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ABSTRACT Internet of Things (IoT) based application requires integrationwith thewireless communication

technology to make the application data readily available. In this paper, a modified meander shape microstrip

patch antenna has been proposed for IoT applications at 2.4 GHz ISM (Industrial, Scientific and Medical)

band. The dimension of the antenna is 40×10×1.6 mm3. The antenna design is comprised of an inverse

S-shape meander line connected with a slotted rectangular box. A capacitive load (C-load) and parasitic

patch with the shaped ground are applied to the design. Investigations show that the antenna designed with

an inverse S-shape patch and connecting rectangular box in the microstrip line has a higher efficiency

and gain compare to the conventional meander shape antenna. The C-load is applied to the feed line to

match the impedance. Moreover, parametric studies are carried out to investigate the flexibility of the

antenna. Results show that, the gain and efficiency can be improved through adjusting the rectangular

box with applying parasitic element and the shaped ground. The parasitic element has high impact on the

bandwidth of the antenna of 12.5%. The finalized antenna has a peak gain of −0.256 dBi (measured) and

1.347 dBi (Simulated) with 79% radiation efficiency at 2.4 GHz. To prove the efficiency and eligibility in IoT

applications, the measurement of the power delivered and received by the antenna at 2.4 GHz is performed

and compared with the results of a dipole antenna. The antenna is integrated with 2.4 GHz radio frequency

module and IoT sensors to validate the performance. The antenna novelty relies on the size compactness

with high fractional bandwidth that is validated through the IoT application environment.

INDEX TERMS Internet of Things, meander line, capacitive load, parasitic patch, bandwidth.

I. INTRODUCTION

The Internet of Things (IoT) concept has now become an

extension of the internet. It is a fast-growing worldwide

network of interconnected variety of objects that supports

many input-output devices, sensors and actuators based on

standard communication protocol. Wireless sensor technol-

ogy is contributing to improve the device connection to the

internet as well as the efficiency of the IoT application oper-

ation [1]. Among all, antenna is playing an important role in

The associate editor coordinating the review of this manuscript and
approving it for publication was Sudipta Chattopadhyay.

wireless sensor technology that is heading towards a future

with the explosive development of IoT techniques, increasing

applications are found in various fields, including security,

tracking, agriculture, smart city and smart home. Due to the

high demand of multi-frequency and multi-function antenna

in communication technologies, compact and easily inte-

grated antenna design has received a vast amount of attention

in the last few years [2]. The transmission of the merged

communication data in the higher frequency is operated in the

unlicensed industrial, scientific and medical 2.4 GHz band. A

transparent loop antenna has been presented at [3] for IoT
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applications where the antenna allows placement of itself

at different places. A planar multi-standard MIMO antenna

for IoT applications has also been developed at [4]. Loop

antenna for biotelemetry IoT applications has been developed

at [5] where it is used to operate in three standards: GSM

900, GSM1800 andBluetooth LowEnergy (BLE).Wideband

planar array antenna has been proposed for the radar applica-

tions where the radiation efficiency is measured 79.8% with

4.8 dBi realized gain at 2.4 GHz [6]. Planar patch antenna

has also been presented at [7] for wireless communication

systems with a high gain of 3.7 dBi and radiation efficiency

of 73%. Leaky-wave antenna has been developed at [8] for

scanning application of passive radar system where the frac-

tional bandwidth is 136.5%. Planar antenna for GPS, Blue-

tooth and WiFi applications has been developed at [9] where

the fractional bandwidth is 143.66% with omnidirectional

radiation pattern. Thus, acceptable gain, bandwidth, radiation

pattern, radiation efficiency etc., are the main challenges

that need to be considered while designing microstrip patch

antennas that operates in 2.4 GHz band [10]–[12].

Wireless Communication industry demands light and com-

pact small antennas with low-cost fabrication [13]. In this

case, a miniaturized meander shaped antenna is a suit-

able candidate as the space available for its installation is

limited because it is introduced to achieve size reduction

by implanting wire structure on a dielectric substrate [14].

A compact meandering slotted microstrip antenna has been

proposed at [15] where it reduces the size of the antenna

with a fixed frequency operation [16]. Besides, light and

small antennas also reduce the bandwidth, gain and efficiency

that is another challenge for communication technologies.

Many techniques have been proposed by the researchers on

enhancement of the gain, efficiency and bandwidth with sat-

isfactory radiation characteristics by using meander shaped

antennas. One of the important limitations of a microstrip

antenna is single frequency and narrow bandwidth. A fork

like tuning stub is applied to the microstrip slotted antenna

to solve this issue [17]. A capacitive load (C-load) on

1.6 mm thick FR-4 substrate has been applied to enhance

the peak gain with a fractional bandwidth of 7.23% and

to improve the impedance matching which is a well-known

technique for performance improvement [18], [19]. In addi-

tion, embedded meander line slits have been applied at [20]

to enhance the fractional bandwidth. A technique to improve

the bandwidth and gain is applying parasitic patch to the

antenna. When parasitic patch is located closely to the

fed patch, it increases the bandwidth and gain by about

3.3 dB [21]. Parasitic patch has been applied with inverted

F-antenna to the mobile handsets for 2.4 GHz and the

impedance bandwidth is 90 MHz [22]. Super bandwidth

ranging from 2.90 to 20 GHz is obtained by applying

disk shape monopole antenna with parasitic element [23].

Impedancematching has been improved by applying parasitic

element where it works as director in the low operating

band from 1.61-3.45 GHz [24]. Shaped ground has also

been applied to the circular disk monopole antenna to match

the impedance which is 50-ohm [25]. Impedance bandwidth

also increases from 4.3% to 6% and 136% when applying

parasitic element to the microstrip antenna at 2.99-3.10 GHz

and 2.1-11.1GHz respectively [26], [27]. Various meander

shaped antennas with different sizes have been proposed and

measured for 2.4 GHz to get the good impedance fractional

bandwidth [28]–[31].

This paper presents a modified meander shaped antenna

for IoT applications at 2.4 GHz ISM band. The Computer

Simulation Technology (CST) Microwave Studio simulator

has been used for the simulation. The antenna is fabricated

on a double-sided FR-4 printed circuit board for experimental

measurements. In this design, a capacitive load is attached to

the feed line with the meandered patch, which aids to achieve

higher gain and bandwidth. It is shown that higher efficiency

and bandwidth are also obtained by the parasitic patch with

a shaped ground that keeps the gain static and increase

the bandwidth. Furthermore, an experiment to measure the

transmitted and received power using the antenna has been

performed and the results are found to be in good agreement

with similar experimental results of a dipole antenna.

II. ANTENNA DESIGN

The proposed meander shaped antenna (Figure 1) is designed

on surface of low-cost FR-4 substrate (relative permittivity

Er = 4.4, loss tangent = 0.02, and thickness of 1.6 mm).

The antenna’s size is 0.32λ × 0.08λ with the ground plane

of 0.25λ × 0.08λ, where λ is the wavelength at the operating

frequency. The main radiator is a simple microstrip meander

patch with two parallel lines that forms an inverse S-shape.

The inverse S-shape connects to the last parallel line and

forms a box shape B which is directly connected to the feed

line. There is a C-load S connected to the feed line to match

the impedance of 50-ohm and the impedance of the proposed

antenna is 47-ohm. In addition, a parasitic element P that

is incorporated at the right side of C-load and feed line to

obtain impedance bandwidth. In order to clarify the effect

of the shape B, C-load S and parasitic patch P, parametric

study for different values of B, S and P are performed.

FIGURE 1. Antenna topology.
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FIGURE 2. Simulated (a) reflection coefficient, (b) efficiency and gain of
the proposed antenna.

Figure 2 represents the reflection coefficient, gain and effi-

ciency of the prototype where the reflection coefficient at

2.4 GHz is −19.11 dB. The standard reflection coefficient

is set −10 dB. Simulated pick gain is about 1.347 dB with

79% efficiency.

The design evolution of the proposed antenna is given step

by step in Figure 3(a). Step 1 represents the basic antenna

with a partial ground having a length of 31mm. In step 2,

a capacitive load S is added into the meander line. A connect-

ing patch B is added into the meander line in step 3. Finally,

in step 4, a parasitic patch is added with the meander line.

The reflection coefficient, efficiency and realized gain curve

are given in Figure 3(b-d) which reflects the evolution of the

proposed meander line antenna at 2.4GHz.

III. PARAMETER STUDY OF THE

PROPOSED ANTENNA

Figure 4 and Figure 5 represent the parametric analysis of

the different length of S which is started from 0.0 mm to

12.5 mm. The resonant frequency of antenna 1 shifted to the

other frequency without the C-load (S = 0.0mm). Resonance

frequency does not follow the reflection coefficient standard

for antenna 2 to antenna 4. The proposed antenna achieves

the target frequency 2.4 GHz through applying 12.5 mm size

of S. The reflection coefficient also follows the standards

that is less than −10 dB. Antenna 1 shows the higher effi-

ciency and realized gain compared to proposed antenna, but

FIGURE 3. (a) Antenna evolution (b) reflection coefficient (c) efficiency
(d) realized gain.

it does not have the expected resonance. Antenna 2 to antenna

4 shows the less efficiency and realized gain at the target

resonance 2.4 GHz.
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TABLE 1. Parameters of proposed antenna.

FIGURE 4. Parametric analysis of different C-load (a) antenna 1
(b) antenna 2 (c) antenna 3 (d) antenna 4 (e) proposed.

It is observed in Figure 7 that the parasitic patch has

an impact on the reflection coefficient where it appears at

2.5 GHz for antenna 5 to antenna 7, but as the target is to

achieve 2.4 GHz, P = 27.5mm is the obvious point for that

target frequency. In this parametric, the width of the parasitic

patch was static 2.5mm. The major noticeable point is the

operational bandwidth. By applying the parasitic element

with different lengths, antenna 5 to antenna 7 show the higher

realized gain except the proposed length of 27.5 mm which

sets the resonant frequency at 2.4 GHz. Figure 8 presents the

efficiency curve in the context of width of parasitic patch. It is

noticeable that the efficiency remains same for every different

width at 2.4 GHz although the peak point of the efficiency

moves slightly in context of changes. Thus, the effect of the

parasitic patch is mostly depending on the length of it.

Figure 9 represents different shape of the structure B.

Analysis that has an impact to the reflection coefficient is

parametric of B shown in Table 2. It is observed that only

the proposed antenna gets the target frequency 2.4 GHz

with −19 dB reflection coefficient although antenna 8 and

antenna 9 have the accepted reflection coefficient, but the

frequency shifts to the other resonating points. The gain is

much lower than the proposed antenna for antenna 8 and

antenna 9.

Figure 10 represents different shape of ground plane of

the proposed antenna. Table 3 represents the parametric anal-

ysis results of different ground shape. This analysis shows

that the proposed antenna has the higher bandwidth and

FIGURE 5. Parametric analysis of different C-load (a) reflection
coefficient (b) efficiency (c) realized gain.

efficiency compared to ground shape of antenna 10,

antenna 11 and antenna 12. Though antenna 10 and antenna

11 have a good reflection coefficient and gain, the proposed

antenna ground has the target resonant frequency where the

rest were shifted to different frequency. Thus, according

to the results of the parametric numerical analysis, patches

S = 12.5mm, B = 1.5mm, P = 27.5mm and ground with
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FIGURE 6. Parametric analysis of different length parasitic patch
(a) antenna 5 (b) antenna 6 (c) antenna 7 (d) proposed.

FIGURE 7. Parametric analysis of different length parasitic patch
(a) reflection coefficient (b) realized gain of parasitic patch with
different length.

G = 31mm were chosen for the final design and an antenna

with these parameters has been fabricated. It is observed

that the ground plane has a good impact on the impedance

bandwidth. The bandwidth has enhanced when there is a

shaped ground plane. On the contrast, the bandwidth mostly

decreases with the changes of the length of ground plane

structure.

FIGURE 8. Parametric analysis of different width parasitic patch in
context of efficiency.

FIGURE 9. Parametric analysis of different B-Shape (a) antenna 8
(b) antenna 9 (c) proposed.

TABLE 2. Parametric analysis of B with the different length.

IV. SURFACE CURRENT AND EQUIVALENT LUMPED

CIRCUIT MODEL ANALYSIS

The current distribution of the antenna at 2.4 GHz is shown

in Figure 11. The interspersion of the box shaped radiator

helps to achieve a dominating current in the modified mean-

der line radiator, increasing the effective radiating length.

Also, significant current exists on the feed radiator from the

capacitive load. The radiating element in themeander antenna

shows that majority of the current distribution is concentrated

around the portion of the C-load to the meandered radiating

element, making it the main radiator. However, the current

distribution of the parasitic patch is high on the left side of

the parasitic element aiding the resonance of the antenna by

shifting it at 2.4 GHz and the extended upper part of C load

impacts the antenna in context of gain enhancement because

of the appearance of the high current on the upper part.
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TABLE 3. Parametric analysis of ground plane with the different length.

FIGURE 10. Parametric analysis of different ground shape (a) antenna 10
(b) proposed (c) antenna 11 (d) antenna 12.

FIGURE 11. Simulated current distribution of the optimized antenna
(a) surface current (b) H-field (c) E-field (d) scale.

The proposed antenna has been developed in terms of the

transmission line principle where a single patch represents as

a series RLC circuit. This type of structure postures passive

LC circuit that interact with resonance frequency, which is

denoted by the following equation,

f =
1

π
√
LC

(1)

FIGURE 12. Equivalent Lump circuit model for (a) Normal patch antenna
(b) Proposed antenna.

where L denotes the lumped inductance and C denotes the

lumped capacitance. The split inside themetal loop represents

capacitance and the metal loop itself form inductance.

The combination of the split and electric field generates

electric resonance, on the other hand, the magnetic fields and

the metal loops form magnetic resonances while applying the

electromagnetic wave propagation through the structure. The

formation of capacitance between the split can be explained

with the following equation,

C = ε0εr
A

d
(F) (2)

Here, ε0 represents free space and εr is relative permittivity,

the area of the split is A and d stands for the split length which

is ‘‘g’’ in the proposed structure. The equivalent inductance

is calculated according to the transmission line principle

mentioned in [2].

L(nH ) = 2 × 10−4l

[

ln(
l

w+ t
) + 1.193

+0.02235
w+ t

l

]

Kg (3)

where, l = length of microstrip line, w = width of microstrip

line, t = thickness of microstrip line, correction factor = Kg

= 0.57−0.145 lnw
′

h
′ , h

′ means the thickness of the substrate

andw′ means the width of the substrate. Both the external and

internal inductance must be considered to determine the total

inductance.

Figure 12 (a) represents the equivalent electrical mod-

eling of ordinary rectangular patch antenna that can be

designed as parallel RLC components based on cavity model.

Figure 10 (b) represents the equivalent lumped circuit model

for the proposed patch antenna where an inductor for the

metal strip and capacitors for the gaps have been included.

The strips that form magnetic inductance can be considered

as inductors and the capacitance are formed in and around the

strip gaps. The changes in the capacitance ‘C’ and inductance

VOLUME 7, 2019 127855



M. S. Islam et al.: Modified Meander Line Microstrip Patch Antenna With Enhanced Bandwidth

FIGURE 13. Fabricated antenna (a) patch (b) ground.

FIGURE 14. Reflection coefficient of the prototype.

FIGURE 15. Measured and simulated realized gain.

‘L’ due to the dielectric loading leads to considerable shift

in the frequency of resonance. In this model, the combina-

tion of L1 to L9 and C1 to C5 represents the equivalent

lumped model of the feed line, C-load, B-shape, parasitic

patch and shaped ground. R1 to R7 and G1 to G4 represents

the equivalent resistance in series and parallel form of the

equivalent lumped circuit model. L1 represents the feed line

and L2 represents the C-load of the proposed antenna where

L9 represents the parasitic patch. The gap between them

creates the capacitance C1. L3, L4, L5 and L6 are the patch of

the proposed antenna where the gaps between L4 and L5 cre-

ates capacitance C3. C4 emerges due to the gap among L3,

L4 and L5. L7 and L8 also represent the parasitic patch and

create capacitance C2 and C5 due to the gap between patch

and parasitic element. As the top and bottom conducting

FIGURE 16. Radiation pattern measurement.

FIGURE 17. Simulated and measured radiation patterns of the proposed
antenna at 2.4 GHz (a) E Plane (b) H Plane.

layers are separated by a dielectric material FR4, capacitance

emerges between the patch and ground plane and it is named

as Cg which creates capacitance due to the gap between patch

and shaped ground.

V. RESULTS AND DISCUSSION

The proposed antenna was fabricated and validated by

measurement. Figure 13 represents the fabricated antenna.
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FIGURE 18. (a) Block diagram of antenna power transmission and
receiving with dipole and proposed antenna (b) data of power received
and transmitted using the antenna with respect to distance between Rx
and Tx for one-meter (c) data of power received and transmitted using
the antenna with respect to distance between Rx and Tx for Two-meter.

An SMA connector was used at the input port to feed the

radiator. During the antenna measurements, a power network

analyzer (PNA-E8362C 10 MHz-67 GHz) was used to mea-

sure the input impedance of the prototype. The measured and

simulated reflection coefficients for the proposed antenna are

shown in Figure 14. The simulated impedance bandwidth for

|S11 | < −10 dBwas 146MHz (2.336 – 2.482GHz), whereas

the measured result was 300 MHz (2.35-2.65 GHz) which is

almost double of the simulated result. However, simulated

and measured results are in good agreement, though a little

mismatch is observed in the bandwidth. The main reasons of

the mismatch between two results are fabrication tolerance

and deficient soldering effects of the SMA connector. More-

over, this bandwidth disagreement may be occurred due to

FIGURE 19. (a) System setup (b) data transmission setup (c) data
receiving setup (d) data transmission (e) data receiving.

RF feeding cable, which was not considered in simulation.

Figure 15 shows the simulated and measured realized gain

of the proposed antenna where the measured realized gain
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TABLE 4. Performance comparison for the state of microstrip meander antenna at 2.4 GHz.

is −0.256 dB which has achieved a satisfactory gain as it is a

very small in size. The slight discrepancy between simulated

and measured gain at the operating frequency may have been

arise due to the utilization of the blue cable and connector dur-

ing themeasurement, shown in Figure 15. The extra cable and

connector used for measuring the gain have not been consid-

ered in simulation.

The antenna radiation pattern has been performed in the

SATIMO anechoic chamber depicted in Figure 16. The simu-

lated andmeasured radiation patterns of the proposed antenna

for ϕ = 0◦ and ϕ = 90◦ at 2.4 GHz are shown in Figure 17(a)

as E plane and Figure 17(b) as H plane. The antenna achieved

omnidirectional radiation patterns at ϕ = 90◦ and bidirec-

tional patterns at ϕ = 0◦ plane. The cross-polarization level is
negligible in both planes. An experiment has been conducted

to measure the power of received signal using the proposed

antenna. The experiment setup is shown in Figure 16. Perfor-

mance Network Analyzer (PNA-E8362C 10 MHz-67 GHz)

has been used as signal generator to transfer signal at

2.4 GHz using the transmitting antenna and Spectrum Ana-

lyzer (N9342C 100 kHz-7 GHz) has been used to measure

the received power at 2.4 GHz. Initially, power received by
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a dipole antenna from another dipole antenna at 2.4 GHz is

taken as reference. 10 dB and 20 dB attenuation have been

applied at the transmitting and receiving end. The data of

received power has also been obtained varying the distance

between transmitting and receiving antenna (one-meter and

two-meter). For analyzing the result, the transmitted power is

set from−10 dBm to+15 dBm gradually. Values of transmit-

ted and received power of dipole to proposed antenna (D-P),

proposed to dipole antenna (P-D) and dipole to dipole

antenna (D-D) are shown in Figure 16. The value of received

power are −57 dBm, −58 dBm and −65 dBm for D-P, P-D,

and D-D respectively when the distance between transmitting

and receiving antenna is one-meter and transmitted power

is −10 dBm, depicted in Figure 18 (a). When the transmitted

power is +15 dBm, at the receiving end −32dBm, −36 dBm

and −28 dBm power are observed. Figure 18 (b) represents

the data of transmitted and received power when the dis-

tance of transmitter and receiver is two-meter. It shows the

received power values are−65 dBm,−68 dBm and−63 dBm

respectively for D-P, P-D, andD-D configuration at−10 dBm

transmitted power. By analyzing the received and transmitted

power in terms of distance, it is observed that the receiving

power is decreasing for D-P, P-D and D-D as the distance

is increased. However, the data of power transmitted and

received are close to the data of the reference configuration

D-D with approximately 2-5 dBm variation.

Figure 19 (a) shows the block diagram of experimental

setup of the proposed antenna which is performed by Arduino

microcontroller and radio frequency module at 2.4 GHz.

The data transmission setup contains the DHT temperature,

humidity and heat index sensor, light dependent resistor

and the proposed antenna as a transmitter which is shown

in Figure 19 (b). On the other side, the proposed antenna

has been set up as a receiver connected with the Arduino

Uno which is shown in Figure 19 (c). The distance between

transmission and receiving antenna has been set three meter

which is performed in a room temperature. The proposed

antenna is successful in terms of receiving the sensor data

and sending to the other antenna. The receiving sensor data is

given at Figure 19 (d) and the transmitted result data has been

shown in Figure 19 (e) which has been performed by applying

the Realterm hyper-terminal application tool by setting up the

specific port and baud rate.

Table 4 compares the proposed antenna with the existing

microstrip antenna for 2.4 GHz. Many researchers have pre-

sented many structures of the antenna for 2.4 GHz with para-

metric and measurement results for different applications.

The comparison shows that the proposed antenna has the

higher fractional bandwidth compared to all except the design

presented by Park et al. It is noticeable from the comparison

table that the existing antenna sizes which are mostly larger

than the proposed antenna have lower fractional bandwidth.

The gain is another issue with the proposed antenna. The

simulated gain of the proposed antenna is higher in some

cases compare to the existing ones although it has lower mea-

sured realized gain due to the utilization of the blue cable and

connector during the measurement. In addition, most of the

presented antennas are developed for an intended application

but the implementation or testing for that specification have

not done properly. Compare to that, the proposed antenna

has been used in the real time IoT application to verify the

performance at 2.4 GHz. Thus, with reference to the table,

the performance of the proposed antenna is more compatible

than others which is an acceptable solution for 2.4 GHz IoT

applications.

VI. CONCLUSION

Applying antenna as a wireless sensor technology is one the

advantages in IoT applications. In this paper, we presented

a modified microstrip meander line antenna for the 2.4 GHz

ISM band which is a potential solution to apply in IoT based

applications. The performances of inverse S-shape, rectangu-

lar box, capacitive load and parasitic patch were investigated

numerically and validated with measurements result. The

parametric analysis of the ground plane was also investigated,

and it came up with a shaped ground. Results demonstrated

that, due to applying rectangular box and shaped ground

plane, the antenna came with a good efficiency and positive

simulated gain of 1.347 dB. It was also noticeable that the

capacitive load keeps the gain and efficiency static and it was

an appropriate solution for impedance matching. Parasitic

patch applying to the antenna creates the higher fractional

bandwidth of 12.5% which has got the special attention when

it is compared to other conventional antennas. In addition,

the antenna has been used as a transmitter and receiver to ver-

ify the eligibility and efficiency of the antennas’ performance

for the intended IoT applications by observing the transmitted

and received power of the antenna. Finally, the antenna is

validated through applying to radio frequency module and

IoT sensors at 2.4 GHz.
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