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Abstract—This paper presents the design and development of
corner truncated rectangular microstrip antenna comprising U and
inverted U-slot for multiband tunable operation, wide impedance
bandwidth, and high gain. By incorporating U and inverted U-
slots of optimum geometry on the radiating patch the proposed
antenna operates between 3 to 12 GHz at different frequency bands
and giving a peak gain of 1.73 dB without changing the nature
of broadside radiation characteristics, compared to conventional
rectangular microstrip antenna. The experimental and simulated
results are in good agreement with each other. Design concepts of
the antenna are given. The experimental results are presented and
discussed. The proposed antennas may find applications in WiMax,
HIPERLAN/2, and radar communication systems.

1. INTRODUCTION

Microstrip antennas (MSAs) have become widespread because of
their attractive features such as planar, light weight, low profile,
easy fabrication, compatibility with microwave, and millimeter-
wave integrated circuits, low production cost [1] etc. Modern
communication systems, such as WiMax, HIPERLAN/2 and radar
communication [2, 3], often require antennas possessing two or more
discrete frequency bands with considerable impedance bandwidth and
adequate gain, which can avoid the use of multiple antennas. Hence
it has become interesting area for the microstrip antenna designer to
meet these requirements. The techniques available in the literature
to improve the impedance bandwidth are the use of materials with
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low dielectric constants, thicker substrates, use of impedance matching
networks, multi resonators, multi layer structures and utilizing the
air gap between the layers, meandered ground plane, slot loading,
stacked shorted patch, feed modification [4–14], etc. Also, the methods
proposed in the literature to enhance the gain of microstrip antennas
use parasitic patch, array antenna [15, 16], etc. These methods are
effective at the cost of increased size of the antenna. The demand of
multiband antennas is fulfilled by cutting slots of different geometries,
such as bow-tie, rectangular, square ring, annular ring, on the radiating
patch [17–20]. But a single antenna having wide impedance bandwidth
and better gain with tunable multibands property is found to be rare
in the literature.

2. DESIGNING

The proposed antennas are designed and developed using low cost
glass epoxy substrate material of thickness h = 1.66 mm and dielectric
constant εr = 4.2. The artwork of proposed antennas is sketched
using computer software Auto CAD to achieve better accuracy.
Photolithography process is used to fabricate the antennas. The
bottom surface of the substrate consists of a tight ground plane copper
shielding.

Figure 1 shows the top view geometry of conventional rectangular
microstrip antenna (CRMSA). This antenna is designed for the

Figure 1. Top view geometry of
CRMSA.

Figure 2. Top view geometry of
CTUAIURMSA.
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resonant frequency of 3.5GHz using the equations available in the
literature for the design of rectangular microstrip antenna on the
substrate area A × B [21]. CRMSA consists of a radiating patch of
length L and width W . The radiating patch is excited through a
microstripline of length Lf and width Wf . A 50 Ω semi miniature-
A (SMA) connector is used at the tip of the microstripline to feed
the microwave power. A quarter wave transformer of length Lt and
width Wt is incorporated to match the impedances between CP and
microstripline feed.

Figure 2 shows the top view geometry of corner truncated U
and inverted U slot rectangular microstrip antenna (CTUAIURMSA)
which is constructed from CRMSA. Two opposite corners along the
width of CRMSA are truncated as Xd and Yd. The novel U and
inverted U slots are place symmetrically on either side from the center
of the rectangular radiating patch. The dimension of U and inverted
U slots are kept equal. Lh and Lv are the lengths of horizontal and
vertical arms of U and inverted U slots, respectively. The dimensions
Lh and Lv are taken in terms of λ0, where λ0 is a free space wave length
in cm corresponding to the designed frequency of 3.5 GHz. Uw is the
width of horizontal and vertical arms of U and inverted U slots. The U

Table 1. Design parameters of CRMSA and CTUAIURMSA (in cm).

L = 2.04 W = 2.66
Lf = 2.18 Wf = 0.32
Lt = 1.09 Wt = 0.06
Xd = 0.8 Lh = λ0/85
Yd = 0.2 Lv = λ0/42

A = 5
B = 8

(a) (b)

Figure 3. 3D view and side view of CTUAIURMSA. (a) 3D view of
CTUAIURMSA. (b) Side view of CTUAIURMSA.
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and inverted U slots are placed at a distance of 0.25 cm and 0.305 cm
from non-radiating (L) and radiating (W ) edges of the rectangular
patch respectively. The various dimensions of the proposed antennas
are listed as in Table 1. Figures 3(a) and (b) show the 3D view and
side view of CTUAIURMSA respectively.

3. EXPERIMENTAL RESULTS

The Rohde and Schwarz, German make ZVK model 1127.8651 Vector
Network Analyzer is used to measure the experimental return loss
of CRMSA and CTUAIURMSA. The simulation of the CRMSA and
CTUAIURMSA is carried out using Ansoft High frequency structure
simulator (HFSS) software.

Figure 4 shows the variation of return loss versus frequency of
CRMSA. From this figure it is seen that the CRMSA resonates at
3.39GHz of frequency which is close to the designed frequency of
3.5GHz. The experimental impedance bandwidth over return loss less
than −10 dB is calculated using the formula,

Impedance bandwidth (%) =
f2 − f1

fc
× 100 (1)

where f2 and f1 are the upper and lower cut off frequencies of the
resonating band when its return loss reaches −10 dB, and fc is a centre

Figure 4. Variation of return loss versus frequency of CRMSA.
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Figure 5. Variation of return loss versus frequency of CTUAIURMSA
when Uw = 0.2 cm.

frequency between f1 and f2. The impedance bandwidth of CRMSA
is found to be 3.27%. The simulated result of CRMSA is also shown
in Figure 4.

Figure 5 shows the variation of return loss versus frequency of
CTUAIURMSA when Uw = 0.2 cm. The antenna resonates at seven
modes of frequencies f1, f2, f3, f4, f5, f6 and f7 with their respective
impedance bandwidths BW1 = 3.18% (3.4–3.51 GHz), BW2 = 4.81%
(3.65–3.83GHz), BW3 = 6.56% (5.6–5.98 GHz), BW4 = 10.625%
(6.06–6.74GHz), BW5 = 7.44% (7.63–8.22 GHz), BW6 = 6.25% (8.22–
8.75GHz) and BW7 = 12.42% (9.06–10.26 GHz). The first and second
bands BW1 and BW2 are due to the fundamental resonance of the
patch and the corner truncation, respectively. The remaining bands
BW3 and BW7 are due to the insertion of U and inverted U-slots on
the patch as they resonate independently. Further, it is seen from this
figure that the construction of CTUAIURMSA does not much affect
the primary resonant mode, i.e., f1 (3.455GHz) when compared to fr

(3.39GHz) of CRMSA, but appears six additional resonating modes
from f2 to f7. The simulated result of CTUAIURMSA is also shown in
Figure 5 which is in good agreement for f1 to f4 with the experimental
results.

Figure 6 shows the variation of return loss versus frequency of
CTUAIURMSA when Uw is increased from 0.2 to 0.3 cm. It is clear
from this figure that the antenna resonates for six resonating modes f8,
f9, f10, f11, f12 and f13 having their respective impedance bandwidths
of BW8 = 3.1% (3.53–3.64 GHz), BW9 = 3.62% (3.8–3.94 GHz),
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Figure 6. Variation of return loss versus frequency of CTUAIURMSA
when Uw = 0.3 cm.

Figure 7. Variation of return loss versus frequency of CTUAIURMSA
when Uw = 0.1 cm.

BW10 = 8.24% (5.7–6.19 GHz), BW11 = 3.25% (7.87–8.13GHz),
BW12 = 4.76% (8.21–8.61 GHz) and BW13 = 7.2% (9.15–9.83 GHz)
retaining the primary resonant mode f8 (3.585 GHz) almost close to
f1 (3.445GHz). The experimental return loss of CTUAIURMSA is in
good agreement with simulated results as shown in Figure 6.

Figure 7 shows the variation of return loss versus frequency of
CTUAIURMSA when Uw is decreased from 0.2 to 0.1 cm. It is noted
from this figure that the antenna resonates for five resonating modes
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Figure 8. Comparison of experimental return loss versus frequency
of CTUAIURMSA when Uw = 0.2 and 0.3 cm.

f14, f15, f16, f17 and f18 having their respective impedance bandwidths
of BW14 = 2.9% (3.4–3.5 GHz), BW15 = 5.51% (3.53–3.73 GHz),
BW16 = 4.5% (5.68–5.94 GHz), BW17 = 8.76% (6.34–6.87 GHz) and
BW18 = 29.11% (7.63–10.23 GHz). Further, it is noted that the
primary resonant mode f14 (3.45GHz) remains almost close to f1

(3.445GHz). The experimental return loss of CTUAIURMSA is in
close agreement with simulated results.

Figure 8 shows the comparison of experimental return loss versus
frequency of CTUAIURMSA when Uw = 0.2 and 0.3 cm. It is
observed from this figure that when Uw is increased from 0.2 to
0.3 cm, the resonating modes f8, f9, f10 and f11 shown in Figure 8
are shifted towards higher frequency side compared to f1, f2, f3 and
f5, respectively and f12 and f13 shifted towards lower frequency side
compared to f6 and f7, respectively. This shift is due to the effect of
increase in the width Uw from 0.2 to 0.3 cm of CTUAIURMSA.

Figure 9 shows the comparison of the experimental return loss
versus frequency of CTUAIURMSA when Uw = 0.1 and 0.2 cm. It is
noted from this figure that when Uw is decreased from 0.2 to 0.1 cm, the
first resonating mode f14 almost remains unchanged compared to f1,
where as the modes f15 and f18 are shifted towards the lower frequency
side compared to f2 and f6, respectively. The middle resonating modes
f16 and f17 are shifted towards the higher frequency side compared to
f3 and f4, respectively. This shifting of modes causes the bands BW5,
BW6 and BW7 shown in Figure 5 merge as a single band BW18 as
shown in Figure 7, causing the enhancement in the impedance band
width of about 29.11%. The shifting of the bands and improvement
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in the impedance bandwidth are due to the decrease of Uw from
0.2 to 0.1 cm. The current along the edges of the slots introduces
an additional resonance, resulting in enhancement in the impedance
bandwidth of the antenna [22]. Hence by varying the width the U
and inverted U-slot, i.e., Uw, modes of CTUAIURMSA can be tuned
in either side of the frequency spectrum, without much affecting the

Figure 9. Comparison of experimental return loss versus frequency
of CTUAIURMSA when Uw = 0.2 and 0.1 cm.

Figure 10. Variation of frequency ratio versus width (Uw) of
CTUAIURMSA.
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primary resonant mode. The variation of Uw changes the coupling
effect on the corner truncation of patch, U and inverted U-slots, which
causes the shift of bands towards upper and lower frequency sides.
Further, CTUAIURMSA uses less copper area of 69.85% compared to
copper area of CRMSA by loading U and inverted U-slots and corner
truncation of the radiating patch.

Figure 10 shows the variation of frequency ratio f2/f1 when
Uw = 0.2 cm, f9/f8 when Uw = 0.3 cm and f15/f14 when Uw = 0.1 cm
versus width (Uw) of CTUAIURMSA. From this figure, it is clear that
the frequency ratio remains almost equal to 1.06, indicating not much
variation in the primary resonant mode of the antenna.

The co-polar and cross-polar radiating patterns of CRMSA,
CTUAIURMSA measured in their matched bands are shown in
Figures 11 to 29. From these figures, it can be observed that the
patterns are broadside and linearly polarized. The highest cross polar
power level is −15 dB down compared to their co-polar power level.

Figure 11. Radiation pattern of
CRMSA measured at 3.39 GHz.

Figure 12. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 3.445 GHz.

Figure 13. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 3.74 GHz.

Figure 14. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 5.79 GHz.
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Figure 15. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 6.4 GHz.

Figure 16. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 7.925GHz.

Figure 17. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 8.485 GHz.

      

Figure 18. Radiation pattern
of CTUAIURMSA when Uw =
0.2 cm measured at 9.66GHz.

Figure 19. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 3.585 GHz.

Figure 20. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 3.82GHz.
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Figure 21. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 5.945 GHz.

Figure 22. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 8.0GHz.

Figure 23. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 8.41 GHz.

Figure 24. Radiation pattern
of CTUAIURMSA when Uw =
0.3 cm measured at 9.49GHz.

Figure 25. Radiation pattern
of CTUAIURMSA when Uw =
0.1 cm measured at 3.45 GHz.

Figure 26. Radiation pattern
of CTUAIURMSA when Uw =
0.1 cm measured at 3.63GHz.
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Figure 27. Radiation pattern
of CTUAIURMSA when Uw =
0.1 cm measured at 5.81 GHz.

Figure 28. Radiation pattern
of CTUAIURMSA when Uw =
0.1 cm measured at 6.05GHz.

Figure 29. Radiation pattern of CTUAIURMSA when Uw = 0.1 cm
measured at 8.93GHz.

Table 2. Gains of matched bands.

Matched

Band

Gain

(dB)

Matched

Band

Gain

(dB)

Matched

Band

Gain

(dB)

BW1 1.64 BW7 0.27 BW13 0.38

BW2 0.75 BW8 1.66 BW14 1.68

BW3 0.57 BW9 1.63 BW15 1.73

BW4 0.44 BW10 0.64 BW16 0.45

BW5 0.68 BW11 0.66 BW17 0.15

BW6 0.18 BW12 1 BW18 1.13

The gain of CRMSA and CTUAIURMSA is calculated using the
absolute gain method given by the relation,

(G) dB = 10 log
(

Pr

Pt

)
− (Gt) dB− 20 log

(
λ0

4πR

)
dB (2)

where, Gt is the gain of the pyramidal horn antenna and R the
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distance between the transmitting antenna and the antenna under test
(AUT). The power received by AUT, ‘Pr’ and the power transmitted
by standard pyramidal horn antenna ‘Pt’ are measured independently.
The maximum gain measured at each matched band BW1 to BW18

is given in Table 2. The antenna gives the highest measured gain of
1.73 dB. The highest simulated gain is 1.4 dB, close to the measured
gain.

4. CONCLUSION

From the detailed study, it is found that the CRMSA can be made
to operate at different bands between 3 to 12GHz by loading U
and inverted U-slot on the radiating patch. The insertion of U
and inverted U-slots also enhances the gain from 0.90 to 1.73 dB.
The multi bands of CTUAIURMSA gives almost constant frequency
ratio, and the resonating bands can be tuned on either side of the
frequency spectrum by changing the width of horizontal and vertical
arms of U and inverted U-slot without affecting the primary band.
Tuning of multibands does not affect the nature of broadside radiation
characteristics. The proposed antennas are simple in their geometry
and fabricated using low cost glass epoxy substrate material. These
antennas may find applications in WiMax (3.4 to 3.6 GHz), WiMax of
IEEE802.16d (5.7–5.9 GHz), HIPERLAN/2 (5.725 to 5.825GHz) and
radar communication systems.
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