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1 Introduction

1.1 General Introduction

A key area of research in the development of healthcare and biomedical technology is body-centric
wireless communication (BCWC). A new era of biomedical devices has emerged as a result of
improved healthcare quality, continuous sensor miniaturization, advancements in wearable
electronics, embedded software, digital signal processing, and biomedical technologies. This has
increased the possibility of ongoing disease monitoring, diagnosis, and/or treatment. The radio
channel that the communication occurs across is the primary distinction between BCWC and

regular wireless systems, particularly implantable devices.

The human body is a harsh place for radio waves to propagate. The radio channel features and
implanted antenna performance are all significantly impacted by this environment's extreme loss.
In this framework, the main goal of this thesis is to study the importance of using implanted human

body antennas for biomedical applications.

This work focuses on designing a micro strip patch antenna connected to a biomedical sensor
which sends the sensed data using Bluetooth at 2.45 GHz frequency. This thesis is organized as
follows: Chapter 1 describes the introduction about antennas in biomedical applications, chapter 2
presents the state of art (literature review), chapter 3 represents the methodology for RF and
antenna design for biomedical applications, chapter 4 presents simulation results and discussion,

and finally chapter 5 illustrates the conclusion and future work.



1.2 Work Focus

Research on implantable devices is gaining traction for a variety of uses in both people and
animals. Applications include tracking dependent humans or lost pets, tracking blood pressure
and temperature, and wirelessly sending diagnostic data from a pacemaker or other implanted
electronic equipment to an external RF receiver for human care and safety [1]. Numerous
individuals' lives could be improved by tiny, implanted biomedical devices. Patients who have
had an antenna implanted in their bodies visit the hospital on a regular basis for checks so that
both their health and the implant's condition can be confirmed. While the patient waits in the
waiting room, data collected by the implanted antenna can be wirelessly sent to the receiver with
the use of RF technology [2]. Figure 1 shows an example of implanted device for health

monitoring [3].

——— Receiver

Bed

Figure 1.2.1 Body sensor network system [3]

The primary uses of implanted devices are either diagnostic data collection and transmission or

therapeutic applications, like the treatment of hyperthyroidism. The impact of continuous



monitoring for many pathogens, including the heart rate, blood oxygen consumption levels in
patients with chronic obstructive pulmonary disease (COPD), blood sugar levels in diabetic
patients, blood pressure, and patients' daily activities, is demonstrated by medical and biomedical
scientists [4, 5]. The quality of healthcare diagnosis, treatment, and medical research are all being
improved through implantable devices. Applications like these have encouraged research on
implanted antennas, a crucial component of implantable wireless devices. Due to the numerous
obstacles that must be overcome, especially for antennas that are surrounded by very lossy media,
these fields of study are still in their infancy and offer a great deal of potential. Due to
electromagnetic absorption in body tissues, the human body lowers the emitting element's
radiation effectiveness [4]. The extremely lossy medium modifies the radiation gain and has an
impact on the characteristics and performance of antennas. As a result, among the most difficult
aspects of implanted devices is still the performance of implanted antennas. This field of research
encourages us to concentrate on enhancing implanted performance of the antenna using various

performance improvement methods.

1.3 Personal Contribution

By having the ability to monitor the health of the patients continually and remotely while also
collecting relevant signals from the body, implanted antennas play a crucial part in medicine and
healthcare. However, there is still a long way to go before we have the optimum high performance

transmitting antennas.

This thesis focuses on designing and analyzing a micro strip patch antenna connected with an SMA
connector on a PCB (with FR4 substrate). This PCB will be connected to another board which is

STM32 Nucleo which includes the embedded system including SMA connector. Both boards are
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connected with a male to male SMA connector. The ZP sensor board will be connected to the
STM. Our goal is to transmit data that will be asked for from the biosensor using this STM. The
data will be taken from the sensor through UART protocol and transmitted to the receiver by
Bluetooth at 2,45 GHz (ISM band). And then, the data received is to be displayed using a
cellphone. The goal is to design a more efficient micro strip patch antenna for 2.45 GHz

applications (including WIFI, Bluetooth), fabricating and designing the hardware design.

Antenna circuit

connector

1.2

Figure 1.3.1 Design circuit [6]



2 Antenna for Biomedical Applications: Background and

Literature Review

Medical implants that can communicate wirelessly with an outer (of a body) device are known as
implantable devices. Since the turn of the last century, radio frequency has been created from
electromagnetic for use in therapeutic diagnostics. The field of biomedical applications is
becoming increasingly interested in implanted devices. Generally, radio frequency and inductive
networks are utilized for biomedical interaction [7]. Implanted biomedical devices are now widely
accepted and used in a variety of medical applications, including intracranial pressure monitoring,
radiometer/heating, dental antenna for remote health care applications, continuous real-time
pressure measurements, sugar level checking, pacemaker connection, insulin push out, endoscopy,
and blood pressure readings. In reality, these devices play a crucial role in the diagnosis, care and
prevention of disease in humans. Applications for implanted antennas in diagnostics range widely,
including magnetic resonance imaging (MRI) and may require an implanted antenna [8]. The
quality of life is much improved when patients may participate in regular everyday activities rather
than staying in the hospital or at home; thanks to long-term monitoring of their activities under
physiologically normal conditions. Moreover, by continuously monitoring certain illness changes,
for instance, implantable devices improve healthcare quality by lowering the likelihood of
particular diseases' complications [9, 10]. Therefore, the monitoring of patients throughout their
regular daily activities is the most significant benefit. Thus, ongoing and remote monitoring would
take the place of the conventional clinical monitoring [11]. The quality of life will be significantly

improved, diagnostic accuracy will be increased and healthcare expenses will be decreased [12].



2.1 Antennas in Lossy Media

This section contains information about the performance of implantable antennas, the difficulties
in designing them, and the effects of some key elements that are crucial to their effectiveness.

These factors include the antenna's strength, bandwidth, specific absorption rate (SAR) and size.

Using wireless communication in the human body encompasses a broad range of applications that
are now known as Body Sensor Network (BSN), Body Area Network (BAN) or Body-Centric
Wireless Communication (BCWC) and is formally defined by IEEE 802.15 as "a communication
standard optimized for low power devices and operation on, in, or around the human body (but not
limited to humans) to serve a variety of applications including medical, consumer electronics,

personal entertainment and security" [13].

Implanted devices have numerous applications in the context of biotelemetry, i.e. biomedical
wireless communication, to transfer physiological information such as blood pressure, cardiac
beat, hyperthermia, and so on [14]. The location of the implanted devices is determined by the
telemetry application. Antennas, for example, are located in the brain for a wireless RF powered
brain machine interface application [15] , or in some applications, as reported in [16], they can be

implanted under the skin.

One of the most difficult aspects of designing implantable devices is that some of them must be
placed deep within the body. These difficulties are less severe for antennas implanted beneath the
skin. The position of the implanted antenna and the electrical properties of the insulating layer are
shown to affect RF power reception in [16], and the properties of the tissues surrounding the

implanted antenna can influence the electrical characteristics of the antennas. The main focus of



this thesis is on the implanted antennas on bone structures. These specific antennas are used to

track the healing of broken bones.

A waveguide antenna with circular polarization that provides bio-medical wireless

telecommunication is designed in [17] to monitor the healing of the broken bone.

To investigate the functionality and fabrication challenges of loop antennas, first model the
interesting part of the human body and study the effect of relative permittivity of bio tissues on the

implanted antenna resonance, as done in [18] and [19].

2.2 Design of the Single Antenna

Antennas should be small enough to be physically implantable inside the human body. The

electromagnetic performance of antennas, on the other hand, decreases as their size decreases.

To reduce the size of the antennas, various techniques have been used. Designing the implantable
antenna in a folded or spiral shape is one technique proposed in [20] to reduce its size. Another
technique for reducing the size of an antenna is to design it at a higher frequency, such as 5.8 GHz
[21]. Some studies use a substrate with a high dielectric constant to reduce the size of the antennas,
but antennas with a high dielectric constant substrate are susceptible to surface wave excitation,
which degrades the antenna's radiation pattern [22, 23]. Implanted antennas can be used to deliver

energy for cancer treatment employing hyperthermia techniques [24].

A very small power supply should be installed in the implantable medical device, which is made
up of two main circuits: a data telemetry circuit that operates at 402 MHz in a sleep mode and a
wake up circuit that receives a wake up signal from an external device, as discussed in [25].

Implantable antennas are intended to operate inside the human body.



2.3 Frequency of Design

The industrial, scientific and medical radio band (433.1-434.8 MHz, 868-868.6 MHz, 902.8-928
MHz, and 2400-2500 MHz) is a group of radio bands or parts of the radio spectrum that are
internationally reserved for the use of radio frequency (RF) energy for scientific, medical, and
industrial requirements rather than communications. ISM bands are generally open frequency
bands that vary depending on region and permit [23]. The optimized design should be at the center

of the 2.4 - 2.5 GHz Industrial, Scientific, and Medical (ISM) radio band, i.e., at 2.45 GHz.

The US Federal Communication Commission has oversight over two ISM frequency bands: MICS
(402-405 MHz) and (2.4-2.47GHz). The electrical and electromagnetic properties of human tissue
[26] have been studied in order to transmit reliable data with high performance, in addition to
lower power consumption, as well as technical and medical design factors, ranging from

biocompatibility [27, 28], patient safety [28] and miniaturization.

A helical folded dipole and a slot dipole antenna have both been presented as potential dipole
antennas for use in medical implant communication applications, specifically for patient
monitoring systems. When a loop antenna with a 10 mm diameter is utilized, as opposed to a

dipole, the magnetic field is less impacted by body tissue.

Finally, micro strip patch antennas are widely utilized in [29] and [30] due to their low volume,
light weight, low profile planar configuration, low manufacturing cost, simplicity of integration
with microwave integrated circuits (MICs) and dual and triple frequency operations as shown in

figure 2.3.1 [31].
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Figure 2.3.1 Complete MICS communication network

2.4 Antenna Fundamentals

2.4.1 RADIATION PATTERN

It 1s a plot of an antenna's far-field radiation properties with regards to the spatial coordinates
identified by the elevation and azimuth angle. This pattern plot is determined by the spatial

coordinates. An isotropic antenna radiates identically in all directions.

2.4.2 INPUT IMPEDANCE

Equation 2.1 gives the input impedance:

Zin = Rin + jXin (2.1


https://www.sciencedirect.com/topics/engineering/medical-implant
https://www.sciencedirect.com/topics/engineering/telecommunication-network
https://www.sciencedirect.com/topics/engineering/telecommunication-network

where Zin is the antenna input impedance, Rin is the antenna resistance, and Xin indicates by the
antenna reactance. Xin is the imaginary part describing the near-field power stored in the antenna.
Rin refers to the resistive part of input resistance, which is made of loss resistance and radiation

resistance.

2.43 VOLTAGE STANDING WAVE RATIO

Z
%
R, X
R, _
R | 71> z,
X, | —
Transmitter Antenna

Figure 2.4.1 Transmitting Antenna Circuit [32]

For an antenna to be efficient, it needs the maximum power transfer between the antenna and the
transmitter. If the impedance of the antenna matches that of the transmitter, more power will be

transmitted.

The voltage standing wave ratio (VSWR) measures how competently RF power is transmitted



from a power source to a load through a transmission line.

The condition is given by equation 2.2;

Zin = Zs* (2.2)

where Zin = Rin + jXin and Zs* =Rs + jXs

VSWR is given in equation 2.3;

VSWR= (14 T)/(1-T) (2.3)

where I is the reflection coefficient at the antenna input port. The VSWR is a measurement of the
impedance inconsistency between the antenna and the transmitter. When the VSWR is large, we
can conclude that it is a high mismatch, but when the VSWR is equal to one, there is a perfect
match. VSWR of an efficient antenna should not be more than 2 for the antenna to radiate and

transmit in an efficient way.

2.44 RETURN LOSS

It is the amount of power lost to the load because it is not reflected back to the input.

The return loss shows how the antenna and transmitter were matched.



It is denoted by and calculated as in reported in equation 2.4 [32]:

RL = —20logy, T (2.4)

When the reflection coefficient is equal to zero, then we have that RL is equal to infinity. This

indicates that there is matching impedance load.

For an antenna to work without problems, VSWR can be equal to 2 since it gives an RL of -9.54

dB.

Return Loss in dB What It Means VSWR Number

0dB 100% reflection, no power into the antenna, all reflected back Infinite
1dB 80% reflection, 20% power into the antenna 7
2dB 63% reflection, 37% power into the antenna g
3dB 50% reflection, 50% power into the antenna
5dB 32% reflection, 68% power into the antenna 35
6 dB 25% reflection, 75% power into the antenna 3
8dB [ eflection, 84% power into the antenna 23

B 0dB reflection, 90% power the antennz 2
15dB 15 dB (3% reflection, 97% power into the antenna) 1.4
20dB 20dB reflection, 99% power into the antenna 2

Figure 2.4.2 Return loss in dB and corresponding VSWR values [33]



2.4.5 ANTENNA EFFICIENCY

It is the amount which considers the losses that happen at the antenna's terminals and its structure.
In other words, it is equal to the radiated power of the antenna with respect to the input power

accepted by the antenna.

2.4.6 ANTENNA GAIN

Antenna gain is proportional to antenna directivity. The ability of an antenna to strongly radiate
energy in one preferred direction relative to other directions is referred to as directivity. All

antennas emit more energy in some directions than others.

2.4.7 BANDWIDTH

The bandwidth of a patch antenna is very small or a narrowband. Many factors can lead to
increasing it such as increasing the height of the substrate used (FR4, etc...) with a small
permittivity, feeding of probes, making slots, decreasing the length of the patch antenna, or by
changing the shape of the antenna used. The micro strip patch antenna working at ISM band has

around 100 MHz Bandwidth, but actually it is a bit smaller than this value.

The percentage of the bandwidth for the band we are using is as follows:

% BW = (fH - fL)/fc *100 where fc = (fL + fH)/2

Following this equation, and taking fH 2.5 GHz and fL 2.4 GHz, we have that the % of the
bandwidth is equal to 4.08% of the resonant frequency. This means that the bandwidth is equal to

around 100 MHz.



3 Methodology and Design of the Antenna

3.1 Micro Strip Patch Antenna

Microstrip patch antennas have advantages, in comparison with other antennas, since they are tiny,
weightless and easy to integrate with other communication devices, which makes them convenient
for wireless communication systems.

An antenna is a component of a transmitting and receiving system. This system can also be
configured to receive or emit electromagnetic waves. An antenna is a transducer that converts
transmission-line signals into electromagnetic field space, which consists of magnetic and electric
field patterns moving at right angles to each other in far field. Radiation occurs because of time-
varying current when the velocity of charge changes increasingly or decreasingly.

There are different types of microstrip antennas: patch antennas, slot/traveling antennas and
printed dipole antennas. Microstrip patch antennas are one of those three types. Choosing an
appropriate substrate material is the first step in antenna design.

The most common type of printed antenna is the microstrip antenna. Microstrip patch antennas are
the most frequently used type of microstrip antenna due to its several shapes, where the patch in
an (MSPA) is typically made of a conducting material such as copper or gold. The microstrip patch
antenna can be any shape, but the most common are rectangular, circular, triangular and elliptical.

Typically, the radiating patch and feed lines are photoetched on the dielectric substrate.

Advantages of MSPA:

* Low profile, simple and cheap in manufacturing using modern printed circuit technology;

mechanically robust when mounted on a rigid surface,
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* Can adapt to both planar and non-planar surfaces,

* Can be designed for any type of geometry.

Figure 3.1.1 Micro strip patch antenna design

3.2 Antenna Design Specifications

Taking into account the simulated results on CST suite software, we can introduce initially the

shape of the microstrip patch antenna according to the equations.

3.2.1 Determination of the MSPA Shape Dimensions

Step 1: Calculation of the Width of the patch (W) [34]



=

2f, Bt

3.1

where f- is the resonating frequency used, C is the speed of light, €, is the permittivity of the

substrate.

Step 2: Calculation of the Effective Dielectric Constant [34].

Eeff=€r;1+gr;1l [ ! l for%Zl

3.2

where h is the thickness of the substrate.

Step 3: Calculation of the Effective length [34]

C

Leff =
2fr E':eff

33
Step 4: Calculation of the length extension AL [34]

(Eatt +03)( + 0.264)
AL = (0.412 x h)

(Eatr — 0.258) (1 + 0.8)



Page 26

3.4
Step 5: Calculation of actual length of the patch [34]

L= Leff — 2AL

3.5

Figure 3.2.1 Design dimensions

Figure 3.2.1 shows the parameters dimensions and the difference between L and delta L( L = 27
mm and delta L is the difference between the top of the patch antenna and the top of the substrate

in this view which equals 13 mm).



3.2.2 Calculating the Substrate Dimensions Ls and Ws

The dimensions of our ground are six times the height of the substrate in addition to the dimensions
of the patch antenna.

In this design, the dimensions of the ground plane and the substrate taken are the same.

Equation 3.6 [32] refers to the length of the ground plane and 3.7 is the width.

Ly = 6h+Lp 3.6

W, = 6h + Wp 3.7

3.2.3 Selection of Resonant Frequency

In our study, the frequency used is 2,45 GHz. This frequency is used in ISM band as mentioned

above, but I also designed a patch antenna around 400-405 MHz on CST Suite.

3.2.4 Specifications of the Substrate

FR4 glass epoxy is widely used since it is suitable for working under a low and high pressure
because of its excellent strength with respect to weight ratios. It has a tangent loss of 0.2 and a
dielectric constant equals to 4.5. They can also withstand a variety of temperatures, making them
suitable for etching printed circuits. The FR4 substrate is cheap in price and easy to buy from any
manufacturer over the Internet. The dimensions for some substrates are altered. The thickness

(height) of the substrate is taken as 1.6 mm. The frequency of the work is 2.45 GHz.



Page 28

The dielectric constant values of other substrates is different.

Figure 3.2.2 FR4 substrate

3.2.5 Feeding Selection

The designed printed antenna with the transmission line are connected to an SMA connector. This
connector will be also connected to another SMA on the other side using a male-male SMA

connector.

3.2.6 Selection of the Feed Point Location

The impedance where the feed should be will be of 50 Ohm at the frequency required which is
2.45 GHz. Simulations were done to have the exact place of this feed in order to have a good

matching. This position will have the minimum return loss in the graph S11 vs Frequency.
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3.3 Simulation Process at 2.45 GHz

The values of the desired antenna are taken according to the previous equations mentioned.

L/ Student Edition

Figure 3.3.1 The first design of the patch antenna

According to this design, the following result shows:



S-Parameters [Magnitude]

51,1 (Lp=28.5) : -15.71043

2 21 22 2] 24 (245 13 26 Ll 28
Frequency / GHz

Figure 3.3.2 S-parameter in dB at 2.45 GHz

This graph shows the S11 results of the first design done.

Farfield Drectivity Abs (Phi=90)
— farfield (f=2.45) [1]

Frequency = 2.45 GHz

Main lobe magnitude =  5.92 dBi
Main lobe drection = 8.0 deg.
Angular width (3 dB) = 99.3 deg.
Theta / Degree vs. dBi Side lobe level = -8.1 dB

Figure 3.3.3 Far field for phi = 90 for Polar
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Figure 3.3.4 E-field at 2.45 GHz
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200

Following these results, we have a bandwidth less than 100 MHz which is not acceptable.

We tried to improve out bandwidth by doing a parametric sweep for our parameters that can be

changeable.

Now, we changed the value of DL to 6 mm and Ls to 42 mm. S11 is better, but we still have a

bandwidth less than 100 MHz.

We are still working on sweeping till reaching the best simulation we want.
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S-Parameters [Magnitude]
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Figure 3.3.5 S-parameter at 2.452 GHz

Decreasing the width of the transmission line to 2.48 mm, Lp equals to 28.35 mm, and Wp is 38.5
leads to increasing in the input impedance and also a variation in S11 with respect to the values in
figure 3.3.5. Now the impedance is equal to 55.859 ohms at the resonant frequency. This result is

not good for matching.
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Reference Impedance [Real Part]
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Figure 3.3.6 Zref at 2.45 GHz

Here, Zref is equal to 55.85 Ohm and this means that there is no optimal matching.
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Figure 3.3.7 S-parameter at 2.4501 GHz
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We should solve this problem by returning the value of the feedline width as it was. Also, we have

to play with other parameters to have the best design.

S-Parameters [Magnitude]
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Figure 3.3.8 S-parameter at 2.449 GHz

The change in parameters’ values happened, but we have a new problem which is the edges of the

patch are very close to the dielectric constant. As we see in 3.3.8, the width of the patch equals

35.2 mm while that of the substrate is 36.8 mm, knowing that we have a good value of S11 at the

resonant frequency. This is not the best solution for us since very close edges may lead to a shift

during the fabrication process. (The distance is less than 2 cm).

The optimal solution is to enlarge the dimensions and remove the inset that is placed above the

transmission line.
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Figure 3.3.9 Optimal patch antenna design at 2.45 GHz

This is the microstrip patch antenna that has the best performance in terms of S11 and

characteristics impedance matching.
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Figure 3.3.10 S-parameter at 2.447 GHz
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Here, S11 has the best value in dB calculated; therefore, we can move on depending on these

values of our parameters.

Reference Impedance [Real Part]

54.5 1 — Ref 1(1) (1)

Irmpedance / Oklirm
o
M
(]

2004 21 22 23 24]2.447] 25 26 27 28 29 3
Frequency { GHz

Figure 3.3.11 Reference impedance vs frequency

Voltage Standing Wave Ratio (VSWR)
’ ‘ ’ —— VSWR1 (1)

2.0054 2.1 22 23 2.4 25 26 2.7 28 29 3
Frequency [ GHz

Figure 3.3.12 VSWR vs frequency

This means that the reflection power is too low.( The smaller the VSWR, the better the antenna
matching to the feed line and the most power delivered to the antenna).
Other simulations are done to have the radiation pattern graphs in polar and cartesian planes and

the gain at the resonant frequency.
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Radiation pattern is a graphical representation of an antenna's radiation properties with respect to
space. It means that how much the antenna we have, it radiates power out into space.
An antenna should radiate power in all directions. Then, we can say that it is three-dimensional.

The results we obtained describe also the 3D pattern of our antenna.

Farfield Gain Abs (Phi=90)

farfield (f=2.45) [1]

Frequency = 2.45 GHz

Main lobe magnitude = 3.53 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 94.4 deg.
Theta / Degree vs. dBi Side lobe level = -12.0 dB

Figure 3.3.13 Radiation pattern for phi =90 in Polar

Figure 3.3.13 shows the radiation pattern for phi = 90 degrees in polar plane at the resonant

frequency 2.45 GHz.

Farfield Gain Abs (Phi=0)

farfield (f=2.45)

Frequency = 2.45 GHz

Main lobe magnitude =  3.53 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 81.4 deg.
Theta / deg vs. dBi Side lobe level = -12.1 dB

Figure 3.3.14 Radiation pattern for phi = 0 in Polar
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This figure shows the same as figure 3.3.13 but for phi = 0 degrees.

As a result, we can also mention the same graphs but in cartesian plane.
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Figure 3.3.15 Radiation pattern in Cartesian for phi = 90 degrees
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Figure 3.3.16 Radiation pattern in Cartesian for phi = 0 degrees

Now, the gain is equal to 3.534 dBi at 2.45 GHz and the farfield in 3D as follows:




farfield (f=2.45) [1]
Type Farfield
Approximation enabled (kR >> 1)
Compaonent Abs

Cutput Gain

Frequency 245 GHz
Rad. Effic. -3.199 dB
Tot. Effic, -3.201 dB
Gain 3.334 dBi

Figure 3.3.17 3D radiation pattern

Also, we can see the E-field and H-field at the resonant frequency 2.45 GHz.
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Figure 3.3.18 E-field at 2.45 GHz
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Figure 3.3.19 H-field at 2.45 GHz

Electromagnetic waves are made of electric fields( called E-field) and magnetic fields( H-field).
Figure 3.3.18 shows the electric field of the antenna at its resonant frequency which means
technically the electric field at a specific point in space is a measurement of how powerful a force
would be on a unit point charge. It has a magnitude and direction and measured in V/m.

On the other hand, the magnetic field is shown in figure 3.3.19 and is measured in A/m.

3.4 Ki Cad Antenna Design

After simulating our antenna on CST software and having all the simuation results, we want
especially a good S11 at the resonant frequency and the best bandwidth we reached at these
dimensions designed, it is the time for designing the layout before PCB antenna fabrication.

As we mentioned above, the FR4 substrate has a dielectric constant of 4.5 and the substrate

thickness is equal to 1.6 mm. With these specifications, we can move to designing the layout.
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Top Layer:

Figure 3.4.1 Patch antenna( top layer)

Bottom Layer:

Figure 3.4.2 Ground plane( bottom layer)
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The microstrip patch antenna now is ready for fabrication.
As mentioned before, the thickness of the substrate taken is 1.6 mm, dielectric constant is 4.5, loss
tan is 0.025, material is FR4, the ground and the antenna are of copper material.

Our goal is to have a good matching between the simulation and the measurement values and

graphs.

Figure 3.4.3 Antenna layout(top)

After having all the simulations acceptable, it is the time for antenna fabrication.

Figure 3.4.4 Photograph of fabricated antenna



3.5 Simulation Process at 403 MHz (400 — 406 MHz)

The values of this antenna are taken according to the previous equations and has the following

values as indicated in Table 1.

Parameter Antenna dimensions
& 4.5
h( substrate thickness) 1.6 mm
W( patch width) 210 mm
L( patch length) 168.2 mm
DL 18 mm
Wg( substrate width) 235 mm
Lg( substrate length) 220 mm
WiI{( feedline width) 5 mm
Inset height 4 mm
C( speed of light) 3.0 x 108 m/s
fc( frequency) 403 MHz

Table 1 Patch antenna parameters

il

Figure 3.5.1

Antenna design




According to the above design, we have S11 as follows:
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S-Parameters [Magniude]
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Figure 3.5.2 S-parameter in dB at 403 MHz

Figure 3.5.2 shows the return loss against frequency of the antenna. The resonant frequency for

the antenna is 403 MHz and the return loss is — 26 dB. This antenna can transmit or receive a signal

efficiently at a frequency between 400.36 and 406.09 MHz.

Figure 3.5.3 Zref at 403.2 MHz
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Figure 3.5.3 shows the impedance against frequency which is always constant at 50 Ohm.

Voltage Standing Wave Ratio (VSWR)
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Figure 3.5.4 VSWR against frequency

Figure 3.5.4 shows that the VSWR at the resonant frequency is equal to 1.1. This means that there

is a good matching and power reflected is very low.

Farfield Directivity Abs (Phi=0)

15_2 30 phi=180 —— farfield (f=403)

Frequency = 403 MHz
Main lobe magnitude =  5.11 dBi

i \ Main lobe direction = 0.0 deg.
180 165 Angular width (3 dB) = 101.8 deg.
Theta / deg vs. dBi Side lobe level = -5.3 dB

Figure 3.5.1 Radiation pattern for phi = 0 in Polar
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Figures 3.5.5 and 3.5.6 state that the antenna can direct the input power into radiations in a given
direction more than others. The antenna can transmit or receive a signal in an efficient way in the

direction of highest gain. All microstrip antennas radiate highest into one direction at angle of ©

equals 0 degrees that is perpendicular to the antenna.

F
5

argeld Directivity Abs (Phi=290)

farfield (f=403)

Frequency = 403 MHz

Main lobe magnitude =  5.11 dBi
150 ' Main lobe direction = 2.0 deg.
180 165 Angular width (3 dB) = 101.4 deg.
Theta / deg vs. dBi Side lobe level = -5.3 dB

Figure 3.5.1 Radiation pattern for phi =90 in Polar
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............ — farfield (=403) [

| o (f=403)[1]: 3.913542

Frequency = 403 MHz

‘ I ‘ I ' ' : : Main lobe magnkude = 5.11 dBi
o on 9 6 & o] w0 w0
Thet | Degee Man lobe drection = 0.0 deg.

Figure 3.5.1 Radiation pattern for phi = 0 in Cartesian
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Farfield Directvty Abs (Phi=90)
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Man kobe drection = 2.0 deg

5 i i i i . .
0 0 40 60 80 10{ 108.55| 120 140 160 80 .
Theta/ deg Angular width (3 dB) = 53.2 deg.

Figure 3.5.1 Radiation pattern for phi = 90 in Cartesian

At frequency equals to 403 MHz, the highest gain of the antenna is 5.11 dB. This means that the
antenna can direct the input power into radiations in a dirction more than others. The antenna is

able to transmit or receive a signal in an efficient way where the direction has the highest gain.

dBi

2.11
0.257
-4.59
-0.44
-14.3
-19.1

-28.8
-34.9

Figure 3.5.2 3D polar of micro strip patch antenna
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4 Experimental Results and Discussion

4.1 SMA soldering

First of all, after fabricating the patch antenna we should solder the female SMA connectors for
both sides (the antenna and the STM Nucleo) as shown in figures 4.1.1 and 4.1.2, respectively.

After soldering, we put a male-to-male SMA connector that will connect both sides together.

Figure 4.1.1 Fabricated antenna with SMA connector

Figure 4.1.2 Both sides connected with male-to-male connector



4.2 Fabricated antenna measurements

The fabricated micro strip patch antenna was connected to the vector network analyzer
(VNA). It was able to detect the signal and the return loss curve was displayed on the screen.

The curve showed that the micro strip antenna was resonating at 2.484 GHz.
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Figure 4.2.1 S-parameter measured

Figure 4.2.1 shows s-parameter of the fabricated antenna. The minimum return loss at the
resonating frequency is about -26.86 dB. This means that the reflected power is less than 1

percent, and therefore the antenna is working almost in an optimal way.
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Figure 4.2.1 Photo of the measurement of the antenna matching

The antenna was resonating at 2.484 GHz while the simulated one was resonating at 2.45 GHz.
The results are comparable since there was a little deviation in the resonating frequency value.
This difference may be a reason of the dielectric constant. It was taken in the simulations and
fabrication process 4.5, while it should be a little bit different to have the resonant frequency quite
similar to the simulations. From the data sheet, FR4 has a range of values in the dielectric constant

(between 3.8 and 4.8).

The frequency in the measurements obtained at -10 dB for both sides were 2.437 GHz and 2.535
GHz as shown in figure 4.2.2 respectively. The bandwidth in the simulations was around 101 MHz,
while in the measurements was 98 MHz. Hence, a good agreement between them has been

obtained.
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4.3 Sensor used

In order to verify and check our system, we have created an embedded system that is composed of
a biosensor that can measure several values such as oxygen values in volts, glucose level, pH, or

1on concentration. This sensor will be connected to the sensor board which is shown in figure 4.2.3.

Biosensor 2

Figure 4.3.1 Sensor board

Figure 4.3.2 Photo of sensor



Figure 4.2.4 shows the photo of the sensor that we will use in the system. It has 3 electrodes, so
the working electrode is the black one made of carbon. Zimmer and Peacock can also make

customized sensors with the option to target other analytes than those.

4.4 Data transmission

After connecting the antenna and the STM Nucleo board with the connector and having the sensor

with the board, we can start testing to transmit and receive the data.

Receiving data will be using an application on a cellphone called BLE tester (A Bluetooth Low
Energy test tool). This application can be used to read and write data. BLE mainly uses the CRC
algorithm (Cyclic Redundancy Check which is a polynomial-based error detection technique that
generates a series of two 8-bit block check characters that represent the entire block of data. These
block check characters are embedded in the transmission frame and checked at the receiving end).
As widely used check codes, CRC is often used in the data link layer to check whether the network
packet is wrong or not. If the test result is wrong, the data will be transmitted another time. Another
application was tested but it was not able to receive the data, consequently we cannot use it. The
biosensor will read some values (as mentioned above), and these data will be asked for from the
microcontroller to transmit it to the receiver via UART protocol (serial data communication) by
Bluetooth at our resonating frequency 2.45 GHz. The transmitter and the receiver(the cellphone)

are put beside each other(distance less than 1 meter).
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Figure 4.4.1 Prototype circuit

Figure 4.2.5 shows the prototype circuit of the design we have. The antenna is connected to the
embedded system(Nucleo) by a connector (as commented before). The ground pin of the sensor is
connected to the second pin of CN6 which is the ground. However, the power supply (3V3) of the

sensor is connected to 3V3 pin of CN6.

The TX pin of the sensor board is connected DO pin in CN9 section which is the RX pin, but RX

of the sensor is connected to D1 pin in CN9 which is the TX pin.

The Nucleo board and the PC are connected to each other doing the firmware using

STM32CubelDE software and using C language with this software.

Firmware is done by building for release version that will give then a .HEX file. We make a flash
of the code on the flash storage using so called ST-linker. Now, we have the code on the

microcontroller.
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Figure 4.4.2 Demonstration of the data sent

Figure 4.2.6 shows the data read by the sensor and sent to the receiver using UART protocol.
The data sent is “index,911 0.241 V™.
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Figure 4.4.3 Data read at the receiver

Figure 4.2.7 shows the data read at the BLE tester application on the cellphone (at the receiver).

These data are totally the same comparing to figure 4.2.6, and means that transmission of the data

is working as it should be.



HAL UART Receive(fhuartl, UART1 rxSensorBuffer, 15,5000);

if{isConnected) {
1int5“t data = &UARTl“IxSEnSDIEuffEI;
for (int i=0;i<21;i++){

PEPS_ﬁTH_App_Update_Ehar{FEP_HDTIFY_EHAR_UUID, data);
data+=2;

Figure 4.4.4 For loop

Figure 4.2.8 shows the for loop used to send the data. These data we have, will be sent to the

receiver by Bluetooth.

(HAL UART Receive) is a method of the HAL library (Hardware Abstracted Layer), that
includes the data of the UART used for reading (the configurations), where the place that we will

fill in with the data read is the buffer.

If all is working well and connected, the process will start and data will be sent by Bluetooth. The
data that will be sent by Bluetooth will be filled in the array uint8 t, and the for loop will start
working as sending the data 2 bytes each iteration. Every time we are sending the data will be
incremented by 2. For loop has the number of bytes (21) which is the size of the message of the
sensor in addition of the terminator (characters for doing termination for a new line) and 5.000 is
a timer put to wait for the data from the sensor. If the data is not received after 5 seconds, then data

will be sent another time.



switch (UUID)
{
case P2P NOTIFY CHAR UUID:

result = aci gatt update char value (aPeerToPeerContext.PeerToPeerSvcHdle,
aPeerToPeerContext.P2PHotifyServerToClientCharHdle,

0, /% charValCffset %/
2, /* charValueLen
{uintd t *) pPayload);
break;
defanlt:
break;

Figure 4.4.5 Structure used in sending the data

Figure 4.2.9 shows the structure that will be filled by the data we want to send. It consists of 5
variables; the ones we want to use are the last three. These variables are the offset that is always
zero because always it will start from the beginning, the second one is the value of the message
we sent which is here 2 bytes, and the last one is the payload that is a pointer on an array of

unsigned integer of 8 bits. When this structure is full, there is a service that is pushing on Bluetooth.



5 Conclusion and future work

This thesis presented a design of a PCB antenna at ISM band connected with an embedded system
to work for a biomedical application. The goal was to transmit and receive data by Bluetooth. A
review of the implantable devices design, challenges and applications were presented.

It was shown that one of the challenges for the antenna performance the dimensions. Several
models were simulated to have the more realistic model of the patch antenna. To justify the results,
the simulations and the measurements done of the return loss, the bandwidth and and Smith Charts
were almost similar. The simulated return loss(S11) at the resonating frequency was around - 41
dB. However, the measured was almost -27 dB. Both values are good since in both cases the
reflected power is less than 1 percent which almost the best result. The bandwidth also is not so
far, since it is 101 MHz and 98 MHz, respectively.

The data transmission also was succeful since we had the same message received and displayed
on the receiver(BLE tester application on cellphone).

The advantage in this project is that SMA connector was used to connect both sides. So, we are

looking forward to benefit from the embedded system used in other applications in the future.
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