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% 1. Used parameters in this computer simulation
model. The values are measured from previous

experiment!

E-Beam  Voltage 800 kV
Current 21kA
Width(FWHM) 70 ns
Excitation Volume 2X28X6 cm?®
Deposition Energy 24~36 J(1~3 atm)

Resonator Total Reflector (R) 99%
Output Coupler (R) 7%
Length 65 cm

Energy [eV]

0

1% 1. Energy flow diagram of XeF* in Xe/F,/Ar laser
mixture gas.
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¥ 2. Summary of reaction rate constants used in the computer simulation for the e-beam pumped XeF(B—X)
and XeF(C—A) laser with Ar/Xe/F; gas mixture. T, and 7, indicate electron temperature and gas tempera-

ture, respectively

Reaction Rate constant Reference
Electron reaction

Xe+e,—Xe +e,te, 21.7 eV/electorn-ion pair 23
Xe+e,—>Xe*+e, 49 eV/excited atom 24
Ar+e,—>Ar" te, e, 26.4 eV/electron-ion pair 23
Ar+e,—>Ar*+e, 93 eV/excited atom 24
Xe+eo>Xe* +e; 341(—97.0.803exp(— 11.8/T,) cm’/s 25
Xe+eoXe** +e © 2.61(—8)T.0.0273exp(— 14.4/T;) cm®/s 25
Xe*+eoXe** te, 3.13(—7)T.0.803exp(—2.06/T,) cm®/s 25
Xe+e,—Xet + 2, 1.92(—8)7.0.80exp(— 18.0/T,) cm®/s 25
Xe*+e—~>Xet + 2 227(—NT0.117exp(—6.21/T,) cm®/s 25
Xe**+e—Xe' + 2, 6.23(— 7)T,0.12exp(—3.60/T.) cm’/s 25
Xey* +e,—Xe" + 2, 2.83(—NT.0.12exp(—5.10/T,) cm®/s 25
Ar+eeArt+e; 3.70(— DT Mexp(—17.4/T,) cm’/s 26
Ar+eeAr** +e, 1.05(—8)T.*"exp(—19.7/T,) cm®/s 26
Ar*+e, o Ar** +e, 7.24(— DT %exp(—2.28/T,) cm®/s 26
Ar+e,—~Art + 2, 1.75(— 8)T.*¥exp(— 23.6/T,) cm?/s 26
Ar*+e—>Ar + 2 5.18(— 8T exp(—6.27/T,) cm®/s 26
Ar**+e—Art + 2, 1.41(— T Sexp(—4.00/T,) cm*/s 26
Ar*+e,—Ar," + 2 6.78(—8)T " exp(—5.25/T,) cm®/s 26
ArXe*+e—~>ArXe* +2¢, 6.60(—8)T,*"'exp(—5.40/T,) cm’/s 26
Fo+e—~>F +F 4.0(—NT, 1 cm’/s 27
Fy+e~>2F 3.0(—10) cm®/s 28
F+e—F- 1.0(—12) cm®/s 28
Neutral reaction

Ar*+2Ar—Ar* + Ar 3.3(—32) cmb/s 18
Ar*+Xe+ (Ar)—ArXe*+ (Ar) 5.1(—11) cm¥/s 29
Xe*+Xe+ Ar—>Xe,* + Ar 2.3(—32) cm®/s 30
Ar**+ Ar—Ar*+Ar 1.0(—10) cm?/s 26
Xe** +Xe—>Xe*+Xe 1.0(—10) cm®/s 31
Ar*+Xe—Xe*+Ar 2.1(—10) cm®/s 29
Ar,*+Xe—>Xe*+2Ar 2.4(—10) cm®/s 18
Ar*+Xe—>ArXe*+ Ar 50(—11) cm¥/s 32
Xe**+M—oXe*+Xe+M 1.0(—11) cm’/s 24
Ar**+M—Ar*+Ar+M 1.0(—11) cm®/s 24
Penning ionization

Xe*+Xe*—>Xe* +Xe+e 50(—10) cm®/s 32
Xe* +Xe*>Xe,” +2Xe+e 50(—10) cm®/s 32
Ar*+Ar*>Art+Ar+e 50(—10) cm®/s 33
Charge transfer

Ar* +2Ar—Ar,” +Ar 2.5(—31) cm¥/s 24
Art +Xe+Ar—ArXe® +Ar 1.0(—31) cm®/s 34
Xe* +2Ar—>ArXe" +Ar 1.0(—31) cm®/s 35
Xet*+Xe+Ar—Xe," +Ar 2.0(—31) cm®/s 36
Ar," +Xe—Xe* +2Ar 1.0(—9) cm®/s 36
ArXet +Xe—Xe,* +Ar 1.0(—11) cm¥/s 37
ArXe*+Xe—>Xe* +Ar+Xe 5.0(—10) cm®/s 37
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it 2. Continued

Reaction Rate constant Reference
Dimer-ion electron recombination

Ary* +e—Ar**+Ar 15(— 9T /T cm’/s 38
Xe,* +e—Xe*™+Xe 1.5(=8)(T,/T.)*® cm’/s 39
ArXe™ +e—>Xe**+Ar 1.5(—8XT/T.)"* cm’/s 35
Radiation

XeF*(B)—>XeF(X)+ hv,, 770(+7) /s 10, 40
XeF*B)+hv,,—»XeF(X)+ 2hv,, 4.00(—16) cm?/s 41, 42
XeF*(C)—>XeF(A)+ hvge 1.00(+7) /s 10, 40
XeF*(C)+ hvge—>XeF(A)+ 2hvy 1.00(—18) cm?*/s 40
Xe,F*—2Xe+F+hy 6.58(+6) /s 43, 44
ArF*—Ar+F+ho 2.38(+8) /s 20
Ar,F*—2Ar+F+hv 4.40(+6) /s 45
Ion-ion recombination

Xe” +F (+ M)—XeF*B)(+ M) Pressure

Xe" +F (+M)—XeF*(B)+ Xe(+M) dependent

Art+F (+ M) ArF*(+M) rate constant 23
Ar," +F (+M)—ArF*+Ar(+ M)

ArXe* +F (+M)—XeF*B)+Ar(+ M)

Xe:* +F,—>XeF*(B)+Xe+F 5.0(—10) cm’/s 48
Neutral formation

Xe*+F,—»XeF*(B)+F 7.5(—10) cm’/s 46
Xe** +F,~»XeF*B)+F 7.5(—10) cm?/s 47
Xe* + F—>Xe F*+F 2.5(—10) c¢m?/s 55
Xe,**+F,—»XeF*B)+Xe+F 50(—10) cm®/s 49
Xe** + F,—Xe,F*+F 2.5(—10) cm®/s 50
Ar*+F,—ArF*+F 7.5(—10) cm®/s 46
Ar*+ F,— A F*+F 2.5(—10) cm¥/s 59
Ar,** +F,—>ArF*+Ar+F 5.2(—10) cm®/s 51
ArXe*+F,—»>XeF*(B)+ Ar+F 5.0(—10) cm®/s 48
F*+F,—>F*+F 50(—10) cm®/s 52
F.*+F,—»2F, 3.5(—10) cm¥/s 52
Displacement XeF* formation

ArF*+Xe—>XeF*(B)+ Ar 1.6(—9) cm’/s 53
Ar,F*+ Xe—XeF*(B)+ 2Ar 2.0(—10) cm?/s 54
XeF* relaxation

XeF*+Xe—3Xe+F 1.0(—13) cm’/s 20, 43
XeoF*+Ar—>2Xe+F+Ar 2.8(—14) cm’/s 20, 43
Xe,F*+ Fy—>2Xe +3F 2.0(—10) cm®/'s 55
XeoF*+e—2Xe+F+e, 1.5(—7) cm®/s guessed
Ar,F* relaxation

Ar,F*+Ar—3Ar+F 2.8(—13) cm®s 51
Ar,F*+F,—>2Ar+3F 2.0(—10) cm®/s 56
Ar,F*+e—~2Ar+F+e, 1L0(—7) cm®/s 32
ArF* relaxation

ArF*+Ar—2Ar+F 8.6(—12) cm’/s 53
ArF*+F,—Ar+3F 1.8(—9) cm®/s 56
ArF*+e¢,—~Ar+F+e, 1.6(—7) cm’/s 57
XeF*(B) relaxation

XeF*(B)+Xe—>2Xe+F 3.3(—11) cm®s 32, 42
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Reaction Rate constant Reference
XeF*(B)+Ar—>Xe+F+Ar 4.9(—12) cm’/s 32, 58
XeF*(B)+F,—»Xe+3F 2.1(—10) cm®/s 19
XeF*(B)+e,—~Xe+F+e, 1.5(—7) cm¥/s 32
UV absorption
Xe*+hy,,—Xe +e 2.2(—19) cm? 59
Xe* +hv,—Xe, +e 1.0(~19) cm? 60
Xe:" +hv,—~Xe  +Xe 33(—17) cm? 61
Ar*+ho,,—Art +e L1(—19) cm? 59
Ar*+hv,— At +e 1.9(—19) cm?® 62
Ar" +hv,—Art+Ar 1.0(—17) cm? 32
ArXe*+hv,,—~ArXet +e 1.0(—19) cm?® 61
ArXe* +hv,—Xe' +Arte 1.0(—17) cm? 32
Fo+hv,,—2F 53(—21) cm? 63
F~+hv,—F+e, 2.2(—18) cm® 64
XeF*(C) relaxation
XeF*(C)+ Ar—Products 4.5(—14) cm’/s 44
XeF*(C)+ Xe—Products 8.8(—11) cm¥/s 44
XeF*(C)+ Ar+ Xe—Products 3.9(~31) cm%s 44
XeF*(C)+ 2Ar—Products 3.0(—33) cm®/s 44
XeF*(O)+ 2Xe—Products 4.0(—32) cm¥s 44
XeF*(C)+F;,—>Xe+3F 2.0(—10) cm¥/s 19
XeFYC)+F—->XeFX)+F L1(—9) cm®/s 40
Blue-Green absorption
Ar**+hygo—Art t+e 1.5(—17) cm? 54
Xe** +hyg,—Xet +e 2.0(—17) cm? 54
Ar,t +hugs—Art +e 1.5(—17) cm? 54
XeF* B-C Collisional Mixing
XeF*(B)+ Xe—XeF*((C)+Xe 6.1(—10) cm’/s 19
XeF*(B)+ Ar—=XeF*(C)+ Ar 8.6(—12) cm®/s 6, 19
XeF*B)+F,—»XeF*(C)+F, 5.0(—11) cm?®/s 29
XeF*(B)+e,>XeF*(C) +e, 1.0(—7) cm®/s 29
Lifetime
XeF*(B) 13.2(—9) s 19, 20
XeF*(C) 100(—9) s 19, 20
E-beam—Xe*—>XeF*, 3) 1:} obgt uh-gol Th 23)8(branching ratio)s 254

E-beam—Xe*—~>XeF*.
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XeF* Formation
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2% 2. Block diagram of the upper state model of XeF
laser with respect to the B-C interstate mixing
and vibrational relaxation processes.
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2% 3. Comparisons of XeF(C—A) laser output ene-
rgy between simulation and experiment as a
function of F. partial pressure at atmospheric
pressure gas mixture. Experimental conditions
are depicted within the figure.
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19 4. Comparisons of XeF(C—A4) laser output ene-
rgy between simulation and experiment as a
function of Xe partial pressure at atmospheric
pressure gas mixture. Experimental conditions
are depicted within the figure.
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18] 6. Calculated temporal histories of an electron
energy, gas temperature, and measured elect-
ron-beam current of 21kA (70ns, FWHM)
which is sampled in simulation input data.

stge] 2, 25 7|gfEr} 2 9ozl HFvlE &
Holl 3= 7} FAaskAl Hedl, o7l Ar % Xeell &t

>
[e)
-y
A
\p)
At
b
ot
Lo
ofN
~N
)
o
o
ol
o
i
_\1:_(‘
o
2
£
&
ot
<4
~
N

o
Zohsbe Ao ARk 1 7lske] Adsta gl
274, AgT FHelde Fall 2 XeF(C—A)
FolxE 23 WA o)== o 285 mJ¥} 31.5 mjolr).
olsle Azks 25 skl AT Aol ol ¢
2ol Z Holi gtk o)7L XeF(C—A) #lo]#2]
Hpo] spadate] FUEe) kel W HHY ¥
2w g7se), ol e W& AFdoluoR ¥
Mg Azke grler e FAOE b ol e
olc}. ol 4o} A5 2AE] $2)7} N XeF(C—A)
| dolAe) Algdlold melo] Aol e i

)
o] whg g

2o > 4 oft rly

Iv. 3 % EE

23 62 Fhaemst 23U Rel Aol b Ak s
2 Axel s vepd Aol dab) AFHH
ol 4 2% oF 21 KA(70 ns, FWHM)9] k& &+
sho] x]gellol Al Hlolehz s stelch HxpY ofuix)zh
Qg Ml oA vhde] FaHE Fob AsLE

ik

ok



<ATET> A7) XeF(CoA) A7 #e1x9) FH5A ) digh A1 FHo)d N —F24 - 01533 209

100
Ar

g €s 7
680‘ 2
<
ol
«
K =
O g0
c
2
T Xe
E o
o
e
x.
O
I2O
U]
>

1 2 3 4 5 6 7 8 9 10
F, Partial Pressure [Torr]

a3 7. Calculated XeF*(C) formation channels as a
function of F, partial pressure. Mixture gas
condition is Xe/Ar=—30 Torr/balance at atmos-

pheric pressure. The excitation rate is about
1 MW/cm?,
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28] 8. Calculated XeF*(C) relaxation channels as a
function of F, partial pressure. Mixture gas
condition is the same as figure 7. The excita-
tion rate is about 1 MW/cm?.
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2% 9. Calculated blue-green absorption channels as
a function of F, partial pressure. Mixture gas
condition is the same as figure 7. The excita-
tion rate is about 1 MW/cm®
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18 10. Calculated XeF*(C) formation channels as a
function of Xe partial pressure. Mixture gas
condition is Fo/Ar=3.5 Torr/balance at atmo-

spheric pressure. The excitation rate is about
1 MW/em®,
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13 11. Calculated XeF*(C) relaxation channels as a
function of Xe partial pressure. Mixture gas

condition is the same as figure 10. The exci-
tation rate is about 1 MW/cm®
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28] 12. Calculated blue-green absorption channels as
a function of Xe partial pressure. Mixture gas
condition is the same as figure 10. The exci-
tation rate is about 1 MW/cm®
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22 13. Comparison of XeF(C—A) and XeF(B—X) la-
sers between simulation and experiment at
atmospheric pressure of Xe/F,/Ar=40/3.5/
716.5 Torr. All of the four curves is normali-
zed. The excitation rate is about 1 MW/cm?.
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Simulation Analysis on the QOutput Characteristics of XeF(C—A)
Excimer Laser Pumped by Electron-Beam
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By the use of computer simulation including collisional mixing kinetic processes of the B- and
C-state in the upper laser level the output characteristics of electron-beam pumped XeF(C-—>A) excimer
laser are analyzed. We compared the results between experiments and simulations for the XeF*(C)
formation that correlated the number of densities of the XeF*(B). We obtained good agreement(28.5 m]
+ 5%) with comparisons between experiment and simulation and confirmed the optimal gas mixing
ratio of Xe/F./Ar=5.26/0.46/9428% at atmospheric pressure laser medium under the condition of
70 ns [FWHM] electron-beam (800 kV, 21 kA). Also through the simulation we have investigated that
the XeF*(C) formation channel, the XeF*(C) relaxation channel, and the absorption channel of blue-
green wavelength region as a function of F. halogen donor and Xe partial pressure.



