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The spectral output characteristics of an injection-controlled XeF( C --A) excimer laser 
pumped by a short pulse (10 ns), high current density (250 A/cm2

) electron beam are 
reported. A tuning bandwidth of 50 nm full width half maximum, centered at 490 nm, with 
a peak specific energy density of 1.3 JII'was measured using an injection laser intensity 
of - 2 MW /cmz. Continuously tuned output across the entire blue-green region (450-530 
nm) with an energy density exceeding 0.2 Jltwas achieved. Injection beam spectral 
linewidths as narrow as 0.001 nm were shown to be preserved in the XeF(C--A) laser 
output. 

The XeF ( C --A) transition has a unique broadband 
spectrum in the blue-greeno When the XeF ( C --A) excimer 
laser is operated as a free-running oscillator, the output is 
centered at 485 nm with a typical spectral width of 15-20 
nm. \-3 The use of a short, intense electron beam as an 
excitation source results in peak gains of - 3%/cm allow
ing the laser to be effectively injection controlled with a 
relatively low-power injection beam. With this technique, 
narrowband operation across the spectral gain profile has 
been previously demonstrated between 470 and 500 nm04 

Recent XeF ( C ---> A) electron beam pumped laser scaling 
experiments have been performed in which the active laser 
volume was increased to 0.50 lfrom that of 0002 /'used in 
the experiments described in Ref. 40 Using a kinetically 
tailored gas mixture composed of F 2, NF3, Xe, Kr, and 
Ar, 5 a specific energy density of 1.5 JI t and an intrinsic 
efficiency of 1.2% were achieved at 48608 nm, correspond
ing to an output energy of 007 Jo ti In this letter the tuning 
performance of the scaled XeF( C ->A) laser system, ex
cited by a short (10 ns), intense (- 10 MW I em 3 ) electron 
beam is reported for the extended wavelength region be
tween 450 and 530 nrn. 

The electron beam pumped laser system used for these 
experiments has been described in detail elsewhereo 6-8 The 
active laser medium was 3<5 em in diameter and 50 em in 
length, corresponding to a volume of -0.5 I: The average 
electron beam energy deposition into this volume was mea
sured to be 120 J It' using chlorostyrene film dosimetry 0 9 

The injection source was a grating tuned excimer pumped 
dye laser (Lambda Physik FL3002) with a bandwidth of 
-0.005 nm at 480 nm (6 GHz) and a temporal pulse 
width of - 40 ns full width half maximum (FWHM). By 
installing an intracavity etalon, the bandwidth could be 
reduced to -00001 nm (1.5 GHz) for the same wave
length. The optimized laser gas mixture was composed of 
12 Torr NF3• 1 Torr F2, 12 Torr Xe, and 750 Torr Kr and 
was completed to a total pressure of 6.5 bar with an Ar 
buffer. 8 

A positive branch confocal unstable resonator with a 
magnification of 1.34 was chosen for these experiments. 
Analytical modeling of the injection control process mil 

indicated that a reduction in cavity. magnification from the 
predicted optimum near 2 would not lead to a significant 

reduction in output energy at the center of the spectral gain 
profileo The smaller output coupling of this configuration, 
however, was expected to improve laser performance in the 
low gain regions, away from the wavelength peak of the 
transitiono The concave resonator mirror, with a radius of 
curvature of 4.57 m, had a 1.5-mm-diam masked spot cen
tered on the reflective coating through which the injection 
beam entered the resonator. The output coupler was a dou
ble meniscus lens with radii of curvature of ± 3042 m and 
had a 26-mm-diam high reflectivity spot centered on the 
convex surface. Three optics sets with different optical 
coatings were used to maintain > 99% reflectivity over the 
entire XeF ( C - A) laser bandwidth (see Fig. 1). 

The XeF( C -.A) laser output energy was monitored by 
a pyroelectric energy meter and the temporal pulse dura
tion, typically 10 ns FWHM, was measured using a vac
uum photodiode. The wavelength spectrum of the laser 
output was recorded using an optical multichannel ana
lyzer COMA) spectrometer with a resolution of 0.2 nmo To 
measure the spectral bandwidth of the output of the injec
tion dye laser and of the electron beam pumped amplifier, 
an air spaced plane-plane etalon was used with a finesse of 
30 and a free spectral range of either 9 or 30 GHz. The 
output beam was focused using a planoconvex lens with a 
50 em focal length onto an opal glass diffuser which was 
placed in front of the etalotlo The resulting circular inter
ference pattern was imaged onto a two-dimensional 
charge-coupled device (CCD) array by a 30 cm focal 
length planoconvex lens. 

The output energy of the injection-controlled 
XeF ( C .... A) laser was measured at selected wavelengths 
across the transition bandwidth. At each wavelength, mea
surements were made using the maximum injection inten
sity available from the dye laser injection source as well as 
1/10 and 1/100 of that intensity. Typically, a maximum 
laser intensity of ~4 MW Icm2

, corresponding to a dye 
laser pulse energy of ~ 3 mJ, could be coupled through the 
1.5 mm injection aperture at the peak wavelength for each 
dyeo However, in order to compare the laser performance 
across the entire bandwidth at a constant injection inten
sity, the output energy at each wavelength was predicted 
for an normalized injection intensity of 2 MW Icm2 

(- 1.5 
mJ) by interpolationo To achieve this intensity across the 
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FIG.!. Output energies for the injection-controlled XeF(C~A) laser 
between 450 and 530 nrn showing a tuning bandwidth of 50 nm FWHM 
centered at 490 nm. The dye laser injection intensity was 2 MW Icm2 with 
a spectral tinewidth ofO.COS nrn. The wavelengths shown were chosen not 
to coincide with narrow-band atomic absorptions occurring in this spec
tral region. Three different resonator coatings and four injection laser 
dyes were used to span the XeF(C~A) tuning bandwidth. 

XeF ( C -> A) spectral gain region, four different Coumarin 
dyes were used in the dye laser injection source (see Fig. 
1). Also, the laser system was observed to be highly sen
sitive to the broadband amplified spontaneous emission 
(ASE) content of the dye laser output (~l %) requiring 
that the injection wavelength be near the center of the 
bandwidth of the dye in use. 

Shown in Fig. 1 is the output energy of the 
XeF( C -A) injection-controlled laser for wavelengths be
tween 450 and 530 nm chosen not to coincide with known 
narrowband atomic absorptions. The injection dye laser 
had a linewidth of 0.005 nrn and the data were normalized 
to an injection intensity of 2 MW Icm2

• A tuning band
width of ~50 nm (FWHM), centered at 490 nrn, was 
observed for this injection intensity with a peak specific 
energy density of 1. 3 J I t: A maximum laser output of 0.7 
J was measured at 486.8 nm using an injection intensity of 
4 MW/cm2, corresponding to an energy density of 1.4 JII' 
and an intrinsic efficiency of 1.2%. Even in the wings of the 
gain profile, at 450 and 530 nm, an energy density of 0.2 
JI t was obtained with complete spectral control of the 
laser output. Also indicated in Fig. 1 are the four injection 
laser dyes and three resonator coatings used to span the 
XeF ( C ...... A) spectral gain region. 

When the XeF ( C -+ A) laser is operated as a free
running oscinator, the output spectral profile is not smooth 
across the ~ 20 nm output bandwidth but is characterized 
by strong dips that result from discrete, narrow-band ab
sorptions. These are attributed to transitions in excited 
rare-gas atoms present in the laser gas mixture. The effect 
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FIG. 2. Dependence of injection controlled XeF( C~A) laser output en
ergy on injection intensity. The outputs were measured for a wavelength 
in coincidence (481.5 nm, filled circles) and not in coincidence (478.8 
nm, open circles) with a narrow-band background absorption as illus
trated by the inset of the free-running laser spectrum. The ratio of output 
energy at the peak wavelength to that at ihe valley wavelength decreased 
from a factor of -,10 at 30 kW Icm2 to only - 2 at an injection intensity 
of 4 MW /cm2

• For the 40 ns FWHM dye laser injection pulses used, an 
intensity of 4 MW/cm2 corresponded to an energy of -3 m] delivered 
through the injection aperture. 

of these absorptions was significantly reduced in the 
injection-controlled XeF( C-A) laser. Selected wave
lengths were chosen to coincide with peak and valley struc
tures in the free-running spectrum. For an injection inten
sity of 2 MW Icm2

, the laser output was generally reduced 
less than 50% when tuned in coincides with these narrow
band absorbers. Gain measurements have shown that this 
improvement in the valley positions is the result of the 
saturation of these absorptions by the laser photon flUX.4 

By choosing relatively closely spaced peak (478.8 nrn) and 
valley (481.5 nm) wavelengths, the effect of this saturation 
was demonstrated. Figure 2 shows the injection-controlled 
laser output at these two wavelengths for injection intensi
ties ranging between 30 kW Icm2 and 4 MW /cm2

• For in
jection intensities below -1 kW Icm2

, no measurable out
put is observed at 481.5 nm. The ratio of output at 478.8 
nm to that at 481.5 nm decreases from - 10 at 30 kW Icm2 

to only - 2 at 4 MW I cm2
• Extrapolation of these mea

sured curves suggests that this ratio should be even fmiher 
reduced at higher injection intensities. 

Figure 3 (a) shows the circular interference pattern 
generated from a monitor etalon with a 9 GHz FSR using 
a laser bandwidth of 0.001 urn. Figure 3(b) is a horizontal 
cross section of this pattern for the output of the injection 
laser source at 486.8 nm. When this injection signal was 
used to injection control the XeF(C ..... A) amplifier, the 
interference pattern in Fig. 3 (c) resulted, showing com
plete preservation of the injection laser linewidth and 
wavelength to within the resolution of the CCD detector. 
Similar results were recorded with a laser bandwidth of 
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FIG. 3. (a) A circular interference pattern, for a laser linewidth 0[0.001 
nrn, captured by a CCD array using a monitor etalon with a FSR of 9 
G Hz. (b) A horizontal cross section of the interference pattern generated 
using the injection dye laser output. (c) Interference pattern of the am
plified XeF( C ~ A) laser output showing preservation of inpllt wavelength 
and spectral bandwidth. Similar resilits were measllred for an injection 
linewidth of 0.005 nm. 

0.005 nm using a monitor etalon with a FSR of 30 GHz. 
When the injection linewidth was decreased from 0.005 to 
0.001 nm, no measurable decrease in laser output energy 
was observed resulting in a fivefold increase in spectral 
brightness. 

In conclusion, the wavelength tunability of an 
injection-controlled XeF( C--A) electron beam pumped la
ser was demonstrated across the entire blue-green region of 
the spectrum. A tuning bandwidth of 50 nm (FWHM) 
with a peak specific energy density of 1.3 JI/was observed 
using an injection intensity of 2 MW Icm2

• The experimen~ 
tal results show that the XeF ( C -> A) spectral gain region, 
extending between 450 and 530 nm, was fully available as 
narrow-band injection-controlled output using the high 
current density electron beam pumped device. The spectral 
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bandwidth of the tuned output from the XeF ( C --A) laser 
was found to completely preserve that of the injection dye 
laser for Hnewidths as narrow as 0.001 nm. As illustrated 
in Fig. 1, the accessible spectral region includes the wave~ 
length of various atomic resonance filters I2

•
13 and overlaps 

the window of maximum transmission of water. 14 These 
results make the XeF( C -A) laser an attractive candidate 
for applications requiring high-power wavelength tunabil
ity, and spectral bandwidth control such as those in optical 
communications and remote sensing. In addition, the 
broad transition bandwidth, which is larger than those 
available from organic dyes, makes the XeF( C -A) system 
an excellent candidate for the amplification of ultrashort 
laser pulses in the blue green. 
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