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Abstract: Aiming at the actual demand for long pulse width of 308 nm excimer laser for medical use, a
Simulink simulation model was proposed to guide the scheme of extending the laser pulse width, and
experimental research was carried out. First, the effectiveness of the simulation model of the excitation circuit of a
typical excimer laser discharge was established and verified. Second, the discharge excitation model of a 4-level
LC peaking circuit was established based on the principle of pulse forming network, and the design and parameter
selection of specific laser structure were carried out. Experiment with a 308 nm excimer laser, an energy storage
capacitor of 60 nF and a voltage range of 20-29 kV was completed. By changing the structure and parameters
of excitation circuit, the laser pulse width was extended from 30 ns to 60 ns, and when the voltage value

of energy storage capacitor was 28 kV, the output energy was up to 407 mJ, the transfer efficiency of laser pulse
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energy was increased from 1.531% of the typical structure to 1.73%, and the high energy transfer rate under the

condition of the long pulse output of discharge excitation 308 nm excimer laser was realized. It verifies the

validity and effectiveness of the Simulink simulation model. The guiding significance is to provide the basis for

the design and application of the practical long pulse width excimer laser.
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Fig.2 Simulation model of a typical discharge excitation loop

TEZRAI . CONBERERLZS, HUZS ] i L L 2 7
LAY L T A TE AR AR BT RN A AR B Ly R IIN
AF A FLECRT BT s oM THOHE L5 Lo Ry T30 P [0 I 455850
HLJB% RoA I AR A5 4 LB

N TR 1 50 FEL SRl B P £ HE AR R 1 R 2R i
FEHFATAE AL B, iR LS . TAEARAAR L 34 H sk
ZH N RLC 552000 B o S0 F P 22 1 P P K 3 )
T TAE SR & A & i i R B b . 8t 3R B
Fe B, THE 155 308 nmXeCl HE4r T30 2% 5 4 45
BCEBHR, = 0.24 Q, HERL) = 8.51 nH,

I H 308 nm E S IO A TAE R R BRSO
20~29 kV, 456 250 FHE S - WOG AR 1 RF s, FE SR
R TR T S AR AL v, Z A RE LA C ) FE L
T, 25 7 WIMH 60 nF/27 kV; i -2 C A} 40 nF, Lo+
R RO BRH s 1 VA 5 2550 r BEL 2 A R 8% %) B i) 52 2
RETF S H, 7EHA LI 5 A E R AL T, 308 nmXeCl

e T OGRS K A M 28 1 o 2 2% A T R A0 79 3
1) B L ST (A S5 3 A B, B AU 2548 R SN AE S 24 KV,
FL ] 5 8% i 75 I5F 1) R 7, (160 ns). 7R CH B 28 & 2R T
LI, LAt 40— BEAT ] 4, (10 ~20 ns) YU B S 4K
W, Z R T RGEOG . BEART 6 S E IHE] ¢ 92
{EL Ay 8, F0 1, 1) 0, 00 HL 98l A5 A4 1 AR A oy, BRAELTT
KLt t, +1, (170 ns) B (8] 5 38 , 8 16 A 19 S 3 BT
YNGR
1.2 BB 5 B R A 1 B B TG HE

R4 ML A 308 nmXeCl fE 43 WOG A s R 3 191
% S AR TR A 81 s A 5 255 e L TR i 1) L U8 T i
FEL FEL 25 A g ) FL R 3 T, 1] 3(a) BT o

i f7 B4 SR AT LU i, 7 BB B o i A
Uity 1) L 30 O 55 S0 L R % (81 3(b)CL E IE) Wy
By s P 25 355 e BEL G ity oL P 2F 08 B8 249 Oy 32.6 s, 1ML
S A A5 2 P L TR it ) P e 82 T £ > e i, S5
WGk S8 B (18] 3(b)C2 3l IH ) 214 30 ns, 1) B4
555 45 AT, B63E T ] Simulink 477 BRI 45 15 8
FEIK TS 2% (I 5 TR B R

x10*
1.0 Pulse width
0.5 32.6 ns
> 0 ——
g —0.5
%’ -1.0 +
= LS Pulse width
—2.0 Discharge voltage
2.5
0 05 10 1.5 20 25 3.0 35 40 45 5.0
. x107
Time/s
(a) (T EILIE

(a) Simulation waveform

C1: Discharge voltage

¢

(b) LML
(b) Measured waveform

3 R MR AE e BEL L RIMEAES AL F A L T
Fig.3 Waveform of cavity equivalent resistance voltage and discharge

capacitor voltage

20210022-3



ISk A2

%113 www.irla.cn % 50 %
1.3 KEEMEBEMERHTEERNEL 10000 | Pulse width
Bk b I 246 50 K Ik 24 O 26 0 B > cooo |
GEAR L T R S0, ph LA LA L T g o0 | PN
o A UL A 6 BT, st 6 G L T S|
DI R Z, = VEJC. 24 645 v 6 1 BEL 0 DT e 2000

L i AN 23 I SR, L ST ik v 252 6 1) A e
AR TRIHAETE S48 L, i 7 20 v Y AR T b
LI, Bk Rk (] 2n VLC .

Tk T T R V3K il 5 RS TR ) ST T SR RO
i S5 PR g A B, A5 5 TR PR 0 25 T, LI
R LC WAk 1 3% R0 ] p SR f ok e
FRAL
1.3.1 3 4K PFN 4 M) 6445 EAEA

ik iR SE B 1] 5 WAk (] B 08 BSOS IE G &R, 3¢
TSR T 3 G LC WAk Il fi 1) A5 RO, A8 B4 T
B oL, 57 A&l 4 B R 4 AR RS

TEZRERS . Ry Lo 9] o 2 A BT AN 2 A v Jgs

Ca ~Qﬂ‘77ﬁ(%%§; L1~L4ﬂ\jﬂl%'ﬁ(,ﬁ]ﬂ%%@§; C,.

Lo Rol) 75 SLIF] &L 2,

TESE R Z g i R R R C M FE L L R, 24
JE WA 60 nF/27 kV; % [RHOLET PR 451 I #5 4, 1%
SE WAL 1] i S0 C€,,=C;,=16.8 nF, C,5=11.2 nH, 7EFH
PUVCEC A 2510 R, Ly ~ L3S A 1 nH, Low RyA S350
B Y4 Simulink {7 B AR AL $2 A 1A A5 84 BH BT
7 FLAS B 25 DU 9080 L2 R R A 215K 24 kv R[]
=160 ns, BE & UURLET [E] ,=10 ns, {5 ELAE R HAR T 56
2B Rt +,=170 ns.,

i AR BINE 5 Fs (ke Ie, I 58k 45 ns,
P RS I [, B R AR X S i — g Ak [l
FEAR AL B AR K K FE

T [
L R L, L, ‘
_ Lyt
B3 =C, Cou - Cp Cp v mat }
§ ’j R, ]
Sl

Pl 4 3 2% PFN S5H A FRL ) [l 7 ECASE Y
Fig.4 Simulation model of discharge excitation circuit with 3-level PFN

structure
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Fig.6 Simulation model of discharge excitation circuit with 4-level PFN

structure
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Tab.1 Pulse width with different peaking capacitance

values
Capacitance/nF
Item
14 15.4 16.8
Inductance/nH 0.8 0.9 1
Pulse width/ns 48 52 54

R 2 ANEEWN B RER X E
Tab.2 Pulse width for different peaking inductance

values

Inductance/nH

Item
1 1.5 2 2.5 3 4

Pulse width/ns 54 59 64 70 73 80
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Fig.7 Simulated waveform of impedance mismatch of 4-level PFN

structure
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Fig.8 Adjusted simulation waveform of 4-level PFN structure
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Fig.9 Schematic diagram of long pulse width laser structure
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Fig.10 Waveform of measured voltage and optical pulse width
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Tab.3 Experimental data of different laser pulse widths

Energy/mJ Energy transfer efficiency
Voltage/kV ; - - ;
Typical structure Pulse width elongated structure Typical structure Pulse width elongated structure
(Pulse width 30 ns) (Pulse width 60 ns) (Pulse width 30 ns) (Pulse width 60 ns)
25 296 270 1.579% 1.44%
26 323 307 1.593% 1.514%
27 342 362 1.564% 1.655%
28 360 407 1.531% 1.73%
29 388 428 1.538% 1.696%
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