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Abstract- This paper presents the theoretical investigation done
in analysis of the Gaussian modes of the rectangular pyramidal
horn at 0.17THz or 170GHz by using CST Microwave Studio to
assess their generated modes. The results revealed the generation
of combination of TEM,, and TEM,, mode. Using the resultant
generated TEM mode, an alumina RF window at 170GHz was
characterized via free space test setup. On the basis of above
analysis it is concluded that horn antenna has harmonics as its
dominant mode and not the fundamental mode. It produces a
non-gaussian mode.

Index Terms—High power microwaves, Gaussian beam
propagation, CST Microwave Studio, MATLAB, Pyramidal horn

antenna, TEM modes, Alumina RF Window.

I.  INTRODUCTION

A pyramidal horn antenna is a four-sided shaped pyramid,
with a rectangular [6] cross section (Fig. ). They are a
common type, used with rectangular waveguides, and radiate
linearly polarized radio waves. It is the simplest and the best
horn as it has equal radiation patterns in both E-plane and H-
plane along with its high gain and directivity. These antennas
are widely used in various applications in the microwave range
due to its robustness, high gain, moderate bandwidth, simple
construction, easy excitation and low voltage standing wave
ratio VSWR and are very popular at UHF and higher
frequencies. Horn antennas have a wide impedance-bandwidth,
implying that the input impedance is fairly constant over a
wide frequency range. The design parameters for window and
antenna are listed in Table I and IL. They are sufficiently good
match for most applications, and they are far easier and much
cheaper to fabricate. There are several computer tools available
to characterize them.
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Figure |.Geometry of a pyramidal horn.

TABLE |
PARAMETERS FOR ALUMINA WINDOW ELECTROMAGNETIC SIMULATIONS

Parameter J Value T
Material 99.5% Alumina(e,=9.5)
Disc diameter, Dp 90mm
Disc thickness. t 3mm |
Window aperture/waveguide diameter, D 80mm
Circular waveguide length. L 1Smm
L Waveguide Wall thickness, t., 4mm
o]
TABLE Il
PARAMETERS FOR HORN ANTENNA DESIGN
]

Parameter Value

Horn cross-section dimension A=14mm B=10.9mm

Horn length 26.4 mm
Horn beam width (,_(,‘“
Horn feed mode TE

"1

TEM J

The design, simulation and characterization of the antenna

Horn far field mode

and window have been bone on CST Microwave Studio in
order to verify the simulated and the practical (experimental
setup) results. Hence, the pyramidal horn and the window are
characterized.

II.DESIGN

It is a half-wave resonant window Transmission Line Theory
which predicts that the window will be resonant at all those
frequencies for which the alumina disc [4] thickness follows
the following relation.

t =nk,/2

The expression for the electric field is given by the below
equation [5].

03

o b \
E(r,z)= 5 | &P i, jk:*& @,
_ o IR )




/

y

y II.MODELLING
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The alumina window and pyramidal horn antenna [8, 9] with

' the given design parameters has been modelled in Computer

Simulation Tool Microwave Studio(CST-MWS) software for
their characterization (Fig. 2 and Fig. 3).

In order to determine the S-parameters of designed window
in CST-MWS, a free space experimental test setup [11]
hasbeen used as shown in Fig.4. The major instruments of the
experimental  set-up [12] PNA E8364C
commercial product of Agilent Technologies. with VNA

are which 1s a
extender modules which provide 140-220 GHz frequency span.
A waveguide calibration kit containing open, short, load, is
also provided for calibration of the test set-up. Two pyramidal
horn antennas are used for the measurement. In this one end of
the VNA via PNA is connected to the transmitting horn
antenna and other end with the receiving horn antenna. In
between the two horns window is kept for its testing and
characterization and the results (S-parameters) are displayed on
the VNA screen.

(a) (b)

Figure 2.(a) Schematic geometry (b) CST-MWS simulated model of Alumina
Window.
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Figure 4.Free space test setup for alumina window characterization.

IV.SIMULATION

The CST-MWS simulated results, S-parameters (S, in dB),
of the designed window with its resonant pattern for TE,; mode
between 140 and 220 GHz is shown in Fig. 5.The CST-MWS
simulated pyramidal horn antenna modes as given in the Fig.6
depicts (a) the top view and side view of the TEM( modes (b)
the top view and side view of the TEM,, modes (¢) the TEM,
mode takes over the TEM, mode.

Hence, it is concluded that the horn does not produce a pure
fundamental mode and has a combination of both the modes.
Conclusively, it is a non-gaussian mode.

The S-paramcters and VSWR of the CST-MWS simulated
model of the pyramidal horn arc shown in Fig. 7. Also. its
polar plot and 3D plot of radiation pattern is shown in Fig 8.

The main lobe is 26.2dBi and the side lobe is -8.7dB. The

number of side lobes is more and therefore, which is

decreasing the power in the main lobe [10].

Figure 5.CST-MWS simulated frequency response of window with TE;; mode.
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Figure 6.CST-MWS simulated pyramidal horn antenna modes.
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(a) (b)
Figure 7. (a) S-Parameters and (b) VSWR of CST-MWS simulated model of
pyramidal horn antenna.

(a)

(b)

Figure 8. (a) Polar plot and (b) 3D plot radiation pattern of the CST-MWS
simulated model of pyramidal horn antenna.

V.RESULTS &DISCUSSIONS

Firstly, the test set up was calibrated in the frequency range
140-220 GHz. Two port calibrations were performed using
open, short (Fig.9a) and through (Fig.9b) kits provided with
PNA. The test window assembly was then inserted midway
between the shown in Fig. 1l(a) and the
measurements were carried out [12] [13] [14].

horns as

The horn feed (input) is WRS (TE,o mode). Its outer cross
section and length are A |4,m*B g omm and 26.4 mm respectively.
The horn has beam-width of 6.6°through which we can decide

(c)

Figure 9. Calibration of experimental set up (a) Open & Short (b) Through (c)
referencing using pyramidal horns.

o -

Figure 10.Fabricated window with assembly.

the location of measuring device according to its required
diameter. Near field mode for horn antenna is same as feed,
i.e.,, TE;, with lower amplitude and far ficld mode is TEM
mode.

The horns arc attached at the output of VNA extender
modules and aligned at a gap distance of 14.5cm to set the
reference for S|, measurements.

The practical results (Fig.11b) of the experimental test setup
and the simulated results of the window are obtained and have
similar resonant peaks as shown in TABLE V.




TABLE 11l
PARAMETERS FOR EXPERIMENTAL SETUP

Distance between horns

TABLE 1V
MEASURED VS SIMULATED RESULTS

Resonant
Frequencies

(b)

Figure 11. (@) S, 1(dB) measurements of the window assembly (b) Practical
S 1(dB) results.

V1.CONCLUSION

The alumina window is characterized using two pyramidal
horn antennas shown in the experimental test setup in Fig.8 (a).
The CST-MWS simulated results of the window in Figure.5
and the practical results obtained from the test setup in Fig.8(b)
depicts that both have the similar nature of the resonant peaks
as shown in TABLE V.

It can be concluded from the CST-MWS simulated model of
the pyramidal horn antenna used in the experimental setup,that
it does not produce the pure fundamental mode but generates a
combination of TEMgg and TEM,, modes. It produces a non-
gaussian mode.

Therefore, in the future, further improvement of this free space
experiment can be done by using a corrugated or a conical horn
antenna instead of the pyramidal horn antenna in the
experimental test setup for window characterization in order to
enhance the results.
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