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Abstract: The substrate integrated waveguide (SIW) technology allows us to construct several
types of low-profile antennas. One of these antennas is h-plane SIW horn antenna. However, this
antenna shows constraints if thickness of the substrate is smaller than λ/10. A modified h-plane
horn antenna to be used close to human body tissue is presented in this paper. Attention is paid to
the decrease of the elevation angle of the main beam in E-plane. The antenna has been developed
for wireless links of on body communication.
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1. INTRODUCTION
In this paper, we present substrate integrated h-plane horn antenna for point-to-point communication. The substrate integrated waveguide (SIW) technology is very popular in the field of microwave and millimeter-wave applications. The SIW is advantageous when integrating antennas and
sub-circuits (filters, oscillators, amplifiers) into a single microwave substrate. Higher losses are a
disadvantage of SIW technology [1], [2].
An h-plane horn antenna can be used for point-to-point communication since it is main lobe is relatively narrow in the H-plane. As a main problem, poor matching of the antenna can be considered
if the substrate is thinner than λ0/10. A wide main lobe in the E-plane and a lower gain compared to
a pyramidal horn antenna are other disadvantages [3].
There are several ways of eliminating these disadvantages: In front of the aperture of the horn antenna, we can add non-planar dielectric elements, planar lenses or planar resonators. In the paper,
we describe exploitation of planar resonators for improving impedance matching and bandwidth
adjustment of the radiation pattern in the E-plane [4], [5]. In our case, the thickness of the substrate
is smaller than λ0/20. We have used the substrate Arlon CuClad 217 of thickness h = 1.524 mm and
we have selected the center frequency f = 8 GHz. Since the substrate is very thin, there is a significant mismatch between the aperture of the horn and the air. This mismatch causes reflection at the
interface and decreases the bandwidth. In order to increase the bandwidth of the antenna, a thicker
substrate has to be used [3], [4], [5]. Choosing a higher substrate, we reach a better performance of
the antenna, but we lose an advantage of a simple integration with other electrical circuits. The top
and side views are in Fig. 1.
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Figure 1: Designed antenna and feed structure.
2. H-PLANE HORN ANTENNA DESIGN
The design of an H-plane horn antenna is very similar to the design of a conventional pyramidal
horn antenna. Designing the H-plane horn antenna, we can apply principles developed for one
plane only. Since the antenna is fed by a substrate-integrated waveguide, we have to respect basic
design rules for a single-mode excitation resulting in the condition
𝜆0 (2𝜀𝑟 )1/2 < 𝑎 < 𝜆0 /𝜀𝑟 ,

(1)

where a is the width of the waveguide. The condition is valid for the height of the substrate h
smaller than a. Other dimensions of the SIW and the horn antenna can be calculated using relations
published in 0.
2.1 DESIGN METHODS
In 0 and 0, three methods of calculating basic dimensions of planar resonators were presented. We
used method of coupled resonators.
In this case, we can reduce the 3D model of the antenna to a 2D model by extending the width of
the antenna wt (see Chyba! Nenalezen zdroj odkazů.) to infinity. Then, the structure becomes a
series of strips, and each strip behaves like a parallel plate resonator. Resonators are coupled by
gaps.
The resonant frequency of a resonator can be calculated as follows:
𝑓𝑟1 = 2𝑙

𝑐
𝑒𝑞 √𝜀𝑟

.

(2)

Here, c is speed of light leq is an equivalent length of the resonator, and r is the dielectric constant
of the substrate used for implementing the resonator. The equivalent length leq is larger than the
physical one l.
In our case, we are aimed to calculate the resonant frequency of a resonator capacitively coupled to
a series of resonators. Therefore, we need calculate the capacitance of the coupling gap.
The resonant frequency of the coupled resonators can be calculated by:
𝑓𝑟2± =

𝑓𝑟1
√1±𝑘2

where k2 is the coupling factor.
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(3)

2.2 DESIGNED ANTENNA
The antenna was designed to operate close to human body tissue. The bottom side of the antenna
was completely covered by a metal foil including the area below resonators in front of the horn.
Feeding of the substrate-integrated waveguide is realized by the coaxial probe connected to the top
layer of the antenna 0. This solution enables us to measure the antenna close to a phantom surface
(0 mm, 5 mm). Dimensions of the feeding structure are depicted in Table 1.
Dimension

wsiw

wt

lw

lt

ln

s

Value [mm]

17.40

40.35

13.00

44.50

10.00

I.90

Dimension

p

s0

s1

s2

s3

l1

Value [mm]

1.00

0.30

0.96

1.55

1.55

9.75

Dimension

l2

d1

d2

d3

Value [mm]

11.35

1.30

2.50

4.50

Table 1: Parameters of the designed antenna.
The designed antenna is depicted in Figure 1, and numerical values of all the parameters are shown
in Table 1. The last resonator exceeds the substrate for s3 = 1.55 mm. Thanks to this overlap, the
resonator decreases the difference between the impedance of the last resonator and surrounding environment.
3. SIMULATIONS AND MEASURMENT RESULTS
The antenna was simulated in the CST Microwave Studio. Results of simulations of the antenna located in free space, close to a phantom (200 mm x 200 mm x 10 mm) and close to human body
voxel model are presented in following paragraphs. Measurement results of the antenna placed in
free space and close to an agar phantom are presented and compared with simulation results.
3.1 FREE SPACE
Frequency response of the reflection coefficient of the designed antenna operating in free space is
depicted in Figure 1. The impedance bandwidth for S11 < -10 dB is BW = 1.01 GHz (12.6%). The
antenna covers 63.8 % of UWB band-group 6 (7.392 to 8.976 GHz).

Figure 2: Simulated and measured results of the antenna located in free space.
In Figure 3, radiation patterns of the antenna in planes XY and YZ are depict. The simulated maximal gain of the antenna in free space is 10 dBi in the main lobe direction. The elevation angle in
E-plane (YZ) is 40°. The measured gain is 4.12 dBi in H-plane (XY).
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Figure 3: Simulated (dots) and measurement radiation patterns (H-plane left, E-plane right).
3.3 PHANTOM
Phantom was made by using agar gelatin and distilled water. The material parameters of the phantom are: relative permittivity εr = 48 and conductivity σ = 5 S/m. We measured reflection coefficient of the antenna 0 mm and 5 mm close to the agar phantom. Frequency responses of reflection
coefficient at the input of the antenna are depicted in Figure 4. Photography of measurement is in
the Figure 5.
Frequency responses of reflection coefficient at the input of the antenna were simulated and measured for two different distances between the antenna and the phantom (see Figure 4,5). The measured impedance bandwidth for S11 < -10 dB is BW0mm = 760 MHz (9.50 %) and
BW5mm = 720 MHz (9.25 %).

Figure 4: Reflection coefficient of the antenna
close to phantom.
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Figure 5: Fabricated antenna measured close
to phantom.

Figure 6: E-field density close to voxel model.
4. CONCLUSION
The H-plane SIW horn antenna with planar resonators was designed for the operation close to human body in the UWB band-group 6. The antenna has bandwidth 1010 MHz in free space and
760 MHz for the antenna placed 5 mm on the phantom. The measured antenna gain is 4.12 dBi in
H-plane (xy) for free space cause. In the next phase, the antenna will be designed for textile substrate.
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