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Abstract

High frequency, medium power gyrotrons (Gyrotron FU series) have been developed at the Fukui University as
radiation sources convering a broad frequency band from millimeter to submillimeter wave region. We have
performed cw operation of the Gyrotron FU IV. However, the output power was not- stable (a.pproxunateiy several
tens %) due to the fluctuation of the cathode potential ( ~40 V). The output power was ‘stabilized within several
percent by controlling the anode potential. Such a technique was also used for amplitude modulation of the gyrotron
output. Improved stabilization of output power and effective modulation will be achieved by stabilizing the cathode

potential.
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1. Introduction

Up to now, molecular vapour lasers [1,2] and
backward-wave oscillators [3] have been the prin-
cipal power sources in the submillimeter wave-
length range. However, their output powers are
restricted to 0.5 W or 10 mW.

On the other hand, gyrotrons are suitable not
only as high power sources [4,5] but also as high
frequency sources. High frequency gyrotrons have
already been used as millimeter to submillimeter
wave sourees for plasma scattering measurements
[6], electron spin resonance (ESR) experiments,
etc..Such gyrotrons operate on fundamental, sec-

ond, and even third harmonics of the electron
cyclotron resonance under high magnetic field
exceeding 10 T. In addition, cw operation with
output powers of several tens of watts has been
achieved by several high frequency gyrotrons at
the University of Sydney and by one of the sub-
millimeter wave gyrotrons (Gyrotron FU IV) at
Fukui University.

High frequency gyrotrons have many advan-
tages (such as frequency’ tunability) compared to
conventional sources and are also the most
premising candidates as high power sources. For
many applications of such sources, the stability of
the output power is very important. It can be
achieved by stabilizing the cathode potential and
by a proper control of the anode voltage. We



investigated both approaches and the results from
our experiments are presented in this paper.

2. Development of high frequency gyrotrons

- We have developed high frequency, medium
power gyrotrons covering a broad frequency
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Fig. 1. A schematic drawing of Gyrotron FU IV A.
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Fig. 2. Frequencies achieved up to now by Gyrotron FU series
as a function of field intensity B,. Solid lines show the
fundamental, the second harmonic, and the third harmonic
resonances.
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Fig. 3. A schematic drawing of Gyrotron FU IV.
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Fig. 4. Time evolution of operation parameters: AP fluctuation

of gyrotron output powér, AV, that of cathode potential and
AV, that of anode potential.

range from millimeter to submillimeter wave-
length region. Our ‘Gyrotron FU series’ consists
of eight gyrotrons. A schematic drawing of the
latest gyrotron, Gyrotron FU IV A [7], is shown
in Fig. 1. The gyrotron consists of a 17 T super-
conducting magnet, magnetron injection gun
(MIG), resonant cavity, collector and a sealed-off
tube. In order to improve the mode separation,



we use a narrow cavity whose diameter is 3.23
min.

All frequencies achieved up to now by Gyro-
tron FU series are summarized as a function of
magnetic field intensity B, in Fig. 2. Solid lines
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Fig. 5. Correlation between cathode potential fluctuations and
output power fluctuations.
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Fig. 6. Correlation between anode potential and output power
(after the implementation of a low-pass filter),
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Fig. 7. A circuit for producing anode voltage to stabilize the
output power.
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Fig. 8. Time evolution of operation parameters: AP fluctuation
of gyrotron output power, AV, that of cathode potential and
AV, that of anode potential.

Fig. 9. A smoothing circuit to suppress the cathode potential
fluctuation.

represent the fundamental (N=1), the second
{(N=2), and the third harmonic (N =3) reso-
nances. Frequency step tunability from 38 to 889
GHz is achieved for the fundamental, second, and
third harmonic operation.

Gyrotron FU IV A achieved the highest fre-
quency of 889 GHz for single mode operation on
the TEg ¢ , cavity mode at the second harmonic
(N=2). In the case of Gyrotron FU IV A, the
output power ranges from several hundred watts
at the fundamentals to several ten watts at second
harmonics.

3. Stabilization of the gyrotron output by
controliing the anede potential

We have successfully performed cw operation
of the submillimeter wave gyrotron, Gyrotron FU



IV [8]. This gyrotron consists of sealed-off tube
and magnet system shown in Fig. 3. The super-
conducting magnet produces the main field in the
cavity region whose intensity can be raised up to
12 T. Three subsidiary copper field coils are used
in the electron gun region. Both fields can be
adjusted independently to control the formation
of the electron beam in the MIG.

The cw operation (TEy; mode, f=301 GHz,
P =20 W) is obtained under the following condi-
tions: magnetic field intensity in the cavity region
B, = 10.8 T, cathode potential V, = — 16 kV, an-
ode potential ¥, = —2.9 kV. The evolution of
operation parameters with time is shown in Fig. 4.
The fluctuations of the output power correlate
with that of the cathode potential. When the
cathode potential decreases to the minimum
value, the output power reaches its maximum,
The change of the cutput power as a function of
the variation of the cathode potential is shown in
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Fig. 10. Time evolution of operational parameters: AP fluctua-
tion of gyrotron output power, AV, that of cathode potential:
(a) without a smoothing circuit; and (b) with a smoothin g
circuit,
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Fig. 5. It can be seen that at the specific opera-
tional conditions the output power decreases
monotonically with the increase of the cathode
potential. On the other hand, the output power
increases monotonically with the increase of the
anode potential (Fig. 6). Therefore, the output
power may be stabilized by controlling the anode
potential using the fluctuations of the cathode
potential as a feedback signal. The characteristic
shown in Fig. 6 was obtained after the implemen-
tation of a low-pass filter which significantly re-
duces the output power fluctuations. The circuit,
used for control of the anode potential is shown



m Fig. 7. The fluctuations of the cathode poten-
tial were measured using a divider made from
capacitors. Our experience shows that it is possi-
ble to arrive at the optimal condition by just
changing the amplifier’s gain. As a result of the
mmplementation of this approach we succeeded to
reduce the fluctuation level from 3.7 to 1.5% (Fig.
8). By further optimization of the stabilization we
hope to decrease the fluctuations down to 0.1%.

4. Stabilization of the gyrotron output by
stabilizing the cathode potential

In order to suppress the fluctuation level of the
cathode potential, the high voltage power supply
is equipped with a smoothing circuit consisting of
a resistor, an induction coil and a capacitor (Fig.
9). The time evolution of output power and
cathode potential is shown in Fig. 10. The fluctua-
tion level was decreased from 40 to 3 V by
introducing the smoothing circuit. Accordingly,
the fluctuations of the output power were de-
creased from 4.3 to 1.3%, respectively.

5. Amplitude modulation
We have already demonstrated amplitude mod-

ulation of gyrotron output in pulse operation [9].
The modulation is based on the relation between

the output power and the anode potential as
shown in Fig. 6. The results for the experimental
conditions are illustrated in Fig. 11. As the modu-
lation level of anode potential increases, that of
the output power also increases, The depth of

~ amplitude modulation is correlated with the mod-

ulation level of anode potential (Fig. 12). Such a
relation doesn’t depend on modulation frequency
and suggests the possibility to attain higher mod-
ulation frequencies.

6. Conclusions

High frequency, medium power gyrotrons (Gy-
rotron FU series) achieved the highest frequency
of 889 GHz for single mode operation at the
second harmonic (& =2} and the frequency step-
tunability from 38 to 889 GHz using the funda-
mental, second, and third harmonic operation.
Output powers of several hundred watts at the
fundamentals and several ten watis at second
harmonics have been achieved.

As a result of the feedback control of the anode
potential we succeeded 1o reduce the fluctuation
level of the cw output power {f= 301 GHz, P =
20 W) from 3.7 to 1.5%. The fluctuation level
could be decreased down to 0.6% by reducing
fluctuation level of the cathode potential <3 V.

As a result of the control of the anode potential
we succeeded to modulate the gyrotron output
with a modulation frequency up to 20 kHz.
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