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ABSTRACT: A small-size strip monopole antenna with dual feeds dis-
posed at one corner of the supporting metal plate of the display of the
tablet computer for LTE/WWAN operation is presented. The strip
monopole is configured into a simple inverted-L shape of 29 mm (less
than 0.08 wavelength at 750 MHz) and has a low profile of 10 mm
above the two side edges of the corner. A first end of the strip monopole
can be connected to a first ON/OFF switch (switch-1) for lower-band
operation, while a second end of the strip monopole can be connected
to a second ON/OFF switch (switch-2) for higher-band operation. When
switch-1 is ON with switch-2 OFF, the antenna is fed at port-1. In this
case, with the aid of a wideband matching circuit, the antenna can pro-
vide a wide lower band to cover the LTE bandl3 and GSM850/900
operation (746-960 MHz). When switch-1 is OFF with switch-2 ON, the
antenna is fed at port-2 and can provide a wide higher band to cover
the GSM1800/1900/UMTS/LTE2300/2500 operation (1710-2690 MHz).
Good radiation characteristics for frequencies over the antenna’s oper-
ating bands are also obtained. Operating principle of the antenna is
described in the article. Experimental results and parametric studies of
the antenna are presented. © 2013 Wiley Periodicals, Inc. Microwave
Opt Technol Lett 55:2571-2576, 2013; View this article online at
wileyonlinelibrary.com. DOI 10.1002/mop.27890

Key words: mobile antennas;, LTE/IWWAN antennas; tablet computer
antennas; small antennas

1. INTRODUCTION

For the traditional internal handheld device antennas, in order to
generate resonant modes in the desired operating bands, the
radiating metal strips thereof are generally required to have a
length of about 0.25 wavelength of a frequency in the operating
band [1]. This greatly limits the size reduction of the internal
antennas embedded inside the handheld devices. Recently, it is
shown that by placing a small patch near the system ground
plane of a mobile handset [2], an asymmetric dipole structure
formed by the small patch and the system ground plane can be
successfully excited with the aid of wideband matching circuits
[2,3]. Wide operating bands covering either the 824-960 or
1710-2690 MHz bands can be obtained. For covering both the
824-960 and 1710-2690 MHz bands, two small patches of size
6 X 6 mm? can be disposed at two corners of an edge of the
system ground plane [2]. In this case, even with the inclusion of

DOl 10.1002/mop

the clearance region between the two small patches, such an
internal LTE/WWAN antenna is attractive for practical
applications.

In this article, we present a small-size strip monopole
antenna with dual feeds disposed at one corner of the supporting
metal plate of the display of the tablet computer for LTE/
WWAN operation. The strip monopole is configured into a sim-
ple inverted-L shape of 29 mm (less than 0.08 wavelength at
750 MHz) and has a low profile of 10 mm above the two side
edges of the corner. With the aid of a wideband matching cir-
cuit, although the strip monopole has a very small size, the pro-
posed antenna can generate two wide operating bands to cover
the LTE band13/GSM850/900 (746960 MHz) and GSM1800/
1900/UMTS/LTE2300/2500 (1710-2690 MHz) operations.

The antenna’s lower and higher bands are generated by feed-
ing the antenna at its first and second ends, respectively, which
are located at two opposite edges of the strip monopole. To con-
trol the excitation of the lower and higher bands, each end can
be connected to an ON/OFF switch (e.g., a switching diode [4—
6]), which for simplicity in this study is replaced by a simple
metal strip for the ON state (the forward-biased state) and an
open gap for the OFF state (the reverse-biased state). As shown
in [6], the results for the two cases of the antenna with PIN
diodes and conducting tapes for the desired ON/OFF states
show very small variations.

In the proposed design, when one switch is ON and another
switch is OFF, either the first end is excited for the lower-band
operation or the second end is excited for the higher-band oper-
ation. For the lower-band excitation, the wideband operation is
achieved with the aid of a wideband matching circuit. Con-
versely, for the higher-band excitation, owing to the resonant
length of the strip monopole selected to be close to 0.25 wave-
length of a frequency in the desired 1710-2690 MHz band, no
matching circuits are needed in aiding the resonant mode excita-
tion for the antenna’s higher band, and wideband operation of
the higher band is also obtained in this study. Detailed operating
principle of the proposed antenna is described in this article,
and a parametric study for major parameters of the antenna is
presented. Results of the fabricated antenna are also shown.

2. PROPOSED ANTENNA AND PARAMETIC STUDY

The geometry of the proposed dual-feed LTE/WWAN antenna
is shown in Figure 1. The antenna mainly comprises a simple
inverted-L strip monopole and is disposed at one corner of the
supporting metal plate of the display of the tablet computer. The
dimensions of the supporting metal plate are selected to be 150 X
200 mm?, which is a reasonable size for a tablet computer with a
10-inch display panel. As shown in the figure, the first end (point
A) of the inverted-L strip can be connected to a first ON/OFF
switch (switch-1) through a narrow strip AA’ (width 0.5 mm,
length 1.5 mm), while the second end (point B) can be connected
to a second ON/OFF switch (switch-2) through a narrow strip BB’
(width 0.5 mm, length 1.5 mm). Switch-1 further connects to a
wideband matching circuit [2] and controls port-1 excitation to
generate a lower band for the antenna. Conversely, switch-2 con-
trols port-2 excitation to generate a higher band for the antenna,
and no matching circuits are needed for port-2 excitation.

The inverted-L strip has a width of 6.5 mm and a length of
29 mm, which is only about 0.073 wavelength at 750 MHz.
When switch-1 is ON (simulated as a 2-mm long metal strip)
and switch-2 is OFF (simulated as a 2-mm long gap), the
antenna is fed at port-1 and has an open end at point B’. In this
case, the resonant length of the antenna is much less than 0.25
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Figure 1 Geometry of the dual-feed LTE/WWAN strip monopole
antenna for tablet computer applications. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com]

wavelength of the frequencies in the desired lower band at about
800 MHz. With the aid of the wideband matching circuit with a
series chip inductor (18 nH), a shunt chip inductor (1.5 nH), a
shunt chip capacitor (8.2 pF), and a series chip capacitor (10
pF), a wide lower band covering LTE band13/GSM850/900
operations is obtained. The simulated return-loss results obtained
using the full-wave electromagnetic field simulator HFSS ver-
sion 14 [7] for antenna’s port-1 and port-2 excitation are shown
in Figure 2. Based on 6-dB return loss which is widely used as
one of the design specifications of the internal handheld device
antennas [8,9], the lower band can cover the desired lower-band
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Figure 2 Simulated return loss for the antenna. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]
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operation of 746-960 MHz (the shaded frequency range at lower
frequencies in the figure). A typical case for the excited surface
current distributions at 925 MHz on the antenna and the sup-
porting metal plate is also shown in Figure 3.

For port-2 excitation (switch-2 ON simulated as a 2-mm
long metal strip and switch-1 OFF simulated as a 2-mm long
gap), a very wide higher band of about 1710-3100 MHz is
obtained. As discussed earlier, no matching circuits are required
for port-2 excitation. The obtained higher band covers the
GSM1800/1900/UMTS/LTE2300/2500 operations (the shaded
frequency range at higher frequencies in the figure). A typical
case for excited surface current distributions at 1920 MHz for
port-2 excitation is also shown in Figure 3. Results indicate that
the proposed design can effectively control the port-1 and port-2
excitation of the antenna.

Figure 4 shows the simulated antenna efficiency which is the
total efficiency including the mismatching losses. For frequen-
cies in the lower and higher bands, the antenna efficiency is
about 56-84% and 72-95%, respectively. The obtained antenna
efficiency is good for practical applications.

Effects of the wideband matching circuit on the antenna’s
return loss for port-1 excitation (switch-1 ON, switch-2 OFF)

switch-2 off

port-2

switch-1

J(A/m) 5
w00 f = 925 MHz
7.1
switch-2 on
1.0
port-2
switch-1

f =1920 MHz

Figure 3 Simulated surface current distributions at 925 and 1920
MHz for the antenna. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com]
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Figure 4 Simulated antenna efficiency (mismatching losses included).
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

are shown in Figure 5. First note that when all the elements of
the matching circuit are not present (i.e., the case without L,
Ly, Cy, Cy), the return loss for port-1 excitation is generally
about the same as that for port-2 excitation. In this case, the
desired lower band cannot be obtained. With the series chip
inductor of L; only, the excited resonant mode can be shifted to
lower frequencies close to 900 MHz, yet with narrow band-
width. By further adding the shunt chip inductor L, and chip
capacitor C,, the resonant mode can have a dual-resonance
behavior to greatly widen the bandwidth of the antenna’s lower
band. The series chip capacitor C; fine adjusts the impedance
matching for frequencies in the desired lower band.

Effects of the strip width on the antenna’s operating bands
are also studied. Figure 6 shows the simulated return loss for
the strip width ¢ varied from 4.5 to 7.5 mm. Small effects of the
strip width on the lower band are seen. Conversely, large effects
on the higher band are observed. The higher band is shifted to
higher frequencies with a larger bandwidth when the strip width
is increased. The frequency shifting is owing to the decreased
effective resonant length for the strip monopole with a wider
width. Also, a wider strip width can make the excited surface
current distribution become smoother on the strip monopole,
thereby resulting in a wider bandwidth. In the proposed design,
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Figure 5 Simulated return loss showing the effects of the wideband
matching circuit for the antenna with port-1 excitation. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 6 Simulated return loss as a function of the strip width for the
antenna. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com]

the strip width is chosen to be 6.5 mm such that the desired
lower band (746960 MHz) and higher band (1710-2690 MHz)
are covered.

Figure 7 shows the simulated return loss for the supporting
metal plate size varied from 150 X 200 mm? to 150 X 150
mm?. In this study, the long edge of the supporting metal plate
is varied from 200 to 150 mm, while the short edge is fixed to
150 mm. Other dimensions of the proposed design are the same
as shown in Figure 1. It is seen that there are small variations in
the impedance matching of the antenna, and the obtained band-
widths can still cover the desired lower and higher bands. The
results suggest that the proposed design is not sensitive to the
supporting metal plate size.

3. MEASURED RESULTS AND DISCUSSION

The antenna was fabricated and tested. Figure 8 shows the pho-
tos of the fabricated antenna with a metal plate size of 150 X
200 mm>. The metal plate is cut from a 0.2-mm thick copper
plate. The antenna dimensions are given in Figure 1. For port-1
excitation [Fig. 8(a)] and port-2 excitation [Fig. 8(b)], the
switches ON are replaced by a 2-mm long metal strip, and the
switches OFF are replaced by a 2-mm long gap. The antenna’s
inverted-L strip is printed on a 0.8-mm thick FR4 substrate, and
the chip elements (L; =18 nH, L,=1.5 nH, C;=8.2 pF,

0

—
=)

Return Loss (dB)
[y ]
[

30
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Figure 7 Simulated return loss as a function of the supporting metal

plate size for the antenna. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com]
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Figure 8 Photos of the fabricated antenna. (a) Port-1 excitation. (b) Port-2 excitation. (c) Antenna with the metal plate in the experiment. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com]

C, = 10 pF) of the matching circuit are mounted thereon. Figure
8(c) shows the antenna with the metal plate in the experiment,
and the measured return loss for the fabricated antenna is shown
in Figure 9. Wide lower and higher bands are obtained for the
antenna. Based on 3:1 VSWR, the impedance bandwidth covers
the 746-960 MHz for the LTE band13/GSM850/900 operations
and the 1710-2690 MHz for the GSM1800/1900/UMTS/
LTE2300/2500 operations. The measured results also agree with
the simulated results shown in Figure 2.

The measured antenna efficiency for the fabricated antenna
is shown in Figure 10. The antenna efficiency is the total effi-
ciency including the mismatching losses. The antenna efficiency
is about 50-79% and 65-85% for frequencies over the lower
and higher bands, respectively. The measured antenna efficiency
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is with small discrepancies to the simulated results shown in
Figure 4. Figure 11 shows the measured radiation patterns for
the antenna. Results for three principal planes at representative
frequencies at 925 and 1920 MHz are shown. Both Ey and E4
for three principal planes are normalized with respect to the
same maximum value. It is noted that in the x-y plane, compara-
ble Ey and E, radiation are seen. This is largely related to the
strip monopole disposed at around a corner of the supporting
metal plate of the display, such that the surface currents in both
the horizontal and vertical directions can be excited thereon and
hence strong radiation in both the horizontal and vertical direc-
tions can be obtained. This behavior will be attractive for practi-
cal applications since the wave propagation environment is
usually complex for mobile communications.
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Figure 11 Measured radiation patterns for the fabricated antenna. (a) 925 MHz. (b) 1920 MHz. [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com]
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4. CONCLUSION

A dual-feed small-size strip monopole antenna suitable for LTE/
WWAN operation in the tablet computer has been proposed and
studied. The strip monopole is easy to implement owing to its small
size, simple shape, and planar structure, yet it can provide two wide
operating bands (746-960/1710-2690 MHz) for LTE/WWAN oper-
ation. It has been shown that the strip monopole configured to be
an inverted-L shape and mounted at one comer of the display’s
supporting metal plate can be fed at its two ends, which can be
connected to ON/OFF switches such as the switching diodes for
controlling the lower- and higher-band operations. The lower band
is aided by a wideband matching circuit to achieve wideband opera-
tion, while the higher band requires no matching circuits for wide-
band operation. Fabricated prototype of the proposed antenna has
been tested, and acceptable impedance matching and antenna effi-
ciency for frequencies over the desired operating bands have been
observed. Good radiation characteristics for frequencies over the
operating bands have also been obtained. With the obtained results,
the proposed antenna will be promising for tablet computer applica-
tions, especially for the slim tablet computer applications.
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ABSTRACT: This article presents a strain measurement method using a
singlemode-multimode-singlemode fiber structure sensor and an optical
time domain reflectometer. A strain measurement range of 0—1000 e can
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be achieved with a resolution of better than 10 pe. Using this method, a
quasi-distributed strain measurement can be carried out which is useful
for a bridge or a civil structure strain monitoring. © 2013 Wiley Periodi-
cals, Inc. Microwave Opt Technol Lett 55:2576-2578, 2013; View this
article online at wileyonlinelibrary.com. DOI 10.1002/mop.27903
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1. INTRODUCTION

A strain measurement in a level of pe (microstrain) unit is needed
in many areas such as in a bridge or civil structure monitoring,
material processing, and others applications [1]. While compared
to the conventional strain sensors, fiber optics strain sensors have
some advantages of immune from electromagnetic interference,
small size and lightweight, can be used for remote measurement,
and multiple sensors can be placed and interrogated in a single
fiber network [2]. A fiber-Bragg grating (FBG) strain sensor has
been utilized widely and has been implemented to monitor strain
condition in many bridges and buildings [1]. In implementation
of the FBG strain sensor, it is needed an interrogator system that
can detect the reflected wavelength shifts due to the applied strain
changes. This interrogator system is quite complicated and also
the FBG itself requires fabrication complex process [2].

Recently, a singlemode-multimode-singlemode (SMS) fiber
structure has been proposed as a strain sensor [3,4]. Other appli-
cation based on the strain effect for a voltage measurement is
also reported [5]. The SMS fiber structure can be fabricated
with a simple process compared to the FBG. A strain or temper-
ature coefficient of the SMS fiber structure has similar value
when compared to the FBG [3].

In the strain measurement using the SMS fiber structure sen-
sor, it has been proposed the interrogator system based on a
wavelength shift measurement using an optical spectrum ana-
lyzer [3] and an intensity measurement using an optical power
meter [4]. Approaches in [3,4] can only be used for single point
measurement. It is necessary to further investigate a quasi-
distributed strain measurement based on the SMS fiber structure.
One possible solution is utilizing an optical time domain reflec-
tometer (OTDR). It is reported that the OTDR has been utilized
as an interrogator for the quasi-distributed sensing system [6,7].
Normally, the OTDR is used to determine events in the optical
fiber network such as connection, splicing, cracks, and so forth.
These events can be detected by measuring the reflected light/
return loss from the light source in the OTDR unit. The SMS
fiber structure’s connection and the applied strain on the SMS
fiber structure can be detected as an event in the OTDR. In this
article, the strain measurement method using the SMS fiber
structure sensor and an OTDR as the interrogator is presented.

2. EXPERIMENTAL SET-UP

A schematic structure of an SMS fiber structure is shown in
Figure 1(a). It is formed by splicing a section of graded-index
multimode fiber (MMF) between two pieces of standard
singlemode-fiber (SMF). The SMF type of SMF28 (ITU-T rec-
ommendation G.655) and the MMF graded index (ITU-T recom-
mendation G.651) were used. The SMS fiber structure described
earlier is fabricated using a precision Fitel Nc S324 fiber cleaver
and a compact fusion splicer of Sumitomo Electric type-25e.

An MMF length of 40, 60, 80, and 100 mm were chosen
because of the easiness of its splicing process. The two SMF
lengths of circa 250 m were used to construct the SMS fiber
structure. The experimental setup was built and is shown in Fig-
ure 1(b). The SMS fiber structure was attached to a fixed stage
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