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1. Introduction

Small antennas are more widely used in wireless communication systems than before. The
characteristics of small antennas like gain, efficiency, impedance bandwidth, and radiation patterns
have been studied for application in real phones [1]. The embedded antennas are widely made due
to such characteristics as low-profile, low-price, low Specific Absorption Rate (SAR), and easier
fabrication [2-5]. However, nowadays still there is no any research organization in the world that
can propose statistics proving cancer attributed to human body tissue exposed to Electromagnetic
(EM) energy. But surely, EM radiation energy will cause the biological effects and pathological
changes on the human organizations [6-7].

The presented antennas are designed in Universal Mobile Telecommunication System
(UMTS) of 1920 - 2170 MHz and Digital Video Broadcast-Handheld (DVB-H") of 1452 - 1492
MHz. The resonant frequency of UMTS is made by using a Planar Inverted-F Antenna (PIFA)
element; the other resonant frequency of DVB-H" is made by using meander-line configurations.
The total volume of the antennas is greatly reduced by 65 % compared to generally internal
radiators. The ratios of impedance bandwidth of the antennas related to the central frequencies 1.5
and 2.1 GHz are 20 % and 18 %, respectively.

The good characteristics of the antenna such as omni-directional far-field radiation patterns
are attainable. The experimental results show fairly good agreement with the numerical data by
High Frequency Structure Simulator (HFSS).

2. Antenna Design

To satisfy commercial applications, the proposed antennas are mounted on the top of a
Printed Circuit Board (PCB) in a real phone according to the Dopod P100 mobile telephone
specifications [8]. The material FR4 is used to be a substrate (SUB) of the antennas of which is 100
(L) x 60 (W) x 0.6 (H) mm® and the relative permittivity is 4.4. The geometry of the antennas is
shown in Fig. 1 with the dimensions of L1 = 100 mm, L2 =5 mm, L3 =L4 =4 mm, L5 =5 mm,
W1 =60 mm, W2 =27 mm, W3 =20 mm, W4 =W5 =4 mm, W6 =8 mm, W7 =5 mm, W8 =13
mm, W9 = 40 mm. The radius of the conductive metal single-core lines of the antennas is 0.7 mm.
The 50-ohm coaxial cable with SMA is used to deliver the EM energy to the radiators.

3. Experiment Results

The far-field anechoic chamber and Vector Network Analyzer (VNA) HP 8720C are used to
measure the electrical characteristics of the antennas. The experimental results are compared to the
numerical data of HFSS. The Return Loss (RL) of the antennas is shown in Fig. 2. It illustrates that
the measured impedance bandwidth of the antenna between 1.3 — 1.6 GHz and 1.92 — 2.3 GHz is
covered referring to -10 dB RL. The ratios of impedance bandwidth of the antennas related to the
central frequencies 1.5 and 2.1 GHz are 20 % and 18 %, respectively. The isolation level of the



antennas is shown in Fig. 3. The far-field radiation patterns of the antennas at these resonant
frequencies of 1.48, 2.0, and 2.1 GHz are shown from Fig. 4 to Fig. 6. The values of peak gain of
the antennas on the azimuth (H_plane) at these resonant frequencies of 1.48, 2.0, and 2.1 GHz are
1.8, 1.7, and 2.0 dBi, respectively. The values of peak gain of the antennas on the elevation
(E_plane) at these resonant frequencies of 1.48, 2.0, and 2.1 GHz are 0.7, 2.0, and 3.2 dBi,
respectively.

4. Conclusions

Small internal antennas are presented for UMTS of 1920 - 2170 MHz and DVB-H" of 1452
- 1492 MHz applications. The ratios of impedance bandwidth of the antennas related to the center
frequencies 1500 and 2100 MHz are 20 % and 18 %, respectively. The total volume of the antennas
is greatly reduced by 65 % compared to generally internal radiators. The antennas have the good
characteristics of omni-directional radiation patterns and wide impedance bandwidth. The
experimental results show fairly good agreement with the numerical data of HFSS.
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Figure 1: Geometry of the antennas
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Figure 2: Return lose (RL) of the antenna
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Figure 3: Isolation level of the antennas
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Figure 5: Measured radiation patterns of the antennas at 2.0 GHz (a) x-y, (b) z-x, and (c) y-z plane
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Figure 6: Measured radiation patterns of the antennas at 2.1 GHz (a) x-y, (b) z-x, and (c) y-z plane
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