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An Implantable Antenna for Wireless Body Area Network Application

Uisheon Kim - Jachoon Choi

Abstract

In this paper, an implantable planar inverted-F antenna (PIFA) for an artificial cardiac pacemaker is proposed. The
antenna has a simple structure with a low profile and is placed on the top side of the pacemaker. The dimensions
of the pacemaker system, including the antenna element, are 42x43.6x11 mm. When the antenna is embedded in pig
tissue, its S; value is —10.94 dB at 403 MHz and the —10 dB impedance bandwidth of the antenna is 6 MHz (399~
406 MHz). The proposed PIFA in tissue has a peak gain of —20.19 dBi and a radiation efficiency of 1.12 % at 403
MHz. When the proposed antenna is placed in a flat phantom, its specific absorption ratio (SAR) value is 0.038 W/kg
(1 g tissue). Performances of the proposed PIFA is sufficient to operate at the MICS band (402 ~ 405 MHz).
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[ . Introduction

Application of the wireless body area network (WBAN)
has been expanding to medical services, national defen-
ses, and wearable computing. Among these areas, the
Medical Implant Communication Service (MICS) has been
investigated with great interest [1~5]. The MICS is a
system that can transmit vital information from an im-
planted antenna embedded in a human body to external
equipment through use of a wireless communication link.
This system is able to reduce the time required to obtain
a diagnosis in patients and ease patients physical or
mental burdens. In addition, it can communicate without
a wire piercing the skin, and is therefore not a risk for
causing infection [1].

The antennas for implantable medical devices are de-
signed to operate in the 402~405 MHz band recommen-
ded by the Federal Communication Commission (FCC)
[2] and the European Telecommunications Standards Ins-
titute (ETSI) [3]. It is difficult to design antennas for an
implanted application due to the reduced antenna effi-
ciency, impact of the environment on the antenna, need
to reduce antenna size, and strong effect of multipath
losses at the 400 MHz band. Several types of antennas
have previously been used or proposed for various im-
plantable wireless communication applications (loop ante-
nna, monopole antenna, meander line antenna, and so forth).
Planar inverted-F (or shorted patch) antennas (PIFAs) have
often been used for implantable systems [1, 4, 5]. Since
antennas were located on the front face of the pace-
makers used in these studies, antenna thicknesses were
increased. The antennas employed also had low gain and
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radiation efficiency.

In this paper, we propose an implantable antenna for
an artificial cardiac pacemaker. To maintain the low pro-
file of a pacemaker and enhance radiation performance,
a simple PIFA placed on the top side of the pacemaker
is used. The performance of the antenna in human body
tissues with regard to S, characteristics, radiation pa-
tterns and specific absorption ratio (SAR) are analyzed
through simulation and measurement.

II. Antenna Design

Fig. 1 shows the configuration of the proposed ante-
nna for an artificial cardiac pacemaker. The antenna struc-
ture is based on a PIFA often used for mobile handsets.
In Fig. 1(a), the radiating element, which has dimen-
sions of 37x8.5%6.4 mm, is located on the top side of
the pacemaker. The radiator is fed near the center of the
top edge and shorted at 4 mm away from the feeding
point, as shown in Fig. 1(b). In Fig. 1(c), the radiator
has an L-shaped split to control the resonance frequen-
cy. Taconic CER-10 with a relative permittivity of 10.0
is used for the substrate and superstrate. As shown in
Fig. 1(b), they have thicknesses of 6.4 mm and 1.6 mm,
respectively. The superstrate reduces the effect of high
conductive body tissue on the antenna. The dimensions
of the pacemaker body are 40x30x9 mm. In order to
reduce the electrical loss, the pacemaker system is co-
vered with a case in acrylic with a dielectric constant of
2.6 and thickness of 1 mm. The dimensions of the pace-
maker system, including the antenna element, are 42
x43.6x11 mm. This antenna structure is designed and
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Fig. 1. Configuration of the proposed antenna on an arti-
ficial cardiac pacemaker.

analyzed using the SEMCAD X 3D EM field simulation
tool [6].

In order to analyze the antenna performance in the
human body, simulations were carried out after placing
the proposed antenna in models of the human body. Hu-
man body models used in this study are as shown in
Table 1. Models 1 and 2 are simplified flat phantoms for
fast simulation. To more accurately account for the effect

Table 1. Human body models.

Model | Shape/size . .
No. [mm] Material properties
Flat body
1 tissue €,/=56.7, 6=0.94 S/m, tan ¢ =0.74
200x200x50
Skin e,/46.71, 0=0.69 S/m,
(2 mm) | tan 6 =0.66
Fat e,=5.58, 0=0.04 S/m,
Flat body (3 mm) | tan 8 =0.33
2 tissue
200x200x45 Muscle e,=57.1, 0=0.8 S/m,
(30 mm) | tan § =0.62
Bone e€,/2242, 0=0.24 S/m,
(10 mm) | tan 6 =0.47

3 Virtual voxel
model
Height: 1.6 m | Includes the electrical properties of
Weight: 58 kg | each human tissue

€,=56.7, 0=0.94 S/m, tan § =0.74

of human body, models 3 and 4 are used. Models 3 and
4 are virtual voxel models, with a height of 1.6 m and
a weight of 58 kg (human model software of IT’IS Foun-
dation (Information Technologies in Society) [9]. Mo-
dels 1 and 3 are one material layer, which has equivalent
electrical properties to whole human body [7]. Model 2
has four material layers : skin, fat, muscle, and bone [8].
Model 4 includes the electrical properties of each human
tissue.

Fig. 2 shows various simulation models for evaluating
the effect of human body. The pacemaker system is em-
bedded 5 mm beneath the outer face in model 1. In mo-
del 2, the proposed antenna is placed between the fat
layer and the muscle layer. In models 3 and 4, the pro-
posed antenna is located in the muscle tissue on the left
side of the chest.

Fig. 3 illustrates simulated S); characteristics of the pro-
posed antenna for various body models. The Si; cha-
racteristics of the proposed antenna in models 1 and 3
are nearly identical, and those of models 2 and 4 are
similar. The resonance frequencies of models 2 and 4
become higher than those of models 1 and 3 due to the
lower dielectric constants of skin and fat layers used in
models 2 and 4. Therefore, one can conclude that the
resonance frequency depends on the electrical properties
of the body model rather than the size of the respective
models.

Fig. 4 shows simulated radiation patterns for various
body models. The simulated peak gains are —21.17,
—20.95, —21.8, and —22.9 dBi, respectively. In models
3 and 4, the back radiation on yz-plane is reduced by
the height of voxel model. In model 2, the back radia-
tion on yz-plane increases by the long penetration depth
in each layer of model 2. Thus, the radiation pattern of
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Fig. 2. Antenna positions in human body models.
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Fig. 3. Simulated S); characteristics for various body mo-
dels.

the implant antenna depends on both electrical proper-
ties and dimensions of the human model.

Table 2 compares the performances of the three an-
tennas. The proposed antenna has low profile and higher
gain than those of existing implantable antennas.

Fig. 5 shows the simulated SAR distributions of the pro-
posed antenna in models 3 and 4. In the simulation, the
input power is normalized as 1 W. Peak values of ave-
rage 1 g SAR are 6.31 mW/kg and 6.56 mW/kg, respec-
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Fig. 4. Simulated radiation patterns for various body models
at 403 MHz.

Table. 2. Comparison with existing design scheme.

. Peak gain
Size [mm] | Body model [dBi]
30%x39%12 e,=38.9, _
Ref. 111 (without case) | 0=053 S/m >
29.4x19.6x6
(without & ~42.807, _
Ref. [5] pacemaker and | ¢=0.65 S/m 33
case)
o . ?2§i3.6xll " &,=56.7, —21.17
oposed | (with pacemaxer| g, g/ ’
and case)

tively. Peak value of SAR in model 3, which has one
material layer, is similar to that in model 4. The SAR
distribution in model 3 is omnidirectional. On the other
hand, the SAR distribution in model 4 shows directional

property.
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II. Experimental Results

3-1 Antenna Performances

The fabricated antenna is shown in Fig. 6. Porcine
tissue with dimensions of 280x210x80 mm is used to
measure the Si; characteristics and radiation patterns, as
shown in Fig. 6. The pig tissue consists of three layers:
skin, fat, and muscle. The thicknesses of each layer are
approximately 2, 10, and 68 mm, respectively. The S-
parameters of the proposed antenna were measured using
the network analyzer.

Fig. 7 shows the measured S); characteristics of the
proposed antenna. When the antenna is embedded in
tissue, the Si; values of the proposed antenna is —10.94
dB at 403 MHz. The —10 dB impedance bandwidth of
the antenna is 6 MHz (399~406 MHz).

The measured radiation patterns of the proposed an-
tenna in the xz- and yz- planes are plotted in Fig. 8.
Those are measured in a 10 m anechoic chamber. The
PIFA in tissue has a peak gain of —20.19 dBi and a

(a) Model 3

(b) Model 4

Fig. 5. Simulated SAR distributions for models 3 and 4 at
403.5 MHz.

radiation efficiency of 1.12 % at 403 MHz. The differ-
ence between the simulated (in model 2) and measured
radiation pattern is caused by a thick fat layer and the
absence of bone layer of pig tissue.

Fig. 6. Measurement set-up for the Si; and radiation pa-
tterns.
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Fig. 7. Measured Si; characteristics.

-120 120

—e— measured _xz-plane
—e— measured_yz-plane

-180

Fig. 8. Measured radiation patterns at 403 MHz.
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Fig. 9. Measured SAR distributions at 403 MHz.

In the sickroom, the distance between the transmitter
and the receiver is 6.0 m and the bit rate is assumed to
be 7 kbps in consideration of the transmitting vital sig-
nal. The required implanted antenna gain should be greater
than —35.0 dBi [1]. The measured peak gain of the pro-
posed antenna is sufficient to operate in [1].

3-2 SAR Evaluation

The SAR is an essential factor to evaluate when the
antenna is operated on or inside the human body. The
SAR was measured at the Radio research agency using
ESSAY system [10]. The proposed antenna is excited
by the spectrum analyzer. Fig. 9 shows the measured
SAR distributions of the proposed antenna located on
bottom inside a flat phantom which has a dimension of
300%200x200 mm. It is filled with an equivalent liquid
to body tissue at 450 MHz [7]. Since the effective iso-
topically radiated power (EIRP) from the implantable
device is limited to 25 ¢W [2], the input power of 1
mW is used to measure SAR at 403 MHz. The FCC of
United State requires that the input power should be
below 1.6 watts per kilogram (W/kg) over a volume of
1 gram of tissue to evaluate SAR [7]. When the pro-
posed antenna is placed in a flat phantom, the SAR va-
lue of the proposed antenna is 0.038 W/kg (1 g tissue).

IV. Conclusion

In this paper, we propose an implantable PIFA for an
artificial cardiac pacemaker. To maintain the low profile
of a pacemaker and enhance radiation performance, the
antenna is placed on the top side of the pacemaker. The
total dimension of the pacemaker system, including the
antenna element, is 42x43.6x11 mm. Performance of the
antenna in human body tissues with regard to Si; cha-
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racteristics, radiation patterns, and SAR are analyzed
through simulation for various human body models. When
the antenna is embedded in a pig tissue, the S;; value
of the proposed antenna is —10.94 dB at 403 MHz and
the —10 dB impedance bandwidth of the antenna is 6
MHz (399~406 MHz). The proposed PIFA in tissue has
a peak gain of —20.19 dBi and the radiation efficiency
of 1.12 % at 403 MHz. When the antenna is placed in
a flat phantom, the SAR value is 0.038 W/kg (1 g ti-
ssue). The proposed PIFA can be used for an im-
plantable device at the MICS band (402~405 MHz) due
to low profile and high gain that are comparable to
those for existing implantable antenna.

This work was supported by the national research
foundation of Korea (NRF) grant funded by the
Korea government (MEST) (no. 2010-0017934).
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