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Abstract— This paper presents a design and development of slot and stub loaded multi band and triple notch band tunable
monopole circular microstrip antenna for different microwave communication applications. The antenna is loaded with U-
slot, two identical I-slots and J-slot over the radiating patch .When the spacing between two identical 1-slots is 0.21 and
0.11cm then the antenna tunes to the four required multi bands with three alternate notch bands. This tunable antenna is the
replacement to the broadband antenna. The single antenna can be used to tune different microwave applications over a
large range of frequencies. Thus, the antenna produces four useful bands with three alternate notch bands. The four useful
bands tunes from 1.675-1.6525GHz, 2.53-2.71GHz, 5.095-5.4775GHz and 79075-7.0975GHz and three alternate notch
bands tunes from 2.2375-2.3725GHz, 4.555-4.4875GHz and 5.7475-6.0625GHz respectively. These notch bands resolve
the problem of crowding in the frequency spectrum and rejects Wi-Fi, UMTS, LTE, Wi-MAX, WLAN and C band
frequencies. The maximum impedance bandwidth of proposed antennas for two spacing between identical I-slots is found
to be 37.79 % and 48.33 % having peak gain of 2.14 dBi and 2.39 dBi respectively. The radiation patterns are omni

directional in nature in both E and H plane.
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l. INTRODUCTION

Now-a-days the demand increases for multiband antennas
in the wireless communication applications in both
industry and academics. Thus, in the literature it is found
that, the many researchers designed an antenna for each
application separately in the frequency spectrum. However,
very less work in the lower side of UWB range where
density of channels are maximum. Therefore, it is
necessary to design the single antenna which can tune to
different frequency of microwave communication where
personnel mobile communication system functions and
also for radar and satellite applications. However, in this
context it is necessary to reject frequency bands where
channel density is maximum in the frequency spectrum
and having lot of interferences among all the channels
and hence it is better to reject and avoid intra and adjacent
channel interferences among them by producing multiple
notch bands in the designed antenna [1]. In order to obtain
required multi band and notch band characteristics, there
are numerous methods available in the literature. From past
few years it is seen that, the available methods for
designing an antenna is to add an electromagnetic
perturbation in the surface current flowing in the radiating
patch or by adding the slots of different geometry like U-
slot, I-slots and J-slot on a radiating patch which gives a
required functions. Thus, the proposed antennas are loaded
with two identical I-slots, U and J-slots over the patch. For
fixed dimensions of one of the I-slot, U-slot and the stub,
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then by changing spacing between two identical I-slots, the
antenna tunes to four useful bands and three notch bands
[2]. The four useful bands and three notch bands are tuned
from fiyto fp fpto fip, fiato fiy frato foy fisto fg fos to fgand
fi; to fg and finds an applications in different microwave
frequency ranges.

Il. DESCRIPTION OF ANTENNA GEOMETRY

The conventional monopole circular microstrip antenna
(CMCMSA) is designed using low cost modified glass
epoxy of thickness h=1.6mm with relative permittivity ¢, =
4.2. The antenna is fed using microstripline feeding
because of its simplicity and it can be simultaneously
fabricated along with the antenna element. The radius of
this antenna can calculated uijng equation (land 2) [3-4].

“T+ @h/m e, DUnek/20) + 1772607 g

where k =8.794/f ¢?

G, =a {1 +2h/mE @ [fn (g) + 1'??26]}1;: -(2)

Figure 1 shows top view geometry of CMCMSA in which
W; and L; are width and length of microstrip feed line
where as Wgyand Lq are width and length of ground plane.
Figure 2 shows return loss verses frequency of monopole
CMCMSA and it resonates at 1.99 GHz.
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Figure 3 shows top view geometry of multi band and triple
notch band of tunable monopole circular microstrip
antenna having the same basic design as that of
conventional monopole CMSA as shown in Figure 1. The
monopole CMSA has been modified into the proposed
antenna by loading two identical I-slots, U and J-slots over
the patch. The U and I-slots have fixed dimensions and by
changing the dimensions of other I-slot and small arm of
the J-slots to achieve multiband along with notch band
functions [5-6]. The design parameters of the two proposed
antennas are given in Table 1 and Table 2.
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Table 1(a).Design parameter of multi band tunable monopole circular microstrip antenna for wireless Applications

For constant stub width Ws=0.8cm and lengths of stub L;s=0.568cm and L, s =0.457cm
with fixed dimensions of U-slot that is L;=0.8cm, L,=0.7cm, L;=0.6cm and W;=0.1cm
and length of J-slot L,=1.4 cm, Ls=0.3cm Lg=0.8cm,L;=0.742 cmand Lg=0.611cm

bet\fltre):r??vgo I- Trnl Ret “?f\‘N Trr? Icljs(setiln IBW Trr? Ret.loss | 1BW ]:rr: Iozztiln IBW
. . H ino in %

slotsinem. | Hz | 10SINdB | o I | ag | % | gu, | MUB | IN% G | Tgg | M

0.21 16750 | 1722 | 3641 | 253 | 2165 | 37.19 | 5005 | 1852 | 13.16 | 7.9075 | 21.21 | 37.79
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Table 1(b).Design parameter of triple notch band tunable monopole circular microstrip antenna for wireless Applications

For constant stub width Ws=0.8cm and lengths of stub L;s=0.568cm and L, s =0.457cm
with fixed dimensions of U-slot that is L;=0.8cm, L,=0.7cm, L;=0.6cm and W;=0.1cm
and length of J-slot L,=1.4 cm, Ls=0.3cm Lg=0.8cm,L;=0.742 cmand Lg=0.611cm

Spacing for Ret. . Ret.
between two |- in loss in IBX/V In in fC?Hz loss in :E\({/v in ngSHz R;er:.cigss IBW in %
slots in cm. GHz dB 0 dB 0
0.21 2.2375 5.63 15.57 4,555 6.33 31.36 5.7475 5.83 9.85

Table 2(a).Design parameter of multi band tunable monopole circular microstrip antenna for wireless Applications

For constant stub width Ws=0.8cm and lengths of stub L;s=0.568cm and L, s =0.457cm

with fixed dimensions of U-slot that is L;=0.8cm, L,=0.7cm, L;=0.6cm and W;=0.1cm

and length of J-slot L,=1.4 cm, Ls=0.3cm Lg=0.7cm,L;=0.722 cmand Lg=0.611cm

Spacing f,z Ret: | BW fr4 Ret: IBW fre Ret_. IBW f,s Ret. IBW in
between two | in loss in in in loss in - in loss in . in Loss
. in % in % . %
slots in cm. GHz dB % GHz dB GHz dB GHz indB
0.11 1.6525 16.44 4837 | 271 | 2037 | 32.46 | 5.4775 | 1550 | 15.43 | 7.0975 | 26.65 48.33

Table 2(b).Design parameter of triple notch band tunable monopole circular microstrip antenna for wireless Applications

For constant stub width Ws=0.8cm and lengths of stub Ls=0.568cm and L, 5 =0.457cm

with fixed dimensions of U-slot that is L;=0.8cm, L,=0.7cm, L;=0.6cm and W;=0.1cm

and length of J-slot L,=1.4 cm, Ls=0.3cm Lg=0.7cm,L;=0.722 cmand Lg=0.611 cm

Spacing fn2 Ret. f Ret. IBW f Ret
between two | in loss in :E’\o//v i (?H loss in "y , éBH | 'e.dB IBW in %
slots in cm. GHz dB 0 n VA dB In % In z 0ossIn
0.11 2.3725 4.82 20.19 4.4875 4.84 36.10 6.0625 7.62 4.88
I1l. RESULT AND DISCUSSION tuned useful band is at f, =2.71GHz of bandwidth

Figure 4 shows the variation of return loss verses
frequency of proposed antenna when spacing between I-
slots is 0.21cm when dimensions of J-slot is Lg=0.7 cm.
The resonant frequencies of first useful band is at f,
=1.675 GHz of bandwidth 610MHz and tunes to f,, for
second useful band resonates at f; =2.53GHz of bandwidth
941MHz and tunes to f,4, the third useful band resonates at
fis= 5.095GHz of bandwidth 671MHz and tunes to f,g and
fourth useful band resonates at f; =7.9075GHz of
bandwidth 2.98GHz and tunes to f,s with three alternate
notch bands resonates at f,; =2.2375GHz of bandwidth
348MHz and tunes to f,,, the second notch band resonates
at f,3=4.555 GHz of bandwidth 1.42GHz and tunes to f..
and the third notch band resonates at f,5 =5.7475GHz of
bandwidth 566MHz and tunes to f,s [7]. The impedance
bandwidth (IBW) of four useful bands in percentages are
36.41, 37.19, 13.16 and 37.79 and for three notch bands is
15.57, 31.36 and 9.85 and having peak gain of 1.67 dBi,
1.73dBi, 1.8dBi, 2.14 dBi and for notch bands it is 1.15
dBi, 2.82dBi and1.5dBi respectively as shown in Table 1
(aand b).

Similarly when spacing between two I-slots is 0.11cm
when dimensions of J-slot is Lg=0.6 cm. The resonant
frequency of first tuned useful band is at f,,=1.6525GHz
of bandwidth 741 MH , the resonant frequency of second
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880MHz , the resonant frequency of third tuned useful
band is at f,s-5.4775GHz of bandwidth 845MHz and the
resonant frequency fourth tuned useful band is at fg=
7.0975GHz of bandwidth 3.38GHz with three alternate
notch bands resonates and tunes to f,,=2.3725GHz of
bandwidth 479MHz, f. = 4.4875GHz of bandwidth
1.62GHz and f,4=6.0625GHz of bandwidth 296MHz The
impedance bandwidth of useful bands in percentages are
48.37, 32.46, 15.43 and 48.33 and for three notch bands
are 20.19, 36.10 and 4.88 and having peak gain of 2.0 dBi,
1.42dBi, 2.1dBi, 2.39 dBi and for notch bands it is 0.76
dBi, 2.0dBi and1.41dBi respectively as shown in Table 2(a
and b) .

The proposed antenna have an applications of
GPS(1575MHz), GSM(1800/1900MHz), LTE, FCC
ID(2.63-2.68GHz), WiMAX(2.5GHz), WLAN(4.9 and
5.0GHz), C and X band ( Radar and Satellite) and rejects
the bands of Wi-Fi, UMTS(2100MHz), LTE(2-2.5GHz),
WiIMAX(3.5GHz) and WLAN (5.9GHz) and C band (5.3-
6.1GHz). The optimum impedance bandwidth of both the
dimensions of proposed antenna is of 37.79% and 48.37 %
having peak gain of 2.14dBi and 2.39dBi for useful bands
[8-9]. The gain is less for notch bands because of
misalignment and surrounding environment during real
time communications [10-11]. For both the dimensions of
an antennas, when spacing between two I-slots changed
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then the frequency of first band shifts to left, second band
shifts to right, third band shifts to right and fourth band
shifts to left and the notch bands of frequency shifts to
right. The shift in frequency is depending on variation in
reactance of loaded slot and stubs as shown in Figure 4.
The impedance band width is calculated using equation

(3).

Impedance bandwidth (%) = [(f-fL)/fc]x100 ....(3)
Figure 5, 6 and 7 shows typical radiation pattern for the
proposed antennas at 5.095GHz and 5.4775GHz and
7.0975GHz respectively. The radiation patterns are omni
directional in nature in both E and H plane [12-16].

Radiation Pattern 2

30 T T g
e T P
2 TR N,
60 / 60
£ 10,00 3
I | \
[ [ -15.00
P \ 4
/ 1
-90 —190
E 3 ]
f N__ {
A { ]
‘:r, > g ?’7
120 < J120
-180
Figure 5. Typical Radiation Pattern of proposed antenna at 5.095
GHz
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Figure 6. Typical Radiation Pattern of proposed antenna at
5.4775 GHz
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Figure7. Typical Radiation Pattern of proposed antenna at
7.0975 GHz
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IV. CONCLUSION

The proposed antennas are designed and constructed for
multiband and triple notch band wireless microwave
applications using a simple and economical method of
conventional slot and stub loading techniques. This kind
of single antenna can replace the broadband antennas by
tuning to a large range of frequencies. Thus in the
proposed antenna, when the dimensions of small arm of J-
slot L =0.7 and 0.6cm and spacing between two I-slots is
0.21 and 0.11cm then the antenna is tuned to multiple
operating bands and also for notch bands. Among the
operating multi bands, the first band, fourth band tunes to
left where as second and third band tunes to right and all
the three notch bands tunes to right. The applications of
four operating bands are found in GPS, GSM, LTE, FCC
ID, WIMAX, WLAN, C and X band (radar and satellite)
by rejecting Wi-Fi, UMTS, LTE, WiMAX and WLAN and
C band (5.3-6.1GHz) by three notch bands which are found
in fully crowded frequency spectrum. The band width
requirement of the operating bands is fulfilled. The peak
gain obtained for operating bands of both dimensions is
2.14 dBi and 2.39 dBi with impedance band width are
37.79 % and 48.33 % respectively. The peak gain and
impedance bandwidth for notch bands is less in
comparison with operating bands. The radiation patterns
are omni directional in nature in both E and H plane.
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