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Abstract—In this article, two antennas having partial ground plane, slot loading with microstrip line
feeding are proposed for wireless and biomedical applications. Antennas resonate at 2.4GHz with two
different bandwidths. The first antenna having 20% bandwidth, i.e., the Ultra Wide Band (UWB)
of 2.10GHz–2.61GHz that can be utilized for wireless application and the Federal Communication
Commission (FCC) allotted band of 2.36 to 2.39GHz for medical applications falls in this range. The
UWB antenna has undergone additional tuning to make it appropriate for biomedical application.
Additionally a parametric analysis of antenna’s slot length, width, and dielectric constant is performed
to optimize the performance characteristics. The antenna is fabricated and tested using Vector Network
Analyzer. The acquired results from simulation and measurement are in close match.

1. INTRODUCTION

These days the diagnosis of patients for acute diseases needs expensive and bulky equipment such as
Magnetic Resonance Imaging (MRI), Computerized Tomography (CT) scan, and X-rays. These devices
are capable of detecting various health issues such as tumors, malignant cells, fractures, stones, and
foreign bodies. When patients are being scanned using such devices, patients are vulnerable to ionizing
radiation. Moreover, scanning charges are high, and patients need to spend huge money for scanning.
One of the leading causes of death is breast cancer. If being detected at an early stage of breast cancer
the malignant cells can be cured completely thereby reducing the death rate related to breast cancer.
A cost-effective method is necessary to undertake breast cancer screening tests at such an early stage.
The microwave imaging using microstrip antenna (MSA) can be a good solution in this regard, and it
also overcomes the major drawbacks of commercially available scanning devices.

An antenna is a sensing device that is effectively used in wireless communication [1–9]. Antenna
can also be used for the scanning of patients’ body after tuning to a prescribed Industrial, Scientific
and Medical (ISM) band. UWB patch antennas are used in wireless communication and ISM bands
[10]. The UWB antennas are used for transmitting or receiving short duration pulse. According to
Federal Communication Commission (FCC), the antenna having bandwidth ≥ 500MHz or bandwidth
≥ 20% is classified as UWB antenna. In this view, UWB patch antenna [4] can be used for detecting
health problems in the human body. UWB patch antenna can be used because of its small size and low
fabrication cost. In literature different types of patch antennas have been reported for detecting breast
cancer, tumor, and foreign body [10–17]. The different reported antennas for biomedical and wireless
applications are UWB medical applications with on-body investigations, phase array, notch loaded, slot
loaded, V-shape, proximity coupled, E-shaped, crescent shaped, etc. [2–17]. The above reported works
have complicated geometry, missing theoretical analysis, or their bands do not lie in FCC [18] suggested
band for body area network.

In this article, a patch antenna with strip line feeding and tuned defected ground plane has been
proposed for the detection of tumor, breast cancer, fractures in muscles and bones. Antennas resonate at
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2.4GHz and 2.375GHz with 500MHz and 3MHz bandwidths for wireless and biomedical applications,
respectively.

2. ANTENNA GEOMETRY

The microstrip line fed patch antenna having rectangular ground plane is shown in Fig. 1. Antenna
1 has the radiating dimension of (L × W × H) cm3 on which radiating patch has the dimension of
(Lp1 × Wp1) cm

2 with an inset fed microstrip line of dimension (Lm × Wm1) cm
2 excited via 50Ω

SubMiniature A (SMA) connector. Fig. 2 shows antenna 2 of a similar geometry to antenna 1 but
differs in bandwidth and applications. Antenna 2 has a defected ground structure having a slot of
dimension (Ls ×Ws) cm

2 with a patch of dimension (Lp1 ×Wp1) cm
2 with an inset fed microstrip line

of dimension (Lm ×Wm) cm2 and energized via a 50Ω SMA connector. Both antennas are designed on
an FR4 substrate having 1.6mm of height with microstrip line feed. Table 1 shows the dimensions of
designed antenna in cm. Fig. 3 shows fabricated antennas on an FR4 substrate.

Table 1. Dimensions of the Designed Antenna.

Parameter Value (in cm)

L 5

W 5

Wp1 2

Lp1 3

Wp 2.210

Lp 2.45

Wm1 3

Lm 0.12

Wm 2.4

Ws 0.6

Ls 2.2

Ws1 1.345

H 0.16

Figure 1. Proposed Antenna 1 for UWB
Applications.

Figure 2. Proposed Antenna 2 for Biomedical
Applications.
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Figure 3. Fabricated Antenna Top and Bottom View.

2.1. Theoretical Analysis

The microstrip fed rectangular patch antenna can be represented by a high frequency radio frequency
(RF) equivalent circuit shown in Fig. 4 as a combination of inductor, capacitor, and resistor and given
as [19–21].

C1 =
LWε0εe

2H
cos2

(
πX0

L

)
(1)
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Q

ω2
rC1
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1

ω2
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L — length of inset fed patch; W — width of inset fed patch; H — thickness of antenna radiating area;
εe — effective permittivity of substrate.

C1 R1
Zp

L1

Figure 4. RF equivalent circuit for rectangular
patch.

Zm

Lm
Lm

Cm

Figure 5. RF equivalent circuit for stripline.

The strip line of the high frequency radiating structure can be given as inductor L, capacitor C,
and characteristic impedance Zo as shown in Fig. 5 and can be calculated as [19–23]

Lm = 100H

(
4

√
Ws

H
− 4.21

)
nH (4)

Cm = Ws{(9.5εr + 1.25)Ws/H + 5.2εr + 7.0}pF (5)

The resonating frequency of the proposed antenna can be calculated

f = c/2Le
√
εre (6)

where
εre = 1/2[(εr + 1) + (εr − 1)(1− 12H/Ws)

−1/2 (7)
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Le = effective increase in the length of strip.
The input impedance ZS of the slots is calculated as,

ZS = RS + jXS (8)

Rs = 60

[
C + ln(kLS) +

1

2
sin(kLS){Si(kLS)− 2Si(kLS)}+ 1/2 cos(kLS){

C − ln(kLS)

2
− Ci(2kLS)− 2Ci(kLS)

}]
cos(Ψ) (9)

Xs = 30[2Si(kLS) + cos(kLS){2Si(kLS)− Si(2kLS)}
− sin(kLS)

{
2Ci(kLS)− Ci(2kLS)− C(2kW 2

S/LS)
}]

(10)

Here C is the Euler’s constant, Ψ the inclination of the slot from radiating edge, k the propagation
constant, and functions Si(x) and Ci(x) are defined as,

Si(x) =

∫ x

0

sin(x)

x
dx (11)

Ci(x) = −
∫ ∞

0

cos(x)

x
dx (12)

where Ws is width of slots, and LS is the Length of the slots. The equivalent circuit for slot is as in
Fig. 6.

The coupling between upper microstrip patch and ground plane can be represented by another
equivalent circuit as shown in Fig. 7.

RS

XS

ZS

Figure 6. RF equivalent circuit for slot.

Lm
L1

Lmp

Zeq1

Cm C1

Cmp

Figure 7. RF equivalent circuit for coupling
between patch and ground.

Lmp and Cmp are mutual inductance and capacitance [24, 25] for the substrate, respectively.

Lmp =
k2c (L1 + Lm) + [k4c (L1 + Lm)2 + 4k4c (1− k2c )L1Lm]1/2

2(1− k2c )
(13)

Cmp =
−(C1 + Cm) + [(C1 + Cm)2 + (1− 1/k2c )C1Cm]1/2

2
(14)

kc =
1√

Q1Q2
(15)

Q1 = R1

√
C1

L1
(16)

Q2 = Rm

√
Cm

Lm
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where Q1 and Q2 are the quality factor for two resonators, and Rm is the impedance of the microstrip.
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Leq1 and Ceq1 are the equivalent inductance and capacitance due to the electromagnetic coupling
between top and bottom patches.

Leq1 =
LmL1

Lm + L1
+ Lmp (18)

Ceq1 =
(Cm + C1)Cmp

Cm + C1 + Cmp
(19)

Hence the equivalent impedance Zeq1 is,

Zeq1 =
1[

1

JωLeq1
+ JωCeq1

] (20)

The RF equivalent circuit of the proposed antenna is as shown in Fig. 8. Using this circuit model
equivalent impedance Zin can be computed. The resonant frequency is obtained from this network as

fC =
1

2π
√
LC

(21)

Zin = Zp||Zm||ZS ||Zeq1 (22)

The designed antenna is placed on the human body model. RF equivalent circuit for the complete
simulation setup is as shown in Fig. 9. The body capacitance Cbody depends on the dielectric
characteristics of various tissues or organs of the human body, and Rbody is the body resistance. As the
dielectric properties of tumors vary from that of normal cells, Cbody changes when tumors are present
hence altering the resonant characteristics of the antenna.

Zp Zm

Lm
L1

Lmp

ZS

Cm C1

Cmp

Zin

Figure 8. RF equivalent circuit for the proposed Antenna.

Zin

Cbody Rbody

Figure 9. RF equivalent circuit for on
body antenna placement.

3. RESULTS AND DISCUSSION

The designed antennas with partial ground and slot loaded ground are simulated, and the obtained
results are shown in Fig. 10. It is observed that microstrip line with partial ground antenna has UWB
at 2.4GHz with band 2.09GHz–2.62GHz of 520MHz having 21% bandwidth. Further, the same antenna
has been tuned to specified medical band of 2.36 to 2.39GHz using reactive loading at ground plane.
Tumor and stone detection can be done using any antenna. However, reactive loaded antenna is more
sensitive to detect tumors, etc. because of its narrow band, and the body reactance comes in parallel
with this reactance making it more sensitive to change in body capacitance. Further this antenna band
falls within FCC specified Medical Body Area Network (MBAN). Antenna with partial ground can be
used for wide ranges for wireless application such as Bluetooth, ISM band 2.2–2.42GHz, and MBAN
band. Partial ground leads to wider bandwidth of the antenna making it suitable for these applications
that require low power and higher data rate. Design and simulations are carried out in Computer
simulation Technology (CST) Microwave Studio suite 2018.

The measured and simulated results with reflection coefficient and frequency are shown in Fig. 11. It
is observed that simulated results are in good agreement with measured ones, and slight disagreement in
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Figure 10. Reflection coefficient of Antenna 1
and Antenna 2.

Figure 11. Measured and simulated results of
inset fed slot loaded ground plane.

Figure 12. Simulated results of inset fed slot
loaded ground plane with and without tumor.

Figure 13. Variation of dielectric constant with
frequency for inset fed slot loaded ground plane.

results is also visible due to uneven fabrication process of the antenna. Measured result shows resonating
frequency at 2.44GHz whereas simulated result shows resonating frequency at 2.39GHz.

The antenna is placed on the human body model, and reflection coefficient is noticed for with and
without tumor or deformities and is as shown in Fig. 12. It is observed that reflection coefficient without
tumor is at −19 dB whereas that with tumor reflection coefficient moves up to −10 dB.

Fig. 13 shows the effect of varying dielectric constant on reflection coefficient against frequency. It
is observed that with decreasing the dielectric constant from FR4 ε = 4.4 dielectric substrate to RT
Duroid ε = 2.33, the resonating frequency shifts toward 3GHz. It is also observed that multi-bands are
observed at ε = 4 Epoxy Resin.

From Fig. 14 it is observed that increasing and decreasing the slot length Ls to 24mm and
20mm respectively leads to shifting of resonant frequency. With decreasing slot length resonance
frequency shifts toward 2.6GHz, and for Ls = 24mm it shifts toward 2.18GHz. This happens because
of the change in reactance of the resonator. From Fig. 15 it is observed that with increasing slot
width Ws = 6mm to 8mm resonance frequency moves to 2.5GHz whereas with decreasing slot width
Ws = 6mm to 4mm resonance frequency moves to 2.35GHz. This occurs because of changing reactance
of the antenna that changes resonating frequency of the antenna.
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Figure 14. Variation of slot length Ls with
frequency for inset fed slot loaded ground plane.

Figure 15. Variation of slot width Ws with
frequency for inset fed slot loaded ground plane.

3.1. Specific Absorption Rate (SAR)

SAR term is used to define the radio frequency (RF) absorbed by human body when there is RF
exposure on human body.

SAR
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m2
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where Em is the electric field (V/m), σm the conductivity of material (S/m), and M the mass density
(kg/m3).

The designed antenna is simulated on CST simulation software considering the following layer
of body structure. The first antenna is placed at a distance of 1mm from the body part, the skin of
height 0.8–2.6mm, fat of height 1.3–23.4mm, muscle of height 0–30mm, and bone of height 5.5–6.6mm.
These layers are visible in simulation as shown in Fig. 16. From Fig. 16 it is observed that with exposing
antenna over body part at 2.4GHz frequency, the noted SAR for 100 gm is 2.1181W/kg. From the figure
it is noticed that the maximum SAR is observed near the skin surrounding the antenna area whereas
the remaining parts have minimum effect from 1W/kg to 0.

To analyse the effect of antenna performance on human body CST Gustav Voxel model has
been used, and antenna is placed just above the head, as shown in Fig. 17. Model was simulated
on CST simulation tool. The maximum electric field, magnetic field, current density, electrical energy
density, and power loss density of 10951.3V/m, 41.492A/m, 53.79A/m2, 203µJ/m3, and 9251.29W/m3

respectively were observed at 2.4GHz.

3.2. Current Distribution

Figure 18 shows the current distribution of the antenna having partial ground. From Fig. 18 it is
observed that unidirectional flow of current from microstrip line feed and maximum current of 265.5A/m
is observed at perimeter of the radiating antenna.

3.3. Radiation Pattern

Figure 19 shows the radiation patterns of partial ground antenna for E-plane and H-plane. Fig. 19(a)
shows E-plane pattern at θ = 0◦, and antenna 3 dB beamwidth is 90◦. Fig. 19(b) shows H-plane pattern
at θ = 90◦, and observed beamwidth is 115.4◦.
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(a)

(b)

Figure 16. (a) SAR for reactive load ground antenna — top view. (b) SAR for reactive load ground
antenna — side view.

(a)

(b)

Figure 17. (a) Human model simulated on CST simulation tool [26]. (b) Human model simulated on
CST simulation tool [26].
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Figure 18. Current distribution of the partial ground antenna.

(a) (b)

Figure 19. (a) Radiation pattern of partial ground antenna for wireless application at 2.4GHz — E
Plane. (b) Radiation pattern of partial ground antenna for wireless application at 2.4GHz — H Plane.

4. CONCLUSION

A microstrip line fed reactive loaded patch antenna for wireless and biomedical application has been
designed, experimented and presented. The study also discusses the supporting RF equivalent circuit
for the antenna and body model. Antenna characteristics observed at 2.4GHz has shown excellent
radiation pattern for wireless application such as Bluetooth, Industrial, Scientific and Medical (ISM)
band 2.2–2.42GHz, and Medical Body Area Network (MBAN) band. Meanwhile, the ground plane plays
an important role in achieving 520MHz and 3MHz bandwidths. Reactive loading and partial ground
concepts were used to make the antenna suitable for biomedical and UWB applications, respectively.
The findings of the simulation show that antenna 2 can detect tumours with great clarity. Future work
can be done on improving the bandwidth of the antenna.
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