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ABSTRACT: This paper presents a novel design of partial ground plane rectangular microstrip antenna for dual band
operation. The magnitude of each operating band is found to be 95% and 15.57%. This dual band can be converted
into triple bands by placing a stub along the width of the rectangular patch on the right side from the microstripline.
The magnitudes of triple bands are found to be 105%, 13.57% and 17.46%. However, the triple bands can be
converted into dual bands by placing two stubs simultaneously along the width of the rectangular patch on left and right
side of microstripline. The dual bands are merged with single band and antenna gives a highest impedance bandwidth
of 137% with a gain of 6.59dB by increasing the length of the stubs from 2 mm to 4 mm. This operating frequency
band of the antennas covers the frequency ranges used for WiMAX, WLAN, Bluetooth, IEEE 802.11a applications.
When the length of the stubs is kept at 2 mm the antenna shows the property of notch band towards the higher side and
for 8 mm towards the lower side of the frequency spectrum. The proposed antennas are simple in their structure and
have been realized using low cost glass epoxy substrate material.

KEYWORDS: Broadband, Single Notch, Single Stub, Dual Stubs.
LINTRODUCTION

Antennas are the most important element of wireless communication systems. For only wireless communication
system, the antennas must be of low profile, compact size, light weight, low cost and conformable to the architecture of
the connecting devices. Among the various types of antennas the microstrip antennas (MSAs) are the most suitable
choice for wireless communication systems [1-3] because these antennas have the advantages of low profile,
compactness and easily mountable into wireless devices or enterable with any circuits. In recent years, the
developments in wireless communication system technology demands for broadband or ultra wideband antennas. In
addition, to avoid the interference, over the allotted wide bandwidth or ultra wide bandwidth of wireless systems, a
notch band operated antenna is required between the existing operating bands. A suitable wide band or ultra wide band
antenna with notch band operation is in more demand for various communication applications. Many techniques are
available in literature to realize broadband MSAs [4-17]. But the design of rectangular microstripline feed with partial
ground plane for wide band operation is found to be rare in the literature. The use of stubs along the width of the
RMSA for the conversion of dual to triple bands and for triple to single band is also presented. By varying the length
of stubs the antenna shows the property of shifting notch bands towards the lower and higher sides of the frequency
spectrum. This property of the antenna may find more useful in rejecting the desired frequency in its operating band.

ILANTENNA GEOMETRY AND DESIGN
The proposed antennas are designed on modified glass epoxy substrate material of thickness h is 1.6 mm and dielectric
constant ¢, is 4.2 at 3 GHz using the equations available in the literature. The detailed geometry with parameters of the

proposed rectangular microstrip antenna without stub (RMSAWOS) fed by a 50 Q characteristic impendence
microstripline feed is as shown in Fig. 1(a) and a partial grounded substrate is as shown in Fig. 1(b). In Fig. 1 (a) L and
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W are the length and width of the rectangular patch and L and Ws are the length and width of the microstripline feed.
The Ls and Ws are the length and width of the substrate. A 50 Q microstripline is connected at the centre along the
width of the rectangular patch. The Lg is the height of partial ground plane which is placed on the bottom surface of
the substrate as shown in Fig. 1(b).

|—7 Ws —"\7 Ws

(a) Top view geometry of RMSAWOS (b) Bottom view geometry of RMSAWOS
Fig. 1 Geometry of RMSAWOS

Figure 2(a) and (b) shows the top view geometries of rectangular microstrip antennas with single stub of dimensions L1
and W1 in Fig. 2(a) and L2 and W2 in Fig. 2(b) which are placed along the width of rectangular patch. These antennas

are named as RMSAWS1 and RMSAWS?2 respectively. The bottom surface of RMSAWS1 and RMSAWS2 remains
same as that of Fig. 1(b).
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Fig. 2(a) Geometry of RMSAWS1 Fig. 2(b) Geometry of RMSAWS2
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Figure 3 shows the geometry of rectangular microstrip antenna with dual stubs (RMSAWDS). The two stubs S1 and
S2 are placed at the same position shown as that of Fig. 2 (a) and Fig. 2(b). The bottom surface of the RMSAWDS
remains same as that of Fig. 1 (b). Figure 3(b) shows the side view geometry of RMSAWDS. The details of various
antenna parameters are given in Table -1.

a) Top view of RMSAWDS b) Top view of RMSAWDS
Fig. 3 Geometry of RMSAWDS

Table -1: Designed parameters of proposed antennas

Parametersinmm | L | W | L | W;| Lg S1 S2
L1 | W1 |L2| W2

RMSAWOS 24 13123332213

RMSAWS1 2413123332213 | 2 |55 - -
RMSAWS2 2413123332213 - - 2 5.5
RMSAWDS 241311233 ]32|213| 2 |55]| 2 5.5

IHILRESULTS AND DISCUSSION

The simulated results of the proposed antennas are carried out by using Ansoft High Frequency Structure simulation
(HFSS) software. The variation of return loss curve of RMSAWOS is as shown in Fig. 4. It is seen that, the antenna
operates for two band of frequencies B.W.1 and B.W.2. The magnitude of each operating band when return loss is less
than -10 dB is found to be 95% for B.W.1(1.42 - 4 GHz) and 15.57% for B.W.2 (8.41 - 9.83 GHz). The B.W.1 range
may be used for WiMax, WLAN, Bluetooth and IEEE 802.11a applications. The B.W.2 range can be used for
Synthetic Aperture Radar (SAR) applications. The wide operating frequency range in B.W.1 and resonance band
B.W.2 in Fig. 4 are mainly due to the effect of microstripline and partial ground plane of RMSAWOS.
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Fig. 4 Variation of return loss versus frequency curve of RMSAWOS

Figure 5 shows the variation of return loss versus frequency curve of RMSAWSL. In this case the stub S1 is placed left
side from the microstripline. The bandwidth B.W.1 of Fig. 5 is 6.25% more than the B.W.1 of Fig. 4 and resonance
band B.W.2 of Fig. 5 decreases 9.7% than the resonance band B.W.2 of Fig. 4. The enhancement of bandwidth B.W.1
in Fig. 5 when compared to B.W.1 of Fig. 4 is due to the effect of stub placed along the width of RMSAWQOS. This
shows that the use of stub is effective in enhancing the bandwidth of dualband operation of an antenna.
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Fig. 5 Variation of return loss versus frequency of RMSAWS1

Figure 6 shows the variation of return loss versus frequency of RMSAWS2. From this figure it is clear that, when stub
is placed along the width at the right from the microstripline as shown in Fig. 2 (b) the antenna operates for triple band
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of frequencies B.W.1, B.W.2 and B.W.3. The magnitude of each operating band is found to be 105% (1.42 - 4.57
GHz), 13.57% (7.21 - 8.26 GHz) and 17.46% (8.26 - 9.84 G Hz) respectively.
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Fig. 6 Variation of return loss versus frequency of RMSAWS?2

When two stubs S1 and S2 shown in Fig. 2(a) and Fig. 2(b) are placed simultaneously along the width of the
rectangular patch i.e. RMSAWDS with L= 2mm of each stub, the antenna resonates for dual band of frequencies B.W.1
and B.W.2 as shown in Fig. 7. The magnitude of each operating band B.W.1 and B.W.2 are 110% (1.34 — 4.6 GHz)
and 29.55% (7.00 - 9.43 GHz) respectively. The magnitude of these operating bands B.W.1 and B.W.2 are found to be
15% and 13.98% larger than the B.W.1 and B.W.2 of Fig. 4 respectively. Hence, placing of two stubs simultaneously
along the width of rectangular patch is effective in enhancing the operating band of dual band operation of
RMSAWOS. The use of two stubs which each of area .11 cm (.2 X .55 = .11 cm?) also reduces the actual size of
rectangular patch by 2.95% when compared to the size of rectangular patch shown is Fig. 1. Further it is seen in Fig. 7
that the notch band appears from 4.58 to 7.24 GHz.
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Fig. 7 Variation of return loss versus frequency of RMSAWDS when L= 2mm

When length of the stubs shown in Fig. 3(b) is kept at 4mm the, RMSAWNDS resonates for single band. The two
operating bands shown in Fig. 7 are merged into a single band and antenna gives a highest impedance bandwidth of
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137% (1.45 — 7.81 GHz) as shown in Fig.8. This range of frequencies covers almost all microwave communication

applications. The peak gain of this antenna in this operating band is found to be 6.59 dB.
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Fig. 8 Variation of return loss versus frequency of RMSAWDS when L= 4mm

When length of the stubs are kept at 8 mm in RMSAWNDS the antenna resonates for two bands of frequencies B.W.1
and B.W.2 which are51% (1.40 — 2.37 GHz) and 72.22% (3 - 6.44 GHz) respectively as shown in Fig.9. Further it is
seen from the figure that, the notch band lies from 2.37 to 3.02 GHz which is shifting towards lower side of frequency
spectrum when compared to notch band of Fig. 7. Therefore the variation of size of stubs is effective in controlling the

operating band of the antenna.

1 2 3 4 5]

6 7 8 9o 10
o 1 N N N N M N N o
B.W.1=51%
( 1.40 - 2.37 GHz)
-5 - B.W.2=72.22% - -5
1 1 ™ ( 3-6.44 GH=z)

-10 -10
m 4 L
=4
= -15 - L -15
3 i Notch band L
(=2
= 2.37 - 3.02 GH=z
£ -20 = ¢ ) - -20
& X

25 o - -25

-30 - RMSAWDS With L= 8 mm | [~ ~3°

-35 - -35

T T T T T T T T
1 2 3 a4 5 6 7 8 o 10

Frequency in GHz

Fig. 9 Variation of return loss versus frequency of RMSAWDS when L= 8mm

The surface current distributions across the antenna without and with stubs were also studied. Figure 10 shows the
simulated surface current distribution of RMSAWOS measured at resonance frequency 3.02 GHz. The current

distribution is dominant at the lower edge of the radiating patch.
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Fig. 10 Surface current distribution of RMSAWOS measured at 3.02 GHz
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Figure 11 (a) and (b) shows the surface current distribution ofFig.2(a) and Fig. 2(b) respectively for L=2 mm measured
at 3.08 GHz and 3.29 GHz. The inclusion of stubs at the two corners of the patch the current distribution shifts towards
the centre of the radiating patch.
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Figure 12 (a), (b) and (c) shows the surface current distribution of RMSAWDS for L=4 mm measures at 1.78 GHz,
4.24 GHz and 6.60 GHz respectively. It is seen in Fig. 12 (b) that the current distribution is accumulated at the non-
resonating edges of the patch. This gives the flexibility to use the stubs at these edges. Furthermore poor current
distribution is observed in Fig. 12(a) and non- resonating edges in Fig. 12 (c).
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Fig. 12 Surface current distribution of RMSAWDS, when L= 4 mm

Radiation patterns of RMSAWOS, RMSAWS1.RMSAWS2 and RMSAWDS measured at resonance frequencies are
shown in Fig.13 to 16. From figures it is clear that the proposed antennas shows nearly unidirectional radiation patterns
and are similar at resonance frequencies.
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Fig. 13 Typical radiation pattern of RMSAWOS measured at 3.01 GHz
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Fig.16 Typical radiation pattern of RMSAWDS for L=4mm
IV.CONCLUSION

From the detailed study it is found that, the dual band operation of rectangular microstrip antenna with partial ground
plane can be converted into triple bands by placing single stub along the width of the patch on the right side of the
microstripline with an enhanced bandwidth from 95% to 115%. The dual bands are merged into a single band and gives
highest impedance bandwidth of 137% by placing two stubs simultaneously along the width of the patch.The proposed
antenna also shows the notch band characteristics at higher and lower side of the frequency spectrum. The dual and
triple band does not affect much the nature of the radiation characteristics. The antennas are simple in their structure
and cost effective because of using low cost glass epoxy substrate material. The frequencies of operating bands of the
proposed antennas covers the frequency ranges used for WiMAX, WLAN, Bluetooth, IEEE 802.11a applications.
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