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Study on Low Pressure Discharge Character of Capillary Discharge

Abstract

CHENG Yuan-li', ZHAO Yong-peng', GAO Ying-jian',
XIAO Yi-fan', LIU peng', WANG Qi', Yang Da-wei*

! National Key Laboratory of Tunable Laser Technology ,
Harbin Institute of Technology, Harbin, Heilongjiang 150001, China

?China Institute of Atomic Energy, Beijing 102413, China

The breakdown characteristics of capillary discharge are measured in Ar and He gases within the pressure

range from 120 Pa to 10 Pa, which is the range for lasing by capillary discharge. The experimental results indicate
that at least ~ 10 kV of discharge voltage is required for the breakdown of gas filled in a capillary of 3 mm in

5 5

possible to obtain the same current peak value at the same discharge voltage for different lengths of capillary.
(=]

diameter and 90 mm in length, which is much higher than that needed in parallel electrode system. The breakdown
laser technique; capillary discharge; breakdown voltage; impedance characteristics; X-ray laser

voltage is also greatly affected by the surface shape of electrode in low pressure. Studies show that the impedances of
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capillary for different lengths of gas column under the different discharge voltages represent the same character. The

impedances reach the same minimum of ~5  when the discharge currents reach the peak value, which makes it
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Fig. 1 Schematic diagram of the capillary discharge setup

internal tube
s o e o o o g

i r e s
| |
| | |
Ry = [ o
Sy | b I iR e
¢ M S
¢ | U H5Eer
! !
J !r——1! i i C*R, ¢ E
n» — 7 T LR A
P It J || middle jtube oot ) ]L ;
i/ i ¢ k g ¢
WL e
Rul| 1L} ==C, || Re i
=r=Cy L H | r i
t H
g | IHIORJ 1N
| (a—— o
(R § SOV S § M
Marx main cover tube capillary
switch Blumlein

B2 = Bk b X = 40 4 0 F 55 5K R B IR
Fig. 2 Equivalent electrical circuit diagram of charge

circuit from Marx to Blumlein line

3 YA UK v B Tk F AR A
RET PRA8 B X S OB i KB T RE BT

300 kV
switché
triger
i B
T G
.
220V ’E 10 kV -

S

o

B3 TRk o B

Fig. 3 Equivalent electrical circuit diagram of pre-pulse
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Fig. 5 Voltage and current waveforms of pre-pulse discharge
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Table 1 Comparison of breakdown voltage for different pressure of Ar and He gas

Ar gas, the length of the column
is 7 cm and the value of the

Ar gas, the length of the column
is 9 cm and the value of the

He gas, the length of the column
is 9 cm and the value of the

Prjsl:ure current peak is 24 A current peak is 26 A current peak is 30 A
¢ Breakdown voltage Duration Breakdown voltage Duration Breakdown voltage Duration
/kV /us /kV /ps /kV /us

130 8.5 0.3 9.0 0.28 18.0 2.0
120 8.5 0.3 9.0 0.3 18.0 2.6
110 8.5 0.3 9.0 0.3 18.0 2.8
100 8.5 0.3 9.0 0.3 18.0 3.2
90 9.0 0.4 9.0 0.32 18.0 3.4
80 9.5 0.32 9.5 0. 36 18.0 4.0
70 10.0 0. 35 9.8 0. 36 18.0 4.5
60 12.0 0.5 12 0.5 18.0 8.0
50 13.0 0.6 12 0.52 18.0 20
40 14.0 1.0 13 1.0 18.0 >100
35 14.0 1.6 13.5 1.8
30 14.2 2.8 13.5 3.8
25 14.2 4,8 13.5 5
20 14.2 7.5 13.5 11.0
15 14.2 10.0
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Fig. 6 Voltage and current waveforms of pre-pulse discharge
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Fig. 7 Variation of the inductance of capillary

discharge against Z-pinch radius
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