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Nurrerical simulation of discharge processes of a UV preionized TEA CO;, laser

L1 Xiao-fen, ZUO Du-luo, CHEN G Zu~hai
(National Laboratory of Laser Technology ,HUST-Wuhan 430074 ,China)

Abstract : A numerical model for the discharge processes of{a UV-preionized transversely excited atmospheric
pressure (TEA) CO, laser is presented ,in which the discharge circuit and the discharge area are considered in detail ,and
the temporal ewvolution of discharge voltage ,current and electrof“density are given. Comparisons of the simulation results
with the related experimental results are presented together-with discussions of the factors affecting the stability of gas

discharge in the laser.
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Fig.1 Schematic of discharge circuit
Ren and L —charge resistance and inductance; Cs —storage capaci-
tance ; SG —spark gap
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Fig.2 Equivalent discharge circuit
Rsand L, —equivalent resistance and inductance of loop and spark ‘gap ;
Cpre —equivalent capacitance of preionization part ; Rpe —equivalent re=
sistance of the spark gap between tungsten pins; Cpes —toop” distributed
capacitance

XA 2,45 2] T 51 8] 3 5 R 05 s, ien
ipre 1 1, ipeak [RER A ST HTHLIR | dpodR N T HEL 1 S I
LI | i SRR 2O X AR us 378 78 fE ALY
P L | upre 67 TR RS I FELIE | ug AR
LT -

di R u u

Ulsg - Rg. g Us

dt Lot (1)
dicy  _ug

dus s 3)
dt ~ GCs
dupre - Ug i Upre (4)
dt Rpre Cpre Rpre Cpre
dug s ich ig
dt - Cpeak Cpeak Cpeak
Ug Upre
5
Rpre Cpeak Rpre Cpeak ( )

S BRI B 4 1 25 R0 B R £ BR B % 9
JE R N
Rs = Rso + RaeXp(- t/ 7) (6)

B Rso =1Q , Ry = 100Q I [A]# %% = =5ns.o [A T,
6 A FEL 2550 TR A A PSR SR BB FL A AR Y
AR ia = SquaNe(t) (7)
b s AREEA R REETE R, g A THR.
o TR R B R R 3 ol TS0 T R A
HIKZE 2800 L RSO TN B T AU
FETTHE :
dN(jt(t) Ka) vaNe(t) - PNZ(1) + W, (1)

(8)
AR T TR R R AR SR R o Wy (t)
AR R T AR B 7= A 1 TR E PRI . YOSHI
RO % 171588 58 00 it B A IR A HEL 5 i 7= 2 1 S H
TSR 458 24O I i B iE B — E R
FER S 2 JESLTRE I FLU I P S e 3 A
WA 38 Wy (S Kipre , kA B0 (0L A B
1 X10%°) Spp AT B IR - v MEA RS,
I3 X105 Bm’ so K NAEREL, Ko WG R,
Vo NHLFIE R R X =52 B/ N HIREL(E
OADTRORE AR BRI 1) L7 B B N A SRR T B ) o
SEIG R B TAESURECEE A v (CO2) v (N2) V (He)
=15, AR FE XA 300 Ko AR BTN 19 52 56
280 78 10"V m? < B/ N <4 X10" Vv m? {178
FIA e e/ N afe 2R U6 J7 AR 21 T R Bk
TSR Ki, Ka, vae SFBCH REOTT IR B9 R R
2 log (Kif N) = Agg + Ay én + A en” + Axg
en’;log (Kol N) = Agg + Agien + Appen” + A e’ ;

=(Ki'

logva= Aso + Asién + Agpen® + Agzen’ o LT ¢y =
log( E/ N) ; Ay = 62081.63782; Ay = 9886. 11426 ;
A, = 524.71441; Ays = 9. 28549 Ay = 21818.
93152 ; A = 3501.9822; Ay, = 187. 11007 ; Az = 3.
33155 ; Ago = 438. 27264 ; A, = 64.88299 ; Az, = 3.
26308 ; A3 =0.05516

e R SR B A ERI E R K Bk
FKIBAFER K Ky 73003 LME IE K7 0. 11 FH
0.30 153G A HL R L

2 LH1HHon

2.1 1OOooog

B kAR e A PR RS B R C T
SIS S B TR S o MU BR A RE R AY ©s Y
FEH A SR ERNIRE U /b HE &N
0o [ 3 e 1 — 4B FORIDIZE R e Fe AT



478 W

DL S

2004 4 10 H

HL S PO e 225 SR R I 7 T v o T80 F, P R BT A2
F Tektronix 2 @] P6015A 1= /& 4k Fl TDS430
B R P es AR B o b T 25 rRRR 9 B T FELA
TENUZE ) E Sty HBETE06L T h—

0 Bz 55 SNAR R AR RN e e T A A
T LR IRIME o S mp BTl i o0 A 2 Al R A e
TS A A0 FER TR 2 LR A o

40[ 4 < 8o 40
= 1 Z 1P ¥ 1° >
3 30 T 30} 5ol b0
50 I =] L o
| 2 20 z &
g 20: g o 4f simulated discharge ZDE
% 10F & 10F simulated(u ) g F ltage(ar,) 1 E’
£ = 1. £l 10
5] . S 4 * E
2 0 2 I O L R N 18

10 measured) | T-10p ¥ memswedw) | § % ety ]9

00 1.0 20 30 4.0 00 50.0 100.0 1500 2000 E-155 710 20 30 40
time/ps time/ps time/us
40Fd S T ———— 1.6

b S 50 : d ; 2&
210 g 40 | 1 a0 122
=5 1 A ~[ e~
52_0 o 30 : B0 eier jog B
Y 2 200 simulated N, g
T A 5 100 047%
o Pt s 1
2 of #oe=e-ad T 5
'30‘0' n'leasmed(r‘dﬁ 'E imulated § 10.0 2
0.5 n 4 . ‘ -10= ; . R N e
00 10 20 30 40 0005 1.0 15 2o
time/ys time/us

Fig.3 Results of simulations and experiments
Cs=0.25uF;Len=75uH; U =25 kV; Cpre =8,85F); Cpeax = InF; L = 1nH; p~30. 4kPa
a —wltage of main discharge b —whole voltage waveform of discharge’ es—current and woltage waveforms of main discharge d —the sum of main
discharge current and preionization current e —current of prionizatiori-afnd electron density
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Fig.4 Dependence of injection efficiency on storage capacitance

m —injection efficiency of the stored energy deposited in main~discharge
area
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Fig.5 Dependence of 71 0n charge inductance
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