Iumanns ynpaeninua ¢ CK1aOHUX mexXHiuHuX cucmemax

VIK 517.9:621.325.5:621.382.049.77

E.S. Kozelkoval, M.A. Kosovetsz, L.M. Tovstenko®

! National University Telecommunication, Kiev
2 SPE «Quantory, Kyiv

3 V.M. Glushkov Institute of Cybernetics of NAS of Ukraine, Kiev

MODELING CONICAL HORN ANTENNA OF 3D TERAHERTZ FMCW RADAR

Study the possibility of forming aperture of conical antennas, measurement of near and far-field antenna. Re-
search the effect of the absorber on the size of the radiation pattern in the frontal area.

Keywords: digital spectral analysis, electromagnetic simulator, horn antenna, Maxwell’s Equation, Method of
Moments, Finite Elements Method, Finite Differences in the Time Domain, Finite Integration Technique.

Introduction

In scientific laboratories SPE "Quantor" designed
and manufactured FMCW (Frequency Modulation Con-
tinuous Wave) radar with the following parameters: fre-
quency band linear frequency modulation - from 92 GHz
to 96 GHz; period (length of interval) - 1 ms; bit ADC -
16 to 32 bits; the number of cycles of accumulation -
from 1 to 10000; Layers reflection - 3; distance to layers
reflection - 0,095 m, 0.105 m, 0.106 m; wave propagation
environment - air; the ratio of C / Sh - 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 determi-
nate harmonic signal.
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where S, S,, S; are the coefficients of model; Vs — the
reflection coefficient of the medium
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X
reflection coefficient of the medium; \ the experi-
mentally measured reflection coefficient of the medium.

Conical Horn Antenna Simulation

1. Formulation of the problem

The selection of high-frequency components (an-
tennas, filters, packages and more) is heavily dependent
on computer-aided design (CAD). Electromagnetic
(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 parameters even
at the first prototype realized. However, EM simulation
as a numerical process suffers from systematic and ran-
dom 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 highest 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 Equations (IE)
solved by Method of Moments (MoM), Finite Elements
Method (FEM), Finite Differences in the Time Domain
(FDTD), and Finite Integration Technique (FIT) [1].

Although all these methods are valid, it is important
to understand limits and scopes of each solvers. Using a
specific solver, well designed for a particular electromag-
netic 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 currents
flowing on the object to be simulated. The coupling
between fields and current is obtained through a Green’s
function which includes the electromagnetic influence of
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the complete infinite “background” environment. By this
way the solution is accurate in every point of the back-
ground environment. Through analytic expression is pos-
sible to obtain far-field radiation.

Boundary equations expressing the physical nature
of the object to be described (conductivity on a conduc-
tor, permittivity in a dielectric part of the object), are en-
forced. 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 us-
ing standard matrix algebra technology.

MoM solvers operate in frequency domain, so it’s
needed to simulate at each frequency of interest. Like oth-
ers 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 struc-
ture and is instead well suited for open regions problems.

Furthermore, inhomogeneous materials are another
weakness of MoM solvers. The dielectrics’ inhomogene-
ity 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 + envi-
ronment. Even if, in these cases, the number of unknowns
in these cases is still below the number of unknowns for
differential equation techniques, the dense coupling ma-
trix of the IE-MoM technique requires much higher com-
putational resources 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-Diffe-
rence 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 modeling small full three-dimensional electro-
magnetic problems which have complex geometrical de-
tails and problem with wide band of interest.

FEM subdivides space in elements, for example tet-
rahedral. Fields inside these elements are expressed in
terms of a number of basic functions, for example poly-
nomials. These expressions are inserted into the func-
tional 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 fre-
quency of interest. FDTD method is based upon time
relation between fields E and H. From ME is know that
the time derivative 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 co-ordinate
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 normal’s to
the faces of the cube. So it’s clear that the fields are de-
pendent not only by the previous stored value but also
from the values of adjacent Yee cells [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 numerical stabil-
ity. 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 be-
tween FIT and FDTD. Transient solver is a good choice
in our scenario due to high frequency of simulation and
small dimensions of horn antenna.

2. Antenna Design

Our horn antenna model has been designed using
CAD tools provided in CST MWS. The geometrical
parameter, and their value in mm, are summarized in the
table 1 and shown in fig. 3, 4 and 5. Antenna is fed by a
non-standard rectangular waveguide, 2.32x0.98 mm.
The closer standard waveguide is the WR-8,
2.032x1.016 mm, designed to work in 90-140 GHz fre-
quency band [3]. Due to the greater width we expect it
works well in 92-96 GHz bandl, i.e. the frequency
sweep of our microwave source.

Table 1
Geometric Parameters of Antenna
Name | Value [mm] | Description
L1 28.2 Horn Length
L2 3.6 Cylinder Length
L3 3.2 Flange Length
R1 9 Extern Radius of Horn Mouth
R2 8 Internal Radius of Horn Mouth
R3 3 Cylinder Radius
a 2.32 Waveguide Width
b 0.98 Waveguide Height
1 18 Flange Side
h 1 Chamfer Width
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Fig. 2. Horn Antenna - Front View

Fig. 4. Horn Antenna - Cut Plane in YZ Plane

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 accurate simulation.

93 94 95 96 97 98
Frequency / GHz

Fig. 5. S11 for Horn Antenna

3. Near and Far-Field Regions

We are interested both far-field and near field pat-
terns. Calculating the Fraunhofer distance we find that
the transition zone is more or less at 2.5 meters 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 pattern is
1.25 cm far from horn mouth, which is the minimum
distance possible to obtain through the tool. The farther
pattern is 28.25 cm far from horn mouth, maximum
distance of our interest.

4. Far Field Result

Antenna is well matched in the frequency of our
interest. In 92-96 GHz band S11 is always under 11 dB,
see fig. 4. The computed total efficiency is 0.7908 @ 92
GHz, 0.7640 @ 94 GHz and 0.7418 @ 96 GHz. Direc-
tivity is 22.01 dBi @ 92 GHz, 22.37 dBi @ 94 GHz and
22.30 dBi @ 96 GHz.

Far fields radiation patterns are shown for 92,
94 and 96 GHz in XZ and YZ planes (Fig. 6 — 11).
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Fig. 6. Far-Field pattern,
92 GHz, XZ plane

Fig. 7. Far-Field pattern,
94 Hz, XZ plane

Fig. 8. Far-Field pattern,
96 Hz, XZ plane
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Fig. 9. Far-Field pattern,
92 GHz, YZ plane

Fig. 10. Far-Field pattern,
94 GHz, YZ plane

Fig. 11. Far-Field pattern,
96 GHz, YZ plane
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5. Near Field Result

A post processing tool has been used to obtain
near-field patterns at various distance from horn mouth
at 94 GHz. Angular width and spot radius (3 dB) are
summarized in table 2. A comparison of the patterns is
shown in fig. 12 and 13.

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 distances 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°)

1 2 3 2 3
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

1 — Distance [cm].

Spot Radius [cm].

2 — Angular Width [degrees]. 3 —

Near Field Patterns (XZ plane)

6. Near Field Result with Absorber

Horn Antenna has been simulated inside a mi-
crowave absorber, see fig. 14. Geometric dimensions
of the absorber have been measured and an appropriate
CAD model has been designed with these measures. 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 parameters, instead, have
been estimated with an analytical model (dispersion fit
2nd order) due to the impossibility of the manufactures
of the microwave absorber to provide us electromag-
netic measures at ~100 GHz. Some values of real part
of complex electrical permittivity R' and conductibility
T necessary for analytical model have been taken from
literature [4].

Angular width and spot radius (3 dB) are summa-
rized in table 3. A comparison of the patterns is shown
in fig. 15 and 16. Distance refers to the horn mouth.
Minimum distance achievable through post processing
tool is 13.25 cm far from horn mouth.

Fig. 14. Lateral View
of Horn Antenna inside Absorber
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Fig. 16. Near-Field Patterns, YZ plane,
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Table 3

Angular Width and Spot Radius (3 dB) with Absorber

XZ plane (N=0°) YZ plane (N=90°)
1 2 3 2 3
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
25 241 10.2 2.39
30 104 2.88 10.5 2.92

1 —Distance [cm]. 2— Angular Width [degrees]. 3 — Spot Radius [cm].
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7. Near Field Patterns
with and without Absorber

Next figures show a comparison between near
field patterns with and without absorber for each dis-
tances of our interest in both planes XZ and YZ, see
Fig. 17.

Spot size without absorber and percentage reduc-
tions obtained through absorber are summarized in
and table 4.

Distance d=13.25 cm, plane YZ

——Absorber
———No Absorber

Distance d=16 cm,
400 T

plane YZ

——Absorber
———No Absorber

350 ™
300}
250}

= 1
= 200
= }

150+

100+

50

40
Degrees

Distance d=20 cm, plane YZ

——Absorber
———No Absorber

plane YZ

——Absorber
———No Absorber

Degrees
Distance d=30 cm, plane YZ

250 ' ' P
{ —— Absorber
——~No Absorber

40
Degrees

Fig. 17. A comparison between near field patterns with and without absorber
for each distances of our interest in both planes XZ and YZ
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Table 4
Spot Size without Absorber and Percentage Reduction
XZ plane (N=0°) YZ plane (N=90°)
Distance Angular Width Spot Radius Angular Width Spot Radius
[cm] [degrees] [cm] [degrees] [cm]
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
Conclusions 2. Website: http.//en.wikipedia.org/wiki/Finite-difference

We have simulated antenna in the far field region.
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 distance 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 antenna
is necessary.

Using a microwave absorber appropriately placed
(see figure 12) is possible to obtain reduction of the spot
size. An approximately constant reduction of 25% is
achievable in XZ plane. In YZ plane maximum reduc-
tion is 21.8 % at a distance of 13.25 cm far from horn
mouth. With greater distance, reduction of the spot size
achievable is lesser.

References

1. Guy A. E. Vandenbosch and Alexander Vasylchenko.
Microstrip Antennas, edited by Nasimuddin. Chapter 21:
A Practical Guide to 3D Electromagnetic Sofiware Tools .

time-domain_method.

3. Website: hitp.//www.microwavesl01.com/encyclope-
dia/ waveguidedimensions.cfm

4. Jean-Michel Thomassin,a Christophe Pagnoulle,b
Lukasz Bednarz,c Isabelle Huynen, ¢ Robert Jerome a and
Christophe  Detrembleur a. Foams of polycaprolac-
tone/MWNT nanocomposites for efficient EMI reduction, a:
Center for Education and Research on Macromolecules, Uni-
versity of Liege, b: Physiol S.A., Pare Scientifique du Sart-
Tilman, c: Microwave Laboratory, University Catholique de
Louvain.

5. Kosovets M., Paviov O., Smirnov V. Otsenivanie pa-
rametrov caracteristicheskjh functsiy 3D Terahertz radar//
Sbornik tez VI World scientific and technique symposium
«New  technology in  telecommunicationsy  (DUIKT-
Carpathians’2013), 21— 25 January 2013, pp. 174 — 179.

6. W. Knap, N. Kosovets, A. Drobik. Signal processing
3D Terahertz Imaging FMCW Radar for the NDT of material.
Sbornik tezisov VI Mezchdunarodnogo nauchno-techniche-
scogo simpoziuma. «Novie technologii v telecomuni-
katsiyachy. GUIKT-KARPATY 2013 — Karpaty, Vichcov. 21-
25 yanvarya 2013 g. P.154-156.

Haoitwna 0o peoronezii 18.06.2015

Penensent: 1-p TexH. Hayk, npod. JL.d. Kymuenko, Xapkisch-
Kuii HarioHanbHUK yHiBepcuter [ToBiTpsHux Cun imeHi IBana
Koxenyba, Xapkis.

MOAENMPOBAHUE KOHUYECKOIO PYTOPA
AHTEHHbI 3D TEPArEPLIOBOI'O FMCW-PALLAPA

E.C. KozenkoBa, H.A. Kocoset, JI.M. ToBcrenko

Hccneoosana 603MOACHOCHS (POPMUPOBAHUS ANEPMYPbl KOHUYECKUX aHMEHH, u3MepeHnbl OnudicHee U OaivHee NOJs
anmennvl. Hccne0oeano enusnue no2iomumensi Ha pasmep Ouazpammol HaAnpasieHHOCmu 60 YPOHMANLHOU obracmu.
Knrouesvie cnosa: yugpposoii cnekmpanvhvlili ananus, S1eKMPOMASHUMHbBIL UMUMAMOP, DPYHOP AHMEHHbl, YPasHeHue

Maxceenna, mMemoo MOMEHMO8, MEMOO KOHEUHbIX DJICMEHMOE.

MOAEJTIOBAHHA KOHIYHOIO PYNOPU
AHTEHW 3D TEPATEPLLOBOIO FMCW-PALIAPA

K.C. Kozenkoa, M.A. Kocosenp, JI.M. ToBcTenko

Jlocniodxceno mooicnugicms  Ghopmyeans  anepmypu  KOHIYHUX aHmeH, Gumipani Oauzbke [ Oaieke NOAsL AHMEHU.
Jlocniodceno 6naus noanunaia Ha po3mip diaspamu cnpsmMo8anocmi y hponmansvuii ooaacni.
Knrouogi cnosa: yugpposuii cnexmpanvhuii ananis, enekmpomazHimuuil imimamop, pynop anmenu, pienanns Maxceenna,

MeMoO MOMEHMIB, MeMOO KIHYesUX eleMeHmis.
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