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Abstract

Transient Lbmorption measurements are perfor=ed on e-bee: excited KrF under laming and
noel•sing conditions for 10_ Kr (At diluent) and 99.6_ Kr gas mixtures. The intracavity

flux ie varied by changing the output mirror reflectivity. The deposition rate for thin
experiment is _386 kW/c= . For the 10_ Kr ud Kr-rich mixtures, the small signal absorption
at 248.4 n= is 0.76_/c: _ud 1.25_/c=, respectively; while the nons_turable absorption is
0.82_/c= and 0.90_/c=_ respectively. A flux loading of al.5 MW/c= _ is needed t¢ achieve
neazly complete saturation of the saturable absorption.

Background

In _u ongoing effort to support the KrF laser modeling progra: •t Los Als:os National
Laboratory (LANL) j Spectra Technology, Inc. (STZ) has been conducting various experiments on
its e-be=: pu=ped laser facility (TLhoma). 0me of the goals of these experiments is to
generate a complete set of data at a known operating condition in order to provide data to

help validate the LANL model. The TaComa laser facility has proved to be • device very
suitable for such • tuk. The laser has been used extensively in ma=y experiments. It is
both • well characterised sad reliable device. Some of the experiments included in the set
of KrF characterization d&ta are transient absorption and gain measurements under l•sing

(loa_ted) Led noel•sing (unloaded) conditions, e-bess pomping characterisation measurements,
and intrinsic efficiency measurements. This paper discusses the transient absorption
experiment results.

Description of Experiment

The la_er is • Marx powered cold-cathode ,acuu: diode that delivers m375 key electrons
• t the foil. A mat_netic suide field of 2 ks•use co:urines the e-bes_ to • 5 c: x 70 c= area
• t Lu •ver_e current density of u32 A/c= 2. The pulse length is variable, but for this work

it is B450 na. The cylindrical active volume of 3.5 c: di•. x 70 c= is located 3.5 c= •way
from the e-bees _oil.

Absorption in the luer active volume is obtained by measuring the input and output

intensities of a tunable pulsed probe laser passing twice through the ls_er chs:ber.
Measurements are made during la_ing and noel•sing conditions in order to investigate the

dependence of the absorption on the laser flux. A simile• technique has been used by
others 1'2 to measure the absorption characteristics in KrF. Figure 1 is • schez_tic of the

measurement system.

A tunable dye laser is pumped by • pulsed Nd:YAC laser tripled to 355 n:. The dye
output is then doubled utilising a BB0 crystal cut for 250 n:. Due to gain a_ound 248 n:_
the absorption characteristics of the mediu:must be measured by tuning the'probe light
mufficiently away from 248 nm to •void detecting any off-line gain. It is found that the
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probe wavelengths must be at least _8 n= on either side of line center to avoid any
appreciable gain contributions. The wavelengths chosen for the off-line measurements are

240.0 n= sad 257.3 nm. (The absorption on line center is calculated by performing a linear
interpolation between the 240.0 nm Led 257.3 nm data.)
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Fig. 1. Schematic of transient absorption measurement system.

A bee= splitter divides the primary bee= into two beams. The transmitted be_
(reference) travels directly %o a photodiode while the reflected bee= (probe) is directed

through an optical delay _ath that includes two pauses through the laser chamber before
detection by the s_e photodiode. F_nploying & single phot_diode eliminates the need to
calibrate multiple detectors. The optical delay Ls long enough to allow viewing both
reference _nd probe signals without temporal overlap. The probe is inserted into sad
extr,cted from the oscillator cavity without interfering with the intracavity flux by using
small turning prims. Intracavity irises control the output ].uer bel_ diameter to prevent
coupling any siEuifican% luer radiation into the prisms and the photodiode. Note that the
rear high reflector mirror of the laser cavity also serves Ls the middle mirror got the

double pass of the probe beam. Although a convenient method for enabling the double pass of
the probe bee=, this feature also tends to complicate the analysis of the absorption data
because of _plified spontaneous emission (ASE) effects during nonlasing conditions. This
will be discussed later. The intracavity flux is v_ried by simply chLuging the output
couplers.

Additional diagnostics not shown in Filrure 1 are two phot_diodes and Ln laser energy
meter. One photodiode measures the leer pulse profile by detecting the nail a_oun% of

laser light that leaks through the high reflector, Led the second photodiode detects the
sidelight fluorescence Lt the center of the active volu=e. The eneri[y meter measures the
laser output fluence from which the intrLcavity flux can be calculated.

The KrF gas mixtures studied I_e Ln largos diluent mix (14.5_Kr) and I_ argon-free
(99.8_ Kr) mix at total pressures of 1004 and 685 tort, respectively. For both mixtures,

the F 2 pressure is kept constant Lt 2.8 tort.

Am mentioned earlier, the _eedback fro_ the high reflector during nonla_ing conditions
_gravates the ASE lo_ding within the cavity. This potentially impacts the absorption

measurements because during nonl_sing there may still be an appreciable amount of 2
intracavity flux present due %o ASE. An ASE code developed at STZ_ predicts $20 kS/c= cf

flux loading based on the gain measurements m_te by probing on-line center at 248.4 n=. A_
will be shown, the saturable loss component e s requires >l IgW/c_ to saturate.
Consequently, the ASE effects can be considered negligible and are therefore il_nored
throughout the I_[lyiie.
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' Results

Fiipare 2 shows the measured absorption _aluee Tersus the averm4£e intracavity flux. The
averse flux is calculated using the measured laser output fluences in the aforementioned

ASE code. AJ part of its calculations, the code also calculates the flu_ conditions during
luing within the cavity. For this data, the puapins rate is s386 kW/cm _.
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Fig. 2. Absorption data as a function o:r the &Tera_e intracavity flux.

The absorption results for both F_r-rich (open symbols) and Ar-dLluent mixtures (closed
syzl_ls) are presented. The graph shows that at both probe wavelengths, the absorption for
the Ar-dLluent mix is always smaller at a given flux loading than for the Kr-rich mix.

Also_ the absorption at 257.3 n_ is always hisher than at 240.0 nm. The higher absorption
at the longer wavelengths has been observed by others _nd is probably due to absorbing

With regard to the effects of the intracavity flux, for LU averaCe flux of 21.5 WW/cm2,

the absorption in all cases drops _o a constant level which is interpreted as representing

the nonsaturable lose. Perforsing the experiment at 15_ to 20_ higher deposition yields
nearly identical results.

DLscuseion

The absorption at 248.4 nm, derived by linear interpolation of the 240.0 n_ Led
257.3 nm absorption data, are summarised as follows. For the l_r-rich mixture, the s_ll
siL_al absorption (saturable + nonsaturable) is 1.25S/cm, which is 64_ l_rger _hLn the
absorption for the At-diluent mixture Kt 0.76_/cm. For the saturable absorption component,

it is _ound that: as(_r-rich ) u 2.5 e_(Ar-dLluent). While for the nonsaturable component
the relationship is: On(F_r-rich ) s 1._ e_(Ar-_iluent). Finally, the data indicates that
saturation of e s requires a flux of _1.5 _W/cm _.

Compar_s_nsof the results obtained at STZ with other results _ound in the
literature, ' - show a general tendency for the absorption _o increase with deposition
rate. Figure 3 shows the measured small signal absorption versus deposition rate. A_so
plotted ie the I_T_ model prediction of the sm_ll signal absorption for pu_ping rates
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<500 kW/c_ 3 (10_ _ mixture). The a4|reement with the datL im fLLr.

Additional work is in prozrese to coneolLdLte the Lbeorption dLt& with other
meLeuremente performed on the luer in order to complete the chLrLcterlsLtton pLcka_e for
the model v&lidLtion.
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Fig. 3. Absorption datL Le L function of the e-bea_ deposition. The molid curve il the
prediction from the I_ model for L 10_i ILr mixture.
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