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Simulation of magnetically switched compression
discharge circuits for pulsed gas lasers

YUAN Xinrong, ZUO Duluo, WANG Xinbing
( Wuhan National Laboratory of Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to reduce discharge delay jitter of all solid state magnetic pulse compression discharge circuit for pulsed
gas laser, the circuit was simulated with the pspice software including the full process of charging, magnetic switch resetting and
discharging. The simulation results show that 1V jitter of initial storage capacitor voltage causes Sns ~ 10ns jitter of discharge time
and the discharge jitter decreases with the increase of the charging voltage. It was found in experiments that the discharge jitter
can be reduced from ps level to ns level by applying a special two-stage coupled resetting circuit. The results show that the key to
reduce the jitter is that the magnetic cores can be reset to a steady state with high frequency alternating current (AC) ripple in

the process of charging through the resetting circuit so that the magnetic switches and saturable transformer can work more steady.

The simulation model can provide a reference to the design of low jitter pulsed discharge circuits.
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Fig. 1 Magnetic compression pulse discharge circuit

2 Hi&H PSPICE (&

2.1 ®EEHIZIT SUIE

PSPICE J&—#h)" 12 BIB9S i Bk A, HoAy
SRR HINRE . TR BT A, W ZEAR G LS
PRS- R AT o R R T SR R A A K oA T

AR DU 17 76 TG P b Tl
A5 71 A 77 1) OD80/120 x 20 78 4k 6 4 40 45
FCHUAS S BT R AT K L, =314, 2mm K
A A, =280mm”  HEL LBV SR BE B, = 1. 27T, il
BRI E B, = 1. 18T, AR B 536 o, = 1. 258 x
10°, TR T 25 , o0 32350 0 ) 2 0 S e [ 2
B-H (8128 ( B g RERON 3R 8, H W REALSREE ) | o] LA it
A 2 A B R B R 7 2R A . A Sl
L AR | PRSI S R RS ey
RS R 122 IR 2 o By RETT S T A Sty
A HLA BT R P R B A 25 RS A —
BT DI RO IF 36 RS | A ]
LI H 4y A B o T 1% 4 R B e 1
TFXERIR 2 B LEAL 3 0,2 B IT SRS 4 B
RS 4 T, W HLADR VI FEBE R 4 ARG SR
MACEL Ry 1:22,

Table 1 ~ Parameter of magnetic core model

parameter value
effective air-gap length Ocm
magnetization saturation 1 x10°A/m
thermal energy parameter 1A/m
domain flexing parameter 0.1
domain anisotropy parameter 15A/m
mean magnetic cross-section 2. 8cm?
mean magnetic path length 31.4cm
stacking factor 1
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Fig.2 Magnetic core B-H curve
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Fig.3 Magnetic core reset circuit
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Fig.4 Magnetic induction changes in different reset current in simulation
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Fig.5 Simulation waveform of point 6 and point 8 in circuit
a—simulation waveform of point 6 in Fig. 1 ~ b—simulation waveform of

point 8 in Fig. 1
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Fig. 6 Eexperiment waveform of point 6 and point 8 in circuit

a—experiment waveform of point 6 in Fig. 1 ~b—experiment waveform of

point 8 in Fig. 1
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Fig.7 Discharge waveform with different initial charge voltage in simulation
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Fig. 8 Discharge jitter caused by the initial charge voltage jitter in simula-

tion and experiment
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Fig.9 Reset circuits of two stage magnetic switch
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a—without reset circuit b—with reset circuit
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Fig. 11  Discharge time jitter caused by different intial capacitor voltage in

simulation

a—without reset circuit b—with reset circuit
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Fig. 12 Induction changes of the first magnetic core with different intial ca-
pacitor voltage in simulation

a—uwithout reset circuit b—with reset circuit
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