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Abstract

In this paper, we proposed an internal multiband loop embedded monopole antenna for mobile handset that

could be used for smart phones. The proposed antenna has a volume of 40 mm(W) × 15 mm(L) × 5 mm(H),

ground plane size is 40 mm(W) × 80 mm(L), and covers the GSM900 (Global System for Mobile communications

: 880-960 MHz), K-PCS (Korea-Personal Communications Service : 1750-1870 MHz), US-PCS (US Personal

Communications Service : 1850-1990 MHz), WCDMA (Wideband Code Division Multiple Access : 1920-2170

MHz), Wibro (2300-2390 MHz), Bluetooth (2400-2483 MHz) and WLAN (Wireless Local Area Network :

2400-2483.5 MHz) bands for VSWR (voltage standing wave ration) less than 3. The proposed loop adding

design at middle section of longest branch showed wide impedance bandwidth for the lowest resonance

frequency band. The proposed antenna have a lowest resonance frequency band from 738 MHz to 1075 MHz

for S11 value of –6dB. A HFSS (High Frequency Structure Simulator) of the Ansys Corporation based on a

finite element method is employed to analyze the proposed antenna in the design process and to compare the

simulation and experimental results.
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I. Introduction

With the development of the mobile communication

technology, the function of the mobile phone has

changed more and more diverse. The essentially

required characteristic is supporting multiple

frequency bands for the mobile system[1-4]. In

addition to multiband capability, there are strong

demands for small-sized, light weight, and compact

mobile stations[1].

Various multiband planar inverted-F antennas

(PIFAs), monopoles, and slot antennas have been

reported in the literature for mobile phone

applications[1-7]. Monopole antennas have been

employed widely in various mobile and

ground-based communication systems due to its

simple topology, omnidirectional radiation pattern

and moderate efficiency[8-10].

In wireless communication, most mobile phone

networks operate at various radio frequency bands.

A multiband phone is a phone which is designed to

work on more than one radio frequency band.

Multiband phones have been valuable to enable

roaming. Roaming is a general term referring to the

extension of connectivity service in a location that

is different from the home location where the

service was registered. One of roaming is

international roaming. This type of roaming refers

to the ability to move to a foreign service

provider's network. For a phone to work with

different frequency allocations, it must support both

of frequencies. Eventually, it is necessary to design

multiband phones or antennas. And if we can cover
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several services with one antenna, we can save cost

and volume needed for antennas for each services.

In this paper, we propose an internal loop

embedded monopole antenna for multiband operation

covering the GSM900 (Global System for Mobile

communications : 880-960 MHz), K-PCS (Korea-Personal

Communications Service : 1750-1870 MHz), US-PCS

(US Personal Communications Service : 1850-1990

MHz), WCDMA (Wideband Code Division Multiple

Access : 1920-2170 MHz), Wibro (2300-2390 MHz),

Bluetooth (2400-2483 MHz) and WLAN (Wireless

Local Area Network : 2400-2483.5 MHz) bands. The

measured results of the fabricated antenna are

validated by the simulated ones, which obtained

using a HFSS (High Frequency Structure

Simulator).

It is well known that the resonance frequency

band of the antenna shifts as environmental

condition is changing. So a margin for resonance

bandwidth is always required. [1] and most

multiband antenna show a narrow bandwidth for a

lowest frequency band. And lowest frequency band

is very hard to widen bandwidth. One method to

design a multiband antenna is designing with

several branches, each for corresponding frequency

bands. Longest branch covers lowest frequency

band.

In this paper, the proposed antenna has a slot at

the longest branch’s middle section which results a

loop at longest branch. And widened bandwidth is

obtained for the lowest frequency band. [1] shows a

lowest resonance frequency band from 880 MHz to

960 MHz for –6dB of S11 value. And [1] shows S11

of -12dB at 920MHz. In comparison with [1], the

proposed antenna have a lowest resonance frequency

band from 738 MHz to 1075 MHz for the same S11

value of –6dB. And the proposed antenna shows

S11 of -31dB at 920MHz. So, the proposed antenna

shows better impedance bandwidth performance.

II. Proposed Antenna

Fig. 1 depicts the geometry of the proposed

internal multiband monopole antenna having one top

branch with a loop and two side branch lines. Also,

the parameters of the proposed antenna are

presented in Table 1. The antenna size is 40

mm(W) × 15 mm(L) × 5 mm(H). Ground plane size

is 40 mm(W) × 80 mm(L). Ground plane is an

inexpensive FR4 substrate with a dielectric constant

of 4.4 and a thickness of 1.60 mm. A microstrip

transmission line, with dimensions of 2.00 mm(W) x

2.00 mm(L), was used to feed the antenna.

(a)

(b)

Fig. 1. Geometry of the proposed antenna. (a) Top and side

view, (b) Parameters of the proposed antenna.

Table 1. Design parameters of the proposed antenna

(unit : mm)

Parameter Length Parameter Length

L 40.00 W 80.00

L1 3.00 W1 40.00

L2 2.00 W2 38.00

L3 10.00 W3 35.00

L4 7.00 W4 2.00

L5 4.00 W5 4.07

L6 2.00 W6 1.00

L7 1.00 W7 10.40

L8 1.00 W8 10.83

L9 2.00 W9 15.90

L10 2.00 W10 3.00

L11 11.00 W11 34.00

L12 2.00 W12 34.00
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Table 1 shows values of the design parameters

which were derived through the simulation.

Ⅲ. Simulation and Measurement

The commercial program HFSS based on the FEM

(Finite Element Method) is used to obtain suitable

values of parameters and analyze the behavior of

the proposed antenna.

(a) (b)

(c)

Fig. 2. Design process of the proposed antenna. (a) a top

patch, (b) a branch with a loop, (c) a branch with a loop

and two side branch lines.

Fig. 3. Simulated S11 in Fig. 2 (a) a top patch, (b) a branch

with a loop, (c) a branch with a loop and two side branch

lines.

The proposed antenna consists of two major

resonant geometries relative to its inherent

functionality. Fig. 2 shows the design process of the

proposed antenna stepwise: (a) a top patch with

40mm(W) x 15mm(L); (b) a branch with a loop; (c) a

branch with a loop and two side branch lines.

Fig.3 shows simulated S11 for the three different

types of Fig. 2. The basic radiator (a) has the center

frequency at 1500 MHz and a single resonance band

from 1041 MHz to 1940MHz for VSWR (Voltage

Standing Wave Ration) < 3. A branch with a loop

used in (b) is based on (a) patch size. The main

radiator (b) resulted in the production of a low

(a)

(b)

(c)

Fig. 4 Current distributions of the proposed antenna.

(a) at 920 MHz, (b) at 1810 MHz, (c) at 2442 MHz.
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resonance band from 738MHz to 1075MHz. The

final design (c) is used to obtain an additional high

resonance band from 1760 MHz to 2604 MHz.

Fig. 4 shows the excited surface current

distributions obtained from the HFSS simulation in

the radiation element of the proposed antenna at 920

MHz, 1810 MHz, 2442 MHz. According to (a) in

Fig. 4, the top branch of the proposed antenna is

the major radiation element at 920 MHz. Also (b)

and (c) in Fig. 4 shows that the top branch and

side branch lines play a major role for 1810 MHz

and 2442 MHz.

Fig. 5 shows simulated 3D radiation patterns at

(a) (b)

(c) (d)

(e) (f)
Fig. 5 Simulated 3D radiation patterns of the proposed

antenna. ⒜ at 920 MHz, ⒝ at 1810 MHz, ⒞ at 1920 MHz,

⒟ at 2045 MHz, ⒠ at 2345 MHz, ⒡ at 2442 MHz.

920 MHz，1810 MHz, 1920 MHz, 2045 MHz 2345

MHz, 2442 MHz.

Fig. 6 shows the implemented antenna. Fig. 7

shows measurement and simulation results on the

S11 of the proposed antenna. The results show a

good agreement between measurement and

simulation.

Fig. 6. Photograph of the implemented antenna.

Fig. 7. Simulated and measured S11.

The implemented antenna satisfied multiple

operating bands including GSM900 (880-960 MHz),

K-PCS (1750-1870 MHz), US-PCS (1850-1990

MHz), WCDMA (1920-2170 MHz), Wibro (2300-2390

MHz), Bluetooth (2400-2483 MHz) and WLAN

(2400-2483.5 MHz) bands. The proposed loop adding

at middle section of longest branch showed wide

impedance bandwidth for the lowest resonance

frequency band. The proposed antenna have a

lowest resonance frequency band from 738 MHz to

1075 MHz for S11 value of –6dB. And the proposed

antenna shows S11 of -31dB at 920MHz which is

center frequency of GSM900.
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Table 2 Simulated and measured VSWR at center

frequencies for each services.

Frequency Band

(MHz)

simulated

VSWR

measured

VSWR

GSM900

(at 920)
1.502 1.437

K-PCS

(at 1810)
1.951 2.194

US-PCS

(at 1920)
2.744 1.932

WCDMA

(at 2045)
1.923 1.566

Wibro

(at 2345)
1.820 1.439

Bluetooth/WLAN

(at 2442)
2.378 1.542

Table 2 shows measurement and simulation results

on the VSWR of the proposed antenna. Through

Table 2, we can find that the simulated and

measured VSWR of GSM900 band at 920 MHz are

1.502, 1.437, respectively. For the K-PCS band at

1810 MHz, the simulated and measured VSWR are

1.951, 2.194, respectively. For the US-PCS at 1920

MHz, the simulated and measured VSWR are 2.744,

1.932, respectively. For the WCDMA band at 2045

MHz, the simulated and measured VSWR are 1.923,

1.566, respectively. For the Wibro band at 2345

MHz, the simulated and measured VSWR are 1.820,

1.439, respectively. For the Bluetooth and WLAN

bands at 2442 MHz, the simulated and measured

VSWR are 2.378, 1.542, respectively.

Fig. 8 shows the normalized measured

co-polarization and cross-polarization radiation

patterns of the implemented antenna in the x-y, z-y

and z-x planes at center frequencies of each

services. The radiation patterns of the implemented

antenna were measured in an anechoic chamber

equipped with HP 8510C network analyzer and a far

field measurement system. It was found that the

proposed antenna has proper radiation patterns at all

center frequencies. Table 3 shows the results of

maximum peak gain and average gain measurement

of the implemented the antenna.

Through this Table 3, we can see that the

maximum peak gain and average gain of GSM900

Table 3. Measured antenna gains

Frequency Band
Peak

Gain(dBi)

Average

Gain(dBi)

GSM900 4.50 -3.23

K-PCS 2.90 -3.77

US-PCS 3.19 -4.01

WCDMA 3.20 -1.49

Wibro 5.00 -1.26

Bluetooth/WLAN 7.97 -1.64

band are 4.50dBi, -3.23dBi, respectively. For the

K-PCS band, the maximum peak gain and average

gain are 2.90dBi, -3.77dBi, respectively. For the

US-PCS band, the maximum peak gain and average

gain are 3.19dBi, -4.01dBi, respectively. For the

WCDMA band, the maximum peak gain and

average gain are 3.20dBi, -1.49dBi, respectively. For

the Wibro band, the maximum peak gain and

average gain are 5.00dBi, -1.26dBi, respectively. For

the Bluetooth and WLAN bands, the maximum peak

gain and average gain are 7.97dBi, -1.64dBi,

respectively.

Ⅳ. Conclusion

We proposed an internal multiband loop embedded

monopole antenna for mobile handset. We designed

and fabricated the multiband monopole for GSM900,

K-PCS, US-PCS, WCDMA, Wibro, Bluetooth,

WLAN bands with one top branch with a loop and

two side branch lines and measurement showed

suitable performance. The antenna has a small

volume of 40 mm(W) × 15 mm(L) × 5 mm(H),

and ground plane size is 40(W) mm × 80(L) mm.

The proposed loop adding design at middle section

of longest branch showed wide impedance

bandwidth for the lowest resonance frequency band.

The proposed antenna have a lowest resonance

frequency band from 738 MHz to 1075 MHz for S11

value of –6dB. Good radiation characteristics for

frequencies over the mobile application bands have

been observed.

We expect that the proposed monopole is applicable

for multiband mobile phone.
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(a)

(b)

(c)

(d)

(e)

(f)

Fig. 8. Measured radiation patterns of the implemented

antenna. (a) at 920 MHz, (b) at 1810 MHz, (c) at 1920 MHz,

(d) at 2045 MHz, (e) at 2345 MHz, (f) at 2442 MHz.
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