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Modernization of the injector accelerator MLUD-3 [1] was undertaken in order to create preconditions for the
increase of the accelerated average current and improve of control parameters of the injector. Measures to increase
the accelerated averaged current was directed to the extension of the pulse duration of the injection to the value of
the pulse duration of the accelerating field, the conversion of the ion beam from the injector into the converging
beam with parameters required for proper matching with the accelerating structure and to ensure the possibility of

increasing the frequency of the pulse of injection.
PACS: 29.20.—c, 29.27.—a, 29.27.Ac

THE VACUUM CHAMBER
OF THE INJECTOR

Increasing the frequency of the pulse injection at a
constant pumping speed of the vacuum chamber of the
injector leads to an increase in the gas load on the accel-
erating structure. Therefore, first of all, was designed
and constructed a new vacuum chamber of the injector.
The new vacuum chamber was allowed to halve the
distance between the ion source and the resonator of the
accelerating structure and to double the power of pump-
ing. The vacuum chamber of the injector (Fig. 1) made
of steel 10 mm thick.
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Fig. 1. Vacuum chamber of the injector

On the end faces of the chamber are located on one
side a flange for mounting and setting a high-voltage
source insulator, on the other — a connection flange for
attachment to the vacuum chamber of the focusing lens,
or of accelerating structure. The bottom of the body of
the focusing lens are simultaneously diaphragms bound-
ing a gas flow from the source. On the side surfaces
placed the flanges that provide connections to vacuum
units, the installation of hermetic voltage inputs and the
output of measured signals. The chamber, via the plate
and adjusting bolts, is mounted on a support base on
which the elements of the vacuum system, cooling and
gas supply devices are fixed. The base is equipped with
retractable rollers, facilitating connection of the injector
with the chamber of accelerating structure. In the vacu-
um chamber of the injector the ion source by means of
an insulator for a voltage of not less than 180 kV and
via a vacuum-tight branch pipe is installed. Elements of
the source fixing are used simultaneously for its adjust-
ment, and setting the necessary sizes of ionic optics
gaps. The method of fixing the source in the branch pipe
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ensures the saving of the position of its geometrical ax-
is. The supply of voltage to the electrodes and of current
to electromagnet is realized through isolated vacuum
compacted bushings. At the opposite end of the vacuum
chamber of the injector a focusing electrode of ion op-
tics is placed on three high-voltage insulators on the
same axis as the source. The supply of the voltage to the
extracting electrode is provided by means of a high-
voltage vacuum-tight input.

A MATCHING DEVICE

The matching device is designed to focus the flow of
particles from the injector diverging in the radial direc-
tions into the flow converging, with the crossover in the
first gap of the accelerating structure. Matching device
(Fig. 2) is electrostatic lens with four gaps, and with
sing-changing distribution of potential £U (JU|<75 kV).
It is placed between the optics of the injector and the
resonator of the accelerating system. The electrostatic
lens was calculated numerically. Preliminary modeling
was carried out with the help of programs developed at
the NSC KIPT, in which a numerical code was used to
calculate the fields strength distributions based on the
integral equations method, but a detailed study was car-
ried out with used the capabilities of the 3D modeling
package for optics of charged particle IBSIMU [2, 3].
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Fig. 2. General view of the matching device

In the manufacture of the device, the existing parts
and assembly units of the accelerator cluster MRLD-3
were used [4]. In shortened to the necessary length of
the body of the buncher on insulators, which were made
from organic glass, potential tubular electrodes are
fixed. The longitudinal dimensions of the focusing chan-
nel of the device are given in Table. The outer diameter
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of the electrodes is 42 mm, the inner diameter is 16 mm.
The electrodes, which are under zero potential, are fixed
on the end caps of the lens. All tube-electrodes are made
of aluminum alloy. The matching device is installed on
the input bottom of the first resonator of the accelerating
structure by means of alignment fixtures. In the input
tube there is an induction sensor for measuring the cur-
rent of the injected particles.

Length of the elec- Length of focusing
No
trode tube, mm gap, mm

1 50.0 8.6

2 52.2 18.5

3 27.8 18.5

4 52.4 8.6

5 40.0 -

Potential tube-electrodes are supplied with a pulsed
voltage: the extreme electrodes have a voltage of nega-
tive polarity equal to 72 kV, the average electrode have
positive voltage equal to 42 kV.

POWER SUPPLY OF INJECTOR

The power supply system of the injector provides
the generation of voltages necessary for the operation of
the ion source and ion optics. It consists of modulators,
pulse boosting transformers, to obtain accelerating and
focusing voltages, power sources for a gas valve, dis-
charge gaps and electromagnet. Measurement of im-
pulse high voltage voltages is made by compensated
active-reactive divisors. The transfer of power to the
device of power supply of ion source is carried out
through the separation transformer 220/220, designed
for operating voltage of 180 kV.

Earlier high-voltage keys of modulators based on
four thyristors were triggered by pulses of ~ 100 mks
duration, which was much higher than the duration re-
quired for reliable key operation. To eliminate this
drawback pulsed thyristor triggering transformers with
trigger fronts a duration of ~ 0.3 mks were developed,
which ensured the simultaneous operation of the keys.

The high voltage of the ion source of 150 kV was
formed by means of a cascade transformer consisting of
five pulse transformers connected in series according to
the autotransformer circuit. Under such a scheme, the
high-voltage pulse practically did not have a flat top.
This disadvantage was eliminated by remodeling of
circuit of high-voltage modulator of the source. As a
result, a pulse with a front-side duration of 150 mks and
a flat vertex of 300 mks duration was generated. All the
elements of the power system and the injector designs,
which are at high potential, are located behind the
standard fence, which provides protection against high
voltage. Pulses of synchronization are delivered to the
elements under high potential through a remote control
system.

SYSTEMS OF OPERATION AND CONTROL
INJECTOR’S PARAMETERS

The effectiveness and reliability of accelerator oper-
ation substantially depends on the quality and function-
ality of the control system. Especially for accelerator
MLUD-3 was designed, constructed and tested a device
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to driving and control parameters of the injector accel-
erator, which is under a high potential. The device con-
sists of 2 modules — management and execution. The
control module is designed to receive pulsed electrical
control signals from a synchronizing or control device,
to convertion them into pulsed light signals of infra
band and signals transmission into fiber line.

The module have placed in the operator room of the
experimental setup. The module has 4 channels of
transmission of synchronization signals to the actuating
module and 5 analog optical channels for receiving sig-
nals from the executive module, which is under high
potential (+180 kV). Electrical and optical connectors of
input and output channels have been installed on the
front panel of the module and are numbered 1...5. Syn-
chronization channel 1 transmits the control pulses with
duration of 1.5...3.5 ms on the valve for adjustment gas
yield. Channels 2-4 transmit the control impulses for a
thyristor modulators with the duration of 10 mks. Ana-
log optical channels intended for transmission of analog
signals of currents and voltages of the injector’s modu-
lators which is under a high potential. The bandwidth of
each channel 300 kHz, accuracy not worse than 3%.
The executive module consists of two blocks: of block
for reception of synchronization signals under a high
potential and of block for transmission of analog signals
of currents and voltages to the control module (Fig. 3).
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Fig. 3. Fiber-optic receiver-transmitter

Block for signals reception intend for intake pulsed
light signals of synchronization, which came from the
control module via fiber optic lines, converting them
into electrical signals and amplification of these signals
to the values necessary to control actuators of the injec-
tor.

The signal receiving unit designed to receive pulsed
light signals sync supplied via fiber optic lines from the
control module, converting them into electrical signals,
amplification of these signals to the values necessary to
control actuators of the injector. Block of the transmis-
sion of analog signals is designed to receive electrical
signals from the injector’s modulators, convert these
signals into light signals and transmit them in a fiber-
optic line for conveying to the control module. The
module allows you to transmit voltage -2 kV for dis-
charge initiation modulator and +400 V for a modulator
of discharge current. Characteristics of the signals of
execution module correspond to the characteristics of
the signals of the control module.

In addition to device of operation and control of injec-
tor’s parameters, were designed, constructed and tested
on a new elements base a module for network synchroni-
zation and block for delay starting the timer (Fig. 4).

The device is designed for simultaneous change of
delay the start pulses coming from the module of syn-
chronization to the modulators of sources of high volt-
age of the accelerator.
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Fig. 4. Timer-Synchronizer

The module allows you to simultaneously hold all of
the timing pulses, coming to the accelerator, relative to
the valve firing for adjustment gas yield of the source.
The module provides operative search of optimum
modes of operation of the ion source without disturbing
the parameters settings of the accelerator systems.

CONCLUSIONS

Undertaken measures on the upgrade of the injector
allow to increase the current of ions entering the accel-
erating structure in the pulse up to 150 mA. This will
make it possible to increase the accelerated average cur-
rent to ~ 100 mkA at a frequency of injection pulses of
10 Hz, with a capture coefficient of particles in the ac-
celeration process of 0.3. The new operation and moni-
toring devices of the injector’s parameters have provid-
ed transmission of noise-immunity control and measur-
ing signals with a galvanic decoupling up to 180 kV in
the presence of powerful impulse noise, generated by

of these developments not only increased the reliability
of activity and control of the accelerator’s injector, but
also ensured the on-line monitoring of the parameters of
the ion source that is under high potential, which was
not available before.
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MOJAEPHU3ALUSA CUCTEMbI UHXKXEKHHUU YCKOPUTEJISI MJTY -3

C.A. Booeun, H.Il. I'naokuii, E.B. I'yces, I1.J1. Maxnenko, O.B. Manyiinenxo, E.U. Ilonomapuyxk, B.C. Cokon,
A.A. Typuun

[IpencraBneHsl pe3ynbTaThl MOJAEPHU3AIMUA CUCTEMBbI WHXKeKIu yckoputens MIIY/I-3. CuctemMa HHXEKIUU
JIOTIOJIHEHA YCTPONCTBOM COIJIACOBAHUS HA OCHOBE MHOTOJIEKTPOJHOM D3JIEKTPOCTAaTUYECKOM JIMH3bL, KOTOpas
obecrieuniia TPaHCIOPTHPOBKY U COTIIACOBAHUE XaPAKTEPUCTHK MHXKEKTHPYEMOTO MyYKa ¢ YCKOPSIFOIIUM KaHAJIOM.
VYcoBepuIeHCTBOBaHA CHCTEMA JIICKTPOIUTAHUS HHXKEKTOpa. YITyUIIeHbl XapaKTePUCTHKH U HANACKHOCTh PabOTHI
BBICOKOBOJIFTHBIX MOJAYJIAITOPOB UCTOYHWKA MOHOB W JIMH3EL. YTIpaBJIeHHE paboTOil yCTPOWCTBA MUTaHHUS MOHHOTO
HCTOYHMKA, HAXOJAIIECrOCs MOJ BBICOKHM IMOTCHIIUAIOM, U CheM MH(pOPMAIUU C YCTPOICTBA MEpEBEACHBI HA OII-
TpOHHbIE JIMHUU CBs3U. CO3[]aHO COBPEMEHHOE TailMEpHOE YCTPOWCTBO JJIsl YIPAaBJICHUS U CUHXPOHU3ALMU HM-
IyJIBCHBIX YCTPOHCTB YCKOPUTENS. Y CTPOHCTBO CONPATAaeTCs C MEePCOHAIBHBIM KOMIBIOTEPOM, 00SCIIEIHBAIOIIIM
YIpaBJICHUE W COXpAaHEHHE PEXUMOB PabOTHI. YBEIUYCHBI 00BEM BaKyyMHBIX KaMep CUCTEMbI MHXKEKIIUU ¥ MOIII-
HOCTh CPEACTB OTKAYKH, YTO YJIYUIIWIO BaKyyMHBIE XapaKTEPUCTHKH U TIOBBICHIIO HAJIEKHOCTH PAOOTHI CHCTEMBI
WHXXEKIUH.

MOJIEPHI3AIISA CACTEMM THXKEKIIIT TIPUCKOPIOBAYA MJTYI-3

C.0. Boogin, M.I1. I'naoxuii, €.B. I'yces, I1.JI. Maxnenxo, O.B. Manyitnenxo, €.1. Ilonomapuyk, B.C. Cokon,
O.A. Typuin

[IpencraBneHo pe3yabTaTH MOJEpHi3alii cucTeMu iHmxeKuii npuckoproBaya MJIV/I-3. Cucrema imxekuii Jono-
BHEHa IIPUCTPOEM Y3TO/KEHHS Ha OCHOBI 0araToeleKTpOIHOT eJIEKTPOCTATUYHOI JTiH3H, sIKa 3a0e3Ieuye TpaHCIop-
TyBaHHS 1 TIOTOJDKEHHS XapaKTEPUCTUK 1H)KEKTOBAHOTO ITyYKa 3 KaHAJIOM, SIKUH MPHCKOPIOE. Y TOCKOHAJIEHA CUCTe-
Ma eJIEKTPUYHOTO KMBJIEHHS iHKekTopa. [lominmeni XapakTepuCcTHKY i HaiiHICTh poOOTH BHCOKOBOJBTHHX MO-
JYJATOPIB JUKEpena 10HiB 1 JIiH3U. YTIpaBIiHHS poOOTOIO MPUCTPOIO KUBJIECHHS 10HHOTO JUKEpEa, M0 3HaXOIUThCS
il BUCOKAM TIOTEHIiayioM, 1 3HIMaHHA iH(opMaIii 3 IpuCTporo 3abe3NmedyloTh ONTPOHi JiHii 3B'13Ky. CTBOpEeHO
CyJacHHH TaiMepHUH MPHUCTPiil I yHpaBIiHHA i CHHXpOHI3aLii IMITyJIBCHAX MPHUCTPOIB HMpHUCKOpioBada. Takmep
CIIOTYYA€THCS 3 EPCOHATEHUM KOMI'TOTEPOM, IO 3a0e3nedye yIpaBiIiHHS 1 30epekeHHS peKUMIB poOoTH. 30116~
IIeHO 00’€M BaKyyMHHX KaMep CHCTEMH iHKEeKIlii i MOTYXHICTh 3ac00iB BiKadyBaHHS, 10 MOJIIIIIMIO BaKyyMHi
XapaKTePUCTHUKH 1 I ABUIIUIO HAMIHHICTh POOOTH CUCTEMH 1HXKEKIIii.

14 ISSN 1562-6016. BAHT. 2018. Ne3(115)



