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Recently, a high voltage discharge 
through a pulsed supersonically expanding 
gas has been reported as a potential bright 
source of VUV light.1 We have conducted 
a systematic study of this technique and 
report the characterization of several im
portant parameters such as ablation of the 
nozzle, nozzle orifice diameter, nozzle 
shape, and gas species. 

A schematic of our device is shown in 
Fig. 1. The circuit provides a current pulse 
with a rise time of ~30 ns, which has a peak 
current of 1.4 kA at 20-kV charging voltage. 
The trigger delay shown in Fig. 1 allows the 
adjustment of the firing of the pulsed jet 
relative to the discharge circuit. The 
pulsed nozzle was operated with a back 
pressure of 2 atm, and several different gas
es could be used (He, Ar, Kr, N2). The gas 
jet must be pulsed ~1.2 ms before the dis
charge fires to provide a discharge path to 
the ground plane. The pulsed valve pro
duces a 1-ms gas pulse and is operated at 1 
Hz. A VUV spectrometer (0.2 m) equipped 
with a scintillator and fast photomultiplier 
wras used for detection. The time aver
aged spectra were recorded with a boxcar 
integrator, and the time-resolved data were 
recorded with a 400-MHz oscilloscope. 

In the orifice of the nozzle, the peak cur
rent density reaches ~500 kA/cm2. This 
produces a high degree of ionization in the 
gas flowing through the nozzle as well as 
direct degradation of the nozzle itself, 



CTUM3 Fig. 1. Schematic of pulsed jet 
discharge and VUV detection apparatus. 

CTUM3 Fig. 2. VUV emission spectrum 
of an argon jet with a Macor nozzle at 200 its 
after the initiation of the discharge. The 
spectrum is not corrected for the spectral 
response of the detection system. 

CTUM3 Fig. 3. Intensity of the 207-nm 
emission as a function of voltage. Mea
surements were taken at the initiation of 
the discharge and 200 ns after the initiation 
of the discharge. 



which is clearly observed as a measurable 
mass loss and a widening of the nozzle after 
several hundred shots. In such high cur
rent density excitation conditions, the spec
tra of several gases and nozzle materials 
have been characterized. Figure 2 shows 
the spectrum from an argon pulsed jet dis
charge using a Macor nozzle. Although 
Ar-ion lines are evident in the 80-90-nm 
region, silicon ion lines from the ablated 
Macor dominate much of the VUV spec
trum in recombination at 200 ns after the 
discharge initiation. The particularly 
bright emission at 207 ran most likely corre
sponds to the 3s2(1S)4/ -* 3s3p2 Si H transi
tions. At low charging voltage, the fluo
rescence pulse due to the 207-nm emission 
decays on a time scale of ~100 ns, which 
reflects the duration of the excitation pulse 
of the discharge. For voltages above 14 kV, 
a second peak in the 207-nm emission is 
observed ~200 ns after the initial peak. 
This second component increases much 
more rapidly in intensity with voltage than 
the first component, as shown in Fig. 3. 
Due to the fast decay time of the probable 
lower level, 3s3p2 of Si II, recombination 
laser schemes using such ablated nozzle 
species may be possible. In addition, the 
observed ablation effect may prove useful 
for creating species with normally low va
por pressures for VUV source applications. 
Finally, such jet discharges may also have 
applications to high rate etching of silicon 
for structures needed in micromechanics.2 
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