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Abstract. One of the major challenges due to spectrum sgamgitmodern
wireless communication is on antenna design thatssave a non-contagious
frequency spectrum. In this paper, wideband andibaund design approaches
are proposed to produce antennas that can serimsawrireless technologies
using different frequencies from 2.3 to 6.0 GHzyering WiFi frequencies at
2.4-2.48 GHz, 5,15-5,35 GHz and 5,725-5,825 GHz,wedl as WiMax
frequencies at 2.3-2.4 GHz, 2.495-2.695 GHz, 383&31z, and 5.25-5.85 GHz.
The wideband and multiband antenna were implemeortean 0.8 mm thick of
FR4 epoxy dielectric substrate with permittivity4.3. The return loss of 10 dB
can be achieved for 2.3 to 6 GHz in wideband argeand a tripe band of 2.3-
2.8 GHz, 3.3-3.7 GHz, and above 4.6 GHz in multtbantenna. The gain of
both antennas increases almost linearly from 0tdB3aGHz to around 4.5 dB at
6 GHz, except for the stop band at 2.8-3.3 GHz twlhias a significant drop of
gain, corresponding to the stop frequency bandewm radiation pattern is
bidirectional at x-y plane and nearly omnidirectibat y-z plane, and shows a
similar patern for both wideband and multiband glesipproaches.
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1 I ntroduction

Rapid development in wireless communications systemas demanded
multiband or wideband antennas to support differémthnologies and
standards. Wireless Local Area Network, now hasouarstandards, i.e IEEE
802.11 b/g as one of WLAN standard operating ajueacy ranging from 2.4
GHz to 2.48 GHz, while IEEE 802.11a/g is using fregcy from 5.15 GHz to
5.35 GHz or 5.725 GHz to 5.825 GHz. Those WLAN dtads are designed for
short range of up to approximately one or two heddmeters from the
transmitter (WiFi standard). Other standards, sashlEEE 802.16 d/e is
designed to obtain wider coverage operating atrdtbguencies, and is known
as WiMax technology. WiMax has various frequendpadtions and differs
from country to country. In Indonesia frequency d&of 2.3-2.4 GHz and 3.3-
3.7 GHz have been assigned to support WiMax tedgyolTherefore, there is a
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need to produce antennas that can accommodateediffrequency bands to
support different technologies and standards.

There are several papers on dual band or multi batehnas to comply with
the 802.11 a/b/g and IEEE 802.16 d/e standards. dtiwal. [1] proposed
inverted-F antenna that can cover the 2.4/5.2 GHAMbands. Rajgt al. [2]
proposed coplanar antenna printed on FR4 whichatgeron 2.4/5.2/5.8 GHz
bands. Wugt al. [3] reported dual broadband slot antenna, in wiwveh wide
resonances were obtained by using a U-shapedistgp at the center of the
slot antenna on a substrate with relative perniigtiof 4.7. Another technique
to make a compact microstrip antenna can be fonrid]j which also present
many issues related to recent development in di@gjgnompact antenna
technologies. Motivated by Chen, et.al [5]-[7] ado by [8], in this paper we
propose to design and fabricate an antenna pra&diyat has wideband and
multiband charactersitics.

The rest of the paper is organized as follows.i&e@ presents the wideband
and multiband antenna design and simulation. Secdiodescribes antenna
fabrication and measurement. Section 4 presenysinadnd discussion, and
finally, section 5 summarizes and concludes theesntorks.

2 Antenna Design and Simulation

21  Wideband Design Approach

Wideband antenna in this proposed work constitusescircular patch
implemented as shown in Figure 1(a), which is thesdified by creating a
circular cut to produce the desired wideband cheretics as shown in Figure
1(b). The proposed antenna was designed and imptetheising FR4 epoxy
dielectric substrate with dielectric permitivity= 4.3 and thicknegds= 0.8 mm.
Figure 1(a) shows the basic design of widebandnaatd9]. The antenna
consist of circular patch and a CPW-fed line [10}]f The CPW fed line
consist of a center strip and two finite squarelpes of the same size that are
situated symmetrically on each side of the certi@p acting as groundplane.
To produce a wideband characteristics between 2und 6 GHz frequency
band, the circular patch has radius@f 16 mm or diameteb = 32 mm, a
center strip widthS= 2.4 mm and a CPW ga@/ = 0.2. The other dimension
areP =50.9 mmL =33 mmGr = 16 mm,G_ = 15.1 mmH; = 1.3 mm, andH,

= 1.6 mm. This antena has return loss of < -10aB 2.1 — 5.0 GHz showing
a wideband characteristic. However in our caseneed to extend the design
bandwidth of up to 5.9 GHz in order to cover higgnd WiFi and WiMax
frequencies. To achieve that, we use similar teghnivith [12]-[13], in that we
first truncate the circular patch by decreasingiéimgth ofQ as shown in Figure
1(b). It's observed that by cutting the circulatgba the bandwidth becomes
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wider, but it causes shifting the low frequencyatbdigher frequency limit. By
properly adjusting the length of the cutting edgeadecreasing the lengl, a
new wideband frequency from 2.3 GHz to 6 GHz caolitained.
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Figurel Wideband antenna: (a) Circular patch with 2-squgoeind plane, (b)
Truncated patch to extend antenna bandwidth [13].
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Figure2 Return loss characteristic of truncated circuldcipantenna.
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Figure 2 Continued. Return loss characteristic of truncated circulatcipa
antenna.

Our next step is to improve impedance matchingigit frequency, as we can
see from Figure 2 that return loss is still critiaafrequencies higher than 3.5
GHz. To do that, we then conducted parametric staglyadjusting the gap
width, W, and the lengthd; andH,. This process shows that by decreaswg
impedance matching at frequency higher than 3.5 Gfzimprove, while by
increasingH, return loss in all frequency can improves, busiaccompanied
by shifting the frequency resonance to the highequency. In addition,
increasingH; can deteriorate the return loss and also shifting tbgomant
frequency to the lower frequency. Optimum resultpimduce the desired
frequency band for return loss characteristic s 10 dB can be obtained
when the dimension & = 5.6 mm, H; = 0.5 mm, andH, = 1.5 mmW = 0.3
mm. By setting the overall dimension®=40 mm and. = 33 mm, we obtain
the dimension oD = 32 mm,Gp = 16.1 mmG, = 15 mm, and& = 2.4 mm. Fig.

2 shows simulation result from this process whenvasy the length 0@, Hy,
H,, andW.
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From Figure 2 we can see that to cover the lowerdbaf 2.3 GHz, the
dimension ofQ = 16 mm shows better performance than other dimessthe
dimension ofH; is rather loose, but the dimensionHyf= 1.7 mm andV = 0.2

mm exhibit the best lower band characteristics.

2.2 Multiband Design Approach

The multiband antenna design approach was perfobydchposing a pair of
rectangular slot onto the circular patch in order dreate stop band
corresponding to the undesired frequency in thetspa of between 2.3 to 6.0
GHz. Then otimizing the desired antenna bandwidith @enter frequency was
then performed by varying the dimension of rectéagsiotL, andP; as shown

in Figure 3. However, the gap of CPW fed line ane ground planey, the
length of the circular cutl;, and the gap between circular patch and the ground
plane,H, were affected and need to be readjusted.

Figure3 Design of the multiband antenna.

Figure 4 (a) shows the effect of rectangular sloteshsionPs andLs, as well as
the length ofXs on VSWR; while the effect dfl; andH, are shown in Figure 4
(b) and (c) respectively.

From Figure 4 (a) we can see that the rectangldadsnension to produce stop
band characteristics around 2.8 GHz is better wherl7-17.2mm, L; = 8-10
mm, andXs = 6 mm. Then the process is followed by readjgstine gap
dimension of ground plane to obtain the desired fs1ds characteristic. By
keeping the dimension &~ 0.2 mm obtained from Figure 2(d), from Figure
4(b) and (c), we can see that the best obtainads pands that is most suitable
for the desired frequency bands was found wherdimensionH; = 3.2 mm,
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andH, =1.6 mm to produce tripleband characteristics,4.8-2,8 GHz, 3.3-3.8
GHz, and the upper band above 4.6 GHz.
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Figure4 Simulated dimension of the multiband antenna deajproach.
As we can see from Figure 4, the multiband antesitaacteristics is triple

band with the low band of 2.3-2.8 GHz to accomodateWiFi/WiMax and
new generation of cellular technology, the midlendaf 3.3-3.7 GHz for
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WiMax and extended C band applications, and abo&eGHz to provide for
various modern wireless spectrum.

3 Antenna Fabrication and M easur ement

The antenna prototypes fabricated using multiband aideband design
approach are shown in Figure 5(a) and (b), resgeygtiAntenna characteristics
have been tested by measuring its parameterscylarty VSWR/return loss
and antenna gain, to validate the simulation reasltwell as to verify the
antenna design specification. Measurement of VSWReturn loss is most
important because our proposed research is to peodideband and multiband
characteristics with sufficient impedance bandwigtfuirement.

Wﬁimﬁm;m -

(@) (b)
Figure5 Antenna fabrication: (a) Wideband, (b) Multiband.

Figure 6 shows the measurement results to valithatesimulation of VSWR,
return loss, antenna gain, and antenna radiatitterpafor wideband type of
antenna.

We can see for the wideband antenna shown in Fi§uret for VSWR = 2
(equal to return loss of - 9.54 dB), wideband cbi@ndstic can be achieved for
frequency that is higher than 2.3 GHz up to 6 Gidmf simulation and can go
beyond 6 GHz from measurement results. At frequémtyeen 2.5 to 3.5 GHz
VSWR/return loss is better because our basic dasidpased on that resonant
frequency [5]. Comparison of VSWR/return loss beawesimulation and
measurement results exhibit a variation, but be#lults comply to the required
specification. The gain measurement and simulagbows that the gain
obtained from measurement shows only slightly lotkian that obtained from
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simulation, which increases almost linearly witeguency from O dB at lower
band of 2.3 GHz to approximately 4.5 dB at 6 GHzjfrency band.
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Figure6 Wideband antenna measurement results
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Measurement Simulation

(d) Radiation pattern
Figure6 Continued. Wideband antenna measurement results

Figure 7 shows the measurement result to validegesimulation of VSWR,
return loss, antenna gain, and antenna radiatitterpdor multiband antenna.
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Figure7 Multiband antenna measurement result.
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Figure7 Continued. Multiband antenna measurement result.

Measurement results for multiband antenna showRigure 7 exhibit close
agreements with the charactersitics obtained frionulation. We can see from
Figure 7 (c) that the gain measurement variesgalbe frequency band, but its
average shows only slightly lower than that obtdifrem simulation, which
increases almost linearly with frequency from OatBower band of 2.3 GHz to
approximately 4.5 dB at 6 GHz frequency band. Hawethe multiband
antenna gain shows a significant drop at frequétyween 2.8-3.3 GHz, which
corresponds to the stop band between low and rfredgiency. Therefore, the
antenna gain exhibits a similar behaviour for batkdeband and multiband
antenna, except at the stop band. We can alsa@®eFHigure 6 (d) and 7 (d)
that antenna radiation pattern shows a bidirectidraizontal (x-y plane)
pattern, and exhibits near omnidirectional vertigakz plane) pattern, which is
not shown in the picture.
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4 Discussion

From extensive simulations of wideband antennagdespproach, we have
seen the effect of circular truncation, as wellheseffect of other dimension, i.e
the gap between feed line and rectangular grouadeplthe gap between
ground plane and circular patch, and dimensionrefigd plane on the antenna
bandwidth. The resonant (centre) frequency seentsetoather insensitive to
any changes of circular truncatioQ)( This can be explained that basic design
of circular patch can be retained. Circular truimcat(Q) can change the
behavior of higher frequency above 3.5 GHz. Thelgatpveen circular cut and
the edge of the antennid,] is insensitive to the behavior of center frequyeas
well as to the antenna bandwidth characteristichigher frequency band.
However the gap between circular patch and thersggaund planeH)) is
sensitive to center frequency as well as to theateh of higher frequency
bandwidth. The gap between feed line and the sqgerend plane patch is
most sensitive to center frequency and higher #aqy characteristics.

We also have seen that multiband antenna desigoagpcan be conducted by
creating a pair of simetrically rectangular slottbe circular patch to produce
undesired stop band along the frequency spectratrhés been obtained in the
wideband design. Once the stop band is producedjehired center frequency
and bandwidth can then be obtained by retuninggtpe between circular cut
and ground plane, the gap between circular cutthedantenna edge, and the
gap between the fed line and the ground plane. Tais be explained that
multiband antenna characteristics can be createdinigyosing radiaton
perturbation to the patch in order to produce stapds.

5 Conclusion and Further Study

Antenna prototypes that cover all Wi-Fi,WiMAX, aather upcoming modern

wireless communication system wich occupy frequenayds of between 2.3
and 6 GHz or above have been designed and impletham FR4 substrate
successfully. The antenna design has been condusieg both wideband and
multiband approaches. The wideband design approasiproduced an atenna
characteristic that covers the frequency of 2.3GH&. Wideband characteristic
is produced by modifying a basic circular patchhmgjuare ground plane by
cutting the patch and by adjusting the square gtoplane to widen the

bandwidth at the higher frequency band.

The multiband design approach has produced a toigiel characteristics with
the low band of 2.3-2.8 GHz to accomodate for WikMax and new
generation of cellular technology, the midle bafidB33-3.7 GHz for WiMax
and extended C band applications, and above 4.6 tGHhrovide for various
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upcoming modern wireless applications. The widebantena gain shows
increasing gain with the frequency from 0 dB at @3z to around 4.5 dB at 6
GHz; while the multiband antenna gain shows a wamjlar result with that of

the wideband, except for the stop band at 2.8-342 ®hich has a significant
gain drop, corresponding to the desired stop frequdand. Antenna radiation
pattern is bidirectional at x-y plane and nearlynatirectional at y-z plane, and
shows a similar patern for both wideband and maitttbdesign approaches.

Antenna measurement results show good agrement théth obtained from
simulation. Slight deviation was found in the measwent of the return loss for
wideband antenna,but still meet the specificategquirements. The multiband
antenna requires more complex design comparedatoofithe wideband type.
However, multiband antennas have an advantagetbgexideband antenna in
terms of prefiltering capability, in that any uniled frequency spectrum
coming from other system or spurious emssion carejgeted at the receiving
antenna front end.

In order to obtain more number of frequency bamdthe multiband antenna
design, our next study would focus on a more chglleg design that can
produce more thatn triple bands antenna, so thatatitenna can provide
prefiltering process for more technologies and i@ppbns with different
frequency spectrum allocation.
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