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Design of a Microstrip Patch Antenna with Enhanced F/B
for WBAN Applications

Uisheon KIM†, Nonmember and Jaehoon CHOI†a), Member

SUMMARY This paper proposes a microstrip patch antenna for
2.45 GHz Industrial Scientific Medical (ISM) band Wireless Body Area
Network (WBAN) applications. To enhance the front-to-back ratio (F/B)
and specific absorption rate (SAR), an electrically coupled LC resonator
is introduced. The overall dimensions of the proposed antenna are
54 mm × 45 mm × 2.4 mm and it has a gain of over 1 dBi for the entire
2.45 GHz ISM band. The proposed antenna has an enhanced F/B ratio and
specific absorption rate, compared with those of a conventional patch an-
tenna.
key words: wireless body area network (WBAN), patch antenna, electri-
cally coupled LC resonator (ELC)

1. Introduction

With the recent development of wireless communication
technology, many researchers pay great attention to the
study of wireless body area networks (WBANs). WBANs
link between various electronic devices in, on, and the hu-
man body. The application of WBANs has been expanding
in medical services, national defense, wearable computing,
and so forth. Several frequency bands have been assigned
for WBAN systems, such as the medical implant commu-
nication system (MICS: 400 MHz) band, the industrial sci-
entific medical (ISM: 2.4 GHz and 5.8 GHz) band, and the
ultra-wideband (UWB: 3∼10 GHz) [1].

Since the human body has a high dielectric constant
and conductivity at the microwave frequency band, not
only can the input impedance and resonance frequency be
changed, but the gain and radiation efficiency of an antenna
can also be deteriorated when an antenna is operated on or
in the body. These effects can be even more serious in com-
pact and low profile antennas. Yuan et al. (1998) proposed
a new type of internal PIFA for mobile phones to reduce the
absorption of the human body [2]. Additionally, to protect
the human body from radio wave exposure, the basic safety
limits applicable for wireless devices are defined in terms
of the SAR. Since various antennas operate simultaneously
in/on the human body, the SAR becomes a critical issue in
WBANs. Therefore, antennas for WBAN are required to
have a compact size, flexibility, low human body effect, and
low SAR [3].

A microstrip parch antenna is often used for on- or
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off-body communications because of its low profile, high
gain, and ease of fabrication. However, the large back ra-
diation of a microstrip patch antenna is a critical draw-
back that needs to be overcome for human body applica-
tions. Many studies have been performed to reduce the
back radiation and SAR of antennas using various config-
urations, such as “metal cavity” [4], “reflector/director” [5],
[6], and “Ferrite material” [7]. Recently, artificial struc-
tures (also called meta-materials), including Electromag-
netic Band gap (EBG) structures [8], have been widely in-
vestigated. Those artificial periodic structures are composed
of sub-wavelength constituent elements that make the struc-
ture behave as an effective medium with negative values of
permittivity and/or permeability at the frequency of inter-
est. Negative magnetic materials can typically be obtained
by using the SRR. A thin wire structure is used to generate
a broadband electrical response at a specific frequency band
[9]. An electrically coupled LC resonator (ELC) structure,
having a negative permittivity, was proposed in [10].

This paper proposes a microstrip patch antenna with
enhanced front-to-back ratio (F/B) for WBAN applications.
To reduce the back radiation of a patch, three-dimensional
ELC resonators, with an inter-digital structure, are intro-
duced. The characteristics of the ELC unit cell, with an
inter-digital structure, and performance of the proposed
patch antenna, with four ELCs, are analyzed. Finally, per-
formances of the antenna on human body tissues are inves-
tigated.

2. Antenna Design

The proposed antenna has a two-layered substrate and con-
sists of a rectangular microstrip patch antenna and four
ELCs, as shown in Fig. 1. FR4 substrates with relative per-
mittivity of 4.4 are used, and their thicknesses are 1.6 mm
and 0.8 mm, respectively. The rectangular patch is lo-
cated on the top of the upper substrate and is 2.4 mm
above the ground plane, which is located on the bottom
of lower substrate. The size of the microstrip patch is
27.8 mm × 27.8 mm, which has a resonance frequency of
2.45 GHz, and the feeding point is 6.2 mm from the center
in the x-direction for better impedance matching.

Four ELCs are formed in the upper substrate and the
inter-digital structures of ELCs are placed on the top of the
upper substrate. The ELC has a width of 3 mm, a length
of 25.5 mm, and a height of 1.6 mm. The three-dimensional
ELC resonator is illustrated in Fig. 2. A capacitor-like struc-
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Fig. 1 Configuration of the proposed antenna.

Fig. 2 The 3D ELC with inter-digital structure.

ture couples to the electric field and is connected in parallel
to two vias that provide inductance to the circuits. To in-
crease the inductance of the ELC, the inter-digital structure
with one finger is added, as shown in Fig. 2. The inter-digital
structure has a length of 22 mm and a gap of 0.5 mm. The
ELCs are implanted 20 mm from the center of the patch an-
tenna and are symmetric with respect to the x- and y- axes,
as shown in Fig. 1.

Figure 3 shows the simulated structure used to calcu-
late the S-parameter of the ELC. To generate TEM mode,
the top and bottom planes of the rectangular waveguide are
set to perfect electric conductor (PEC). Furthermore, the
front and back planes of the rectangular waveguide are set
to perfect Magnetic conductor (PMC). Figure 4 shows the
simulated characteristics of the 3D ELC unit cell with inter-

Fig. 3 Electric excitation of the ELC unit cell.

digital structure. When the electric field excites normally to
the capacitor plate by the microstrip patch, the capacitive el-
ement couples strongly to the electric field and the inductive
loops do not. Thus, it generates a strong electric resonance
with negative permittivity, as shown in Fig. 4(b). Using the
methods suggested in [10] and [11], it can be shown that
the ELC has negative effective permittivity and low perme-
ability values at 2.45 GHz. To verify the operating mecha-
nism of the proposed ELC structure at 2.45 GHz, the electric
and magnetic field distributions are analyzed and are illus-
trated in Fig. 4(d). Microwaves are unable to propagate in a
medium with a negative electrical property (ε < 0 or μ < 0),
because that type of medium stores electromagnetic energy.
We use this characteristic of ELC to reduce the back radia-
tion and SAR by suppressing the surface waves around the
ground plane of the patch antenna.

Figure 5 shows the radiated electric field distributions
in the neighborhood of the proposed antenna. One can
clearly observe that the E-field is weakened at the back of
the ground plane. Figure 6 shows the radiation patterns of
the proposed antenna. The back radiation is significantly re-
duced, but the peak gain is lowered due to the high dielectric
loss caused by ELC structures, as shown in Fig. 4(b). The
front-to-back ratios of the patch antenna with and without
ELCs are 34.8 dB and 9.1 dB at 2.45 GHz, respectively.

3. Antenna Performance on Body Tissue

In order to analyze the antenna performance in the human
body, simulations were carried out after placing the pro-
posed antenna on the human body models. Electrical prop-
erties of human body models used in this study are summa-
rized in Table 1. Models 1 and 2 are simplified flat phantoms
for fast simulation. Model 1 has one material layer, which
has equivalent electrical properties to an entire human body
[13]. Model 2 has four material layers: skin, fat, muscle,
and bone [14].

Figures 7(a) and (b) show the S11 characteristics of the
proposed patch antenna with and without ELCs on the body
models. The change in S11 characteristics of the patch an-
tenna with ELCs is much smaller than that without ELCs.
The front-to-back ratios of the patch antenna, with and with-
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Fig. 4 Characteristics of the ELC resonator.

Fig. 5 Radiated E- fields of antenna with/without ELCs at 2.45 GHz.

Fig. 6 Simulated radiation patterns of antenna with/without ELCs at
2.45 GHz.

Table 1 Human body models.

out ELCs, are 21.7 dB and 16.5 dB at 2.45 GHz, respec-
tively, when the antenna is placed on human body models
as shown in Fig. 8. Figure 9 shows the SAR distributions of
the proposed antenna located on body models. In the simu-
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Fig. 7 S11 characteristics of antenna on body models.

Fig. 8 Simulated radiation patterns on body models at 2.45 GHz.

lation, the input power is normalized as 1 W. Owing to the
decrease of the E- and H-fields at the back of ground plane
by ELCs, the local SAR value in Model 2 is decreased from

Fig. 9 Simulated SAR distributions on body models at 2.45 GHz.

1.67 W/kg to 1.26 W/kg.

4. Experimental Results

Figure 10 is a photograph of the fabricated antenna. The
antenna structure is designed and analyzed using a high fre-
quency structure simulator (HFSS Ver.12) [14]. A flat phan-
tom, with dimensions of 300 mm × 200 mm × 200 mm, is
used to measure the radiation performances of the fabricated
antenna. It is filled with an equivalent liquid-to-body tissue
at 2.45 GHz.

The measured S11 characteristics are illustrated in
Fig. 11. When the antenna is placed on the flat phan-
tom, the S11 values of the patch antenna, with and with-
out ELCs, are −19.06 dB and −6.74 dB at 2.45 GHz, re-
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Fig. 10 Photography of the fabricated antenna.

Fig. 11 Measured S11 characteristics of the antenna on a flat phantom.

spectively. The −6 dB impedance bandwidth of the antenna
without ELCs is 65 MHz (2.435 GHz∼2.5 GHz) and that of
the antenna with ELCs is 105 MHz (2.385 GHz∼2.49 GHz),
which is sufficient to cover the 2.45 GHz ISM band
(2.4 GHz∼2.485 GHz).

Figure 12 shows radiation patterns measured in an ane-
choic chamber. The simulated and measured results of the
proposed antenna are summarized in Table 2. The back ra-
diation in free space is certainly reduced by adding the ELC
resonators. However, the reduction of the back radiation, by
using the ELC resonators on flat phantom, becomes small,
because the resonant characteristic of ELC is changed by the
electrical properties of the flat phantom. It is recommended
that one should consider the effect of the human body care-
fully when a resonator structure, such as ELC, is designed.
The patch antenna with ELCs on the flat phantom has a peak
gain of 1.7 dBi, while the patch antenna with ELCs in free
space has a peak gain of 2.0 dBi at 2.45 GHz. The front-to-
back ratios, with and without ELCs, are 23.7 dB and 19.2 dB
at 2.45 GHz, respectively.

The SAR is an essential factor when the antenna is op-
erated on, or inside, the human body. The SAR was mea-
sured at the Radio Research Agency, using the ESSAY sys-
tem [16]. The proposed antenna is excited by the spectrum
analyzer. Figure 13 shows the measured SAR distributions
of the proposed antenna located on the flat phantom. When
we measured the SAR distribution, the coaxial feeding cable
was placed under the substrate along the positive x-axis. It
caused the unsymmetrical property in the SAR distribution,
shown in Fig. 13. Since the input power required to measure
the SAR of handset antennas, at the 1800 MHz frequency
band, is generally 250 mW, the same input power is used to

Fig. 12 Measured radiation patterns at 2.45 GHz.

measure the SAR of the proposed antenna. The SAR distri-
bution was scanned in the tissue simulating liquid at 5 mm
above the inner surface of the phantom shell. The Federal
Communications Commission (FCC) of the United States
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Table 2 Simulated and measured results.

Fig. 13 Measured SAR distributions at 2.45 GHz.

requires that the input power should be below 1.6 watts per
kilogram (W/kg) over a volume of 1 gram of tissue to eval-
uate SAR [13]. When the proposed antenna is placed on
Model 1, the SAR value of the proposed antenna is reduced
from 0.073 W/kg (1 g tissue) to 0.05 W/kg (1 g tissue) by
adding the ELC structure.

5. Conclusions

In this paper, a microstrip patch antenna for wireless body
area network applications is proposed. To enhance the front-
to-back ratio, an electrically LC resonator structure is intro-
duced. The overall dimension of the proposed antenna is
53 mm × 45 mm × 2.4 mm and it has a gain of over 1 dBi
over the entire 2.45 GHz ISM band. The proposed antenna

has enhanced F/B and SAR performances compared to those
of conventional patch antenna.
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