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Abstract - A compact (20 x 20 mm? size), coplanar waveguide
(CPW) fed, octagonal dotted, dual-band antenna is presented in
this paper. The proposed antenna has a simple structure consisting
of an octagonal dot, L-shape stub, and a two stepped rectangular
patch. The introduction of the L-shaped metallic stubs in the
ground plane generates a lower resonance frequency at 2.42 GHz.
The proposed antenna is fabricated on a low cost FR4 substrate
having thickness of 1.6 mm. The measured impedance bandwidth
of the proposed antenna is from 2.40 to 2.46 GHz and 3.2 to 6.2
GHz. It is also shown that the proposed antenna has stable
radiation patterns of almost dumb-bell shape in the E-plane and
omni-directional shapein the H-plane. The effects of various design
parameters on the impedance bandwidth are also studied and
presented in detail. The proposed antenna can be used for 3.5/5.5
GHz worldwide interoperability for microwave access (WiMAX),
2.4/5.2/5.8 GHz wireless local area network (WLAN) and 3.1-6.0
GHz Direct-Sequence Code Divison Multiple Access (DS-CDMA) /
Multi-Band Orthogonal Frequency Division Multiplexing (MB-
OFDM) ultrawideband (UWB) applications.

Index Terms — CPW-fed, DS-CDMA, MB-OFDM, dual-band, slot antenna,
WLAN, WIiMAX and UWB antenna.

I. INTRODUCTION

In recent years, much attention has been paid tisamhe development of multi-band antennas with
low cost, compact size and ease of fabrication.s&hantennas are required to have higher
performance and intended for wireless communicatipplications such as wireless local area
network (WLAN), worldwide interoperability for miowave access (WiMAX) and MB-OFDM / DS-
CDMA UWB systems. Many printed dual-band and UWBhawole antennas were reported for
various wireless applications in the literaturel@- Among them, CPW-fed slot antennas have many
advantages like simple structure, ease of fabanativide impedance bandwidth, less radiation loss

and ease of integration with monolithic microwantegrated circuits (MMIC).

A 60 x 45 mn and 40 x 40 misize dual-band slot antennas for 2.4/5 GHz WLANligations
are proposed in [1-2] respectively. In [3], a 32L& mnt size ring monopole antenna with two
meander lines was reported for 2.4/5 GHz dual-baperations. Similarly several dual-band slot
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antennas like a rectangular shaped slot antenna [djoss shaped slot antenna [5] and a triangular
slot antenna [6] were proposed for wholly cover/2.6Hz WLAN bands. Though the reported
antennas cover all 2.4/5 GHz WLAN bands, but theyret very compact in size as well as they are
not able to cover 3.5 GHz WiIMAX band. In [7], a ttband monopole antenna is designed by
protruding stubs in the ground plane. The preseatéenna has an overall size of 35 x 50%ramd it

is covering only 2.4 GHz and 5.8 GHz WLAN bands[8h a dual-band slot antenna comprising of
two narrow linear slots for WLAN applications waegented, and in [9], a 50 x 75 rhdouble T-
shaped monopole dual-band antenna was proposed/li&N applications but both the presented
antennas have a drawback of covering only 2.4 Gidz5a2 GHz WLAN bands. The dual frequency
operation was achieved by using CPW-fed antenra iwiterted L strip and open ended rectangular
ring strip in [10], the overall dimensions of theoposed antenna was 26.5 x 25 fwvhich covers
only 2.4 GHz and 5 GHz WLAN bands.

In [11], a 35 x 24 mrhsize triangular shaped coplanar waveguide fed mueoantenna was
proposed for 2.4/5 GHz WLAN and 3.4 GHz WIMAX apmgaltions. But again the overall dimensions
of the antenna are larger when compared with oapgeed design (20 x 20 MmAlso many
researchers have reported UWB antennas [12-13Y{B¥OFDM) / lower band DS-CDMA systems
with a frequency range of 3.1 GHz to 4.8 GHz / GHz to 5.15 GHz. In [13], a compact X030
mn? tree shaped fractal UWB antenna is presented 8fOWDM lower three band (3.1-4.8 GHz)
applications. Some of the reported antennas perfaretl in the bandwidth and radiation
characteristics, but because of large relative, sitzey may be difficult to be integrated with
miniaturized communication devices. So there isemahd for designing compact multi-band
antennas having wideband characteristi€able 1 shows the comparison of antenna size,
operating bands and antenna purpose of the propasethna with antennas reported in
[1-11].

In this paper, we have proposed a compact dual-lEd/-fed octagonal slot with rectangular
shaped patch antenna covering the operating ban@a</.2/5.8 GHz WLAN bands, 3.5/5.5 GHz
WIMAX band and 3.1-6.0 GHz DS-CDMA/MB-OFDM UWB bandhe proposed antenna is
compact in size (20 x 20 nfjn and designed, optimized and simulated using [@Bt@magnetic
software CST Microwave Studio based on the Finitiedration Technique (FIT). The reflection
coefficient characteristic of the fabricated angens measured using Rohde & Schwarz Vector
Network Analyzer (R&S ZVA-40) while the radiatioraterns and gain are measured in an in-house

anechoic chamber. Finally, the simulated and measw@sults are compared and discussed.

Table 1- Comparison of proposed antenna performaitbeother compact antennas
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Fig. 1 shows the geometry of the proposed octdgdotied rectangular shaped patch antenna for
dual-band operation. The proposed antenna haslbgargnsions of 20 x 20 mfrand is designed
on an inexpensive FR4 substrate of thickness 1.6 refative permittivity 4.3 and loss tangent
tan 6=0.019. The octagonal slot is etched on the grguiade and contains the radiating element
which is a two stepped rectangular patch. R80DPW-fed transmission line, which consists of gstr
of width 3 mm and a gap distance of 0.5 mm betwbkerstrip and the ground plane, is used to excite
the antenna. Both the ground plane and the patelprémted on the same side of the substrate. As
further seen from the figure, three metallic stalisattached to the ground plane above and belw th
patch. The major effect of the inserted L-shapd $n the ground plane is to produce another
current path at 2.4 GHz band, and thus exciting@wa resonant frequency. The rectangular patch of
height ‘b16’ (Fig. 1) gives the higher cut-off fieency near 5.88 GHz while the patch width ‘g8’ is

optimized to get the best return loss characterstic
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S.No | Publishedq Antenna Total area Frequency bands Antenna purpose

literature/ | Size (mm2)| occupied by the covered

proposed antenna (mm2)
1 Ref [1] 60 x 45 2700 2.4/5.2/5.8 GHz Tri-band
2 Ref [2] 40 x 40 1600 2.4/5.2/5.8 GHz Dual-band
3 Ref [3] 32x16 512 2.4/5.2/5.8 GHz Dual-band
4 Ref [4] 75 x75 5625 2.4/5.2/5.8 GHz Dual-band
5 Ref [5] 43 x 41 1763 2.4/5.2/5.8 GHz Dual-band
6 Ref [6] 75x75 5625 2.4/5.2/5.8 GHz Dual-band
7 Ref [7] 50 x 35 1750 2.4/5.8 GHz Dual-band
8 Ref [8] 200 x 260 52000 2.4/5.2 GHz Dual-band
9 Ref [9] 50x 75 3750 2.4/5.2 GHz Dual-band
10 Ref [10] 26.5x 25 702.25 2.4/5.2/5.8 GHz Duahdh
11 Ref [11] 35x24 840 2.4/3.4/5.2/5.8 GH Duahdba
12 Proposed 20 x 20 400 2.4/3.5/5.2/5.5/5.8 Dual-band

work GHz
IIl. ANTENNA GEOMETRY
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Fig. 1. Proposed Structure of the rectangular patchopole antenna

Another parameter in the design which has to hieniged to ensure good return loss performance
is the vertical separation between the patch amddtver ground plane denoted by ‘b10’ and its
optimal value is found to be equal to 3.5 mm. la geometry of the proposed antenna, the overall
length of the L-shaped stupis set equal to 18.6 mm to cause a resonancdatGHz (b = 0.25.).
Similarly, the effective monopole height (b10+bi§)9.2 mm which approximates 0@t 5.88

GHz. The dimensions of all the parameters of tlop@sed antenna are listed in Table — 2.

Table 2 - Optimal parameters of the proposed aatenn

Parameter L w bl b2 b3 b4 b5 b6 bY b8 b9 h10
Value (mm) 20 | 20 11 3.6 12| 238 43 2B 15 4 3 3.7
Parameter bll bl2] bl3 bl4d bl5 bl6 gl g2 y3 g4 ob g6
Value (mm) 2 5 6.6 | 3.3 24, 55 05 05 04 05 0.8 17
Parameter a7 g8 g9 gl10 gll g1z gl3 di4 g@gl5 g16 g1G
Value (mm) 3 6.8 | 48| 46 15 1.9 25 34 3 0.5 1109

A. Proposed Antenna Evolution

Fig. 2 shows the evolution stages of the proposethingular patch antenna and the corresponding
reflection coefficients (&) are shown in Fig. 3. In the initial design (Amt@ 1 and Antenna 1 (a)),
an octagonal shaped slot etched on the ground padeis excited by a 502 CPW fed line
terminated on a rectangular patch. To enhancarpedance bandwidth and for generating the lower

resonance frequency at 2.42 GHz, the initial designodified and the modified versions are named
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Antenna 1(b), Antenna 1(c), Antenna 1(d) and finahe proposed antenna. It can be seen from Fig.
3, that in Antenna 1, Antenna 1(b), Antenna 1(a)tehna 1(d) and the proposed antenna, multiple
resonances are generated by virtue of adding ttangular and L-shaped tuning stubs to the ground

structure and thus the new lower resonance frequemd good impedance bandwidth are achieved.

ellels

Antenna # 1 Antenna #1 (a) Antenna #1 (b)
% .
/ @\ ‘Uﬂ%
Antenna #1 (c) Antenna # 1 (d) Proposed antenna

Fig. 2. The evaluation process of the proposed rectangalah antenna
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Fig. 3. Simulated & for prototypes Antenna #1(a), Antenna #1(b), Ante#1(c),Antenna #1(d) and proposed antenna

[ll. SIMULATED AND EXPERIMENTAL RESULTS

The proposed antenna is designed using the comathetectromagnetic software CST Microwave
Studio and fabricated with optimized dimensionsegivin Table 1. Fig. 4 shows the fabricated
prototype of the proposed rectangular patch antatoray with the measured and simulated (with and

without adding L-shaped stub) reflection coeffic¢ierThe measurements have been performed using
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Rohde & Schwarz Vector Network Analyzer (R&S ZVAY40The measured impedance bandwidth
of the octagonal slotted rectangular patch antésrfeom 3.2 GHz to 6.1GHz (2.9 GHz) with an
additional band of 60 MHz from 2.40 to 2.46 GHz @fhicover the 2.4 GHz WLAN band. In Fig. 4,
the curves for measured and simulated reflectiogfficients are in good agreement. The slight
difference between the measured and simulatedtsasutiue to fabrication constraints, uncertainties
in the dielectric constant and substrate thicknestgering effects and the quality of the SMA

connector used.
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Fig. 4. Photograph of the proposed rectangulatpattenna with its corresponding simulated and oredsreturn loss.

The reflection coefficient characteristics of theogsed antennas can also be explained by
observing the current distributions of the propoaatenna. The surface current distributions of the
rectangular patch antenna at 2.45 GHz, 3.5 GHzGH2 and 5.85 GHz is given in Fig. 5. In the
figure, the red colour indicates maximum currenhsiiy while blue colour indicates minimum
current density. We can see that at low frequenomsimum current is distributed on the L-shaped
stub and the octagonal slot. Similarily at the higlguencies maximum current is distributed on the
patch and very less current on the L-shaped stub tha octagonal slot. Thus, the current
distributions justify the conclusions drawn presiyuwherein the lower resonances were attributed to
the L-shaped stub and the slot and the higher eem®s were attributed to the patch.
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Fig. 5. Surface current (magnitude) distributardifferent resonances for the proposed dual-batehna
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IV. THEORETICAL ANALYSIS

The contributing factor for the first resonanceiy)(fin the final version of the rectangular patch
antenna near 2.42 GHz is the L-shaped tuning stiléngth b=18.6 mm (Fig. 6) and the resonance
frequency is approximately obtained from equatibn The second resonance near 5.88 GHz is due to
the patch height and dependent on the couplingdsstwhe lower edge of the patch and the upper
edge of the ground plane. The second resonanceeiney for the proposed antenna can be obtained

from the equation (2).

L —~
Fig. 6. L-shaped tuning stub of the proposed regtkar patch antenna

C

fr1= m 1)

fr2= 140\./% (2)

Where I, = by + byg 3
Ereff = Er;l ()

Here, c stands for the speed of light in free splads the effective monopole height as given in
equation (3), while e is the effective relative permittivity to be calated from equation (4). For
calculating the effective relative permittivity,i assumed that for a CPW fed monopole, half ef th
established field lies in air while the remaininglfhis distributed in the substrate. The resonance

frequencies are calculated using equations (4)to (

V. PARAMETRIC STUDY

A. Effect of the Separation between Patch and Gioun

The separation between the patch and the ground plarucial role in obtaining wider impedance
bandwidth. Fig. 7 shows the variation in returssldy varying the separation between the patch and
the ground. It can be seen from the figure thahaller separation gives better impedance matcling a
higher frequencies. Hence, the separation b10 rteeas optimized and the optimum value is found
to be 3.7 mm. At this optimum value, the maximumplng of electromagnetic energy between the

patch and the ground is achieved over a wider baftdw
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Fig.7. Effect of varying the separation gap onmetoss
B. Effect of Varying the L-shaped tuning stub langt

The effect of varying the overall length ‘12’ oféh.-shaped tuning stub on return loss is given in
Fig. 8. It can be seen from the figure that asléhngth ‘12’ increases, the first resonance andéig
cut-off frequency shifts towards the lower frequeisade. Hence an optimum value of 18.6 mm is

considered for the proposed antenna in order tthgdfirst resonance frequency at 2.4 GHz.
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Fig. 8. Effect of varying L-shaped tuning stubdénon return loss

C. Effect of Varying the stub height

The effect of varying the height ‘b8’ of the verticstub on the return loss is given in Fig. 9.dhc
be seen from the figure that as the height ‘b8reases, the return loss at the first resonance
frequency becomes more than -10 dB because of peprpupling between the vertical stub (above
the patch ) and the L-shaped stub. Hence, an optiralue of 4 mm is considered for the proposed
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antenna in order to get first resonance frequeh@4aGHz band as well as good overall impedance
matching.

5 T T T T T T T T

Reflection coefficient (dB)
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Frequency (GHz)

Fig.9. Effect of varying stub height ‘b8’ on retuoss

D. Effect of Varying the patch width ‘g9’ and widunl’

Fig. 10 (a) shows the effect of varying the par&mé&9’ on the return loss characteristics. As the
patch width ‘g9’ decreases, the return loss mageitand impedance bandwidth of second operating
band improves. Also it can be seen from the fighet between 4.5 GHz to 5.5 GHz frequency band
the return loss magnitude has become -12 dB withdi®pped patch. So in the final design a two-
stepped patch has been considered. As further atexyahe ‘g9’ value then return is deteriorates at
some resonance frequencies as well as improvinthat frequencies so an optimum value of 4.8 mm
has been considered in the fabricated prototypmil&ly, the effect of parameter step patch length
w1l on return loss characteristics and bandwid#gh@vn in Fog 10 (b). These parameters g9 and wl

of stepped patch add the one more degree of fre@ddasign.
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Fig.10 (a). Effect of varying patch width ‘g9’ oaturn loss
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Fig.10 (b). Effect of varying patch length ‘w1’ eeturn loss

VI. RADIATION PATTERNS AND GAIN

The radiation patterns of the octagonal slottetaregular shaped patch antenna is simulated inthe E
plane and H- plane using CST Microwave Studio amésured in an in-house anechoic chamber
using antenna measurement system. A standard doidigled horn antenna is used as reference
antenna. The simulated and measured radiatiornrpsitbé the proposed antenna are shown in Fig. 11
for different frequencies. The H-plane radiatiors @mni-directional pattern while the E-plane
radiation has bidirectional (dumb bell shaped)grattFor both the cases, the simulated and measured
results are found to be in close agreement wiiltla difference due to measurement and alignment
errors. The simulated and measured peak gain attressperating bands for the proposed antenna is
illustrated in Fig. 12. As can be seen, stable garmoss desired band has been achieved. The peak
gain remains between -1dB to 5 dB in the usefuldband increases with frequency due to the
increased effective area of the antenna at shweeelengths. The radiation efficiency charactesssti

of the proposed antenna was calculated by using Kgfowave Studio and in the first operating
band efficiency is about 73% while in the seconerapng band it is about 84%. At smaller
frequencies, the antenna becomes smaller when cethpa the wavelength. Hence, the antenna
becomes more like a transmission line rather tlzaradiating element. Hence, even when the return
loss is better, the part of the energy radiate@imes less. Hence, the gain and efficiency aredess
lower frequencies as seen in simulations. The eteddiation patterns with a reasonable gain make
the proposed antenna suitable for being used in WMAMAX and UWB communication

applications.
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Fig. 11. Measured and simulated radiation pattefmectangular shaped patch antenna at 2.45 GldZ5Hz and 5.8 GHz
frequencies
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Fig.12.Simulated and measured peak gain of the proposalebdnd antenna

VII. CONCLUSIONS

A compact octagonal slotted rectangular shaped@attenna utilizing a ¥® CPW-fed structure is
proposed. The antenna operates in 2.4/5.2/5.8 GH&ANMrequency bands, 3.5/5.5 GHz WiMAX
bands and 3.2-6.2 GHz DS-CDMA/MB-OFDM UWB band syss. Thin metallic rectangular shaped
stubs are used to generate the lower resonancecavér the 2.4 GHz WLAN band. The effects of
various design parameters are studied thoroughig. dimulated results are found to be in good
agreement with the experimental results. The radigiatterns of the antenna are omni-directional in

H-plane and bidirectional in E-plane. The gain ot#d over the operating band is acceptable
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