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Design of high stability nanosecond pulse power supply based
on one-stage Marx compression

Yao Xueling',  Jiao Zijia',  SunJinru', ChenBei’,  Chen Jingliang'
(1. State Key Laboratory of Insulation and Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China;
2. Beijing Institute of Radio Metrology and Measurement, Beijing 100854, China)

Abstract: In response to the lack of standard nanosecond high-voltage pulse power supply, this paper carries
out the circuit analysis, structural design and performance testing of high-stability nanosecond high-voltage pulse
power supply. By establishing the equivalent circuit model of nanosecond pulse generator, the circuit parameters of 5-
stage primary pulse generation and the influence law of one-stage compression steepening gap on the characteristics of
nanosecond pulse are obtained by simulation. The nanosecond high-voltage pulse power supply structure design and
low jitter corona stabilization switching characteristics are studied to establish a nanosecond pulse power supply
system with highly stable output. Development of a nanosecond resistive voltage divider and establishment of a scale
factor calibration method based on a combination of nanosecond and microsecond scale transfer calibration tests are
made to accurately obtain the scale factor of the nanosecond resistive voltage divider. The pulse power supply output
characteristics test results show that the nanosecond pulse power supply system can output exponential nanosecond
pulses with a rise time of 2.3 ns+0.5 ns and an amplitude range of 10—60 kV; the relative standard deviation of the
output pulse voltage in the full amplitude range is within +1.5%.
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Table 1 Circuit parameters of the one-stage compression circuit

capacitor/pF inductance/nH resistor/Q
primary pulse circuit 500 ~1000 ~2
steepening circuit 200 100 —
load resistor — — 50

065002-3



weOoW s 5 Ol TR

— G ok i TS 45 [0 g 14 7 EL IS PR AT T

7E 20 KV R LR A5 F T, — Rkl s 405 [0 386 1) 0 R0 ok nfr by, i o8 45 R AN 181 3 B3R 2 7 o NS R ml 1, B
WG A 5] B2 30 A BT 1) ) 3 38, — 0% s 5 290 0 Ik oo ) i £ oL T O, (5 B o AR A 5 (D AR 90 bk i ) P T 3
i, BEAL 4R 98B0 Bk ot i) LT 1) A8 . e A, Bt BE A 18] B2 3l 11 I 18] B SE 3R, 0 ik b 4 38 1 B 4R V% B4 8
Wi 2, X5 Marx &A= 1] 6 v 8 J8C R T SR VR TR I 48 Gk SRS A KOG F, W09 Marx Jik i & A= [l % o (1 i
AERLA | BTk F 0 o B P ) B 56 [ A o 67 2 R 3 i 1 D K b i FE IR ¥, IX ARG R LIAT 3 (e) S 4 3(f)
b o Zia Oy BLAE R T LUA 2, BEALIT 207 20 ns Ze 47 W, it A0 R bk o o s 540 800 SN AF 5 B0 64 b ol XL K e
(AT REAIE , IS — 2 fok v et 3 i ok i FRL TS )b R E) DA 3.5 ms ZE A o

20 20 25

————initial pulse ———— initial pulse ————initial pulse
I ————compression I ———— compression 3 ———— compression
15 pulse 15 pulse 20 pulse
Z10 Z10 Z1s
S N N
S5t St 5

§
steepening f steepening

0 moment 16 ns 0 moment 19 ns 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
t/ns t/ns t/ns
(a) 16 ns (b) 19 ns (c)25ns
30 30 — 30 —
initial pulse ————initial pulse ————initial pulse
251 . 25 . i 25+ —«—— compression
—« compression compression p:
20l pulse 20l pulse 20l pulse
> > >
15 15 15
S S S
104 10+ f 10 +
5t steepenitlg St steepeningg 5r steepening
0 0 moment 40 ns
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
t/ns t/ns t/ns
(d)35ns (b) 40 ns (casel) (c) 40 ns (case2)

Fig. 3  Effect of steepening moment on the output of nanosecond pulse generator
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Table 2 Effect of steepening switch action time on nanosecond pulse voltage parameters

rise time/ns peak output voltage/kV
steepening time/ns efficiency/%
primary pulse compressed pulse primary pulse compressed pulse
16 11.58 4.492 14.15 12.94 91.45
19 12.97 3.438 16.08 14.48 90.05
25 16.70 2.809 21.12 18.89 89.44
35 21.59 2.305 28.17 21.59 76.64
40 21.88 2223 28.40 20.41 71.87
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Fig. 6 Structure and electric field distribution of corona stabilized discharge switch in Marx generation circuit
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Fig. 7 Discharge time delay and jitter of corona stabilized discharge switch
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Fig. 9 Square wave response of the sensor involved
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Fig. 11  Output waveforms of nanosecond power supply
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Table 3 Output characteristics of nanosecond pulse power supply

voltage amplitude at each voltage block/kV

ne- 15kV 25kV 35kV 40 kV 50kV 60 kV
1 14.88 24.16 35.55 40.10 50.60 59.78
2 14.90 24.65 34.72 39.86 49.89 57.90
3 15.24 23.87 34.38 39.59 49.87 61.06
4 15.03 24.48 34.93 39.65 51.35 60.24
5 14.76 24.17 35.34 40.17 51.49 59.51
6 14.79 24.49 34.48 39.39 51.09 61.03
7 14.91 24.35 35.98 39.61 50.33 58.55
8 15.01 24.75 34.71 39.88 50.28 59.07
9 15.14 24.47 34.50 40.10 50.55 59.04
10 14.77 24.18 35.66 39.71 49.85 60.64
11 14.15 24.32 35.92 40.36 51.06 59.06
12 14.88 24.15 35.30 39.42 51.73 59.51
13 14.78 24.49 34.99 39.36 50.24 59.05
14 14.89 24.05 3445 39.69 51.37 59.44
15 14.88 24.68 35.13 39.66 50.65 58.57
16 14.89 24.84 34.38 38.97 51.35 59.04
17 14.87 24.50 34.88 39.95 50.66 58.68
18 14.80 24.79 34.71 39.88 50.69 60.64
19 14.91 23.68 3545 40.66 50.24 58.67
20 15.22 24.22 34.93 40.05 50.23 60.23
21 14.88 24.17 34.71 39.65 49.84 60.16
22 15.00 24.33 3447 40.10 50.59 59.49
23 15.14 24.32 34.68 39.86 50.68 60.98
24 15.00 24.04 35.13 39.36 50.57 59.91
25 15.14 24.00 34.54 39.92 52.67 59.44
26 14.65 24.34 34.11 39.61 49.46 59.09
27 15.01 24.67 33.99 39.70 50.67 59.48
28 14.92 24.69 34.92 39.79 49.86 58.56
29 15.12 24.15 34.71 39.61 50.92 59.10
30 15.12 24.54 34.68 40.05 50.96 59.07
average value 14.92 24.35 34.88 39.79 50.66 59.50

standard deviation (relative standard deviation) 0.21(1.383%) 0.29(1.171%) 0.49(1.417%) 0.34(0.845%) 0.68(1.336%) 0.82(1.375%)
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