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A cryogenic droplet target system for use in an advanced laser plasma 
source for x-ray lithography has been designed, fabricated and tested at ORNL. 
Reference design requirements were promulgated to source developers and 
their comments incorporated in the baseline system design. Design emphasis is 
on simplicity (minimize number of active elements) to meet ultimate reliability 
goals for the commercial lithography application. The xenon drops are 
produced on demand by pulsing a piezoelectric disc attached to a rectangular 
copper block which has a supply reservoir of liquid xenon. The copper block (6 
x 11 x 1 cm) is maintained at 160-175 K by conduction cooling from a liquid 
nitrogen dewar. A signal generator and amplifier provides the -20-100 V 
square wave drive pulse to produce each drop. A vacuum chamber and 
pressure control system maintains the helium pressure in the chamber at typical 
values in the range 700-1 100 Torr and a near zero differential pressure across 
the orifice which has liquid xenon pressure on the interior side and vacuum tank 
pressure on the exterior side. Diagnostics include pressure and temperature 
sensors and a CCD camera with microscope lens to view the -25-100 p m  
droplets. System parameters affecting operation include the temperature of the 
droplet generator, the background helium pressure in the vacuum tank and the 
orifice differential pressure. This is a large phase space and it was possible in 
testing at ORNL to produce spontaneous (random) Xe drop streams, solid and 
hollow long (mm-cm) Xe extrusions, large mm-size Xe bubbles and the desired 
drop-on-demand droplets depending on the operating point. As expected, the 
low surface tension and viscosity of liquid xenon was responsible for this rich 
behavior of fluid and solid modes. An acceptable operating point is at a 
temperature of 172-173 K on the droplet generator, 1000-1025 Torr of helium in 
the vacuum tank and close to zero pressure differential across the droplet 
generator orifice. The operating point once achieved is very stable; a recent run 
was made producing -50 p m  diameter drops at 30 Hz for -42 min (about 
75,000 drops). The attached figure shows a sampling of these xenon droplets at 
5 minute intervals. Illumination was by a strobe light driven at the frequency (30 
Hz) of the signal generator which produced a 200 ps wide square wave with an 
amplitude of 30-40 V to push each drop from the piezoelectric generator. The 
strobe was fired at a fixed delay (about 20 ms) from the signal generator pulse 
throughout the -42 min run. Droplet dispersion is small and acceptable; in the 
pictures the droplets have traveled several cm from the orifice exit and, for the 
most part, they are at the same horizontal point from drop-to-drop (vertical 
variability will be handled by a trigger signal to the high power laser based on 
the droplet interrupting a continuous low power laser light beam). Droplets have 
been produced with diameters in the range from 25-100 pm. Drive frequency 
has been varied from 1 Hz to about 100 Hz. The next step is to merge this target 
system with the solid state laser at LLNL to evaluate the laser-droplet interaction 
including x-ray yield and the potential of meeting the goal of debris-free 
operation of a compact, laser plasma x-ray source for advanced lithography. 
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Cryogenic Target Source for Advanced 
Lithography: Progress in 1995 

Designed, fabricated and assembled a cryogenic xenon droplet 
production system for use as a low debris target for a compact, 
laser-generated, plasma x-ray source for advanced lithography. 

Based on proven (ink jet printer) drop-on-demand, piezoelectric 
droplet generator technology capable of producing discrete drops 
in the size range of interest (25-200 pm) at repetition rates up to 2 
kHz. The drop-on-demand feature is attractive due to idle process 
time for indexing and replacement of wafers. 

Successfully tested the system at room temperature with 
surrogate fluid R-ll4B2, demonstrating that the dispersion 
requirements for consistent laser beam interception can be met. 

Successfully tested the cryogenic xenon droplet system at ORNL 
including consistent operation at 30 Hz for 42 min (-75,000 
droplets with diameter of - 50 pm). Have operated in range 25 -100 
p m  droplet diameter at repetition rates of 1-100 Hz. Have 
demonstrated low dispersion required for laser beam interception. 

Initial system application will use liquid xenon but other cryogenic 
liquids could be produced with changes to the temperature and 
pressure setpoints. Limited experiments have been done with 
nitrous oxide (N20) droplets (triple point - 183 K). 

The next step is to integrate this cryogenic target system with the 
solid state laser plasma source at LLNL for evaluation of x-ray 
yields and the goal of debris-free operation. 
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