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The RF system of RFQ-injector being built in ITEP is presented. Two-channel RF system of RFQ-injector oper-
ates at 145 MHz in pulse mode. Parameters and test results of the channels operated on the dummy load are present-

ed. The pulse output power of 400 kW was reached.
PACS: 29.20.Ej; 84.70.-p

INTRODUCTION

In the framework of the Nuclotron-M project the
modernization of injection line is realized. It is planned
to replace the 700 kV electrostatic injector of the DTL
accelerator LU-20 by an RFQ accelerator. It enables to
decrease the potential of the ion source high voltage
platform down to 150 kV and as result to deliver on it
the 35 kW electric power needed for the ion sources
operation [1].

The RFQ accelerator, RF power and control systems
are developed by ITEP. The amplifier units, similar to
the ones utilized in many accelerating centers of Russia,
based on the high-power generator triodes are devel-
oped for the RF drive system [2].

The RF system of the existing linear accelerator LU-
20 operates in self-exciting oscillation mode. This issues
additional requirements for dynamic phase synchroniza-
tion between RFQ and DTL cavities. The synchroniza-
tion is achieved by use of a high performance FPGA-
based digital Low-level RF system (LLRF).

1. DESCRIPTION OF RF SYSTEM

Block diagram of the RF system is presented in
Fig. 1. The RF system consists of two amplifying chan-
nels designed to feed the RFQ and the buncher installed
inside the vacuum vessel of the DTL. RF channel for
RFQ consists of a four-stage preamplifier and the output
stage based on the high-power water-cooled triode GlI-
27AM.

The preamplifier consists of a 150 watt transistor
amplifier, four stages based on GI-39B tubes, RF power
splitter and combiner. To protect the transistor amplifi-
er, at its output the ferrite circulator with low insertion
losses is used.

Since the frequency separation between quadrupole
and dipole modes is over 4 MHz, two RF coupler posi-
tioned symmetrically is designed for RF power deliver-
ing into RFQ resonator.

According simulation RF amplifier with a peak
power of about 20 kW is required to supply the buncher.
Therefore, the buncher drive channel with two stages
based on GI- 39B tube and one transistor amplifier is
constructed.

The RFQ cavity works at the same frequency as
DTL and the stability of phase difference between the
oscillations in these two cavities has to be kept within
tolerance of one degree.

The synchronization of RF fields in the cavities real-
ized by the master oscillator modules and the control
phase unit developed in framework of the project.
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Fig. 1. Block-diagram of RF system:
PC — computer, T — transistor amplifier; G1-G4 — gen-
erators with GI-39B tube; G5 —final stage; RFQ — ac-
celerator; B —buncher; DTL — LINAC-20

2. MAIN PARAMETERS OF RF SYSTEM

First of all, tests the lamp amplifier stage GI-39B
were carried out on. It was necessary to determine the
power generated by single lamp on the operating fre-
quency for 150 ps pulse duration. As result it was
demonstrated that the lamp was able to produce power
up to 30...35 kW, without exceeding the limits of the
parameters specified in the data sheet for this product.

In the output stage a powerful generator tube GI-
27AM is used. To obtain the required output power, at
the input of the tube the power of about 50 kW is need-
ed. The combination of two GI-39B triodes in parallel
provides the necessary power level.

A simplified construction of the output stage is
shown in Fig. 2. Detailed design of the generator is de-
scribed in [3].
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Fig. 2. Design of the final stage RF drive channel

Fig. 3 shows plots of the output RF power, the pow-
er consumption and the efficiency of the GI-27AM out-
put stage versus anode voltage. The maximum value of
the power gain is 8.5.
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Fig. 3. Output power (Pn), consumption power (Po)
and efficiency () versus anode voltage (Ua)

Two methods were used to measure the RF power at
RF stages. In the first method, used power meter of ab-
sorbed power, which implements the method of peak
voltmeter [4], in the second - directional coupler to set
at the equivalent load. The difference in the measured
power is within the error of the instrument.

The main parameters obtained for RF system given
in Table 1.

Table 1

Main Parameters of RF system
Operating frequency 145.2 MHz
Pulse length 150 ps
Pulse repetition rate 1p/s
Peak power of RFQ drive channel 400 kW
Peak power of buncher drive channel 20 kKW
Anode voltage on the final stage 15 kV
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3. MODULATOR

A high-power voltage modulator was designed to
supply the anode of RF tubes. The block diagram of the
modulator is shown in Fig. 4.

A high-voltage power supply HCP700-6500 sets the
voltage of the pulse-forming network in the range from
hundreds volts to 6.5 kV with accuracy of 0.1%.
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Fig. 4. Block diagram of modulator:
PSU — high-voltage power supply unit; FL — forming
line; PT — pulse transformer; Rch — charging resistor;
Rd — dummy load; TPU — trigger-pulse unit

A bank of 10 thyristor TB-143-400-12 in series
forms a high voltage switch. All components of the
modulator are placed in a metallic cabinet with dimen-
sions of 1600x1800x600 cm. The parameters main ob-
tained for modulator are given in Table 2.

Table 2

Parameters of modulator
Pulse power 800 kW
Variation ranging of output voltage
amplitude 0...18 kV
Pulse duration by base 150 ps
Amplitude pulse duration 70 ps
Pulse top drop <1.5%
Amplitude instability <1%
Pulse repetition frequency 1Hz
Supply voltage 220V+5%
Power consumption 2 kW

As a result, selection of the number of cells and the
charging line inductances at its input managed to get a
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Fig. 5. igh voltage pulse from modulator
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CUCTEMA BU-IIUTAHUSA IJ RFQ-UHXEKTOPA YCTAHOBKMU JI1Y-20
B.I'. Ky3vmuues, A.B. Ko3nos, FO.b. Cmaceeuu, /.H. Ceneznes, K.HU. /lopoxoe, A.B. Kononos

[pencraBnena cucrema BU-nuranus yckopurens-umkekropa ¢ [IOK®, pazpadarsiBaemoro B U'TO® u npenna-
3HAYEHHOI0 ISl 3aMEHBI AJIeKTpocTaTHdeckoro (oprmxkekropa ycranoBku JIY-20. Cucrema BU-nimranus paboraer
Ha yacrore 145 MI'l U COCTOUT M3 NBYX YCHJIHMTENbHBIX KaHAJIOB Ul BO3OYXKIEHHUSI YCKOPSIOIIEH CTPYKTYPHI U
Oanuepa. [IpuBoasTCs MapaMeTpsl ¥ Pe3yabTaThl BHICOKOYACTOTHBIX HCIBITAHUH YCUIINTEIbHBIX KAHAJIOB MPHU pado-
Te Ha SKBUBAJIEHT Harpy3ku. Kananm Bo3Oyxnenusi ctpykTypsl ¢ I[IOK® obecrieunBaer BBIXOAHYIO MOIIHOCTH
400 xBt B ummyibce.

CUCTEMA BUY-)KUBJIEHHSA A5 RFQ-IHJKEKTOPA YCTAHOBKH JIY-20
B.I'. Ky3vmiuoe, A.B. Ko3noe, FO.b. Cmacesuu, /I.H. Cene3nvos, K.1. /[lopoxos, A.B. Kononoe

[pencraBnena cucrema BU-xuBnenns npuckoproBava-imkekropa 3 [IOK®, sikuii po3podisiersest B ITED i mpu-
3HAYEHHH JUIS 3aMiHH eJeKTpocTaTuuHoro Qopimkekropa ycranoBku JIY-20. Cucrema BYU-xuBnieHHs mpaioe Ha
yactoTi 145 MI'l i ckilafaeThest 3 ABOX MiJCHITIOIOYMX KaHAaJIB ISl MOPYLICHHS MPUCKOPIOI0YOI CTPYKTYpH 1 OaH-
4yepa. HaBoasThcs mapamerpu 1 pe3ynbTaTé BUCOKOYACTOTHUX BUIIPOOYBaHb MiJICUITIOIOUNX KaHAIB MPH poOOTi Ha
eKBiBaJIeHT HaBaHTakeHHs. Kanan 30ymkenHs crpykrypu 3 [TIOK® 3abe3neuye Buxigny noryxsicts 400 kBt B
IMITYJIBCI.
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