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Abstract - The generation of dual-band and the tuning of microstrip antenna is an important aspect of practical
applications. In this paper, a technique for the development of an antenna which can be tuned for two bands is described.
We propose two techniques, namely: (i) by cutting an inclined slit on the rectangular patch and (ii) by adding an extra
portion to the patch. A simple rectangular patch antenna is first designed for its operation in the S-band at 2.4GHz. This is
followed by the introduction of an inclined slit of width 100um on the radiating patch connecting the two edges to
transform the original antenna into a dual-band antenna. Next, by adding an extra portion at the upper end of the patch
and by varying the dimension of the extra portion, we convert it for dual frequency tuning. Prominent results are observed

and are discussed in this paper.
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1. Introduction

Microstrip antenna (MSA) is becoming popular in
microwave communication because it meets the emerging
challenges with respect to size, performance, and cost. It
offers the advantages of lightweight, low profile, ease of
fabrication at low cost and compatibility with the
integrated circuit. Despite these advantages, one of the
foremost drawbacks of the patch antenna is its narrow
bandwidth. For advanced communication systems, to meet
the diversified requirement for communication, it is
necessary to assemble multiple antennas in a device,
increasing the system's size and cost. Sometimes, the
electromagnetic (EM) incompatibility among different
antennae may lead to deterioration of the system stability.
To overcome these drawbacks, the multi-band, as well as
the reconfigurable antenna, becomes highly desirable. To
cover several frequency bands with a single antenna
having enough efficiency and bandwidth is a challenge.
The only possible solution is the development of a
reconfigurable antenna, which tunes for different
frequencies. This paper proposes techniques to convert a
single-frequency rectangular MSA (RMSA) to a dual-band
one by introducing an inclined slit. Then, by adding an
extra portion at the upper end of the patch, we make the
antenna tunable for dual-frequency operation. Multiple
resonances within the same physical geometry are mainly
achieved by changing the electrical length for the current
distribution on the radiating patch. In their previous work,
the authors have shown a simulated work for achieving
dual band operation by cutting a slit at an inclination of 45°
over the radiating patch presented elsewhere[1].
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In the proposed work, we use two techniques, namely:
(i) to convert a single antenna to dual resonant frequencies
by using a 100um inclined slit, and (ii) to make the
antenna tunable by adding an extra portion to the upper
end of the patch. Finally, combining both techniques, we
design a dual resonant frequency tunable antenna.

2. Related Works

Various techniques have been developed and reported
for achieving dual band operation with a single patch
antenna, e.g. by using the shorting post as in [2, 3], stub of
different lengths as in [4], meander line technique as in [5],
F, E, Y, U, and H shaped antennas as in [6-11,27,37], slit
having defected ground structure (DGS) as in [12, 13], the
combination of slit and slots as in [14, 15, 16], and
multiple arms radiating elements as in [18, 39].

Some researchers used to design reconfigurable
antennae by loading multiple split ring resonators as in
[19], tuning stub over the patch feed line as in [20, 21], by
using radio frequency (RF) MEMS technology as in
[22, 40], by using PIN diode and varactor diode as in [24,
25]. Tunable aperture-coupled MSA has been designed
and integrated into [26]. A digitally tunable capacitor
(DTC) is used to reconfigure an antenna [41]. Insertion of
slits on the patch to reconfigure an antenna was reported in
[28]. Tuning of the fork-shaped antenna with the n-shaped
parasitic element and the partial slotted ground has been
presented in [29]. By varying the reverse bias voltage of a
varactor diode, the electrical length of the radiating patch
can be varied and make the antenna tunable, as reported in
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[23,30]. An inverted F-antenna (IFA) having an open slit
etched on the top of a plate has been designed and reported
in [38,42]. Metamaterial-based monopole patch antenna to
tune frequency over a wide bandwidth was proposed in
[32]. To reconfigure a dielectric patch antenna, a novel
varactor loading scheme has been proposed [17, 33].
Shorting posts are used between the patch and ground
plane at different locations to tune an antenna over the
entire 5GHz wireless local area network (WLAN) band, as
in [34].

3. Materials and Methods

The RMSA is designed to operate in the dominant
mode (TM10), which resonates at a frequency of 2.4GHz.
Theoretically, the resonant frequency can be calculated
from equation (1) as in [43]:

1 2 2
A RGN

Where po = permeability of the medium, & =
permittivity of the medium, a is the length of the patch, b
is the width of the patch, and m, n=0,1,2,3...

For dual frequency resonant patch antenna, cutting slit
or inserting slots provides two current paths, which leads
to two resonant frequencies [36]. Now, the approximated
values of the two resonant frequencies in accordance with
the two current paths can be calculated from equation (2)
and equation (3):

—_Yo

fl - 2L\, (2)
—_Y

f2 - ZLZ\/E—T (3)

Where L;and L, are the average lengths of the current
paths of first and second resonant frequenciesf; and £, vo
is the speed of light in free space.

The antenna is designed on flame retardant-4 (FR-4)
epoxy, and a microstrip line feeding technique is used to
excite the patch. After that, a slit with an inclination is
introduced on the radiating patch at different positions (p)
and with different inclined angles (6). Fig.1(a) through
Fig.1 (d) shows the schematic diagram of the antenna
configurations. The design parameters of the proposed
antenna are given in Table 1. The "p™ is varied in steps of
1mm along the width of the patch from one of the non-
radiating edges, as shown in Fig.1 (b).
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Fig. 1(a) Schematic diagram of a simple RMSA

Fig. 1(b) Schematic diagram of a RMSA with the inclined slit.
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Fig. 1(c) Schematic diagram of a RMSA with an extended portion at
the upper end of the patch.
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Fig. 1(d) Schematic diagram of a RMSA with the
combination of extended portion and inclined slit.

Furthermore, for each value of "p", the angle "8" is
varied within the range of 35° to 85° in steps of 5°, assuring
the slit is being inclined over the patch. In the proposed
work, out of all the results, we consider the best result
where the position of the slit is at a distance of p = 37mm
from its edge, having an inclination angle of 70°. With the
introduction of the slit, the antenna resonates at dual
frequencies of 1.95GHz and 2.44GHz. If we add an extra
portion at the upper side of the antenna and vary its
dimensions (X and Y), as shown in Fig.1 (c), it becomes
tunable. Finally, we design an antenna, as shown in Fig.1
(d), which is a combination of Fig.1 (b) and Fig.1 (c). In
the proposed work, we have examined the different
parameters of the antenna for the different values of "X"
and "Y".

The design parameters of the antenna are given in Table 1.

Table 1. Design parameters of the antenna
Parameters Values
2.4 GHz
28.2 mm
47 mm
1.5mm
100um
1.8mm
15mm
1, .....47mm
35°,..,85°
3,6,9,12 & 156mm
5, 15, 25,35 & 45mm

The following algorithm is followed to design the

proposed antenna:

<|X|omo|a|~|e |=|s |—|=

Step 1: The frequency range for which the antenna is to be
designed is selected.

Step 2: Pick up the suitable material to design the antenna
based on profile, size etc.
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Step 3: Calculate the dimension of the patch for the
required specifications.

Step 4: Design the antenna using any EM simulation
software tool and analyze the design.

Step 5: Optimize it for the best-performed dual frequency
antenna by varying the desired parameters ("p" and
"0").

Step 6: Design the dual resonant frequency antenna by
using HFSS.

Step 7: Introduce an extra portion at the upper end of the
patch to tune the antenna.

Step 8: Optimize for the best-tuned result by varying the
dimension of the added portion

Step 9: STEP 9: Design the antenna and measure the

results.
The flow chart for the proposed design is given in Fig. 2

Calculate the dimensions of the patch.

v

Design a single frequency antenna using HFSS

2
Introduce inclined slit to convert the antenna to dual

freauency operation.

P

Varying the
position and
inclined
angle of the
slit.

Optimum
results

Design the final dual frequency antenna using HFSS

v

Introduce extra portion at the upper side of the
original patch

Varying the 1

dimension
of the upper
portion by
varying the
value of

“X” and
Wy

Optimum
results

Design the antenna and measure the results.

Fig. 2 Flow chart of the proposed design

4. Results and Discussion

A simple patch antenna having 100um slit at 37mm
and 70° inclination is designed, and then by adding an
extra portion at the upper end of the antenna, we have
simulated different antennas by using HFSS (Version:
13.0). In this work, we analyze the parameters for X =
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3mm & 15mm and Y=5mm, 15mm, 25mm, 35mm &
45mm.

4.1 Return Loss Measurement

The simulated return loss for the designed antenna
(p=37mm and §=70° with different "X" and "Y" are given
in Table 2. It is observed that as the dimension of the upper
end is increased, the resonant frequency is shifted towards
the lower frequency side. Fig. 3 (a) shows the plot of return
loss (S11) in dB versus frequency in GHz for the
dimension of the added portion X = 3mm, Y=5mm, 15mm,
25mm, 35mm, and 45mm. Fig.3 (b) shows the same plot
for X=15mm, Y=5mm, 15mm, 25mm, 35mm, and 45mm.

It is observed that increasing the dimension of the
patch by extending the values of "X" and "Y" increases the
antenna's electrical length. As a result, the resonant
frequencies are drifted towards the lower frequency end.

Table 2. Observed resonant frequencies and return Loss.

X Y f1 Sua(f1) fa Su1(f2)(dB)
(mm) | (mm) | (GHz) | (dB) (GH2)

0 0 1.95 -14.10 2.44 -12.20

3 5 2.00 -16.80 2.56 -17.73
15| 2.00 -21.73 2.54 -15.31
25 | 2.00 -15.95 2.47 -20.24
35| 1.98 -12.04 2.36 -16.86
45 | 197 -19.80 2.34 -18.13

15 5 2.00 -18.95 2.52 -18.64
15| 1.99 -18.00 2.50 -18.88
25| 1.83 -2.25 2.11 -9.03
35| 1.60 -14.00 1.88 -13.80
45 | 1.60 -25.47 1.72 -19.14

Return loss in dB

— X=3, Y=5
——X=3,Y=15 |
X=3,Y=25 | |
—— X=3,Y=35
X=3, Y=45

-22 4

L e B E—
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Fig. 3(a) Return loss plots of the patch antenna for X=3mm, Y=5, 15,
25, 35 and 45mm.
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Fig. 3(b) Return loss plots of the patch antenna for X=15mm, Y=5,
15, 25, 35 and 45mm.
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4.2 The Radiation Pattern

To observe the radiation pattern, we perform the
experiment for different antennas with the required specific
dimensions in the HFSS plateform. For the patch having an
incline slit at p = 37mm and 0 = 70°, the E-plane radiation
patterns are shown in Fig. 4(a) through Fig.4 (e), and the
H-plane radiation patterns are shown in Fig. 5 (a) through
Fig.5 (e) for the extended patch dimensions of (X=0, Y=0),
(X=3,Y=5),(X=3,Y=45),(X=15Y=5)and (X =
15, Y = 45) respectively. ( 1%t resonant frequency,

——— 2" resonant frequency).

The current distributions over the patch at their
resonant frequencies are shown in Fig.6 (a) through Fig.6
() for the patch having slit at p = 37mm and 0 = 70° for
extended dimensions (X =0, Y =0), (X=3,Y =5) and
(X=15,Y=5).

-180

Fig. 4(a) E-plane for f1=1.95GHz f,=2.44GHz at dimension X=0mm,
Y=0mm.
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-180 -180
Fig. 4(b) E-plane for fi=2GHz f,=2.56GHz at dimension X=3mm, Fig. 4(e) E-plane for fi=1.6GHz f,=1.72GHz at dimension X=15mm,
Y=5mm. Y=45mm.

-180
-180
Fig. 4(c) E-plane for f1=1.97GHz f,=2.34GHz at dimension X=3mm,
Y=45mm. Fig. 5(a) H-plane for f;=1.95GHz f,=2.44GHz at dimension X=0mm,
Y=0mm.

180 -180
Fig. 4(d) E-plane for f1=2GHz f,=2.25GHz at dimension X=15mm, Fig. 5(b) H-plane for f;=2GHz f,=2.56GHz at dimension X=3mm,
Y=5mm. Y=5mm.
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Fig. 5(c) H-plane for fi=1.97GHz f.=2.34GHz at dimension X=3mm,

Y=45mm.
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Fig. 5(d) H-plane for fi=2GHz f.=2.25GHz at dimension X=15mm,

Y=5mm.
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Fig. 5(e) H-plane for fi=1.6GHz f,=1.72GHz at dimension X=15mm,

Y=45mm.
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Fig. 6(a) Surface current distribution over the patch at 1.95GHz
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Fig. 6(b) Surface current distribution over the patch at 2.44GHz
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Fig. 6(c) Surface current distribution over the patch at 2.00GHz

having X=3mm, Y=5mm.
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Fig. 6(d) Surface current distribution over the patch at 2.56 GHz
having X=3mm, Y=5mm.
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Fig. 6(e) Surface current distribution over the patch at 2.0GHz
having X=15mm, Y=5mm.
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For higher resonant frequency near 2.44GHz, the
surface current direction is along the length of the patch.
But, it is oriented along the width of the patch due to the
insertion of the slit, which causes an increase in the
average length of the current path. Due to the extension of
the patch dimension and the insertion of the slit, the
antenna's electrical length is increased, resulting in low-
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frequency radiation. The radiation pattern shows a
broadside radiation pattern for both the E and H-plane in
higher resonant frequency. At the same time, a back lobe
pattern is observed at the lower resonant frequency.
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Fig. 6 (f) Surface current distribution over{l'he patch at 2.25GHz
having X=15mm, Y=5mm.

5. Conclusion

The observed results show that by the introduction of
the slit, dual frequency operation can be achieved. By
adding an extra portion to the patch's upper end, we can
achieve dual frequency tuning. In our proposed design, it is
possible to tune in the upper frequency from 1.72GHz (
S11 = -19.14dB, Gain = 1.8dB) to 2.56GHz (S11 = -
17.73dB, Gain = 4.67dB ) and lower frequency from
1.6GHz (S11 = -25.47dB, Gain = 1.85dB ) to 2.00GHz
(S11 = -16.80dB, Gain = 4.31dB). Tuning of MSA with
PIN diode, varactor diode etc., are very complex processes
where an external circuit is required. Our proposed tuning
technique is the simplest one. In our future work, we
propose to fabricate a dual-band microstrip antenna, and
for tuning operation, we will use linear gear and pully
system to tune it mechanically.
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