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ABSTRACT

The paper focuses on the development of a novel microstrip patch

antenna for non-invasive glucose sensing. The aim of this research is to
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software with the help of different dielectric constant, length, height,

. depth of antenna and different resonance frequency. Various operating
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Department of Electronics frequency is used to find out the accurate resonance frequency to

and Communication achieve better gain, bandwidth and efficiency. Two different microstrip
Engineering, Institute of patch antenna is created at 1.05 GHz, 2.04 GHz. The antenna is
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designed at a frequency of 2.4 GHz has effective variation, which is a
common frequency band wused in medical applications. The

performance of the antenna having different substrates is analyzed on

the basis of comparison of gain, directivity, VSWR, BW and return
loss.
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1. INTRODUCTION

Diabetes is one of the most common lifelong chronic diseases in human beings. It is mainly
caused by genetic factors, immune disorders and other factors on the human body, leading to
islet function decline and insulin resistance, etc., resulting in imbalance of glucose level in
the body, which is manifested as failure of glucose metabolism and hyperglycemia.l!!
According to the International Diabetes Federation (IDF) Diabetes Atlas 2021, in
Bangladesh, there were 8.4 million adults living with diabetes in 2019, and projected to
almost double (15.0 million) by 2045. This research was conducted in line with the high
urgency to no longer use invasive techniques in checking blood sugar levels. Therefore, it is
necessary to design a tool that can detect blood sugar levels without injuring the body by non-
invasive method.! In this paper, the antenna used for blood glucose detection is micro strip
patch antenna which is highly directive and flexible. The patch in micro strip antenna
constructed from copper since low return loss. The choice of FR-4 material in substrate
because of price and availability. Besides that, the selection of operating frequency also

carried out by the comparison between different parameter of the antenna.

2. MATERIALS AND METHODS

Efficiency of microstrip patch antenna is depended on some parameters for example VSWR,
Gain, Bandwidth, Return loss, Directivity etc. The shape of the micro strip patch also matters
to get the different outputs. With regard to glucose sensing in particular, various methods
utilizing optical or lower frequency EM waves have been examined in the past but with a
detection resolution (5mg/ml) that is much lower than that required for humans. On the basis
of analyzing performance we can update the older design to the newer design with better

performance.®

2.1 S Parameter

The electrical networks are characterized by S parameter or scattering parameter using
matched impedances. In practice the most commonly quoted parameter in regards to antenna
is S11. S11 represents how much power is reflected from the antenna hence S11 is known as
reflection coefficient or return loss. If S11=0 dB then all the power is reflected from the

antenna.

2.2 Bandwidth
The Bandwidth (BW) of an antenna refers to the range of frequencies over which the antenna

can operate correctly. The antenna’s bandwidth is the number of Hz for which the antenna
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will exhibit an SWR less than 2:1. The bandwidth can also be described in terms of

percentage of the center frequency of the band.
Bandwidth (BW) = Upper cut off frequency — Lower cut off frequency

2.3 Directivity
Directivity describes the direction of antenna’s radiation pattern. If an antenna radiates
equally in all direction then it has zero directionality and its directivity will be 1

Where, D is the directivity and 2 max is the maximum radiation solid angle.

2.4 Voltage Standing Wave Ratio
Voltage Standing Wave Ratio (VSWR) is a measurement that describes the impedance
matching of the antenna to the radio or transmission line connected to it. VVoltage standing

wave ratio is also referred to as standing wave ratio.

{1+#]

VSWR =
[1-|#1

2.5 Antenna Model

Table 1: Dimensions of the designed rectangular microstrip patch antenna.

Parameter | For 1.05 GHz | For 2.4 GHz
W(mm) 100 80
L(mm) 100 80

Lesr (Mm) 71.81 29.11
€eff 3.958 4.61
Lg(mm) 109 89
Wy(mm) 109 89

Above table shows the different parameter which is used to demonstrate two separate
rectangular microstrip patch antenna. For this purposes two different operating frequency is

selected.
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Fig. 1: Geometry of rectangular microstrip patch antenna at 1.05 GHz.
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Fig. 2: Geometry of rectangular microstrip patch antenna at 2.4 GHz.

The rectangular microstrip patch antenna at 2.4 GHz and 1.05 GHz is simulated by using
CST studio suite. The height of substrate at 2.4 GHz and 1.05 GHz is 1.5 mm and the

dielectric constant at 2.4 GHz and 1.05 GHz is 4.08 and 4.3. For the both antenna FR-4
substrate is used.

3. RESULTS AND DISCUSSION

After simulation the return loss, gain, directivity and voltage standing ratios are calculated.

3.1 S Parameter
S Parameter is an important parameter when testing an antenna. It is related to impedance
matching and the maximum transfer of power theory.[! S11 evaluate how much power is

reflected from the antenna hence S11 is also known as reflection coefficient or return loss.
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Fig. 3: S11 Parameter at 1.05 GHz.
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Fig 4: S11 Parameter at 2.4 GHz.

The comparison of S-parameter of the antenna having two different resonance is shown in the
above figure. Figure-3 shows the resonance frequency 1.05 GHz at which return loss is
approximately -37.5 dB and figure-4 demonstrated that at 2.4 GHz return loss is closely -45
dB.

3.2 Voltage Standing Wave Ratio
VSWR is a measure of how efficiently radio-frequency power is transmitted from a power

source, through a transmission line, into a load."

Voltage Standing Wave Ratio (VSWR)
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Fig. 5: VSWR at 1.05 GHz.

WWW.Wjert.org 1ISO 9001: 2015 Certified Journal 221




Kamal et al. World Journal of Engineering Research and Technology

Vomge Standing Wave Rati (VSWR)

— V5WR1
S /o USRS S NN R N S
25 \
N RN A A R N R

15
10

2 21 2.2 23 24 .5 26 27 28
Frequency / GHz

Fig. 6: VSWR at 2.4 GHz.

The Voltage Standing Wave Ratio (VSWR) versus frequency graph of the designed antenna
is shown in the above figure.! It also shows that VSWR of at 1.05 GHz is 0.26667 and
VSWR at 2.4 GHz is 0.26667.

3.3 Directivity
Directivity explain radiated energy in a particular direction. Efficiency of an antenna mostly
depend on directivity.

Farfield Drrectiity Abs (Phi=90)

0
Phi= 90 30 30 Phi=270

farfield (F=1.05) [1]

60

Frequency = 1.05 GHz
Main lobe magniude = 5.56 dBi
Main lobe direction = 2.0 deg
Angular width (3 dB) = 96.0 deg
Theta / Degree vs. dBi Side lobe level = 8.1 dB

Fig. 7: Directivity at 1.05 GHz.

Farfield Directivity Abs (Phi=90)

0

farfield (f=2) [1]
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Frequency = 2 GHz

Main lobe magnitude =  6.45 dBi
Main lobe direction = 4.0 deg.
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Theta [ Degree vs. dBi Side lobe level = -15.1 dB

Fig 8: Directivity at 2 GHz.
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Fig. 9: Directivity at 2.4 GHz.

Farfield Directivity Abs (Phi=90)
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Frequency = 2.8 GHz

Main lobe magnitude = 5.18 dBi
Main lobe direction = 11.0 deg
Angular width (3 dB) = 82.5 deg
Theta / Degree vs. dBi Side lobe level = -16.7 dB

Fig 10: Directivity at 2.8 GHz.

Directivity can be evaluate from CST simulation software. Antenna having two different

resonance frequency in CST can produce other frequencies directivity which is close to the

operating frequency. Above figure-7, 8,9,10 shows that the directivity at frequency 1.05 GHz,
2 GHZ, 2.4 GHz and 2.8 GHz is 5.56 dB, 6.45 dB, 7.1 dB and 5.18 dB respectively.

3.4 Gain

Gain is always less than directivity because efficiency is between zero and one. The

directivity increases with increase in substrate thickness h and patch width w. Conversely the

beam width is expected to decrease with increasing of h & w.>®
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Fig. 11: Gain at 1.05 GHz.
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Fig. 12: Gain at 2 GHz.
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Fig. 13: Gain at 2.4 GHz.
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Farfield Gain Abs (Phi=90)
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Fig. 14: Gain at 2.4 GHz.

From above figure gain is observed 0.581 dB, -0.391 dB, 3.97 dB and -1.94dB. At 2.4 GHz

gain is highest compare to others.

3.5 Comparison

Table 2: Comparison of parameter at different operating frequency.

Operating Frequency
Parameter 105GHz | 2GHz | 24GHz | 28GHz
Return Loss (dB) -37.5 -0.6 -44 -1
VSWR 1.03105 26.19886 1.01274 18.09910
Directivity (dB) 5.56 6.45 7.1 5.18
Gain (dB) 0.581 -0.391 3.97 -1.94

Above table demonstrate the comparison of antenna parameter at different operating
frequency. The criterion for selection of right antenna is its price, efficiency and size. Greater
result is achieved by using operating frequency at 2.4 GHz.""!

CONCLUSION

This paper represents the design and analysis of rectangular microstrip patch antenna using
four different resonant frequency which is 1.05, 2, 2.4 and 2.8 GHz. Also represent which
resonance frequency is suitable for human glucose detection by comparison. The simulation
is done by using CST studio suite. The return loss is minimum at 2.4 GHz compared to other
operating frequency. The return loss for 2.4 GHz is -44 dB. The VSWR s less at 2.4 GHz
compared to others. For higher efficiency both the gain and directivity is need to be high,
which is happened at 2.4 GHz. The directivity at 2.4 GHz is 7.1 dB that’s a good sign for
glucose detection. Gain is also high at 2.4 GHz. So theoretically antenna with 2.4 GHz

resonance frequency is impactful for glucose detection.
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