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INTRODUCTION

In scientific laboratories SPE «Quantor» designed
and manufactured FMCW (Frequency Modulation
Continuous Wave) radar with the following parame-
ters: frequency band linear frequency modulation
— from 92 to 96 GHz; period (length of interval) —
1 ms; bit ADC — from 16 to 32 bits; the number of
cycles of accumulation — from 1 to 10000; reflection
layers — 3; distance to reflection layers — 0.095,
0.105, 0.106 m; wave propagation environment —
air; signal-to-noise ratio — from 80 to 30 dB.

We used conical horn antenna. According to the
theory of equivalence constructing antennas extend
to higher frequencies in the terahertz range.

To study the main characteristics of the various
methods of spectral estimation parameters of signals
were field tested in order to create a test model deter-
minate harmonic signal.
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The reflection coefficient of antenna-layered
structure:
SyVs
1-8,V’
where S, S,, S5 are the coefficients of model;
V¢ — the reflection coefficient of the medium;

Sy :SfAl’ S, :S1A2 'S:?p S3 :SzAz’
where S4[2x2] — the scattering matrices of the an-
tenna.
The goal function:
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flection coefficient of the medium; V;* — the expe-

rimentally measured reflection coefficient of the
medium.

MAIN PART. Conical horn antenna simulation

Formulation of the problem

The selection of high-frequency components (an-
tennas, filters, packages and more) is heavily depen-
dent on computer-aided design (CAD). Electromag-
netic (EM) simulators are useful tools for reducing
time and cost design. In many cases a proper usage
of a EM simulator permits to obtain the required pa-
rameters even at the first prototype realized.

However, EM simulation as a numerical process
suffers from systematic and random errors. Thus
the setting of the EM simulator such as a frequency
range, mesh properties, bounding box dimension,
usage of PEC walls etc. has to be done with the high-
est attention and the simulation results have to be
always verified and carefully analyzed.

EM simulators have at least one Maxwell’s Equa-
tion (ME) solver. Simulators can be categorized on
the basis of their solution method: Integral Equa-
tions (IE) solved by Method of Moments (MoM), Fi-
nite Elements Method (FEM), Finite Differences
in the Time Domain (FDTD) and Finite Integration
Technique (FIT)[1].

Although all these methods are valid, it is impor-
tant to understand limits and scopes of each solvers.
Using a specific solver, well designed for a particular
electromagnetic problem, can time of computation
can be greatly reduced. So a carefully survey of the
simulation scenario it’s necessary to decide the best
solver to use.

MoM solves ME in integral form; the electromag-
netic problem is described in terms of unknown cur-
rents flowing on the object to be simulated. The cou-
pling between fields and current is obtained through
a Green’s function which includes the electromag-
netic influence of the complete infinite «back-
ground» environment. By this way the solution is
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accurate in every point of the background environ-
ment. Through analytic expression is possible to ob-
tain far-field radiation.

Boundary equations expressing the physical na-
ture of the object to be described (conductivity on
a conductor, permittivity in a dielectric part of
the object), are enforced. This is either done at the
boundaries of volumes or inside the entire volumes
themselves. IE-MoM gives rise to a dense matrix
equation, which can be solved using standard matrix
algebra technology.

MoM solvers operate in frequency domain, so it’s
needed to simulate at each frequency of interest.
Like others frequency domain solvers MoM is not
well suited for broadband problem. A time domain
solver instead doesn’t need this «sweep» frequency
instead and can simulate in a wider frequency range
with better performance.

For large electric structure MoM needs to solve
a very dense matrix, that needs a huge amount of
memory. De facto this limits MoM solvers for very
complex structure and is instead well suited for open
regions problems.

Furthermore, inhomogeneous materials are an-
other weakness of MoM solvers. The dielectrics’ in-
homogeneity of the environment has to be described
by Volume Integral Equations, leading to a number
of unknowns proportional to the size of the object’s
volume + environment. Even if, in these cases, the
number of unknowns in these cases is still below the
number of unknowns for differential equation tech-
niques, the dense coupling matrix of the IE-MoM
technique requires much higher computational re-
sources and in practice prohibits its use.

For simulations which involve complex structure
and/or inhomogeneous material differential solvers
are more advisable. The most popular differential
methods are the Finite Element Method (FEM) and
the Finite-Difference Time Domain method (FDTD).
Since the number of unknowns is proportional to the
volume and the resolution considered, differential
equation methods are particularly suitable for mode-
ling small full three-dimensional electromagnetic
problems which have complex geometrical details
and problem with wide band of interest.

FEM subdivides space in elements, for example
tetrahedral. Fields inside these elements are ex-
pressed in terms of a number of basic functions,
for example polynomials. These expressions are in-
serted into the functional of the equations, and the
variation of the functional is made zero. This yields
a matrix eigenvalue equation whose solution yields
the fields at edges of the elements. FEM normally is
formulated in the frequency domain, i. e. for time-
harmonic problems. This means that, as for IE-MoM,
the solution has to be calculated for every frequency
of interest.
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FDTD method is based upon time relation between
fields E and H. From ME is know that the time de-
rivative of the H-field is dependent on the curl of
the E-field, and the time derivative of the H-field
is dependent on the curl of the E-field. FDTD can
compute the E field and the H one at any time using
previous stored values of the fields. Obviously, time
coordinate and space domain are discretized. For
discretization of space is used Yee cell which can be
described like a cube; the electric field components
form the edges of the cube, and the magnetic field
components form the normals to the faces of the
cube. So it’s clear that the fields are dependent not
only by the previous stored value but also from the
values of adjacent Yee cells (fig. 1) [2].
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Fig. 1. Yee Cell in Cartesian grid: i, j and k are space indexes
of the three-dimensional Yee lattice

The recursive method used for finding solution of
ME can lead to instability so solvers need to provide
an upper bound on the time-step to ensure numeri-
cal stability. Another solution is to stop simulation
when EM energy in time domain fall below a certain
threshold, in this case is obviously needed a pulsed
excitation and not a periodic one.

For our simulation we use commercial tool CST
MWS that use a modified version of FDTD called FIT
(transient solver). This solver uses integral form of
ME and it’s the most important difference between
FIT and FDTD. Transient solver is a good choice in
our scenario due to high frequency of simulation and
small dimensions of horn antenna.

Antenna design

Our horn antenna model has been designed using
CAD tools provided in CST MWS. The geometrical
parameters and their value in mm are summarized in
the table 1 and shown in fig. 2.

Antenna is fed by a non-standard rectangular
waveguide, 2.32x0.98 mm. The closer standard
waveguide is the WR-8, 2.032 x 1.016 mm, designed
to work in 90...140 GHz frequency band [3]. Due to the
greater width we expect it works well in 92...96 GHz
band, i.e. the frequency sweep of our microwave
source.
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Feed source has been designed with a waveguide-
port using pick point feature to match edges of input
waveguide. Horn antenna has been designed with
flange and cylinder junction to obtain a more accu-
rate simulation.

Table 1
Geometric parameters of antenna
Name Value, mm Description

L, 28.2 Horn length
L, 3.6 Cylinder length
L, 3.2 Flange length
R, 9 Extern radius of horn mouth
R, 8 Internal radius of horn mouth
R, 3 Cylinder radius

a 2.32 Waveguide width

b 0.98 Waveguide height

l 18 Flange side

h 1 Chamfer width

R

Cc

Fig. 2. Horn antenna:
a — front view; b — lateral view; ¢ — Cut plane in YZ plane

Near and far-field regions

We are interested both far-field and near-field
patterns. Calculating the Fraunhofer distance we
find that the transition zone is more or less at 2.5 m
far from horn mouth.

A post-processing tool has been utilized to obtain
near field patterns. We have computed patterns at
some distances from horn mouth. The closer pat-
tern is 1.25 em far from horn mouth, which is the

minimum distance possible to obtain through the

S-Parameter [Magnitude in dB}

-11,4
-11,6
-11,8

-12
-12,2
-12,4
-12,6
-12,8

-13

-13,2

90 91 92 93 94

tool. The farther pattern is 28.25 cm far from horn
mouth, maximum distance of our interest.

Far-field result
Antenna is well matched in the frequency of our
interest. In 92...96 GHz band S11 is always under
11 dB (fig. 3). The computed total efficien-
cy is 0.7908 @ 92 GHz, 0.7640 @ 94 GHz and
0.7418 @ 96 GHz. Directivity is 22.01 dBi @ 92 GHz,
22.37 dBi @ 94 GHz and 22.30 dBi @ 96 GHz.

S11

95 96 97 98

Frequency, GHz

Fig. 3. S11 for horn antenna
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Far-field radiation patterns are shown for 92, 94 and 96 GHz in XZ and YZ planes (fig. 4).
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Fig. 4. Far-field patterns: a — 92 Hz, XZ plane; b — 94 Hz, XZ plane; ¢ — 96 Hz, XZ plane; d — 92 GHz, YZ plane;
e — 94 GHz, YZ plane; f — 96 GHz, YZ plane
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Near-field result

A post processing tool has been used to obtain
near-field patterns at various distance from horn
mouth at 94 GHz (fig. 5). Angular width and spot ra-
dius (3 dB) are summarized in table 2. A comparison
of the patterns is shown in fig. 5, a and 5, b.

Origin of the post-processing tool for near-field
patterns is inside horn, 1.75 cm far from horn
mouth. So it is necessary to add this length to dis-
tances showed in table 2 for the calculation of the
spot size.

Table 2
Angular width and spot radius (3 dB)

XZ plane (N =0°) YZ plane (N = 90°)
Disz?rilce’ Aéli%ltl::r radSill::,tcm A‘Ei%llﬂf}r radsill:g,tcm
degrees degrees

1.25 20.8 0.55 24.9 0.66
2.25 11.2 0.39 19.8 0.69
3.25 10.9 0.48 12.9 0.57
4.25 11.3 0.59 11.5 0.60
5.25 11.7 0.72 11.3 0.69
6.25 12.0 0.84 11.2 0.78
7.25 12.3 0.97 11.3 0.89
8.25 12.5 1.10 11.3 0.99
13.25 13.2 1.74 11.6 1.52
18.25 13.5 2.36 11.8 2.07
28.25 13.9 3.65 12.0 3.155

Near-field result with absorber

Horn Antenna has been simulated inside a mi-
crowave absorber (fig. 6). Geometric dimensions of
the absorber have been measured and an appropri-
ate CAD model has been designed with these measu-
res. In particular radius of the hole in front of horn
mouth is 8 mm and the whole absorber is 12 cm
high (from one tip to base). Electromagnetic parame-
ters, instead, have been estimated with an analyti-
cal model (dispersion fit 2nd order) due to the im-
possibility of the manufactures of the microwave

Fig. 6. Lateral view of horn antenna inside absorber
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MNear-Field Patterns (XZ plane)
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Fig. 5. Near-field pattern:
a — XZ plane; b — YZ plane

absorber to provide us electromagnetic measures at
~100 GHz. Some values of real part of complex elec-
trical permittivity R’ and conductibility T necessary
for analytical model have been taken from literature
[4].

Angular width and spot radius (3 dB) are sum-
marized in table 3. A comparison of the patterns is
shown in fig. 7, a and 7, b. Distance refers to the
horn mouth. Minimum distance achievable through
post processing tool is 13.25 ecm far from horn

mouth.
Table 3
Angular width and spot radius (3 dB)
with absorber

XZ plane (N =0° | YZplane (N =90°)

Distance, | Anier || Spot | Angatar | Spot
degrees cm degrees cm
13.25 9.8 1.28 9.0 1.18
16 10.0 1.55 9.4 1.46
20 10.2 1.94 9.8 1.86
25 2.41 10.2 2.39
30 10.4 2.88 10.5 2.92
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Near-Field Patterns (XZ plane)
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Near-field patterns with

and without absorber

Fig. 8 shows a comparison between near-field pat-

table 4.

Spot size without absorber

terns with and without absorber for each distances
of our interest in both planes XZ and YZ.

Spot size without absorber and percentage reduc-
tions obtained through absorber are summarized in

40

Degrees

-]

2% cm

30

cm

B

Fig. 7. Near-field patterns: a — XZ plane, 94 GHz with absorber;
b — YZ plane, 94 GHz with absorber
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Table 4
and percentage reduction
XZ plane (N =0°) YZ plane (N = 90°)
. Angular Angular
Distance, |~ iqih, Spot width, Spot
cm radius, cm radius, cm
degrees degrees
13.25 1.74 26.1 1.52 21.8
16.2 08 25.5 1.82 19.7
20 2.59 25.1 2.25 17.0
25 3.23 25.4 2.79 14.3
30 3.89 26.0 3.34 12.5
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Fig. 8. Near-field patterns with and without absorber for various distances d in plane XZ and YZ: a — d = 35.25 cm, plane XZ;

b—d =16 cm, plane XZ; ¢ — d = 20 cm, plane XZ; d — d = 25 cm, plane XZ; e — d = 30 cm, plane XZ; f — d = 13.25 cm, plane YZ;

80
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Distance d=13.25 cm, plane YZ
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Fig. 8. End
CONCLUSIONS

We have simulated antenna in the far field re-
gion. Directivity is 22 dBi almost constant in the
92...96 GHz band, total efficiency is between 79%
and 74%, and S11 is always under 11 dB. Near field
patterns show us that the optimal distance which
minimizes spot radius is approximately between
2.25 and 3.25 cm far from horn mouth. At this dis-

3B’A30K, Ne 5, 2016

tance we can obtain an elliptical spot size with major
semi-axis (0.63+0.06) cm long and minor semi-axis
(0.44+0.05) cm long. A relative minimum is present
in the near field patterns, in both planes, at x = 0°
when field is simulated with a 1.25 cm distance from
horn mouth, then a really carefully position of an-
tenna is necessary.
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Using a microwave absorber appropriately placed
(see figure 12) is possible to obtain reduction of the
spot size. An approximately constant reduction of
25% 1is achievable in XZ plane. In YZ plane maxi-
mum reduction is 21.8 % at a distance of 13.25 cm
far from horn mouth. With greater distance, reduc-
tion of the spot size achievable is lesser.
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YHacnigok uboro 6yno BUOKPEMIEHO KNac CHETEM rapaHToBaHo-
ro enextponoctadanns (CTE), ki 3a6e3neyytoTb HaNeXHy AKICTb
eneKTPUYHOI eHeprii Ans cyvacHoi anapatypu. Taki npyucTpoi MaTh

OCHOBHE Ta Pe3epBHE [Kepena enexkTpuyHoi eHeprii. Cnoci6 nepe-
X0y 3 OCHOBHOTO [PKEperna Ha pe3epBHe Ta HaBnaky BK3HAYae
rornosHi Tononorii no6ynosn CIE [1; 3.

OcHxoBHa vactuHa
Tononoris stand-by. Y CI'E, nobynosaHux 3a Lieto Tononorieio,
y HOpManbHOMY pexumi poboTu rofadva EenekTPoeHeprii Ha Bu-
Xifl 3MIACHIETLCS B6e3nocepedHb0 3 BXOOY ENEKTPOMEpEXi Yepes
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