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1. Introduction

After the ultra wide band (UWB) is authorized by Federal Communication Committee
(FCC) in 2002, many UWB antennas have been proposed [1]. Since UWB communications have a
large-capacity data transmission and low radiation power, this communication system has been
expected to expand to popular wireless techniques in the near future. Meanwhile, the wireless body
area network (WBAN) has been researched recently [2], [3]. Because the WBAN with UWB
technique is applicable to various fields such as entertainment, medical areas etc, the development
of UWB antenna for WBAN has occupied the attention and has been practically proposed [4] - [7].

In this paper, a wristwatch-type UWB antenna placed on an arm is proposed. The proposed
antenna targets to operate in the band of 7.25 to 10.25 GHz [8]. This band is approved as upper
band of UWB in Japan, and it is not necessary to consider the detect and avoid (DAA) mechanism.
This antenna is designed to propagate towards the tip of the arm for the communication with an
external device located in its direction. Additionally, co-polarization of wearable antenna is vertical,
because the vertical electric component to the arm is advanced to propagate along the surface of the
arm [9]. The planar monopole antenna, which radiates a vertical electric field, is suitable as a
wearable antenna. However, the structure is large to be applied in practice. Wearable devices are
required to be a miniature. Since the proposed antenna is small enough, it can be embedded in the
wristwatch. In this paper, the characteristics of the proposed antenna are investigated when the
antenna is placed on the arm. The voltage standing wave ratio (VSWR), the electric field
distribution in near-field, and the radiation pattern in far-field of the antenna are calculated and
measured.

2. Models for Calculations and Measurements

Figure 1 (a) shows the structure of proposed antenna. A half of broadband planar antenna
[10] is arranged on the ground plane, and a reflector on —x direction is placed to propagate to +x
direction at an advantage. Since electric current on the ground plane decreases the radiation
efficiency, a edge of ground plane of the +x direction is bended up. Additionally, a dielectric
material (g = 4.1) is put in the space between the radiator and the reflector to maintain the physical
robustness of antenna. The overall volume is 10.0 x 10.0 x 4.5 mm’ and is small enough as a
wearable UWB antenna.

Figure 1 (b) illustrates the antenna mounted on the arm assumed as 2/3-muscle equivalent
phantom with 450 x 50 x 50 mm’ of rectangular parallelepiped. Since the human tissue is a
dispersive material, the complex dielectric constant & of the arm is expressed by Debye’s
dispersion equation as

& =g (e-je") = so(sx +ﬂj
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where @ is the angular frequency, & is the static permittivity, &, is the optical permittivity, and 7 is
the relaxation time. In this paper, &, &., and rare set as 37.1, 7.2, and 11.5 x 1012 s, respectively.
Figure 2 shows electrical constants of phantom which is manufactured by us, calculated
approximately by the Debye’s dispersion equation, and target values from the reference [11]. Figure



2 shows the measured and calculated values, these are compared with the target. The error is within
10.8 %, and has little influence on antenna measurement such as input impedance and radiation
pattern [12]. The antenna is placed where a feeding point of antenna is 150 mm from the tip of the
arm as shown in Fig. 1 (b). Since the antenna is loaded into a case in practice, the distance between
the bottom of antenna and the surface of arm is set to 1 mm. The characteristics of antenna with the
arm are calculated the finite-difference time-domain (FDTD) method (XFDTD ver.6.2) [13].

Dielectric

1.25 1.25
______ - Radiator Tz r 3 ,
4.5 x 2.0 ! I 0;2 50 Unit [mm]
Refléctor 65 3.5 6.750.75 2\ 450
Side view Radiation Plane
Reﬂecto& *.— Dielectric 1 SN X
~ 3 Radiator
Unit [mm] !
Cubic diagram 50

(a) Structure of proposed antenna. (b) Position of the antenna on the arm.

Figure 1: Models for calculations and measurements.
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Figure 2: Electrical constants of the arm. Figure 3: VSWR of the antenna.

3. Characteristics of Antenna

3.1 VSWR

Figure 3 presents VSWR of the antenna, when the antenna is placed on the arm. The
calculated and the measured bandwidths with VSWR lower than 2.0 are 7.00 - 11.69 GHz and 6.27
- 10.80 GHz, respectively. Although the resonant frequency by numerical calculation is higher than
the measurement, both results satisfy with the required bandwidth. The difference between the
calculation and the measurement is caused by an error in the manufacture of the antenna.

3.2 Electric Field Distributions

Figure 4 shows the calculated electric field distributions of E,, E,, E., and root-sum-square
of three components at 8.75 GHz, which is central frequency in the target band. Each electric field
is normalized with the maximum value of root-sum-square. Feeding point is coordinate origin. The
observation plane is the zx-plane (y= 3.75 mm) with the center of the arm. The area of more than -
40 dB is broad toward tip of the arm (+x direction) compared with the back direction (-x direction).
It is confirmed that the electrical field intensity at the tip of the arm is higher than at the back of the
arm. Therefore, the antenna is adequate the communication toward the tip of the arm. Moreover, the
intensity of E. component is stronger than them of £, and E, components on the surface of the arm.
Therefore, it is certified that the dominant component of the antenna is the vertical component to
surface of the arm.



Figuare 5 is the electric field distributions of root-sum-square of three component at 7.25
and 10.25 GHz, which are the minimum and maximum frequencies in the target band, respectively.
The area, that electric field intensity is more than -40 dB, is broad toward tip of the arm (+x
direction) compared the back direction (-x direction) as well as Fig. 4. Therefore, it is achieved that
the proposed antenna is communicable toward the tip of the arm at all of the taget band. However,
the electric field of back direction at 7.25 GHz is relatively stronger than other frequencies, because
the electromagnetic wave is easy to diffract to the back of the reflector in a low frequency. From the
results of Figs. 4 (d), 5 (a) and (b), when a frequency rises, propagation of the electric field inner
arm decreases, because the conductivity of the arm becomes higher.
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Figure 4: Electric field distributions at 8.75 GHz.
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Figure 5: Electric field distributions (root-sum-square).
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Figure 6: Radiation patterns.



3.3 Radiation Patterns

Figure 6 shows calculated and measured radiation patterns (£5) in x)- and zx-planes at 7.25,
8.75, and 10.25 GHz, when the antenna is mounted on the arm. The measured results agree almost
with the calculated ones. The front-to-back (FB) ratios are approximately 5 dB at 7.25 GHz, 10 dB
at 8.75 and 10.25 GHz. The FB results mean that main lobes are inclined toward the tip the arm
same as the near-field distributions shown in previous section. The radiation toward the back
direction at 7.25 GHz is stronger than at other frequencies for same reason of previous section.

From the results in near-field distribution and far-field radiation pattern, it is confirmed that
the proposed antenna satisfies the requirements for the communication with an external devices
situated in the tip of the arm.

4. Conclusion

In this paper, we proposed a wristwatch-type broadband antenna which is small enough to
be wearable, and investigated the characteristics of its. From the frequency characteristic, it is
confirmed that VSWR is less than 2.0 from 7.25 to 10.25 GHz, which is approved UWB system in
Japan. From electrical distributions in near-field, it is confirmed that co-polarization of the antenna
is vertical component. The antenna radiates stronger to the tip of the arm than to the back direction
by near- and far-field results. Consequently, the antenna is useful to a wearable device of
wristwatch-type in practice.

In the next step, the proposed antenna will be applied to investigate the communication
links among some wearable devices on the human body.
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