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This paper presents a low-profile dual-band microstrip patch antenna operated at the 2.45/5.8 GHz ISM bands, targeting wireless
body area network (WBAN) applications. The proposed antenna is fabricated on a jean substrate measuring 74 × 82mm2. The
four corners of the conventional rectangular patch are cut to activate an additional operating frequency and to enhance the
radiation pattern. The circular slot is added to the radiating patch to fine-tune the desired frequencies. The measured
impedance bandwidth of the proposed antenna at 2.45GHz and 5.8GHz bands is 3.68% (2.40GHz–2.49GHz) and 3.81%
(5.67GHz–5.89GHz), respectively. The measured maximum gains are 3.08 dBi at 2.45GHz and 2.15 dBi at 5.8GHz. Moreover,
the antenna’s performance when placed on flat and rounded body surfaces is also investigated. The proposed antenna achieves
stable radiation pattern and low specific absorption rate (SAR) value with low complexity in design. The results indicate that
the proposed antenna can be a promising candidate for WBAN applications.

1. Introduction

Wireless body area network (WBAN) has been receiving
significant attention in recent years due to their versatile
applications in fields such as healthcare, sports, fitness,
military, and entertainment [1]. As a result, the need for
stable wireless connections and high data rates has become
more important. The antennas are an important role in
meeting these requirements. The design of antennas on flex-
ible materials, which can be used both on curved surfaces or
on human body, is a challenge for a researcher. The merits of
flexible antenna are the ability to bend on the different sur-
faces, unobtrusive for users, lightweight, and low cost, mak-
ing them suitable for WBAN [2, 3]. In practice, the wearable
antennas can be integrated with clothing or wearable
devices, which are in close proximity to human body. It is

well known that the antenna’s performance is degraded
when the antenna is in proximity to the human body. There-
fore, the effects of the human body on antenna’s perfor-
mance should be considered. In addition, the radiation
toward human body from wearable antennas should be as
small as possible for the safety of human tissue. The Federal
Communication Commission (FCC) introduced a specific
absorption rate (SAR) limit for wearable devices to ensure
acceptable radiation level in human body. The FCC SAR
limit is 1.6W/kg over 1 g of actual tissue, while the Council
of the European Union SAR limit is 2.0W/kg over 10 g of
actual tissue [4]. Several flexible and wearable antennas have
been designed for WBAN applications such as planar mono-
pole antenna [5], planar dipole antenna [6], slot antenna [7],
fractal antenna [8], and microstrip patch antenna [9]. The
multiband fractal antenna with dendrite structure based on
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monopole antenna was presented in [10]. The antenna was
designed on polymide substrate. Although the antenna can
provide good performance, the SAR value was not men-
tioned in this paper. As is well known, the monopole, dipole,
and slot antennas have backward radiations, which yield the
SAR value exceeding the standard. Hence, the reflector
should be placed behind these antennas in order to reduce
the backward radiations toward human body [11–13]. In
[14], the dual-band T-shaped monopole antenna was pro-
posed. The 2 × 2 EBG structure was placed behind the
antenna to reduce the interference from human body and
to reduce the SAR. The EBG structure reduced the SAR
value by 77.1% and 91.7% at 2.4GHz and 5.2GHz, respec-
tively. Although the proposed antenna with reflector can
eliminate the impact of the human body on antenna perfor-
mance and decrease the SAR, they cannot be fabricated as a
low-profile structure. Therefore, flexible microstrip patch
antennas operating within the 2.4GHz (2.40GHz–
2.48GHz) and 5.8GHz (2.725GHz–5.875GHz) for indus-
trial, scientific, and medical (ISM) bands are focused in this
paper. It is well known that the microstrip patch antenna has
unidirectional radiation pattern. Thus, it is safe when used
on human body. Microstrip patch antennas with different
flexible substrates, such as epoxy, Teflon, polyethylene, PI,
RT Duroid, and PDMS were proposed in [15]. It is found
that the textile materials show a low dielectric constant as
compared with polymer-based materials which make them
to have lower surface wave losses [16]. Several textile micro-
strip patch antennas were presented [17–25]. For example,
the design of textile conventional microstrip patch antenna
to operate at 2.45GHz was presented in [17]. The authors
used jean as substrate, which has a dielectric constant of
1.7. The SAR level of this textile microstrip patch antenna
was found to be 1.14W/kg and 0.742W/kg for 1 g and 10 g
of tissue, respectively. In [18], the textile rectangular patch
antenna constructed using polyester as substrate was pre-
sented. The defected ground plane (DGS) technique was
used on the ground layer to increase antenna’s performance.
The antenna can operate at 2.4GHz in the ISM band with
good radiation characteristics. However, the SAR value of
the antenna with the DGS ground plane exceeded 1.6W/kg
for 1 g of tissue. Thus, the microstrip patch antenna with a
full ground plane provides low SAR values. Moreover, in
order to add one or more resonant frequencies for various
wireless frequency bands, the multiple slots were etched into
the conventional radiating patch to operate at 5.8, 6.2, and
8.4GHz [19]. However, etching the slots on the radiating
patch to create a new resonant frequency causes an unstable
radiation pattern. In [20], an inverted U-shaped slot was
added to the conventional patch to generate a second reso-
nant frequency. The partial ground plane was used to
increase the bandwidth and gain. However, the use of the
partial ground plane provides relatively unsatisfactory SAR
value, and the rigid substrate may make it obtrusive for
users. The dual-band circular patch antenna using annual
slots was proposed in [21]. However, the combination
between rigid and textile substrates and the use of coaxial
feeding technique make wearing uncomfortable. In [22], a
wearable all-textile multiband circular patch antenna using

slot loading techniques was proposed. The antenna has good
properties, especially in terms of wearing comfort, but the
antenna gain is relatively low in all bands.

This paper presents the design and analysis of the dual-
band textile microstrip antenna for WBAN applications. The
proposed microstrip antenna is made of jean as the substrate
and copper sheet as the radiating patch and ground plane. Ini-
tially, the antenna is designed to operate at 2.45GHz. Then,
four corners of rectangular patch are cut to excite the addi-
tional resonant frequency at 5.8GHz. The circular slot is
loaded on the patch to fine-tune the desired operating fre-
quency bands. The proposed antenna not only can operate
in ISM bands at 2.45GHz and 5.8GHz but also achieves low
profile, lightweight, and bendable. Furthermore, the antenna
performance under different bending conditions in free space
as well as when it is placed on human body is presented and
discussed. The SAR limits are also investigated to confirm that
the proposed antenna is harmless to human body. The simu-
lated and measured results indicate that the proposed antenna
provides good performance within operating frequency bands.
The design and analysis of the proposed antenna by using CST
software are discussed below.

2. Antenna Structure and Design

The basic configuration of the proposed antenna consists of
radiating patch, microstrip line feed, and ground plane as
shown in Figure 1. The proposed antenna is designed on
jean substrate with a relative permittivity of 1.7, a loss tan-
gent of 0.02, and a thickness of 1mm [26]. The jean sub-
strate is selected because of the low dielectric constant, low
cost, flexibility, and convenient availability. The copper sheet
with the thickness of 0.1mm is attached to the jean substrate
to form the radiator and ground plane.

In the antenna designing process, the rectangular patch
which corresponds to the resonant frequency at 2.45GHz
is designed in the first stage as shown in Figure 1(a). The
width (Wp) and length (Lp) of the rectangular patch are eval-
uated using Equations (1) and (2) according to [27],

Wp =
c0
2f r

2
εr + 1, 1

where c0 is the speed of light (3 × 108m/s). εr is the relative
permittivity of the substrate. f r is the resonant frequency
which is defined as 2.45GHz. The length of patch is calcu-
lated by

Lp =
c0

2f r εeff
− 2ΔLp 2

The ΔLp is the effective length of the patch due to fring-
ing effect. The εeff is effective relative permittivity which can
be calculated in

εeff =
εr + 1
2 + εr + 1

2 1 + 12 h
Wp

−1/2

3
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h is the substrate height. The change in the length of
patch due to its fringing effect is given by

ΔLp = 0 412h εeff + 0 300
εeff + 0 258

Wp/h + 0 264
Wp/h + 0 8 4

The width and length of rectangular patch are calculated
using Equations (1) and (2) to be Wp = 53mm and Lp = 46
mm, respectively. The width and length of the 50 ohm
microstrip feed line are Wf = 4mm and Lf = 6, respectively.
Moreover, the inset feed technique is used to improve
impedance matching of the antenna by etching the thin slot
along the bottom edge of radiating patch. The width and
length of the inset are Wi = 5mm and Li = 1mm, respec-
tively. From the study of parameters, the length (Lp) of rect-
angular patch affects the resonant frequency of the antenna,
while the width (Wp) of rectangular patch affects the imped-
ance matching. It is found that increasing the Lp parameter
shifts the resonant frequency to the lower frequency. As
the result, the Wp and Lp parameters are optimized to be
74mm and 46mm, respectively. In addition, the size of
ground plane is also considered. It is found from simulation
results that the size of ground plane does not influence the
resonant frequency, but it impacts impedance matching
and gain. Increasing the size of ground plane can improve
the antenna gain. Therefore, the antenna designer should
compromise between antenna size and gain. The width and
length of ground plane are optimized to be W = 82mm and
L = 74mm, respectively. The conventional rectangular micro-
strip patch antenna is called Ant. 1. In the second stage of the
prototype, the four corners of the rectangular patch with
dimensions of W1 × L1 and W2 × L2 are cut to activate the
5.8GHz band. Since current and electric field distributions of
the conventional microstrip patch antenna are maximum at
the edges of radiating patch, cutting four corners can achieve
dual resonant frequencies with similar radiating characteris-
tics. It is found from simulated results that when W1 is
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Figure 1: Configuration of the textile microstrip patch antenna: (a) conventional inset-fed rectangular microstrip patch antenna and (b)
proposed antenna.

Table 1: Parameter values of the proposed antenna.

Parameters Values (mm) Parameters Values (mm)

Wp1 74 W1 10

Lp1 43 L1 17

Lf 6 W2 2

Wf 4 L2 20

Li 2 Wi 5

W 82 Lc 22

L 74 R 5
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Figure 2: The simulated S11 for the three antenna design stages.
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increased, the 2.45GHz band and 5.8GHz band are shifted to
the lower frequency. In addition, when L1 is increased, the
2.45GHz band is moved to the lower frequency, whereas the
5.8GHz band is moved to the higher frequency. For bottom
corners’ cut, when W2 is increased, the 2.45GHz band is
shifted to the higher frequency, but on the other hand, the
5.8GHz band is moved to the lower frequency. Moreover,
the increase in L2 parameter moves the 5.8GHz band to the
higher frequency, but there is no impact on the 2.45GHz
band. The width and length of radiating patch are optimized
to beWp1 = 74mm and Lp1 = 43mm, respectively. The micro-
strip patch antenna with four corners’ cut is referred to as Ant.
2. In the third stage, the circular slot is added on the radiating
patch to control the designed frequency bands. It is found that
the dimension and position of circular slot impact the operat-
ing frequencies. When radius (R) of circular slot is increased,

the desired operating frequencies in both bands are shifted
to the lower frequency.When circular slot ismoved away from
microstrip feed line, the 5.8GHz band is shifted to higher fre-
quency, but the 2.45GHz band remains the same. After opti-
mizing the size and position of the circular slot, the antenna
can operate in both of 2.45GHz and 5.8GHz bands without
radiation distortion. The overall size of proposed antenna is
82 × 74mm2. All antenna parameters and dimensions are
summarized in Table 1.

3. Results and Discussion

The proposed antenna was designed and simulated by using
the CST microwave studio software. The comparison of the
simulated reflection coefficient (S11) of three antenna stages
is depicted in Figure 2. It can be observed that the
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Figure 3: The simulated radiation patterns for three antenna design stages: (a) xz-plane and (b) yz-plane.
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fundamental resonant frequency of the conventional rectan-
gular patch antenna (Ant. 1) is 2.45GHz with a good
impedance matching. Moreover, there are three additional
resonant frequencies at 3.06GHz, 4.01GHz, and 6.10GHz,
respectively. However, the radiation pattern of the conven-

tional microstrip patch antenna (Ant. 1) has a weak radia-
tion pattern in broadside direction at the higher resonant
frequencies as shown in Figure 3. The significant depression
in the main radiations at higher frequencies is mainly caused
by the destruction of current paths on the left and right

(a) (b)

(c)

Figure 4: Surface current distributions: (a) conventional microstrip patch antenna at 2.45GHz, (b) proposed antenna at 2.45GHz, and (c)
proposed antenna at 5.8GHz.

Fabricated antenna

Device under test

Standard ant.

Figure 5: Fabricated prototype antenna and experiment setup.
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horizontal components of the rectangular patch. Therefore,
the four corners of the rectangular patch are cut with differ-
ent sizes on the top and bottom corners of the radiating
patch. Cutting the four corners of the patch can activate
the frequency of 5.89GHz and can change in the direction
of current paths, resulting in the broadside radiation at a
5.8GHz band. However, the fundamental frequency at
2.45GHz is shifted toward a higher frequency because the
size of the radiating patch is decreased. Thus, the circular slot
is etched on the radiating patch to adjust the desired operating
frequencies. In this way, the fundamental frequency is moved
to 2.45GHz, and the third resonant frequency is moved to
5.8GHz. Therefore, etching the circular slot on the radiating
patch with the appropriate size and position can help to con-
trol the desired operating frequencies. Moreover, adding the
circular slot can also enhance the gain at a 0-degree angle
(along z-axis) at a 5.8GHz band. To understand the compo-
nents of the antenna which play an important role in generat-
ing the required operating frequency, the surface current
distribution of the conventional microstrip patch antenna
and proposed antenna is simulated as shown in Figure 4.
The red level shows the contribution portion which influences
the operating frequency. It is clearly seen that the current
distributions of the proposed antenna at 2.4GHz are concen-
trated along the both side edges of radiating patch, microstrip
line, and circular slot.

This concentration area is more distributed compared to
the conventional microstrip patch antenna. For the current
distribution at a frequency of 5.8GHz, the microstrip line,
the radiating edge of patch, and the circular slot are the
portions in making the antenna resonate at 5.8GHz. To
confirm the simulated results, the proposed antenna was
fabricated and tested as shown in Figure 5. The comparison
of simulated and measured reflection coefficient (S11) of the
proposed antenna before and after multiple bending is
depicted in Figure 6. The measured S11 of the proposed

antenna before bending shows that the proposed antenna
can operate within the desired frequency bands of 2.45GHz
(2.40GHz–2.49GHz) and 5.8GHz (5.67GHz–5.89GHz)
bands which is in good agreement with the simulated result
as shown in Figure 6(a). As explained in antenna design, the
dimension of four corners’ cut and circular slot impacts the
variation of resonant frequency. Therefore, the main differ-
ences between simulated andmeasured S11 are possibly related
to fabrication error and tolerances of materials used. Then, the
antenna is tested inmultiple bending operations, which will be
discussed in the next section. After bending operations, the
proposed antenna still operates within 2.45GHz and 5.8GHz
bands as shown in Figure 6(b), and the snapshot of the S11
measurement on vector network analyzer (VNA) is shown in
Figure 5. However, the impedance matching is worse due to
partial deformation of the patch and ground plane.

The radiation pattern and gain of the proposed antenna
are measured in an anechoic chamber. The simulated and
measured radiation patterns in the xz-plane and yz-plane
at 2.45GHz and 5.8GHz are shown in Figure 7. The results
show that the radiation patterns of the proposed antenna are
unidirectional at both operating frequencies of 2.45GHz and
5.8GHz. The proposed antenna shows good broadside radi-
ations at desired resonant frequencies. It is known that the
textile-based antennas with broadside radiation patterns
are commonly required for linking with external devices,
since in wearable applications, only the energy forward
direction can be utilized while the backward direction is
absorbed by human body. Therefore, the designed antenna
is useful for a body-to-external device link of WBAN appli-
cations. In addition, it is safe when used on human body.
The maximum realized gains of the proposed antenna at
2.45GHz and 5.8GHz are 4.22 dBi and 3.22 dBi in the simu-
lation and 3.08 dBi and 2.15 dBi in the measurement. The
difference between simulated and measured results of radia-
tion patterns and gains is possibly caused by misalignment

2.0
−30

−25

−20

−15

S 1
1 (

dB
)

−10

−5

0

2.2 2.4 2.6 2.8 5.0
Frequency (GHz)

5.2 5.4 5.6 5.8 6.0 6.2

Simulated
Measured

(a)

2.0
−30

−25

−20

−15

S 1
1 (

dB
)

−10

−5

0

2.2 2.4 2.6 2.8 5.0
Frequency (GHz)

5.2 5.4 5.6 5.8 6.0 6.2

Simulated
Measured

(b)

Figure 6: The simulated and measured S11 of the proposed antenna (a) before bending and (b) after bending.
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between transmitting and receiving antennas, tolerance of
fabrication, tolerances of materials used, and the loss from
adhesive layer.

In practical applications, the wearable or flexible anten-
nas must be bent during operation. Therefore, the effects
of bending on antenna characteristics are investigated. The
antenna is bent around the x-axis (in the L direction) and
y-axis (in the W direction), corresponding to cylindrical
radius along x-axis (Rx) and y-axis (Ry). Four bending radii
along each axis, namely, 30, 40, 50, and 60, are studied. The
selected radii are based on the typical size of human arms
and legs. The simulated S11 of the proposed textile antenna
without bending (flat) and with different bending radii
around x-axis is depicted in Figure 8. In the case without
bending, the impedance bandwidth of antenna in free space
is 2.45% (2.42-2.48GHz) and 2.75% (5.73-5.89GHz), cover-
ing the ISM band. When the bending radius Rx is decreased

from 70 to 30mm (bending degree increases), the operating
frequencies at 2.45GHz and 5.8GHz are significantly shifted
to lower frequency. The proposed antenna cannot operate
within the 2.45GHz band when bending radius is less than
40mm. At the 5.8GHz band, the antenna cannot operate
in this bending condition. It is because the surface current
is mainly along y-axis (in the L direction); therefore, bending
in this direction strongly impacts the operating frequency.
The proposed antenna may not be suitable for mounting
on curved surface along its length. Meanwhile, bending the
antenna around y-axis (in the W direction), the frequency
band of 2.45GHz is also shifted to lower frequency, and
impedance matching is poor as the bending radius Ry

decreases from 70 to 30mm as shown in Figure 9. In addi-
tion, the frequency band of 5.8GHz is also shifted to a lower
frequency as the radius decreases. However, the proposed
antenna still operates at 2.45GHz and 5.8GHz bands under

180
150

120

90

60

30330

300

270

240

210

0
xz-plane

Simulatad
Measured

dB
i

0

−10

−20

−30

−40

−30

−20

−10

0

180
150

120

90

60

30330

300

270

240

210

0
yz-plane

dB
i

0

−10

−20

−30

−40

−30

−20

−10

0

(a)

180
150

120

90

60

30330

300

270

240

210

0
xz-plane

Simulatad
Measured

dB
i

0

−10

−20

−30

−40

−30

−20

−10

0

180
150

120

90

60

30330

300

270

240

210

0
yz-plane

dB
i

0

−10

−20

−30

−40

−30

−20

−10

0

(b)

Figure 7: The simulated and measured radiation patterns in the xz-plane and yz-plane: (a) 2.45GHz and (b) 5.8GHz.
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this bending condition. To confirm the simulated results, the
prototype antenna was placed on the curved surface of cylin-
drical foam with a radius (R) of 30mm and 50mm. The
measured S11 of prototype antenna bent on cylindrical foam
is illustrated in Figure 10. It can be observed that the mea-
sured S11 of the prototype antenna on cylindrical foam show
a similar trend with simulation, but it provides a wider
bandwidth in both 2.45 and 5.8 bands. The proposed
antenna still serves the WBAN application at 2.45 and
5.8GHz bands.

To investigate the impact of the human body on antenna
performance, the antenna is positioned on two different

areas of the human body: the belly (flat surface) and the
arm (curved surface), as illustrated in Figure 11. To replicate
the shape of the belly, the model is defined as a square mea-
suring 150mm × 40mm. To mimic the shape of the arm, a
cylinder with a radius of 40mm and a length of 150mm is
designed. Both models comprise four layers: skin, fat, mus-
cle, and bone, with the tissue parameters for each layer sum-
marized in Table 2 [7]. The proposed antenna is placed on
each of the model in the simulation. The S11 values of the
proposed antenna when placed on the belly and in free space
are compared, as shown in Figure 12. In the simulation,
there is no gap between antenna and belly model. However,
in the measurement, there may be a small gap between
antenna and human belly. It is found that the measured
S11 values in both the free space and on the belly exhibit a
consistent trend with the simulated results. Observing the
measured S11 values, it becomes evident that the impedance
matching of the prototype antenna, when placed on the
belly, deteriorates compared to when the antenna is in free
space. Moreover, the measured S11 of antenna on the belly
shows a slight shift toward higher frequencies compared to
antenna in free space. The reason for frequency shift is
because the human body acts as an additional lossy substrate
layer which has different dielectric constant. Therefore, the
presence of lossy dielectric on the antenna causes significant
changes to its input impedance [28]. This introduces an
impedance mismatch and causes a shift in the operating fre-
quency of the antenna. It is found from simulated results
that the gap between antenna and skin slightly affects the
S11 but significantly affects the specific absorption rate
(SAR) by human body. As antenna is far away from the
human body, the SAR value will decrease. In case the
antenna is bent and placed on the arm, the antenna is
mounted on a foam sheet with a thickness of 3mm as
depicted in Figure 11(b). Figure 13 displays the simulated
and measured S11 values for the proposed antenna, both
when positioned on the arm and in free space. The measured
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results show a similar trend compared to the simulation. It is
known that bending and human body strongly influence on
the antenna performance, especially the operating fre-
quency. Thus, the desired operating frequencies are shifted
to the upper frequency when antenna is placed on the arm.
However, by bending the proposed antenna and placing it
on the arm, it still operates within the 2.45GHz and
5.8GHz ISM bands. Furthermore, the simulated 3D patterns

of the proposed antenna on belly and arm at 2.45GHz and
5.8GHz are depicted in Figure 14. The radiation patterns
of the proposed antenna placed on belly models are slightly
changed compared with the radiation pattern in free space.
Placing the antenna on arm model results in decreasing the
gain as well as increasing the back lobe and beamwidth. How-
ever, the radiation patterns of proposed antenna on human
body still maintain in the broadside direction (z-axis).

To evaluate the effects of the proposed antenna on the
human body, the specific absorption rate (SAR) is simulated.
The SAR is known as the rate of RF energy absorbed by
human body per unit tissue mass, and its unit is W/kg
[29]. According to the FCC standard, the SAR value should
not exceed 1.6W/kg averaged over 1 g of tissue. The SAR
value was calculated by CST studio software. The input
power for calculation is set as 0.5W. The SAR value on belly
and arm models is illustrated in Figure 15. According to the
SAR value on the color bar, the red region indicates a high
energy density of the antenna radiation on the human tissue
model. For the belly model, the maximum SAR values calcu-
lated according to the FCC standard are 0.258W/kg at
2.45GHz and 0.185W/kg at 5.8GHz as depicted in
Figure 15(a), which are far below the FCC limit. For the
arm model, we found from the simulated results that the
SAR value, when antenna is placed directly on the arm, is
2.307W/Kg at 2.45GHz and 0.781W/kg at 5.8GHz. The
SAR value at 2.45GHz exceeds the FCC limit. Therefore,
the antenna is placed on foam with the thickness of 3mm
to prevent the antenna from touching the arm. As seen in
Figure 15(b), the SAR values on the arm decrease to be
0.1046W/kg at 2.45GHz and 0.1121W/kg at 5.8GHz, which
obey the FCC standard.

The comparison between the proposed textile microstrip
patch antenna and other textile microstrip patch antennas
reported in the literature is shown in Table 3. It is well
known that the radiation pattern of microstrip patch
antenna with full ground plane is perpendicular to antenna
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Bone
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Fat
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Bone

(b)

Figure 11: The proposed antenna is on the (a) belly model and the
(b) arm model.

Table 2: Parameters of the human tissue model.

Tissue types εr σ (S/m) Density (kg/m3) Thickness (mm)

Skin 37.95 1.49 1001 2

Fat 5.27 0.11 900 5

Muscle 52.67 1.77 1006 20

Bone 18.49 0.82 1008 13
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Figure 12: The simulated and measured S11 of the proposed
antenna on belly and in free space.
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Figure 13: The simulated and measured S11 of the proposed
antenna on arm and in free space.
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Figure 14: The 3D radiation patterns of the proposed antenna on (a) belly and (b) arm.
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Figure 15: The SAR values evaluated over 1 g of tissue of the proposed antenna at 2.45GHz and 5.8GHz on the (a) belly model and
the (b) arm model.
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plane. Therefore, when antenna is mounted on the body, the
amount of back lobe that radiates toward the body is low
and safe for the human body. In [22], the triple-band
antenna was designed having compact size, but the gain is
very low at a low frequency in comparison with the pro-
posed antenna. The antenna in [23] can operate two fre-
quency bands, but the SAR value is very high beyond the
FCC limit. The research work in [24] is based on microstrip
patch antenna and hybrid fractal antenna. Although this
antenna provides compact size and high gain, the main lobe
of the pattern is tilted, and the back lobe increases at high
frequency. Moreover, using the DGS on the ground plane
causes the back lobe and SAR value to exceed standard. In
[25], the antenna covers multifrequency bands by cutting
the rectangular on the ground plane to obtain a designed
resonant frequency. The antenna has a bidirectional radia-
tion pattern which can yield the SAR value exceeding the
standard. Compared to related works, the proposed dual-
band textile microstrip patch antenna achieves a simpler
structure, low profile, low complexity in design, low cost,
and low SAR while providing acceptable gain and stable
radiation pattern in both bands. Therefore, the proposed
antenna is a good candidate for wearable, IoT, and WBAN
applications.

4. Conclusions

Low-profile, dual-band textile microstrip patch antenna
operating at 2.45GHz and 5.8GHz ISM bands for WBAN
application was presented. The proposed antenna consists
of a simple rectangular patch and full ground plane. The
novelty of the proposed antenna is cutting the four corners
of radiating patch and adding the circular slot into the patch
to excite a new resonant frequency while the radiation
characteristics of fundamental resonant frequency are kept
unaltered. By using these techniques, the proposed antenna
achieves dual-band characteristics with stable broadside
radiation patterns and low SAR in both two bands without
complexity in design. The proposed antenna provides simple
and low-profile structure, compact size, flexibility, safety,
and comfort in wearing. The simulated and measured results
can confirm that the proposed antennas are suitable for a
wide variety of WBAN applications.
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