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The high-voltage pulse modulator based on the modern semiconductor elements is described. The modulator is
intended for use in the power supply system of LINAC helium ions injector and has the ability to smoothly adjust
the amplitude (110...150 kV) and the pulse duration (0.5...1 ms). The use of a pulse-to-peak stabilization scheme,
made on the basis of a parametric stabilizer with parallel switching of the load, made it possible to increase the ac-

celerated current at the accelerator output by 2 times.
PACS: 29.20.-c

INTRODUCTION

Ion beams are widely used in science and industry:
from high-energy and nuclear physics, material science
and inertial confinement fusion to medicine and track
membranes production [1 - 10]. The new pre-stripping
section PSS-4 of the linear accelerator of multiply
charged ions is designed to study the changes in proper-
ties of nuclear power plants structural materials during
their operation. It is possible to simulate the processes,
occurring in materials during radiation exposure in reac-
tor cores under stationary and transient operating condi-
tions, using accelerated charged particles. Such studies
include the study of the specific features of changes in
the mechanical properties and dimensional stability of
materials when irradiated by high-energy ions [2, 3].
Modeling of processes occurring in materials located in
the radiation field of the reactor core requires long irra-
diation sessions and can reach several tens of hours,
which imposes its own requirements on the reliability of
operation of both the equipment complex and the accel-
erator as a whole [6 - 10]. To reduce the test duration, it
is necessary to increase the flux density of accelerated
charged particles, which primarily depends on the sta-
bility of the power supply systems of the injector [8, 13
- 15], in particular, the high voltage pulse modulator.
This paper addresses issues related to the development
of modulators of stabilized (0.5%) high voltage pulses
(up to 150 kV) with regulation of the pulse duration
0.1...1 ms.

1. INJECTOR MODULATOR

In addition to high reliability and small dimensions,
the modulator is required to increase the pulse repetition
frequency, to suppress oscillations at the peak of the
voltage pulse and to adjust the amplitude of the output
voltage within 1...10 kV. Since changes in the acceler-
ating voltage leads to an increase in the velocity spread
of the particles injected into the accelerator and, as a
result, decrease in the output current of the accelerator,
the stability of the output signal amplitude is of para-
mount importance.

Two types of modulator, in the course of the work,
is made and tested. The first one is made on a double
forming line (DFL) with LC links. Thyristors are used
as a switching element of the modulator. To increase the
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permissible key voltage, ten series-connected thyristors
were applied, which made it possible to increase the
voltage on the key to 12 kV. A step-up transformer is
connected to the output of the modulator. The electrical
strength of a transformer is achieved by placing it in oil.

The disadvantage of this modulator type is a gener-
ated pulse fixed length. In addition it should be noted
that in such devices the duration of the pulse fronts is
determined by the delay time of the LC cell. Also, when
the modulator loads mismatch with the DFL wave re-
sistance, oscillations may occur at the pulse fronts.
When conducting experiments on the PSS-4 injector
and accelerator operation, this modulator provided the
output pulse amplitude of 126 kV for duration of 500 ps
and the frequency of 5 Hz. Experiments have shown its
reliability. Such modulators are widely used, therefore,
show schematic diagrams here do not make sense. It is
obvious that the reactive parameters of the transformer
affect the shape of the voltage pulse on the injector. The
oscillograms of the output pulse of this modulator type
in comparison with the stabilized pulse are presented in
[16 - 18]. In the process of upgrading the injector power
supply system, a modulator was developed with a varia-
ble output signal duration, which allows changing the
conditions for conducting physical experiments. Fig. 1
shows the block diagram of the modulator. It consists of
submodulator, which forms a pulse duration 0.1...0.7 ms
and a high-voltage switch. The high-voltage switch
commutes the rectifier to the output transformer of the
modulator for a time determined by the duration of the
output signal of the submodulator.

SubModulator High Voltage Key ™ Out Transformer

A

Output

Rectifier

Fig. 1. The modulator circuit block based
on a high-voltage switch

When a trigger signal arrives at its input, the sub-
modulator generates a pulse of a given duration and
voltage amplitude necessary to turn on the high-voltage
switch. The submodulator circuit is shown in Fig. 2. On
the transistor VT1 assembled amplifier, which receives
a differentiated start signal. On the transistor VT2 as-
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sembled current generator, which charges the capacitor
C2. When a start pulse arrives at the input of the sub-
modulator, the transistor VT1 discharges capacitor C2.
When the transistor is closed, the voltage on the capaci-
tor starts to increase linearly with rate determined by the
generator current. When the switching threshold of the
amplifier limiter, assembled on transistors VT3-VTS8,
reached, the amplitude of the output signal switches
from high potential to zero. To ensure high pulse current
loads at the output of the submodulator, a composite
emitter follower is installed on transistors VT7 and
VT8. The submodulator has high noise immunity and
allows changing the duration of the output signal over a
wide range [19 - 21].

1 w3

Fig. 2. Schematic diagram of the submodulator

Fig. 3 shows the diagram of the modulator high-
voltage switch. It consists of ten field-effect transistor
modules (IRG4PC40UD), connected in series, to in-
crease the amplitude of the supply voltage. This key
allows you to work with voltages up to 12 kV and cur-
rents up to 30 A. The key load is a pulse transformer

with a transformation ratio K = 20.
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Fig. 3. High voltage switch circuit

In the initial state, the transistors are closed, and the
voltage on the transistors collectors is distributed even-
ly. When a positive signal with amplitude 12 V arrives
at the gate of transistor V10, that exceeds the threshold
of opening of the transistor (7 V), it opens. The voltage
across the resistors decreases sharply, leading to an ava-
lanche-like opening of all transistors. The opening speed
is affected by the capacitance value of the capacitors
C1-C10, since it provides overcharging of the input ca-
pacitance of the transistors. Zener diodes VD1-VD10
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limit the pulse voltages on the gates within acceptable
limits, preventing the output transistors from failure.
Checking its operation for the equivalent of the load
allowed to provide the necessary voltages (135 kV) and
the pulse duration within 0.3...1.2 ms. The modulator
also allows the use of a single output transformer to
work with both modulators, increasing efficiency in
eliminating potential malfunctions. Currently, the
modulator is being tested for its entry into the accelera-
tor equipment.

2. STABILIZATION OF THE INJECTOR
VOLTAGE

The need to stabilize and adjust the voltage applied
to the injector was justified above. Stabilizing voltages
in excess of tens of kilovolts is fraught with difficulties,
since circuit elements must withstand considerable volt-
ages (tens of kilovolts) [6 - 10, 13 - 15].

The most widely known methods of voltage stabili-
zation are due to the inclusion of the regulating element,
either sequentially or in parallel with the load. However,
both of these methods require the presence of regulatory
elements that allow a high maximum allowable voltage.
The choice of such elements is limited and is represent-
ed by electro vacuum devices. Their main disadvantages
are high power dissipation (more than 200 W) and the
need to add additional nodes (bias voltage sources, rec-
tifiers) to the circuit, which increases the dimensions of
the equipment and reduces its reliability.

Currently semiconductor diodes Transient Voltage
Suppressors have appeared. They are designed to pro-
tect semiconductor transistors from overvoltages caused
by transients in power electronics. These diodes make it
possible to dissipate the pulsed power of 1.5 kW, with a
limiting voltage of up to 400 V. Their main difference
from traditional zener diodes is the reduced capacitance
of the p — n junction, which ensures switching time in
nanoseconds. The appearance of these elements made it
possible to increase the voltage to hundreds of kilovolts
due to their sequential switching on and to apply a sim-
ple parametric stabilizer scheme with parallel switching
on of stabilizing elements.

Fig. 4 shows the stabilizer circuit. In it, the stabiliz-
ing element is made of 300 1.5KE400 diodes in series,
which made it possible to obtain a voltage on this chain
of 120 kV.

D2

Rectifier

0.10kvV

1

Fig. 4. Scheme of the voltage regulator of the power
injector
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When a voltage pulse arrives at the stabilizer input
from the modulator transformer, the voltage on the di-
odes is limited to the value determined by the voltage
drop on the diodes and the output voltage of the rectifier
connected in series with the diodes. Changing the polar-
ity of the rectifier connection allows you to adjust the
output voltage, both in the direction of its increase and
decrease. Resistor R limits the current flowing through
the diodes.

The oscillograms of the injector supply high-voltage
pulses for variants a) and b) is showed in Fig. 5. Com-
parison of the shape of the initial a) and stabilized b)
pulses clearly shows the effectiveness of the stabiliza-
tion of high-voltage pulsed voltages. The measurement
results showed that the voltage instability does not ex-
ceed 1.5%.
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Fig. 5. Initial pulse (a) Stabilized pulse (b)

Fig. 6 shows the output transformer of the injector
modulator (left) and the oil tank of a high-voltage stabi-
lizer. This placement has reduced the length and number
of wires under high voltage.

Fig. 6. Modulator output transformer and high voltage
stabilizer

CONCLUSIONS

A stabilized high-voltage pulsed power source for
the helium ion linear accelerator injector, consisting of a
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submodulator and a high-voltage switch loaded onto the
output transformer, has been developed. A synchronized
pulse generator was used as a submodulator, with con-
trolled pulse duration (0.1...1 ms). The stabilization
voltage is 120 kV, with a possibility of adjusting
+12kV. Unevenness of the pulse top is within
0.5...1%. The source has a high stability of the generat-
ed signal under conditions of intense impulse noise. As
a result of the introduction of stabilization of the ampli-
tude of the pulsed power supply of the accelerator, the
accelerator current has doubled.
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BBICOKOBOJIbTHBII MOYJISATOP UH)KEKTOPA IUHEMHOI'O YCKOPUTEJIA
CO CTABWJIM3ALIMEN UMITYJIbCA HAITPSI)KEHUSI

P.A. Anoxun, C.H. /Iyoniox, H.H. I'anonenxo, A.@. Kooeu, A.H. Kpasuenxo, O.B. Manyiinenxo,
B.H. Peuuemnuxkoes, A.C. llleguenko, B.A. Comenko B.I'. Ceéuuenckuit, b.B. 3aityes, A.B. 3a6omun,
B.I'. ’Kypaenes, A.B. /Kypasnes

OnrcaH BBICOKOBOJIGTHBIM WMITYJICHBIH MOIYJIATOP, BBITIOJHEHHBI HAa COBPEMEHHOW IOJYIPOBOJTHUKOBON
JJeMeHTHOH 0aze. MoIynsaTop IpeaHa3HA4eH JUIS HCIIOJB30BAaHHUA B CHUCTEME NUTAHHUS HHXEKTOPA JIMHEHHOTO
YCKOPHUTENS MOHOB Tenist. MOAyIATOp MO3BOJAET IUIaBHO perynupoBaTh ammmmutyay (110...150 kB) u mnmurens-
HocTh uMmnyibca (0,5...1 mc) HanpsbkeHus. Mcrmonp30BaHue CXEMbI CTA0MIU3AIMH UMITYJIECA HAMPSKCHUS, BBIOJ-
HEHHON Ha OCHOBE MapaMeTPHYCCKOrO CTAOMIIM3aTopa C MapajUieIbHBIM MEPEKIIOUYCHUEM HATPY3KH, MO3BOJHIIO
YBEIUYUTh YCKOPEHHBIH TOK ITy4YKa Ha BBIXOJIE YCKOPUTENS B 2 pasa.

BUCOKOBOJIbTHUI MOAYJISITOP IHAKEKTOPA JIIHINHOT'O IPUCKOPIOBAYA
31 CTABIVIIBANIEIO IMITYJIBCY HAIIPYT'U

P.O. Anoxin, C.M. /lyontox, M.1. 'anonenxo, A.I1. Kobeus, A.1. Kpasuenxo, O.B. Manyiinenxo,
B.M. Pewuemnikos, O.C. Illesuenko, B.A. Cowmenxo, B.I'. Ceiuencoxuii, b.B. 3aiiyes, O.B. 3a6omin,
B.I'. ZKypasnvos, O.B. Kypasnvos

OrnrcaHo BUCOKOBOJBTHUH IMITYJIbCHHM MOIYJIATOpP, BUKOHAHUI Ha CYYacHii HaIiBIPOBIAHUKOBIN eIeMEHTHIN
6a3i. MoaynsaTop npu3HAYSHUH 711 BUKOPUCTAHHS B CUCTEMI KMBJICHHS 1HKEKTOpA JIIHIHHOTO MPHUCKOPIOBaya 10HiB
refnifo. MoxynaTop 1o3BoJisie TIaBHO peryimoBatu ammunityny (110...150 kB) i tpuBaxicts immynscy (0,5...1 mc)
HampyTH. BukopucranHsa cxemu crabimizallii iMIyIpCy HaIpyTH, BUKOHAHOI Ha OCHOBI apaMeTpHYHOro crabifiza-
TOpa 3 MapalelbHAM IePEeMHUKaHHAM HaBaHTAXCHHS, JO3BOIMIO 301IBIINTH IPUCKOPEHUN CTPYM ITydKa HA BHXOII
[IPUCKOpPIOBaya B 2 pasu.
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