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Figure 8 Measured radiation patterns on (a) E-plane and (b) H-plane for the proposed antenna

mm, Lg, = 8.2 mm, was fabricated and tested. The results in
Figure 6 show the measurement results are similar to the simula-
tion ones. The first notched band has a frequency deviation and
the measured voltage standing wave ratio (VSWR) at higher fre-
quencies are a little higher than the simulated ones. These are
probably due to the losses offered by the SMA connector and
un-matching among the antenna, SMA connector and vector net-
work analyzer.

Simulated surface current distributions at 3.5 and 5.5 GHz
are showed in Figure 7 to visualize each notched band. It is
observed that the majority of the electric currents are concen-
trated around the L-shaped slot in the ground plane at 3.5 GHz,
and around the eccentric ring and the stub with an arc structure
at 5.5 GHz, resulting in a band-notched effect.

The measured E-plane and H-plane radiation patterns are
shown in Figure 8. It can be seen that the proposed antenna has
dipole-like radiation characteristics in E-plane and relatively
omnidirectional radiation characteristics in H-plane.

4. CONCLUSIONS

A novel compact microstrip-fed antenna with a defected ground
structure has been proposed. The simulated and measured results
show the designed antenna covers the frequency from 3 to 32
GHz and has the dual band-notched characteristic to reject the
interference with the 3.3-3.7 GHz WiMAX band and the 5.15-
5.825 GHz WLAN band.
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ABSTRACT: A dual-wideband internal antenna formed by a simple
two-strip monopole (a longer strip and a shorter strip) and a parasitic
shorted strip for eight-band long tern evolution/wireless wide area
network operation (698-960/1710-2690 MH?z) in the laptop computer is
presented. The parasitic shorted strip is excited capacitively by the
shorter strip of the two-strip monopole and contributes two resonant
modes to the antenna, with one in the lower band and one in the upper
band, thereby effectively widening the bandwidths of the antenna’s two
operating bands. Further, the parasitic strip short-circuited to the top
shielding metal wall of the display ground in the laptop computer is
configured such that its end section with the shorting point is positioned
at the side edge of the antenna. This configuration allows the antenna to
be placed closely to a nearby grounded plate, with very small effects on
the performances of the antenna. This is an advantage for the proposed
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antenna in practical applications since the antenna requires a very
small isolation distance at its side edge to nearby metal objects (such as
a metal screw at the top shielding metal wall to fix the display ground
to the casing of the laptop computer). Hence, in addition to the small
antenna volume of 4 x 12 x 70 mm’ at the top shielding metal wall,
compact integration of the proposed antenna along the shielding metal
wall of the display ground can also be obtained. © 2011 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 53:706-712, 2011; View
this article online at wileyonlinelibrary.com. DOI 10.1002/mop.25836

Key words: monopole antennas; LTE antennas; WWAN antennas;
internal laptop computer antennas; multiband antennas

1. INTRODUCTION

To provide enhanced functionality in wireless internet access, it
is required that the modern laptop computers be equipped with
both the long tern evolution (LTE) [1] and wireless wide area
network (WWAN) [2] operations. The LTE operation is recently
introduced, which includes the LTE700 (698-878 MHz), LTE
2300 (2300-2400 MHz), and LTE2500 (2500-2690 MHz) bands
and can provide much higher data rate than the WWAN opera-
tion in the 824-960 MHz (GSM850/900) and 1710-2170 MHz
(GSM1800/1900/UMTS) bands. By combining both the LTE
and WWAN operations, more seamless wireless internet access
can also be obtained. Although many promising internal anten-
nas for the penta-band WWAN operation (824-960/1710-2170
MHz) have been devised for the laptop computer applications
[3—10], the internal antennas that can cover the eight-band LTE/
WWAN operation (698-960/1710-2690 MHz) [11] are still very
few. How to design the internal antennas with small size for
application in the modern laptop computers is a design
challenge.

In this article, we present a simple two-strip monopole with
a parasitic shorted strip to provide two wide operating bands to
respectively cover the LTE700/GSM850/900 (698-960 MHz)
and GSM1800/1900/UMTS/LTE2300/2500 (1710-2690 MHz)
as an internal eight-band LTE/WWAN laptop computer antenna.
The simple two-strip monopole can lead to the generation of
two operating bands for the proposed antenna. However, the
obtained bandwidths of the two operating bands cannot cover
the desired 698-960 and 1710-2690 MHz bands. By adding the
parasitic shorted strip with a length close to a quarter-wave-
length at about 750 MHz and capacitively excited by the shorter
strip of the two-strip monopole, two additional resonant modes
(one fundamental mode at about 750 MHz and one higher-order
mode at about 1750 MHz) contributed by the parasitic shorted
strip are generated to effectively enhance the bandwidths of the
two operating bands of the proposed antenna. Hence, with a
simple structure for the proposed antenna and a small antenna
volume of 4 x 12 x 70 mm® mounted at the top shielding metal
wall of the display ground in the laptop computer, the eight-
band LTE/WWAN operation is obtained.

Also, the parasitic shorted strip can be configured in the pro-
posed antenna such that its end section with the shorting point
is positioned at the side edge of the antenna. This configuration
allows the antenna to be placed closely to a nearby grounded
plate, with very small effects on the performances of the
antenna. This is an advantage for the proposed antenna in practi-
cal applications since the antenna requires a very small isolation
distance at its side edge to nearby metal objects (such as a metal
screw at the top shielding metal wall to fix the display ground
to the casing of the laptop computer) [12—17]. This can also
lead to compact integration of the proposed antenna along the
shielding metal wall of the display ground. Detailed operating
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Figure 1 Geometry of the proposed two-strip monopole with a para-
sitic shorted strip for the eight-band internal LTE/WWAN laptop com-
puter antenna. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]

principle of the proposed antenna is described in the article. The
antenna is also fabricated and tested, and obtained results are
presented and analyzed.

2. DESIGN CONSIDERATIONS OF THE PROPOSED ANTENNA

Figure 1 shows the geometry of the proposed two-strip monop-
ole with a parasitic shorted strip for the eight-band internal
LTE/WWAN laptop computer antenna. The 13-inch laptop com-
puter is modeled as a display ground and a keyboard ground
[18], both of the same dimensions of 260 x 200 mm? and sepa-
rated by an angle of 90°. At the top of the display ground, there
is a shielding metal wall of width 5 mm and length 260 mm
added to provide isolation between the internal antenna and the
circuitry on the back side of the laptop display. Although the
presence of the shielding metal wall usually results in some
degrading effects on the impedance matching of the internal
antenna, the proposed antenna with a small volume of 4 x 12 x
70 mm® mounted at the top shielding metal wall can provide
two wide operating bands to cover the desired eight-band opera-
tion. Also note that the proposed antenna is mounted along the
top shielding metal wall with a spacing of 30 mm to the center
line of the display ground. This arrangement is for the consider-
ation that the center region is generally reserved for accommo-
dating the lens of the embedded digital camera in the laptop
computer.

Te proposed antenna has a simple structure of a two-strip
monopole and a parasitic shorted strip. In the study, the antenna
is mainly printed on a 0.4-mm thick FR4 substrate (relative per-
mittivity 4.4 and loss tangent 0.024) which is bent into an
inverted-L. shape (12 mm in height and 4 mm in width) to be
mounted at the top shielding metal wall. A small tuning stub
made of a 0.2-mm thick copper plate and having a size of 4 x
10 mm? is connected to the longer strip of the two-strip monop-
ole as shown in the figure to fine-adjust the impedance matching
for frequencies over the antenna’s lower band, which is formed
by two resonant modes contributed respectively by the longer
strip and the parasitic shorted strip. The longer strip provides a
resonant path of about 68 mm. By further using a narrow front
section of width 0.2 mm and length 32 mm for the longer strip,
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Figure 2 Photo of the fabricated antenna. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com]

the longer strip can generate a fundamental resonant mode at
about 950 MHz and a higher-order resonant mode at about 2400
MHz for the proposed antenna. In this design, the narrow front
section functions like a printed distributed inductor [19-26],
which contributes additional inductance to compensate for the
increased capacitance with a decrease in the resonant length.
Thus, with a length of 68 mm only, a fundamental resonant
mode at about 950 MHz can be generated by the longer strip of
the two-strip monopole. Detailed effects of the width 7 of the
narrow front section of the longer strip are analyzed in the next
section.

On the other hand, the shorter strip with a length of about 25
mm can contribute a fundamental resonant mode at about 2850
MHz. Hence, with the two-strip monopole only, three resonant
modes are provided to form two operating bands for the
antenna. However, the bandwidths of the two operating bands
are not wide enough for the desired eight-band operation.

To widen the bandwidths of the antenna, the parasitic shorted
strip with a length of about 92 mm is added, which is short-
circuited to the top shielding metal wall and capacitively excited
through a 1-mm gap by the shorter strip of the two-strip monop-
ole. In this case, the shorter strip is not only a radiator, but also
a feeding strip for the parasitic shorted strip. The parasitic
shorted strip can be successfully excited to generate a funda-
mental resonant mode at about 750 MHz and a higher-order res-
onant mode at about 1750 MHz. These two additional resonant
modes combine the three modes contributed by the two-strip
monopole to from two wide operating bands for the antenna to
respectively cover the LTE700/GSM850/900 (698-960 MHz)
and GSM1800/1900/UMTS/LTE2300/2500 (1710-2690 MHz)
bands. Note that by varying the dimensions (width @ and length
b) of the shorter strip and the gap g between the shorter strip
and the parasitic shorted strip, the capacitive excitation of the
parasitic shorted strip can be adjusted such that good impedance
matching of the excited resonant modes is obtained. Detailed
effects of the parameters a, b, and g are presented in the next
section. In addition, the parasitic shorted strip is also configured
such that its end section with the shorting point is positioned at
the side edge of the antenna, which allows the antenna to be
placed closely to a nearby grounded plate, with very small
effects on the performances of the antenna.

3. RESULTS AND DISCUSSION

The proposed antenna was fabricated and tested. Figure 2 shows
the photo of the fabricated antenna. Results of the measured and
simulated return loss for the fabricated antenna are shown in
Figure 3. In the experiment, a 50-Q mini coaxial line is used to
feed the antenna, the same as in the practical laptop computer
applications. The center conductor and outer grounding sheath
of the coaxial line are respectively connected to point A (the
front end of the shorter strip) and point B at the shielding metal
wall, as shown in Figure 1. The simulated results are obtained
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Figure 3 Measured and simulated return loss for the proposed
antenna. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com]

using the Ansoft high frequency structure simulator [27], and
good agreement between the measured and simulated results are
obtained. Two wide operating bands have been obtained for the
proposed antenna. The measured bandwidth, defined by 3:1
VSWR (6-dB return loss) which is widely used as the design
specification for the internal WWAN antennas in practical mo-
bile phone and laptop computer applications, is about 290 MHz
(690-980 MHz) for the lower band and about 1400 MHz
(1680-3080 MHz) for the upper band. The wide lower and
upper bands cover the desired eight-band operation.

Figure 4 shows the simulated return loss for the proposed
antenna, the case with the shorter strip only (Refl), and the case
with the shorter and longer strips only (Ref2). With the shorter
strip only, a resonant mode in the desired upper band is gener-
ated. When the longer strip is added to form Ref2, two addi-
tional resonant modes are generated, with one mode at about 1
GHz (although the impedance matching is not good) and one
mode at about 2400 MHz. The mode at about 2400 MHz also
combines the one contributed by the shorter strip to widen the
bandwidth of the antenna’s upper band. Then, by further adding
the parasitic shorted strip to form the proposed antenna, two
additional resonant modes at about 750 and 1750 MHz are gen-
erated. The mode at 750 MHz combines the mode contributed
by the longer strip to form a wide lower band for the antenna.
Also, the mode at 1750 MHz combines the two modes contrib-
uted by the two-strip monopole to from the upper band. The
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Figure 4 Simulated return loss for the proposed antenna, the case
with the shorter strip only (Refl), and the case with the shorter and lon-
ger strips only (Ref2). [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com]
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Figure 5 Simulated return loss for the proposed antenna as a function
of the width w of the shielding metal wall. Other dimensions are the
same as in Figure 1. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com]

lower and upper bands therefore cover the desired eight-band
operation.

Effects of the width w of the top shielding metal wall are
studied in Figure 5. Results of the simulated return loss for the
width w varied from 0 to 8 mm are shown. Other dimensions
are the same as in Figure 1. Improved impedance matching for
frequencies over both the lower and upper bands is seen for the
case of w = 0 (the shielding metal wall not present). With the
increase in the width w, the impedance matching also becomes
degraded. The results suggest that the shielding metal wall
should be taken into consideration in the internal antenna design
for the laptop computer applications [28].

Figure 6 shows the simulated return loss for the proposed
antenna with and without a nearby grounded metal plate. From
the results, it is interesting to note that small effects are
observed when a grounded metal plate (grounded to the shield-
ing metal wall) is placed very close to the proposed antenna. In
this study, the distance between the antenna (the end section of
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Figure 6 Simulated return loss for the proposed antenna with and
without a nearby grounded metal plate. Other dimensions are the same
as in Figure 1. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]
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are the same as in Figure 1. [Color figure can be viewed in the online
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the parasitic shorted strip) and the grounded metal plate is
selected to be 0.2 mm. As discussed in Section I, the grounded
metal plate can be used to accommodate a metal screw at the
top shielding metal wall to fix the display ground to the casing
of the laptop computer.

Figure 7 shows the simulated return loss for the proposed
antenna as a function of the width ¢ of the front section of the
longer strip. Results of the simulated return loss for the width ¢
varied from 0.2 to 1.0 mm are shown. Large effects on the sec-
ond mode or the mode contributed by the longer strip in the
lower band are seen. When the width ¢ is decreased, the second
mode in the lower band is shifted to lower frequencies to com-
bine the mode contributed by the parasitic shorted strip to form
the desired lower band for the antenna. This effect is owing to
the contributed inductance by the narrow front section to com-
pensate for the increased capacitance of the decreased resonant
length of the longer strip.

Effects of the tuning stub are studied in Figure 8. Results of
the simulated return loss for the width d varied from O to 6 mm
are shown in the figure. Improvements in the impedance match-
ing of the second mode in the lower band and some shiftings of
the second mode to lower frequencies are seen. This behaviour
improves the impedance matching for frequencies in the desired
lower band for the antenna. For other frequencies, small varia-
tions are seen. The results indicate that the tuning stub can be
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Figure 8 Simulated return loss for the proposed antenna as a function
of the width d of the tuning stub in the longer strip. Other dimensions
are the same as in Figure 1. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com]
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used to effectively adjust the impedance matching of the anten-
na’s lower band.

Figure 9 shows the simulated return loss as a function of the
width a in the shorter strip. Results for the width @ varied from
3.0 to 4.5 mm are shown. Note that when the width a varies,
the gap g between the shorter strip and the parasitic shorted strip
also varies as shown in the inset in the figure. Since the width a
affects the capacitive coupling between the shorter strip and the
parasitic shorted strip, large effects on the first mode of the
lower band contributed the parasitic shorted strip are therefore
observed. For the upper band, although there are some effects
on the impedance matching of the three excited resonant modes,
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Figure 10 Simulated return loss for the proposed antenna as a func-
tion of the length b in the shorter strip. Other dimensions are the same
as in Figure 1. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]

the obtained bandwidths can all cover the desired five-band
operation of GSM1800/1900/UMTS/LTE2300/2500.

Effects of the length b in the shorter strip on the antenna per-
formances are analyzed in Figure 10. Results for the length b
varied from 15 to 19 mm are presented. Some effects on the
first mode of the lower band, which is contributed by the para-
sitic shorted strip, are seen. The results indicate that the parame-
ters a, b, and g are important for achieving improved impedance
matching for frequencies over the lower band. For the upper
band, although there are some variations in the three excited res-
onant modes in the band, the obtained bandwidths again can all
cover the desired five-band operation in the 1710-2690 MHz
band.

Measured radiation characteristics of the fabricated antenna
are also studied. Figure 11 shows the measured radiation pat-
terns at 830, 1940, and 2500 MHz for the antenna. At each

Figure 11 Measured radiation patterns at 830, 1940, and 2500 MHz for the fabricated antenna. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com]
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Figure 12 Measured radiation efficiency and antenna gain of the fab-
ricated antenna. (a) The lower band. (b) The upper band. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

frequency, the radiation patterns in three principal planes are
shown. Comparable Ey and E;, components are seen in the
measured radiation patterns. Also, in the azimuthal plane (x-y
plane), it is expected that the total power (Ey and E, together)
shows no nulls in all the ¢ angles. These radiation characteris-
tics can lead to no communication nulls in practical
applications.

Figure 12 shows the measured radiation efficiency and
antenna gain of the fabricated antenna. The measured results
show that the radiation efficiency is about 51-67% and 58-85%
for the lower and upper bands, respectively. The measured
antenna gain varies from about 0.8-2.0 dBi for the lower band
and 1.0-3.8 dBi for the upper band. The measured radiation effi-
ciency and antenna gain are acceptable for practical
applications.

4. CONCLUSION

A promising internal laptop computer antenna for the eight-band
LTE/WWAN operation has been proposed and studied. The
antenna has a simple structure formed by a two-strip monopole
and a parasitic shorted strip, and can be easily fabricated mainly
by printing on a thin FR4 substrate at low cost. The parasitic
shorted strip in the proposed design leads to widened band-
widths for both the lower and upper bands of the antenna. Suc-
cessful excitation of the parasitic shorted strip has been obtained
by using the shorter strip of the two-strip monopole as the cou-
pling feed, which is also an efficient radiator to contribute a res-
onant mode for the antenna. The coupling feed in the proposed
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design is different from those of the traditional coupled-fed
antennas [29-34] in which the coupling feed does not contribute
resonant modes for the antenna. Also, with the parasitic shorted
strip configured at the side edge of the antenna, effects of a
nearby grounded metal object on the antenna performances can
be greatly decreased. This can also lead to compact integration
of the proposed antenna along the top shielding metal wall of
the display ground in the laptop computer. Good radiation char-
acteristics of the proposed antenna have also been observed. The
measured radiation patterns with the E¢ and E, together show
no nulls in all the ¢ angles in the azimuthal plane for the
antenna. This can lead to no communication nulls in practical
applications.
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ABSTRACT: A composite artificial magnetic conductor (AMC) surface
is presented for wide band radar cross section (RCS) reduction. The
composite surface consists of two kinds of AMC cells with different
resonance frequencies. The phase difference between them can be tuned
to be within a range close to =1 over a wide bandwidth. Therefore, the
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reflections from these two different AMC cells cancel each other. The
basic principle was discussed and a sample was measured. The results
show that a nearly 10 dB RCS reduction was achieved with a 32%
bandwidth. © 2011 Wiley Periodicals, Inc. Microwave Opt Technol Lett
53:712-715, 2011; View this article online at wileyonlinelibrary.com.
DOI 10.1002/mop.25835

Key words: artificial magnetic conductor (AMC); wideband; radar
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1. INTRODUCTION

Mushroom-like electromagnetic bandgap (EBG) structures [1]
exhibit zero reflection coefficient phase at the resonance fre-
quency. Thus, the EBG surface can be regarded as artificial
magnetic conductor (AMC). This property has been used to
design thin radar absorbing materials. This is a modified design
of the Salisbury screen [2]. The Salisbury screen consists of a
lossy resistive sheet placed //4 above a perfectly electrical con-
ducting (PEC) ground plane. This 4/4 height limitation makes
the Salisbury screen very bulky at low frequencies. Engheta [3]
presented an AMC-based design with the overall thickness con-
siderably reduced. Further consideration focused on the band-
width and angular stability [4, 5]. Alternatively, AMC surfaces
loaded with lumped resistors joining the adjacent metal patches
were considered and applied in antenna radar cross section
(RCS) reduction [6-10].

Another way of using AMC surfaces to control the electro-
magnetic scattering from targets is based on shaping. The princi-
ple is to reflect the electromagnetic signals away from the direc-
tion of incoming waves. A composite surface of AMC and PEC
cells was proposed in [9]. The RCS reduction ability of the
composite surface was based on the cancellation of the reflection
contributions from PEC and AMC parts. The PEC and the AMC
cells were arranged to form a chessboard like configuration. In
the absence of any lossy components, the energy is not
absorbed, but scattered in offset directions.

It should be noted that a disadvantage of AMC-based RCS
reduction materials is their narrow bandwidth. The above men-
tioned two applications strongly depend on the AMC character-
istic and this varies dramatically with frequency. In this letter,
we proposed a wideband low RCS surface design based on com-
posite AMC structures. Similar but different to the configuration
in [9], we adopted two AMC cells with different resonance fre-
quencies. By choosing the resonance frequencies of these two
AMC structures, the phase difference between them can be
tuned to be close to 180° in a much wider frequency range.
Thus, the reflection from these two AMC cells can cancel each
other (meaning a wideband RCS reduction surface). The basic
design principle is discussed for the chessboard like composite
surface, and a sample was made and measured.

2. DESIGN PRINCIPLES

The geometry illustration of the proposed composite AMC sur-
face is depicted in Figure 1. Two different square AMC surfaces
are arranged in a chessboard configuration. Specifically, a unit
cell consists of two square AMC1 surfaces and two square
AMC2 surfaces. It can also be seen from the figure that each
square AMC surface is a finite array of periodic metal patches
and shorting vias. Of importance is that AMCI and AMC2 have
different resonance frequencies (different zero reflection coeffi-
cient phase frequencies).

The total reflected energy from the composite surface is a
summation of the reflection from both AMC1 and AMC2 cells.
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