical active volume of 3.5 cm dia. x 70 cm is located 3.5 cm away
from the e-beam foil.

Absorption in the laser active volume is obtained by measuring the input and output
intensities of a tunmable pulsed probe laser passing twice through the laser chamber.
Measurements are made during lasing and monlasing conditions in order to investigate the
dependenge of the absorption on the laser flux. A similar technique has been used by
others!’® to measure the absorption characteristics in KrF. Figure 1 is a schematic of the
measurement system.

A tunable dye laser is pumped by a pulsed Nd:YAG laser tripled to 355 nm. The dye
output is then doubled utilizing a BBO crystal cut for 250 nm. Due to gain around 248 nm,
the absorption characteristics of the medium must be measured by tuning the probe light
sufficiently away from 248 nm to avoid detecting any off-lipe gain. It is found that the
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probe wavelengths must be at least ®8 nm on either side of line center to avoid any
appreciable gain contributions. The wavelengths chosen for the off-line measurements are
240.0 am and 267.3 nm. (The absorption on line center is calculated by performing a linear
interpolation between the 240.0 nm and 257.3 nm data.)
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Fig. 1. Schematic of transient absorption measurement system.

A beam splitter divides the primary beam into two beams. The transnmitted beam
(reference) travels directly to a photodiode while the reflected beam (probe) is directed
through an optical delay path that includes two passes through the laser chamber before
detection by the same photodiode. Employing a single photodiode eliminates the need to
calibrate multiple detectors. The optical delay is long enough to allow viewing both
reference and probe signals without temporal overlap. The probe is inserted into and
extracted from the oscillator cavity without interfering with the intracavity flux by using
small turning prisms. Intracavity irises control the output laser beam diameter to prevent
coupling any significant laser radiation into the prisms and the photodiode. Note that the
rear high reflector mirror of the laser cavity also serves as the middle mirror for the
double pass of the probe beam. Although a convenient method for enabling the double pass of
the probe beam, this feature alsc tends to complicate the analysis of thbe absorption data
because of amplified spontancous emission (ASE) effects during nonlasing conditions. This
will be discussed later. The intracavity flux is varied by simply changing the output
couplers.

Additional diagnostics not shown in Figure 1 are two photodiocdes and an laser energy
meter. One photodiode measures the laser pulee profile by detecting the small amount of
laser light that leaks through the high reflector, and the second photodiode detects the
sidelight fluorescence at the center of the active volume. The energy meter measures the
laser output fluence from which the intracavity flux can be calculated.

The KrF gas mixtures studied are an argon diluent mix (14.5% Kr) and an argon-free
(99.6% Kr) mix at total pressures of 1004 and 665 torr, respectively. For both mixtures,
the F, pressure is kept constant at 2.8 torr.

As mentioned earlier, the feedback from the high reflector during nonlasing conditions
aggravates the ASE loading within the cavity. This potentially impacts the absorption
measurements because during nonlasing there may still be an npprecgable amount of
intracavity flux present due to ASE. An ASE code developed at STI predicts $20 kW/cm2 cf
flux loading based on the gain measurements made by probing on-line center at 248.4 nm. As
will be shown, the saturable loss component a, requires >1 MW/cn“ to saturate.

Consequently, the ASE effects can be considered negligible and are therefore ignored
throughout the analysis.



Results

Figure 2 shows the measured absorption values versus the average intracavity flux. The
average flux is calculated using the measured laser output fluences in the aforementioned
ASE code. As part of its calculations, the code also calculates the flug conditions during
lasing within the cavity. For this data, the pumping rate is N386 kW/cm“.

14

PUMPING = 386 kW/em?3

ABSORPTION (%/cm)

04}
© 240.0 nm
S 2ar3 n | 99.6% Kr WX
0.2}
@ 240.0 nm :
S e m}u.sss Kr MIX
o 1 i 3 1 4

Y 4 5 6 T @
(Icav) (MW/em2)

al
N

Fig. 2. Absorption data as a function of the average intracavity flux.

The absorption results for both Kr-rich (open symbols) and Ar-diluent mixtures (closed
symbols) are presented. The graph shows tbat at both probe wavelengths, the absorption for
the Ar-diluent mix is always smaller at a given flux loading than for the Kr-rich mix.
Also, the absorption at 257.3 nm is always higher than at 240.0 nm. The higher absorption
at the longer wavelengths has been observed by others and is probably due to absorbing
species such as KrzF', A:;, and Kr;.

With regard to the effects of the intracavity flux, for an average flux of 21.5 HW/cmz,
the absorption in all cases drops to a constant level which is interpreted as representing
the nonsaturable loss. Performing the experiment at 15% to 20% higher deposition yields
nearly identical results.

Discussion

The absorption at 248.4 nm, derived by linear interpolation of the 240.0 nm and
257.3 nm absorption data, are summarized as follows. For the Kr-rich mixture, the small
signal absorption (saturable + nonsaturable) is 1.25%/cm, which is 64% larger than the
absorption for the Ar-diluent mixture at 0.76%/cm. For the saturable absorption component,
it is found that: a_(Kr-rich) ®» 2.5 a_(Ar-diluent). While for the nonsaturable compopent
the relationship is: a, (Kr-rich) ®# 1.5 a (Ar-%iluent). Finally, the data indicates that
saturation of a, requires a flux of %1.5 ﬁW/cm .

Compar%lon of the results obtained at STI with other results found in the
literature, 1475 ghow a general tendency for the absorption to increase with deposition
rate. Figure 3 shows the measured small signal absorption versus deposition rate. Also
plotted is the LANL model prediction of the small signal absorption for pumping rates
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<600 kW/ana (10% Kr mixture). The agreement with the data is fair.
Additional work is in progress to consolidate the absorption data with other

measurements performed on the laser in order to complete the ch i
measurenents performe plete the characterization package for
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Fig. 3. Abtoz"pt§on data as a function of the e-beam deposition. The solid curve is the
prediction from the LANL model for a 10% Kr mixture.
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