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Abstract 
 In the Research Center for Development of Far Infrared Region, many high 
frequency gyrotrons for high power technologies have been developed. In order to 
utilize gyrotrons as light sources in the THz region, we are carrying out the 
development of higher frequency  gyrotrons. In the first THz-gyrotron experiment, 
we already obtained the result exceeding 1 THz radiation using a pulse magnet 
system [1]. However, this gyrotron is not  convenient for application to in high 
power technologies, since it can only be used for short pulse operation and the 
repetition rate is very  low. Therefore, we are  developing a cw gyrotorn named 
Gutrotron FU CW III using a 20 T superconducting magnet. The design of the 
cavity is the same as the one installed in a pulse magnet gyrotron, the cavity 
radius and length are 1.95 mm and 10 mm, respectively. 

1. Introduction

 In THz and sub THz region, there are a lot of high power technologies, for example, plasma 
diagnostics, electron spin resonance (ESR) spectroscopy, application of Dynamic Nuclear 
Polarization (DNP) to Nuclear Magnetic Resonance (NMR) spectroscopy, new medical technology 

and so on. There are some radiation sources in this region, for example, BWOs, molecular lasers, 
free electron lasers to name a few [2]. However, the first  two devices are not able to attain high 
power radiation and the last devices not convenient to apply  in high power technologies because  
they  are huge. On the other hand, Gyrotrons are the most suitable oscillators to obtain high power 
and high stable radiation in this region. Therefore, a number of gyrotrons in sub-THz region have 

been developed in the Research Center for Development of Far-Infrared Region (FIR FU). At 
present, we are developing a higher frequency gyrotron operating in THz region.
 The first  THz-gyrotron, with a 21.5 T pulse magnet, was already developed and succeeded in its 
first breakthrough experiment of 1 THz. A second harmonic operation was achieved at the 
frequency of 1.005 THz [2]. However, this gyrotron is not convenient for application  in high power 

technologies, since it can operate in only in short  pulse and the repetition rate is very low, only 
every 10 minutes. 
 In order to resolve these problems and achieve the application of gyrotrons to high power THz 
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technologies, cw gyrotron series named Gyrotron FU CW Series is being developed in FIR FU.

2. Development of CW THz Gyrotron

 The Gyrotron FU CW III was designed and constructed using a 20 T superconducting magnet. The 

bore diameter is 51 mm and the height is 1565 mm from the bottom to the top of the vessel. It was 
designed and constructed by  JASTEC Co. The installed cavity has the same dimensions as the 
cavity of a pulse magnet  gyrotron. The cavity radius and length are 1.95 mm and 10 mm, 
respectively (Fig.1). The designed cavity  mode is TE4,12 at the frequency of 1.013.66 THz by 
second harmonic operation [3]. 

 Figure 2 shows the starting current  calculation result of the fundamental and second harmonic 
operations as a function of the magnetic field intensity (the program of the starting current is made 
by Y. Tatematsu). The calculation parameters Vk (cathode voltage) is -21 kV, Rb (injection radiuses) 
is 0.343 mm (Fig. 2), and pitch factor is 1.2. In Fig. 2, the dashed lines are the fundamental 

operations and the solid lines are the second 

harmonic operations. 
 Figure 3 shows the result of mode competition 
calculation taking into account TE4,12, TE2,12, 
TE6,11 modes at second harmonic, and 
TE3,6,TE5,5 at fundamental. After 120 nsec, 

TE4,12 mode is expected to radiate without mode 
competition with other modes.

Fig 1. The cross section and exterior of Gyrotron 
FU CW III Fig.2 Starting current 

         
Fig.3 The result of mode competition calculation 
taking into account TE4,12, TE2,12, TE6,11 modes at 
second harmonic, and TE3,6,TE5,5 at fundamental. 
Here Vk = -21 kV, Rinj = 0.343 mm, and α = 1.2 B = 
18.75. 



3. Result

  Figure 4 shows the first experimental result that is the radiation power as a function of magnetic 

field intensity. The radiation power was measured by a pyro-electric detector through an aperture 
(high pass filter) of diameter 0.3 mm, resulting to a cutoff frequency of 586 GHz. In the field 
intensity region greater than 19 T, three radiation peaks were observed. These peaks or at least one 
peak is also expected in the second harmonic operation. 
 Figure 5 shows the measured and estimated frequencies for the observed radiations as a function of 

the magnetic field intensity. The triangular points show second harmonic operations and the circular 
points show fundamental operations. The oval area at the fundamental operation shows measured 
frequencies by a heterodyne system or a Fabry-Perot interferometer. The three signals above 19 T in 
the second harmonic operation (small oval area) are expected to achieve a breakthrough of 1 THz.

4. Next plan

 In order to utilize this new Gyrotron system for 
high power technologies, a Gaussian beam is 
desired for the transfer with high efficiency and 
irradiation to the sample with simple 
polarization.In order to obtain a high quality 
Gaussian beam, an output with high mode purity 
is required at the window. For the next step, we 
alreadydesigned and constructed a new 
resonator. The shape is illustrated in Fig. 6. The 
nonlinear up-taper is used in the new resonator. 

Fig.5 The measured and estimated frequencies 
as functions of magnetic field intensity.

Fig.4 Radiation power by a pyro-electric detector 
with a high pass filter φ0.3 mm as a function of 
magnetic field intensity.

        Fig.6 Nonlinear resonator geometry



The calculated mode purity  at the end of the up-taper is higher 90 percent for several cavity modes, 
while it is around 50 percent for the resonator with a linear up-taper. Table 1 shows the results of the 
calculation on the mode purity of the new resonator for each mode. Here, fres is respective 
frequency, QD is diffraction Q, QΩ  is Ohmic Q value, and Qtot is total Q value.

5. Summary

 A THz CW operation gyrotron using a 20 T superconductor magnet named Gurotron FU CW III  
has been developed. The first experiment was carried out successfully. Several second harmonic 
operation powers were observed at the field intensity higher than 19.0 T. Theses radiation signals 

are expected to achieve a breakthrough of 1 THz. To obtain a high quality  Gaussian beam, we 
already designed and constructed a new resonator. It is expected to obtain high mode purity for 
several cavity modes. The mode purity of the design mode TE4,12 exceeds 98 % .  
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Table.1 Mode purity 


