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This paper presents compact power supply system for the helium ion linac’s injector. The system consists of
high-voltage modulator, power supplies of cathode filament, solenoid and arc modulator. It is designed on modern
semi-conductor base. Using of the designed power supply system allowed to decrease the power consumption and to
get rid of spurious capacitances and pickups. As a result of improving the continuous adjustment modulator and
high-voltage pulse stabilization scheme, the accelerated beam current has increased twice.
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INTRODUCTION

One of the basic blocks of the helium ion accelera-
tors is the injector which provides getting required par-
ticles and injects them into the accelerating space. Func-
tioning of the injector requires cooperation of pulse and
analog devices forming the injector power system, that
consists mainly of power supplies and pulse modulators,
the output voltage range of which is from tens of volts
to hundreds of kilovolts.

The injector’s power system consists of: filament
power supply (~1 kW); power supply of the focusing
magnet system with output current up to 5 A and 15 V
voltage, modulator of the arc and modulator of the injec-
tor. The arc modulator must give the pulse with about
200 V amplitude and up to 800 V overshoot and up to
1.5 A current. As for injector modulator, it’s required to
get the 130 kV (on the 400 kOhm load) amplitude that
must be linear control. On this understanding, severe
requirements are imposed to the peak of the pulse [1, 2].
The specialty of such construction of the injector is the
direct coupling of all the power supplies with the high
voltage (140 kV). So, all the power supplies (except
high voltage modulator) are placed in the isolated
screened corona shield cover (CSC), which isolates
them from power feeders by decoupling transformers.
Both the CSC and the decoupling transformers sit the
hundreds of kilovolts isolation. Such construction of the
accelerators’ injectors’ power systems is traditional and
has been used for the several decennaries. The sizes of
CSCs reach tens of cubic meters, that is defined firstly
by sizes of the used power supplies and by their element
base.

MODERNIZATION
OF THE ACCELERATOR’S INJECTOR
POWER SYSTEM

In the Fig. 1 there is the block-scheme of the tradi-
tional power system for the particle accelerator injector,
which is feed from the power feeder with the 50 Hz
frequency. This defines the dimensions of transformers
used in the all of the system’s blocks. Forasmuch as all
the power system’s components are under high voltage,
the decoupling transformer is used. Its dimensions
sharply increase because it’s necessary to provide the
electric strength.
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The lack of this power system is spurious capaci-
tance which has two components. First component is
defined by CSC’s ground capacitance, and second is
defined by capacitance of power transformers and pulse
transformers placed inside the CSC. Both of the compo-
nents have commensurable values. The CSC’s spurious
capacitance decreases the modulator’s efficiency by
increasing the fronts of the output pulse. The capaci-
tance of our CSC is 1000 pF. When the operating volt-
age is 130 kV, system consumes energy of 8.5 joules,
that overtops 30% of operating pulse energy on the load.
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Fig. 1. The block scheme of the accelerator’s power
system

The current construction of the system is based on
electronic tubes, because the disposable semi-conductor
base doesn’t have high-current and high-voltage ele-
ments. So the main used elements were thyratrons, that
were widely used for high voltages rectification and for
commutation. The energy consumed by their filaments,
also greatly decreases the injector power system’s effi-
ciency.

On the strength of the modern semi-conductor ele-
ment base development, the necessity of designing the
new injector power system which will allow to get rid of
the above-mentioned lacks is quite obvious.

The aim of this work is rising of the injector power
system efficiency. The methods we used are given below.

To eliminate the above-mentioned lacks we have
developed the injector power system block scheme of
which is shown in the Fig. 2. It will be observed that
construction principles and technology used in this
scheme can be useful in making similar systems of ac-
celerating and high-voltage equipment. Unlike the
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scheme shown in the Fig. 1, this one doesn’t have the
decoupling transformer of the power feeder. It has al-
lowed to get rid of the CSC and, accordingly, of the
spurious capacitances that lead to lowering of the effi-
ciency.
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Fig. 2. The block scheme of the injector’s power supply
system

It’s known that the voltage frequency defines the
main dimensions of transformers, so to decrease the
weight and dimensions in airplane making there is used
a 400 Hz frequency in airborne circuits. The modern
semi-conductor converter technology allows making
power supplies with high conversion frequencies (hun-
dreds of kilohertz). So the 80 kHz conversion frequency
that we’ve chosen in our power system is a tradeoff that
allows great lightening of the transformers’ dimensions
and weight and reducing of the measurement circuits’
pickup level. There isn’t any decoupling power high-
voltage transformer in this power system. Instead of it
there are used three high-frequency decoupling trans-
formers-converters.

The decoupling transformers are based on the O-
shaped ferrite cores. To provide electric strength of the
transformers, we have developed the special construction
of the polymethyl-acrylic bobbin, where the possibility of
electrical surface breakdown between the coil and the
core is eliminated. The transformer is placed in the trans-
former oil. Small size of the transformers and the com-
mon high-voltage potential has allowed placing the trans-
formers in the united dielectric case (310x230x290 mm
size). The main feature of transformer’s construction is
twice oversized core. The voltage breakdown tests carried
with using the 150 kV voltage had shown neither surface
flashovers nor internal ones.

The filament power supply (40 A, 25 V) is one of
the most energy-intensive blocks. It is based on the
bridge-type voltage converter, with 80 kHz conversion
frequency. The elements the bridge is based on are the
IGBT-structures. While developing this converter we
tested two constructions of it. It was discovered that
using the bridge in the switching mode was inexpedient,
even with the active resistance load (0.5 Ohm). The
reason is the induction of voltage in the primary coil of
the bridge converter’s transformer when the semi-bridge
is disconnected; it’s contributed by the speed of transis-
tor closing and high commutation currents. The ampli-
tude of this voltage is commensurable with power volt-
age; this causes failures in the bridge’s control scheme,
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the growing of extra dissipation on the transistor’s inte-
gral diode and, as a result, the mortality of this diode.

To eliminate the reason of the pickups, the bridge’s
operating mode is changed from switch one to reso-
nance one. In this mode, the bridge’s transistors switch
when the transformer’s current is crossing zero. It elim-
inates the capability of voltage induction.

The availability of the decoupling transformers
doesn’t allow using the pulse-width modulation for out-
put voltage adjustment. So the converter’s output volt-
age is adjusted by changing the power voltage on the
transistors’ drains. For this, the adjustable pulse stabi-
lizer [3] with 0...310 V adjustment range has been de-
signed. The main advantage of this stabilizer is the high
efficiency that makes possible to reduce control transis-
tor dissipation and to provide wide dynamic range of
output voltages and low pickup level. The results of
prototyping have shown that the stabilizer with pulse-
width modulation and fixed switching frequency
(~10 kHz) is the most suitable for these purposes. It will
be observed that the stabilizer is operable when the dis-
sipation on the load is up to 5 kW.

The power supplies of the magnet system and arc are
also the inverters with ~80 kHz conversion frequency.
But their low output power level allows using the linear
controllers. Such an approach lets place the power sup-
plies closely to the injector.

During the previous modernizations of the injector’s
power systems, the thyristor-based modulator was
made. This modulator uses the dual shaping line made
of the LC links. The advantage of the dual line towards
the single one is the lower charging voltage that permits
fourfold reducing of the energy needed to recharge the
spurious capacitances. The lack of using LC links is the
ripple of the formed pulse’s flat part because of oscilla-
tions. This ripple increases the variation of ions’ speeds in
the formed accelerated beam and lowers the efficiency of
accelerating. To get rid of this lack, the modulation pulse
peak stabilizing device has been designed. It consists of
the parallel stabilizer (based on fast voltage suppressors)
and controlled high-voltage rectifier which allows ad-
justing the output pulse at the range +5 kV.

The results of the measurement have shown that
pulse instability isn’t higher than 0.5%. Placing the di-
odes in the transformer oil lets provide the long-time
voltage stability, lower heat load of the diodes and high-
er electrical strength of the device. In the Fig. 3 the os-
cillograms of non-stabilized (a) and stabilized (b) injec-
tor voltage (120 kV) are shown. It can be seen that there
aren’t any traces of the LC links oscillations at the flat
part of the pulse. It will be observed that the tests of the
amplitude stabilizer have shown that the accelerated
beam current has increased twice.
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One of the main lacks of the shaping circuits based
on LC-links is the principal impossibility of output
pulse length smooth adjustment. Such a construction of
modulator was caused by element base that included
only thyratrons and thyristors. The development of
high-voltage field effect and compatible controlled
semi-conductor structures where switched current is up
to several kilo amperes and permissible voltage is up to
several kilovolts lets us form the modulating pulse with
variable length. We have designed and been testing the
modulator which consists of modulator driver and high-
voltage switch loaded by the output transformer. As the
modulator driver, the synchronized pulse generator with
controlled pulse length is used.

Its mode of functioning is based on charging the ca-
pacitor with the stable current after the arrival of the
synchronizing pulse. The main advantages of such deci-
sion are high jamming protection and output signal sta-
bility in the intensive pulse jamming conditions, simple
realizing of remote control of the output pulse length.
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Fig. 4. Power supplies and box decoupling transformers

The output switch of the modulator is based on 10
high-voltage IGBT transistors connected in cascode
mode. It has permitted commutation of voltages up to
11 kV and 24 A currents. The collector voltages equali-

zation and overvoltage protection is provided by the fast
voltage suppressors with voltage limitation on the tran-
sistors’ gates. The reliable work of the switch is
achieved by choosing the transistors’ operating point
offset and matching the parameters of equalizing cir-
cuits in the transistors’ gates.

In the Fig. 4 the power supplies units and the de-
coupling transformers are shown.

CONCLUSIONS

We have designed and implemented the power sys-
tem for the helium ion linac’s injector. The system is
fully based on the semi-conductor elements.

The system has small size. This permitted getting rid
of the corona shield cover and decreasing of the injec-
tor’s modulator load.

As a result of embedding the pulse power stabiliza-
tion system, the accelerating beam current has increased
twice.

The results of the tests have shown high reliability of
the system and high resistance to the voltage break-
downs.
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CUCTEMA IMUTAHUS HH)KEKTOPA JIMHEHHOI'O YCKOPUTEJISI HIOHOB T'EJIUSI

P.A. Anoxun, C.H. /[yonwk, H.H. I'anonenxo, B.I. ZKypaesnes, A.B. Kypaenes, A.B. 3a6omun, b.B. 3aityes,
A.U. Kpasuenko, A.®D. Kobey, O.B. Manyiinenko, B.H. Pewiemnuxkos, B.I. Ceuuenckuii, B.A. Cowenxo,
A.C. Illeguenxo

[IpuBeneHsl TPUHIUITBI TIOCTPOSHUSI U ONHUCAaHUE MajorabapuTHOW CHCTEMBI NMUTAHHS MH)XEKTOpa JIMHEHHOTo
YCKOPUTENS MOHOB TeJIMs, COCTOSIMIEH U3 BBICOKOBOJIBTHOTO MOAYJATOPA, OIOKOB IUTaHUS HaKaja KaToja, cole-
HOWJIa ¥ MOJYJIATOPA JYI'H, BHINOJHEHHBIX HA COBPEMEHHOMU MOJTYIPOBOIHUKOBOW AJIeMEeHTHOH Oaze. [Ipumenenue
pa3paboTaHHOW CHCTEMBI MUTAHUS [TO3BOJIMIIO CYIIECTBEHHO CHU3UTH JHEPro3aTparthl, H30aBUTHCS OT Mapa3UTHBIX
eMKocTell M HaBojokK. CTaOwim3anys aMIUIMTYAbl UMITYJbCa BBICOKOTO HAIPSDKEHUS MO3BOJIMIA YBEIUYUTH TOK
YCKOPEHHOI0 ITy4yKa B 2 pasa.

CUCTEMA KUBJEHHS IH)KEKTOPA JIIHIMHOI'O IPUCKOPIOBAYA IOHIB I'EJITIO

P.O. Anoxun, C.M. /lyonwk, M.1. I'anounenko, B.I. ’Kypaenvos, A.B. Kypaesnvos, O.B. 3abomin, b.B. 3aiiyes,
A.L Kpaeuenko, A.Il. Kooeys, O.B. Manyiinenko, B.M. Pewiemnuxkos, B.I. Céiuencokuii, B.A. Couenxo,
O.C. Illeéuenko

HaBezneHno omuc manorabapuTHOI CHCTEMH KHMBJICHHS 1H)XKEKTOpa JIIHIHOTO NMPHCKOpIOBaYa 1OHIB Tejiro, sKa
CKJIaIa€ThCS 3 BUCOKOBOJIBTHOTO MOXYJIATOpA, OJIOKIB JKUBJICHHA HaKaJly KaToZa, COJIEHOiga Ta MOLYJIATOpa AYrH.
CucremMa BUKOHaHa 3 BUKOPUCTAHHSAM Cy4acHOI HaIliBIPOBITHUKOBOI €JIeMEHTHOI 0a3u. 3acTocyBaHHs po3po0OIeHOl
CHCTEMH JKUBJICHHS JO3BOJIMIIO CYTTEBO 3HU3UTH €HEPTOBUTPATH, O30aBUTHCS MAPAa3UTHUX EMHOCTEH Ta HABEJCHb.
VY pe3ynbTaTi BIPOBAHKEHHS CXEMH CTa01Ii3alil iMITyJIbCy BUCOKOI HANPYTU CTPYM MPHCKOPEHOTO My4Ka 301bIIH-
BCsI B 2 pa3u.
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