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Abstract; To obtain a lifetime of surface discharge optical pumping source, the sectioned-surface discharge
optical pumping source with an Al,O; ceramic substrate is developed. Based on the discharge voltage and the
discharge current waveforms of a pump source, the discharge period, the discharge channel resistance, the en-
ergy deposition efficiency and the average power density of discharge plasma are investigated in detail under
different conditions. The discharge period, the discharge channel resistance and the energy deposition efficien-
cy increase with an increase in the length of the discharge gap and the pressure of the mixed gas. A trend to-

ward the opposite is observed as the charging voltage increases. The average power density of discharge plasma
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mainly depends on the charging voltage and the length of the discharge gap but is almost unaffected by the gas
pressure. Normally, the energy deposition efficiency can be more than 82% and the average power density of
discharge plasma is 9. 36 MW/cm when the charging voltage is 26. 8 kV, the discharge gap length is 8 c¢m,
and the gas pressure is 100 kPa. The experimental results show that Al,O, ceramic surface discharge optical
pump source performs good discharge characteristics, and has a higher average discharge plasma power density
than Teflon surface discharge optical pumping source under the same conditions, which results in a better vac-
uum ultraviolet radiation intensity and a brightness temperature above 23 kK. An Al,O, ceramic surface dis-
charge optical pumping source is appropriate for optical pumping XeF, to obtain a high power XeF( C-A) blue-
green laser.

Key words: laser technology; XeF ( C-A) blue-green laser; optical pumping source ; sectioned surface dis-

charge ; energy deposition efficiency
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Fig.1 Structure schematic of surface discharge optical

pumping source with Al, O, ceramic substrate
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Fig.3  Discharge period varies with charge voltage, dis-

charge gap and pressure of mix gas
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Fig.4 Image of discharge plasma for surface discharge

20 BB SRS . ZERC B
R, HCHLAI ARSI B2 3 1 1 v BEL 2 o LA 220, T
= ZB 55 4L R e (A i B

26.8 kV, 50 kPa

AN PRI B e L B AT (1) TR
u(r) - 1940

— de
1cm R = 1
26.8 kV, 100 kPa ) i(1) ’ (D
A w(e) M R 0 (o) R FL IR, LM
P E R (L =T/ (47°C) )
BT WV, 100 kPa B S Sy NI FE e LT | i) B K LB U 451

TP B B 2 DA o
LAt AL 0 PR 20 L3 1P LR, B
HORROIEAT O 3 LI T e, AL

AR PRI, SR TR IR /N5

(CE GRS NI

3.2 MEEERE S F3C FEL T B 1, 0 P 3 P BEL S R bR, BELAEL

JHCHL 8 B Y BE TS RO A IR N, YETTSE0 s [9 BR A2 B BE. R W80

100 262-234kl:’V 1001 100
. J = =
S0k oy sl U,=26.8 kV, /=8 cm wol 8 om
a — 135KV G G 9cm
3 60t S 60t 8 60} 10 cm
g g 100 kPa g
g 40 I=8cm. p=100kpa | § 40 125 kPa 840 U,=26.8 kV, p=100 kPa
20 20 - 20+
50 kPa
0t . . N Ot , 75kPa | N - Ot _, \ ; -
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6
Time/ps Time/ps Time/ps
(a) 7S [w) 70 W WU 1T L3 T L FEL (b) AFRE AR HUE R ABCIEE IR (o) ASTRIECHL IR B L i HuBHL
(a) Discharge channel resistance under (b) Discharge channel resistance under (c) Discharge channel resistance under
different charge voltages different pressures of mix gas different discharge gaps

K5 ANFRZPE T A A i 3 R

Fig.5 Discharge channel resistance under different conditions

3.3 WMERERLAREE O e T

ST HCHS G A BB Fh O b THRE R 5 P e
R R LA DU S — T, R M R St e :
MR HUIE | FHBERE LI 6 B, Pl h K 7 § Cfert0am pmizs iea ,/
Ho LS /IR A PR RO B B, 3554 [ Z
45 T 2 T 0P O 5 9 e o 3 T B 2 T =T
B PSSR S AT K A H E R /MR A cqE
M i v I B, 40 45 v, 3 g o L R T
87N MR FE HL AL 5 R, 0k 7 b e P i ‘
N SR O B 1 4 500 6 MRIRBLIHILIE FIRA LA

S/ L FEL - T B s Fig.6  Current gradient varies with charge voltage,
/NN, ﬁ ?)lb Ei o

discharge gap and pressure of mix gas



6 ] B

L, S5 < P 8 A T FL D' TR R P 1325

3.4 BEERRYE

AR RE DTSR E SO — > A 11
PULAR B B Jd B P A RE i, W] i (2) 5
B, BT AR T IR R DTSR
2, M Rl R R U5 4 BE B DURR AR B TS L R
JE 384 T Ul ] , 9 5 A =0 AR F TR B
JERYHE TSGR o AE R TARACRN 70 i L S BE A
TR, ST L IR O 13,5 KV I, RER DURVCR K
11 95% it 7E L IR A 26,8 kV R, fE UL
USRI 22 85% oA s ok 100 kPa 8 9
110 em 3 Fof i AL [ B Fr) AE 2t 0 AR 00 Sl Ay
82.7% .85.6% H187.4% ,

Lm[u(o —L-%]i(t)dt
n 1

7CUg

(2)

r—=— /=8 cm, p=50 kPa
—e— [=8 cm, p=75 kPa
[—+— /=8 cm, p=100 kPa
|—*— [=8 cm, p=125 kPa
—— [=9 cm, p=100 kPa
768 /= 10 cm, p=100 kPla ‘ . ‘

12 14 16 18 20 22 24 26 28
Charge voltage/kV

Deposition efficiency/%
(ool
o0

K7 R DUAVICR B I | 8B R 9 A2 1L
Fig.7  Energy deposition efficiency varies with charge

voltage, discharge gap and pressure of mix gas

S IR S8 T O BHLJE T, T e i B2
FH a=R(C/L)"?/2, BRFTH LI, i 5E il
FLBELIBE /N, o] e HELBEL R L7 /1N, 1 [0] % 45 4 e S
THUBVEACAR /N, P o 900N, R R v S 30
% DUBVES — 2 A B r e e 0, 2R IR e
RUUBUCRIEAR . 3 L T BRI L [o] 5 v L
R0 [ e i S [ B 39 O, fHUZE o 55 [l e L B B AE
ARSI AR SR L W SN DRV E S N G A
A BELIE R o, R 1T H [ 1 DC O A 2, BB
EUUBRCRIE . WA AR U, R
BHAER, o] B 25 R AN AR (AT HUR A AR AR AR N, B fi
o AR 4 1Ry 1] % P DE O AR JEE , AT K 1 A 3 DR

AIRE R DLAHALR
3.5 EBETUIREE

S5 B AT A B R SN B BE T R e
IR R, T i X (3) TR . AR A
AR TR R LK 8.

—®=—/=8 cm, p=50 kPa
10F—°— /=8 cm, p=75 kPa
—4+—/[=8 cm, p=100 kPa
gt—v— /=8 cm, p=125 kPa
/=9 cm, p=100 kPa
6F—<«— =10 cm, p=100 kPa

Average power density/(mW - cm™")

l‘4 ]l6 1I8 2IO 2‘2 2.4 2I6
Charge voltage/kV

B8 AR T MR A B T 0] B A U A AR Al

Fig.8  Average power density of discharge plasma va-

ries with charge voltage, discharge gap and

pressure of mix gas

FoHH P g P D R R ) 4 S R T
B 0 oy N T N N v P 1 e
SEABIZAT R FE R, KR B2 48 &
TUURRAE T HAL 38 T R R B R R B O T AR TR
AR TR FEL T, RO o T 5 B AR ) ) R B
TE 78 H R AR AS AR B el /N ] B B, RS DL
FRTE A T A RS A2l {H 2 B) B4 B i
H S IR (R0 )N, 5 B RIOR 38 0 T 45 5 R 1)
B ol RS - e WA S A PP O A Y N Y
S MRAR /DN 3 2 PR DA 38 O A0 He B AR R T AR
TE T L3R T Y g o, HR R Bt 2 R T AR T TR
AR TECFEL L, T DA AR 2 A %o 45 B - A oy 30 %
PSRN K. TEFTH L A 26. 8 KV, il L[] B
8 em, SR 100 kPa [ 4514, AL O, i & 5=
T T30 HEL D' T D8 R A 8 - IR D R B R 3 T
9.36 MW/ cm , 5 AH [A] 52 35 45 14 2R DU 3R & I =
TR FEL 268 Y U 8 P 5 B AR 1 1) R 8. 87
MW/cm B 5 o

172

L R(1) - (1) de
- 1-T/2

dp
dx

(3)

average



1326 o DA

2%

4 % i

2B T I P AR T ) 5 SN S TR T T A
TR FLER M S I UL 5 T R A S T A1 B
FRE LR YIRG o TR DU 9 £ M 3R TR P A T U
(1 5% SN S 58 BE L E S T 4 B AR T R 1Y
JRZ ] SCHRL 20-21 [ a4l & 4t A 9
JI7 o DATET HRn] 3% TR G A IS A R A
JRE kB8 LA L 25 5 R ) SRR JRE ) I T 8 R
YIRS B TR YA O 9. 36 MW/ em, Y
S 2 VAT TR P 2T TR A1 5% A1 e i T 24
23 kK, 3CHK[ 22 1 0P 5E R BT AL O Fi %e 32 T i e
JCHAHTIRRA ZE SN SO, AR SRR, 85
RV LM HAT SR I SO ST, i AL O B
% T T PR G 2T PR 5 A R A B R R T
23 kK,

28t
26f
24}

22+

Brightness temperature/kK

I5 lIO 115 2I0 2I5
Power density/(MW - cm™ 1)
PO Sf o BE i B W S v 55 8 R 0 3 Y
fetisie
Fig.9 Radiation brightness temperature varies with av-

erage power density of discharge plasma

1 AL 25 B TR D A R R AR T DR
TR ARAS 25 52 A R T R P TR A o At
EER AT LA R A A I 1] PR R RE 2 Y BE
DURREI I S5 8 TR . B B — Pl i
R, PR R A R ) S A M) IR B PR e R R
THBERE , 3 15 SCHR [ 14 ] AP 2 1000 A G A T I AR 5%
AN S S TR LR b T BE R T AR S X — T
SR —2 AABETE A B, $ i R T R G R
DR FE A HL e /N H TR] B, ] AR 4 3
DR TCHE R 300, T DR Fe G Y 0 B e

LS T P14 EL BT SE Dak/ , ACT AC i B2 i T HL v
AT BERE [R]85 S AR D) R
WL SRR U AR T TR A Y b T BE
JEEAELTF AN RE S 0 25 THI PR 25 B TR B DR
FOk, BB m R R DU, T RE R DIRSCR S
AR AR TR 20 1) 2 DDA G, 2 iR IR as 47 7
KPR, HAETH IR R S5 A8 I AN DR C 38 5 4544
it e VIR R IL e — B4R T, 5 A FEAR
Jk b BE , DTS JS AT BED/I 1m g LU, T LR B
BB I A5 A AN A . RS B
ZLRAIRERE . il BB B R R L O AL RS
B (HRE R ORI HE 28 2 I R 2 T D8 v S D P ) X
JEE, PRI, 73 A A HL A T 1 0% v HL T BRAS e i E
B3 PR R AT U

T34 AR AL A5 B 1 AT TR g s 5 S
T, BB U, 15 W B, 33l 52 B i W]
O B A E AR o i P 2 B TR A LR A, 5240
O 2 B o R A A RO XA . PR K
ST A B A [ A R, DA RO, L
FRABH T 2 MR ARBOR , TR RS ARS8 11K
HUIRLEE , AR TR B AR 22 MR A . Pk, 3
T L DG 2R3 S T B BIR L 25 B 1 A i
i wi G R NI I PSS EE -t AW BiiB
TR RE TR S R AN IS 3 S R R S B

5 4 #®

I AL O i %5 25 T 0 HE Y62 VR 1 ik
FRPERIFST , R4S T R JE 0 L i T B R
TURRRUR A 5 B8 TR T 5% 1 45 S 4 7 v
FE i HL TR B BE SR AR L A, S e
JE R 26.8 kV, S A 100 kPa, ji5 H [E] B4 Ry
8 emZ& T, ZEIH IR M RE R VIR E KT 82%
T A B TR D) R B IR B T 9. 36 MW/ em,,

AL, O P 5 2 THT 50 R 2R R Y8 1) TR 5 8 1
ATy 25855 P A AH [ S0 A5 1T 5 DU 9 & M 2 T K
FHL R TR VAL P 5 P 56 B T AR T 2 G o AR R
DU 6L 2. s 25 T 50 P, 2 Sl 068 ) o e P 5 P A
TRIN R R 2k, 45 A AL, O, M % 3 1 i O
ST UR I SR AN SRR, K B AL O, P 5 3% T



55 6 1] O, A P R O I TR O R A A 1327

UG IR AR SR AN A S8 BE IR B nT R T 23 kK, HEE TR IIFRICH XeF (C-A) BELRHOLAR

S 3Lk -
(L] EARRE AP4] M F 4. X AN ] 2 AL R BE 10 4 G ACAR U T OB i R [T ). & 3R, 2017,43(8) 1 2724-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

2732.
WANG Y Q,ZHONG ZH,XIE J,et al. Influence of temperature on the surface discharge of insulating paperboard with dif-
ferent aging degree| J |. High Voltage Engineering ,2017 ,43(8) :2724-2732. (in Chinese)
AR ER, RAE, BRI, 5 TRl HU R PR AR SR G R AT R T T R [T ] e T EOAR 3R ,2017,32
(20) .10-19.
ZHAO Y SH,ZHANG H,CHEN W ], et al. . Analysis of surface discharge characteristics of a frequency selective metama-
terial based on epoxy resin under lightning pulse voltage [ J]. Transactions of China Electrotechnical Society,2017,32
(20) :10-19. (in Chinese)
FE, T &, A, . R DO 2 A LA R TR AR EL ] . P B J7,2018,51(3) :69-73.
ZHENG ZH,YU ZH H,DU H et al. . Characteristics of surface discharge on the interface of solid insulation and liquid ni-
trogen in superconducting applications[ J]. Electric Power,2018,51(3) :69-73. (in Chinese)
WZR, VA IR G UL 28 G A JSC T PR O A RS AR [T ] % M4 ,2018,51(7) :65-71, 76.
XU ZH L,XU J F. Micro development process of surface discharge of insulation medium with metal particles[ J]. Insula-
ting Materials ,2018 ,51(7) :65-71,76. (in Chinese)
QI H H,WANG H Y,SUN P,et al.. A comparative study of volume discharge versus surface discharge generated by nano-
second pulses in airflow with wire-to-wire electrode[ C]. Proceedings of the 13th AsiaPacific Conference on Plasma Sci-
ence and Technology, Professional Committee of Plasma Science and Technology, China Mechanics Society , Donghua Uni-
versity ,2016.
P sk, BAR R BB SR A AR R TR AR [T . e MR 42,2018 ,26(4) :866-874.
ZHOU ZH J,NIE W R,HONG ZH B. Electrocooling technology based on surface discharge of thin coplanar flat electrodes
[J]. Opt. Precision Eng. ,2018,26(4) :866-874. (in Chinese)
AT, EEA), O, R AR S5 B AT R R A AR ICECR LT ] & A ,2017,38(21) ¢ 1-
7.
PAN CH Q,YUE T L,WANG T CH,et al.. Killing effect of low-temperature plasma generated by gas phase surface dis-
charge on Penicillium expansum spores[ J]. Food Science,2017,38(21) ;:1-7. (in Chinese)
WL E R IR, IS B R AL NO BRIt sE [T ], S P A R F SR ( B AAFR) L2017,
45(4) :68-72.
SUN L SH,ZENG ZH,YUAN X D, et al.. Experimental research on NO oxidization by surface dielectric barrier discharge
[J]. Journal of Huazhong University of Science and Technology( Natural Science Edition) ,2017,45(4) :68-72. (in Chi-
nese)
CAO Y, LI J,JIANG N,et al.. The structure optimization of gas-phase surface discharge and its application for dye degra-
dation[ J]. Plasma Science and Technology,2018,20(5) :054018.
ARTEM'EV M Y,BASHKIN A S,MIKHEEV L D, et al.. NF;/H, and CIF;/H, chemical HF lasers initiated by radiation
from a surface discharge[ J]. Proceedings of SPIE ,1998,3574 :385-396.
YU L,MALY,YI A P,et al.. An optically pumped XeF( C-A) laser with repetitive rate of 10 Hz[ J]. Review of Scien-
tific Instruments ,2012,83(1) :013107.
YU L,ZHU F,SHEN Y L,et al.. A narrow linewidth and tunable XeF ( C-A) laser[J]. Laser Physics,2013,23(8) :
085006.
AE AT, BT, 2k, . RIS IR S R R G0 Mt T]. +F B 64 ,2018,11(2) :153-165.
QUAN X Q,CHEN X Z,QUAN Y Q,et al.. Analysis and research progress of deep-sea optical illumination and imaging



1328

o DA 5512 %

system[ J]. Chinese Optics,2018,11(2) :153-165. (in Chinese)

[14] BEVERLY Il R E. Electrical, gasdynamic, and radiative properties of planar surface discharges[ J]. Journal of Applied
Physics ,1986,60(1) :104-124.

[15] SCOTT S J. Long-life 2kHz X-ray preioniser| J ]. Proceedings of SPIE ,1994 ,220616-24.

[16] SZE R C. Large-area surface-discharge UV light source for materials processing applications[ J]. Proceedings of SPIE ,
1997,2987 .88-93.

[17] TUEMA F A,FOURACRE R A,MACGREGOR S J,et al.. An investigation of surface flashover across polymer and ce-
ramic substrates| C]. Proceedings of 2000 Annual Report Conference on Electrical Insulation and Dielectric Phenomena,
IEEE,2000 :43-46.

[18] FOURACRE R A,MACGREGOR S J,FULKER D J,et al.. Optical emission properties of pulsed surface discharges[ J].
IEEE Transactions on Plasma Science ,2002,30(5) :1961-1966.

[19] KNECHT B A,FRASER R D,WHEELER D J,et al.. Optical pumping of the XeF(C—A) and iodine 1.315-pm lasers
by a compact surface discharge system[J]. Optical Engineering,2003,42(12) :3612-3621.

[20] %% -F. Za@iE R R CAH RS D ] Kvb : [ B R R, 2002.

YI A P. Experimental study on optical pumping source with multichannel surface discharge[ D]. Changsha :National Uni-
versity of Defense Technology,2002. (in Chinese)

[21]  F A 63U RS A 8 A XeF (C-A) OLHIFEL D . 4% YA ARDIFE B, 2007.

YU L. Study on the high power photochemical XeF( C-A) laser with repetition mode[ D]. Xi’an:Northwest Institute of
Nuclear Technology,2007. (in Chinese)

[22] &, 3%, T4, T XeF WLEOGH MR B AM LT ], 230t 5 45 & ,2015,27(8) :081010.
HUANG CH,LIU J R,YU L,et al.. Surface discharge optical pumping source for XeF blue-green laser[ J]. High Power
Laser and Particle Beams,2015,27(8) :081010. (in Chinese)

EEE N

WO (1979—) 5 ERIT N AL, B TS 51,2002 45T PU)I R 27 3R A4 240, 2009 4R F 74
JERZHARWITE I ARAF L, T2 2N SEBOCEAR B 7 I HIFSE . E-mail :471356437@ qq. com
= L



