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Abstract
Objectives: To investigate the effect of comb-like slot dimensions on the dual-
bandmicrostrip antenna performance parameters.Methods: Alternate comb-
like slots are placed on the microstrip patch and the slot dimensions are varied
to observe the effect on the antenna performance parameters. The design
is simulated in the Mentor Graphics software package. The Mentor Graphics
software results are verifiedwith Finite Difference TimeDomain (FDTD) analysis
in MATLAB. The measured results on the Vector Network Analyzer (VNA) are in
good agreement with the simulated results. Findings: A dual-band operation
resonating at 2.25 GHz and 3.5 GHz is observed. The return loss of -30.23
dB and -33.3 dB at 2.25 GHz and 3.5 GHz is noticed. The gain and directivity
at 2.25 GHz are 4.11 dBi and 6.2 dBi; whereas, at 3.5 GHz it is 4 dBi and
6.8 dBi respectively. It is observed that the slot width significantly influences
the impedance matching. The alternate arrangement of comb-like slots on
the patch increases the electrical length and improves the Return Loss (S11).
Novelty: Enhancement of S11 characteristics without significant shift in the
resonating frequency by felicitous placements of comb-like slots is the novelty
of the proposed work.

Keywords: Slotted Antenna; Dual Band; FDTD; UPML; Return Loss (S11)

1 Introduction
As the number of Internet ofThing (IoT) devices are increasing day by day, the design of
multifrequencyminiaturized antennas is the foremost consideration by the researchers.
According to CISCO IBSG about 50 billion devices are connected with the Internet
of Things (IoT) (1). The slot dimensions influence the modes in which the antenna
operates, an Integrated Waveguide (SIW) based triangular ring slots and its effect on
the individual resonant frequency is discussed in (2). The frequency ratio and isolation
between the bands in case of multifrequency antenna is presented in (3). In the work (4)

an asymmetric feed to create additional modes and its flexibility to tune the slotted
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structure resulted in required frequency ratio with increased gain is demonstrated. Slotted structures have been widely used to
attain wideband performances (5,6). Meta surface and fractal antennas offer miniaturization with improved performance (7,8).
The antenna performance parameters have been compromised in achieving multiband operation with E-shaped sectorial
microstrip antenna is discussed in (9). Different methods of antenna fabrication have been investigated recently; an embroidery-
based fabricated bow-tie antenna is investigated in (10). Polarization diversity is also themain parameter often experimentedwith
slot antennas. Annular slots and appropriate placement with inductor and capacitor between them provide choice to tune the
structure to a required sense of polarization (11). A dual-polarization has been obtained with the help of a horizontal stub, L-
shaped strip with slotted ground plane (12).Multiple InputMultipleOutput (MIMO) antenna for increasing the channel capacity
is presented in (13). Different slotted structures at the different positions on the patch antenna offer multifrequency as well as
wideband performance. Ameandered cross-shaped slot yields better performance in ultra-high Radio Frequency Identification
(RFID) applications (14). In future wireless communication, millimeter and microwave applications need to work with a single
system where the high-frequency ratio between the higher and lower frequency is needed. Two separate antennas are designed
to achieve the required frequency ratio (15). A dual-band antenna design using Artificial Neural Network (ANN) is reported
in (16). Diagonally truncated corners and a Split Ring Resonator (SRR) give polarization flexibility (17). (18) FDTD analysis of
fractal antenna for satellite communication is presented. FDTD is an efficient tool in the electromagnetic analysis with real-
time visualization of radiating fields (19,20). A combination of slots with fractals helps to improve bandwidth as well as gain
with light compromise in the quality factor of the antenna (21). A one-dimensional and two-dimensional leaky-wave antenna to
detect cancer cells is presented in (21).

The present work elucidates a complimentary comb-like slotted antenna. The proposed antenna provides dual frequency
operation. The parametric variation in slot length and width gives a perceptible improvement in the antenna characteristics. A
decrease in the slot width gives improved return loss and radiation characteristics. The sleets enhance the radiation capability
of the antenna by increasing its electrical length. Parametric optimization gives more enhanced performance. The antenna
performance with and without sleets is compared. It is observed that, the antenna gives a noticeable improvement in the return
loss characteristics with trivial shift in the frequency bands. Both the bands are isolated and operate independently at 2.25 and
3.5 GHz. A frequency ratio between the higher and lower band is found to be 1.55. A FDTD analysis is performed on proposed
antennas with wide slots and miniaturized slots to observe the electromagnetic behavior of the antenna.The results from IE3D
and FDTD simulations closely match.

2 Methodology
Initially, a simple rectangular patch antenna is designed for Wireless Local Area Network (WLAN) by considering the
empirical equations.The antenna is edge-fed and optimized to achieve a dual-band performance. Table 1 andTable 2 shows the
specifications and dimensions of the antenna. The slots of width 3 mm and length 14 mm have been placed on the microstrip
patch.The slot width and length are optimized to obstruct the path of current flow and to improve the return loss characteristics.
Figure 1 depicts the images of antenna. The proposed antenna was simulated in ZELAND IE3D software. Figure 1 shows the
development of the geometry from initial rectangular patch to the final optimized geometry.

As a parametric study, the length, width and position of the slots are varied to obstruct the path of current distribution. The
feed dimensions and position are optimized for impedance matching at the feed location. Figure 2 shows Antenna 3 and the
surface current distribution. Slots of 1 mm wide and 18 mm long are symmetrically and alternatively placed on the microstrip
patch in Antenna 3.

Table 1. Design specifications
Design Variables Values
Frequency Dielectric constant Height of the substrate 2.4 GHz 4.4 1.56 mm

Table 2. Designed dimensions
Design Variables Values in mm
Length of the ground Width of the ground Length of the Patch Width of the Patch 40 50 28 40
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Fig 1. Proposed antennas

Fig 2. Antenna 3 and current distribution

3 Results and Discussion
Figure 3 shows the overlapped plots of Antenna 1, Antenna 2 and Antenna 3. Figure 3 (a) depicts the information about S11,
VSWR in Figure 3 (b), Gain in Figure 3 (c), the directivity in Figure 3 (d). Figure 3 (e) gives information about the axial ratio
and polarization.

3.1 Antenna 1

A dual-band performance is observed in Antenna 1, the Antenna 1 is resonating at 2.30 GHz and 3.64 GHz with the S11 value
of -22 dB and -17.5 dB. A VSWR value at both the bands is 1.2 which indicates the good matching at the feed. The gain of
Antenna 1 at the first band is 3.2 dBi and at the second band is 4.2 dBi. The directivity value is 3.4 dBi and 4.4 dBi, respectively.
-10 dB bandwidth at both the bands is 18.75% and 11.20% respectively. The frequency ratio of the higher band to the lower
band is 1.5826.The antenna is circularly polarized at both the bands with an axial ratio of 0.7 and 0.3 at lower and higher band,
respectively. Figure 3 shows the plots of various parameters of Antenna.

3.2 Antenna 2

As a result of slot insertion, the return loss plot of Antenna 2 at the first band remained unchanged whereas, at the second band,
it is enhanced from -17.5 dB to -25 dB. After the insertion of comb-like slots, a slight shift in the frequency bands is observed.
A slight shift in the frequency bands is due to the change in surface current distribution. The value of VSWR at both the bands
is closely to 1. The gain is slightly improved, at the first band from 3.2 to 3.3 dBi and at the second band from 4.2 to 4.3 dBi.
Directivity at the first band is unchanged while at the second band, it is improved from 4.4 dBi to 4.5 dBi.The -10 dB bandwidth
is improved in both the bands, in the first band the value is 19.8% and in the second band, it is improved to 15%.The frequency
ratio is 1.58. The axial ratio at the first band is 0.7 and at the second band 0.5 which shows that Antenna 2 has retained its
circular polarization characteristics in both the bands.
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3.3 Antenna 3
As a result of a change in the slot dimensions and placement, the frequency bands are slightly shifted to the left. The band-
1 shifted at 2.2 GHz and the band 2 is shifted to 3.5 GHz. The current distribution at the edges of the slots in Antenna 3 is
increased as shown in Figure 2, as a result the S11 parameter is enhanced in both the bands at 2.2 GHz with S11 value of -32 dB
and at 3.5 GHz with S11 value of -35.2 dB. The gain and directivity are improved, the gain of 3.9 dBi and 4.3 dBi respectively
in both the bands is observed. The values of directivity in both the bands are 4 dBi and 4.6 dBi respectively. The improvements
are seen at the expense of -10 dB bandwidth. The bandwidth at 2.2 GHz is 16.8% and at 3.5 GHz it is decreased to 8.6%. The
frequency ratio of 1.6 is realized. The axial ratio plot shows the value below 1 at the desired frequencies, making it suitable
for applications where circular polarization is desired. Figure 3 shows the improvement in the S11 plot from Antenna-1 to the
Antenna-3. The antenna with a 1mm wide slot (Antenna-3) slows the better performance compare to the other two. The slight
shift in the frequency band is within the tolerance. Table 3 shows the detailed comparison of all three antennas. Improvement
in the gain, directivity, return loss and the axial ratio is noticeable. The frequency ratio is within the acceptable range.

Fig 3.The plots of various parameters of Antenna 1

3.4 Antenna Analysis using FDTD
An FDTD analysis is carried out on Antenna-2 and Antenna-3 to observe the electromagnetic behavior using the concepts
explained in [20],[21]. Starting from Maxwell’s curl equations, the update equations are derived using central difference
approximation. UPML boundary conditions are used to ensure reflectionless boundaries. The code is simulated in MATLAB.
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AGaussian pulse is used as an input. Yee cell dimensions are chosen to accommodate the smallest dimensions of the geometry.
The number of cells in the X directions is chosen as 40 with a cell resolution of 1 mm. 50 cells are taken in Y direction with a
cell resolution of 1mm. similarly, 8 cells are taken in the Z direction with a 1mm cell size. Total 4000 iterations are carried out.
The images from FDTD simulations of Antenna-2 and Antenna-3 are shown in Figure 6 and Figure 5.The S11 parameters from
FDTD simulations resonate at almost the same frequencies as that of ZELAND IE3D simulations as shown in Figure 4.

Table 3. Performance comparison Antenna 1, Antenna 2 and Antenna 3
Parameters Fr (GHz) S11 Gain (dBi) Directivity (dBi) -10 dB BW Freq Ratio Axial Ratio
Antenna 1 2.30 3.64 -22 -17.5 3.2 4.2 3.4 4.4 18.75% 11.20% 1.5826 0.7 0.3
Antenna 2 2.32 3.68 -22 -25 3.3 4.3 3.4 4.5 19.8% 15% 1.58 0.7 0.5
Antenna 3 2.2 3.5 -32 -35.2 3.9 4.3 4.0 4.6 16.8% 8.6% 1.6 4.0 0.1

Fig 4.DTD simulated S11 of (a)Antenna-2 and (b) Antenna-3

Table 4. Comparison with existing literatures
Ref. Frequency Range

(GHz)
Dimensions
(mm)

Gain (dBi) Freq Ratio AR BW

(1) 2.18-2.69, 2.85-
3.38

15×33×0.8 —– 2 2.17

(2) 14.43-16.49 15.4×32.60×1.57 —– 1.142 —–
(5) 3.75-10.23, 11.12-

12.75
20×20×1 3.678,6.36 —– 74.62,12

(10) 2.1-2.9,2.3-2.5 65×55×1.6 2.9-3.4, 4.2-4.7* 1.63,2. 8.1,4.9,4.3,4.
41 6

(11) 1.45-1.72,1.86-
2.29

70×70×1.6 2.5-4 1.286 9,11

(13) 0.902-0.924,0.900-
0.923,0.915-0.920

62× 62× 1.6 2dBic 7

(14) 5.74-5.9,5.76-5.94 100×100×0.2 10.4/8.5/4.5/9.3
7.3

5.2 ——

(15) 3.5 60(fc) 45 2.2dBic 17
(16) 5.725-5.875 80× 86× 2.6

70× 70× 1.3
7.3,8.5 —– 23

(17) 3.1-4.7 70× 70× 1.6 —– 3.1,4.2
Proposed
(Antenna 3)

2.0–2.38,
3.35-3.65

40× 50× 1.56 3.9, 4.3 1.6 22.7
14.2
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3.5 Measured Results from Vector Network Analyzer

Antenna 2 is fabricated and tested with the help of a VNA. The fabricated antenna is shown in Figure 7. The measured S11
results nearly matches with the simulated results as shown in Figure 8 (a). The slight shift in the bands is due to the production
errors, material tolerance and connector losses during the fabrication. VSWR plot in Figure 8 (b) resembles simulated results.
The measured results validate the software simulated results. The proposed antenna is suitable for localization and tracking
applications. The proposed method of inserting alternate comb-like slots of optimized dimensions is useful in comparison to
the existing literature. As this method provides an improvement in the antenna performance without significant shifting in the
bands. In future work, the comb-shaped slots can also be experimented with the different feed locations and feeding techniques
to arrive at the optimum results without shifting in the frequency bands. In the present work, themethod has experimentedwith
line feed for simplicity. Identifying a specific placement of slots can greatly simplify the research in multifrequency antennas
which is the focus of this work.

Fig 5. E Field strength of Antenna 3

3.6 Limitations and Future Scope

As the slit width is reduced the fabrication of the proposed antenna becomes impractical, the method may not work in the case
of all the shapes of microstrip antennas. As a future scope, the appropriate combination of slits for a particular shape of the
antenna can experiment with. The modal study may give more clarity on how the slots influence the modal currents to give a
required performance of the microstrip antenna.
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Fig 6. E Field strength of Antenna 2

Fig 7. Fabricated Antenna 2
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Fig 8. (a) Measured S11 (b) Measured VSWR

4 Conclusion
The proposed antenna shows the improvement in S11 from -22 to -32 and -17.5 to -35.2, Gain is improved from 3.2 dBi to 3.9
dBi and 4.2 dBi to 4.3 dBi, Directivity is improved from 3.4 dBi to 4.0dBi and 4.4 dBi to 4.6 dBi without a significant shift in
the resonating frequency with a frequency ratio up to 1.6. A frequency shift of less than 100 MHz is observed. The antenna is
circularly polarized thus, making the antenna suitable for location tracking and IoT applications operating at the 2.2 GHz and
3.5 GHz. FDTD analysis and measured results ensures the correctness of the implementation.
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