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ABSTRACT: Stable performances of an internal WWAN antenna

applied in the clamshell mobile phone with various chassis shapes are
obtained. Six different states including five possible operating states and
one closed state (idle condition) of the clamshell mobile phone, wherein

the chassis shapes (main ground and upper ground) vary greatly, are
studied. The WWAN antenna is mounted at the bottom of the main

ground, and there are three connecting positions between the main
ground and the upper ground. For each operating states, the upper
ground is connected to the main ground at one of the three connecting

positions. At each position, a band-stop circuit formed by two parallel
LC chip elements is embedded, which is designed to excite a parallel

resonance at around 900 MHz and hence leads to very high impedance
seen into the upper ground in the 900 MHz band. This greatly decreases
the excited surface currents on the upper ground, making the presence

of the upper ground to have very small effects on the performances of
the WWAN antenna mounted at the bottom of the main ground. At

around 1900 MHz, owing to its shorter wavelength, the surface currents
on the upper ground excited by the WWAN antenna on the main ground
are small. Thus, over both the 900- and 1900-MHz bands, the various

orientations of the upper ground to the main ground cause small effects
on the WWAN antenna embedded therein. Details of the obtained results
are presented. VC 2010 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 52: 2148–2154, 2010; Published online in Wiley InterScience

(www.interscience.wiley.com). DOI 10.1002/mop.25413
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1. INTRODUCTION

It is well known that the internal wireless wide area network

(WWAN) antenna applied in the mobile phone is greatly de-

pendent on the size of the system ground plane, especially for

operating in the 900-MHz band [1–2]. For the internal WWAN

antenna in the clamshell mobile phone, this becomes an even

more critical issue, as the two ground planes (the main ground

and the upper ground) are in different orientations when the mo-

bile phone is in the open state (talk condition) and in the closed

state (idle condition) [3–15]. For these two different states, the

upper ground is in different orientations to the main ground,

which usually causes large variations on the performances of the

embedded WWAN antenna.

To achieve stable performances of the embedded WWAN

antenna in the clamshell mobile phone, the technique of apply-

ing a current trap formed by a linear slit embedded close to the

connecting strip between the two grounds has been proposed

[1]. With the embedded slit of length about 35 mm, strong sur-

face currents excited around the slit are achieved, with other

portions of the upper ground showing much weaker surface cur-

rent distributions; that is, the embedded slit behaves like a cur-

rent trap for the excited surface currents in the upper ground.

This condition results in reduced upper-ground effects on the

performances of the embedded WWAN antenna mounted at the

main ground. Hence, for the clamshell mobile phone in either

the open state or the closed state, small variations on the per-

formances of the embedded WWAN antenna in the two different

states are obtained [1].

In this article, we proposed another promising technique of

reducing the upper-ground effects on the embedded WWAN

antenna in the clamshell mobile phone. The proposed technique

applies a small band-stop circuit formed by two parallel LC

chip elements at the connecting position of the upper ground to

the main ground. Compared to the 35-mm long linear slit as the

current trap studied in [1], the proposed band-stop circuit

requires a much smaller board space on the upper circuit board

on which the upper ground is printed. Owing to its small occu-

pied size, two or more band-stop circuits are hence promising to

be embedded on the upper circuit board. In this study, we em-

bedded three proposed band-stop circuits at three different con-

necting positions between the upper ground and the main ground

(Fig. 1). In this case, six different states including five possible

operating states with the upper ground in different orientations

to the main ground and one closed state with the upper ground

in parallel to the main ground are studied. With the presence of

the proposed band-stop circuit at the connecting position for

each one of the six different states showing various chassis

shapes, stable performances of the embedded WWAN antenna

can be obtained. This is because the band-stop circuit can per-

form a parallel resonance [11, 16] at around 900 MHz, which

leads to very high impedance seen into the upper ground in the

900 MHz band. This greatly decreases the excited surface cur-

rents on the upper ground, making the presence of the upper

ground have very small effects on the performances of the

WWAN antenna mounted at the bottom of the main ground.

On the other hand, at around 1900 MHz, owing to its shorter

wavelength, the surface currents on the upper ground excited by

the WWAN antenna on the main ground are small. This behav-

ior for frequencies over the antenna’s upper band is similar to

that of using the current-trap technique [1]. Thus, over both the

900- and 1900-MHz bands, reduced upper-ground effects on the

performances of the embedded WWAN antenna can be

obtained. This leads to stable performances of the embedded

WWAN antenna in the clamshell mobile phone with six differ-

ent states studied in this article. Results of the obtained perform-

ances of an embedded WWAN antenna in the clamshell mobile

phone with the proposed band-stop circuits are presented.

2. CLAMSHELL MOBILE PHONE ANTENNA WITH
VARIOUS CHASSIS SHAPES

Figure 1 shows the geometry of a penta-band WWAN antenna

printed at the bottom of the main circuit board of the clamshell

mobile phone with three band-stop circuits embedded at three

different connecting positions of the upper ground to the main

ground. The WWAN antenna for the GSM850/900/1800/1900/

UMTS operation in this study is a printed uniplanar coupled-fed

planar inverted-F antenna (PIFA) occupying a small area of
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10 � 60 mm2 on the main circuit board. This penta-band

WWAN antenna in its bent structure has been reported in [17]

for the bar-type mobile phone and its planar structure has been

studied in [1] for the clamshell mobile phone. The antenna com-

prises two shorted metal strips of strip 1 and 2 (section CD and

CE) excited by a coplanar coupling feed [18–22] to provide two

wide bands at about 900 and 1900 MHz to cover the GSM850/

900 operation (824 � 960 MHz) and GSM1800/1900/UMTS

(1710 � 2170 MHz) operation. The coplanar coupling feed is

formed by a feeding strip and a coupling strip, spaced by a 0.3-

mm coupling gap, and excites the two shorted metal strips to

achieve the desired wide lower and upper bands for the antenna

to cover the penta-band WWAN operation. More detailed oper-

ating principle of the studied WWAN antenna can be found in

[1, 17].

Figure 2 shows the six different states of the clamshell mo-

bile phone with various chassis shapes studied in the article.

The six different states show various orientations of their upper

ground to the main ground. Notice that the two grounds are

respectively printed on the upper and main circuit boards, which

are made of 0.4- and 0.8-mm thick FR4 substrates respectively

in the study. Both the upper ground and the main ground have

the same size of 60 � 100 mm2. For the six different states,

three connecting positions at P1, P2, and P3 are required. The

open state 1, state 4, and state 5 use the connection at P1,

whereas the open state 2 and state 3 use the connection at P3

Figure 1 (a) Geometry of a planar coupled-fed PIFA WWAN antenna printed at the bottom of the main circuit board of the clamshell mobile phone

with three band-stop circuits embedded at three different connecting positions of the upper ground to the main ground; this geometry is denoted as open

state 1 in this study. (b) Dimensions of the metal pattern of the antenna. [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com]
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and P2, respectively. Note that the switching from one connec-

tion position to another is expected to be achieved mechanically;

the details are not included in this study.

At each connection position, a band-stop circuit formed by

two parallel LC chip elements (chip inductor of 5.6 nH and chip

capacitor of 3.3 pF, both having a size of 1.0 � 0.5 � 0.5 mm3)

is embedded; the detailed circuit layout is shown in Figure 1.

Each band-stop circuit occupies a small board space of 2 � 2

mm2 and will generate a parallel resonance or anti-resonance at

around 900 MHz such that very high impedance seen into the

upper ground in the 900-MHz band is obtained. In this case,

effects of the presence of the upper ground on the performances

of the embedded WWAN antenna mounted at the bottom of the

main ground can be greatly suppressed. This suggests that

although the upper ground shows greatly different orientations

to the main ground in the six different states shown in Figure 2,

stable performances of the embedded WWAN antenna can be

obtained in this study.

3. RESULTS AND DISCUSSION

The antenna for the clamshell mobile phone in the open state 1

is first studied. Figure 3 shows the measured and simulated

return loss of the antenna in the open state 1. The simulated

results are obtained using Ansoft simulation software High Fre-

quency Structure Simulator (HFSS) [23]. The measured data

agree with the simulated results. Over the two desired operating

bands of 824 � 960 MHz for the GSM850/900 operation and

1710 � 2170 MHz for the GSM1800/1900/UMTS operation, the

impedance matching is all better than 3:1 VSWR (6-dB return

loss), which is widely used as the design specification for the in-

ternal mobile phone antennas.

To analyze the effect of the band-stop circuit, Figure 4 shows

the simulated return loss and input impedance of the antenna in

the open state 1 for the cases with and without the band-stop

circuit. In Figure 4(a), it is clearly seen that there are large var-

iations of the impedance matching in the 900-MHz band, while

the impedance matching over other frequency ranges is almost

the same. This behavior can be explained more easily from the

input impedance curves shown in Figure 4(b). When the band-

stop circuit is not present, the upper ground will cause large var-

iations of the input impedance seen by the embedded WWAN

antenna. By adding the band-stop circuit, parallel resonance at

around 900 MHz can be generated, which makes the connection

between the upper ground and main ground functions like an

open circuit such that the effects of the upper-ground presence

are suppressed. Good impedance matching over the 900-MHz

band is hence maintained as it is in the bar-type mobile phone

case studied in [17].

The cases of the clamshell mobile phone in other operating

states are studied in Figure 5. The simulated return loss of the

antenna in the open state 1, state 2, and state 3 is presented in

Figure 5(a). Very small variations in the impedance matching

for the three different states are seen. Figure 5(b) shows the

simulated return loss for the open state 1, state 4, and state 5;

small variations are also seen for the three cases. Figure 5(c)

shows the results for the open state 1 and closed state. Small

effects are also seen in the 900-MHz band. For the upper band,

although there is some degradation in the return loss, the imped-

ance matching is still acceptable for practical applications of the

clamshell mobile phone in the closed state (idle condition) [1].

The radiation characteristics of the clamshell mobile phone

in the six different states are also studied. Figure 6 shows the

simulated three-dimensional (3-D) radiation patterns at 925,

1795, and 2045 MHz for the antenna in the open state 1, state

2, and state 3. The corresponding results in the open state 4,

state 5, and closed state are plotted in Figure 7. The obtained 3-

D radiation patterns are similar to each other, especially for

those at 925 MHz which generally show omnidirectional or

near-omnidirectional radiation patterns. The measured radiation

patterns at 925, 1795, and 2045 MHz for the open state 1 are

also plotted in Figure 8 for comparison. The measured radiation

patterns are similar to the corresponding simulated results for

the open state 1 shown in Figure 7(a).

The simulated radiation efficiency of the antenna for the

clamshell mobile phone in the six different states is also studied.

The simulated radiation efficiency considers the mismatching

condition and is presented in Figure 9. From the results, the var-

iations in the radiation efficiency are in general larger for

Figure 2 (a) Six different states (five operating states and one closed

state) of the clamshell mobile phone with various chassis shapes. (b)

The corresponding practical clamshell mobile phones in the six different

states studied in the paper. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com]
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frequencies in the lower band [Fig. 9(a)] than in the upper band

[Fig. 9(b)]. This behavior is reasonable as the presence of the

upper ground and the band-stop circuit has relatively very small

effects on the impedance matching in the upper band. However,

from the obtained results in Figure 9, the radiation efficiency is

generally all better than 50% over the lower and upper bands,

which is acceptable for penta-band WWAN operation in the

practical applications.

4. CONCLUSION

A clamshell mobile phone with embedded band-stop circuits at

the connecting positions between its two ground planes for

achieving stable performances of the embedded WWAN antenna

has been proposed. The antenna performances for six different

Figure 3 Measured and simulated return loss of the antenna in the

open state 1. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com]

Figure 4 Simulated (a) return loss and (b) input impedance of the

antenna in the open state 1 for the cases with and without the band-stop

circuit. [Color figure can be viewed in the online issue, which is avail-

able at www.interscience.wiley.com]

Figure 5 Simulated return loss of the antenna in (a) the open state 1,

state 2 and state 3, (b) the open state 1, state 4, and state 5, and (c) the

open state 1 and closed state. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com]
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Figure 6 Simulated three-dimensional (3-D) radiation patterns at 925, 1795, and 2045 MHz for the antenna in (a) the open state 1, (b) the open state

2, and (c) the open state 3. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]

Figure 7 Simulated three-dimensional (3-D) radiation patterns at 925, 1795, and 2045 MHz for the antenna in (a) the open state 4, (b) the open state

5, and (c) the closed state. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]
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states of the clamshell mobile phone in which the upper ground

is in various orientations to the main ground have been studied.

Although the clamshell mobile phone is in various chassis

shapes for the studied six different states, small variations in the

obtained impedance bandwidths have been obtained, which is

owing to the reduced upper-ground effects obtained in the pro-

posed design. The embedded WWAN antenna can cover the

desired penta-band operation including the GSM850, GSM900,

GSM1800, GSM1900, and UMTS bands in all the six different

states studied here. It is also expected that stable performances

of the embedded WWAN antennas for other possible states dif-

ferent from those studied here can still be obtained.
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ABSTRACT: We present a new design of a surveillance system via
hybrid network in which is integrate wire, wireless less, Ad hoc network,

vehicular Ad hoc network, sensor network, and cellular wireless
network. We propose the dense wavelength division multiplexing
wavelength enhancement, whereas the increasing in channel capacity

and signal security can be provided. The increasing in number of
channel can be obtained by the increasing in wavelength density,

whereas the security is introduced by the specific wavelength filter,
which is operated by the central operator. The optical communication
wavelength enhancement is reviewed. The advantage is that the

proposed system can be implemented and used incorporating with the
existed communication link in hybrid wireless system, where the privacy
can be provided, which is discussed in details. VC 2010 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 52: 2154–2158, 2010;

Published online in Wiley InterScience (www.interscience.wiley.com).

DOI 10.1002/mop.25412

Key words: surveillance wireless network; hybrids network; 3G and 4G
cellular wireless; VANET

1. INTRODUCTION

The surveillance systems depend on three key capabilities [1]:

resistance, recognition, and recovery, where the resistance is

the capability of a system to repel attacks, the recognition is

the capability to detect attacks as they occur and to evaluate the

extent of damage and compromise, and the Recovery is the

capability to maintain essential services and assets during attack,

limit the extent of damage, and restore full services following

attack. The surveillance systems are occurrence from many

enhance technologies, such as cellular wireless, wire network,

wireless network, Ad hoc network, Vehicle Ad Hoc Network

(VANET), and cellular network. Mobile Ad Hoc Network

(MANET) formed dramatically through the cooperation and

self-organizations of mobile nodes; connect via wireless link, no

centralized administrator and free to move randomly by used

IEEE 802.11 standard and CSMA/CA. Vehicular Ad Hoc Net-

work (VANET), one type MANET to support modern intelligent

transportation systems by site in vehicle and no limitations of

the power consumption., but movement under constrains of

street lane and traffic rule, and communicate base on short-range

wireless communication [2] protocol. Simultaneously, the cellu-

lar wireless [3] is the cellular telephony, has a small coverage

region or cells. Each cell area is approximated with a hexagonal

and sites a base station at the center and contact with mobile

stations by any standard for instance CDMA2000 [22]. Cur-

rently, hybrid network are combing these technology to support

the third (3G) and fourth (4G) generation [4–6]. In this article,

survivability hybrid wireless network, propose the new platform

intermediary to link between nodes by using the dense wave-

length division multiplexing (DWDM). The rest of this article is

structure as follows. Section 2 revises operating principle, the

multi-frequency bands generation. Section 3 proposed the

DWDM Frequency Enhancement for Simultaneous Wireless Up-

Down Link. Section 4 applied for the surveillance system on the

basis of VANET applications. In section 5 is the conclusion of

this work and section 6 is acknowledgement.

2. MULTI FREQUENCY BANDS GENERATION

Light from a monochromatic light source is launched into a ring

resonator with constant light field amplitude (E0) and random

phase modulation as shown in Figure 1, which is the combina-

tion of terms in attenuation (a) and phase (/0) constants, which

results in temporal coherence degradation. Hence, the time de-

pendent input light field (Ein), without pumping term, can be

expressed as [7]

EinðtÞ ¼ E0exp
�aLþj/0ðtÞ (1)

where L is a propagation distance (waveguide length).

We assume that the nonlinearity of the optical ring resonator

is of the Kerr-type, i.e., the refractive index is given by

n ¼ n0 þ n2I ¼ n0 þ n2
Aeff

� �
P; (2)

where n0 and n2 are the linear and nonlinear refractive indexes,

respectively. I and P are the optical intensity and optical power,

respectively. The effective mode core area of the device is given

by Aeff. For the microring and nanoring resonators, the effective

mode core areas range from 0.10 to 0.50 lm2 [8].

When a Gaussian pulse is input and propagated within a fiber

ring resonator, the resonant output is formed, thus, the normal-

ized output of the light field is the ratio between the output and

input fields (Eout(t) and Ein(t)) in each roundtrip, which can be

expressed as [9].

Figure 1 A schematic of a Gaussian soliton generation system, where

Rs: ring radii, js: coupling coefficients, Rd: an add/drop ring radius, Aeff:

Effective areas, MRR: Microring resonator, NRR: Nanoring resonator,

K42 and K42 are add/drop coupling coefficients. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com]
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