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Abstract – This paper presents design and tests of 
0.5 MA generator with variable pulse shape with 
risetime in 300-600 ns range. Main parts are: stor-
age capacitor (3.95 μF ~ 12.6 kJ at 80 kV), multi-
channel coaxial switch, strip transmission line, 
pulse forming block (two versions are considered 
here), and load. Jitter from shot to shot did not 
exceed 10 ns in the experiments. It allows to use 
such generator as in parallel installed module for 
installations with several MA current amplitude. 

1. Introduction 

Current generators with variable pulse shape are re-
quired for isentropic compression experiments [1]. 
Two types of capacitor modules have been developed 
and investigated with different schematics of current 
regulation: with use of intermediate capacitor and 
multichannel multigap switch (Fig. 1а) and with wire 
opening switch in combination with switch with di-
electric surface breakdown (Fig. 1b). 

This paper describes design of main module ele-
ments and results of experiments for two schemes at 
operation on load equivalent. 
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Fig. 1. Principal electrical schemes of module. 
С1, L1 –primary storage; 
C2 –intermediate storage; 
L3, R3 – Load. 
 
___________________ 
1 The work was supported by ITHPP 

2. Primary circuit of the generator 

Current generator is made on base of capacitive stor-
age, which is connected to the load or pulse forming 
block through low inductive switch and strip transmis-
sion line. 

HAEFELY capacitor (3.95 μF and 90 kV) is used 
as storage capacitor. Coaxial switch (20 channels, 7 
gaps) has been developed for the generator. On princi-
ples of design and operation switch is similar to de-
veloped earlier [2, 3]. Switch cross section is shown in 
fig. 2. 

 
Fig. 2. Switch design. 

 
Switch commutation is provided at breakdown of 

spark gaps between potential electrode 2 and interme-
diate spherical electrodes 3, which are fixed on insula-
tor body 4 with special screws. Voltage is distributed 
through gaps by active voltage divider (resistors are 
mounted in grooves and not shown on the drawing). 
Conductive rubber cord with high specific resistance 
equalizes voltage on channels. Switch operates in air 
at atmospheric pressure. Triggering is provided by 
pulse of negative polarity from external source. 
Switch inductance is ~ 8 nH, stability in time ~10 ns. 
Switch is inserted between H.V. terminal of the ca-
pacitor 1 and top electrode of the strip transmission  
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line 5. Bottom line electrode is connected with metal 
body of the capacitor. Width of transmission line is 
520 mm, insulation between line electrodes – polyeth-
ylene sheet with 4 mm thickness. 

At load only as short-circuited strip line (~ 1 nH 
inductance) current in circuit rises from 470 to 800 kA 
at change of the C1 cap charging voltage from 50 to 
80 kV. 

3. Diagnostics and load equivalent 

Diagnostics system incorporates inductive current 
probes (machined in body of the current return elec-
trode) and active voltage dividers. Next signals were 
monitored: inductive signals in primary circuit and 
load dI1/dt and dI2/dt; voltages before sharpening 
switch U1 and load voltage U2. 

 
Fig. 3. Module with intermediate capacitive storage. 

1–primary capacitive storage; 
2–main switch; 
3–intermediate capacitive storage; 
4–sharpening switch; 
5–load transmission line. 

 
 Resistive-inductive element was used as load in 
these experiments. Load equivalent was made as 
short-circuited strip line from stainless steel foil (0.1 
mm thickness, specific resistance 76 μΩ⋅cm). Electri-
cal parameters of the load equivalent were varied by 
change in length of the strip line and insulation thick-
ness between electrodes. Typical load parameters are: 
L3~20 nH, R3~24 mOhm. 

4. Variants of pulse formation schemes 

4.1. Scheme with intermediate capacitive storage 

Fig. 3 shows design of module with intermediate ca-
pacitive storage. Intermediate storage block is assem-
bled from 6 capacitors IEK-100-0.17, connected in 
parallel (~1 μF total). Bottom terminals of capacitors 
are connected to the bottom grounded electrode 
through the post-hole convolutes, top terminals – to 
H.V. electrode through the special bus. Sharpening 

switch 4 is installed in cut of the H.V. electrode be-
tween capacitors block 3 and the load line 5. There are 
5 gaps and 9 discharge channels in the switch. Sharp-
ening switch is divided on two parts. Top volume is 
filled by glycerin  (ε~40). It provides capacitance be-
tween electrodes, which is sufficient for homogeneous 
voltage distribution on switch gaps at the intermediate 
capacitor charging. Breakdown of spark gaps occurs 
in bottom part, filled with gas. Nitrogen, argon and its 
mixtures at atmospheric pressure were used as opera-
tional environment for the sharpening switch. Break-
down voltage of the switch has been varied by change 
of gas composition in the switch. It, in turn, results in 
change in pulse current shape. 

 
Fig. 4 Load current waveforms for different moments 
of the sharpening switch firing. 
 
 Fig. 4 demonstrates possibility to vary pulse shape 
on the load L3=20 nH, R3=24 mOhm at 80 kV charg-
ing voltage in module on fig. 1a scheme. These results 
are summarized in table 1. Here Tz – time to the 
sharpening switch firing; Tmax – rise time of the load 
current up to maximum; Imax – current amplitude on 
the load; Usw – breakdown voltage of the sharpening 
switch. First row of data in the table corresponds to 
shot with short-circuited sharpening switch. 

 
Fig. 5. module with wire opening switch. 

 1–capacitive primary storage; 
 2–main switch; 
 3–wire opening switch; 
 4–sharpening switch; 
 5–load transmission line. 
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4.2. Scheme with wire opening switch 
 
Pulse forming block consist of wire opening switch 
and sharpening switch. Fig. 5 presents design of this 
block. Wire switch 3 consists of two frames 368×124 
mm2, mounted vertically in parallel to each other. 
Each frame is assembled from two duralumin elec-
trodes and two fiberglass insulators. Copper wire 
(0.09 mm) is placed in grooves machined in elec-
trodes. Length of wires was ~ 100 mm, number of 
parallel wires ~ 84. Electrical connection of the wire 
switch with bottom electrode of strip line was made 
through post-hole convolutes. Dielectric cover pre-
vents expulsion of evaporated wire materials after 
shot. Closing switch with self-breakdown on dielectric 
surface is built in the upper electrode at ~100 mm dis-
tance from the wire switch. Triggering time and, re-
spectively, pulse shape at the load can be adjusted by 
the surface switch gap. Load equivalent is installed 
downstream of the surface switch through the load 
transmission line 5. 

 
Fig. 6 demonstrates current pulse waveforms in the 

module primary circuit and on the load (L3=20.8 nH, 
R3=24.5 mOhm) for scheme fig. 1b. at 80 kV charg-
ing voltage and gap change in the surface switch from 
0 to 8 mm. Gap decrease result in earlier switch clos-
ing, appearance of slow foot in pulse and increase in 
current amplitude. Table 2 summarizes obtained re-
sults for 3 gaps. 

4. Conclusion 

Two types of capacitor modules with variable pulse 
shape have been developed: one on base of intermedi-
ate capacitive storage, another one on base of a wire 
opening switch. 

 Both type of modules proved possibility to get 
current with amplitude ~500 kA and rise time to 
maximum ~300 ÷ 600 ns on load with parameters ~20 
nH, ~24 mOhm. 
 Jitter from shot to shot for the whole system does 
not exceed 10 ns, which allows to use such generators 
as modules, installed in parallel, for installations with 
several MA current amplitude. 

 

 

 
 

Fig. 6 Currents in primary circuits and on the load. 
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Table 1. 

№ Tz, ns Tmax, ns Imax, kA Usw, kV Gas 
1. 0 737 580 - - 
2. 137 598 560 26 100%Ar+0%N2 
3. 182 562 560 38 90%Ar+10%N2 
4. 222 521 560 48 80%Ar+20%N2 
5. 248 502 560 53 60%Ar+40%N2 
6. 268 487 555 58 40%Ar+60%N2 
7. 295 458 550 65 20%Ar+80%N2 
8. 310 470 530 68 0%Ar+100%N2 

 
 
Table 2 

Gap value Load current de-
lay 

Load current ampli-
tude 

Time to maxi-
mum 

Maximum dI/dt on 
the load 

8 mm 320 ns 420 кА 310 ns 4.1 кА/ns 
4 mm 240 ns 435 кА 385 ns 4 кА/ns 
0 mm 0 465 кА 600 ns 3 кА/ns 
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