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Abstract—In this paper gyrotron travelling wave amplifiers 
(gyro-TWAs) based on helically corrugated interaction regions 
will be presented. Their operating principle and the first 
experiment in X-band will be reviewed. The present experiment 
in W-band using a cusp electron beam source with the capability 
of a high pulse repetition frequency of 2 kHz will also be 
presented. The design and performances of the amplifiers for 
kilowatt output and broadband operation in the millimeter-wave 
and terahertz frequency ranges will also be presented. 
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I. INTRODUCTION

High power broadband gyrotron traveling wave amplifiers 
(Gyro-TWAs) have promising applications in communications, 
plasmas diagnostics, imaging, remote sensing, electron spin 
resonance spectroscopy, and so on. In the past gyro-TWA and 
gyrotron backward wave oscillators based on helically 
corrugated interaction regions (HCIR) have achieved 
unprecedented power bandwidth performance [1-4]. The W-
band gyro-TWA is designed to amplify with a wide 
instantaneous frequency bandwidth of 10 GHz (90-100 GHz) 
and to generate output power of ~5 kW when driven by a 40 
kV, 1.5 A large-orbit electron beam. An upgrade of the W-
band gyro-TWA, to operate at a high pulse repetition frequency 
of 2 kHz, has been carried out in the university of Strathclyde. 

II. PRINCIPLE

To increase the bandwidth of the amplifier a three-fold 
HCIR has been used. The resonant coupling of the TE21 mode 
and the first spatial harmonic of the TE11 mode in the HCIR 
gives rise to an “ideal” eigenwave for the amplifier. The 
eigenwave, which has an almost constant value of group 
velocity over a wide frequency band in the region of small 
axial wave numbers [5], can be readily matched by the 
dispersion line of an electron cyclotron mode or its harmonics 
allowing broadband microwave amplification to be achieved in 
a gyrotron travelling wave amplifier. The HCIR can also be 
designed to compress microwave pulses [6]. 

The large-orbit electron beam, generated from a cusp 
electron gun [7], is ideal for harmonic operation of gyro-
devices as the mode selectivity nature of such a beam requires 

that the harmonic number is equal to the azimuthal index of a 
waveguide mode for effective beam wave coupling, which 
leads to a reduced possibility of parasitic oscillations.  

III. RESULTS

Many broadband components were designed and developed 
for operation at a high pulse repetition rate (PRF) and their 
microwave properties measured including: broadband input 
coupler [8, 9], corrugated quasi-optical mode converter [10], 
output window [11,12],  pulsed power system and water-cooled 
beam dump. 

The output window in W-band operation was optimized 
through computer simulation, manufactured and measured to 
have a reflection of -30 dB. The ultra high vacuum compatible 
input coupler achieved -1.5 dB transmission. A water-cooled 
beam dump to accommodate the higher average power 
associated with an increased PRF has been designed and 
optimised through thermal simulations and manufactured . 

The corrugated horn could be used to separate the output 
electromagnetic wave from the spent electron beam so that the 
energy of the spent electron beam could be recovered by a 
depressed collector system. The corrugated horn could also act 
as a mode converter so that it could convert a cylindrical TE11 
mode into the free space TEM00 mode over the frequency band 
of 90–100 GHz with a reflection better than -30 dB and a 
coupling efficiency of ~99.4%. 

A thyratron-triggered, double-Blumlein pulse forming 
network was used to provide the accelerating field for the 
electron beam. The electron accelerating potential was 
measured using a resistive voltage divider, while the electron 
current, typically 1.5 A at the thermionic cathode operating 
temperature, was measured using a current monitor. The 
output microwave radiation was detected by two crystal 
detectors situated inside screened boxes. The output power 
was calibrated using a known microwave source. The 
experimental results including the output powers and 
operating frequency bands were measured.  

 Abstract_AAM_UCMMT_THz2016_WHe_Gyro_TWA.pdf
   This is the AAM of the short format submitted abstract. 
   Full length paper DOI:  10.1109/UCMMT.2016.7873946



IV. ACKNOWLEDGEMENTS 
The authors would like to thank the EPSRC and STFC UK for 
supporting this work and Dr. P. Huggard, Mr M. Beardsley 
and Mr. P. Hiscock of the Millimetre Wave Technology 
Group at the STFC Rutherford Appleton Laboratory, UK for 
the construction of the HCIR. 

 
REFERENCES 
 
[1] V. L. Bratman, A. W. Cross, G. G. Denisov, W. He, A. D. R. Phelps, K. 

Ronald, S. V. Samsonov, C. G. Whyte, and A. R. Young, Phys. Rev. 
Lett., 84, pp. 2746-2749, (2000) 

[2] A. W. Cross, W. He, A. D. R. Phelps, Appl. Phys. Lett., 90, 253501, 
(2007) 

[3] W. He, K. Ronald, A. R. Young, A. W. Cross, A. D. R. Phelps, C. G. 
Whyte, E. G. Rafferty, J. Thomson, C. W. Robertson, D. C. Speirs, S. V. 
Samsonov, V. L. Bratman, and G. G. Denisov, IEEE Trans. Electron 
Dev., 52, pp. 839-844, (2005). 

[4] W. He, C. R. Donaldson, L. Zhang, K. Ronald, P. McElhinney, and 
A.W. Cross, "High power wideband gyrotron backward wave oscillator 
operating towards the terahertz region," Phys. Rev. Lett., vol. 110, no. 
16, 165101, 2013. 

[5] L. Zhang, W. He, K. Ronald, A. D. R. Phelps, C. G. Whyte, C. W. 
Robertson, A. R. Young, C. R. Donaldson and A. W. Cross, "Multi-
mode Coupling Wave Theory for Helically Corrugated Waveguide," 
IEEE Trans. Microw. Theory Techn., vol. 60, no. 1, pp. 1-7, 2012. 

[6] L. Zhang, S. V. Mishakin, W. He, S. V. Samsonov, M. McStravick, G. 
G. Denisov, A. W. Cross, V. L. Bratman, C. G. Whyte, C. W. 
Robertson, A. R. Young, K. Ronald, A. D. R. Phelps, "Experimental 
study of microwave pulse compression using a five-fold helically 
corrugated waveguide", IEEE Trans. Microw. Theory Tech., 63 (3), pp. 
1090-1096, (2015). 

[7] C. R. Donaldson, W. He, A. W. Cross, F. Li, A. D. R. Phelps, L. Zhang, 
K. Ronald, C. W. Robertson, C. G. Whyte, and A. R. Young, "A cusp 
electron gun for millimeter wave gyrodevices," Appl. Phys. Lett., vol. 
96, no. 14, p. 141501, 2010. 

[8] J. R. Garner, L. Zhang, C. R. Donaldson, A. W. Cross, and W. He, 
"Design Study of a Fundamental Mode Input Coupler for a 372-GHz 
Gyro-TWA I: Rectangular-to-Circular Coupling Methods," IEEE Trans. 
Electron Devices, Vol. 63, no. 1, pp. 497-503, 2016. 

[9] L. Zhang, W. He, C. R. Donaldson, J. R. Garner, P. McElhinney, and A. 
W. Cross, "Design and measurement of a broadband sidewall coupler for 
a W-band gyro-TWA," IEEE Trans. Microw. Theory Techn., Vol. 63, 
no. 10, pp. 3183-3190, 2015. 

[10] P. McElhinney, C. R. Donaldson, L. Zhang, and W. He, "A high 
directivity broadband corrugated horn for W-band gyro-devices," IEEE 
Trans. Antennas Propag., vol. 61, no. 3, pp. 1453-1456, 2013. 

[11] C. R. Donaldson, W. He, L. Zhang, and A. W. Cross, "A W-band multi-
layer microwave window for pulsed operation of gyro-devices," IEEE 
Microw. Wireless Compon. Lett., vol. 23, no. 5, pp. 237-239, 2013. 

[12] C. R. Donaldson, P. McElhinney, L. Zhang, and W. He, "Wide-band 
HE11 mode terahertz wave windows for gyro-amplifiers," IEEE Trans. 
THz Sci. Technol., Vol. 6, no. 1, pp. 108-112, 2016. 

 


	I.  Introduction
	II. Principle
	III. Results
	IV. Acknowledgements
	The authors would like to thank the EPSRC and STFC UK for supporting this work and Dr. P. Huggard, Mr M. Beardsley and Mr. P. Hiscock of the Millimetre Wave Technology Group at the STFC Rutherford Appleton Laboratory, UK for the construction of the HCIR.



