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Abstract— Design and experimental results of a broadband, 

high power, millimetre-wave gyrotron traveling wave amplifier 
(gyro-TWA) operating in the 75-110 GHz frequency band and 
based on a helically corrugated interaction region (HCIR) and 
cusp electron beam source are presented. The second harmonic 
cyclotron mode of the electron beam was used to match the 
dispersion of an eigenwave in the HCIR, achieving energy 
transfer from the electrons to waves over a large frequency 
range. The gyro-TWA was measured to generate a maximum 
power of a few kWs with an unsaturated gain of 36-38 dB in the 
driving frequency band of 91-96.5 GHz. 
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I.  INTRODUCTION 
Gyro-devices are coherent microwave radiation sources 

based on the cyclotron resonance maser instability [1]. The 
gyrotron traveling wave amplifier (gyro-TWA) has promising 
applications in telecommunications, RADAR, plasma 
diagnostics, electron paramagnetic resonance (EPR) and so on 
due to its high power and broadband capabilities [2-4]. Gyro-
TWAs, using HCIR structures [5] and operating at mm-wave 
and terahertz frequency ranges are under development at the 
University of Strathclyde. A gyro-TWA operating at 90-100 
GHz was designed to achieve 5 kW with an amplification gain 
of ~37 dB using a 55 keV, ~1.5 A axis-encircling electron 
beam. Another gyro-TWA operating at higher frequency, at a 
centre frequency of 372 GHz, is also being designed for EPR 
applications. 

II. SET UP AND RESULTS 
A schematic drawing of the experimental setup is shown in 

Fig. 1.  

 
Fig. 1. The schematic of a gyro-TWA. (1) electron gun, (2, 3) coil system, 
(4) pillbox window, (5) input coupler, (6) output window. 

The microwave seed signal was coupled into the ultra-high 
vacuum system through a broadband (88-104 GHz), high 
transmission (-0.6 dB) pillbox microwave window. A side-
wall coupler [6,7] with a T-junction structure [8] was used to 
convert the TE10 mode in rectangular waveguide into the TE11 
mode in the circular waveguide. An optimized broadband 
Bragg reflector was used at one port of the T-junction to allow 
the electron beam to pass without interception and at the same 
time to minimize any millimetre-waves propagating into the 
electron gun region. A polariser was used after the millimetre-
wave coupler to convert the linearly polarised TE11 wave into 
a circularly polarised one, to ensure all the drive power is in 
the correct polarisation for interaction with the HCIR to 
produce the operating eigenwave that is optimum for the gyro-
TWA.  

After the input millimetre-wave entered the helical 
waveguide was amplified in the interaction region, producing 
higher power radiation which could be converted into a 
Gaussian beam by using a mode-converting horn [9,10]. In 
this experiment a smoothly profiled horn [11] as shown in Fig. 
2 was optimized to achieve a high Gaussian content (>98%) 
with negligible reflection (-37 dB) over the operating 
bandwidth.  

 
Fig. 1 The profile of the output horn used in the experiment. 

The measured far-field radiation patterns using a W-band 
vector network analyzer (VNA) (Anritsu ME7808) showed 
good agreement with the simulated results. The wave was 
coupled out of the system through a multiple-disc window 
[12]. The reflection of the multiple-disc window was 
measured to be better than -33 dB with negligible power 
absorption (Fig. 3).  
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Fig. 2 The measured reflection of the smoothly profiled horn with and without 
the addition of a multilayer microwave window. 

The VNA was used to measure the millimetre-wave 
properties, such as Ohmic loss and scattering parameters, of 
each individual component both separately and when 
assembled together to form the overall gyro-TWA. 

A double-Blumlein pulse forming network made from a 
high voltage cable and a spark-gap switch was used to provide 
the accelerating field for the electron beam. The electron 
accelerating potential was measured using a resistive voltage 
divider, while electron current, typically 1.5 A at operating 
temperature, was measured using a current transformer. The 
beam current was measured in the cavity using a Faraday cup, 
inserted into the beam tube. This beam current of 1.5 A was 
measured at the normal operating cathode temperature, 
although it was variable by adjusting the heating power 
applied to the cathode 

III. RESULTS 
The output microwave radiation signal (detected by two 

crystal detectors situated inside screened boxes) and its far-
field mode pattern were measured and are shown in Fig. 4 and 
Fig. 5.  

 
Fig. 4 Measured microwave signal of the broadband W-band gyro-TWA. 
 
The sensitivity of the crystal detector at different input 

power levels was carefully calibrated before the gyro-TWA 
experiment. Then the detector was positioned at a far enough 

position away from the output window of the gyro-TWA to 
avoid any possible reflection from the screened box itself.  
The transmission loss of the whole gyro-TWA was carefully 
measured by a W-band Vector Network Analyzer. From the 
measurement it was found that 1.5 W at the input of the gyro-
TWA was attenuated to ~0.5 W at the output window of the 
gyro-TWA. From the detector outputs in the “cold” and “hot” 
(without and with electron beam operating in amplification 
mode) experimental conditions, the amplification gain and the 
output power of the gyro-TWA at different input levels were 
measured. The experimental results of the output power and 
amplification gain as a function of driving frequency were also 
measured. 

 

 

Fig.5 Measured far-field radiation pattern of the broadband W-band gyro-TWA. 

The high power, broadband W-band gyro-TWA was 
experimentally studied and the measured results were in good 
agreement with theory and numerical simulations. In the W-
band gyro-TWA experiment, stable amplification over the 
frequency range of 90 – 96.5 GHz was achieved driven by the 
axis-encircling electron beam with a velocity alpha value of 
~1. The maximum gain was measured to be 38 dB at 94 GHz 
with a maximum input power of ~0.5 W, which gives a 
maximum output power of ~3.4 kW. The output at higher 
input power levels and frequencies above 96.5 GHz were not 
measured due to the lack of an input signal. The results were 
in good agreement with the simulated output power and 
frequency bandwidth of 90-100 GHz.  

IV. CONCLUSIONS 
The gyro-TWA was proved to be zero-drive stable with an 

output power of ~3.4 kW and -3 dB bandwidth of over 5.5 
GHz in a pure Gaussian output mode. From the simulation this 
experiment could be scaled up to operate in the higher 
terahertz frequency range. A gyro-TWA operating at 372 GHz 
has been designed to generate ~500 W output power over a 
frequency bandwidth of over 5%. 
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