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Abstract Boltzmann equation is numerically solved for the plasmas generated in the process of discharging of O, ,
0,/He and O, /Ar in the gas phase. Thereafter, electron energy distribution function, mean electron energy and
power efficiency are obtained. The results indicate that electron energy distribution functions are typically non-
Maxwellian. For the same reduced electric field ( E/N), the mean electron energy for pure oxygen discharge is
lower than O./He and O,/Ar mixtures. For the same oxygen content, the electron energy distribution function
curves versus E/N for O,/He and O./Ar mixtures cross together. The O,/Ar mixture discharge plasma has higher
mean electron energy at lower E/N, while the O, /He mixture has higher mean electron energy at higher E/N. The
influence of NO additive gas on the breakdown electric field can be negligible. Therefore, the improvement of
0, (a' A) yield in the presence of NO gas may be not due to the slight decrease of E/N. An addition of 15% (volume
fraction) O, (a'A) into O, causes an increment of the mean electron energy which is not significant. In order to obtain
the maximum yield of O, (a' A), the optimum E/N value of pure oxygen discharge plasma is about 10 Td. And the
optimum E/N value decreases with the oxygen content. The mean electron energy as a function of the discharge
frequency has a long steady baseline before its decrease. The power efficiency for excitation of O, (a' A) as a function
of discharge frequency has two type curves. It decreases all the while at 10 Td. However, it rises and then goes down
when the E/N is 50 Td. The optimum discharge frequency is 10 GHz for the conditions of 300 K and 1333. 22 Pa.

Key words lasers; chemical oxygen iodine laser; electric oxygen iodine laser; Boltzmann equation; singlet delta
oxygen O, (a' A); discharge frequency

OCIS codes 140.1340; 140.1550; 140.5560

Wi EE: 2011-06-04; WEEM AR EE: 2011-09-12
BEEWH: BX AR FIS 10974199 F b B2 B b 2= 0% 51 5250 % JF 0oR  (KLCL-2011-N4) % B 2R A8,
TEER N : R A978), B W+, By ST 51, 2 S Ab 243500 BRI O 3l 77 2 55 5 If Y E R .

E-mail: liliucheng@dicp. ac. cn

1202009-1



# ot

1 g a5

L5 k2 A BLEOE #% (COIL B & K8 THE
KR, Bk H o fE & S A O6 2F 15 #7555 i
S HAE T EAT TR R R . SR AL B
COIL i 53 Cl, 5 52k 40 Ak S0 W1 SR P A S g 7
AR ESELO, (a'A)], ClL, + H,0, + 2MOH —
O, (a' A)+2H,0+2MCl, H:if M Jy K, Na, Li 2§
EBICE . X R S 80 0 RE S
BEZHKIR Hy O X 3R & BUR F 59 28 K AR ™ 5
X AT T COIL fb 2= R 1 4 i o T8 3 AR ik
HOE P AE R ES A BRI BERTE. EAS
TK s AR R S BN & 1 FL AT LK B[R] T B RS L
N FREY A S SRR BT . X i gl
ok 7 A BT 25 AR U T SO 25 BIPR Sy rEL AU
WoeAR = (EOIL) , 2 H i [ br _1- i 5 7 30 #4519 o

F 98 i SR IO 28 R O, (2! A) B 1% RE i R
WU T iz 23R & DR S R 716 8 B A
JF K 1315 nm 4k K T L G SR LEOE 8 1
DR s TR B 8 SR A AU R 7 A O, (al ) L R AR
&RV 2 TORE AR ERAE S N RE ) B B
HEZHMH, mFL L, RENBRFERIFHET
EOIL iy ®Fl (52 B 3 2004 4EA4 5 — WA T IE
M/ME S 25, 2005 AEFEAT T HOBEUR™ . i H
AR 0 SR 8 1 ) B R A5 25 T NO 1y 5]
AP RGN HEAT TR R P A O, (al A
SEES W g K B AR T 51 A NO Sl
Q@M= RIEER S, TREEW, ETH
O, (a' A) 1A v A7 780 H % L R M TR R K
M, R R O R A R 2 e A
PEPFP L IR B T A AR NO 7EN AR
Z YRR O, Cal A S Q] 52 me 1Y), S A i XA
AME DX S B ) 24 WL 12 4 Ry 1k & A BIF 5 T B
B, XA AR REPE R BT EOIL AR ME SR A5 IE /Y
UNGRR E

R TG b 3 Ll SR LEO G e ) B AR
H ok AR AR S R A B R 25 2 7 R X O, 0,/ He,
O,/Ar Je A T8 NO S5 R iy i i B AT T 80
BT A, 5 TR U Ak 5 E/N VRS9
FE g0, CRUMA AP SRR FR O3 850 B0 1) Tl At
RRAFSRO FTE AT R A T RE I AR A

2 SRR
B 2 1 7 6 6 B AR 245 7 R I B SR

1 JE At b 195 I LR % R 5 vl f 0 R Y R
KRB B PERL T Z (B Ay 2 fb o SN .l AR X
R B 7 A7, PRt T LA R R A iR
FH . TR SR R H R L% AR
A B

WIR %52 i R AR R A

U e Vf—CE.V.f=C[f]. (D
dt m

Ao f &S YE A 23 A] Y L S A bR v 2 H
JE e RIETTH AT m B R .E Z2HEGME,V,
JE AR RE AT L 1 C O I Al T

J T RIRBE IR 258 AR o etk AT TR A, B
SE HL Y 58 B A A L 38 AR R A28 (R N2 B 5 40 A 1Y
(/AR5 At R 0 28 ) ROBE b 3% 2 34 59 43 i
89 Xof 3 85 5[] £ P BR Al b R PT 45

af 02
PR -+ vcos 0 P

sin’0  df
dcos 0

—EE(cosﬁﬂf%* )=clsl. @
m dv v

AP o 2R v 1R/, 0 2 38 7 a3 05 1] 2
(] P I £ o = o 10 O 0 1) 1 6 AR A o T R B A L Ak
HL 20 A BR A S AU T 4 A AR AR 2v. 000 Al =
S I 2 MR P I AR 5 2 W] LUK f AT T
f(vscos0,2,) = fo(vsz,t) +
f1(sz,t)cos fexpiat) » (3)
AP fo o f B9 ] R PEER 2L 0 ) 2 f R A ] S
WAy 0 = 27/ T HHECR BRI MMIA.T R
L TR A KR E = Ejexpiot)
JEAT
HEF fo M HEE e, &S0 =, B[R] 2 H A C
BN T A5 2 TR B0 A eR R 7 BRI R] R ER A
23 (0] PR 2R 0 8 O o AR A SRR L8 1 g iy Iy 12, 7T LA
15 BB S AORSE F H T R B BRI Foy 5 IR (R] A ) OB
M T8O B (e 2 BT R foa(evza) =
Foo(@nlz.)/2uy’) S B BER 0 A s 8 F
TEREAS 23 (A N2 3 21 5 A 1Y 9 ELAS B I 18] 22 4k, 1

4m%ﬁﬁﬁ“a¢:1o

2o b 4 S AT DAAS HOC T L F BB = 4 AT e R F
175 &
7 i[ Eles?, aFO}f
3 deLN* (ot +q¢*) de
2ny'e?C,/Nn — Fye'?v/N, 4)
Ky = Qe/m)"? HEHLHETFREE ¢ = o’/ 2e,

1202009-2



G

T 2 BN HL R Dl 7 AR B T 2 U I Y B TF

E, i G5 . N O B R T RUR L Fo O LT fE

=

O = kadk +€71,”2J<21‘15i — 21‘]6]' )EFodE
k i J

NA R R R, Co S fo BREFETT, n T
BOHE g = o/ Nye'”

v = N}/J(Zx,a, — eraj )sFOde
0 i J

DL TR ARG TR AURE TR AR AR
TR e ORI SRR e Flow 20500 H AR
AR (SRR R R TR

BB AR A (4 3nT LUAS 31 i fE 20 A7 e84
Fo o BRI AT LR 1S3 7 RE i e 3 0 500

é:
ﬁa¢m$#ﬁ@m@ﬁﬁﬁm%%%&ﬁﬁﬁ
T SR 1 B Bt o1 0B B 10 T 4 H T 3

MR AEREREA AR Po/N = yicly e de.

A ERE RO T RILBUR 25 207 18 . s
Gy 568 J3E Rl 488 J L3R A B A 2 ) PR 3 2] A Y (R
AEF- 3 B AR Y A ] RO b R % R A A D
SR AE 52 o A O HL 3 R o o 350 R R AN B 20 Y
REM R o) T3 23 20 A . X — s n] REXS T B4 2R A
— S WY

3 AR5
3.1 BFHENSMEIH

TESR A () 2By o 7 v 75 2270 B L 5 & Bk
T I Bl P O, He Ar NO flf 3 #5770 %%

Vi, VitV g=0.2:0.798:0.002 1
7-300 K, P=1333.22 Pa, v=13.56 MHz {

1

EEDF /eV-%?
—
St

1
1
1
1

—

(=)
4

-

10-8
109
0

o

1

(@

5 10 15 20 25 30
Energy /eV

P I SCERL T B 1 D 353 Hp BT 9 48 1 R A

I A .
10
“ 1t
g
5]
S 01
=
@
S 001t
Rt 10 100 1000
e/eV

K1 AR PR EmE. (D3hEER. (2O T
b, OB RPER T (4 O, (a' &)y (5) O, (b), (6)

4.5 eV, (7) O+0, (8) O+0CUD), (9 OCD)+
OCD), (1) v=1 k&, D v=2 K&,

(12) v=3 &

Fig. 1 Cross sections for electron impact excitation

processes of oxygen. (1) Momentum, (2)

ionization, (3) dissociative attachment, (4)

0, (@' A), (5) O, (b), (6) 4.5 eV, (7) O+O0,

(8) O+0UD), (9 OCD)+0CD), (10) v=1

vibration level, (11) v=2 vibration level, (12)

v=23 vibration level

B 2 Ca) vp 9 2% it 26 20 931 2 e i R T 2 v 3 6
A W% IR 2% 2 F SR f# Boltzmann J5 & (non-
Maxwellian) £8 5 (1 O, , He 1 NO AR L 0. 2¢
0.798:0. 002 AW 1L T RE 1L 20 A5 B B (EEDF)
LA BITE I 45 0 2 R R L 2 Y s T RE
AH T 308 3 5K i B 7K 22 2 05 R BT 3R A 1Y S B R 1
RE fE 70 A1 bR EOU] Wl b Al T AR A 22 e 0 S AL
RE 0 A1 R B R BN B BE R A T BT T

Vi Vi Vig=0-2:0.798:0.002 1
T=300 K, P=1333.22 Pa, v=13.56 MHz

EEDF /eV-#2

0 5 10 15 20 25 30
Energy /eV

Bl 2 I TREREY 2. 046 oV I 22 e U7 5 BRI 2 T gl 95 2 A HL T RE B0 A R 0 EEDE B LU s (b) Il SR IR BUR 262
TrREFARH O,/ He/ NO IRA W AEA R L4658 T #4907 BB 5 045 BR 5 b T 75 il 4 55 10 1) = 2 (5 iR U

Fig.2 (a) Maxwellian and non-Maxwellian electron energy distributions with the same mean electron energy of 2. 046 eV

(b) electron energy distributions obtained by solving Boltzmann equation for O,/He/NO mixture at various electric

fields, where labels near the curves are the corresponding reduced electric fields in Td
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i@ O, (a' A) [ H T RE I AR 5 88 T 4 Pl
R 36 7 A BT A A T . 3K 0 T R R 4 A
R SIS B TR (0 A 52 5 397 TR 43 A L 58 W AE (R
L 475 3 T S BRI 2E 5 07 7 R 43 A (1 o R )
i B

A8 [F) B 1 24 1k 3 38 0 4 10 P 1 v T i
B, [FRER S I O, /He Il O./Ar R4
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NS O RS B0k 2000 B 3% 38 LS T
E/N=65 Td., % NO S A& X} 28 & 58 5% i A
K R AE OB SR H 5T NO . FAR 8 g afE 1
R4k E/N A2 5w o d 8 07 R 1) £ 2
. BATEA 5% O, (al &) B Xy L 7
RE AT — M AN B

SF- 157 L - B i B A CH A R 1 AR A S R — A
58 AR AR ARG MR TP G —H T
B ARG T AR 5 AR R SR R A 6. T
Wk O, (al A) 11 L B B2 1 FH 003 B 5 5 HR A3 236 1Y)
WAGKE E/N AR B A FrR TR, 10 Td B — 5 F B,
{50 Td B W 2B S S T REM B3 FEE
— A AR 2%, T=300 K, P=1333. 22 Pa i}
) A A A% 10 GHz,
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