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Abstract

This paper  presents a modified hexagonal regular
broadband antenna operating from (3.3 GHz - 10.5 GHz)
with integrated Bluetooth band and single band notched.The
Bluetooth band is integrated in ultrawideband (UWB)
structure when  the antenna is loaded by a pair of
inverted [J-shaped strips.To avoid interference with the
UWB systems, the wireless local area network(WLAN) of
5.72-5.825 GHz is notched by incorporating a
complementary split ring resonator (SRR) slot within the
hexagonal shaped . The operating frequencies ranges of
the proposed antenna are 2.22 GHz - 2.52 GHz and 3.5
GHz - 10 GHz, which covers, Bluetooth (2.4 GHz - 2.484
GHz) and UWB (3.1 GHz - 10.6 GHz) band, except the
range of WIAN (5.72 GHz - 5.825 GHz) with return loss
more than 10 dB. The performance of the antenna is
simulated and optimized by CST Microwave Studio and
validated against using Ansoft HFSS . The surface current
distribution is used to analyze the effects of the slot and
strips. The antenna gain is acceptable over both Bluetooth
and UWB bands. In the band notched regions, the gain
reduces from its normal value about 4 dBi at 5.75GHz.

1. Introduction

In recent years, UWB systems become very attractive since
the Federal Communications Commission (FCC) released
the frequency band from 3.1 GHz to 10.6 GHz to be an
unlicenced band with a good effective radiated power
spectral density of -41.3 dBm/MHz [1]. Printed monopole
antennas fabricated on a substrate offer wide impedance
bandwidth that can cover UWB behavior.The several
monopole antenna has been studied such as Rectangular [2],
circular disc [3], elliptical [4], and hexagonal UWB
monopole antennas [5-6]. Besides UWB and Bluetooth are
some applications that take advantage of license-free
frequency of operation in the Industrial, Scientific, and
Medical (ISM) band covering the 2.40-2.484-GHz band. To
integrate these bands for use in one device, it ‘s essential to
develop a dual band [7-8]. Most research focusing on UWB
and Bluetooth integrated antenna have been reported in [9-
10]. However, over the frequency range of UWB, there are
other narrowband wireless communication systems with can

interfere with the broadband elements, such as wireless local
area network (WLAN), operating in the range of 5.72 GHz -
5.825 GHz. Therefore, in order to avoid interference with
the other bands a filter-antenna should be designed to reject
such undesirable bands. Inserting the split ring resonators
(SRRs) or complementary split ring resonators (CSSRs) in
the hexagonal antenna, is a new way to achieve a band
notched characteristics. Several scientific paper’s use of
split-ring resonators (SRRs) and complementary split-ring
resonators (CSRRs) to design band-notched UWB antennas
have been presented in [11]. Various approaches have been
observed in the literature [12] in order to achieve single and
dual band notches such as U-Shaped Slot and W-Shaped
Slot [13], C-Shaped Slots [14] elliptical slot uwb antenna
with half circular ring radiator element [15].The band stop
frequency can be controlled by adjusting the length or radius
of the hexagonal design. In this paper, we propose a
hexagonal dual-band antenna for Bluetooth and UWB
applications with the WIAN stop band. The reference
hexagonal design resonates in the Ultra-Wideband (UWB)
from 3.3 to 10.5 GHz. By loading a pair of Inverted I'-
Shaped strip on the top edge of the radiating element, the
Bluetooth band (2.4 GHz - 2.484 GHz) is integrated into the
conventional UWB hexagonal structure. The WLAN (5.72
GHz-5.825 GHz) band is filtered by slotting a
complementary split ring resonator (SRR) into the radiating
hexagonal shaped. This letter contributes towards obtaining
tri-band antenna with wide bandwidth without increasing
their size and also to design simple-structured, low profile,
omnidirectional structure with an acceptable gain.

2. Antenna Design

The details of the proposed hexagonal shaped are depicted in
Fig. 1. The antenna is printed on a layer of dielectric
substrate (ROGERS 4350B) with permittivity of €.= 3.66
,loss tangent of tand =0.004 and height of h = 0.51mm. The
dimensions of the substrate are 31x40mm”. The width of the
feed line is fixed at wf=1.08mm to achieve 50Q impedance
matching.

The lower band edge frequency has been determined for
UWB using [16-17] :
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Where H is the height of the printed hexagonal structure, R
is the effective radius of the equivalent cylindrical monopole
antenna.

p = Lf= Lg ,the length of the gap between the upper edge
and the lower edge of the ground plane of the radiation
element, and the factor k’ = 1.15 is the value for the effect of
dielectric material type.With the reference to the proposed
radiating hexagonal element shown in Figure-1-a, the
parameters above can be obtained as follows:
H=+3R
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By giving R the value of 11.6 mm, parameters of H and r

can be calculated by precedent Equations. We can determine
The value of p =0.5mm by Equation-1.

ws

wi
(a)

(b)

Figure 1: This is the figure Geometry of proposed antenna
(a) top view, (b) Bottom view.

2.1. Bluetooth Band Integrated in UWB Antenna

A pair of [ -Shaped strip Inverted with a length of w; +
L,+L,, and width of W, are loaded on the top edge of the
proposed design .Hence, the Bluetooth band (2.4 GHz -
2.484 GHz) is integrated into UWB antenna (fig. 2.Ant II).
The antenna generates dual-band frequencies due to two
different resonating elements. The length Lp of the inverted
-Shaped is etched to be about a quarter wavelength for the
central Bluetooth band resonant [18].
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2.2. Band Notched Antenna Design

In order to obtain a notch band in the frequency range of
5.72-5.825 GHz, a single complementary split ring
resonators CSRR is etched in the radiation patch as shown in
(fig. 2.Ant III). The characteristics of SRRs and CSRRs
have been studied in [19-20]. Usually, the length of the slot
is made approximately equal to half the guided wavelength
at the notch frequency of the band [21].
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Where Liow weanis the total length of the slot. For the notch
frequency fioeh wian = 5.75 GHz, the outer Radius of the
slot R1 is calculated as 4 mm. The slot width is found to be
R1-R2= 1.25mm. by a way of CST and HFSS simulations
in order to find the exact filter band.

The dimensions of the radiating regular hexagonal antenna
without CSRR slot and inverted I'-shaped are listed in
Table.l1 below. Fig. 2. shows the evolution stages of the
proposed design.

Table 1: Dimension of regular hexagonal antenna

symbole ws s wg g
Dimensions(mm) 31 40 31 10
symbole Lf H r wf
Dimensions(mm) 10.8 20 10 1.08

Ant1 AntTl AntTIT

the prototype antenna the prototype antenna with th d ant
(the prototyp ) viried akaed (the proposed antenna)

Figure 2: The structures of the prototype and proposed
antennas.

3. Results and Discussion

The simulated return loss of impedance matching for
proposed integrated Bluetooth in UWB hexagonal antenna
with a single WIAN notched band as depicted in Figure-1,
was shown as case (III) of fig. 3.

For the antenna denoted as Ant I, it’s the reference prototype
and has resonates in the Ultra-Wideband from 3.3 to 10.5
GHz. As the top side of the antenna loaded by a pair of -
Shaped  (Ant II), the Bluetooth band is integrated into
UWRB antenna with good impedance matching (Trace II).

To stop WLAN band (Ant III).The hexagonal shaped is
incorporated by a complementary split ring resonator
(CSRR) slot (Trace III).

It is clearly observed that the proposed design cannot change
the property of ulta-wideband feature with added a pair of I'-
shaped strip and complementary split ring resonator (CSRR)
slot.
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Figure 3: Simulated S, parameters of the proposed antenna
with different structures.

3.1. Parametric Study and Observation

A parametric study is carried out to investigate the effects of
the important parameters on the impedance matching as
shown in Fig. 1. Witch represents the configuration of the
proposed antenna.

In order to study the influence of the I'-shaped on the UWB
structure, we analyze the performance of them by tuning the
parameters L;, Wy, L,, W, and g; using CST Microwave
Studio. Coefficient reflexion characteristics for various
parameters of loaded inverted I'-shaped are simulated and
shown in fig. 4.5.6.7 and fig. 8.

The effect of the length L, is presented in Fig. 4. With the
increase of this length from 17mm to 20mm, the lower edge
frequency of the response moves toward the left side of the
plot. The width W, effect on the input impedance is shown
in Figure 5. From the results, it’s observed that the width
W1 plays a significant role for impedance matching when its
value increased from 4mm to 10mm resulting good
frequency resonant. Fig. 6. depict the simulation results of
S; with different values of L, this figure indicate that a
center frequency move towards the right side of the plot
with decreasing of L, from 4mm to 1mm.

In Fig.7. The effect of changing the width W, on S;;
parameters is shown, with a fixed value of the other
parameters. To see this effect, the width W, of I'-shaped was
tuned gradually from 1mm to 7mm by a step of 2mm. Its
effect is clearly observed that can move the Bluetooth band
toward lowest frequency with a slight decrease in bandwidth
and return loss.

The effect of g; and its optimization is presented in Fig. 8.
As the width g5 increases from 0.3mm to 0.9mm, the center
resonant frequency shifts towards higher frequency.

From the above discussion, it can be concluded that the
Bluetooth band can be controlled by varying the strips
dimensions. The optimal values of I'-shaped for good
impedance matching are listed in the table.2.

Table 2: Optimal parameters values of I" -shaped.
symbole L1 W1 12 W2 g3
Dimensions(mm) 17 10 3 1 5
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3.2. Notch Band Parameters Effects

The band notch is created by etching a complementary split
ring slot (CSRR) in the hexagonal radiating element .In the
CSRR, the central frequency of notch band can be
approximately calculated by Equations-6-7.

Fig. 9. Shows the simulated reflexion coefficient results of
different outer complementary split ring slot radius R1 with
fixed values of other parameters, the central frequency of the
WLAN notched band is obviously changed towards lowest
frequency while the outer radius R; is increased from 2.5mm
to 3.25mm. In fig.10. it is observed that the central
frequency flowched-wian 1S changed with different values of
inner complementary split ring radius R, slot while
increasing from 3mm to 4.5mm by a step of 0.5mm , the
other bands are slightly changed of parameter R, due to the
coupling between antenna parameters. From Fig. 11. The
central frequency f.ochea-wran band moves leftwards with
increasing the gap gl from 0.5mm to 2mm. Furthermore, the
central frequencies notched WLAN band can be adjusted
and controlled by the parameters of the complementary split
ring slot. The optimal values of CSRR slot for good
impedance matching are listed in the table. 3.

Table :3 optimal parameters values of Compelementary split
ring resonator.
symbole R,
Dimensions(mm) 4
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Figure 9: Simulated reflection coefficient for different R
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Figure 11: Simulated reflection coefficient for different g;

3.3. Current Distributions and Gain Results

The current distributions give us the idea of the proposed
antenna behavior.Fig.12.depicts it’s density at 2.4 GHz and
5.75 GHz, The current is significantly high in I'-shaped
strip (Fig. 12.a), which denotes that the I'-shaped strip
resonates at 2.4 GHz. Fig. 12.b shows that the current
density is very high in the Complementary split ring
resonator (CSRR) at 5.75 GHz, while relatively very low at
I'-shaped in this frequency.

The surface current flows around CSRR to reject undesired
WLAN band .It clearly shows the important effects of the
stubs and the slot in integrating Bluetooth band and
achieving the WLAN band-notched properties.

Fig. 13. Shows the 3D plot of the field pattern and the gain
value of the proposed antenna at each selected frequency.
The results showed in this figure reveal that the proposed
integrated Bluetooth hexagonal antenna with notch band
provides an acceptable quasi-omnidirectional radiation
pattern suitable for receiving signals from all directions. The
antenna gain is variable from 2.37dBi to 5.37dBi across the
desired frequency except the notched band.witch the value
of gain is negative (fig. 13.b) bacause at the notch band there
is a worse impedance matching(the return loss is More than
-10 dBi).
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Figure 12: Simulated current distribution of frequencies at.
(a) 2.4 GHz, (b) 5.75 GHz.

Figure 13 : 3D plot of field pattern shows the gain at : (a)
2.4GHz ; (b) 5.75GHz; (c) 7.5 GHz ; (d) 8.5GHz.

These figures show that integrated Bluetooth band in UWB
hexagonal antenna with notch band keep the properties of
UWRB in the term of gains.

After the use of CST software design. We designed and
simulated the proposed hexagonal antenna as HFSS to
validate our design. Figure.14 illustrates the return loss
obtained by both softwares.
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Figure 14: Comparison between the return loss.

We observe a good agreement between the simulated results.
There is a slight difference of the resonant frequency, but,
the bandwidth simulation results are very comparable.

4. Comparison Between Recently Developed
Research

Finally, the proposed integrated Bluetooth with WLAN
reject band antenna and the other antennas cited in this paper
are compared in Table. 4. The structure proposed in this
work not only can resonate in the UWB and Bluetooth
bands, but also has the advantages of good WLAN band
notched ranges and acceptable gain features.

Table 4: Comparison between recently proposed
antennas and this antenna.

Antennas  Dimensions Operating Gain(dB)
(mm?®) Bands (Except
WLAN
Band)
This 31X40X0.51 Bluetooth 2.37-5.32
paper and UWB
with notch
band
Ref[3] 30X35X1.6 UWB 2.5-5.5
Ref[7] 42X46X1.6 Bluetooth 3.5-5.5
and UWB
Ref][8] 42X24X1.6 Bluetooth 2.5-4.5
and UWB
Ref[10] 36X42X1 Bluetooth 2.1-5.5
and UWB
with notch
band
Ref[13] 35X30X1.6 UWB with Not
notch band defined
Ref[17] 30X30X1.6 UWB 1.75-3.5

5. Conclusion

A compact and planar Bluetooth and UWB hexagonal
antenna with single band-notched is presented. On the basis
of ultra-wideband, we add Bluetooth function by embedding
a pair of I-shaped parasitic strip. Hence, the antenna can
operate on both Bluetooth and UWB frequency range for
return loss less than -10dB .Through performing the
radiating element by a complementary split ring resonator
(CSRR), a notch band from 5.72 GHz to 5.95 GHz is
generated to suppress the interference of WLAN. The
simulation results show that the proposed antenna with a
compact size, simple structure, good WLAN band-notched
characteristics, and wide bandwidth can be a good candidate
for UWB application. Therefore, the results of the work are
useful for short-range wireless communication systems.
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