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E-mail: lacik@feec.vutbr.cz, raida@feec.vutbr.cz

Abstract: The paper presents the design and fabrication of a H-plane substrate integrated waveguide
(SIW) horn antenna. The antenna operates at 60 GHz band and is equipped with a SIW-to-WR-
15 transition. Experimental results prove that the antenna achieves the gain of 11.5 dBi and the
impedance bandwidth of 14 % for the reflection coefficient less than -10 dB. The antenna was de-
signed with the help of CST Microwave Studio.
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1 INTRODUCTION

Wireless communication in 60 GHz band is suitable for short range communication, e.g. for Personal
Area Network (PAN), due to the fact that millimeter waves demonstrate higher free space attenuation
with respect to microwaves. This property allow to operate with higher level of security and reduced
interference with other wirless systems.

A Substrate Integrated Waveguide (SIW) technology is very promising candidate for millimeter wave
applications. Mainly due to the facts, SIW is electrically similar to a conventional waveguide and can
be easily integrated with planar circuits. In addition, it can be easily fabricated by a low cost printed
circuit board process.

A SIW horn antenna has poor radiation pattern in the E-plane caused by the constant height of a
substrate. This disadvantage can be reduced by a printed structure placed in horn aperture [1]. Other
approach using a perforated dielectric slab can also lead to this disadvantage reduction [2].

The aim of this paper is to manufacture a functional antenna which can be used for experimental links
operating at 60 GHz band. The advantage of presented antenna design is its low-cost manufacture,
small dimensions and suitability of its application for 60 GHz band due to the appropriate signal
propagation properties in the SIW.

This paper reports design of a H-plane SIW horn antenna operating at 60 GHz band. The paper is
organized follows. Section 2 deals with the design of individual antenna parts, i.e. a SIW, a horn
radiator, and a transition from SIW to a conventional metallic rectangular waveguide WR-15. Section
3 presents simulated and measured results and Section 4 concludes the paper.

2 ANTENNA DESIGN

The antenna is composed from 3 main parts: a SIW, a SIW H-plane horn radiator, and a SIW-to-
WR15 transition. The structure is depicted in Figure 1. Designed SIW is based on a planar dielectric
substrate with top and bottom metal layers perforated by metalized holes. It operates in the funda-
mental mode TE10. The SIW used in the antenna was designed according to the approach described
in [3] and [4] on the substrate Arlon Cuclad 217 and for the cut-off frequency of the fundamentals
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Figure 1: Antenna structure.

mode TE10 48 GHz. Respectively the final parameters of SIW structure are summarized in Table 1,
with parameters with respect to Figure 2.

εr[-] fc[GHz] d[mm] p[mm] a[mm] ar[mm]

2.17 48 0.5 0.76 2.1 2.5

Table 1: Parameters of SIW.

The H-horn radiator is also based on the SIW technology. Its design is similar to a conventional horn
radiator. Due to the constant height of the substrate, it is only possible to make the extension in the H-
plane. The whole design procedure is described in [5]. For the improvement of the antenna radiation
and its matching to feeding waveguide, the method presented in [6] was exploited. Contrary to this
reference, the frequency band is moved from 15 GHz to 60 Ghz. The radiator has been modeled and
designed with the help of CST Microwave Studio. The outline of the horn radiator is shown in Figure
2, and its parameters are summarized in Table 2.

Figure 2: Model of SIW horn radiator.
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A[mm] RH[mm] L[mm] s[mm]
15.80 13.34 1.30 0.12

Table 2: Horn radiator parameters.

To feed the horn antenna (the horn radiator and the SIW) by a conventional waveguide WR15, the
transition from SIW-to-WR15 was designed. The cross-section of the designed transition is illustrated
in Figure 3.

3 FABRICATION AND MEASUREMENT

The antenna was fabricated by a laser engraving on the substrate Arlon Cuclad 217. The transition
SIW-to-WR15 was machined. The fabricated sample of the antenna without the transition is depicted
in Figure 4 and compared to 1 Czech crown coin (CZK).
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Figure 3: Cross-section of SIW-to-
WR15 transition and its dimensions.

Figure 4: Realized SIW horn radiator.

Frequency response of the reflection coefficient was measured by a vector network analyzer Rohde
& Schwarz ZVA67 and the measurement results are depicted in Figure 5. Measured trace is similar
to simulation results leading to satisfactory agreement between designed and manufactured antenna.
Obviously, the impedance bandwidth of the antenna is 14 % for the reflection coefficient less than -10
dB.

The radiation pattern of the antenna was measured in an anechoic chamber. The measured and sim-
ulated results in the E and H plane are depicted in Figure 6 and 7, respectively. The very good
agreement between the simulated and measured data is obvious from these figures. The measured
gain of the antenna is 11.5 dBi.

4 CONCLUSION

The paper has described the design of H-horn SIW antenna with the SIW-to-WR15 transition. The
measured results proves that the antenna achieved the gain of 11.5 dBi and the impedance bandwidth
of 14 % for the reflection coefficient lower than -10 dB. The problematic aspect of the whole structure
is the SIW-to-WR15 transition. The front part of the aluminium transition is a plane reflector. This
reflector takes part in the forming of the radiation pattern. In future work, the influence of this reflector
should be minimized.
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Figure 5: Reflection coefficient of antenna.

Figure 6: Radiation pattern of antenna in E-plane at frequency 60 GHz.

Figure 7: Radiation pattern of antenna in H-plane at frequency 60 GHz.
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