Amplification of W-band multi-frequency signals using a gyro-TWA
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Abstract— A W-band gyrotron traveling wave amplifier (gyroTWA) based on a helically corrugated interaction region
achieved an unsaturated output power of 3.4 kW with a gain of
up to 37 dB and a 3 dB frequency bandwidth of at least 5.5 GHz.
In the experiments it was found that the gyro-TWA can be
operated with a range of different electron beams. Also the
frequency agility of the gyro-TWA was demonstrated by the
amplification of multi-frequency signals.

G

The particle-in-cell (PIC) simulations with the new parameter
sets were performed using the 3D PIC code MAGIC and the
simulation results are shown in Fig. 2. A gain of about 31 dB
was predicted in the frequency range of 93 - 94 GHz,
assuming an alpha spread of 10% and a beam thickness of 0.1
mm. The simulated gain for the two sets of the parameters that
were used in these experiments is shown in Fig. 2 for
comparison.

I. INTRODUCTION

yro-devices in the form of both a gyrotron traveling wave
amplifier (gyro-TWA) [1] and a gyrotron backward wave
oscillator [2] have been developed at the University of
Strathclyde. An existing W-band gyro-TWA has achieved an
output power of 3.4 kW with a 3 dB frequency bandwidth of
91-96.5 GHz (limited by the bandwidth of the input signal)
and an unsaturated gain of 37 dB [3]. The capability of the
broad frequency bandwidth is due to the use of a helically
corrugated interaction region (HCIR). An “ideal” eigenwave
having an almost constant value of group velocity in the
designed frequency band is formed in the HCIR to match the
dispersion line of the 2nd harmonic of the electron cyclotron
mode allowing broadband amplification [4].

Previously an electron beam of 55 keV, 1.5A with an alpha
of ~1.0 was used. To demonstrate the versatility in operating
the gyro-TWA the operating beam voltage was lowered to 40
kV. The α value (the ratio of the transverse velocity to the
axial velocity, vt/vz) of the electron beam was also reduced to
~0.85 in order to match the dispersion of the operating
eigenwave. The required magnetic field was accordingly
adjusted to maintain the resonance between the electron beam
mode and the eigenwave. For comparison, the dispersion of
the coupling TE21 and TE11 modes, the resultant operating
eigenwave and the electron beams in the two experiments are
shown in Fig. 1.

Fig. 2 Simulated gains from the two sets of beam parameters used in the
separate experiments.

To demonstrate the promising applications of the gyroTWA in areas such as RADAR, telecommunications, plasma
diagnostics and electron spin resonance, the frequency agility
of the gyro-TWA was demonstrated by the amplification of a
multi-frequency input signal. In the experiment a signal of
~0.5 W, with linearly swept frequency bandwidth of 1 GHz, or
multi-frequency of 30 MHz separation, was amplified and a
gain of over 30 dB was measured [5].
II. EXPERIMENT
The gyro-TWA contained key components, including cusp
electron gun [6-8], pillbox window [9], input coupler [10-12],
elliptical polarizer [13], output mode converter and windows
[14-17], HCIR, and solenoid systems. The axis-encircling
electron beam in the gyro-TWA was generated by a cusp
electron gun with a magnetic field reversal immediately in
front of the cathode. Its beam velocity ratio, α, could be tuned
by changing the magnetic field at the cathode surface through
varying the driving currents of the solenoids. All the mmwave components were optimized through numerical
simulations and verified by measurement using a vector
network analyzer before and after they were assembled, or
vacuum brazed together.
A schematic drawing showing the components of the gyroTWA experiment is shown in Fig. 3.

Fig. 1 Dispersion of the operating eigenwave and the electron beams in two
separate experiments.

aligned well with the input signal. The correlated microwave
signal also matched well with the pulse length of the beam
voltage in Fig. 5(b). The amplitude changes were due to
variation of the beam voltage. The spectrum of the amplified
microwave signal in Fig. 5(c) showed a bandwidth 1 GHz.
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Fig. 3 A schematic drawing of the mm-wave gyro-TWA. (1, 6 - coils, 2 - cusp
electron gun, 3 - Bragg reflector, 4 - input coupler, 5 - Elliptical converter, 7 HCIR, 8 - Corrugated mode converter and output window).

A photo of the upgrade of the frequency-modulated input
mm-wave signal is shown in Fig. 1 . An arbitrary waveform
generator (model Keysight M8190A (1)) was used to generate
signals with a maximum analog bandwidth of 5 GHz. The
signal was then mixed with a ~15.5 GHz signal from a vector
signal generator (model Agilent E8267D (2)). The resultant
signal was then used to drive a Quinstar solid-state amplifier
(3) to generate a microwave signal in the frequency range of
90 to 96 GHz. The signal was attenuated by an Anritsu rotary
vane attenuator (4) and measured by a waveguide harmonic
mixer (5). The waveform can be processed by an oscilloscope
(6) or a signal analyzer (7).

Fig. 4 A photo showing the setup for generation of the input mm-wave signal.

Fig. 5 Gyro-TWA experimental results with frequency-swept signal.

The frequency-swept signal was set as 1.0 GHz bandwidth
at the central frequency of 93.5 GHz. It can be seen in Fig. 5
(a) that the amplified signal had frequency sweeping that
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