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The Electron Cyclotron (EC) system for the ITER tokamak is designed to inject ≥20 MW RF power into the 

plasma for Heating and Current Drive (H&CD) applications. The EC system consists of up to 26 gyrotrons 
(between 1 to 2 MW each), the associated power supplies, 24 transmission lines and 5 launchers. The EC system 
has a diverse range of applications including central heating and current drive, current profile tailoring and control 
of plasma magneto-hydrodynamic (MHD) instabilities such as the sawtooth and neoclassical tearing modes 
(NTMs). This diverse range of applications requires the launchers to be capable of depositing the EC power across 
nearly the entire plasma cross section. This is achieved by two types of antennas: an equatorial port launcher 
(capable of injecting up to 20 MW from the plasma axis to mid-radius) and four upper port launchers providing 
access from inside of mid radius to near the plasma edge. The equatorial launcher design is optimized for central 
heating, current drive and profile tailoring, while the upper launcher should provide a very focused and peaked 
current density profile to control the plasma instabilities. 

The overall EC system has been modified during the past three years taking into account the issues identified in 
the ITER design review from 2007 and 2008 as well as integrating new technologies. This paper will review the 
principal objectives of the EC system, modifications made during the past two years and how the design is 
compliant with the principal objectives. 
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1. Introduction 

A powerful 24 MW Electron Cyclotron (EC) 
system[1,2] operating at 170 GHz with pulse lengths up to 
3,600 sec is planned to be installed for the ITER 
tokamak that will be used for central heating and current 
drive (H&CD) applications as well as off-axis control of 
magneto-hydrodynamic (MHD) instabilities. Design 
work for the ITER EC system is moving forward with 
the following main functionalities: 

− Assist initial breakdown and heat during current 
ramp-up 

− Provide auxiliary heating to assist in accessing H 
mode and achieve Q=10 

− Provide steady state on-axis and off-axis current drive 

in the range of 0< ρT <0.45 (where ρT is the square 
root of the normalized toroidal flux) 

− Control MHD instabilities by localized current drive 

− Provide one third of the total power for counter-

ECCD in the range of 0< ρT <0.45 

− Provide on/off power modulated from CW to 1 kHz 
and 50 to 100% power modulation from 1 to 5 kHz 

The EC system is comprised of four subsystems as 
follows: up to 26 gyrotrons (may include couple of 
spares), matching high voltage power supplies (HVPS), 
24 transmission lines (TL) and launchers. These 
subsystems are being designed and procured based on a 
partnership between the ITER organization (IO) and five 



 

Domestic Agencies (DAs) involved in the EC system 
development. 

 In general, the IO is responsible for the functional 
specifications of all components, the integration 
management, part of the installation, commissioning and 
operation. The fundamental layout for the whole EC 
system is illustrated in figure 1. 

 

Fig.1 The ITER EC system is divided into four subsystems, 
power supplies, gyrotrons, transmission lines and 
launchers. They are going to be procured from five DAs. 

This paper provides an overview of the planned EC 
system, with a technical description based on physical 
requirements and the current status of design activities 
comparing these to the envisioned functional capabilities. 

2. Design status and capabilities 

The procurement of all subsystems is performed by 
the DAs. The HVPSs are designed, procured and 
installed by Europe and India. Development of the 
gyrotrons is being advanced by four DAs (Europe, India, 
Japan and Russia). Procurement, installation and 
commissioning of them will be made by each DA at the 
ITER site. The US develops and procures the TLs, which 
the IO installs and commissions. The launcher which is 
going to be deployed at the Equatorial port (EL) is 
procured by Japan and four launchers at the Upper ports 
(UL) by Europe. These launchers are installed and 
commissioned by the IO. The overall system is operated 
by the IO. 

The in-kind procurement strategy taken to build the 
ITER EC system requires careful management by the IO 
of the interfaces between each sub-system and with 
interfacing services such as coolants, vacuum, buildings 
and so on[3]. The EC subsystems are to come as a 
complete package including cabling, control systems, 
water manifolds, etc., such that all packages fit together 
without the IO procuring any components. The interface 
boundaries of the four EC subsystems procured by each 
DAs are shown in figure 2. 
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Fig.2 Interfaces between the EC subsystems are defined as at the HV connectors at the gyrotron, the MOU output flange and 
the waveguide flange on the gyrotron side of the diamond window unit for their in-kind procurement. The interfaces with 
tokamak and buildings including utilities such as water cooling system, gases distribution and so on is managed by the IO.  

2.1 Power supplies 

The EC high voltage power supplies[4-6] consist of a 
main power supply (MHVPS, 55 kV/90 A, up to 1 kHz 
modulation capability), body power supply (BPS, 35 kV, 
up to 5 kHz modulation capability) and anode power 
supply for the triode gyrotrons (APS, 40 kV, up to 5 kHz 
modulation capability). Each MHVPS generates 
sufficient electrical power for 2 MW microwave power 
source, with either one supply connected to two 1 MW 
or one 2 MW gyrotrons, whereas all gyrotrons have their 
own BPS (and APS for the 8 MW procured by Japan). 
All the power supplies shall ensure high voltage stability 

in ripple and accuracy of less than 1%. High efficiency 
of more than 97% is going to be achieved in the MHVPS 
development. Procurement allocation between India and 
Europe is in discussion. 

2.2 Gyrotrons 

The gyrotrons[7-12] are designed to generate 1 MW or 
more at the window output with an electrical efficiency 
of ≥50% and ≥95% coupling to the HE11 mode at the 
MOU (Matching Optic Unit). The gyrotron procurement 
includes a liquid helium free cryomagnet, MOU, cooling 
manifold, local control system, support structure, 
auxiliary power supplies and ancillary systems. All of 



 

the above equipment is housed in the RF building, which 
is compatible with a 24 MW EC system since it is 
dominated by the space required for the power supplies; 
i.e., they limit the number of installed gyrotrons to 24 
under the assumption that all sources are 1 MW. The 
spacing is maximized with in the finite size of the 
building to minimize stray magnetic field interference 
between neighboring gyrotrons. They will be distributed 
on a grid with typically ≥5 m spacing and an equivalent 
distance between building steel structures. All gyrotrons 
are positioned >90 m from the tokamak center limiting 
the horizontal component of the stray magnetic field to 
≤3 mT along the electron beam trajectory. 

The procurement arrangement is scheduled to start in 
the summer of 2011 and the first delivery will be in 2015. 

2.3 Transmission line 

The corrugated waveguide transmission line[13-15] is 
designed to transmit the EC power from the gyrotrons up 
to the launcher diamond windows in the equatorial and 
upper port cells. 

Significantly high HE11 mode purity at the input of 
the TL is essential to ensure the efficiency of the TL. 
Based on the calculation[16], the output power in the HE11 
mode at the end of the TL will be decreased to around 
0.92 times the fraction of input power in the HE11 mode 
from the incident beam power. The transmission line 
performs additional functions as follows: 

− Monitor forward and reflected power (using power 
monitor mitre bend) 

− Direct power to dummy load (via an in-line switch) 

− Modify beam polarization for optimum plasma 
coupling 

− Deviate power to either upper or equatorial launchers 

− Provide pumping access for maintaining low pressure 
in line 

− Electrically isolate line from gyrotron and launchers 

As illustrated in figure 2, to achieve the above 
functionality, specific components such as switches, DC 
breaks, polarizers and so on have been included in the 
TL.  

The procurement arrangement has been signed in 
May 2010 and the first delivery will be in 2015. 

2.4 Launchers 

Two types of launchers are planned to achieve the 
required functionality of central H&CD and the off-axis 
CD for stabilizing MHD activity. These functions will be 
fulfilled by the right combinational use of the EL[17-19] 
and UL[20-22] which are shown in figure 3 and 4 
respectively. Both launchers are to be compatible with 
1.8 MW beams by taking into account 2 MW source 
operation (losses from MOU and TL will be >10%). As 
described in figure 2, each launcher is procured with the 
diamond window, isolation (or gate) valve and roughly 
15 m length of ex-vessel waveguide. The diamond 
window and valve form the barriers in the first 
confinement system that preventing tritium and other 
material from traveling up the TL. The ex-vessel 

waveguide shall compensate for the torus displacements 
(≤±25 mm) due to temperature variations, plasma 
disruptions, thermal quenches and loss of coolant. 

The EL is going to be deployed at the equatorial port 
#14, has a total of 24 waveguides at the entry, which are 
grouped into three sets of eight beams. Each beam set is 
projected to a focusing mirror then to a flat steering 
mirror before passing through the blanket shield module 
(BSM) and into the plasma. The steering mirror directs 
the beam set in the toroidal direction from 20 to 40˚, 

providing access from near on-axis to ρT ≤0.45. 

 

Fig.3 The sectional view of the EL showing the waveguide 
orientation, focusing mirror, steering mirror, port plug structure 
and blanket modules. 

 

Fig.4 The sectional view of the UL showing the waveguide 
orientation, three fixed mirror sets, two steering mirrors, port 
plug structure and blanket modules. 

A total of four ULs are going to be deployed at the 
upper ports #12, 13, 15 and 16. Eight waveguide entries 
are grouped in two sets of four beams follow free space 
propagation in the port plug through a set of four mirrors 
that regroup and focus the beams to provide a narrow 
and peaked current density profile for control of the 
MHD instabilities. An upper and a lower steering mirror 
injects the beam over a poloidal range of ±12˚ to access 
the relevant q=2 and 3/2 rational flux surfaces. The 
beams have a nearly fixed toroidal injection angle of 
about 20˚ that provides a maximized peak current 
density profile over the desired access range. For the 
ULs installed in the ports #12 and 13, a maximum of 
four beams can be injected such that the beam from main 
TL is switched to waveguide entries for either the upper 
steering mirror or the lower steering mirror.  

The functional capabilities of the EC system strongly 
depend on the focusing and access range provided by 



 

these two types of launchers. In a previous design, prior 
to 2007, the physics applications were partitioned 
between the two launchers based on regions of absorbed 
RF power into the plasma[23]. The EL had to accesses 

regions within of ρT ≤~0.45 for applications associated 
with central heating, current drive and sawtooth control, 
and the ULs could access only the region where NTMs 

would be expected to occur between ~0.55≤ ρT ≤~0.85. 
Therefore, the combination of two launchers could not 
achieve the presently desired accessibility. 

The design has been modified to increase the access 
range and avoid regions of non-accessibility on the 
launchers by increasing the access range of the UL. As 
shown in figures 5 and 6, the physics applications have 
been repartitioned between the two launchers[24], 
dividing the functional requirements based on the need 
for broad (EL) or narrow (UL) deposition profiles. The 
EL will still be used for central heating and current drive 
applications[25], while the UL is used for the control of 
both the NTM and sawtooth instabilities. In addition, one 
third of the EL beams are to provide counter current 
drive to decouple the heating and current drive 
contributions when depositing power centrally.  

 

Fig.5 The revised EL and UL access nearly the entire plasma 
cross section and are capable of injecting 20 MW in the co-
ECCD direction, 6.7 MW in the counter-ECCD, or a balanced 
injection of the full 20 MW for effectively pure heating. 

 

Fig.6 The maximum power that can be deposited at any given 
location in the plasma cross section based on the previous 
design (dashed line) and up-to-date configuration (solid line). 

3. Future prospects 

The EC system is envisioned to generate 8 MW RF 
power for the first ITER plasma operation scheduled in 
Nov. 2019 and the full 24 MW for the second operating 
period in late 2021. The design, manufacturing, 
installation and commissioning activities are configured 
according to these milestones with some margin of float 
(typically more than a year) prior to the planned plasma 

initiation date. The installation process will begin in 
early 2015 when the RF, assembly and tokamak 
buildings are available for EC equipment installation. 
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