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Abstract: Radio frequency (RF) power in the ion cyclotron range of frequencies 
(ICRF) is one of the primary auxiliary heating techniques for Experimental Advanced 

Superconducting Tokamak (EAST). A 6 . 0 M W  ICRP systems in the range of 25-70 

M H z  has been put into operation during the E A S T  2012 spring campaign. The ICRF 

systems consist of two port-mounted antennasand each antenna is driven by two 

independent 1.5MW RF power source.Another four 1.5MW ICRP system is under 

way of construction.The system will deliver more than 1 0 M W  of RF power to the 

plasma for 1000 sec pulse length.This paper gives brief introduction of the ICRF 

systems capabilityon EAST.

1 . Introduction
The research objectives of E A S T  are to perform advanced tokamak research in 

high performance regime and to explore methods for achieving a steady-state 

operation for a tokamak fusion reactor.EAST is a fully superconducting tokamak (R = 

1.75m, a = 0.4m, Bt = 3.5T, pulse length<=1000 sec) being commissioned at ASIPP. 

Since the first plasma in 2006, much significant progress has been achieved [1,2]. RF 

power in the ion cyclotron range of frequencies is one of the primary auxiliary heating 

techniques for EAST.

E A S T  tokamak is equipped with an ICRF system consisting of fourtransmitters, 

totaling 6.0 M W  and two low field side antennas at two dedicated horizontal ports, 

B-port and I-port. The ICRF system has been designed to operate for long pulse 

length up to 1000 s. Each transmitter is connected by a nine inch transmission line, 

through a three stub matching system, and vacuum insulated transmission lines to an 

antenna.The performance of ICRF heating has progressed steadily on E A S T  [3-/].Up 

to 2.0 M W  of RF power was injected into plasmas during the 2012 spring campaign 

andplasma performance was greatly improved [8].

2. The main technical feature of ICRF Systems on EAST
A  6 . 0 M W  ICRF system with long pulse operation at megawatt levels in a

frequency range or 25 to 70 M H z  has been designed as a part of the research and
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development (R&D) for EAST. The RP transmitters were tested in a matched dummy 

load where a RP output power of 1.5 M W  was achieved. Another6.0 M W  ICRF 

system is under way of construction.The total heating power will be more than 1 0 M W  

in the near future.

2.1 RF Power Amplifier
There are fourRF transmitterin the ICRF system. A  block diagram of ICRF 

system is shown in Fig.1.The RP transmitter units are shown in the section enclosed 

by the dotted red line. A  transmitter setup includes the amplitude and frequency 

control and monitor unit, a RF power amplifier chain, direct current (DC) high 

voltage power supply (HVPS) and cooling system.

Each RF power amplifier chain consists of low power stage and high power 

stage. The low power part is composed of a phase and amplitude controller (PAC) 

which has four RF output ports each designed to produce a 2 0 - m W  (13dBm) RF 

signal with a adjustable phase shift from 0° to 360°, a computerized waveform 

generator producing a desired reference pulse waveform, and a RF switch which is 

used in each amplifier chain to cut off RF power immediately once the reflected 

power fraction exceeds the specified value. The high power part includes a three-stage 

RF power amplifier chain, i.e. 5 kW-stage broadband solid state amplifier (SSA),100 

kW-stage tetrode drive power amplifier (DPA) and 1.5 MW-stage tetrode final power 

amplifier (FPA), tunable from 25 M H z  to 70 MHz. The gains of the SSA, the D P A  

and the FPA are about 〜46 dB,〜14 dB and 〜13 dB, respectively. In order to protect 

the components of the amplifier and to achieve a stable operation of the transmitter, 

the D C  HVPSs based on pulse step modulation (PSM) technology were developed for 

tetrode tubes because of its great advantages, such as fast response，low 

short-circuited energy, flexibility, etc.
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Fig.l Block diagram of the ICRF system on EAST.

Transmitter tests were conducted with a matched d u m m y  load over a frequency 

range from 25 M H z  to 70 M H z  in steps of 1 MHz. Figure 2 shows the test results of 

the transmitter. An averaged maximum RF output power of 1.5 M W  was achieved in
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a frequency range of 25 M H z  - 65 M H z  with an efficiency varying from 60 to 70 

percent. The gains of about 14 dB and 13 dB were obtained for the D P  A  and the FPA, 

respectively. Unfortunately, both RF output power and efficiency of the transmitter 

decreased rapidly at frequencies higher than 65 M H z  because of the limitation of 

operation frequency of tetrode tube.
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Figure 2 High power tests of the RF transmitter over thefrequency range from 24 

M H z  to 70 MHz. The averagedRP output power of 1.5 M W  was achieved with an 

efficiency of about 60〜70 percent in the frequency range of25〜65 M H z

2.2 The RF matching system andICRF Antenna systems
The ICRF system consist of four triple liquid stub tunersand two port-mounted 

antenna, as shown in Figure 3. The RF matching system is shown in figure 3(left). It 

utilizes the difference of radio frequency wavelengths in gas and in liquid due tothe 

different relative dielectric constants. The liquid (i.e. oil silicon) is filled between 

innerconductor and outer conductor. By using a pump to control the liquid level, the 

parametersof this matching system can be changed. Due to the C W  operation, the 

inner and outer conductor of the liquid stub tuner must be cooled by pure water.

There are two ports for ICRF antenna system on EAST. The phase between the 

current straps can be change in 0-360.For long pulse operation, the antennas have 

many cooling channels inside the current strap, cavity wall, the faraday screen and 

vacuum transmission line. In order to adjust the coupling of the antenna to plasma, the 

antenna can be moved a little in radial direction. The ICRF antenna at B  port is 

grounded at the center, and have a coaxial feed line connected to each end of the 

current strap, as shown in Fig.3 (right). After going through two vacuum feedthrough, 

the top and bottom coax feed lines of each current strap are connected to each other in 

a resonant loop configuration. The length of the current strap that coupled power to 

plasma is 700mm. The antenna at I port are folded, end grounded with a central 

current feed, as shown in Fig.3 (middle). The length of the current strap is 750mm. 

T w o  1.5MW RF transmitter is attached to the antenna through a matching system.
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The matching system consists of three stub tuner. Phase between the straps is 

controlled in the low power parts of the RF system.

Figure 3 The ICRF matching system (left) and antenna systems: Four-strap 

antenna at I-port(middle),Two-strap antenna at B-port(right).

3. Summary
A  6.0 M W  (1000 s) ICRF system has been put into operationon EAST.The 

transmission line, antenna, vacuum feedthrough and matching components for long 

pulse and high power operation have been developed.An averaged maximum RP 

output power of 1.5 M W  was achieved in a frequency range of 25 M H z  - 65 M H z  

with an efficiency varying from 60 to 70 percent. Another 6.0 M W  ICRF system is 

under way of construction.
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