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Implantable CPW-fed rectangular patch
antenna for ISM band biomedical

applications

SRINIVASAN ASHOK KUMAR' AND THANGAVELU SHANMUGANANTHAM”

Implantable antennas have recently been receiving substantial attention for medical diagnosis and treatment. In this paper, a
coplanar waveguide-fed monopole antenna for industrial, scientific, and medical (ISM) band biomedical applications is pro-
posed. The antenna has a simple structure is placed on human tissues such as muscle, fat, and skin. The designed antenna is
made compatible for implantation by embedding it in an FR4 substrate. The proposed antenna is simulated using the method
of moment’s software IE3D by assuming the predetermined dielectric constant for the human muscle tissue, fat, and skin. The
antenna operates in the frequency of ISM bands, 2.4-2.48 GHz. Simulated and measured gains attain — 7.7 and —8 dBi in
the frequency of 2.45 GHz. The radiation pattern, return loss, current distribution, and gain of these antennas were examined

and characterized.
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. INTRODUCTION

NOWADAYS there is a growing interest in devices for
implantable biotelemetry applications in the Medical Device
Radio communications Service [1]. In order to improve the
quality of the patient life, the whole system, including
the antenna, must be as small as possible. This, along with
the choice of the Medical Implantable Communication
Services band implies the use of an electrically small
antenna [2-5]. Such antennas are very sensitive to their sur-
rounding environment. The properties of implanted antennas
are indeed strongly affected by the presence of the human
body. So as to predict these modifications, many “body phan-
toms” have been developed and are available in [6, 7]. These
models describe the human body with different accuracy.
Particular attention is paid to the fact that the human body
is constituted of highly lossy materials for radio frequency
(RF) propagation, for instance at 403.5 MHz for muscle
tissue [8]. Communication between the implanted antenna
and the external base station is significantly affected.

For instance, the biocompatible insulation is necessary to
prevent metallic oxidation and to avoid any short-circuit
effect due to the high conductivity of some human body
tissues [9]. In particular, the biocompatible insulation affects
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the electromagnetic radiation in different physical ways, it
smooth’s the transition of the radiating wave between the
source and the body model; it also reduces the coupling of
the high near-field terms of the electromagnetic radiation in
the surrounding living tissue [10]. The latter plays a principal
role in the radiation efficiency of the implanted antenna. As
clearly pointed out in these works, varying the insulation
properties strongly modifies the radiation characteristics and
hence the input impedances, matching and efficiencies.
Radiation efficiencies at different resonant frequencies and/
or matching levels are compared in [11-13]. In this paper,
an implanted antenna for the human body medical device,
their characteristics, and human body as a medium for RF
propagation at 2.45 GHz are designed.

Some patients find difficulty in checking up their health
condition daily at the hospital. This proposed system may
be better replacement for this issue. In such a case, an implan-
table antenna can be placed in the patient’s body. This
antenna can communicates patient condition regularly to
the concern person at the hospital as shown in Fig. 1 [14].
In this case, patient save the transport charges and time, at
the same time doctor serves several patients at a time.

The organization of this paper is summarized as follows. In
Section II, the geometrical details of the proposed antenna are
discussed. This follows Section III, which details the operating
principle of the implantable coplanar waveguide (CPW)-fed
antenna. This section also provides the proof that the pro-
posed antenna is much suitable for industrial, scientific, and
medical (ISM) band medical applications with its simulation
and measured results. This is followed by the conclusion
remark in Section IV.
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Fig. 1. Hospital applications of proposed antenna.

Il. GEOMETRY OF THE PROPOSED
ANTENNA

A) Antenna design

Figure 2 shows the geometry of implantable CPW-fed rec-
tangular patch antenna for 2.45 GHz ISM band biomedical
applications. The antenna is printed on a 15 mm X
24.5 mm FR4 substrate with thickness of 1.6 mm and relative
permittivity of 4.4. A 50-Q) CPW transmission line of a signal
strip width of 1 mm, with a gap distance of 0.5 mm between
the strip and the coplanar ground plane is used for feeding
the antenna. L-shaped monopoles with slots are designed
for ISM band biomedical operations.

The feeding structure of the rectangular patch antenna
consists of a CPW with matching the mode impedance of
50 () is obtained by tuning the distance between the tracks
and as well as the width of the tracks as shown in Fig. 2.
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Fig. 2. Proposed antenna structure (all dimensions are in mm).
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Fig. 3. Antenna design setup model.

Table 1. Dielectric properties of human tissues.

Tissue Permittivity Conductivity
Muscle &g, =527 o=1.73
Skin &g, =38 0= 1.46
Fat &, = 5.28 o =o0.10
Bone &g, = 18.54 o =0.80

Fig. 4. Dielectric measurement (pork tissue).

The proposed antenna design model setup is shown in
Fig. 3. The values for each couple of dielectric values reported
in Table 1 [9] valid at the specified frequency.
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Fig. 5. Electrical properties of pork tissue at 2.45 GHz: (a) permittivity, (b) conductivity.

B) Electrical properties of pork tissue

In present studies, simulated human skin fluids were devel-
oped by varying the concentrations of alcohol and salt [14].
Here minced pork was adopted to offer an easy approach to
mimicking the environment of ISM band applications and
to verify the characteristics of the proposed antenna. In this
case, the experimental test tissue was a front leg tissue of
pork. Agilent’s dielectric probe kit and network analyzer
were used to make the dielectric measurements and the
measurements were taken of the test tissue between 300 and
3000 MHz as shown in Fig. 4. The dimensions of the test
tissue were 250 mm X 250 mm X 8o mm. Figure 5 compares
the permittivity and conductivity of the test tissue (pork)
with that of reference skin and muscle [15]. Therefore, it is
suitable for verifying the ISM band implantable CPW-fed
antenna design.

. RESULTS AND DISCUSSION

Experimental investigations are necessary in order to validity
the numerical simulations for implantable CPW-fed antennas.

Fig. 7. (a) Experimental return loss measurement. (b) Photograph for experimental setup.
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Table 2. Phantoms used for testing of implantable antennas.

Tissue Shape State Ingredients Relative permittivity Ref
Skin Rectangular Gel Deionized water, sugar, and agarose e, =38 [10]
Scalp Rectangular Gel Water, salt, acrylamide, TMEDA, and ammonium per sulfate g, =28 [11]
Rat tissue Rectangular Gel Deionized water, DGBE, and Triton X-100 £, = 45.2 [12]
Skin Rectangular Gel Deionized water, sugar deionized water, salt, vegetable oil, flour, g, =38 [16]
Muscle deionized water, sugar, and salt &, =527

Fat &, = 5.28

Table 3. Preparation of human body phantom liquids.

Skin Fat Muscle
Deionized water 50% 2.9% 59.5%
Nacl - 0.1% 0.5%
Sugar 50% - 40%
Vegetable oil - 30% -
Flour - 67% -

Since it is not possible to carry out measurements inside the
human body, investigations are performed by measuring
laboratory-fabricated prototypes (Fig. 6) inside tissue-equivalent
media (phantoms).

A) Fabrication

Prototype fabrication of implantable antennas meets all classi-
cal difficulties of miniature antennas. The coplanar waveguide
feed used to connect the antenna with the network analyzer
may give rise to radiating currents on the outer part of the
cable, which, in turn, deteriorate measurements (Fig. 7). The
effects of different feeding techniques for implantable patch
antennas were analyzed in [16]. Rectangular patch antenna
prototypes immersed inside phantoms, with the ground
plane being in direct contact with the tissue-emulating
material, were found to be insignificantly influenced by the
coaxial cable. Based on the above, the numerical antenna
model must be slightly adjusted in order to take prototype
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Fig. 8. Comparison of return loss versus frequency.
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fabrication considerations into account. Example fabricated
prototypes of implantable antenna is shown in Fig. 6.

B) Inside phantoms

Measuring inside phantoms are relatively easy and practical to
implement. The fabricated prototype is immersed inside a
human body phantom liquid and measured. Any shaped
phantoms have so far been used for testing implantable anten-
nas. In this case, the main challenge lies in the formulation
and characterization of tissue emulating materials. Example
phantoms and tissue recipes reported in the literature are
given in Table 2 [10, 11, 12, 16].

Testing inside animal tissue can be performed by implant-
ing antenna inside tissue samples from donor animals, or by
surgically implanting the antenna inside live model animals.
In the first case, electrical properties of the test tissue can be
measured using a dielectric probe kit and a network analyzer.
The use of animal tissue samples provides an easy approach to
mimic the frequency dependency characteristics of the electri-
cal properties of tissues. This can prove highly advantageous
when carrying out measurements for multi-band implantable
antennas. In the literature, an implantable patch antenna with
dual resonances at 380 and 440 MHz was tested inside test
tissue obtained by grinding the front leg of a pig. The electrical
properties of the adapted pork were found to be between those
of human skin and muscle in the ISM band (Fig. 5).

Recipes proposed mainly included ultra-pure water, sugar,
and salt contents. An increase in sugar content concentration
has been found to drastically decrease &, while slightly
increasing 0. An increase in salt content concentration
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Fig. 9. Current distribution at 2.45 GHz.
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Fig. 10. Radiation pattern for H-field: (a) co-polarization, (b) cross-polarization.

decreases &, and significantly increases o tabulated in Table 3
[17]. Adding an agarose to solidify the liquids and form multi-
layer gel phantoms was also examined.

C) Antenna characteristics

The experimental measurements must be carried out with the
exact same antenna structure in order to be able to validate the
design and return loss characteristics of pork tissue, human
phantom liquid, and simulated results are plotted in Fig. 8.
It can be found to correspond to those of human skin and
muscle between 300 MHz and 3 GHz. Typical current distri-
bution of proposed antenna shows maximum current in
edges as shown in Fig. 9. Finally, an implantable antenna
was tested inside a minced leg of a pig. In-vivo investigations
are also vital in order to investigate the effects of live tissue on
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Fig. 11. Radiation pattern for H-field: (a) co-polarization, (b) cross-polarization.
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the performance of implantable patch antennas, while provid-
ing valuable feedback for antenna design and analysis.

The radiation characteristics of the antenna inside the
liquid-simulating muscle, fat, and skin tissue are determined
in terms of radiation patterns and gain. To simulate, the
antenna is directed toward the surface of the gel (muscle,
fat, and skin) and along the z-direction the distance to the
surface of the gel is set to 15mm in the xy-plane, the
antenna is placed in the center of the surface of the human
model phantom. The computed radiation patterns in the
E-plane and H-plane are shown in Figs 10 and 11, respectively.
The patterns are computed at 2.45 GHz, at a reference dis-
tance of 1 m and using an input power of 1 W.

The maximum gain is equal to —6 dBifor #=oand ¢ =0
and the radiation efficiency is 0.34%. These values are compar-
able to other results in literature [10]. The radiation efficiency is
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Table 4. Comparison results of other implanted antennas.

Ref. no Dimensions Gain 10 dB bandwidth
(mm?) (dBi) (MHz)

[9] 1524.0 —16 12

[10] 1265.6 —25 142

[13] 790.9 —27 120

This paper 588 -8 180

very low because the antenna is not in free space, but embedded
into human tissue, simulated as a very lossy tissue medium.

V. CONCLUSION

In this paper, a novel implantable CPW-fed rectangular patch
antenna for biomedical applications is presented with a
compact size of (15 mm X 24.5 mm X 1.6 mm) and solutions
suggested regarding the design, simulations, and experimental
investigations of implantable CPW-fed patch antenna for bio-
medical telemetry. The design of implantable antennas mainly
emphasizes miniaturization and biocompatibility. Conserving
energy to extend the life span of the implantable medical
device is also significant. ISM band antennas are being designed
for these purposes that “wake up” the implantable medical
device only when there is a need for information exchange.

A homogenous model is plenty for antenna design, a more
sensible model is needed to refine the antenna design and
provide perfect results. Owing to better dielectric constant of
the substrates, implantable antenna exhibit miniaturization,
lower return loss, good voltage standing wave ratio (VSWR),
better impedance matching, and high gain compared to over
the other implanted antennas (Table 4). Therefore, the pro-
posed antenna is the suitable candidate for ISM band fre-
quency of 2.45 GHz in the field of Biomedical Engineering.
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