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(57) ABSTRACT 

A high energy photon source. A pair of plasma pinch 
electrodes are located in a vacuum chamber. The chamber 
contains a Working gas Which includes a noble buffer gas 
and an active gas chosen to provide a desired spectral line. 
A pulse poWer source provides electrical pulses at voltages 
high enough to create electrical discharges betWeen the 
electrodes to produce very high temperature, high density 
plasma pinches in the Working gas providing radiation at the 
spectral line of the active gas. A blast shield positioned just 
beyond the location of the high density pinch provides a 
physical barrier Which con?nes the pinch limiting its axial 
elongation. A small port is provided in the blast shield that 
permits the radiation but not the plasma to pass through the 
shield. In a preferred embodiment a surface of the shield 
facing the plasma is dome-shaped. 
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PLASMA FOCUS HIGH ENERGY PHOTON 
SOURCE WITH BLAST SHIELD 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/324,526, ?led Jun. 2, 1999 Which Was a con 
tinuation-in-part of US. Ser. No. 09/268,243 ?led Mar. 15, 
1999 and US. Ser. No. 09/093,416, ?led Jun. 8, 1998 Which 
Was a CIP of Ser. No. 08/854,507 Which is now US. Pat. No. 
5,763,930. This invention relates to high energy photon 
sources and in particular highly reliable X-ray and high 
energy ultraviolet sources. 

BACKGROUND OF THE INVENTION 

[0002] The semiconductor industry continues to develop 
lithographic technologies Which can print ever smaller inte 
grated circuit dimensions. These systems must have high 
reliability, cost effective throughput, and reasonable process 
latitude. The integrated circuit fabrication industry is pres 
ently changing over from mercury G-line (436 nm) and 
I-line (365 nm) eXposure sources to 248 nm and 193 nm 
eXcimer laser sources. This transition Was precipitated by the 
need for higher lithographic resolution With minimum loss 
in depth-of-focus. 

[0003] The demands of the integrated circuit industry Will 
soon eXceed the resolution capabilities of 193 nm eXposure 
sources, thus creating a need for a reliable eXposure source 
at a Wavelength signi?cantly shorter than 193 nm. An 
eXcimer line eXists at 157 nm, but optical materials With 
sufficient transmission at this Wavelength and suf?ciently 
high optical quality are difficult to obtain. Therefore, all 
re?ective imaging systems may be required. An all re?ective 
optical system requires a smaller numerical aperture than the 
transmissive systems. The loss in resolution caused by the 
smaller NA can only be made up by reducing the Wavelength 
by a large factor. Thus, a light source in the range of 10 nm 
is required if the resolution of optical lithography is to be 
improved beyond that achieved With 193 nm or 157 nm. 

[0004] The present state of the art in high energy ultra 
violet and X-ray sources utiliZes plasmas produced by bom 
barding various target materials With laser beams, electrons 
or other particles. Solid targets have been used, but the 
debris created by ablation of the solid target has detrimental 
effects on various components of a system intended for 
production line operation. Aproposed solution to the debris 
problem is to use a froZen liquid or froZen gas target so that 
the debris Will not plate out onto the optical equipment. 
HoWever, none of these systems have proven to be practical 
for production line operation. 

[0005] It has been Well knoWn for many years that X-rays 
and high energy ultraviolet radiation could be produced in a 
plasma pinch operation. In a plasma pinch an electric current 
is passed through a plasma in one of several possible 
con?guration such that the magnetic ?eld created by the 
?oWing electric current accelerates the electrons and ions in 
the plasma into a tiny volume With suf?cient energy to cause 
substantial stripping of outer electrons from the ions and a 
consequent production of X-rays and high energy ultraviolet 
radiation. Various prior art techniques for generation of high 
energy radiation from focusing or pinching plasmas are 
described in the folloWing patents: 
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[0006] J. M. DaWson, “X-Ray Generator,” US. Pat. No. 
3,961,197, Jun. 1, 1976. 

[0007] T. G. Roberts, et. al., “Intense, Energetic Elec 
tron Beam Assisted X-Ray Generator,” US. Pat. No. 
3,969,628, Jul. 13, 1976. 

[0008] J. H. Lee, “Hypocycloidal Pinch Device,” US. 
Pat. N6. 4,042,848, Aug. 16, 1977. 

[0009] L. CartZ, et. al., “Laser Beam Plasma Pinch 
X-Ray System,” US. Pat. No. 4,504,964, Mar. 12, 
1985. 

[0010] A. Weiss, et. al., “Plasma Pinch X-Ray Appara 
tus,” US. Pat. N6. 4,536,884, Aug. 20, 1985. 

[0011] S. IWamatsu, “X-Ray Source,” US. Pat. No. 
4,538,291, Aug. 27, 1985. 

[0012] G. HerZiger and W. Neff, “Apparatus for Gen 
erating a Source of Plasma With High Radiation Inten 
sity in the X-ray Region,” US. Pat. No. 4,596,030, Jun. 
17, 1986. 

[0013] A. Weiss, et. al, “X-Ray Lithography System,” 
US. Patent #4,618,971, OCI. 21, 1986. 

[0014] A. Weiss, et. al., “Plasma Pinch X-ray Method,” 
US. Pat. N6. 4,633,492, D66. 30, 1986. 

[0015] I. Okada, Y. Saitoh, “X-Ray Source and X-Ray 
Lithography Method,” US. Pat. No. 4,635,282, Jan. 6, 
1987. 

[0016] R. P. Gupta, et. al., “Multiple Vacuum Arc 
Derived Plasma Pinch X-Ray Source,” US. Pat. No. 
4,751,723, Jun. 14, 1988. 

[0017] R. P. Gupta, et. al., “Gas Discharge Derived 
Annular Plasma Pinch X-Ray Source,” US. Pat. No. 
4,752,946, Jun. 21, 1988. 

[0018] J. C. Riordan, J. S. Peariman, “Filter Apparatus 
for use With an X-Ray Source,” US. Pat. No. 4,837, 
794, Jun. 6, 1989. 

[0019] W. Neff, et al., “Device for Generating X-radia 
tion With a Plasma Source”, US. Pat. No. 5,023,897, 
Jun. 11, 1991. 

[0020] D. A. Hammer, D. H. Kalantar, “Method and 
Apparatus for Microlithography Using X-Pinch X-Ray 
Source,” US. Pat. No. 5,102,776, April 7, 1992. 

[0021] M. W. McGeoch, “Plasma X-Ray Source,” US. 
Pat. N6. 5,504,795, Apr. 2, 1996. 

[0022] G. Schriever, et al., “Laser-produced Lithium 
Plasma as a NarroW-band Extended Ultraviolet Radia 
tion Source for Photoelectron Spectroscopy”, Applied 
Optics, Vol. 37, No. 7, pp. 1243-1248, March 1998. 

[0023] R. Lebert, et al., “A Gas Discharged Based 
Radiation Source for EUV Lithography”, Int. Conf. On 
Micro and Nano Engineering, September, 1998. 

[0024] W. Partlo, I. Fomenkov, D. BirX, “EUV (13.5 
nm) Light Generation Using a Dense Plasma Focus 
Device”, SPIE Pr0c. On Emerging Lithographic Tech 
n0l0gies 111, Vol. 3676, pp. 846-858, March 1999. 

[0025] W. T. Silfast, et al., “High-poWer Plasma Dis 
charge Source at 13.5 nm and 11.4 nm for EUV 
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Lithography”, SPIE Proc. On Emerging Lithographic 
Technologies 111, Vol. 3676, pp. 272-275, March 1999. 

[0026] F. Wu, et al., “The Vacuum Spark and Spherical 
Pinch X-ray/EUV Point Sources”, SPIE Proc. On 
Emerging Lithographic Technologies 111, Vol. 3676, pp. 
410-420, March 1999. 

[0027] I. Fomenkov, W. Partlo, D. Birx, “Characteriza 
tion of a 13.5 nm for EUV Lithography based on a 
Dense Plasma Focus and Lithium Emission”, Sematech 
International Workshop on E UV Lithography, October; 
1999. 

[0028] Typical prior art plasma focus devices can generate 
large amounts of radiation suitable for proximity x-ray 
lithography, but are limited in repetition rate due to large per 
pulse electrical energy requirements, and short lived internal 
components. The stored electrical energy requirements for 
these systems range from 1kJ to 100k]. The repetition rates 
typically did not exceed a feW pulses per second. 

[0029] What is needed is a production line reliable, simple 
system for producing high energy ultraviolet and x-radiation 
Which operates at high repetition rates and avoids prior art 
problems associated With debris formation. 

SUMMARY OF THE INVENTION 

[0030] The present invention provides a high energy pho 
ton source. A pair of plasma pinch electrodes are located in 
a vacuum chamber. The chamber contains a Working gas 
Which includes a noble buffer gas and an active gas chosen 
to provide a desired spectral line. A pulse poWer source 
provides electrical pulses at voltages high enough to create 
electrical discharges betWeen the electrodes to produce very 
high temperature, high density plasma pinches in the Work 
ing gas providing radiation at the spectral line of the active 
gas. Ablast shield positioned just beyond the location of the 
high density pinch provides a physical barrier Which con 
?nes the pinch limiting its axial elongation. A small port is 
provided in the blast shield that permits the radiation but not 
the plasma to pass through the shield. In a preferred embodi 
ment a surface of the shield facing the plasma is dome 
shaped. 
[0031] In preferred embodiments an external re?ection 
radiation collector-director collects radiation produced in the 
plasma pinch and directs the radiation in a desired direction. 
Also in preferred embodiments the active gas is lithium 
vapor and the buffer gas is helium and the radiation-collector 
is made of or coated With a material possessing high graZing 
incidence re?ectivity. Good choices for the re?ector material 
are molybdenum, palladium, ruthenium, rhodium, gold or 
tungsten. 

[0032] In other preferred embodiments the buffer gas is 
argon and lithium gas is produced by vaporiZation of solid 
or liquid lithium located in a hole along the axis of the 
central electrode of a coaxial electrode con?guration. In 
preferred embodiments, debris is collected on a conical 
nested debris collector having surfaces aligned With light 
rays extending out from the pinch site and directed toWard 
the radiation collector-director. The conical nested debris 
collector and the radiation collector-director are maintained 
at a temperature in the range of about 400° C. Which is above 
the melting point of lithium and substantially beloW the 
melting point of tungsten. Both tungsten and lithium vapor 
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Will collect on the debris collector but the lithium Will 
evaporate off the debris collector and the collector-director 
Whereas the tungsten Will remain permanently on the debris 
collector and therefore does not collect on and degrade the 
re?ectivity of the radiation collector-director. The re?ection 
radiation collector-director and the conical nested debris 
collector could be fabricated together as one part or they 
could be separate parts aligned With each other and the pinch 
site. 

[0033] Aunique chamber WindoW may be provided Which 
is designed to transmit EUV light and re?ect loWer energy 
light including visible light. This WindoW is preferably a 
small diameter WindoW comprised of extremely thin mate 
rial such as silicon, Zercronium or beryllium. 

[0034] Applicants describe herein a Dense Plasma Focus 
(DPF) prototype device constructed by Applicants and their 
felloW Workers as a source for extreme ultraviolet (EUV) 
lithography employing an all-solid-state pulse poWer drive. 
Using the results from a vacuum grating spectrometer com 
bined With measurements With a silicon photo diode, Appli 
cants have found that substantial amounts of radiation Within 
the re?ectance band of Mo/Si mirrors can be generated using 
the 13.5 nm emission line of doubly ioniZed Lithium. This 
prototype DPF converts 25] of stored electrical energy per 
pulse into approximately 0.76] of in-band 13.5 nm radiation 
emitted into 475 steradians. The pulse repetition rate perfor 
mance of this device has been investigated up to its DC 
poWer supply limit of 200 HZ. No signi?cant reduction in 
EUV output per pulse Was found up to this repetition rate. At 
200 HZ, the measured pulse-to-pulse energy stability Was 
o=6% and no drop out pulses Were observed. The electrical 
circuit and operation of this prototype DPF device is pre 
sented along With a description of several preferred modi 
?cations intended to improve stability, ef?ciency and per 
formance. 

[0035] The present invention provides a practical imple 
mentation of EUV lithography in a reliable, high brightness 
EUV light source With emission characteristics Well 
matched to the re?ection band of the Mo/Si or Mo/Be mirror 
systems. Since the proposed all-re?ective EUV lithography 
tools are slit scanning based systems, the present invention 
provides EUV light source With high repetition rate capa 
bility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a draWing of a high energy photon source 
representing a preferred embodiment of the present inven 
tion. 

[0037] FIG. 2 is a draWing of a three dimensional plasma 
pinch device With disk shaped electrodes. 

[0038] FIG. 3 is a draWing of a third preferred embodi 
ment of the present invention. 

[0039] FIG. 4 is a preferred circuit diagram for a preferred 
embodiment of the present invention. 

[0040] FIG. 5A is a draWing of a prototype unit built by 
Applicants and their felloW Workers. 

[0041] FIG. 5B is a cross section vieW shoWing the 
electrodes of the prototype With spark plug pre-ioniZers. 

[0042] FIGS. 5B1-5B6 are draWings shoWing the buildup 
of the plasma pinch. 
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[0043] FIG. 5C shows a cross section of the electrode 
region With the addition of a blast shield. 

[0044] FIG. 5C1-5C6 are drawings shoWing the buildup 
of the plasma pinch With the blast shield in place. 

[0045] FIG. 6 is a pulse shape produced by the prototype 
unit. 

[0046] FIG. 7. shoWs a portion of the EUV beam pro 
duced by a hyprobolic collector. 

[0047] FIG. 8 shoWs the 13.5 nm lithium peak relative to 
re?ectivity of MoSi coatings. 

[0048] 
[0049] FIG. 10 shoWs thin Be WindoW for re?ecting 
visible light and transmitting EUV light. 

[0050] FIG. 11 is a chart shoWing re?ectivity of various 
materials for 13.5 mn ultraviolet radiation. 

FIG. 9 shoWs a nested conical debris collector. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

First Preferred Embodiment 

[0051] A simpli?ed draWing of a high energy ultraviolet 
light source is shoWn in FIG. 1. The major components are 
a plasma pinch unit 2, a high energy photon collector 4 and 
a holloW light pipe 6. The plasma pinch source comprises a 
coaxial electrode 8 poWered by a loW inductance pulse 
poWer circuit 10. The pulse poWer circuit in this preferred 
embodiment is a high voltage, energy ef?cient circuit 
capable of providing about 5 micro seconds pulses in the 
range of 1 kV to 2 kV to coaxial electrode 8 at a rate of 1,000 
HZ. 

[0052] A small amount of Working gas, such as a mixture 
of helium and lithium vapor, is present near the base of the 
electrode 8 as shoWn in FIG. 1. At each high voltage pulse, 
avalanche breakdoWn occurs betWeen the inner and outer 
electrodes of coaxial electrode 8 either due to preioniZation 
or self breakdoWn. The avalanche process occurring in the 
buffer gas ioniZes the gas and creates a conducting plasma 
betWeen the electrodes at the base of the electrodes. Once a 
conducting plasma exists, current ?oWs betWeen the inner 
and outer electrodes. In this preferred embodiment, the inner 
electrode is at high positive voltage and outer electrode is at 
ground potential. Current Will ?oW from the inner electrode 
to the outer electrode and thus electrons Will ?oW toWard the 
center and positive ions Will ?oW aWay from the center. This 
current ?oW generates a magnetic ?eld Which acts upon the 
moving charge carriers accelerating them aWay from the 
base of the coaxial electrode 8. 

[0053] When the plasma reaches the end of the center 
electrode, the electrical and magnetic forces on the plasma, 
pinch the plasma to a “focus” around a point 10 along the 
centerline of and a short distance from the end of the central 
electrode and the pressure and temperature of the plasma 
rise rapidly reaching extremely high temperatures, in come 
cases much higher than the temperature at the surface of the 
sun! The dimensions of the electrodes and the total electrical 
energy in the circuit are preferably optimiZed to produce the 
desired black body temperature in the plasma. For the 
production of radiation in the 13 nm range a black body 
temperature of over 20-100 eV is required. In general, for a 
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particular coaxial con?guration, temperature Will increase 
With increasing voltage of the electrical pulse. The shape of 
the radiation spot is someWhat irregular in the axial direction 
and roughly gausian in the radial direction. The typical 
radial dimension of the source is 300 microns and its length 
is approximately 4 mm. 

[0054] In most prior art plasma pinch units described in 
the technical literature, the radiation spot emits radiation in 
all directions With a spectrum closely approximating a black 
body. The purpose of the lithium in the Working gas is to 
narroW the spectrum of the radiation from the radiation spot. 

Lithium Vapor 

[0055] Doubly ioniZed lithium exhibits an electronic tran 
sition at 13.5 nm and serves as the radiation source atom in 
the buffer of helium. Doubly ioniZed lithium is an excellent 
choice for tWo reasons. The ?rst is the loW melting point and 
high vapor pressure of lithium. The lithium ejected from the 
radiation spot can be kept from plating out onto the chamber 
Walls and collection optics by simply heating these surfaces 
above 180° C. The vapor phase lithium can then be pumped 
from the chamber along With the helium buffer gas using 
standard turbo-molecular pumping technology. And the 
lithium can be easily separated from the helium merely by 
cooling the tWo gases. 

[0056] Coating materials are available for providing good 
re?ection at 13.5 nm. FIG. 8 shoWs the lithium emission 
peak in relation to the published MoSi re?ectivity. 

[0057] A third advantage of using lithium as the source 
atom is that non-ioniZed lithium has a loW absorption cross 
section for 13.5 nm radiation. Furthermore, any ioniZed 
lithium ejected from the radiation spot can be easily sWept 
aWay With a moderate electric ?eld. The remaining non 
ioniZed lithium is substantially transparent to 13.5 nm radia 
tion. The currently most popular proposed source in the 
range of 13 nm makes use of a laser ablated froZen jet of 
xenon. Such a system must capture virtually all of the 
ejected xenon before the next pulse because the absorption 
cross section for xenon at 13 nm is large. 

Radiation Collector 

[0058] The radiation produced at the radiation spot is 
emitted uniformly into a full 475 steradians. Some type of 
collection optics is needed to capture this radiation and 
direct it toWard the lithography tool. Previously proposed 13 
nm light sources suggested collection optics based on the 
use of multi-layer dielectric coated mirrors. The use of 
multi-layer dielectric mirrors is used to achieve high col 
lection ef?ciency over a large angular range. Any radiation 
source Which produced debris Would coat these dielectric 
mirrors and degrade their re?ectivity, and thus reduce the 
collected output from the source. This preferred system Will 
suffer from electrode erosion and thus Would, over time, 
degrade any dielectric mirror placed in proximity to the 
radiation spot. 

[0059] Several materials are available With high re?ectiv 
ity at small graZing incident angles for 13.5 nm UV light. 
Graphs for some of these are shoWn in FIG. 11. Good 
choices include molybdenum, rhodium and tungsten. The 
collector may be fabricated from these materials, but pref 
erably they are applied as a coating on a substrate structural 
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material such as nickel. This conic section can be prepared 
by electroplating nickel on a removable mandrel. 

[0060] To produce a collector capable of accepting a large 
cone angle, several conical sections can be nested inside 
each other. Each conical section may employ more than one 
re?ection of the radiation to redirect its section of the 
radiation cone in the desired direction. Designing the col 
lection for operation nearest to graZing incidence Will pro 
duce a collector most tolerant to deposition of eroded 
electrode material. The graZing incidence re?ectivity of 
mirrors such as this depends strongly on the mirror’s surface 
roughness. The dependence on surface roughness decreases 
as the incident angle approaches graZing incidence. We 
estimate that We can collect and direct the 13 nm radiation 
being emitted over a solid angle of least 25 degrees. Pre 
ferred collectors for directing radiation into light pipes are 
shoWn in FIGS. 1, 2 and 3. 

[0061] Tungsten Electrodes-Tungsten Coatings for Col 
lector 

[0062] A preferred method for choosing the material for 
the external re?ection collector is that the coating material 
on the collector be the same as the electrode material. 
Tungsten is a promising candidate since it has demonstrated 
performance as an electrode and the real part of its refractive 
index at 13 nm is 0.945. Using the same material for the 
electrode and the mirror coating minimiZes the degradation 
of mirror re?ectivity as the eroded electrode material plates 
out onto the collection mirrors. 

Silver Electrodes and Coatings 

[0063] Silver is also an excellent choice for the electrodes 
and the coatings because it also has a loW refractive index at 
13 nm and has high thermal conductivity alloWing higher 
repetition rate operation. 

Conical Nested Debris Collector 

[0064] In another preferred embodiment the collector 
director is protected from surface contamination With vapor 
iZed electrode material by a debris collector Which collects 
all of the tungsten vapor before it can reach the collector 
director 5. FIG. 9 shoWs a conical nested debris collector 5 
for collecting debris resulting from the plasma pinch. Debris 
collector 5 is comprised of nested conical sections having 
surfaces aligned With light rays extending out from the 
center of the pinch site and directed toWard the collector 
director 4. 

[0065] The debris collected includes vaporiZed tungsten 
from the tungsten electrodes and vaporiZed lithium. The 
debris collector is attached to or is a part of radiation 
collector-director 4. Both collectors are comprised of nickel 
plated substrates. The radiation collector-director portion 4 
is coated With molybdenum or rhodium for very high 
re?ectivity. Preferably both collectors are heated to about 
400° C. Which is substantially above the melting point of 
lithium and substantially beloW the melting point of tung 
sten. The vapors of both lithium and tungsten Will collect on 
the surfaces of the debris collector 5 but lithium Will 
vaporiZe off and to the extent the lithium collects on col 
lector-director 4, it Will soon thereafter also vaporiZe off. 
The tungsten once collected on debris collector 5 Will 
remain there permanently. 
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[0066] FIG. 7 shoWs the optical features of a collector 
designed by Applicants. The collector is comprised of ?ve 
nested graZing incident parabolic re?ectors, but only three of 
the ?ve re?ections are shoWn in the draWing. The tWo inner 
re?ectors are not shoWn. In this design the collection angle 
is about 0.4 steradians. As discussed beloW the collector 
surface is coated and is heated to prevent deposition of 
lithium. This design produces a parallel beam. Other pre 
ferred designs such as that shoWn in FIGS. 1, 3 and 10 
Would focus the beam. The collector should be coated With 
a material possessing high glaZing incidence re?ectivity in 
the 13.5 nm Wavelength range. TWo such materials are 
palladium and ruthenium. 

Light Pipe 

[0067] It is important to keep deposition materials aWay 
from the illumination optics of the lithography tool. There 
fore, a light pipe 6 is preferred to further assure this 
separation. The lightpipe 6 is a holloW lightpipe Which also 
employs substantially total external re?ection on its inside 
surfaces. The primary collection optic can be designed to 
reduce the cone angle of the collected radiation to match the 
acceptance angle of the holloW lightpipe. This concept is 
shoWn in FIG. 1. 

[0068] The dielectric mirrors of the lithography tool Would 
then be very Well protected from any electrode debris since 
a tungsten, silver or lithium atom Would have to diffuse 
upstream against a ?oW of buffer gas doWn the holloW 
lightpipe as shoWn in FIG. 1. 

Pulse PoWer Unit 

[0069] The preferred pulse poWer unit 10 is a solid state 
high frequency, high voltage pulse poWer unit utiliZing a 
solid state trigger and a magnetic sWitch circuit such as the 
pulse poWer units described in US. Pat. No. 5,142,166. 
These units are extremely reliable and can operate continu 
ously Without substantial maintenance for many months and 
billions of pulses. The teachings of US. Pat. No. 5,142,166 
are incorporated herein by reference. 

[0070] FIG. 4 shoWs a simpli?ed electrical circuit provid 
ing pulse poWer. A preferred embodiment includes DC 
poWer supply 40 Which is a command resonant charging 
supply of the type used in excimer lasers. CO Which is a bank 
of off the shelf capacitors having a combined capacitance of 
65 pF, a peaking capacitor C1Which is also a bank of off the 
shelf capacitors having a combined capacitance of 65° F. 
Saturable inductor 42 has a saturated drive inductance of 
about 1.5 nH. Trigger 44 is an IGBT. Diode 46 and inductor 
48 creates an energy recovery circuit similar to that 
described in US. Pat. No. 5,729,562 permitting re?ected 
electrical energy from one pulse to be stored on CO prior to 
the next pulse. 

The System-First Preferred Embodiment 

[0071] Thus, as shoWn in FIG. 1, in a ?rst preferred 
embodiment, a Working gas mixture of helium and lithium 
vapor is discharged into coaxial electrode 8. Electrical 
pulses from pulse poWer unit 10 create a dense plasma focus 
at 11 at suf?ciently high temperatures and pressures to 
doubly ioniZe the lithium atoms in the Working gas gener 
ating ultraviolet radiation at about 13.5 nm Wavelength. 










