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Results of the high power long pulse gyrotron development with a diamond window are
described. In ECH/ECCD (Electron cyclotron heating/ current drive) system of ITER, 50MW
power injection is designed using 60 gyrotrons of 1MW/CW at 170GHz. In Fig. 1, a
conceptional view of the energy recovery type gyrotron developed in JAERI is shown. A
rotating hollow electron beam is injected along the magnetic field into the oscillation part
(cavity). In the cavity, the RF power is generated via a mechanism of electron cyclotron
resonance maser(ECRM). The RF is converted to optical RF beam using an in-waveguide
mode converter placed at the downstream of the cavity, and is outpulted through the window.
By recovering the rest energy of a spent beam (a beam after the oscillation interaction)
electrostatically to the power supply system, first demonstration of 50% of the overall
efficiency was attained[l] (Output power of 400kW/pulse duration of 4sec at llOGHz). This
energy recovering technique bring about a large saving of the capacity of both power supply
system and cooling system. Followed the success of the 1 lOGHz gyrolron, the development of
170GHz was started.

A heat load on the cavity wall became too large when the conventional oscillation modes
such as TE22,2 or TE22,6 were used. Therefore, very high order mode (TE31,8) was adopted,
which was 1MW/CW relevant mode at 170GHz- In the oscillation design, relatively low pitch
factor o(=rolational velocity/axial velocity) electron beam, a~l , was used to avoid the
instability of the electron beam. For the cavity, the high Q-factor one which had long interaction
length was used to cope with the low a beam. The oscillation efficiency is not so high for low
a beam, but this can be compensated by higher energy recovering ratio. As a result, 50% of the
overall efficiency is expected. Next, the oscillation test was done using a short pulse gyrolron
which had the optimized high Q-faclor cavity. As a result, stable, single mode oscillation of
lMWwas obtained at 170GHz/TE31,8 mode. Following this, a long pulse gyrolron with the
energy recovery system was developed. The design value is summarized in Table 1. In phase I
and II, sapphire and silicon nitride were used as the window materials, respectively. Then, the
output power of 500kW/0.8sec and 180kW/10sec were demonstrated. However, these power
and pulse duration were limited by the large temperature increase of the window due to the RF
absorption. To solve this, a synthetic diamond disk was tested as a window material under
ITER collaboration with EU(especially with FZK). The diamond has low RF absorption ratio
and extremely high thermal conductivity (2000W/mK; 5 limes higher than that of copper). It
was found that the upper limit of the transmission power rise from 0.2MW of the sapphire to
greater than 2MW of the diamond[2]. In Fig.2, pictures of the diamond disk and the window
are shown. Thickness is 2.23mm corresponding to 3 wavelength at 170GHz. An aperture of
the window is 83mm. After developing a water cooling mechanics, the diamond window was
successfully installed on the gyrotron. The window stood the baking temperature of 450deg.C
which is necessary in the fabrication process of the gyrotron, and good vacuum was obtained
(less lhan lxlO'lorr). In the pulse extension experiment of the diamond window gyrotron,
500kW/5sec was obtained up to now. This is a record of energy output at 170GHz gyrotron.

Up to now, the maximum efficiency of 170GHz gyrolron is limited to 40% even with the
energy recovery. This must be caused by the divergence of the pitch factor of the electron beam.
Next, it is planed to attain the ITER gyrolron requirement by improving the beam quality,
improving the cooling system of the gyrotron and using a high quality diamond disk.
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Frequency
Beam voltage/current
Pilch factor
Q-value
Output power
Total efficiency
Energy recovering factor 2

170GHz
80kV/45A
-1.0
2100
1MW
50%

Pulse duration
Oscillation mode
Output mode(window)
Mode converter
Window phase I

phase II
phase III

Length
Weight

CW
TE31,8
Flat beam
In-Waveguide type
Sapphire
Silicon Nitride
Diamond
-3m
~650kg

Phase Correction
Mirrors t

Corrugated
Waveguidi

-Collector

- Ceramic Insulator

Body/ Body Insulator

Table 1: Design value of 170GHz gyrotron Fig.l: Conceplional view of gyrotron

Cooling Housing

Diamond disk

Water pipe

Fig.2: Picture of diamond window assembly
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