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KANYARAT SIMANEE : ANTENNA DESIGN FOR SWITCHED-BEAM
SYSTEM FOR 3G MOBILE PHONE. THESIS ADVISOR : ASST. PROF.

MONTHIPPA UTHANSAKUL, Ph.D., 138 PP.

ANTENNA MEASUREMENTS/ANTENNA CONFIGURATION PATTERNS/

MICROSTRIP ANTENNA/MOBILE PHONE ANTENNA

Universal Mobile Telecommunication Systems (UMTS) being one part of Third
Generation Mobile Networks (3G) have gained lots of attention nowadays as they are
able to support unbounded wireless communications. As these systems need high speed
data transmission, smart antenna systems has been envisaged to be employed for 3G
communications. This is because smart antennas can form main beam to the desired
direction while steering nulls or sidelobes to directions of interference signal. So far,
switched beam antennas as one typical type of smart antenna systems have been popular
for wireless communications as they are not complex and low of cost. These systems
consist of an antenna array and beamforming network. Therefore, this thesis adopts
concept of switched beam system to be employed at mobile terminal for 3G mobile
communications. However, installing an antenna array on mobile terminal is not practical
as its size limitation. Thus, this thesis proposes the concept to form beam in 4 directions
employing small-sized printed antenna suitable for mobile terminal. According to this, we

can improve the signal quality compared with utilizing omni-directional antenna. Also, its



manufacturer is relatively low as the proposed structure is not complex. The simulation

and experimental results are shown to confirm the characteristic of the proposed antenna.
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1o E. a0 auw i lunuanu x
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A A @ a Y a
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FAUAUNITN (2.24) U (2.25)mmaﬂmﬂuaumsmmmzmmmﬂmaﬁﬁum E

Fuaasluaumsi (2.26)

E = XE, sin(wt — fz)+ y E, sin(wt — fz + 5) (2.30)
fiz=0 E, = E, sin(wt — fz) 9% E, = E, sin(wt + ) “?QLLEJﬂL’JﬂLG]E]{Ey &l

E, = E,(sin wtcoss +cosatsin 5) (2.31)

NNANMIVON E, 15192 141 sin ot = E, /E, 1182 cosat = 1-(E, /E, )’ Tuaumsa

227 11MMIAAMIUDY wt 9T 1A

E2 2EE coss EZ
_X2_++_§:s|n25 (2.32)
E E,E, E?

130
aE; —bE,E, +CcE] =1 (2.33)
A 1 2C080 1
) a=————= b=y C=——7>=
E sin“o E,E,sin“o E,sin“o

aumsh (2.29) 0311031295 lugii 2.12 1 duase 04 Wuaswilavesununan (major)

'
= 1

Y 3 £ = . = . a A
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antenna
has three radiation patterns from three different feed positions.
Its structure is relatively simple as it can be fabricated on single
layer printed circuit board. The overall size is only 52x 110 mm’.

Keywordst; 3G; UMTS; Mobile phone antenna; Switched-beam
antenan.

I. INTRODUCTION

Mobile communications are currently one of the hottest
issues that have been developed with a rapid speed because it
connectivity, including an access to the Internet, mobile data
applications and multimedia content for users. This new
generation mobile phone provides video call, video messages,
music, data transfer and even other computer functions as
office applications for their users. However, one problem
degrading the signal quality in mobile phone is co-channel
interference from neighbor cells. So far, smart antenna systems
have been adopted to tackle the mentioned problem.

The smart antenna systems can be categorized into two types
which are adaptive and switched-beam antennas [1]. The
adaptive antenna can steer its main beam to desired direction.
Additionally, side lobe or null are generated in the direction of
interference by adjusting the received/transmitted signal. On
the other hand, the switched-beam antennas can somehow
generate its main beam to desired user but the direction of nulls
and side lobes cannot be adjusted according to the position of
interference. However, switched-beam antennas avoid
impairment of complexity and expense. So far, smart antenna
systems have been considered to install at base station as the
systems are relatively large and complex. However, to increase
the quality signals for mobile communication systems, the
smart antenna concept is currently envisaged to be
implemented also on mobile phone.

978-1-4577-2166-3/11/$26.00 ©2011 IEEE

From literatures, the work presented in [2] has revealed
multiband terminal antennas by a single microstrip patch
antenna for mobile phone. The novel feeding technique is
showing in work presented in [3]. This technique enhances the
required bandwidth and reduces the size of microstrip patch
antenna. Authors of the work presented in [4] have shown a
novel printed compact multiband planar antenna. However,
most of the proposed antenna for mobile terminal radiate in
omni-direction. At present, smart antenna systems have been
considered for mobile phone to improve spectral efficiency,
link quality and good candidate to mitigate this interference,
the problem of interference signal but also increase the signal

gain.

In the work presented in [5], they studied the performance of
handset using adaptive array antennas in the vicinity of a
human operator. The antenna is positioned at external therefore
it doesn’t convenient for the use in mobile phone. In [6], they
have proposed to use switched-beam antennas in mobile phone
and diversity combining is also employed. For this work, the
antenna is relatively large for installing on mobile phone. Also
the authors of [7] has designed algorithm for beamforming in
mobile phone which is relatively complex for mobile phone.

Nowadays, the ion has been fi d on to developing
and unplememmg simple element antenna structure capable of

beam switching to respond the requirement for low profile,
small size, light weight, low cost, and ease of fabrication. At
antenna structure with easily manufactured.

So this paper proposes a switched-beam antenna. It offers the
poss:bmtywadjustthemmbeamofdleamennamﬂnee
directions by using three different feed positions in one
structure and based on a combination of a slot antenna for
UMTS (1.92-2.17 GHz) frequency bands. The proposed
antenna has a simple structure so that it can be easily fabricated
on a single-layer printed circuited board.




135

2011 International Symposium on Intelligent Signal Processing and Communication Sy

[:mu- b l-—wj

] pach
B Substraic

e
(b)

Figure 1. Configuration of the proposed antenna (unit: mm)
(a) front view (b) back view

The remainder of paper is as follows. After brief introduction,
configuration of antenna is described in Section IL Then the
simulation and measurement results are given in Section IIL.
Finally, the conclusion of this paper is presented in Section IV.

II. ANTENNA CONFIGURATION
The proposed antenna configuration is designed by usi

CST Microwave Studio. The overall size is 52x110 mm
fabricated on a FR4 substrate. It has dielectric constant of 4.8
and thickness of 1.67 mm. It’s fed by a 50Q microstrip-line
with its dimension of 3x37.5 mm’ and 3x25 mm’ It is
constituted by two antenna types: tapered slot and circle slot
antennas. The dimensions of two antenna types are shown in
Figure 1. Note that this proposed antenna element is designed
to operate at frequencies range is 1.92 t0 2.17 GHz.

7-9, 2011

(ISPACS) Decemb

Figure 2. Photograph of fabricated antenna.

Figure 3. Proposed antenna compared with iPhone.

The photograph of fabricated antenna is shown in Figure 2.
Also the proposed antenna compared with iPhone is shown in
Figure 3. These show that the configuration of antenna is small
enough to integrate into iPhone.

The CST Microwave Studio is utilized as a tool for
simulation at the center frequency, /. = 2.045 GHz. Also,
network analyzer is used to measure return loss and radiation
pattern as shown in Figure 4. For the radiation pattern
measurement, the measured when the antenna is in a slant
plane (15 degree from x-axis) for port 1 and port 2 while port 3
is measured when the antenna is in normal plane because the
simulation reveals that the antenna gives maximum gain at this
plane as shown in Figure 5. The next section shows the
pattern.
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Figure 4. Measurement setup of retumn loss.

III. SIMULATION AND MEASUREMENT RESULTS

The simulated results obtained from CST Microwave Studio
are also compared with the measured results. In addition, the
antenna prototype is tested in anecholc chamber. For the
simul and ment pi each port is excited
separately while the remaining pons a.re terminated with 50 Q
terminator. The positions of port are presented in Figure 5.

Figure 6 shows the simulated radiation pattern comparing
with the measured at the center frequency, f; = 2.045 GHz.
As we can see, the results from simulation and measurement
have a good agreement. Port 1 has its maximum gain at 270
(right-hand of the antenna) while port 2 has its maximum gain
at 90 (left-hand of the antenna) and port 3 has its maximum
gain at 180 (front of the antenna). As a result, it confirms that
the proposed antenna has three different beam directions.

In Figure 7 shows the return loss (S11) obtained from
simulation comparing with the measurement. Its show the
return loss better than -10dB at frequencies range is 1.283 to
2.267 GHz, 1.278 to 2.2198 GHz, 1.888 to 2.671 GHz for port
1, 2 and 3, respectively. This operation can cover 3G UMTS
(1.92 to 2.17 GHz).

From simulation, the gains of the proposed antenna are 4.86
dB, 4.98 dB and 1 dB for ports 1, 2 and 3 respectively. Also,
the measured gain is 4.17 dB, 4.72 dB, and 1 dB for ports 1, 2
and 3 respectively.

From the results, it can be confirmed that the proposed
antenna can be used as switched-beam antennas on mobile
handset.

IV. CONCLUSION

This paper has proposed a new antenna design for switched-
beam antenna on mobile phone. This slotted antenna has three
radiation patterns from three different feed positions. This
antenna can be easnly manufactured. Also, the overall size of
the proposed antenna is only 52x110 mm? which is suitable for

© @

Figure 5. Measurement of radiation pattern for
(a) port 1, (b) port 2 and (c) port 3 and (d) angle of proposed antenna

iPhone. The simulation and measurement results have
confirmed its performance.
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