Design of a spline horn for a W-band gyro-TWA
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Abstract—A spline horn for use in a W-band gyro-TWA was
design and manufactured. The horn was designed to have a high
Gaussian content over the whole operating frequency band of 90
— 100 GHz. It also had a low reflection of the TE11 mode and high
directivity.
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I. INTRODUCTION

W-band Gyrotron backward wave oscillators (gyro-BWO)
and gyrotron travelling wave amplifiers (gyro-TWA) are
currently been studied in the Unveristy of Strathclyde. They
are promissing high power microwave sources that can be
potentially used in many applications such as plasma heating,
radio detection and ranging (RADAR), and spectroscopes. A
gyro-BWO [1] using helically corrugated interaction region
achieved a maximum output power of 12 kW in the frequency

range of 88 - 102.5 GHz by adjusting the cavity magnetic field.

The electron beam used in the experiment was 40 kV and 1.5
A with large orbit axial encycling. The gyro-TWA is based on
the similar experimental setup but with a side-wall input
coupler [2 - 4]. It was designed to generate an output power of
5 kW in the operating frewuency range of 90 -100 GHz.

For some applications, it is preferred to have the Gaussian
beam, such as RADAR and Electron paramagnetic resonance
(EPR). However, for the helically corrugated waveguide [5]
used in the gyro-TWA and gyro-BWO, the output mode of the
microwave radiation is the TE1; mode. A mode converter will
be required. Different type of mode converters have been
developed in the literature. The Vlasov launchers have been
widely used in gyrotrons, however their bandwidths are quite
narrow, and not suitable for the gyro-TWA. The corrugated
horn [6] has good performance such as broad bandwidth and
high directivity. Two corrugated horns had been designed and
measured in the past for the gyro-TWA. The first one achieved
an -30 dB reflection and a Gaussian percentage of 98% over
the frequency range of 90 — 100 GHz. Further improvement
was made to achieve a Gaussian percentage of 99.4% at 94
GHz. However the corrugated horn still has the disadvantage
of complicated machining processes as well as high cost. In
the experiment, the corrugated horn was assembled before a 3-
layer microwave window [7, 8], it was found that the
corrugation sections were not ideally for the ultra-high
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vacuum environment.

In this paper, a smooth spline profile horn [9, 10] is
investigated, in the aim to find an alternative solution to the
corrugated horn which is low cost and ultra-high vacuum
friendly. The design targets are the same as the previous
corrugated horn, i.e., low TEi; reflection, high Gaussian
percentage and high directivity.

Il. SIMULATIONS

For a smooth horn with arbitrary profile, it could be
approximated as a series of circular waveguide steps, as shown
in Fig. 1, the microwave properties of which can be efficiently
simulated by using the mode matching method. The simulation
results would be accurate if the discrete section length L is
small enough. However, that would increase the simulation
time. A balance of the simulation accuracy and the simulation
time could be decided by a parameter sweep with different
values of L.

w : Horn profile

Fig.1. Approximation of a spline profile horn.

The waveguide steps would allow mode conversions
between the TEi1, and TM1, modes, hence generate a hybrid
mode content at the output aperture of the horn. If the mode
percentages are in proper values, a quasi-Gaussian modes
could be formed. For example, a HE11 mode composed by 85%
TE;n mode and 15% TMi; mode with 180 degree phase
difference has a 98% Gaussian content compared with a
fundamental Gaussian mode which has a beam waist ratio of
0.64. From the mode matching method, the transmission and
reflection of the spline horn could be obtained from the
scattering matrix. Therefore the electric field at the output
aperture could be obtained, and could be expressed as the sum
of the TE and TM modes.



The coupling coefficient of the apeture field and the
fundermental Gaussian mode could be calculted by the
convolution of the two fields. The far field pattern of the horn
can be evaluated from the apeture field method, given by [11].

I1l. OPTIMIZATIONS AND CONSTRUCTION

The profile of the spline horn was optimized by using a
multiple-objective optimization method [12]. Two goal
functions were used in the optimization. One was to minimize
the TEis reflection, and the other to maximize the average
Gaussian percentage over the operating frequency range. The
optimized profile achieved a maximum Gaussian percentage of
nearly 98% and a beam waist ratio in the range of 0.6 to 0.63,
as shown in Fig. 2(a). The reflection of TE11 mode was lower
than -60 dB, and the directivity was about 26 dB.
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Fig.2. Simulation result of the spine profile horn.

The optimized horn had a non-linear part and a linear taper
joint together. The former was directly machined by a precise
computer numerical control (CNC) machine on a copper rod,
as shown in Fig. 3. The non-linear part and the smooth linear
taper will be brazed together. Its performance, including the
reflection, far field pattern as well as the field distribution at the
aperture and hence the Gaussian percentage will be measured
after the assembly.
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Fig.3. machined profile horn without been brazed with vacuum flanges.
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