3. DISCUSSION AND CONCLUSIONS

The radiation performance of a single feed circularly polarized
stacked arrangement of edge truncated elliptical and conven-
tional circular patches is presented in this communication and
results are compared with that of a single layered edge truncated
elliptical patch antenna. Though the single feed single layer
edge truncated elliptical patch antenna presents circular polariza-
tion but its axial ratio bandwidth, impedance bandwidth and
gain are low. Therefore this geometry is modified in this com-
munication and a two layered stacked arrangement is proposed
with much improved performance. By considering present
arrangement, both impedance bandwidth and gain of antenna are
improved to a great extent. Circular polarization with improved
axial ratio bandwidth is achieved with present arrangement. The
reported impedance bandwidth and axial ratio bandwidth are
27.9 and 3.33%, respectively which are significantly higher than
that of conventional or edge truncated elliptical patch antenna
geometry. The obtained results suggest that proposed antenna
with little more improvement may become very useful for mod-
ern communication systems.
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ABSTRACT: A small-size wideband internal mobile phone antenna
formed by a planar strip monopole with a chip-capacitor-loaded loop
radiating feed for achieving eight-band long term evolution/wireless
wide area network operation in the 698-960 and 1710-2690 MHz bands
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is presented. The antenna is suitable to be disposed on a small no-
ground board space (15 x 45 mm?) of the system circuit board and
enclosed by an L-shaped system ground plane of the mobile phone. On
the protruded ground of the L-shaped system ground plane, a universal
series bus connector for the data port of the mobile phone can be
accommodated without affecting the antenna performances. The antenna
also shows a low profile of 3 mm above the circuit board, which makes
it very promising for slim mobile phone applications. The proposed
antenna was fabricated and tested. Measured and simulated results are
presented. The specific absorption rate results of the antenna are also
analyzed. © 2011 Wiley Periodicals, Inc. Microwave Opt Technol Lett
53:952-958, 2011; View this article online at wileyonlinelibrary.com.
DOI 10.1002/mop.25845
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1. INTRODUCTION

Owing to the recent introduction of the long term evolution
(LTE) operation [1] for mobile broadband services, the mobile
devices such as the notebook computers and mobile phones in
the near future are expected to be capable of both the LTE and
wireless wide area network (WWAN) operations. For this appli-
cation, the internal antenna in the mobile device should provide
two wide operating bands of at least 698—960 and 1710-2690
MHz to cover three LTE bands (LTE700/2300/2500 in the 698—
787/2300-2400/2500-2690 MHz bands) and five WWAN bands
(GSM850/900/1800/1900/UMTS in the 824-894/880-960/1710—
1880/1850-1990/1920-2170 MHz bands). Several promising
eight-band LTE/ WWAN internal antennas have also been
recently reported [2—6]. For the mobile phone applications, how-
ever, these reported LTE/WWAN antennas are generally
employed at the entire edge of the system circuit board of the
mobile phone [3-6]. This limits the flexibility of the antenna’s
integration inside the mobile phone.

In this article, we present a simple internal antenna design
for eight-band LTE/WWAN operation in the mobile phone,
especially in the slim mobile phone which usually requires the
thickness of the embedded antenna to be less than 4 mm [7-13].
The proposed antenna has a low profile of 3 mm only and is
suitable to be disposed on a small no-ground board space of 15
x 45 mm? at either the top or bottom edge of the system circuit
board. Further, the no-ground board space occupies only a frac-
tional portion of the edge and is enclosed by an L-shaped sys-
tem ground plane of the mobile phone. A universal series bus
(USB) connector [14] for the data port of the mobile phone can
be disposed on the protruded ground of the L-shaped system
ground plane. Note that other than the USB connector, the asso-
ciated electronic elements such as an embedded digital camera
[15, 16] or a loudspeaker [17—19] can also be disposed on the
protruded ground. The proposed structure can improve the inte-
gration flexibility of the internal LTE/WWAN antenna inside
the mobile phone.

In addition, a new technique of using a chip-capacitor-loaded
loop radiating feed to generate an additional resonant mode for
widening the antenna’s upper-band bandwidth and also lead to a
dual-resonance excitation of the antenna’s lower band is applied
in this study. With the applied technique, a planar strip monop-
ole can provide two wide operating bands, with the lower one
covering the LTE700/GSM850/900 operation (698-960 MHz)
and the upper one covering the GSMI1800/1900/UMTS/
LTE2300/2500 operation (1710-2690 MHz). Details of the oper-
ating principle of the proposed antenna are discussed. Results of

DOI 10.1002/mop



A: feeding point
B: grounding point

USB connector

/_ (9x7 x4 mm?)
0.8-mm thick J
FR4 substrate S
5 L-shaped
(60 x 115 mm*~) ground plane

b=3 Hmm —————»eSrle—15—>]
m
|
i L USB
I
beﬁs;ng :]connectbr
11.5 , on back 15
! Yeer
> I
|
= AN
line width = 0.5 C=22pF, protruded

chip capacitor ~ ground

loop radiating feed
(2x1.25x 0.6 mm?)

(b)

Figure 1 (a) Geometry of the planar strip monopole with a chip-ca-
pacitor-loaded loop radiating feed for LTE/WWAN operation in the slim
mobile phone. (b) Dimensions of the metal pattern of the antenna.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

the proposed antenna including its specific absorption rate
(SAR) [20, 21] values are also presented.

2. PROPOSED ANTENNA

Figure 1(a) shows the geometry of the proposed antenna, and
dimensions of the metal pattern of the antenna are given in Fig-
ure 1(b). The antenna is a planar strip monopole connected with
a chip-capacitor-loaded loop radiating feed. The chip capacitor
has a size of 2 x 1.25 x 0.6 mm® and is selected to have a ca-
pacitance C of 2.2 pF, which can provide a similar function as
the coupling feed used for the reported internal WWAN anten-
nas in [22-25] to generate a dual-resonance excitation for the
antenna’s lower band. In the proposed design, this loaded chip
capacitor makes the resonant mode contributed by the planar
strip monopole become a dual-resonant mode such that a wide
lower band of bandwidth about 300 MHz is achieved for the
proposed antenna.

The loop radiating feed alone also contributes an additional
resonant mode at about 1800 MHz, which combines with a
higher-order resonant mode contributed by the planar strip
monopole at about 2700 MHz to form a wide upper band of
bandwidth larger than 1 GHz for the proposed antenna. The
wide lower and upper bands allow the antenna to cover the
eight-band LTE/WWAN operation in the 698-960 and 1710-
2690 MHz bands.

Note that the performances of the loop radiating feed can be
controlled by adjusting the width 7 of its widened section and
the position d of its grounding point B. Varying the position d
leads to the length variations of the loop radiating feed from
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point A (the feeding point) to point B, such that the excited res-
onant mode contributed by the loop radiating feed can be shifted
to lower or higher frequencies. Increasing the width ¢ of the
widened section can lead to smooth excited surface current dis-
tributions on the loop radiating feed, which can result in imped-
ance matching improvement for all the three resonant modes of
the antenna (one at about 1800 MHz contributed by the loop
radiating feed and two at about 850 and 2700 MHz by the pla-
nar strip monopole).

In the planar strip monopole, the end section is widened and
bent to decrease its occupying board space in the system circuit
board of the mobile phone, which uses a 0.8-mm thick FR4 sub-
strate of relative permittivity 4.4 and size 60 x 115 mm?. Simi-
lar to the parameters ¢ and d of the loop radiating feed, varying
the width b of the bent section mainly improves the impedance
matching of the excited resonant modes contributed by the pla-
nar strip monopole, while varying the length a of the bent sec-
tion can control the frequency shifting of the excited resonant
modes contributed by the planar strip monopole.

Further, the proposed antenna is disposed on the no-ground
portion of 15 x 45 mm?® shown in the figure. The antenna is
also enclosed by an L-shaped system ground plane printed on
the back side of the system circuit board. A USB connector is
mounted on the protruded ground of the L-shaped system
ground plane in the study. Although a USB connector is nearby
the antenna, no noticeable effects on the performances of the
proposed antenna are seen.

3. RESULTS AND DISCUSSION

The proposed antenna was fabricated and tested. Figure 2 shows
the photos of the front and back views of the fabricated antenna.
Note that for testing the antenna in the experiment, a 50-Q
microstrip feedline is printed on the system circuit board as seen
in the photo. One end of the feedline is connected to point A,
the feeding point of the antenna, while the other end (point A’)

chip capacitor

AA': 50-Q feedline
for testing the
antenna in the
experiment

A': via to a 50-Q
SMA connector
on back side

front veiw

USB connector

back view

Figure 2 Photos of the front and back views of the fabricated antenna.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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Figure 3 Measured and simulated return loss of the fabricated
antenna. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com]

is connected to a 50-Q SMA connector (not shown in the photo)
on the back side of the circuit board through a via-hole. Results
of the measured and simulated return loss for the fabricated
antenna are presented in Figure 3. The simulated results are
obtained using Ansoft simulation software high frequency struc-
ture simulator (HFSS) [26], and agreement between the simula-
tion and measurement is seen from the results. Two wide operat-
ing bands are obtained for the proposed antenna. Based on the
3:1 VSWR bandwidth definition, which is widely used as the
design specification of the internal WWAN mobile phone
antenna, the measured bandwidth of the lower and upper bands
respectively cover the desired LTE700/GSM850/900 and
GSM1800/1900/UMTS/LTE2300/2500 operations.
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Figure 4 Simulated return loss for the proposed antenna, the loop
radiating feed only (R1), and the strip monopole with the loop radiating
feed only (R2). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]
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To analyze the operating principle of the proposed antenna,
Figure 4 shows the simulated return loss for the proposed
antenna, the loop radiating feed only (R1), and the strip monop-
ole with the loop radiating feed only (R2). For R1, there is one
resonant mode excited in the desired upper band. This resonant
mode is contributed by the loop radiating feed. When the planar
strip monopole is added to the loop radiation feed, two addi-
tional resonant modes are generated, with the lower one at about
850 MHz and the higher one at about 2700 MHz. By further
loading a chip capacitor of 2.2 pF near the feeding point A, the
resonant mode at about 850 MHz contributed by the planar strip
monopole becomes a dual-resonance mode, which forms a wide
operating band for the antenna’s lower band. Effects of the
loaded chip capacitor are hence similar to that of using a cou-
pling feed in the reported internal WWAN antennas in [22-25]
to generate a dual-resonance excitation for the antenna’s lower
band. On the other hand, the other two resonant modes contrib-
uted respectively by the planar strip monopole and the loop radi-
ating feed are formed into a wide operating band for the anten-
na’s upper band.

Figure 5 shows the simulated return loss for the proposed
antenna as a function of the length @ and width b of the bent
end-section of the strip monopole. Other dimensions are the
same as given in Figure 1. Results for the length a varied from
34 to 40 mm are shown in Figure 5(a). Results indicate that the
two resonant modes (the dual-resonant mode at about 850 MHz
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Figure 5 Simulated return loss for the proposed antenna as a function
of (a) the length a and (b) the width b of the bent end-section of the
strip monopole. Other dimensions are the same as given in Figure 1.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

DOI 10.1002/mop



0.
I 3:1 VSWR v
2 | miginie. 1 | qgieT— iy n
Z 10t
% -
3 L
5| L
E 20+
Q"é [ -B8-8-d=12mm
| g~ d=16mm
I ——d =20 mm
] S U R S | g gl
500 1000 1500 2000 2500 3000

Frequency (MHz)

Figure 6 Simulated return loss for the proposed antenna as a function
of the position d of the grounding point B. Other dimensions are the
same as given in Figure 1. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com]

and the second mode in the antenna’s upper band) mainly con-
trolled by the strip monopole are shifted to higher frequencies
with a decrease in the length a. This behavior is reasonable
since the variations in the length a will cause the resonant
length variations contributed by the planar strip monopole.
Results for the width b varied from O to 3 mm are presented in
Figure 5(b). The major effects are seen to be on the impedance
matching of both the antenna’s lower and upper bands. This
behavior is also reasonable since a widened width of the strip
monopole can lead to smoother surface current distributions and
in turn better impedance matching to achieve enhanced imped-
ance bandwidths [27].

Figure 6 shows the simulated return loss for the proposed
antenna as a function of the position d of the grounding point B.
Large effects on the first mode of the antenna’s upper band are
seen. This resonant mode is mainly controlled by the loop radi-
ating feed and is seen to be shifted to either higher or lower fre-
quencies with a variation in the position d. This indicates that
the desired upper band for the proposed antenna can be con-
trolled by adjusting the position d. At the same time, since the
loop radiating feed excites the planar strip monopole, some var-
iations on the impedance matching of the other two resonant
modes controlled by the planar strip monopole are also seen.

Figure 7 shows the simulated return loss as a function of the
width ¢ of the widened section of the loop radiating feed. With
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Figure 7 Simulated return loss for the proposed antenna as a function
of the width t of the widened section of the loop radiating feed. Other
dimensions are the same as given in Figure 1. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 8 Simulated return loss for the proposed antenna as a function
of the capacitance C of the loaded chip capacitor in the loop radiating
feed. Other dimensions are the same as given in Figure 1. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

an increase in the width ¢, the impedance matching for all the
three excited resonant modes is improved, and the bandwidths
of the antenna’s lower and upper bands are enhanced. Figure 8
shows the simulated return loss as a function of the capacitance
C of the loaded chip capacitor in the loop radiating feed. Results
for the capacitance C varied from 1.2 to 3.3 pF are presented.
The major effects are seen on the dual-resonance excitation of
the resonant mode in the lower band. With proper chip capacitor
(C = 2.2 pF) loaded, good dual-resonance excitation to widen
the antenna’s lower-band bandwidth is obtained.

To analyze the radiation characteristics, the proposed antenna
is mounted at the bottom edge of the mobile phone, and the meas-
ured three-dimensional (3D) total-power radiation patterns are
plotted in Figure 9. The radiation patterns seen in four different
directions [the front (x direction), back (—x direction), top (z direc-
tion) and bottom (—z direction) directions] are shown. Dipole-like
radiation patterns at lower frequencies (740 and 925 MHz) are
observed, while more variations in the radiation patterns are seen
at higher frequencies (1795, 2045, and 2595 MHz). Large differ-
ences in the radiation patterns at lower and higher frequencies are
related to the excited surface currents on the system ground plane
of the mobile phone, and the radiation patterns of the proposed
antenna show no special distinctions compared to those of the tra-
ditional internal WWAN mobile phone antennas [28]. The meas-
ured radiation efficiencies for the fabricated antenna are shown in
Figure 10. The efficiencies are all better than 50%, about 57-75%
and 66-90% respectively for lower and upper bands, which is ac-
ceptable for practical mobile phone applications.

Figure 11 shows the simulated 1-g SAR values for the pro-
posed antenna mounted at the bottom edge of the mobile phone.
The SAR simulation model provided by SEMCAD X version 14
[29] is also shown in the figure. The head and hand phantoms
are included in the simulation model. The mobile phone is held
by the hand phantom with a distance of 33 mm between the
palm center and the system ground plane, which is reasonable
as studied in [21]. The SAR values are tested using input power
of 24 dBm for the frequencies in the GSM850/900 bands (859,
925 MHz) and 21 dBm in the GSM1800/1900/UMTS bands
(1795, 1920, 2045 MHz) and LTE700/2300/2500 bands (740,
2350, 2595 MHz). The simulated SAR distributions at each fre-
quency tested in the study are also shown. The open squares in
the SAR distributions represent the local SAR maximum. The
simulated SAR values for 1-g head and 1-g head and hand
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Figure 9 Measured three-dimensional (3D) total-power radiation patterns for the proposed antenna mounted at the bottom edge of the mobile phone.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 10 Measured radiation efficiency for the proposed antenna.
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tissues listed in the table in the figure are well below the limit
of 1.6 W/kg for practical applications. At lower frequencies
(740, 850, 925 MHz), the SAR values are about the same for
the two cases of with and without the hand phantom. While at
higher frequencies, especially at 2045, 2350, and 2595 MHz, the
SAR values are much higher when the hand phantom is present.
In these cases, the local maximum SAR value occurs at the
hand phantom. This behavior is related to the smaller wave-
lengths at higher frequencies. The obtained SAR results make
the proposed antenna very promising for practical applications.

4. CONCLUSION

An internal eight-band LTE/WWAN mobile phone antenna with
a low profile and a small occupied board space has been pro-
posed and studied. The antenna has a simple structure and is
easy to fabricate at low cost. The antenna is formed by a planar
strip monopole connected to a chip capacitor-loaded loop radiat-
ing feed, which not only excites the strip monopole to generate
two wide resonant modes but also contributes a wide resonant
mode to the proposed antenna. The three excited resonant modes
form two wide operating bands, with the lower one covering the
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698-960 MHz band (LTE700/GSM850/900) and the upper one
covering the 1710-2690 MHz band (GSM1800/1900/UMTS/
LTE2300/2500). The antenna can also integrate with a USB con-
nector as the data port at the bottom edge of the mobile phone.
With this structure, acceptable radiation characteristics are
obtained, and the simulated 1-g SAR values over the eight operat-
ing bands are also well below the limit of 1.6 W/kg. The proposed
antenna is promising for practical slim mobile phone applications.
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ABSTRACT: This article demonstrates an optical fiber sensor using

fiber Bragg grating (FBG) and a Piezo-electrical transducer (PZT) to

measure noise. Mounting an FBG on a PZT bar, a dynamic strain
simulator was constructed. The voltage produced by noise level applied
on PZT was converted to the dynamic variation of FBG Bragg
wavelength. The experiments showed that the sensitivity of center-
wavelength variations is 0.0129 nm/dB for noise measurement between
85.3 and 105.2 dB. © 2011 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 53:958-961, 2011; View this article online at
wileyonlinelibrary.com. DOI 10.1002/mop.25844

Key words: noise sensor, fiber Bragg grating (FBG),; Piezo-electrical
transducer (PZT)

1. INTRODUCTION

In environmental and industrial acoustics, a common issue is the
identification of the contribution of specific sources to global
levels. Such issues can occur inside a factory when one wants to
identify noisy machines to control their emissions or in environ-
mental monitoring when the goal is the evaluation of the acous-
tic impact of a source on already noisy neighborhoods [1]. Sev-
eral noise determination methods have been suggested based on
the sound pressure level obtained from a receiver [2—4].

Optical fiber gratings are currently used as sensors for a
number of physical magnitudes such as temperature, strain and
pressure [5, 6]. Through the years, a number of different optical
systems for current measurement applications have been pre-
sented. The previous works are focused on the applications of fiber
grating electric power and current sensors [7, 8]. The main field of
interest has been devices intended to replace conventional current
meters by utilizing the nonconductive nature of the optical compo-
nents. As optical measurement systems tend to be much smaller
and lighter than their conventional equivalents, this technique also
makes it possible to produce portable equipment.

In this article, we demonstrate a new approach to noise mea-
surement [9, 10]. The relationship between the electrostrictive
characteristic of Piezo-electrical transducer (PZT) and the driv-
ing voltage is linear. When applying voltage to the PZT, the ma-
terial will distort to a certain displacement, and the Bragg wave-
length of the fiber Bragg grating (FBG) plastered on the surface
of the PZT will also change. The voltage measurement produced
by noise level will be achieved by measuring the changing value
of the wavelength [11].

2. PRINCIPLES

Sound is measured by the amplitude of the pressure fluctuations
on the human ear. For convenience, it is expressed as a ratio
between the measured pressure and an agreed reference level of
Pre = 20 X 107° Pa as follows:

P
Lp = 10 logy, pT (D
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