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Abstract: This paper presents a compact and broadband striprgpatch antenna array (BMPAA)
with uniform linear array configuration of 4x1 elent for 3G applications. The 4x1 BMPAA was
designed and developed by integrating new patcpheshiybrid E-H shape, L-probe feeding, inverted
patch structure with air filled dielectric micragtrpatch antenna (MPA) element. The array was
constructed using two dielectric layer arrangenvétit a thick air-filled substrate sandwiched betwee
a top-loaded dielectric substrateT(5880) with inverting radiating patch and a ground plahke L-
probe fed inverted hybrid E-H (LIEH) shaped BMPAg&h&éves an impedance bandwidth of 17.32%
referenced to the center frequency at 2.02 GHzZV@&WR < 1.5), maximum achievable gain of
11.9+1dBi, and 23 dB crosspolarization level.
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INTRODUCTION system. The application of smart antenna for 3G
networks will revolutionize at least the base stati
The demand for mobile communication services isantenna design. As the number of mobile operator
increasing at a rapid pace throughout the globe Thincreases, the requirements to support better mobil
total number of subscribers worldwide is projected services in a limited radio environment become goma
increase from 283 million in 2002 to approximatélp ~ challenge. Hence, a solution whereby a common
billion in 2007. In addition, multimedia traffic ialso ~ antenna shared by various operators are needed, thi
projected to increase 40 percent every year, esheci will also reduce the un-aesthetically or unpleasiage
in Asia. The International Telecommunication Union Station sites. One of the main challenges for thseb
(ITU) forecasted that the amount of wireless mutiia ~ Station antenna design is to come up with an aatenn
traffic in 2010 will be 5.4 times larger than theunt ~ SYStem Wwith smart antenna capabilities covering 3G
recorded in 1999 due to the provisioning of higkesp pandw@th and W|th_a low-profile structure for easy
data servicdd. Science the demand for high data rate"Stallation and maintenance. In an antenna array

services is increasing, a more efficient use ofrttio mult|ple radiating elements a}re a.ssembled n_an
. . . electrical and geometrical configuration. The anten
spectrum is required. To meet these requiremenits, |

proposed the 3G/IMT-2000 system, formerly known asarray provides beamforming capability to extract th

. . . . desired signal and simultaneously filtering out the
future public land mobile telecommunications sesvic . ) -
. unwanted interference signal and environmental
(FPLMTS). The 3G system covers the operating, .. 421

frequency range of 1.885 to 2.025 GHz for uplinkl an In designing array antenna, dipole, horn,

range of 2.110 to 2.200 GHz for downlink. waveguide slot or microstrip antenna can be used as

One of the main focuses of 3G is to develop an,giating elements. However such radiating elements
antenna system that can direct the antenna bedn@to ..o unable to meet the requirements to be aestietic

intended users while placing a null to the intexferin a light weighted if implemented on the cell sites. Be
dynamic fashion, the architecture of smart antenna

Corresponding Author: Mohammad Tariqul Islam, Faculty of Engineering arethnology, Multimedia University, Jalan
Ayer Keroh Lama, 75450 Melaka, Malaysia, Tel: +&H23023, Fax: +606-2316552

896



Am. J. Applied Sci., 4 (11): 896-901, 2007

aesthetic, the radiating element of the antenmaydsr  rectangular microstrip patch antenna designedlgy
desired to be small in size, low profile, conforraald ~ An L-shaped probe is employed for feeding the patch
compatible with integrated circuit and etc. Therefo element. This L-shaped probe is an excellent fegdin
the radiating elements are preferred to be fal@italy  technique for a thick substrate (thicknes®.1))
microstrip technology that offers its non-electtica mjcrostrip antenna, where the high inductance ef th
characteristic advantages. Microstrip antennasl@xe |ong pin probe can be suppressed by the capacitance
profile and light weight. They can also be madewhich is introduced by the bend of the probe itsEffis
conformable and well suited to be integrated withfeeding technique also offers easy fabrication wher
microwave integrated circiif. Most of the current soldering to the patch itself can be avoided arel th
researches on MPAs have been devoted on broadbaRéPbe can be bent easily. These advantages are very
technique§®, printed array and feeding techniglidd ~ favorable especially in an array structure. -

to meet the current broadband applications. The The L-probe feeding technique with a thick air-
following section discusses the design of LIEH sithp filled substrate has been reported to enhance the

MPA, development of 4x1 BMPAA and measurement2ntenna bandwidtt***, while inverted radiating
results. patch offers a gain enhancent@rind at the same time

protects from the environmental effect. Both teqheis
LIEH SHAPED MPA DESIGN offer easy patch fabrications, especially for array
structures. The use of parallel slots on the patclon
{he other hand, improves cross polarization while t
introduction of series slots reduces the size @& th
patch***. In addition, by employing the air-filled
substrate, the substrate thickness can be adjaassly
in the design by adjusting the spacer and it isenomst

and thicknes$), is sandwiched between the superstrat effective, ell_mlnatmg the deformlty problgm of the
oam material. Further the design facilitates the

and a ground plane. The LIEH patch antenna mteglra'F fabrication of the patch using the printed cirduitard
both the E- and H-shaped patch on the same ragliati :
, r\tPCB) technique.

element. For the E-shaped, the slots are embedded i
parallel on the radiating edge of the patch,
symmetrically with respect to the centreline (xisjuof CE
the patch; while for the H-shaped the slots are .menedral{m_»,
embedded in serial on the non-radiating edge of the P
patch, symmetrically with respect to the centreline Superstrate—p|

The design adopted the two-dielectric layers —  -----
approach®” with a low permittivity dielectric forming Feed poiré—
the superstrate supporting the inverted radiating
element above a ground plane with an air-filled
substrate sandwiched between them. The E- and H- , _

¢ Silicon screw

shaped slotslf, wg, andsg} and {ls, wy and sy} are

The basic geometry of the LIEH antenna element i
shown in Fig. 1. The inverted rectangular patchthwi
width W and lengthL is supported by a low dielectric
superstrate with dielectric permittivity; and thickness
h;. An air-filled substrate with dielectric permitity &,

Centerline

shown in Fig. 1 (a), wheré, w, ands are the length, @ Inverted raciating petch
width, and position of the slots. The patch is bigdan ht fol ", Superstate)
L-shaped probe with widtlwg) of 1 mm, heighthe and , he = Tobe Sicon space
horizontal lengthlr along the centerline (x-axis) at a — _

distancefp from the edge of the patch as shown in Fig. Connector Auminum plate as ground
1(b). ()

The novel LIEH patch antenna design reduces the
sizes to 79 mm4l mm, which is about 22.64% Fig 1 (a) Top view and (b)side view of LIEH shaped
reduction, compared with the inverted E-shaped MPA
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SIMULATION RESULTS
Fig. 4: (a) Top view, (b) side view of th&«¥LIEH

A commercial electromagnetic simulatSonnet” patch elements
Suite Version is used to obtain the optimized design
parameters. The simulation results of the impedance The fabricated 41 linear antenna array is shown in
bandwidth and gain obtained from the LIEH shapedFig. 5. The antenna array is fabricated on Rogéfs R
MPA element is shown Fig. 2 and 3. Fig. 2 gives theb880 with dielectric permittivity, &; of 2.2 and
simulated return loss (RL) of the LIEH shaped singl thicknessh; of 1.5748 mm. The thickness of the air-
MPA element. filled substrate,hy is 16 mm. The array antenna

Noted in this figure, the antenna resonates at 1.9émploys four identical L-shaped probe feds of coppe
GHz and at 2.16 GHz where these closely excitedvire with a radius of 1 mm as shown in Fig. 4(bheT
adjacent resonant frequencies resulted in a broadba fabricated 41 inverted hybrid E-H shaped patch and
characteristic of the antenna. These dual resonandbe ground plane are assembled together usin@rsilic
frequencies are due to the effect introduced by thepacers and screws (3 mm diameter).
embedded parallel slots structure of the rectamgula  The horizontal and vertical dimensions of each
patch. The bandwidth can be calculated from the Rlprobe are 25 mm and 14 mm, respectively. All the L-
plot. The bandwidth of the antenna can be saideto bshaped probes are connected to the feed netwodhwhi
those range of frequencies over which the RL istgre is located underneath the ground plane via SMA
than -10 dB corresponds to a VSWR of 2 which isconnectors.
acceptable. As shown in Fig. 2, the simulated Aluminium Inverted hybrid
impedance bandwidth is about 20.48%, covering the Superstra1gr0l'$d plan E-H shaped pa«
frequency range from 1.84-2.26 GHz. These impedance 5
bandwidth values are determined at return losd lefve
10 dB or at VSWR=2. An achievable bandwidth of
16.14% is obtained, covering the frequency rangmfr
1.87-2.23 GHz at 14 dB return loss or at VSWR 1.5.

The simulated gain of the LIEH shaped patch
antenna at various frequencies is shown in Fig.H&
maximum achievable gain is 8.31 dB and the gain
variation is about 1.39 dBi between the frequency
ranges of 1.85 GHz to 2.2 GHz (i.e. a gain bandwidt
of 15.90%) which is inside the 3 dB gain band.

The array has employed the LIEH shaped patch
with the dimension of each elemew{L} = {79, 41}
mm and inter-element spacing of 68 mm (or A)58t (@) (b)
2.2 GHz. The total dimension of the array is 120 mmFig. 5. The fabricatedsd LIEH shaped BMPAA:

(Width)_><285 mm (length) with the size of the ground (a) top view, (b) inside view showing inverted
plane is 370 mm200 mmx1 mm. element
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RESULTS AND DISCUSSION Figs. 7 and 8 show the E-plane and H-plane

radiation patterns of the antenna array at 1.91 Gty
The LIEH MPA element and thexd BMPAA are 214 GH f . Chebvsh
simulated by Sonnet” Suite em simulator. The ' z (resonance frequencies). ebyshev

fabricated antennas are measured using the Agile@mPplitude distribution is used to have narrow
PNA E8358A network analyzer, Agilent ESG-DP beamwidth and low equal side lobe level (-20 dBje T

Series E4436B signal generator, Advantest R3131Aadiation patterns show some fluctuations due ® th
spectrum analyzer and the standard gain LPDA-080%flection from some obstacles in the field, howeve

lﬁ? gi;fdr:a?;pgema;}teer;gabiesgﬂnﬁ (;qugfncég:; i?)lmhe they have good beam patterns and crosspolarization
' level, which is shown in Figs. 7 and 8. The 3 dB

rotator are also required for the measurement. o . )
Measurement is conducted in the UKM microwave lapP&amwidth is closed to 25° for the E-plane while &
and the UKM open field. dB beamwidth is about 65° for the H-plane. The H-
Fig. 6 shows the measured RL for the fourplane radiation pattern is virtually symmetricalhile
elements. From the Fig. 6, it can be observedtti&t the E-plane radiation pattern exhibits some
RL shows almost similar pattern for the all four
elements. Simulation results agree well to the nneas
results but are not presented for the sake of tyrevhe

asymmetries.

RL of four elements shows two distinct resonance 0 - ‘
frequencies at 1.91 and 2.14 GHz as shown in the '\ |~ 191Gz, Gopdaization
figure. These closely excited adjacent resonant 31 ) 711;11% %{ggﬁgﬂm
frequencies are contributed to the wideband 10/ [\ 214G Casspaarzation
characteristic of the antenna array. The VSWR ss le AN
than 2 in the frequency range from 1.80 to 2.24 GHz 157 v
equivalent to an impedance bandwidth of 21.78%. At @ _ | . .
VSWR less than 1.5, the impedance bandwidth is (o o\ \
17.32% for the frequency range between 1.855 a2l 2. B, . (A 5
GHz, which is wide enough to cover the 3G or IMT- 3 ol L A K Pt ) /-
2000 band. | '~‘ A ' oV

0 bt .
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B
E'lo’ Fig. 7: Measured E-plane radiation patterns for the
& LIEH shaped BMPAA at 1.91 GHz and 2.14
38 GHz
£ 551
% As shown in Fig. 7, the sidelobe levels are
o 2. unequally distributed. The first side lobe levelsl®1

GHz and 2.14 GHz are -18.9 dB (at -6@8)l -20.47 dB
(at 45°) respectively. This result is due to the
5 L S A A A amplitude/phase unbalances in the beamforming feed
175 18 18 1% 201 208 214 221 227 234 240 network. The maximum crosspolarization of the aisay
Frequency, f [GHz] .
in the order of -23.47 dB and -10 dB for E-pland &h
Fig. 6: Return loss forsdl LIEH shaped BMPAA plane respectively.
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Fig. 8: Measured H-plane radiation patterns for the
LIEH shaped BMPAA at 1.91 GHz and 2.14
GHz

The measured gain of the LIEH shaped patchl:

antenna at various frequencies is shown in Fig. 9.
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Fig. 9: Measured gain of LIEH shaped BMPAA at
different frequencies

As shown in the Fig., the maximum achievable
gain is 11.9 dB with 1.28 dB gain variation betwélea
frequency ranges of 1.85 GHz to 2.2 GHz (i.e. angai
bandwidth of 15.90%) which is inside the 3 dB gain
band.

CONCLUSION

Due to the high cost and complexity of the design

for planar and high resolution array, the desigrued
on the development of a uniform four-elemenkl(}

array antenna. The array designed by employingInove

hybrid E-H shaped design, inverted patch, slotiztdip

and L-probe, which has provided better size reducti
(22% reduction compared to the normal rectangular
patch) and crosspolarization apart from the broadba
features of the patch. The BMPAA with the elements
spacing of 0., provides an impedance bandwidth of
440 MHz or about 21.78% at 10 dB return loss,
referenced to the center frequency of 2.02 GHz. The
crosspolarization radiation, in the E-plane pateoh
the array is about -23 dB and -10 dB for the H-plan
The LIEH patch has a compact dimension ok&B

m
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