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Abstract—A planar end-fire H-plane Substrate Integrated 
Waveguide (SIW) horn antenna is designed for 60 GHz on-body 
channel measurements. The proposed antenna radiates with a 
polarization normal to the human skin, and yet exhibits a low 
profile. Furthermore, a 6.1 GHz bandwidth (S11 < -10dB) is 
achieved, which enables wide-band channel characterization. 
The antenna has been fabricated and its performance is 
evaluated in the presence of a skin-equivalent phantom. Its 
suitability to perform on-body channel measurements is then 
discussed.  

Keywords—SIW horn antenna; millimeter wave; Body Area 
Network; on-body propagation; Norton formulation 

I.  INTRODUCTION 
Compared to lower frequency band, 60 GHz is attractive 

for Body Area Networks (BANs) applications for component 
compactness, large available bandwidth, and low human body 
skin penetration. Besides, its high atmospheric attenuation 
provides high level of security, safety and low interference 
with other networks [1] [2]. That is why there has been a 
growing interest recently in the use of 60 GHz for BAN. 
However, as it is well known, millimeter wave frequencies 
suffer from a severe link budget, especially in Non-Line-Of-
Sight (NLOS) situations that are often encountered in on-body 
communications. Thus, channel measurements have been 
recently conducted to assess 60 GHz suitability for BAN 
applications. Deterministic models have been developed [3, 4], 
as well as stochastic models [5-7], which take into account the 
human mobility. However, to author’s best knowledge, no 
wideband channel model is yet available to describe BAN 
behavior over the whole license-free 60 GHz bandwidth (from 
57 GHz to 64 GHz). 

To establish such a wideband channel model, realistic 
measurement will require low profile antenna in order to 
describe the channel behavior very close to the skin surface, 
where surface waves may exist. Furthermore, these low-profile 

antennas will need to operate over 7 GHz at 60 GHz, which 
represents a bandwidth of approximately 11.7%. In the 
literature, a planar monopole [8] and a Yagi antenna [9] have 
been identified as potential candidates that can achieve these 
requirements. However, both radiate electric field that is 
tangentially polarized to the human body. It has been proved 
in [1] that the normal to the body surface polarization suffers 
less from absorption losses than tangential polarization thus 
enhancing the link budget.  

Consequently, this paper focuses on the design of a large-
band planar antenna, able to cover the 11.7% bandwidth at 
60 GHz while radiating a normal to the body surface polarized 
electric field. The design is presented in section II while its 
performance in terms of radiation is discussed in section III. 
The suitability of this antenna for on-body wireless link 
characterization is then investigated in section IV using 
analytical models and measurements. Finally, a conclusion is 
drawn in section V and perspectives are given. 

II. ANTENNA DESIGN 
A SIW horn antenna has been designed with RT Duroid 

5880 substrate (εr = 2.2, tanδ = 0.003) with a thickness of 
0.787 mm. The spacing between vias and the vias diameter are 
defined with respect to the rules in [10]. The calculated 
spacing is 0.12 mm for a via diameter of 0.12 mm. However, 
the spacing between vias is set to 0.16 mm because of 
fabrication constraints. As a result, part of the energy leaks 
through the via array-based walls but overall performance is 
not disturbed.  

The SIW horn antenna exhibits a narrow band of 2.8% and 
a gain of 4.57 dB with an efficiency of 83.6%. To increase the 
achieved bandwidth, horn’s size could be increased. However, 
for horn’s width exceeding 7.5 mm, it has been shown in [11] 
that higher modes appear. This is not desired since it leads to 
multiple radiation main beams. Consequently, metallic plates 



are added to the output of the horn as suggested in [12], as 
illustrated in Fig. 1. These resonating strips enable to increase 
the bandwidth up to 10.5%, without deteriorating the end-fire 
gain (5.08 dB) and the efficiency (89.5%). The simulated S11 
is given in Fig. 3 and it can be seen that a -10 dB impedance 
matching is achieved from 58.3 GHz up to 64.4 GHz, which 
almost cover the targeted license-free 60 GHz bandwidth. 

The antenna is matched to a 50 Ω coaxial connector 
through a microstrip taper transition. The taper dimensions 
have been optimized through numerical optimization. The 
final design of the antenna with V connector is presented in 
Fig. 2. 

The reflection coefficients obtained in both simulation and 
measurements are shown in Fig. 3. The simulation includes the 
coaxial connector and has been conducted with CST 
Microwave Studio. Measurement results are given for two 
prototypes. The obtained 10 dB bandwidth is 6 GHz in 
simulation and more than 7.7 GHz in measurement. The 
discrepancy between the results is essentially due to the 
etching tolerance, which is mainly critical on the two 
resonating strips’ length. Furthermore, the coaxial connector is 
assembled with the antenna board with two screws. Depending 
on the applied screw pressure, obtained results are also 
different. 

 
Fig. 1. SIW horn antenna design on CST : profile view. 

 
Fig. 2. Realized antennas : top and bottom view. 

III. RADIATION PERFORMANCE 

A. In free space 
The radiation pattern is presented in Fig. 4 and Fig. 5 for 

the H-plane and the E-plane respectively. The simulated gain 
is 6.6 dB in the end-fire direction. The observed ripples are 
essentially due to surface waves guided by the substrate that 
are mainly excited at the microstrip to SIW-waveguide 
transition.  

 
Fig. 3. Return loss S11 (dB) : simulation on CST and measurement. 

The ripples and the dissymmetry observed in the E-plane 
are mainly due to the reflection occurring on the coaxial 
connector. The Front To Back Ratio (FTBR) is about 12 dB. 

 
 

Fig. 4. Radiation pattern in free space : H plane. 

 
Fig. 5. Radiation pattern : E plane. 

B. On-body 
The human body influence on the radiation patterns is to 

be analyzed. The human body is emulated by a phantom, 
whose electrical properties represent the human skin (εr = 
7.98, σ = 36.4 S/m), as given in [13]. The phantom is 2 mm 
thick and is homogenous since 2 mm is much larger than the 
skin depth at 60 GHz (less than 0.5 mm). The antenna is 
centered on the phantom of size 100 x 124 mm2 with an open 
space around. 
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When lying the antenna down on the surface of the 
phantom, its radiation characteristics are given in Fig 6. (H 
plane: parallel to the phantom plane) and Fig. 7 (E plane: 
normal to the phantom surface). In Fig. 7, the end-fire gain is 
decreased down from 6.6 dB to 5.34 dB compared to the free 
space case. While the H-plane pattern is not much affected by 
the phantom, the E-plane appears to be more affected and 
lobes are tilted. This is due to reflections occurring at the 
air/phantom interface as already observed in [14]. 

Without connector, the end-fire gain of the antenna on the 
phantom’s surface is only -12dB. Study of the influence of the 
vertical distance between the phantom and the antenna is 
summarized in table I. The horn SIW antenna without 
connector has been simulated with CST Microwave Studio for 
three different vertical distances. It can be observed that the 
higher the vertical distance, the higher the end-fire gain since 
free space condition is approached. The antenna radiation gets 
partly absorbed by the phantom, an effect that increases when 
the antenna gets closer to the phantom. It has to be emphasized 
that the given efficiency is only valid for the considered 
phantom’s size. However, it is interesting to note that for a 
distance between the antenna and the skin of a half-
wavelength, the efficiency is almost doubled compare to the 
case where the antenna lies on the skin surface. 

IV. LINK CHARACTERIZATION 
The SIW horn antenna is used as transmitter for on-body 

link characterization. The receiver is an open-ended 
waveguide (cf. Fig. 8).  

A. Norton theory 
Norton defines field equations on a dielectric surface 

characterized by its permittivity and conductivity [15]. From 
these equations, we can distinguish three types of wave: direct 
wave, reflected wave, and surface wave. 

This theory is applied to a dipole placed on the previously 
mentioned phantom characteristics and at a transmitter height 
of 6 mm above the phantom. 

B. Measurement settings 
For the measurement, the transmitter is fixed first at a 

vertical distance hT = 4 mm from the phantom’s surface and 
then at hT = 10 mm. hT corresponds to the vertical distance 
between the phantom’s surface and the bottom of the horn 
antenna. For each transmitter position, the receiver is moved 
along the line of sight at a distance d (50 mm to 250 mm) and 
along the z-axis at a height h (0 mm to 10 mm) as shown in 
Fig. 8.  

C. Analytical results for a dipole and measurement 
comparison 
The measurement is compared to dipole radiation path 

loss. The normalized path loss variation along the distance 
transmitter – receiver d is presented in Fig. 9. The field 
amplitude level according to Norton formulation and the 
measured S21 decrease with the same exponent on the body in 
the observed distance. 

When the antenna is placed at 10 mm higher above the 
phantom, the attenuation is reduced from 22.5 dB to 19.9 
across the same distance.  

Fig. 10 shows the received field dependency on the 
receiver height h at a fixed distance d of 250 mm. There is 
little difference between the two transmitter heights. Simulated 
and measured results are in good agreement. The received 
field intensity is higher away from the surface. There is an 
approximately 10 dB difference between the field on the 
surface and 10 cm above. This is due to the fact that the so-
called Norton surface wave, which is mostly bounded to the 
interface, is actually in phase opposition with the sky wave 
contribution. Thus, away from the skin, the Norton wave 
contribution becomes negligible and the total field results only 
from the direct and reflected waves (i.e. sky wave 
contribution), which are almost in phase. 

 
Fig. 6. Radiation pattern – phantom influence : H plane. 

 
Fig. 7. Radiation pattern – phantom influence : E plane. 

V. CONCLUSION AND FUTURE WORK 
In this study, a 60-GHz horn antenna was designed, 

characterized and realized. The planar antenna dimension is 17 
x 24 x 0.787 mm3. This antenna is compatible with BAN 
applications. The radiation is directive with a 6.6 dB end-fire 
gain. 
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TABLE I.  ANTENNA PERFORMANCES FOR DIFFEERENT VERTICAL (AIR) 
DISTANCE BETWEEN PHANTOM AND ANTENNA 

Vertical 
distance 

phantom - 
antenna 

(mm) 

End-fire 
gain 

/directivity 
(dB) 

Frequency 
S11-10dB band 

(GHz) 

Total / 
radiation 
efficiency 

(%) 

In free space 6.6 / 6.9 56.7 – 62.5 89.5 / 92 

0 -13.3 / -8 50.8 – 63.3 28.85 / 
30.9 

2.5 -5.5 / -2.7 57.5 – 63.5 55.23 / 
57.3 

5 2 / 4.4 56.9 – 63.2 59.31 / 62 

 
Fig. 8. Link characterization : SIW horn antenna to a waveguide. 

 
Fig. 9. Normalized path loss – dependance on the horizontal distance d. 

 
Fig. 10. Normalized path loss – dependance on the receiver height h. 

Antenna properties are assessed on the body using a 
equivalent phantom in an on-body propagation scenario. The 
analytical results and measurements at 60 GHz up to a 
distance of 250 mm between the horn antenna and a 
waveguide are coherent. The attenuation on the body is 
22.5 dB for a distance of 200 mm. The total wave is more 
reflected than directed along the antenna surface. For the two 
transmitter antenna heights, a little difference of the tilt angle 
due to the phantom reflection is observed. The shape and the 
movement of the body have to be integrated for a full study. 
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