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Abstract

A microstrip antenna with a circular disc design and modified ground is proposed in this paper. Circular shapes of different size have
been slotted out from the radiating patch for achieving extended ultra wideband (UWB) with GSM/Bluetooth bands with maximum
bandwidth of 17.7 GHz (0.88-18.6 GHz). Further, characteristic of dual notch band is achieved, when a combination of T and L-shaped
slots are etched into the circular disc and ground plane respectively. Change in length of slots is controlling the notch band characteristics.
The proposed antenna has rejection bandwidth of 1.3-2.2 GHz (LTE band), 3.2-3.9 GHz (WiMAX band) and 5.2-6.1 GHz (WLAN band)
respectively. It covers the frequency range of 0.88-18.5 GHz with the VSWR of less than 2. Also, an equivalent parallel resonant circuit
has been demonstrated for band notched frequencies of the designed antenna. The gain achieved by the proposed antenna is 6.27 dBi.
This antenna has been designed, investigated and fabricated for GSM, Bluetooth, UWB, X and Ku band applications. The stable gain
including H & E-plane radiation pattern with good directivity and omnidirectional behavior is achieved by the proposed antenna. Meas-

ured bandwidths are 0.5 GHz, 0.8 GHz, 1.1 GHz and 11.7 GHz respectively.

Keywords: Circular disc Antenna, Dual Notch Band, Integrated GSM band, extended UWB Antenna.

1. Introduction

In recent years, modern telecommunication systems are re-
quired to function for different operating bands, for this reason a
single microstrip antenna that works for various frequency band
applications, such as GSM, Bluetooth and extended UWB with
notch band to suppress the interfacing signals have come to good
extent in designing. Benefits of microstrip antenna are their low
silhouette, light heft, ease to manufacture with planar and non
planar surface nature. So, it is most suitable contender for several
types of communication system i.e. satellite communication sys-
tem, GPS, radar technology, high data transfer rate, TV etc. all in
one device [1-2]. There are various techniques to generate multi-
band behavior using microstrip antenna. By adding extra resonant
element into the main radiating patch or modified ground plane
with different shapes like U and T, are developed. Another tech-
nique is to create notch frequency band in UWB antenna for
multiband operations [3-7]. Elliptical and circular microstrip an-
tennas are common structure for UWB application. Various co-
planar waveguide (CPW) and microstrip fed antennas are designed
and small ground plane are used to augment the bandwidth of the
antenna. Advantages of CPW fed antenna is wider bandwidth, less
dispersion loss and lower radiation leakage as compare to mi-
crostrip and probe fed technique [8-10]. In studies, many methods
have been developed to design multiband antenna by using slot
loading technique and design of notch frequency band such as
cutting slots into the ground plane or into the antenna radiators
[11-15].

Recently, octagonal ring dual band antenna has been report-
ed for integrated Bluetooth and UWB application. The notch band
is created by using a strip slot entrenched at the center of the radi-

ating patch [16]. A CPW fed fractal ring antenna with 2.5 GHz
and 5.5 GHz dual notch band is reported [17]. In this antenna,
desired notch band characteristics are achieved by using fractal
ring shape structure. Above antennas have good characteristics but
they do not cover GSM, Bluetooth, C, X, Ku band application. It
is a tedious task to for the engineers to design such a simple an-
tenna that is low cost, compact in size and efficient for simultane-
ous communication in multiple frequency bands.

In this paper, a CPW fed circular disc microstrip antenna
with circularly shaped slotted structure into the radiating patch has
been proposed. For the generation of first notch band, a T-shaped
slot is etched into the radiating patch and for the second notch
band a pair of L-shaped slots are etched into the ground plane. The
notch band center frequencies are obtained at 3.5 GHz and 5.6
GHz with integrated notch band centered at 2.0 GHz. The resonant
frequencies have been observed at 1.0 GHz, 2.4 GHz, 4.1 GHz
and 9.6 GHz respectively with fractional bandwidths achieved of
42 % (0.88 ~ 1.3 GHz), 37.5 % (2.3 ~ 3.2 GHz), 31 % (3.9 ~ 5.2
GHz) and 127 % (19.3 ~ 6.1 GHz) respectively, while maintaining
the multiband band characteristics. The proposed antenna has been
designed and simulated results have been evaluated with the phys-
ically measured results of the fabricated prototype in the result
section.

2. Antenna geometry

Initially circular monopole antenna structure is designed on FR-
4 substrate with dielectric constant 4.4 and thickness of the sub-
strate 1.59 mm. Size of substrate is 45 x 50 mm?. Both left and
right ground plane of antenna is 9.7 mm x 22.7 mm in size with
optimized feed width of 3 mm and radius of circular monopole
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antenna 15.3 mm. TMuio is dominant mode for circular microstrip
antenna. It is based on the cavity model formulation. The actual
radius (a) of patch is equal to effective radius for first order ap-
proximation. The radius (a) of the circular patch has been deter-
mined using formula as given in equation (1) of [2], as shown here,

. &)
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Where, ¢ _8.791x10°
f\e,

er is effective dielectric constant and h is the height of dielectric
substrate in cm. If fL =2.5 GHz, the radius of the patch is calculat-
ed 15.0 mm for FR-4 substrate with ¢r =4.4, h =0.159 cm and loss
tangent (tand) =0.02 which approximates the lower edge UWB
frequency for VSWR less than 2. The EM-simulator Ansoft HFSS
is used for further fine tuning of dimensions to attain the desired
impedance bandwidth. The radius of the monopole element is then
found to be 15.3 mm. Circular shape slots are introduced within
the radiating patch with different radius. C is center of circular
monopole antenna and Ci, C2 up to Cr are the center position of
circular slots within patch shown in Figure 1(a). Coordinates of C
is (19, 25) and coordinates of Cy, Cz, Cs .....C7 are (10, 25), (20.5,
15), (20.5, 25), (20.5, 35), (27.5, 18.5), (27.5, 25), and (27.5, 31)
respectively. All dimensions are based on Cartesian co-ordinate
system (X, y and z). Bottom surface of proposed antenna is orient-
ed such that it lies on the x-y plane as shown in Fig. 1(a). Fig. 1(b)
shows the prototype antenna. All dimension of proposed antenna
is shown in Table 1. Detail of design steps are given in the next
section.

a=

3. Antenna geometry

The proposed CPW fed monopole antenna with dual notch band
has been simulated using listed dimensions given in Table 1. CPW
fed slot antennas have advantages over other fed antennas like
wide operating band of the antenna, less antenna mutual coupling
and straightforward integration with other radio frequency (RF)
devices. The critical design parameters are the gap between feed
line and ground plane, gap between patch and ground plane, and
length & width of ground plane. These parameters have strong
influence on notch and GSM band characteristic of the antenna.
Strong influence of these parameters can be justified based on the
current distribution over the antenna structure.

Table 1: Dimension of proposed antenna.

Parameters Unit (mm) Parameters Unit (mm)
L 45 W 50
Wi 3 Ly 10.5
R 15.3 r 5.6
I 3.8 I3 2
Ly 22.7 Lg 3.31
Ly 4.32 [ 9.7
| Les 5.31 g 0.8
Ly 7 L, 5
Ls 15 Ly 5
L5 7 Le = L7 7.8
. 45 x 50
g 0.8 Overall size mm?

(b)

Fig. 1: (a) Proposed antenna geometry (b) Fabricated antenna geometry.

3.1 Design of integrated GSM and UWB band antenna

Fig. 2 shows (from Ant.1 to Ant. 5) the design steps of inte-
grated GSM with extended UWB antenna. The design process is
started from the circular disc monopole antenna (Ant. 1) to inte-
grated GSM antenna (Ant. 5) shown in Fig. 2. All designed and
simulated antenna structures (from Ant.1 to Ant. 5) and its corre-
sponding VSWR results have been shown in Fig. 3(b). The current
distribution can be approximated by a sinusoidal root function in
the resonance path of the patch antenna, this assumption leads the
theoretical results observed in this design. Multiple radiating ele-
ments are the basis means of the patch antenna to evolve the Mul-
ti- frequency behavior which helps the antenna to deliver the
strong current and radiation at resonance. Formation of rectangu-
lar, angular, circular and triangular slots in a patch radiator can be
used to create the multi slot patch antenna which leads to the mul-
ti-frequency nature of the considered patch antenna. The corre-
sponding result VSWR has been shown in Fig. 3(b) as Ant.1 of
basic circular disc antenna without any slot support and multiple
resonance modes. The fundamental mode generates the harmon-
ics which finally leads to the higher order modes. The wavelength
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of the higher order modes is considered to satisfy the following
relationship in equation (2), i.e.,

mA,
4

Where, m is the mode number. The closely spaced higher order
modes are considered to be generated in Fig. 3(a) as shown in [8].
Hence, the higher order modes overlapping leads to the UWB
characteristics for the design shown in Fig. 3 (Ant.1) but some
distortion occurred and there was impedance mismatching at 4.3-
5.5 GHz, X and Ku band for the same design. Since the motive
was to design an antenna which can cover UWB with GSM, Blue-
tooth, X and Ku frequency band in a single design without any
addition of extra resonating elements, therefore the next step is to
involve the matching of input impedance to the higher frequency
range and to reduce the distortion received for the design shown in
Fig 2(Antl) especially in the frequency range 4.3-6 GHz, 8-10
GHz and 16-18 GHz band. For this purpose, circular slots have
been introduced. Fig. 4 shows the current distribution of the basic
circular disc antenna (without any slot). It shows that the current
density of the basic circular patch antenna (without any slot), is
mainly disseminated at the outer perimeter of the circular disc. As
a result, the current density becomes very less at center and near
the center area of the circular disc. Hereby, the current density will
not be exaggerated if the center or near center area of the circular
disc is slotted out. To obtain the extended UWB characteristics,
the circular configuration added to increases the operating band in
the high frequency ranges. It is obtained by adding resonance
element with the self similarity property having different radius
size. Here self similarity has been designed by using circular slots
of radius r1 with 5.6 mm dimension as shown in Ant. 2 of Fig. 2
and it is calculated using equation (3) given below

2R= @

h== ®)

where, A is wavelength and it is calculated at 5.6 GHz. The results
are shown in Fig. 3 (Ant.2) which clearly shows that the VSWR in
the frequency range 4.3-6 GHz is lower than 2. This is showing
that there is impedance matching at these frequencies but still
distortion is available in 9-10 GHz frequency range. If we add a
number of circular slots, impedance matching at these frequency
bands can be achieved. To add more number of circular slots,
decrease in the radius size is required. Therefore, circular shape
slots are etched with radius ‘r2’ of 3.8 mm on the radiating circular
patch which is shown in Fig. 2(Ant.3) and the corresponding re-
sult shows that the designed antenna captures the whole frequency
band from 2.4 GHz to 12.0 GHz because of an additive effect of
these small circular slots. The value of rz is calculated by using
equation (3) at 9.5 GHz. It is presumed that a random shape can be
considered to match the impedance and the slot shape is not as
important as the size and position of the slots are for the design
purpose, hence a circular slot has been considered here for the new
proposition. Moreover, the circular slots were not widely used in
the literature available and reviewed, for the parameters consid-
ered in the design process. The circular slots array has been
primed to make the antenna design perform best at the X and Ku
frequency band which makes it novel in such category of the An-
tenna. So, it is needed to add more circular slot for matching the
impedance at frequency range 13.8-18 GHz, here circular slot is
added with rs size using equation (3) at 13.8GHz as shown in Fig.
2 (Ant. 4) and corresponding result is shown in Fig. 3(Ant. 4).

Next step involves formation of notch band which requires the
increase in VSWR value at frequency 2.1 GHz. The process in-
volves etching of the arc shaped curves on the top side of the rec-
tangular ground plane as shown in Fig. 2(Ant. 5). Various simula-
tions for different possible structural changes have been tried to
optimize up to the best possible level. The patch and feed-line

junction matching characteristics is enhanced by modifying the
ground plane, which results the antenna to exhibit impedance
matching in GSM band (specially 800-1200 MHz) [18-20]. The
VSWR result for Ant. 5 in Fig. 3(b) shows the GSM, Bluetooth,
UWB, X and Ku band nature with very good improvement in
VSWR when compared with circular monopole antenna without
slotted circles in Fig. 5(b). Fig. 5(a) shows the fabricated antenna
without any slots. Details of design to create dual notched band
with center frequency of 3.5 and 5.6 GHz have been shown in next
section.

e

(a) Ant.1 (b) Ant. 2 (c) Ant. 3

(d) Ant. 4 (e) Ant. 5

Fig. 2: Design steps of integrated GSM with UWB antenna.
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Fig. 3: (a) Multiple resonance modes to create UWB and (b) VSWR result
of various antennas.

Fig. 4: Surface Current distribution of basic circular disc.
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Fig. 5: (a) Fabricated Ant. 5 (b) A comparison VSWR results of Ant.1 and
Ant. 5.

3.2 Design procedure of integrated GSM and UWB an-
tenna with notch band characteristics

The process of the band notched features is possible to be
achieved by studying the surface current distribution on the pro-
posed antenna, which is shown in Fig. 6. The surface currents at
3.5 GHz (First notch) and 5.6 GHz (Second notch) are mainly
distributed along the edges of T and L-shape slots respectively.
Hence, the characteristics of these surface currents distribution
show the near field radiation countered at these frequencies, this
shows the generation of standing wave, as a result of the T and L
shape slots effectively reflects back high energy signal at the input
side of the port and the band notched behavior is achieved. Simi-
larly, the distribution of current on the ground plane upper edges
reveals that width of ground plane will also influence the imped-
ance bandwidth of antenna. It can be easily observed that surface
current distribution is on the lower side of ground plane. This
helps to expose that gap (g) between circular disc and ground
plane has a decisive role on the antenna’s parameters.

@) (b) ©

Fig. 6: Current distribution of the antenna at (a) 0.9 GHz (b) First notch at
3.5 GHz and (c) Second notch at 5.6 GHz

This section presents the creation of band notched characteristics
in the UWB band with the help of T and L-shaped slots into the
circular patch and ground plane respectively. This antenna is iden-
tical to the reference antenna presented in the section 3.1 and
shown in Fig. 5 (Ant. 5), and 1% notch band at WiMAX (3.3-3.7
GHz) is achieved by using T-shape loaded into the radiating patch
antenna as shown in Fig. 7 (Ant. 6) and corresponding result
shows the first notch at WiMAX band which is shown in Fig. 7 (c).
It is a known fact that the length of these slots should be A/4 or A/2
at the lower frequency to achieve the required notch band charac-
teristics. To achieve the required notched band, the length of each
folded loop strip should be quarter of the guided wavelength at the
desired center frequency of the notched band [21]. Which has
been utilized herewith this design too. The notch frequency band
is decided by the length of the slot. The slot length is calculated by
the formula shown in equation (4) as below,

L

_ C
slot
f.\/e,

where, fr is notch resonance frequency and er is the dielectric con-
stant of the substrate. Fig. 7 (Ant .7) shows the length of the L-
shape slot which is kept same in both the ground plane and will
deliver a single notch frequency. At last, various attempts using
single slots have been tried to get the second notch band at WLAN
band (5.15-5.825 GHz). Since it is known that the equivalent L-C
component of slot gives rise to form band rejection characteristics,
but the desired notch band is not achieved. At this stage, it has
been chosen to etch symmetrical slot on both ground planes using
the method shown in [22]. The length of these slots is close to
A1 4 length of the notch band center frequency. The notch due to
these symmetrical slots on both ground planes coupled together to
generate a band stop characteristics, which finally generates single
sharp notch at desired frequency band and VSWR result of second
notch band is shown in Fig. 7(c). In this way, T and L-shape slots
are used to generate dual different notches. The corresponding
VSWR with dual notch including GSM band has been shown in
Fig. 8. It shows that the VSWR result of proposed antenna and
rejection band at 2.0, 3.5 and 5.6 GHz respectively, which shows
the multiband characteristics.

(4)

000
(XY

L

(a) Ant. 6

(b) Ant. 7

VSWR
o
.

= Ant. 6 (Notch-1)
Ant. 7 (Notch-2)

T T & T -l T T T - T
2 4 6 8 10 12 14 16
Frequency (GHz)

T J
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©

Fig. 7: (a) Single notch band antenna (b) Dual notch band antenna (c)
VSWR result of Ant.6 and Ant.7.
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Fig. 8: VSWR results of different notch band.

The argument for optimization of dual notch bands is the conflict
of ultra wide band (UWB) system with the narrow bands wireless
communication system. Hence (Ant. 7) in Fig. 7 has been consid-
ered as proposed structure. To optimize for the better performance
in the wireless communication system, the conflict is required to
be minimized up to the maximum possible level. It has already
been reported that the utilization of band stop filter needs addi-
tional area to integrate which conclusively raises the complexity
and cost of the design. Notch band characteristics have been found
as the solution to avoid the interferences between UWB system
and narrow band wireless system [23].

3.3 Effect of L slot on notch band and effect of gap be-
tween fed line and ground plane

The result of VSWR characteristics for different value of Le
is shown in Fig. 9(a) and shows that the electrical length of the
antenna can be increased by increasing the length Ls and hence the
notch band can be shifted remarkably towards its lower frequency
side. When the length L is increased from 6.8 mm to 8.8 mm, the
center frequency of 2" notch band is changed from 6.2 to 4.3 GHz.
Also notch peak VSWR of 2™ notch band is changed from 5.79 to
9.12, so optimal length of Ls slot is selected at 7.8 mm. The elec-
tromagnetic coupling among feed-line and ground plane leads to
the capacitive and inductive effects which plays a major role in
impedance matching. S11 values of the antenna for different gap (g)
conditions have been shown in Fig. 9(b) as a function of frequency.
The gap between the ground plane and feed line start from 0.3 mm
to 1.3 mm with a step size of 0.5 mm while keeping all parameters
fix. When there is a variation in gap (g) from 0.3 mm to 1.3 mm,
all the notch modes are shifted across the spectrum. When the gap
(9) is not optimal or it is very wide or narrow, the notch band de-
graded. When gap (g) =0.3 mm, results degraded due the mis-
matching the input impedance with 50 Q line so there is week
coupling of electric and magnetic field with patch. When the space
between feed line and ground is increased, the impedance match-
ing improves at lower as well as at higher frequency side. It means
input impedance is approaching near to 50 Q. The -10 dB Su1
bandwidth of the proposed antenna improves. The optimum gap is
achieved 0.8 mm for optimum impedance matching throughout
the band. Further increasing the gap degrades the impedance
matching and conclusively degrades the result. So, increase or
decrease in the gap (g) enhances or deteriorates the electromagnet-
ic coupling among the ground plane and the patch which leads to
affect the impedance bandwidth. This is a key parameter in decid-
ing the impedance bandwidth.

Another important parameter is ground plane width (Lgs). The
simulated results showing the effect of variation of ground plane
dimension (width) is shown in Fig. 9(c). Multiband with integrat-
ed bandwidth is achieved by making variation in the ground plane
from 8.7 mm to 10.7 mm with step size 1 mm. When the ground
plane dimension (width) is varied, the resonant frequencies are
shifted in the operating band as evident in Fig. 9(c). When the

ground plane dimension is very wide or narrow, the resonance
frequencies degrade. As the ground plane width is decreased from
10.7 mm to 8.7 mm, the current density along the edge also de-
creases. There is downshift of resonance frequency bands towards
the lower side when we decrease the dimension of the ground
plane width but no changes are observed in the higher frequency
ranges. It is clearly visible from this observation that the imped-
ance matching has been found at the best possible optimized
ground plane width Lgs = 9.7 mm. If the ground plane width is
reduced, there is a distortion in higher frequency ranges but if it is
increased, the distortion will be seen on higher and lower frequen-
cy ranges both.

2 4 6 8 10 12 14 18 18 20

Frequency (GHz)

@

Sq1(dB)

T T T T T 1
10 12 14 16 18 20

Frequency (GHz)

(b)

-40

2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

©

Fig. 9: (a) VSWR result for various values of Lg and L; (b) Sy, result for
various values of g and (c) Sa result for various value of Lga.

3.4 Circuit model analysis

The impedance’s real and imaginary part for the proposed an-
tenna has been shown in Fig. 11(b). The operating mechanism of
the proposed antenna with its circuit model is explained ahead and
an equivalent circuit model has been presented for notch bands in
Fig. 11(a). In the first step, the equivalent circuit model has been
designed for 2.0 GHz and the corresponding circuit model is
shown in Fig. 10(a), in which a parallel RLC resonance circuit is
connected with the complex input impedance of the Ant. 5 i.e. Zc.
Fig. 10(b) shows the impedance characteristic with respect to fre-
quency and impedance of notch band at 2.0 GHz, where the real
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part is very high while the imaginary part is comparatively small.
The values of a capacitor, inductor and resistor of the parallel
resonant circuit are calculated by use of circuit model methods for
the resonance frequency, which is given in [1] and [24]. The ad-
mittance of the parallel resonance circuit has been determined
using formula as given in equation (5), as shown here,

Y=G+B_+B, ®)

where, G is conductance, B, = ! is the inductive suscep-
2z fL

tance and B. =27 fC is the capacitive susceptance, where L is

the inductor, C is the capacitor, R is the resistor and f is the reso-
nance frequency. The resonance frequency of the parallel resona-
tor is obtained, when both the susceptance values are equal. The
resonance frequency is

__ 1 6
fﬁZE\IE (6)

Also, impedance bandwidth is calculated by using equation (7), as
given below

BW = L Q)
RC

The parallel resonant circuit is behaving as an open circuit model
at notch band. Due to this, the antenna impedance is very high at
2.0 GHz. Therefore, the antenna cannot radiate at notch band. But,
the parallel resonant circuit with an input impedance of the anten-
na radiates for integrated GSM and extended UWB band as shown
in Fig. 10(b) and this result show that antenna is radiating except
notch band (2.0 GHz). The elements parameters of the equivalent
circuit as shown in Fig. 10(a) are: R1 = 146 Q, L1 = 0.86 nH and

C1=7.42 pF.
Ll
® AVAAYAVAV
Rl
/ €1 |
2.0GHz [ZZ|
&
hd
(a)
3004
2004
E 1001
2
8
c
< 0
2
E
= —s— Real part
~1004 —=— Imaginary part
-200 T T T T T T

T T T d
2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

(b)

Fig. 10: (a) Equivalent circuit at 2.0 GHz (b) Real and imaginary imped-
ance with respect to frequency.

In the next step, similarly, a parallel resonance circuit is added for
second notch band. This parallel resonant circuit has been used to
stop the resonance at 3.5 GHz and the value of resistance, capaci-
tor and inductor at 3.5 GHz can be obtained as discussed above
and optimized values are: Rz = 128 Q, L2 = 0.288 nH and Cz =
9.16 pF. Similarly, for 5.6 GHz; values are: Rz = 112 Q, L3 =
0.119 nH and Cs = 6.74 pF. The equivalent circuit model of the
proposed antenna is shown in Fig. 11(a) and corresponding simu-
lated and circuit model results are compared in Fig. 11(b). It
shows that antenna is radiating except at notch bands. The simu-
lated and circuit model results are similar, that validates the pre-
sented circuit model of the proposed antenna.

L

200

-

o

o
1
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o
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(b) Real and imaginary part with respect to frequency
Fig. 11: (a) Equivalent circuit model (b) Impedance of proposed antenna.

3.5 Time domain analysis

To ensure stable transmission characteristics, fidelity factor of
1(approx.) and group delay with small variations are required. The
correlation factor of transmitted and received pulses is able to be
measure by 1 fidelity factor and this factor is analysed using tech-
niques given in [25] for the proposed antenna. The fidelity factor
is defined in equation (8) as:

max. [ s (t)s, (t+7)dt ®
\/jf:sf (t)dtjf:sf (t)dt

I

0.5 1 15 2 25 3
Time [ns]

-

o
5]

. Amplitude
o

Norm
=
o
—_—
=

El
o

Fig. 12: Input and received pulse in face to face orientation of proposed
antenna.
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Where s, (t) and s, (t) are the input and output signals respective-

ly. It determines the correlation between the excited input pulse
signal s, (t) and the received output pulse signal s, (t) . Fig. 12

shows the input and received signal. Face to face fidelity factor is
0.89. Group delay is another parameter in time domain analysis to
measure the pulse distortion. The group delay response has been
shown in Fig. 13(a) which shows a stable delay with average vari-
ation of 2 nanoseconds throughout the desired frequency band in
both cases of Fig. 13(b-c) i.e. (I) face to face and (II) side by side.
Conclusively, the phase linearity is exhibited by group delay char-
acteristics of the proposed antenna at the desired frequency band
which also delivers good pulse handling capacity.

6
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Fig. 13: (a) Group delay response of proposed similar antennas kept 40
cm apart (b) Face to face orientation and (c) Side by side orientation

4. Measured result and discussion

A new structure of circular disc microstrip antenna with circular
shape slotted antenna has been designed and optimized. The
optimized dimensions of antenna is fabricated on FR4 substrate
and proposed antenna being tested on the network analyzer An-
ritsu MS2038C. The simulated and measure S11 of the proposed
antenna is shown in Fig. 14. A good comparative similarity has
been found between the measured result and the simulated results
which leads to the conclusion that the bandwidth of 0.5 Ghz, 0.8
GHz, 1.1 GHz and 11.7 GHz have been found. The measured far
field radiation pattern in E and H planes at 1.0 GHz, 2.4 GHz, 4.1
GHz, 8.5 GHz and 12 GHz have been presented in Fig. 15(a)-(b).
Radiation patterns are nearly in eight shaped structure for E-plane
at 1.0 GHz, 2.4 GHz, 4.1 GHz and 8.5 GHz but some distorted
nature at 12 GHz. For H-plane the radiation patterns are nearly in
omni direction. The gain and efficiency have also been measured
and are plotted in Fig. 16. Gain measurement shows a peak gain of
6.37 dBi at 10.2 GHz and a peak efficiency of 96 % at 4.2 GHz
has also been obtained. At the lower frequencies, gain is low due
to smaller size of antenna (less surface area). The efficiency is low
at higher frequency ranges due to dielectric losses. Distortion oc-
curs in high frequency ranges due to FR-4 substrate which is made
of fiber glass material with epoxy resin binder that offers low cost
but offer losses at higher frequency ranges.

311 (dB)
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- - - -Measured 4

-40
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Fig. 14: Simulated and measured results of the proposed antenna.
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Fig. 15: Measured radiation pattern of proposed antenna.
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Fig. 16: Gain and efficiency of the proposed.

A good conformity between the simulated and the measured re-
sults are reasonably found as shown in respective figures. The
little variations in the simulated and measured results are due to
the soldering and tolerance levels of the SMA connector during
the fabrication process of the proposed antenna. The proposed
antenna has been observed with the advantage in size i.e. small in
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size and its simple structure covering multiband region i.e.
GSM/Bluetooth/UWB/ X/Ku frequency band applications as
compare to reported antenna structure in Table 2.

Table 2: Result analysis of proposed antenna with other reported antennas.

Ref. Ref. Ref. Ref. Ref. Proosed
Parameters | [13] | [14] [15] [16] [17] p
Operating
- 24- | 24- 2.44- 2.81-
bandwidth 112 | 116 577 143 2.1-11 | 0.88-18.3
(GH2)
Notch
band 3.5/ | 3.55/5. 2.0/3.5/5.
frequency = 5.5 79 3.5/5.5 L 6
(GH2)
Notches 01 02 01 02 02 03
Dielectric |, 0 | 44 | 22 44 44 44
constant
Thickness
of subtrate 0.8 0.8 2 1.59 1.6 1.59
(mm)
Size 50 x | 50 x
(mm?) 50 50 62 x64 | 36 x48 | 50 x50 45 x 50

5. Conclusion

A study and analysis has been carried out to design a small, planar,
low cost, multiband and easy to manufacture integrated
GSM/Bluetooth/UWB bands with convent for other wireless ap-
plications due to its approach towards X & Ku band ranges. The
gap between ground plane and radiating disc, gap between ground
plane and feed, the length & width of ground plane have strong
influence on the performance of the antenna. The antenna achieves
dual notch band with integrated GSM characteristics and can be
built on other type of substrate with some scaling in dimension of
antenna. Overall dimension of proposed antenna is 45 x 50 x 1.59
mm?3. The radiation pattern is very stable across the operating band.
The notch band frequencies are obtained at 2.0 GHz, 3.5 GHz and
5.6 GHz. The antenna has operating impedance bandwidths as 0.5
GHz (0.88 ~ 1.3 GHz), 0.9 GHz (2.3 ~ 3.2 GHz), 1.3 GHz (3.9 ~
5.2 GHz) and 12.2 GHz (6.1 ~ 18.3 GHz) respectively for VSWR
less than 2 and Sa1 less than - 10 dB over the operating frequency
ranges. The UWB band is not affected by the GSM band reso-
nance. The maximum measured gain of proposed antenna is ob-
tained 6.37 dBi. At last it is concluded that this type of antenna
configuration is useful in modern wireless communication systems
for GSM (900 MHz), Bluetooth band (2.45 GHz), UWB (3.1-10.6
GHz), X-band (8-12 GHz) and Ku band (12-18 GHz) applica-
tions.
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