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Abstract – A set of high-voltage pulse generators is 

described. They are used for generation of gigawatt 

microwave radiation pulses in vircator or relativis-

tic BWO with ~ 50 Ohm diode impedance. The first 

two generators are based on inductive energy stor-

age and an exploding wires switch. The output 

voltage and the power of the first generator are 

∼ 600 kV and 10 GW, respectively. The second gen-

erator provides the 20 GW and 60 GW pulses in 

the 50 and 12 Ohm vacuum diodes with FWHM 

~ 300 ns. The third generator based on Marx’s gen-

erator and water-forming line provides the 1 MV 

pulse on the 50 Ohm diode. The generators design 

and the testing results are presented. 

1. Introduction 

This work is intended to develop a set of high-voltage 

pulse generators for creation of microwave radiation 

sources of vircator and BWO types. The first two gen-

erators are based on inductive energy storage and an 

exploding wires switch, hereinafter referred to as a 

fuse [1]. The third generator based on Marx’s genera-

tor and water forming line. The principal scheme, the 

design and the testing results of the generators with 

inductive energy store and fuse are given in the first 
two sections. In the third section, it is described the 

generator based on Marx’s generator and water form-

ing line. 

2. Fuse with 0.6 MV output voltage 

The generator electrical scheme is shown in Fig. 1. 

After the multi-gap multi-channel switch S is closed, 

the capacitor C = 3.95 μF charged to 70 kV begins to 

discharge into the inductance L = 4.6 μH and the fuse 
SW. When the fuse fires, high voltage pulse appears 

across the inductance L. After that the sharpening 
 

switch SS breaks down and voltage pulse is applied to 

the load Rd. The cutoff switch, CS, is connected in 
parallel to the load. It allows controlling the load pulse 

duration. 

 

 

Fig. 1. Fuse electrical scheme 

The generator discharge current, Ig, is measured by 

Rogovskii coil. The load voltage is monitored by the 

resistive divider Ud and the capacitive probe Uc. The 

load current is measured by B-dot probe. 

The generator design is shown in Fig. 2 [2]. It is 

assembled inside the chamber filled with the  

air + N2 + SF6 mixture at pressure of 6 atm. The SF6 
amount is 30%. The energy input from the capacitor is 

realized through transition insulator 1. The inductive 

storage is solenoid 2 consisting of 6 turns of wire with 

polyethylene insulation which are winded around  

fiberglass tube 3. Fuse 4, operating in atmospheric air, 

is located inside this tube. The sharpening switch is 

the gas gap between electrode 5 and high voltage elec-

trode 6 of interface. The interface consists of 12 poly-

ethylene rings with metal grading rings in between. As 

the switch breaks down, voltage pulse is applied to the 
vacuum diode with cathode 7 and plane anode 8. The 

load pulse duration is controlled by the position of 

movable ground electrode 9 of the cutoff switch. 

Fig. 2 shows also the positions of resistive voltage 

divider 10, capacitive probe 11, Rogovskii coil 12, 

and B-dot probe 13. 
 

 

Fig. 2. Fuse design 
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The gap in the sharpening switch can be varied 

from zero to 30 mm. The maximum gap in the cutoff 

switch is equal to 50 mm. The value of these gaps can 

be adjusted from outside without opening of the gen-

erator chamber. 

The fuse is an array of parallel copper wires with 

diameter of 72 μm. Wires are winded on the plane 
frame consisting of two brass electrodes connected 

with pair of the 800 mm fiberglass rods. The wires 

optimal number is equal to 36. 
Figure 3 shows voltage and current traces of the 

generator operation. The short circuit current ampli-

tude, I0, is equal to 65 kA and it reaches at 6.6 μs. 
With the fuse in the discharge circuit, the current trace 

start to deviate from the short circuit current at the 

time moment ~ 2 μs from the pulse onset. It indicates 
on wire resistance increasing with current rise. Metal-

lic conductivity disappears at the time moment 

~ 5.5 μs. At this moment the fuse fires, and the current 
falls down. This results in the voltage generation Ud 

with the peak exceeding 500 kV. 
 

 

Fig. 3. Voltage and current traces 

Figures 4 and 5 show typical waveforms of the 

fuse and load voltages, Us and Ud, the fuse and load 

currents, Ig and Id, the load power Pd and calculated 

impedance of the sharpening switch Rss. The load in 

these shots is the equivalent water 40 Ohm resistor. 
The generator and load currents overlap at the pulse 

end, so there are no losses in the fuse. When the gap in 

the sharpening switch increases, the switch breakdown 

occurs at higher voltage and the load voltage deriva-

tive dV/dt increases. The gap increase from 5 mm to 

15 mm provides the load current rise rate increasing 

from 0.25 kA/ns to 0.5 kA/ns. The peak load power 

reaches at the time moment of 100 ns and 60 ns for the 

5 and 15 mm gaps, respectively. From Figs. 4 and 5, 

one can see that the sharpening switch resistance falls 
down up to the level of 1.5 Ohm only at the time mo-

ment of 60 ns after breaking down. This increases the 

load current rise time. For the 15 mm gap, the peak 

load and switch voltages are about 600 kV and 

640 kV, respectively. For the 5 mm gap, these volt-

ages are almost equal – about 640 kV. The load power 

is equal to 9 GW in the first case and 10.5 GW in the 

second one. Peak fuse voltage of about 1 MV is ob-

tained in the shot without load. This value corresponds 

to electric field strength along a fuse length of about 

∼ 12 kV/cm. 

 

Fig. 4. Waveforms for 5 mm gap in sharpening switch 

 

Fig. 5. Waveforms for 15 mm gap in sharpening switch 

Vacuum diode impedance decreases during pulse 

and diode current continues to rise when the applied 

voltage falls down. This may result in too high current 

to the pulse end that could destroy the anode foil 

which is used for electron beam output in vircator. On 

this reason, the cutoff switch is provided in the gen-

erator. It allows controlling the output pulse duration. 

The voltage pulse FWHM can be reduced from 

∼ 100 ns to ∼ 40 ns as the gap value in the cutoff 
switch decreases from 50 to 35 mm. By this diode 

current follows voltages trace much better preventing 

anode foil destroying. 

3. Fuse with 1 MV output voltage 

The generator electric scheme is shown in Fig. 6. The 

primary Marx’s generator discharges into series stor-

age inductance and the fuse SW. When the fuse ex-

plodes, high voltage pulse appears on the sharpening 

switch SS. After it’s breaking down, voltage applies to 

the diode Rd. The cutoff switch CS is connected in 

parallel to the load and allows controlling the load 

pulse duration. 
 

 
Fig. 6. Fuse electrical scheme 

Figure 7 shows the generator design [3]. The pri-

mary energy store discharges through coaxial trans-

mission line with conical insulator 1 at the end into 

series 10 μH inductance 2 and the fuse 3. Inductance 2 
is molten into polyethylene block 4. The fuse consists 

of copper wires wounded on the rectangular frame-
works located inside polyethylene block 4. 



Oral Session 
 

317 

 

Fig. 7. Fuse design 

When current reaches the threshold value and 

wires explode, induced high voltage pulse is applied 

to the sharpening switch which is formed by elec-

trodes 5 and 6. The switch breakdown voltage is ad-
justed by the gap dimension between these electrodes. 

After gap breaking down, voltage is applied through 

the high voltage insulator consisting of polyethylene 7 

and metal rings to the diode with cathode 9 and anode 

10 locating in vacuum chamber 11. The current and 

voltage probes set 12–15 is used to control installation 

performance. The generator discharge and fuse cur-

rents are measured by Rogovskii coils, the diode volt-

age is measured by E-dot probe, the generator output 

current is measured by B-dot probe. 
Results with 50 Ohm diode. In these experiments, 

the primary storage is one-section Marx’s generator 

with the 0.53 μF erected capacitance. At the 50 kV 
charging voltage, Marx’s open circuit voltage is 

300 kV and the stored energy is 24 kJ. 

Vacuum diode is installed inside the chamber with 

the 390 mm inner diameter and the 240 mm length 

(Fig. 7). The cathode is made in the form of conical 

electrode with the 82 mm length and the 80 mm/60 mm 

diameter ratio. The emitting cathode surface is made 

of velvet. The anode is the 380 mm diameter metal 
disc with the 2 mm thickness. The anode-cathode gap 

in the diode is 60 mm. 

The fuse consists of two rectangular frames of the 

792 mm length each. By increasing the number of 

wires from 10 up to 20, the fuse current rises from 22 

up to 33 kA, and the wires standing time does from 

1.7 to 2.8 μs. The load voltage grows from ~ 0.9 MV 
up to ~ 1.2 MV. The generator discharge, Ig, switch, Is, 

and load, Il, currents are shown in Fig. 8. At the wires 

quantity equal to 14, the wires standing time is 

~ 2.1 μs and the fuse current does 28 kA. The fuse 
operates in the regime with current pause. The diode 

voltage, Ud, the currents in the gas and vacuum vol-
umes, Il and Id, are also presented in Fig. 8. The cur-

rents Il and Id are rather similar indicating small cur-

rent losses. The peak diode voltage reaches ~ 1.1 MV, 

the electron beam current does ~ 20 kA, and the out-

put pulse FWHM is equal to ~ 370 ns. For getting 

such pulse duration, the fuse volume is filled with 

nitrogen at the 2 atm pressure. The e-beam power 

reaches ~ 21 GW, the diode impedance is ~ 56 Ohm. 
 

 

 
Fig. 8. Waveforms for 50 Ohm diode. 

Results with 12 Ohm diode. In these experiments, 

two more sections are added to Marx increasing its 

capacitance from 0.53 to 1.6 μF. The generator is 
charged to 60 kV resulting in the open circuit voltage 
of 360 kV and the stored energy of 104 kJ. 

The diode cathode is the 290 mm diameter metal 

disk with the 260 mm diameter emitting surface made 

of velvet. The anode-cathode gap is 44 mm. 

To get the fuse current of ~ 80 kA, the number of 

wires is increased to 82. The total wire mass is equal 

to 6.5 g. However, the fuse does not operate in the 

regime with current pause: after dropping to zero the 

fuse current appears again. This limits the e-beam 

power at the ~ 50 GW level, the voltage pulse FWHM 
does not exceed ~ 200 ns. To avoid these restrictions, 

the fuse length is increased in two ways. The first, the 

length of the external bore is increased from 200 mm 

to 630 mm. In this case, the fuse is made of three 

frameworks of the 738 mm length each. The second, 

the fuse is made of five frameworks of the 316 mm 

length each. On the frameworks ends the square poly-
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ethylene plates are installed with the dimensions of 

100 × 100 mm2 and the 5 mm thick. These plates al-
low to increase the length of wire winded up on 

frameworks up to ~ 1900 mm. Both designs provide 

possibility to operate in the regime with current pause 

at the 28 kJ energy losses in the switch (Fig. 9). The 

fuse bore is filled with nitrogen at the 4 atm pressure. 

The wires standing time is ~ 6.3 μs, the fuse peak cur-
rent reaches ~ 80 kA. The diode and load currents are 

similar, the diode voltage rises to 0.85 MV, the e-

beam current is ~ 70 kA. The diode voltage FWHM 

reaches ~ 310 ns, the e-beam power does 60 GW, the 
diode impedance at peak power is about ~ 12 Ohm. 

 

 

 

Fig. 9. Waveforms for 12 Ohm diode 

4. STEND Accelerator 

As a primary energy storage of the accelerator it is 

used Marx’s generator consisting of the 33 stages [4]. 

The generator erected capacitance is equal to 12 nF, 

the inductance is 12 μH. After switching the generator 

during ∼ 1 μs charges water line with the impedance 

ρ = 5.3 Ohm. The forming line switches to the diode 
through gas switch with the SF6 pressure 6–8 atm. The 
gas switch separates the water volume of the forming 

line and the diode vacuum volume. For insulator elec-

tric strength increasing, the dielectric insulator sur-

faces are shielded by a set of the inserted metallic  

 

shields [5]. The diode voltage pulse duration is ad-

justed by trigatron switch. 

Typical diode voltage and current traces are shown 

in Fig. 10. These traces are obtained for the diode with 

the ring blade cathode. The voltage during 10 ns rises 

to ~ 1 MV, the voltage pulse FWHM reaches 

~ 400 ns, the peak diode current does ∼20 kA. 
 

 

Fig. 10. Voltage and current waveforms 

5. Conclusion 

The inductive pulse generators with the explosive wire 
switch and the electron accelerator based on Marx’s 
generator and water forming line are designed, pro-
duced and tested. These generators provide possibility 
to control the load pulse shape by using the sharpen-
ing and cutoff switches. The presented high-voltage 
generators are characterized by high reproducibility of 
the pulse applied to the diode. The current and voltage 
amplitude spread is within ~ 5–10%. These generators 
are used for obtaining of gigawatt high-frequency ra-
diation pulses in vircator and BWO with the 
~ 50 Ohm diode impedance [6]–[7]. 
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