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ABSTRACT

Implantable antenna research has gotten a lot of attention recently in the discipline of
biomedical engineering. An implantable antenna working in Med-Radio, MICS,
WMTS, and ISM bands for biotelemetry applications is presented in this report. The
antenna of dimensions 20 x 30 x 1.6 mm? has a rectangular C-shaped radiator patch,
and an inverted rectangular C-shaped ground plane and CPW feeding is provided. The
antenna is placed inside a 70 x 70 x 70 mm?® container filled with pork tissue for
simulation of the real body environment. Here two pairs of substrate-superstrate are
considered; the first pair is FR4 epoxy-Rogers RO3010 while the second pair is
polyamide-alumina ceramic. At 865 MHz, a maximum SAR value of 1.5948 W/Kg is
obtained, for a power input of 22.2 mW, for the former pair while for the latter peak
SAR value of 1.5915 W/Kg is observed at a power input of 23 mW and these values
are considered safe in accordance with the IEEE standard safety guidelines. The
antenna exhibits wideband nature for both the pairs and peak gains of -6.3 dBi and

-6.2 dBi are observed at 865 MHz for the respective substrate-superstrate pairs.

This report also presents two conformal antennas for wireless capsule
endoscopic systems for robust biotelemetry communications, one of them covers the

865 MHz band and the other one covers both 865 MHz and 2.4 GHz ISM bands.



Vi

Biotelemetry is one of the applications of these bands. Two planar antennas are
designed first and then they are conformed around a cylindrical capsule. It is observed
that the antennas have wider bandwidth at respective bands. The peak realized gain for
both antennas at 865 MHz is -18.1 dBi while the antenna with a bow and arrow shaped
radiator has a peak gain of -13.3 dBi at 2.4 GHz. Since the capsule needs to be ingested
by the patient for endoscopy, biocompatibility has been ensured. The maximum SAR
values are obtained for both the antennas and are considered safe in accordance with
the IEEE standard safety guidelines. The recommended antennas’ conformal design
idea, omnidirectional radiations, and multiband capability with wider bandwidth in the
ISM band(s) will improve the scope for capsule endoscopy and would provide valuable
contribution in the domain of biotelemetry. The simulation is performed in ANSYS

Electronics Desktop simulation software.
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CHAPTER 1

INTRODUCTION

IMDs are medical devices that are surgically implanted into a patient's body and are
used for a range of monitoring, diagnostic, and therapeutic reasons. IMDs include
cardiac pacemakers, implantable cardiac defibrillators, medication infusion pumps,
glucose monitors, insulin pumps, neurostimulators, and others. Biocompatibility refers

to the property of materials that do not cause harmful injuries or reactions in humans.

Capsule endoscopy is a procedure that includes examining GI tract of a patient
with a small wireless camera. As the camera, which is housed within a pill, travels
through one's digestive tract, it captures multiple images. Capsule endoscopy, as
opposed to traditional wired cable-connected endoscopies, provides better diagnosis

and treatment with less pain and discomfort for patients [1].

1.1 IMPLANTABLE ANTENNA

As the healthcare industry has advanced, biomedical telemetry has attracted a lot of
attention. IMDs serve a critical role in healthcare monitoring via wireless telemetry,

by allowing communication with an external device and transferring data from sensors
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located within the human body. These devices enable the real-time communication of

a patient's physiological data to an external unit, such as glucose level, temperature,
cardiac pulse, and so on. Patients' vital signs can now be monitored remotely, without
the need for typical hospital check-ups or follow-up routine check-ups, owing to this
technology. Implantable and wearable biotelemetry devices are two types of
biotelemetry devices. The implantable antenna has several drawbacks. To have a
robust and continuous performance, various variables such as low power consumption,
miniaturisation, patient safety, lower operating frequency band, and multiband or
wideband operation must be considered for implantable sensors. The characteristic that
impacts the implant's overall performance is the selection of antenna structure in the

design of implantable sensor, which is a challenging task.

IMDs must be able to wirelessly share data with outside monitoring/control
equipment to be genuinely effective in ensuring patient comfort. IMDs have recently
shifted their focus to antenna-enabled medical telemetry. Implantable antennas are
required for wireless data transfer from implants to the outside world. Smart implants
can track and diagnose medical conditions. Implanting an antenna within the human

body is a difficult task.

The implanted sensory units are inserted inside the human body and monitor
heart rate, respiratory rate, blood pressure, temperature etc. and transmit the data,
which they have collected, to an external unit. Implantable antennas usually operate at
MedRadio (401-406 MHz), MICS (402-405 MHz), WMTS (1.427-1.432 GHz), and/or
ISM (433-434 MHz,865-867 MHz and 2.4-2.48 GHz) bands [2]. To ensure
biocompatibility of implantable antenna, biocompatible encapsulation is used. The
materials used for this purpose are polyetheretherketone (PEEK), Silastic MDX-4210
Elastomer and Zirconia [3]. Due to its electromagnetic characteristics, zirconia (& =
29) is a preferable alternative for bioencapsulation. It has a very low loss tangent and

a very high permittivity value, which significantly reduces the loss of power by
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confining the near field of the antenna inside the capsulation. The amount of

electromagnetic radiation absorbed by the human body is described as the SAR.
According to IEEE C95.1-1999 rules, the average SAR for 1 g of human tissue should
be less than 1.6 W/kg.

1.2 CAPSULE ENDOSCOPY

Capsule endoscopy is an outpatient procedure that obtains pictures of your digestive
tract. In this technique, a pill-sized wireless camera is ingested by the patient. The
camera takes many images as it goes through one’s digestive tract. The doctor can
view the patient’s small intestine without the need of performing an operation [4].
Capsule endoscopy can detect and identify anatomical changes in the small intestine
like ulcers, Crohn's disease, Celiac disease, Gastrointestinal cancer, and other

gastrointestinal illnesses.

Capsule endoscopy has several advantages over conventional endoscopic
techniques. This procedure can investigate the small intestine, which can be difficult
to reach during an upper endoscopy or colonoscopy. In classic endoscopic treatments,
a flexible tube with a video camera passes through one’s digestive tract which can be
painful. In contrast, capsule endoscopy is as simple as swallowing a tablet. The dis-
posable capsule travels through the rest of the gastrointestinal tract before being
excreted from the body naturally and painlessly. It can also identify intestinal issues
that are not obvious on imaging tests such as x-rays or CT scans. Capsule endoscopy
provides the added benefit of requiring minimal preparation and no anaesthetic.
Usually, capsule endoscopy is a painless and risk-free process. It does, however, have
a few flaws. The capsule has a very modest probability of becoming stuck in the
patient's small intestine and causing a blockage. Fig 1.1 shows the dimensions of

capsule.



1Ilmm

Capsule

26mm

Figure 1.1 Dimensions of capsule

Two types of antennas are considered for capsule endoscopy. The antennas
installed inside the capsule cavity are embedded antennas. While conformal antennas
only use the capsule module's surface, leaving the interior free for other equipment,
allowing the capsule's surface area to be used as efficiently as possible. Since there are
various ISM bands available, choosing the right operating frequency is critical. The
433 MHz ISM band, for example, has small bandwidth; the 2.4 GHz ISM band, on the
other hand, has a larger bandwidth but higher path loss. Wireless systems such as
Zigbee and Bluetooth can cause significant obstruction as they operate in the

corresponding ISM band [4]. As a result, the 865 MHz ISM band is preferred.



CHAPTER 2

LITERATURE REVIEW

For operating at MedRadio, WMTS, and ISM bands, a unique S-shaped quad-
band PIFA antenna is proposed for the purpose of implantable biotelemetry [2]. The
suggested antenna has a compact size of 245mm3, consists of three substrates and a
superstrate, and made up of three layers: S-shaped radiator in one layer and two twin
spiral radiators in other layers. The antenna has bandwidths of 150MHz for the
MedRadio and 433 MHz ISM band, 52MHz for the WMTS band, and 102MHz for the
2.4 GHz ISM band. Peak gain for 401 MHz is 22 dBi, 433 MHz is 23 dBi, 1.427 GHz
is 17 dBi, and 2.4GHz is 16 dBi. The suggested antenna has sufficient properties to
support implantable body area networks (BAN) for biotelemetry applications and can
entirely cover the major bands for BAN below 3 GHz.

In paper [5], an implantable circular polarized (CP) antenna has been illustrated
which operates in the 2.40 GHz ISM band. To successfully minimise the antenna size
and expand its CP bandwidth, the authors have used a notched ring slot and shorting
pin methodology. The size of the antenna is 9.8 x 9.8 x 1.27 mm?® where 0.0784%0 =
9.8mm and 0.0102A0 = 1.27mm. Also, the impedance bandwidth and axial ratio
bandwidth are also considerably enhanced. The percentage bandwidth based on

simulation is 21.5% with peak gain of -33 dBi. The antenna is also resistant to a variety
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of biocompatible coating thicknesses. The impact of various body phantoms is

explored to assess the suggested antenna's sensitivity.

In [6], a compact dual-antenna setup with improved isolation is investigated
for 2.40 GHz ISM band biotelemetry applications. As a primary antenna element, a
miniaturised antenna based on a resonator (T-shaped) and a shorting through is
designed. Then, a small dual antenna system with a size of 0.084 Ao x 0.168 Ao x 0.01
Ao is modeled. After that, using the neutralisation line between the two radiating
elements and the DGS, the antenna system's inter-element coupling is greatly reduced
to -37 dB. Furthermore, the suggested antenna's Specific Absorption Rate (SAR) is
assessed to ensure that it meets the health safety standards. A wireless link budget
analysis is conducted that meets the requirements for a high-speed biotelemetry
application satisfactorily. The proposed antenna has fractional bandwidth of 8.5% and

gain of -28.3 dBi.

Two spiral coupled resonators are employed to obtain broader bandwidth at
lower bands in an implantable antenna to operate in MICS and 2.4 GHz ISM bands
[7]. This dual-band antenna has dimensions of 16.5 x 16.5 x 2.54 mm?® and gain of -30
dBi. The bandwidths obtained from testing are 13% and 4.4% at MICS and ISM bands,
respectively, and the simulated bandwidths are 12.6% and 5.7% at MICS and ISM

bands, respectively.

To cover the MedRadio band, this research presents an implantable wide-band
antenna. This antenna, consisting of a monopole radiator with a ground plane (C-
shaped), is proposed in [8]. The coupling between the ground plane and the sigma-
shaped radiator enabled an additional resonant mode. To accomplish perfect

impedance matching, a CPW feeding line is used. The suggested antenna is small,



7
measuring only 560 mm? in size. The antenna operates in MedRadio band with gain

of -27.8 dBi. For maximum input power of 10.1 mW, this antenna has considerably

safer SAR values.

A miniaturised antenna for a WCE system resonating at 915 MHz is proposed
in paper [4]. Experiments show that the antenna has a wide frequency bandwidth of
300 MHz for a very small size of 7 x 7 mm?, where 0.021 Ao = 7 mm. The antenna is
placed on a 675 pum thick double-sided polished high resistive silicon (HRS) substrate
(er=11.9 and tan 6 = 0.001). It is installed on a chip-on-board (COB) with a balun and
a SMA connector for measuring purposes. For biotelemetry applications, link budget
analysis is carried out. The pathloss in the human phantom is less than 52 dB for all
capsule configurations, paving the way for enhanced ingestible WCE by allowing
higher data rate communication with the receiver placed outside the body, making it a
suitable choice for GI tract imaging WCE system. The peak gain at 915 MHz is -35.5
dBi.

Two conformal antennas for wireless telemetry [9] have been proposed for the
applications of WCE. A helical and a meander line antenna have been simulated, built,
and measured in a human body tissue environment. Capsule system dimensions are
30mm x 10mm on the outside, and 8.6mm on the inside. For helical and a meander
line antenna, fractional bandwidths of 51.3 percent and 20.8 percent, respectively,

were found, with maximum gains of -28.3 dB and -41.3 dB.

A conformal ultrawideband (UWB) meandering loop antenna has been
proposed for WCE applications [10]. The antenna has a height of 14 mm and diameter
of 10 mm. In planar form, the antenna is 28 mm in length and 14 mm in width. A 254

um thick polytetrafluoroethylene (PTFE) substrate was used to develop and fabricate
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the antenna. The antenna's bandwidth is 164% of the fractional bandwidth, ranging

from 200 MHz to 2.05 GHz. It emits omnidirectional radiation with a maximum gain

of -31.5 dBi.

A small antenna with WCE that operates in the 433 MHz ISM band is described
in the study [11]. A monopole printed on the substrate with a partial ground plane acts
as a receiving antenna which is placed on the body of patient, while the in-body
transmitting capsule is a UWB loop antenna conformed around it. The in-body antenna
is composed of Preperm 255 and is attached to the capsule's exterior wall. The capsule
has a wall thickness of 0.5 mm, a radius of 5.5 mm, and a length of 27 mm,
respectively. With a max achieved gain of -23 dBi, the fractional bandwidth is found
to be 112.5 percent.

A loop antenna with a meander design is proposed for a UWB endoscope
system built on the capsule's exterior surface [12]. The interior and exterior radius of
the capsule are 5 mm and 5.5 mm, respectively. The proposed antenna is built of a
flexible PCB with a 25.4 um thick polymide layer. Fractional bandwidth of 52% is

obtained.

A conformal, implantable and UWB antenna is designed to be used for WCE
in this study [13]. The antenna can be attached to the capsule surface to make the most
of the space available. The results obtained from simulation show that this antenna
performs well with a wider bandwidth of 541 MHz. At 403 MHz, the maximal
achieved gain is 31.5 dBi.



2.1 MICROSTRIP PATCH ANTENNA

Microstrip antennas can be printed directly onto a circuit board and so they have
become quite popular. Since they can be made conformal for integration into clothing,
the patch antenna is highly suited for any wearable application. Microstrip antennas
have many operating restrictions, including high quality factor, low power, low
efficiency, poor polarisation purity, poor scan performance, spurious feed radiation,

and a very small frequency bandwidth (typically smaller) [16].

In the microstripline feeding approach, a conducting strip is attached directly
to the edges of the patch, as shown in Fig. 2.1. This feed configuration allows the feed
to be engraved on the same substrate as the patch, resulting in a planar structure,
because the strip is thinner than the patch. The objective of inset cut is to match the
impedance of the feed line to the patch without the use of any further impedance
matching components. A patch antenna resonating at 2.4 GHz has been simulated on
AEDT software. The antenna with the substrate as FR4 epoxy uses inset feed as shown
in Fig. 2.2. From the microstrip patch antenna calculator, length and width of patch

must be 28.86 mm and 37.26 mm respectively, while edge impedance is found out to

be 243 Q.

RI‘ Rl\lhn
llnl slot #2

Patch

Substrate

Ground plar
(a) Microstrip antenna

[P
_t

e (e, oty H)

Ground plane

o= e

(b) Side view

Figure 2.1 Microstrip patch antenna
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Figure 2.7 SAR field

Impedance bandwidth of 50.2 MHz is observed at the resonant frequency. It is
observed that the maximal gain of the antenna is 0.5 dB. 2D Radiation patterns are
observed in the fig. 2.5 and fig. 2.6. It can be concluded that for the patch antenna to

operate at lower frequencies, its size must be larger than what is now but for
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biomedical uses the size of antenna must be smaller. Also, it is observed that the

antenna has narrow bandwidth and low gain, which is not suitable for biomedical

purposes.

2.2 OBJECTIVES

An innovative design to achieve the wideband nature for the implantable antenna to
operate in Med-Radio, WMTS, MICS, and ISM bands has been presented. A
rectangular C-shaped radiator and an inverted rectangular C-shaped ground plane have
been considered for the antenna design. FR4 epoxy (& = 4.4) and Roger’s RO3010 (&r
= 10.2) are considered for the substrate and superstrate of this antenna, respectively.
To ensure biocompatibility, Zirconia coating can be used for bio-encapsulation.
Further, polyamide (&: = 4.3) and alumina ceramic (& = 9.8) are used as substrate and
superstrate respectively without altering the structure of the antenna. Both the antennas
are modeled and simulated on AEDT software. Parameters of the antenna design and

experimental results obtained from simulation are also discussed.

Also, in this project, conformal antennas are discussed for WCE. Two cases
are considered for conformal antenna. In case 1, the antenna radiator is a simple T-
shaped structure which operates only at the 865 MHz band. For case 2, the structure
of the radiator is modified, and the antenna now resonates in the both 865 MHz and
2.4 GHz bands. Wider bandwidth is observed for both the cases. Also, the SAR value
observed is considered safe. The planar antennas are wound around the cylindrical
capsule structure which is placed in a box that depicts the human body environment.
To ensure biocompatibility, Teflon substrate (er = 2.1) and ULTEM capsule have been
considered. The simulated results are observed with the help of AEDT.
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CHAPTER 3

BIOMEDICAL IMPLANTABLE ANTENNA

3.1 IMPLANTABLE ANTENNA

The proposed antenna operates at all the biomedical frequency bands i.e.,
MedRadio, MICS, WMTS and ISM bands. With the help of AEDT simulation
software, an implantable antenna is designed which operates at the frequency bands
mentioned above. For the simulation setup, multiple frequencies- 401 MHz, 433 MHz,
865 MHz, 1.427 GHz and 2.4 GHz are selected. The antenna comprises of a
rectangular C-shaped radiator patch, and an inverted rectangular C-shaped ground
plane in a single layer as shown in fig. 3.1 as well as fig. 3.3. A Roger’s RO3010 (&=
10.2) superstrate and an FR4 epoxy (&r = 4.4) substrate are used as shown in fig. 3.2.
In order to attain perfect impedance matching, CPW technique is used. In this paper,
the 20 x 30 x 1.6 mm’® antenna is positioned at the center of a 70 x 70 x 70 mm’
container which is filled up with pork tissue to present an ideal body environment.

Table I displays the measurements of the proposed antenna structure.



Table I. Dimensions of antenna
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Figure 3.1 Top view of antenna
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Figure 3.2 Dimetric view of antenna

3.1.1 Simulation and Results

Gain, radiation pattern, efficiency, and SAR are all factors to be addressed
while developing an implantable antenna. The designed antenna is simulated in
ANSYS’s simulation software and the results obtained are plotted. It is observed from
fig. 3.4 that the antenna behaves as a wideband antenna as it resonates from 360.4 MHz
to 3 GHz and beyond, so it covers MICS band, MedRadio band, 433MHz ISM band,
865 MHz band, WMTS band, and 2.4 GHz ISM band. Radiation efficiency of the

antenna increases with frequency (see fig. 3.5).
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Figure 3.6 3D Radiation Pattern

At 401 MHz, it is evident that peak gain is -14.6 dBi, which is better in
comparison to other antennas discussed in section 1. 2D radiation patterns are
observed. For input power of 9.85 mW, SAR value is 1.597 W/kg which is considered
safe for 1g of human tissue (refer fig. 3.6 — 3.9).
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At 433 MHz, it is evident that peak gain is -13.4 dBi. 2D radiation patterns are
also observed. For input power of 10.3 mW, SAR value is 1.5937 W/kg which is
considered safe (refer fig. 3.10 —3.13).
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At 865 MHz, it is evident that peak gain is -6.3 dBi. 2D radiation patterns are
also observed. For input power of 22.2 mW, SAR value is 1.5948 W/kg which is
considered safe (refer fig. 3.14 —3.17).
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At 1.427 GHz, it is evident that peak gain is -9.2 dBi. 2D radiation patterns are
also observed. For input power of 19.5 mW, SAR value is 1.5961 W/kg which is
considered safe (refer fig. 3.18 —3.21).
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Figure 3.22 3D Radiation Pattern

At 2.4 GHz, it is evident that peak gain is -10.8 dBi. 2D radiation patterns are
also observed. For input power of 18.2 mW, SAR value is 1.5949 W/kg which is
considered safe (refer fig. 3.22 — 3.25).
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Figure 3.27 Return loss vs Frequency

We have observed in fig. 3.26 that for values of parameter ‘a’ to be 0 mm, 5
mm, 10 mm and 15 mm, the antenna does not operate at all the frequency bands. Also,
as depicted in fig. 3.27 by changing the parametric values of ‘t’ to 0 mm and 4 mm,

the antenna does not work at all frequency bands that we intend to.

3.2 BIOCOMPATIBLE IMPLANTABLE ANTENNA

Here the antenna, as discussed in section 3.1, operates at all the biomedical frequency
bands i.e., MedRadio, MICS, WMTS and ISM bands. With the help of AEDT
simulation software, this implantable antenna is designed which operates at the
frequency bands mentioned above. For the simulation setup, multiple frequencies- 401
MHz, 433 MHz, 865 MHz, 1.427 GHz and 2.4 GHz are selected. The antenna
comprises of a rectangular C-shaped radiator patch, and an inverted rectangular C-
shaped ground plane in a single layer as shown in fig 3.1 as well as fig. 3.3. The
antenna design is same as discussed in the section 3.2 but here polyamide (er = 4.3) is
used as substrate while alumina ceramic (& = 9.8) is used as superstrate. To attain
perfect impedance matching, CPW technique is used. In this paper, the 20 x 30 x 1.6

mm? antenna is positioned at the center of a 70 x 70 x 70 mm? container which is filled
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up with pork tissue to present an ideal body environment. Table I displays the

measurements of the proposed antenna structure.

3.2.1 Results
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It is observed from fig. 3.28 that the antenna behaves as a wideband antenna as
it resonates from 360.4 MHz to 2 GHz and beyond 2.2499 GHz, so it covers MICS
band, MedRadio band, 433MHz ISM band, 865 MHz band, WMTS band, and 2.4 GHz

ISM band. Radiation efficiency of the antenna increases with frequency (see fig. 3.29).
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At 401 MHz, it is evident that peak gain is -14.68 dBi. 2D radiation patterns

are also observed. For input power of 9 mW, SAR value is 1.5959 W/kg which is
considered safe (refer fig. 3.30 — 3.33).
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Figure 3.37 SAR field

At 433 MHz, it is evident that peak gain is -13.5 dBi. 2D radiation patterns are
also observed. For input power of 9.2 mW, SAR value is 1.5954 W/kg which is
considered safe (refer fig. 3.34 — 3.37).
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At 865 MHz, it is evident that peak gain is -6.2 dBi. 2D radiation patterns are

also observed. For input power of 23 mW, SAR value is 1.5915 W/kg which is
considered safe (refer fig. 3.38 —3.41).
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At 1.427 GHz, it is evident that peak gain is -8.5 dBi. 2D radiation patterns are

also observed. For input power of 19.8 mW, SAR value is 1.5897 W/kg which is

considered safe (refer fig. 3.42 — 3.45).



38

SAR Field
Wikg]
1.5897E+00
1.4869E£00
1.3842E£00
1.2814E+00
1.1787E+00
1.0759E+00
9.7316E-01
8 7041E-01
7 6765E-01
6.6489E-01
5.6214E-01
4 5938E-01
3.5662E-01
2 538TE-01
15111E-01
4.8355E-02
1 »
dzh—x
[ ]
0 15 30 (mm)
Figure 3.45 SAR field
3D Radiation Pattern ANSYS
Max: -11.14
-10 ngReallzedGainTolal)
. Thta (deg)
-12
-14
-16
-18
120
20
22 10 . .
dB(RealizedGainTotal)
24
Min: -23.23

PN

Figure 3.46 3D Radiation Pattern




39

Elevation Plane

-180

HFSSDesign1 ANSYS

Curve Info

— dB(GainTheta)
Setup1 : LastAdaptive

— dB(GainTheta)
Setup1 : LastAdaptive

Freq='2.4GHz' Phi='0deg'

Freq='2.4GHz' Phi="90deg’

Figure 3.47 Elevation Plane

Azimuthal Plane

-180

HFSSDesign1 ANSYS

Curve Info
= dB(GainPhi)
Setupi : LastAdaptive
Freq='2.4GHz' Theta='0deg'
—— dB(GainPhi)
Setup1 : LastAdaptive
Freq='2 4GHz' Theta='90deg'

Figure 3.48 Azimuthal Plane



40

SAR Field
Wikg]

1.5862E+00
1.4829E+00
1.3796E+00
1.2763E+00
1.1731E+00
1.0698E+00
9.6650E-01
8.6322E-01
7.5994E-01
6.5666E-01
5.9338E-01
4.5010E-01
3.4682E-01
2 4354E-01
1.4026E-01
3.6981E-02

0 15 30 (mm)
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At 2.4 GHz, it is evident that peak gain is -11.14 dBi. 2D radiation patterns are

also observed. For input power of 18.3 mW, SAR value is 1.5862 W/kg which is
considered safe (refer fig. 3.46 — 3.49).
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CHAPTER 4

WCE CONFORMAL ANTENNA

For WCE, outer wall antennas are preferred, as they save space inside the
capsule while providing greater performance than an antenna inside the capsule. Since
the size of the capsule is so small electrically in comparison to the frequency range,
the antenna design has a significant impact on the quality, energy efficiency, and form
factor of the capsule. Furthermore, the capsule antenna must have wider bandwidth.
As the capsule moves through the GI tract, the body tissue around it changes and so
do the properties of tissues. Narrowband antennas can get detuned due to differences
in material qualities. The use of ultra-wide bandwidth can serve to minimise detuning

effects.

The dimensions of the capsule, as displayed in fig. 1.1, are 26 mm x 11 mm. The
antenna conforms to the surface of the capsule, which has a cylindrical shape (radius
of 5.5 mm and height of 15 mm) and a Teflon substrate (&r = 2.1, tan 6 = 0.001) of
height 0.8 mm, to maximise the usage of space inside the capsule. To maintain
biocompatibility Ultem (& = 3.05, tan 6 = 0.006) is used to make the 0.5 mm thick
capsule [14,15]. The capsule cylinder is hollow. Blood, muscle, bone, and fat are
dielectric and conductivity materials with varying dielectric and conductivity
properties inside the human body. This results in a very complex electromagnetic

structure to model and design, as well as a significant computational load, which
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lengthens simulation time. Thereby, in this paper, a homogeneous human body

phantom has been used (er = 56 and ¢ = 0.8 S/m) to replicate the environment inside

the human body [7].

4.1 ANTENNA-I

A simple T-shaped structure is taken as the radiator as shown in fig. 4.1. Then the
antenna is conformed around the exterior of the capsule (see fig. 4.3). The parametric
measurements of the antenna are discussed in Table II. The radiator is metal, and it is

harmful to the body upon exposure, so zirconia can be used for bio-encapsulation.

4.1.1 Planar design

Figure 4.1 Planar design of antenna



43
Table II. Dimensions of antenna

DIMENSIONS VALUE (mm) |
18
11

SR -0 o0 o e
A\ DN = W=

,_
o

From fig 4.2, it can be deduced that the planar antenna operates in 865 MHz
band with bandwidth of 238.6 MHz (25.08%). Since the planar design confirms that
this antenna has wideband capability, it is then modified to conformal structure without

any changes.
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Figure 4.2 Return loss vs Frequency

4.1.2 Conformal design

The results are obtained from the simulation software. From fig. 4.4, it is

observed that the designed antenna operates from 833.5 MHz to 1110.7 MHz (28.51
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%). The maximal realized gain of the antenna is found to be -18.1 dBi and the SAR

value is 1.5933 W/kg when incident power is 2.7 mW at 865 MHz (see fig. 4.5 and
fig. 4.8). 2D Radiation patterns are also observed in fig. 4.6 and fig. 4.7.
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Figure 4.3 Conformal design of antenna
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4.2 ANTENNA-2

Here the structure of the radiator is modified and is made into bow and arrow shape as
illustrated in fig. 4.9. Similarly, the antenna is conformed around the exterior of the
capsule (see fig. 4. 11). The parametric measurements of the antenna are discussed in

Table III.

4.2.1 Planar design

From fig 4.10, it can be deduced that the antenna operates in both 865 MHz band and
2.4 GHz band. At 865 MHz, bandwidth is 224.5 MHz (22.5%) and operates beyond
2.0443 GHz depicting antenna’s wideband nature at 2.4 GHz. Since the planar design
confirms that this antenna has wideband and multiband capability, it is further

modified to conformal structure without any changes.

Figure 4.9 Planar design of antenna
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Table III. Dimensions of antenna

DIMENSIONS VALUE (mm) |

k 19.98
1 2
m 6
n 1
0 3
p 7.25
q 5.17
r 13.98
S Parameter Plot 1 HFSSDesign1 ANSYS

-2.00 Curve Info

— dB(S(1,1)
Setup1 : Sweep

-4.00

-6.00

X
0.8835
1.1080
2.0443

M
-9.9928
-9.9245
-10.1028

-8.00

dB(S(1,1))

-10.00
-12.00

-14.00 7

-16.00 T : : T T T T T : T T r . . T . : T T T T . : .
0.50 1.00 1.50 2,00 2.50 3.00

Freq [GHz]

Figure 4.10 Return loss vs Frequency

4.2.2 Conformal design

The results are obtained from the simulation software. From fig. 4.12, it is observed
that the antenna operates from 858.2 MHz to 1132.1 MHz (27.52 %) and beyond
2.1648 GHz (wideband). The gain of the antenna is found out to be -18.1 dBi and the
SAR value is 1.5859 W/kg when incident power is 2.5 mW at 865 MHz (see fig. 4.13
and fig. 4.16) while at 2.4 GHz, peak gain of the antenna is found out to be -13.3 dBi
and the SAR value is 1.5859 W/kg when power supply is 7.4 mW (see fig. 4.17 and
fig. 4.20). 2D Radiation patterns at 865 MHz and 2.4 GHz are observed in fig. 4.14 &
fig. 4.15 and 4.18 & fig. 4.19, respectively.
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Figure 4.11 Conformal design of antenna
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Figure 4.12 Return loss vs Frequency
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Figure 4.13 3D Radiation pattern
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Figure 4.14 Elevation Plane
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Azimuthal Plane

0

-180

HFSSDesign1 ANSYS

Curve Info

—  dB(GainPhi)
Setup1 : LastAdaptive
Freq="0.865GHz' Theta="0deg’
——  dB(GainPhi)

Setup1 : LastAdaptive
Freq='0.865GHz' Theta='90deqg’

Figure 4.15 Azimuthal Plane
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Figure 4.16 SAR field
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Figure 4.17 3D Radiation pattern
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Figure 4.18 Elevation Plane
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Azimuthal Plane HFSSDesign1 ANSYS
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Figure 4.19 Azimuthal Plane
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Figure 4.20 SAR field

4.3 CHANGING BATTERY LENGTH

Since batteries are larger components inside the capsule, their impact on bandwidth

needs to be explored. The length of the battery was modified to 0 mm, 5 mm, and 10
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mm in three instances (see fig. 4.21). It is observed that varying the lengths of battery

does not affect the bandwidth (see fig. 4.22).

z=—4q x)
-

Figure 4.21 Simulation design
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Figure 4.22 Return loss vs Frequency
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CHAPTER 5

CONCLUSION AND FUTURE SCOPE

A single layer, wideband, compact, and low SAR implantable antenna for biotelemetry
applications. The antenna comprises a rectangular C-shaped radiator and an inverted
rectangular C-shaped ground plane. The antenna works at MedRadio, WMTS band,
and ISM (433 MHz, 865 MHz, and 2.4 GHz) bands with wider bandwidth. A
maximum gain of -14.6 dBi is obtained with a peak SAR of 1.5997 W/Kg with an
incident power of 9.85 mW. By changing two parameters namely ‘a’ and ‘t’, the effect
of parametric change on the antenna has been studied. Further, polyamide (& = 4.3)
and alumina ceramic (&r = 9.8) pair are used as substrate and superstrate respectively,
for biocompatibility purposes, without altering the structure of this antenna. Peak SAR
value of 1.5915 W/Kg is observed at an incident power of 23 mW and peak gain of -
6.3 dBi is observed.

For wireless capsule endoscopy, two conformal wideband antennas are
designed. Both the antennas operate in the 865 MHz band while one of them also
operates in 2.4 GHz band. First two planar antennas are designed, then they are
conformed around a cylindrical capsule. The simulation is performed in AEDT
simulation software, and it is observed that the antennas have wider bandwidth at
respective bands. The peak realized gain for both antennas at 865 MHz are -18.1 dBi

while antenna with bow and arrow shaped radiator has peak realized gain of -13.3 dBi
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at 2.4 GHz. At 865 MHz with power input < 2.5 mW and at 2.4 GHz with power input

< 7.4 mW, satisfactory SAR values are obtained for bow and arrow shaped radiator.

Biocompatibility has been ensured in the antennas discussed in this report.

In this project, a multilayer model (muscle, bones, and fat layer) has not been
used, so this model can be considered in the future to get more precise and error-free
results. Also, the gain must be improved even though the size of the antenna is very
small in comparison to the wavelength. Further, the antenna can be fabricated and

tested, and the results can be compared with the simulation results.
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