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U-Slotted Elliptical Shape Patch Antenna for UWB On-Body
Communications
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Abstract—An elliptical shape patch (ESP) antenna with inverted U-shaped slots is proposed and
presented in this paper for on-body communications. A coplanar waveguide (CPW) feed is used as
ground to produce impedance matching, and inverted U-shaped slots are used to produce the ultra-
wideband (UWB). The proposed ESP antenna model covers UWB characteristics in free space, and it is
observed at 3 to 10.7 GHz. When it is implanted on a flat tissue model of human body, the bandwidth
is 2.2 to 10.8 GHz. The SAR values of 1.26 W /kg and 1.58 W/kg are observed on-body at 4.9 GHz and
7.3 GHz operating frequencies, respectively. The results with respect to the radiation pattern, gain,
reflection coefficient, and surface current distribution are also presented.

1. INTRODUCTION

In recent years, extensive research work has been carried out in biomedical applications using
microstrip antennas for health monitoring systems. As these antennas are used in implantable medical
devices (IMDs), they should be light in weight, bio-compatible, and conform to the human body.
Although various biomedical frequency bands already exist, microstrip patch antennas have peculiar
characteristics, so it also covers ultra-wideband (UWB) and is used for on-body centric wireless
communications.

Implantable medical devices with wireless networks can be implanted anywhere on the human body,
at least conceptually. As the battery life of these IMDs is limited, they need to be recharged frequently.
This problem can be solved by using wearable repeaters [1], which enhance the link between the IMDs
and the patients without any wire connections to the battery. There are some limitations imposed by
the antennas operating in the MICS and ISM bands when they are employed for on-body applications.
In real time situation, MICS band antennas provide low bandwidth, require high data rate and large
dimensions. The ISM band antenna provides low data rate transmission. These limitations in MICS
and ISM band antennas can be overcome by designing the antennas for UWB frequency.

In the literature, various antenna models are designed for UWB applications [2, 3], such as the
elliptical shape monopole antenna [4], tapered slot antenna [5], reconfigurable antenna [6], and circular
patch antenna [7] with elliptical slot on ground plane, were designed for UWB application. In [4], a
half modified circular shape ground plane was considered, and a radiating efficiency of more than 90%
was obtained. Similarly, in [5] rectangular slits at the edges were designed to produce wide bandwidth
of 8.45 GHz. A maximum gain of 7.55dBi was obtained for this antenna. In [8], a notch was considered
to achieve the impedance matching between patch and ground plane to operate the antenna for UWB.

The experimental campaign of medical body area network (BAN) in hospital environment was
studied in [9], using flexible antenna models for various frequency bands. In [10], a dual-band filtering
microstrip antenna was designed for UWB application from 2.35 to 12.796 GHz. A band rejection from
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4.9 to 5.98 GHz and 7.15 to 7.99 GHz was observed, and this antenna model was used for bio-medical
imaging systems and medical telemetry applications. A rectangular adhesive bandage like antenna
model in [11] was designed with 89.5% bandwidth in free space and 44.7% when being placed on the
tissue equivalent phantom. This antenna model has been used for wireless telemetry services. In [12],
three antenna models were designed for UWB applications, and the proposed antenna model analysis
was carried out by varying the distance from the antenna to the human body. A planar inverted cone
antenna model [13], with a double layer substrate for UWB application, was designed, and an impedance
bandwidth in the ratio of 13 : 1 was obtained. A Koch fractal slot antenna [14], for UWB application,
operated for 2.85 to 12 GHz frequency with notch band characteristics from 4.65 to 6.40 GHz. This
frequency notched function and size reduction were achieved by using a Koch fractal slot. A tapered
patch antenna was designed in [15], to evaluate the performance of the antenna with the change in
the limb movements of the human hand for health care monitoring. This antenna model analysis was
carried out at 3, 6, 9 GHz, and the changes in the radiation performance were studied. In [16], an X-slot
patch antenna was presented for wider impedance band. In [17, 18], a planar inverted cone antenna and
flexible rectangular patch antenna were designed with coplanar waveguide (CPW)-feed. The analysis of
antenna in [17] was carried out for on-body application and used for wearable applications. A conformal
patch antenna with parasitic elements [19] and split ring resonators [20] was presented for biomedical
applications.

In this paper, an elliptical shape patch (ESP) antenna is designed with inverted U-shaped slots for
the operation in UWB frequency range, specifically, from 3 to 10.7 GHz. The proposed ESP antenna is
implanted in the free-space on a flat three-layer tissue that emulates the human body. The ESP antenna
resonates in 3 to 10.7 GHz frequency range, with impedance bandwidth of about 7.7 GHz.

2. ELLIPTICAL SHAPE PATCH ANTENNA DESIGN

The proposed antenna prototype is designed with an elliptically shaped patch and CPW feed as depicted
in Fig. 1(a). The elliptical shape patch antenna is fabricated on an FR-4 substrate with a dielectric
constant of 4.4 and a loss tangent of 0.01. The length [; and width w; are the dimensions of the
substrate material with a height of 1.6 mm. The elliptical shape patch antenna is deposited on the
dielectric substrate, with major and minor radii of r; and ry, respectively. An impedance of 502 is
given as input to the ESP antenna through a rectangular stub length of I, and a width of ws. Two
inverted U-shape slots are etched from the radiating patch as shown in Fig. 1(a). The dimensions of the
two U-shaped slots are l4, l5, wyg, ws, s1, S2, s3, and sy, respectively. Two rectangular shape radiating
patches, with a length of I3 and width of ws, are coated on both sides of the feed line, which works as
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Figure 1. Geometry of the proposed model (a) elliptical shape patch antenna, (b) flat human body
tissue model.
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Table 1. Dimensions of the proposed ESP antenna model.

Parameter Value (mm) Parameter Value (mm)

I 30 s 3.2
w1 24 Ws 7.5
l2 9 71 10.2
w9 2 T9 8
l3 7 S1 1
ws 9.5 S92 0.5
l4 3.2 83 1
w4y 9.5 S4 0.5

ground plane with CPW-feed. The dimensions of the proposed antenna model are listed in Table 1.

The proposed antenna prototype is tested in two distinct operating conditions; the free-standing
mode and when being attached to a human-body. The on-body measurement is performed by considering
the flat human body tissue model with a three-layer structure as shown in Fig. 1(b). The ESP antenna
is placed on the skin layer. The height of the skin is considered as 2 mm, fat as the second layer with
height of 10 mm, and muscle tissue as the third layer with height of 15 mm, respectively. The dielectric
properties of the aforementioned tissue layers in the frequency range from 1 to 15 GHz are listed in
Table 2.

Table 2. Typical dielectric properties of human tissues in the 1-15 GHz frequency range.

Tissues Dielectric constant (¢,) Loss tangent (6) Thickness

Skin 40-26.2 0.347-0.636 2mm
Fat 5.42-4.25 0.158-0.264 10 mm
Muscle 54.3-36.1 0.28-0.596 15mm

@) (©) @ @

Figure 2. Evaluation process of the proposed antenna (a) Ant-1, (b) Ant-2, (c¢) Ant-3, and (d) Ant-4.

The evaluation process of the proposed antenna model is shown in Fig. 2. In the first step, a basic
elliptical shape patch antenna (Ant-1) with full ground is considered as shown in Fig. 2(a) for this
model, and the antenna resonates for a single band and with low reflection coefficient. To improve the
bandwidth as well as achieve the impedance matching, CPW feed (Ant-2) is considered as the ground
plane as shown in Fig. 2(b). As can be seen in this figure, Ant-2 resonates from 7.82 to 10.7 GHz
frequency band. To operate the antenna in the UWB frequency band, an inverted U-shaped slot is
etched from the elliptical patch, resulting in Ant-3 as shown in Fig. 2(c), and the antenna resonates
from 6.8 to 10.7 GHz frequency. The second inverted U-shape slot is etched from the patch as shown
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Figure 3. Reflection coefficient plot for (a) evaluation process, (b) varying s1 and s2.

in Fig. 2(d), and the antenna operates from 3 to 10.7 GHz frequency band. The corresponding plot for
the reflection plot of the proposed antenna evaluation process is shown in Fig. 3(a).

The parametric analysis of the ESP antenna is carried out by varying the slot width (s1 and s2) of
inverted U-shaped slot by 0.5 mm, 1 mm, and 1.5 mm, respectively. The performance of ESP antenna

with respect to reflection coefficient is shown in Fig. 3(b). The slot width of 1 mm shows better result
both with respect to frequency band and return loss.

3. RESULTS AND DISCUSSION

The analysis of the proposed ESP antenna with respect to free space and on the three-layer tissue model
is carried out in EM simulation software. The fabrication of the proposed antenna is shown in Fig. 4(b).
Similarly, the measurement setup for the proposed antenna in free space and on-body measurement is
shown in Figs. 4(a) and 4(c). Fig. 5 shows the reflection coefficient plot of simulated and measured
antenna in free space and on the three-layered model. From Fig. 5, the simulated and measured antennas
resonate for UWB 3 to 10.7 GHz, respectively. The operating frequencies and reflection coefficient for
the antenna placed in free space and on three layered structure are tabulated in Table 3.

If the air gap (d) is considered between prototype antenna and hand of the human body at different
conditions, i.e., d = 0mm, d = 1 mm, and d = 3mm, the reflection coefficient plot is shown in Fig. 6.
A small deviation in the reflection coefficient plot is observed for d = 1 mm and d = 3mm. However,

(a) (b)

Figure 4. The proposed ESP antenna (a) free-standing, (b) prototype, and (c) on-body
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Table 3. Simulated and measured results of the ESP antenna.

Free Space On-Body
Operating Reflection Operating Reflection
Frequency (GHz) Coefficient (dB) Frequency (GHz) Coefficient (dB)
Simulated 3.52, 7.94, 9.68 —28.59, -13.02, -30.7 4.9, 7.3 —-33.2, -28.37
Measured 3.53, 7.88, 9.5 —29.9, —13.48, —32.76 4.58, 7.23 —32.96, —30.46

the proposed prototype antenna works at UWB applications.

The 3D gain plots for the antenna in free space and on the three-layered model are shown in Fig. 7
and Fig. 8. From Fig. 7, the gain values of —2.45dB, —2.68 dB, and —1.98 dB, are observed at 3.52 GHz,
7.94 GHz, and 9.68 GHz frequencies. Similarly, from Fig. 8, the gain values of —3.6dB and —2.65dB
are observed at 4.9 GHz and 7.3 GHz frequencies, respectively.

The proposed ESP antenna model analysis is carried out for on body UWB application, and the
safety consideration of human body should be considered. The SAR value is restricted for 1g of tissue
to be less than 1.6 W/kg, [13] by IEEE. C95.1-1999. Fig. 9 shows the SAR plots for the antenna
implanted on a three layered tissue model. From the plot, the SAR values of 1.26 W /kg and 1.58 W /kg
are observed for 4.9 GHz and 7.3 GHz frequencies, respectively.

The co-polarization (Co-Polar) and cross-polarization (Cross-Polar) of ESP antenna with respect
to E-plane and H-plane in free space and on a three layered structure are shown in Fig. 10 and
Fig. 11. In Fig. 10, the E-plane and H-plane radiation patterns are presented for three frequencies
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Figure 5. Reflection coefficient of the proposed Figure 6. Reflection coefficient plot for air
ESP antenna. gap between prototype antenna and hand of the
human body.
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Figure 7. The 3D gain plot in free space (a) 3.52 GHz, (b) 7.94 GHz, and (c) 9.68 GHz.
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Figure 8. The 3D gain plot at three-layer tissue model (a) 4.9 GHz, and (b) 7.3 GHz.
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Figure 9. The SAR of the proposed ESP antenna at frequency (a) 4.9 GHz and (b) 7.3 GHz.
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at 3.52 GHz at 7.94 GHz at 9.68 GHz

E-Plane 40271

H-Plane

Co-Polar
— — = Cross-Polar

Figure 10. Radiation patterns of ESP antenna in free space at frequencies (a) 3.52 GHz, (b) 7.94 GHz,
and (c) 9.68 GHz.

Figure 11. Radiation patterns of ESP antenna on three layered tissue model at frequencies (a) 4.9 GHz,
and (b) 7.3 GHz.
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at 3.52 GHz, 7.94 GHz, and 9.68 GHz, respectively. Similarly, from Fig. 11, the E-plane and H-plane
radiation patterns are presented at 4.9 GHz and 7.3 GHz frequencies, respectively. The comparison of
the proposed antenna with the models in the literature survey is tabulated in Table 4.

4. CONCLUSION

An elliptical shape patch antenna operating for UWB in free space (3 to 10.7 GHz) and on a three-
layered structure (2.2 to 10.8 GHz) is presented for on body communication. Inverted U-shaped slots
are used to generate UWB, and CPW feed is used to produce impedance matching. As a result, the
proposed antenna could potentially reduce the radiation impact on human body. The performance of
antenna with respect to gain, radiation pattern, and SAR are presented. The SAR values of proposed
antenna are within the standard limits.
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