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Abstract:

This paper presents the design, modelling andteestib dual-band antenna array integrated witerél The array

is fed via a single 5@ port and consists of two radiating elements. Heackx?2 array structure. The two bands of
the antenna array correspond to the two WLAN baida4 GHz and 5.8 GHz. Other than the two fundaalen
resonant frequencies, the standalone array hamapurarmonics at various other frequencies. Feistippression
of these harmonics, the array is integrated with Ibandpass filters, centered at 2.4 GHz and 5.8 Ghiz antenna
array with integrated filters was electromagnetjcaiodelled and the simulation results have beesegmted. The
acquired results are considerably acceptable; stipthie array to have dual-bands at 2.4 GHz andGhi8, at a
return loss of more than 20 dB, and also succesafyression of the spurious harmonics of the aatanray.

. Introduction:

An antenna is an integral part of all wireless camioation devices. When two or more antennas amoted in

a single structure, it is known as an antenna aayarray is better than a single antenna; primaince it is
more powerful with regards to transmitting and réiog signals, performing multiple tasks at the satime and
also because it shares the same feed networkdaoathating elements, rather than having individead networks
for multiple antennas. The WLAN operates at 2.4 Gidd 5.8 GHz as defined by the IEEE 802.11a/b/g/n/a
standards [1]. Currently, the 2.4 GHz and 5.8 Gldinfpto-point antenna arrays are mounted separatély
discrete ports [2]. It is difficult to achieve aoadband planar antenna array with stable diredticadiation
patterns from 2.0—-6.0 GHz, as gain is proportidoaladiation aperture [2]. Hence, a dual-band astaycture is
preferred due to its simple system configuratiod eost minimisation. Although similar work is prageal in [2]
and [3], but is disadvantageous with respect ®vadualities; such as/®®rder filters being used, larger 2x2 array
structures, single-band operation and final respar being sufficiently sharp. In this presenteatky a dual-
band 1x2 antenna array witf’ rder integrated filters is designed, modelled simtlilated. Initially, a standalone
array (array without filters) - fed by a single deeetwork - was designed and was shown to posgessEs
harmonics in addition to the two main resonantdeeties. Hence, bandpass filters were chosen totdgrated
within the array. The filters would serve to allthe wanted frequencies to pass through, while tiagall others.
Hence, the spurious harmonics would be removed.dEs&gned antenna array utilises microstrip teamol The
organisation of the paper is as follows. In sectiprthe design of the proposed structure is detkilSection IlI
presents the results. The conclusions of the wall&a in section V.

. Design of Antenna Array, Filtersand their I ntegration:

The proposed standalone antenna array is illustiat€ig. 1. The array consists of two antennalpgcmodelled
to have fundamental resonant frequencies at 2.4 &id2.8 GHz by using the design equations givdd]inThe
two patches are joined to %0 transmission lines via quarter-wave transformé@te whole structure is fed by
means of a single 5Q port. The power from this port is split in to tleoanches through a 76.Td transmission
line. The length of this power-splitting transmasiline is dependent on the spacing between the patoh
antennas. The two patch antennas are spaced sthaadi of 0%, in order to minimise mutual coupling; wheérg
is the guided wavelength at the smaller operatifregjuency, i.e. 2.4 GHz. The two designed patdbraras are
then connected to the two ends of the power-gglitine; thus forming a 1x2 antenna array.

The bandpass filters have a pseudo-interdigitacsiral shape and are of second order each. Tasic design is
shown in Fig. 2. The values (in mm) of the paramseie the figure for 2.4 GHz ar&1=3.5, L2=23.8, L3=1.5,
W1=2.2, W2=0.3, G1=0.9, G2=0.3 and for 5.8 GHz are:1=3.5, L2=8.3, L3=3.4, W1=2.2, W2=0.6, G1=0.3,
G2=0.8. The 5.8 GHz filter was chosen to have a narrogsipand. This is advantageous because upon integrati
with the array, a sharp response and better rejecti the spurious harmonics would be achieved. gzoatively,
the 2.4 GHz filter has a slightly wider passbarghtthe 5.8 GHz filter. This is attained by usingptier width for
the interdigital fingers and less spacing betwe®n fingers. This is done in order to achieve twimgs: to
minimise any mutual coupling between the two fdtand to minimise the overall length of the erdirecture.



With the aim of forming an antenna array with imeggd filters for spurious harmonics rejection, tlve designed
bandpass filters are combined in the array nexhéopower splitting line. The power-splitting tramission line
acts as a feedline for both filters. Furthermoreges the integration causes the overall width @f $tructure to
increase substantially, the distance between thepatch antennas is decreased from & 0.33.5; wherel, is
the guided wavelength at 2.4 GHz. The ensuing ftralcture is illustrated in Fig. 3. When the @Qoort of the
resulting structure is excited, current flows iddhen gets divided in to the two branches. Sihegtwo branches
are feedlines of the two filters, the current tlleavs in to the two filters through coupling. Eafiber then lets
pass through only its respective frequency, whéjeating all others. Lastly, the two patch antemaalate at their
particular resonant frequencies, which are the dagaeiencies passed out by the two bandpass filters

1. Results:

All the proposed structures are designed on a Rdg&6880 substrate of thickness 0.79 mm, havinglealric
permittivity e, = 2.2 and dielectric loss tangent daa 0.0009. They are modelled and simulated usirg th
commercial software emSonnet. The simulated restilise standalone array are presented in Fighd.dobminant
mode resonant frequencies are at a return losknofisa 30 dB each. As can be also seen, other tlmnesonant
frequencies, there are spurious harmonics presesmtrimus other frequencies. These harmonics iterfvith the
main signals and cause distortion as well as lbssrsitivity.

The simulated S-parameters of the bandpass fpiesented in Fig. 5 and Fig. 6 show that the ltme centered
at 2.4 GHz and 5.8 GHz. The results also showiliees® 3 dB passband to be 2.08-2.69 GHz and ®31-GHz
and hence have fractional bandwidths of 25.4% &nd% respectively. The simulation results showitisertion
loss to be about 0.1 dB in the both passbands.simasion zeroes appear at frequencies below aneabe
passbands of both filters. The transmission zeiropsove near-bandwidth rejection. The return lesmbre than
13 dB for most of the passband bandwidth in bdtér§.

The simulation results of the antenna array wittegrated filters are shown in Fig. 7. The resulisvs the
proposed structure to have dual-band fundamensalneat frequencies and a major suppression ofpheosis
harmonics has been achieved, as desired. Howéwepitk at 4.5 GHz has not been fully rejectedsTdan be
countered by shifting forwards the first transnosszero of the 5.8 GHz filter. Although the reqdiresults have
been obtained in terms of harmonic suppressionrgtuen loss of the antenna array at the two dominesonant
frequencies has decreased by about 7.5 dB eaclegsidting at about 22.5 dB. This can be attributethe extra
metallisation of the integrated filters and extoaiglings involved in the new structure.

V. Conclusion:

In this paper, a WLAN dual-band 1x2 antenna armtggrated with two pseudo-interdigital bandpa#ers, is
designed and presented. A standalone antennavaasagimulated and the result has been presentedsifound
to have spurious harmonics in addition to the twamoperational WLAN frequencies of 2.4 GHz and Gl8z.
The integrated filters are a means of rejectingsigrious harmonics that are present in the antamag while
keeping the two fundamental resonant frequenciectinThe simulation results of the two filters balveen
presented and show them to be centered at the aaofrequencies. The two filters were then integglawithin the
standalone array. Simulation results of the antemrey with integrated filters have been shown amedas desired.
Although the obtained results show a little redwetin return loss at the two fundamental frequesnctae
suppression of the spurious harmonics in the aatdmend has been satisfactorily achieved. The pegpos
modelling and design could be implemented for ofiftering arrays.
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Figures:

Fig. 3. Geometry of array with integrated filtedsngensions in mm).
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Fig. 4. S-parameters of antenna array.
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Fig. 5. S-parameters of 2.4 GHz filter.
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Fig. 6. S-parameters of 5.8 GHz filter.
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Fig. 7. S-parameters of antenna array with integrétters.



