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Design and Development of Inverted U-slot Corner
Truncated Tunable Rectangular Microstrip Antenna
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Abstract: The corner truncated rectangular microstrip antenna with inverted U-slot placed symmetrically at the center of the
radiating patch is presented for triple band operation. The triple bands are tuned to lower and upper frequency sides by
varying the horizontal and vertical arm width of inverted U-slot. The antenna is excited through simple microstripline feeding.
The experimental and simulated results are in good agreement with each other. The proposed antenna may find applications
in WLAN and WiMAX.

Keywords: microstrip antenna, inverted U-slot, tunable.

 Serials Publications, ISSN : 0973-7383

1. INTRODUCTION

Microstrip antennas have gained important place in
microwave communication field due to their significant
advantages like light weight, low volume, low profile, low
cost, ease of fabrication and installation [1]. The dual, triple
and multiband microstrip antennas are reported and are
realized by using various techniques such as loading of slots
on radiating patch, ground plane [2-6] etc. The tuning of
the bands is achieved by incorporating shorting pins, open
and closed stubs, shorting posts and use of active devices
with variable biasing voltages [7-12] etc. But the tuning of
the operating bands towards lower and upper side of the
frequency spectrum using corner truncated inverted U-slot
is found to be rare in the literature.

2. DESCRIPTION OF ANTENNA GEOMETRY

The proposed antennas in this study are designed for 3.5 GHz
using the basic equations available for design of rectangular
microstrip antenna in the literature [13]. The low cost glass
epoxy substrate material of dielectric constant εr = 4.2,
thickness = 1.66 mm is used to fabricate the antennas. The
AUTO-CAD 2006 computer software is used to sketch the
antenna layouts to get better accuracy. The proposed antennas
are fabricated using photolithography process.

Figure 1 shows the conventional rectangular microstrip
antenna (CRMSA) designed on the substrate of area A × B.
L and W are the length and width of the rectangular radiating
patch respectively. The microstripline feed of length Lf and
width Wf is used at center point CP along the width of the
patch to excite the antenna. A quarter wave transformer of
length Lt and width Wt is used between the radiating patch
and microstripline feed to match their impedances. The
ground plane of area same as that of the substrate is placed
at the bottom surface of the radiating patch.

 The CRMSA is modified in its geometry by placing
slots at the corners and on the patch. This antenna is named
as corner truncated inverted U-slot rectangular microstip
antenna (CTIURMSA). In this geometry the two opposite
corners of CRMSA are truncated as Xd and Yd. The inverted
U-slot having horizontal and vertical arm length Lh and Lv
respectively, is placed symmetrically at the center of the
radiating patch. The dimensions of Lv and Lh are taken in
terms of λ0, where λ0 is the free space wavelength in cm,
corresponding to the designed frequency of 3.5 GHz. Uh
and Uv are the width of horizontal and vertical arms of
the inverted U-slot respectively as shown in the Figure 2.
Table 1 shows the designed parameters of the CRMSA and
CTIURMSA.

Figure 1 : Geometry of CRMSA
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respectively. The BW1 is considered as primary band
because its resonating mode f1 remains close to fr of
CRMSA. The BW2 and BW3 are considered as secondary
bands. It is observed from Figure 4 that, the construction of
CTIURMSA does not affect much the resonant frequency
mode of primary band i.e. f1 but two additional resonating
modes appear at f2 and f3. The simulated result of
CTIURMSA is also shown in Figure 4 which is in good
agreement with the experimental results. The magnitude of
impedance bandwidth of BW1, BW2 and BW3 are found
to be 2.9%, 3.24% and 5.87% respectively. The frequency
ratio f2/f1 of CTIURMSA is found to be 1.294.

Figure 5 shows the variation of return loss versus
frequency of CTIURMSA when Uh= 0.2 cm. It is clear from
this figure that, the antenna operates again for three bands
BW4, BW5 and BW6. The resonant frequency modes of
BW4, BW5 and BW6 are at f4, f5 and f6 respectively. The
first and last resonant modes i.e. f4 and f6 shift towards right
side by 80 MHz and 300 MHz when compared to f1 and f3
respectively. The middle resonant mode f5 shifts towards

Table 1
Design Parameters of Proposed Antenna

Antenna Dimension Antenna Dimension
Parameters in cm Parameters in cm

L 2.04 Xd 0.8

W 2.66 Yd 0.2

Lf 2.18 Lh λ0 / 6

Wf 0.32 Lv λ0 / 6

Lt 1.09 A 4

Wt 0.06 B 8

3. EXPERIMENTAL RESULTS

Figure 3 shows the variation of return loss versus the
frequency of CRMSA. It is seen that, the antenna resonates
at 3.39 GHz, which is very close to the designed frequency
of 3.5 GHz. The percentage of experimental impedance
bandwidth is calculated using the relation,

2 1
Impedance bandwidth (%) =

c

f f

f

−   ×100%

where, f2 and f1 are the upper and lower cut off frequency
of the resonated band when its return loss reaches -10 dB
and fc is a centre frequency between f1 and f2. The impedance
bandwidth of CRMSA is found to be 3.27 %. The HFSS
simulated result of CRMSA is also shown in Figure 3.

Figure 4 shows the variation of return loss versus
frequency of CTIURMSA. It is clear from this figure that,
the antenna operates for three bands BW1, BW2 and BW3
for the resonating modes of f1, f2 and f3 respectively, when
Uh = 0.1 cm and Uv = 0.3 cm. The three bands BW1, BW2
and BW3 are due to the independent resonance of patch,
corner truncated slots and inverted U-slot of CTIURMSA

Figure 2: Geometry of CTIURMSA

 Figure 3: Variation of Return Loss versus Frequency
of CRMSA

Figure 4 : Variation of Return Loss versus Frequency of
CTIURMSA when Uh = 0.1 cm and Uv = 0.3 cm
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left side by 200 MHz when compared to f2. The magnitude
of impedance bandwidth of BW4, BW5 and BW6 are found
to be 3.2%, 2.8% and 6.87% respectively. It is clear that,
the BW6 increases by 1.17 times, when compared to
BW3 and the frequency ratio f5/f4 is found to be 1.3 which
is nearly same as that of f2/f1. The shifting of bands and
enhancement of BW6 is due to the effect of increasing Uh
from 0.1 to 0.2 cm.

Figure 6 shows the variation of return loss versus
frequency of CTIURMSA when Uh= 0.1 cm and Uv = 0.2
cm. It is clear from this figure that, the antenna operates for
three bands BW7, BW8 and BW9. The resonant frequency
modes lie at f7, f8 and f9 respectively. Further it is seen that,
the first and middle resonant modes i.e. f7 and f8 shift towards
left side by 140 MHz and 175 MHz respectively, when
compared to f1 and f2, where as the last resonating mode f9
shifts towards right side by 174 MHz when compared to f3.
The magnitude of impedance bandwidth of BW7, BW8 and
BW9 are found to be 4.2%, 2.4% and 13.5% respectively. It

is noticed that the BW9 increases by 1.97 times more when
compared to BW6 and the frequency ratio f8/f7 is found to
be 1.301 which is almost same as that of f2/f1. From these
inferences it is seen that, apart from shifting of bands
towards left and right side of frequency spectrum there is a
maximum of 1.97 times enhancement of bandwidth in BW9
is possible when compared to BW6 by varying the width Uh
and Uv of CTIURMSA. The HFSS simulated results are in
good agreement with experimental results. The variation of
Uh and Uv in CTIURMSA changes the coupling effect
between the corner truncated slot and inverted U-slot, this
causes the shift of resonant frequency mode towards left
and right side of the frequency spectrum. Further,
CTIURMSA becomes compact in its size by 5.81% by
placing corner truncated slots. The copper area of the
radiating patch is also reduced by 21.42% by placing
inverted U-slot and corner truncated slots when compared
to the copper area of CRMSA.

The far field co-polar and cross-polar radiation
patterns of the proposed antennas are measured in their
operating bands. The variation of relative power versus
azimuth angle of CRMSA and CTIURMSA are
measured at fr, f1, f4 and f7. These are as shown in Figure 7
to Figure 10 respectively.

Figure 5: Variation of Return Loss versus Frequency of
CTIURMSA when Uh = 0.2 cm and Uv = 0.3 cm

Figure 6: Variation of Return Loss versus Frequency of
CTIURMSA when Uh = 0.1 cm and Uv = 0.2 cm

Figure 7: Variation of Relative Power versus Azimuth Angle
of CRMSA Measured at 3.39 GHz

Figure 8: Variation of Relative Power versus Azimuth Angle
of CTIURMSA when Uh = 0.1 cm Uv = 0.3 cm Measured at

4.52 GHz.



274 International Journal of Electronics Engineering

From these figures it is observed that, the patterns are
broadsided and linearly polarized and a maximum of -15
dB down cross-polar power level when compared to the co-
polar power level is achieved in this study (i.e. Fig. 9), which
shows improvement in the directivity of the antenna. The
gain in dB of antenna under test is calculated using absolute
gain method given by the equation [14],

( ) 0r ( )  10 log -  ( )  -  20 log
4

P
t
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 =  π 
λ

The peak gain of CRMSA and CTIURMSA when
Uh = 0.1 cm and Uv = 0.2 cm, measured in their primary
band are found to be 4.32 dB and 5.75 dB respectively.
Hence CTIURMSA also enhances the gain by 1.33 times
more, when compared to the gain of CRMSA measured in
the primary band.

4. CONCLUSION

From the detailed study it is clear that, the tunable triple
band operation of antenna can be achieved through the novel
design of CTIURMSA which is constructed from CRMSA.
The tuning of primary and secondary bands in both the

directions of frequency spectrum is possible by varying the
width Uh and Uv of inverted U-slot. This tuning does not
affect nature of broad side radiation characteristics and
frequency ratio. The experimental results of return loss
versus frequency of proposed antennas are in good
agreement with the simulated results. The proposed antennas
are simple in their design and fabrication and they use low
cost substrate material. These antennas may find applications
in WLAN and WiMax.
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Figure 9: Variation of Relative Power versus Azimuth
 Angle of CTIURMSA when Uh = 0.2 cm Uv = 0.3 cm

Measured at 4.6 GHz

Figure 10: Variation of Relative Power versus Azimuth
Angle of CTIURMSA when Uh = 0.1 cm Uv = 0.2 cm

Measured at 4.484 GHz




