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An analytical complex is being created at the NSC KIPT for the study of materials by activation analysis. The
design, characteristics and tuning results of the first channel of the high-frequency power supply system of the linear
deuteron accelerator are presented. The accelerator will be used as a driver of the neutron source. The system will
provide input into the resonator up to 500 kW of RF power.

PACS: 29. 20. Ej

INTRODUCTION

A neutron source with an output of ~4-10" n/s is
created in the NSC KIPT for the activation analysis of
the elemental composition of materials. The deuteron
accelerator with an energy of ~ 3 MeV and an average
current of ~ 200 pA will be used as a driver of the beryl-
lium target [1]. The stability of the motion of the beam
particles during the acceleration process will be carried
out by the method of modified alternating-phase focus-
ing [2]. The high-frequency (RF) power supply system
should provide not only the excitation in the resonators
of the level of RF field required for acceleration, but
also its stabilization, since the beam takes a significant
share of the power input into the resonators. Currently,
work is underway to debug the first channel of the pow-
er supply system on the resonator of the previously cre-
ated accelerator MLUD-3 [3].

CONSTRUCTION OF HIGH-FREQUENCY
POWER SUPPLY

A high frequency power system is created on the ba-
sis of RF generators at a frequency of 150 MHz [4]. The
RF power of the resonators of the accelerating structure
is supplied by two RF power sources (Fig. 1) operating
in pulse mode. The main parameters of the RF system
are as follows:

Main frequency, MHz ............ ............... ~100.0;
RF pulse duration, ts ..................... ~250...350;
Pulse frequency, Hz .....................o... 1...25;
The pulse power of the resonator P1, kW ..... ~300;
Pulse power of the resonator P2, kW .......... ~500;
Field level instability, % ................coooneee. +1.0;
Field phase instability, degrees .................. + 1.0.

The high frequency power supplies of the accelera-
tor sections are formed by powerful amplifying chan-
nels. In the positive feedback circuits of the amplifier
channels, the corresponding resonators are included.
This inclusion provides excitation in the resonators of
RF oscillations at operating frequency. This mode is
used for tuning and training RF resonators with power.
In particle acceleration mode, for the synchronization of
the RF oscillation phases and frequency identity, the
excitation of the second channel is carried out by a sig-
nal taken from the first resonator.
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Fig. 1. Flowchart of the RF Power System:
1 —is a channel that is reinforcing; 2 —is a feeder path;
3 —is a feeder switch,; 4 —is a load resistance,
5 — reflectometer; 6 —loop of RF power input; 7 —loop
of communication; 8 — control of RF field parameters in
the resonator, 9 — tuning the frequency of the resonator;
10 —loop communication, 11 — attenuator; 12 —phase
shifter; 13 — bridge assembly,; 14 —ballast resistance;
15 —feeder switch,; P1 and P2 resonators

The system consists of the following main nodes:

- cascade power amplifier;

- resonator P1;

feeder power transmission coaxial type;

- adriving generator;

positive feedback circuits;

other elements of the RF tuning system (loops,

phase rotators, bridges of power, control circuits).
The required RF power level was set by three gain

stages. The first stage is assembled on a GU-96B lamp

— a powerful generator triode in ceramic metal design

with direct voltage cathode and external anode with air

forced cooling. Maximum permissible lamp power not

less than 2 kW at frequencies 86...250 MHz. The pecu-

liarity of this lamp is that it can operate in pulse mode.

This allows the lamp output to be increased to 5 kW by

increasing the anode voltage. The lamp was chosen to

replace the GU-37B lamp, which was used in the first

and second stages of amplification of the base generator
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and whose output was stopped. The lamp was chosen
according to the similarity of electrical and geometric
parameters. The second stage is made on the GI-43A
lamp — a powerful generator tetrode with forced air and
water cooling with a pulse power of up to 500 kW. The
use of a tetrode instead of a triode is a feature of this
amplifier cascade of the generator. This allows in the
scheme with the common grid to increase the gain coef-
ficient to 13 (instead of 6 according to the passport da-
ta). The third cascade is made on the GI-24A lamp —a
powerful generator tetrode with a forced air and water
cooled, with a power of up to 1 MW per pulse. The
driving generator is made on the basis of the first stage
of the base generator. A coupling loop is built into the
anode circuit of the cascade, from which a high-
frequency signal arrives at the input of the same cascade
into the cathode circuit. The tuning element in the self-
excitation mode is a variable capacitor, which is includ-
ed in the cathode circuit.

The acceleration and focusing channel of the analyt-
ical complex is calculated at a frequency of ~ 100 MHz.
Therefore, there was a need to change the frequency
characteristics of the anode-grid circuits of all stages of
amplification of the basic RF system. First of all, the
generation frequency was adjusted. In the first cascade,
the frequency change was achieved by connecting addi-
tional capacities in the anode-grid circuit. In the second
and third cascades frequency change by increasing the
length of the anode frames, which are the inductance of
the oscillating circuits. To protect the screen grid of the
tetrode in the second stage, an additional link between
the anode and the grid was arranged. Then, in the cath-
ode circuits of all three stages, the inductance of the
throttles in the excitation circuits of the generator lamps
was increased. In addition, the seats, connection flanges,
contact sockets and other elements required for the new
generator lamps were manufactured. The connection of
the output stage with the feeder and between the stages
is realized by means of inductive loops with compensa-
tion capacitors. To align the input resistance of the reso-
nator with the wave impedance of the feeder, two quar-
ter wave short-circuit stubs are installed. Control of the
power transmission mode is carried out by a reflectome-
ter, which is a pair of inductive loops. The loops are
inserted inside the coaxial conductors to obtain signals
proportional to the amplitudes of the incident and re-
flected waves. RF power from the end stage of the gen-
erator is transmitted to the resonator through a feeder
path with a wave resistance of 50 Ohms. Control of the
magnitude of the field and frequency in the resonator is
carried out on the voltage signals from the loops Urez
and frez. Adjusting the frequency of the resonator with-
in 600 kHz is performed by the frequency tuner. It is a
short-circuited loop of copper wire @5mm, placed in-
side the resonator. The feeder switch allows the RF
power to be transmitted quickly both to the accelerator
resonator and to the equivalent resistance in the RF tun-
ing mode.

For stable operation of the accelerator and restraint
of multipactor processes and discharges in its structures,
a scheme with independent circuits of positive feed-
backs was used [5, 6]. Usually a scheme with two posi-
tive feedbacks is used. For example, in a resonant E-
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type structure, with a series connection of acceleration
gaps (Alvarez structure), the voltage from the input to
the accelerating structure is applied to one amplifier
channel and the voltage from the output to another [7].
Such a simple scheme cannot be used to excite RF fields
in H-type resonance structures, with parallel coupling of
accelerating gaps. Electronic closure of any of the ac-
celeration gaps in such a structure leads to a sharp drop
in the value of the resonant resistance of the structure
and, as a consequence, the longitudinal electric field [8].
The voltages on the communication elements in the pos-
itive feedbacks circuits become so small that the impact
of the feedback is destroyed. In H-type resonance struc-
tures communication element of the secondary circuit of
positive feedback is connected to the power transmis-
sion path and is installed at the point of minimum con-
nection with the standing waves of the main type of
oscillation in the power transmission path [6].
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Fig. 2. RF oscillograms with two positive feedbacks:
a, b —control voltages of the resonator Urgz (upper)
and frequency mixer Uyyy, at the disorder of 20 kHz (a)
and 0 (b). Scale Uggy —5 Vigm.; Uyyx — 0.5 Vig.m.;
¢ —control voltages of the incident Uy (upper)
and of the displayed Upys (lower) wave feeder.
Scale Upye — 10 V/ig.m.; Upis =5 V/ig.m.;

d —modulator voltage: U —5 V/g.m., scale horizontal:
50 us/g.m

The voltages from the communication loops (7) and
(10), located, respectively, in the resonator and feeder
path are fed through the phase rotators (12) to the bridge
assembly (13) and then to the coordinated input of the
first channel of the amplification stage. The amplified
signal from the output stage on the feeder path coaxial
type 160/70 mm in size through the feeder switch (3) is
fed into the resonator P1. Changing the frequency of
each of the gain stages is carried out by moving anode
pistons and allows you to operate at frequencies from 90
to 110 MHz.

Adjustment of the mode of transmission of power
from the generator to the resonator is carried out by two
matching stubs, located a quarter of a wave from the
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loop of power input into the resonator, which allows to
compensate for the inductive nature of the resistance of
the loop. Fig. 2 shows the oscillograms of the RF volt-
ages when operating the generator in the mode with two
positive feedbacks.

The oscillograms characterize the satisfactory stabil-
ity of the RF power supply system of the first accelera-
tor resonator. Measurements performed by the calori-
metric method showed, that at the anode voltage of the
modulator 6 kV, in the consistent mode, when the SWR
> 1.06 an output power of the RF system of not less
than 300 kW.

REFERENCES

1. S.A. Vdovin, Ye.V. Gussev, P.A. Demchenko,
N.G. Shulika. Linear deuteron accelerator for
elemental analysis // Problems of Atomic Science
and Technology. 2010, Ne 2, p. 29-33.

2. N.A. Khizhnyak, Ye.V. Gussev. The study of alter-
nating-phase focusing in linear proton accelerators //
XIV meeting on charged particle accelerators, Oc-
tober 25-27, 1994, Protvino, Papers of the 14th
meeting on charged particle accelerators / IPHE,
Protvino. 1994, v. 3, p. 33-43.

. Ye.V. Gussev, V.N. Derepovskiy, et al. The study of

the accelerating structure of the deuteron accelerator
MLUD-3 // Problems of Atomic Science and Tech-
nology. Series “Nuclear Physics Research”. 1989,
Ne 5(5), p. 37-39.

. Ye.V. Gussev, L.D. Lobzov, V.V. Mitrochenko,

N.G. Shulika. The RF power supply system of
a small proton accelerator // Problems of Atomic
Science and Technology. Series “Technique of a
Physical Experiment”. 1986, Ne 1(27), p. 17-20.

. L.D.Lobzov, N.G. Shulika. Method of Supp-ressing

the Multipactoring Discharges // Problems of Atomic
Science and Technology. Series «Nuclear Physics
Investigationsy. 2002, Ne 2(40), p. 93-94.

. L.D. Lobzov, et al. Patent of Union of Soviet Social-

ist Republics Ne1700783 High frequency generator //
Discoveries. Inventions. 1991, Ne 47.

. L.V. Alvarez at al. Berkeley Proton Linear Accelera-

tor // The revive of Scientific Instruments. 1955,
v.26,Ne 111, p. 128.

. L.D. Lobzov, P.A. Demchenko, N.G. Shulika, et al.

The effect of multipactor discharges on the stability
of the establishment of accelerating fields of a sin-
gle-cavity linear ion accelerator // Bulletin of Khar-
kov University. Series “Nucleus, Particles, Fields”.

2003, v. 1(21), Ne 585, p. 78-84.
Article received 30.10.2019

CUCTEMA BUY-IIMTAHUA TEXHOJIOI'HMYECKOT'O YCKOPUTEJISI HOHOB

C.A. Boosun, H.II. I'naokuii, A.M. I'opaunos, B.®. Kosanenxo, A.I. Kosany, J1./1. /lo630s,
IIJI. Maxuenxo, O.B. Manyiinenxo, E.H. Ilonomapuyx, A.Il. Ilooonax, B.H. Coxon

B HHII X®TU co3naercs aHaTUTHYECKUM KOMILIEKC ISl UCCIIEIOBAHUS MAaTEPHATIOB METOJOM aKTHBALIMOHHO-
ro aHanmusa. [IpencTaBieHpl: KOHCTPYKIHS, XapaKTEPUCTHKH W PE3yIbTaThl HACTPOHKM MEPBOTO KaHATa CHCTEMBI
BbICOKOUacToTHOTO (BY) muTaHms TMHEHHOTO YCKOPUTEIS HOHOB, UCTIONB3YEMOT0 B Ka4eCTBE JIpaiiBepa HCTOYHHIKA
HelitpoHoB. Cuctema Oyzaer obecrieunBaTh BBOJ B pe3oHaTop 1o 500 kBt BU-momHOCTH.

CHUCTEMA BY-’KUBJIEHHS TEXHOJIOT'TYHOT'O ITPUCKOPIOBAYA IOHIB

C.0. Boosin, H.P. I'naoxuii, O.M. I'opsinos, > B.®. Kosanenxo, O.I. Kosans, J1./]. /106306,
ILJI. Maxuenko, O.B. Manyiinenko, €.1. Ilonomapuyx, O.11. IToooasak, B.H. Cokin

Y HHI] X®TI cTBOPIOEThCS aHAUTITHIHUN KOMITIEKC IJI JOCTI/DKEHHS MaTepialliB METOJOM aKTHBAIIITHOTO
ananizy. [IpencraBieHi: KOHCTPYKILisI, XapaKTEPUCTHKH 1 PE3yabTaTH HACTPONKHU MEPIIOro KaHady CHCTEMHU BHCO-
kouactoTHOro (BY) KHMBICHHS JIIHIHHOTO MPUCKOPIOBAaYa 10HIB, IO 3aCTOCOBYETHCS K JpadBep JKepena HeUTpo-
HiB. Cucrema OyJie 3a0e3nevyBaT BBeJICHHS B pe3oHarop 10 500 kBt BU-moTyxHOCTI.

34

ISSN 1562-6016. BAHT. 2019. Ne6(124)



	references

