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Abstract. In the paper, we describe a novel H-plane horn
antenna for an experimental wireless link operating in
frequency bands 71 to 76 GHz and 81 to 86 GHz. The horn
antenna was designed considering a substrate integrated
waveguide (SIW) technology, The waveguide WR12 was
used as a feeder. In order to improve transition between
a thin-substrate SIW horn antenna and the air, we com-
bined two approaches, a printed transition and a dielectric
load. That way, a better impedance matching and better
radiation properties were reached. In comparison with
other planar horn antennas, we obtained a more direc-
tional radiation pattern with more than 5 dB higher gain
and sufficient side lobe suppression in the E-plane. The
novel planar H-plane horn antenna was compared with
a designed conventional metallic horn antenna.
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1. Introduction

Today’s communication systems face growing
requirements of data bandwidth. A high resolution video-
based telephony and multimedia services into mobile
communication can be given as an example of such a wide-
band application. This has led to much higher data rate
requirements for high speed short-range radio links.
Recently the 71-76 GHz and 81-86 GHz frequency slots
have been allocated world-wide for wireless applications.
Due to the reduced atmospheric attenuation within the
licensed 75/85 GHz bands as compared to the unlicensed
57-64 GHz region, these bands are preferable for short to
medium-range wireless systems. Such typical communica-
tion scenario calls for high gain and wideband antennas to
be able to receive/transmit complex signal comprising
a huge number of different information in both frequency
bands. Horn antennas have a good potential for this appli-
cation. These antennas have a high gain, a wide bandwidth,
a high efficiency and a compact structure [1].
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We were aimed to design the horn antenna consider-
ing a substrate integrated waveguide (SIW) technology and
a waveguide WR12 as feeder. When designing a planar H-
plane horn antenna using SIW technology we have to take
into account an unwanted radiation and a poor matching
caused by a substrate of thicknesses /# smaller than A/6. On
the other hand, the thicker substrates (4 > 2.5 mm) are not
suitable for manufacturing SIW technology because the
via-hole metallization is then challenging. Since the used
frequency band, in which the antenna is designed, is in the
millimeter-wave region we can easily fulfill both condi-
tions. Another problem of planar SIW horns comprises the
matching between the edge of the dielectric slab and the air
which decreases the operational bandwidth. Several strate-
gies have been developed to overcome this problem; non-
printed elements [2—4], integrated dielectric lenses [5], or
printed transition on the same dielectric slab as the antenna
[6].

In this paper, we describe a novel planar horn antenna
which combines two approaches — a printed transition
introduced in [6] and a dielectric load [3]. That way, the
matching between the thin-substrate SIW horn antenna and
the air has been improved. The printed transition is etched
directly on the dielectric load. Due to the combination
of both approaches we have obtained a more directional
radiation pattern with a higher gain. The H-plane SIW horn

Fig. 1. Novel H-plane SIW horn antenna with the transition to
WRI12 waveguide as feeder.
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with the proposed transition is represented in Fig. 1. The
novel planar H-plane horn antenna was compared with
a designed conventional metallic horn antenna. Both horn
antennas will be used in experimental wireless link
75/85 GHz based on the converter FC1003E/03 produced
by Sivers IMA [7].

2. Novel Horn Antenna for Millimeter
Wave Experimental Link

When we design a planar H-plane horn antenna we
have matched a thin-substrate to the air by combining two
approaches known — a printed transition introduced in [6],
and a dielectric load [3]. That way, we have obtained better
radiation patterns with a higher gain.

The antenna structure is depicted in Fig. 2. The
antenna was designed for a substrate of the thickness #,=
1.524 mm, the dielectric constant ¢=2.33 and tand=
0.009. Shape of the horn antenna is implemented using
vias. The separation between vias and the diameter of vias
were chosen to be 0.55 mm and 0.3 mm, respectively, to
keep the radiation losses reasonably low. The SIW horn is
fed by a waveguide (left side in Fig. 2). At the aperture
(right side in Fig. 2), aspecial transition improves the
matching between the antenna and the air. The transition
consists of a 4 blocks of metallic plates and a dielectric
load in shape of semi-circle.

The antenna is of overall dimensions of approxi-
mately 14.0 x 30.0 x 1.6 mm’ (width x length x height).
Numerical values of parameters in Fig. 2: /;=3.65 mm,
L=14.82 mm, ;=6.00 mm, w;=2.25 mm, Wy =
10.00 mm, w3=14.10 mm, /,=2.20 mm, /= 0.45 mm, s =
0.11 mm and radius of blending r is R2.5.

In order to supply the antenna by power, we used
waveguide WR12 (3.10 x 1.55 mm®) corresponding to the
frequency band from 71 GHz to 86 GHz. Therefore, the
transition between the equivalent SIW waveguide and the
WRI12 waveguide had to be designed. The transition
contains an impedance transformer and a short section of
the dielectric filled waveguide which is equivalent to the
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Fig. 2. Designed H-plane SIW horn antenna.

L.
Fig. 3. The transition between the H-plane SIW horn antenna
and waveguide WR12.

SIW [8]. Figure 3 shows cuts of this transition. Numerical
values of parameters in Fig. 3 are following: /,=3.00 mm,
l5=4.00 mm, wy= 3.10 mm.

Planar H-plane horn antenna was modeled and its di-
mensions were optimized in CST Microwave Studio to
cover both the bands of operation.

2.1 Antenna Parametric Study

In this section we have studied the influence of both
approaches (a printed transition and a dielectric load)
solving the problem of matching between a thin-substrate
horn antenna and the air. SIW horn antenna was analyzed
without transition between the antenna and waveguide
WRI12.

Firstly we analyzed the different length of dielectric
load /;. Obtained results (impedance matching and radia-
tion patterns at 73.5 GHz and 83.5 GHz) are shown in
Fig. 4 and Fig. 5, respectively. From impedance matching
view point, antenna with a dielectric load exhibits always
better properties than without a load. The best impedance
matching was obtained when the length of load was /5 =
3.00 mm. Further from radiation patterns, the directivity
grows with the increasing length of the dielectric load but
the level of side lobes grows, too. Obviously from both
view points we have chosen the compromise and finally
the length of the dielectric load was chosen /5= 6.00 mm.

In the second case we assumed the different numbers
of rings and studied their influence on antenna characteris-
tics. The length of dielectric load was chosen /3= 6.00 mm.
Dependences of impedance matching and radiation patterns
on the number of the metallic plates are shown in Fig. 6
and Fig. 7, respectively.

By this parametric study, we found out that even one
metallic plate improves the impedance matching signifi-
cantly. The metallic plates affect also radiation patterns of
the antenna. They improve a little bit the directivity of
antenna about 1 dBi, decrease the side lobe level and
improve front-back ratio, see Figure 7. The best radiation
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Fig. 5. Radiation patterns of the antenna in the dependency on
to the length of the dielectric load; top: /= 73.5 GHz;
bottom: 83.5 GHz; left: H-plane; right: E-plane.

characteristics were obtained when the antenna has four
metallic plates.

So, thanks to combination of the printed transition
and the dielectric load we obtained better impedance prop-
erties and more directional radiation patterns. The novel
transition increased the directivity of the antenna (about 5
to 6 dBi), decreased the side lobe level and improved the
front-to-back ratio in both the frequency bands (see Fig. 5
and 7). Directivity of the antenna ranges from 15.1 dBi to
16.4 dBi. The level of side lobes (SLL) is better than
12.1 dB in the E-plane and 22.9 dB in the H-plane. Front-
to-back ratio (FTBR) is better than 27.9 dB in the whole
frequency range.

Radiation properties of the planar SIW horn antenna

without and with the novel transition are summarized in
Tab. 1.
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Fig. 7. Radiation pattern of the antenna in the dependency on
the number of metallic plates; top: f = 73.5 GHz;
bottom: 83.5 GHz; left: H-plane; right: E-plane.

Frequency (GHz) 71.0 73.5 76.0
Directivity (dBi) 8.9/15.1 10.3/15.4 10.5/15.9
plane E -/13.7 -/12.1 -/12.1
SLL (dB)
planeH | 16.523.1 19.0/25.1 12.4/24.6
planeE | 95.3/44.2 90.1/432 | 103.3/415
BW (d
(deg) ™ lane H | 319238 27.5/22.9 23.0120.9
FTBR (dB) 20.2/28.4 20.527.9 20.6/29.7
Frequency (GHz) 81.0 83.5 86.0
Directivity (dBi) 11.1/16.3 10.4/16.1 11.1/16.4
plane E -/15.1 -/14.5 -/13.3
SLL (dB)
planeH | 19.8/24.8 20.2/22.9 20.1/24.6
planeE | 83.0/40.7 92.7/39.2 82.3/38.2
BW (d
(deg) ™ lane 1 | 24.2/182 23.8/18.1 28.6/17.3
FTBR (dB) 19.7/32.8 20.2/30.2 20.1/28.3

Tab. 1. Radiation properties of planar SIW horn antenna with-
out the transition/with transition (SLL = side lobe
level, BW = beam width, FTBR = front to back ratio).
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2.2 Prototyped H-plane Horn Antenna and
Experimental Results

The H-plane horn antenna was designed and fabri-
cated to operate in an experimental wireless link in fre-
quency bands 71 to 76 GHz and 81 to 86 GHz. It was
printed on a 1.524 mm thick substrate with a dielectric
constant of 2.33 and a loss tangent of 0.0009 (0.004 at
80 GHz). The fabricated planar horn antenna comple-
mented by the aluminum transition between the equivalent
SIW waveguide and the WR12 waveguide is shown in
Fig. 8.

The reflection coefficient of the antenna prototype has
been computed using CST Microwave Studio and meas-
ured in the 50-100 GHz band. The agreement between
simulation and measurement is very well observed, see
Fig. 9. The antenna is well matched from 65 GHz up to
100 GHz and further.

The radiation patterns were measured only for top
half-plane in an anechoic antenna chamber. Measurements
were done at six frequencies for both planes. The gain was
measured by the comparison method with a standard horn.

The comparison of measured and simulated radiation
patterns in E-plane and H-plane at the center of both fre-
quency bands (73.5 GHz and 83.5 GHz) are shown in
Fig. 10 and Fig. 11. The simulated and measured data are
in a good agreement except the part of the side lobes in E-
plane. Their levels are about 3 dB higher in the worst case.

Fig. 8. Fabricated H-plane horn antenna with novel transition.
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83.5 GHz (right).

73.5GHz  (left);

Obviously, the influence of the metallic transition is more
noticeable than we expected. Further, the fabricated metal-
lic transition was made wider than in Fig. 3 which affects
the shape of the main beam and side lobe level compared
to radiation patterns in Fig. 5 and 7.

The cross polarization in main radiation directions
remains lower than 23 dB. The maximum measured direc-
tivity equals 15.4 dBi at 73.5 GHz which is about 0.2 dB
lower value compared to the simulated one and 15.9 dBi at
83.5 GHz (simulated one is 16.2 GHz). The measured
radiation properties of the planar SIW horn antenna are
summarized in Tab. 2.

3. Comparison with a Conventional
Metallic Horn Antenna

A conventional metallic horn antenna was also de-
signed to cover both operating bands.

The structure of the conventional metallic horn an-
tenna is depicted in Fig. 12. The antenna includes the stan-
dard flange UG-387/U, the rectangular waveguide WR-12,
and the flaring waveguide designed according to [1]. For
a simpler fabrication, the antenna body was designed to
consist of two identical parts which are fixed together by
proper construction components. The antenna is of the
following dimensions: W,=3.10 mm, W,=1.55 mm,
A=20.00mm, H,=855mm, H=12.61lmm, L,=
13.02 mm, L,,=43.00 mm, L=47.00 mm, C=10.61 mm,
D =15.62 mm. The fabricated metallic horn antenna is
shown in Fig. 13.
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Fig. 12. Structure of the metallic horn antenna: side view (top);
back and front view (bottom).

Fig. 13. Fabricated metallic horn antenna.

The measured reflection coefficients of both proposed
antennas are compared in Fig. 14. The metallic horn an-
tenna exhibits a better impedance matching within both the
bands. However, the SIW horn antenna operates with the
reflection coefficient lower than —15 dB within the lower
band and —12 dB within the upper band which can be also
considered as a good impedance matching.
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Fig. 14. Measured reflection coefficients of the metallic horn
antenna and the planar SIW horn.

Figure 15 and 16 show the measured radiation pat-
terns of the both antennas in the E-plane and the H-plane at
several frequencies within the operation bands. The radia-
tion pattern cuts of the SIW horn antenna indicate a wider
beam (especially in E-plane) and worse suppression of the
side lobes. The directivity is comparable with the metallic
horn antenna. Further, the planar horn antenna has worse
cross polarization parameters. Radiation properties are
summarized in Tab. 2.
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Nevertheless, the planar H-plane horn antenna excels
in wideband impedance properties and higher gain in com-
parison with other planar antenna structures. Moreover the
design of the antenna is relatively simple and requirements
on the fabrication technology are not highly demanding.

Frequency (GHz) 71.0 73.5 76.0
Directivity (dBi) 15.1/15.2 15.3/15.4 15.4/15.3
plancE | 10.3/11.6 9.8/10.8 9.7/10.4
SLL (dB)
plane H | 30.0/25.6 30.521.1 30.1/24.0
plancE | 21.9/40.4 22.2/43.5 223/43.5
BW (d
(eg) ™ lane H | 22.824.6 22.5/25.6 22.4/22.9
Frequency (GHz) 81.0 83.5 86.0
Directivity (dBi) 15.2/16.0 15.4/15.9 16.3/16.1
plane E 9.3/9.8 8.7/9.5 16.0/8.9
SLL (dB)
planeH | 29.7/25.6 29.1/25.3 28.0/23.1
plancE | 20.4/36.0 20.5/38.0 20.8/40.2
BW (deg)
planeH | 20.3/20.7 20.3/20.7 20.2/18.9

Tab. 2. Comparison of radiation properties of the proposed
antennas; metallic horn antenna/SIW horn antenna;
(SLL = side lobe level, BW = beam width).

4. Conclusions

In the paper, we described the design of horn anten-
nas for an experimental 75/85 GHz wireless link. We de-
veloped the planar SIW H-plane horn antenna with the
novel transition between the thin substrate and the air. The
novel transition improves both the impedance matching
and radiation parameters of the antenna. Directivity is
improved more than 5 dBi in comparison with other planar
horn antenna structures.

The planar horn antenna was compared with the con-
ventional metallic horn antenna. The metallic horn antenna
exhibits slightly better impedance and radiation properties
than the planar one. Nevertheless, fabrication of the planar
horn antenna is much easier (PCB technology can be used).
Both the conventional antenna and the SIW one exhibit the
directivity more than 15 dBi. Even such low gain antennas
ensure a satisfactory signal to noise ratio in wireless com-
munication ranging up to 100 m.
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