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ABSTRACT: A new antenna structure of internal long-term evolution/
wireless wide area network (698-960/1710-2690 MHz) laptop computer
antenna formed by a coupled-fed loop antenna connected with two
branch radiators is presented. The two branch radiators consist of one
longer strip and one shorter strip, both being efficient radiators and
contributing multiresonant modes to greatly enhance the bandwidth of
the antenna. The antenna’s lower band is formed by a dual-resonant
mode mainly contributed by the longer branch strip, while the upper
band is formed by three resonant modes contributed respectively by one
higher-order resonant mode of the longer branch strip, one resonant
mode of the coupled-fed loop antenna alone, and one resonant mode of
the shorter branch strip. The antenna’s lower and upper bands can
therefore cover the desired 698-960 and 1710-2690 MH:z bands,
respectively. The proposed antenna is suitable to be mounted at the top
shielding metal wall of the display ground of the laptop computer and
occupies a small volume of 4 x 10 x 75 mm’ above the top shielding
metal wall, which makes it promising to be embedded inside the casing
of the laptop computer as an internal antenna. Details of the proposed
antenna are studied in the paper. © 2010 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 52:2662-2667, 2010; View this article
online at wileyonlinelibrary.com. DOI 10.1002/mop.25556
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1. INTRODUCTION

To achieve dual-wideband operation to cover the long-term evo-
lution (LTE) [1]/wireless wide area network (WWAN) [2] oper-
ation in the 698-960 MHz band for the LTE700/GSM850/900
operation and the 1710-2690 MHz band for the GSM1800/
1900/UMTS/LTE2300/2500 operation is a design challenge for
the internal laptop computer antennas. Recently, there have been
promising internal laptop computer antennas reported for penta-
band WWAN operation in the 824-960 and 1710-2170 MHz
bands [3-10]. However, since the required bandwidths for the
eight-band LTE/WWAN operation are much wider than the
penta-band WWAN operation, especially in the lower band that
mainly dominates the required dimensions of the antenna, the
promising internal LTE/WWAN laptop computer antennas are
still very few in the published papers [11]. In the reported design
in Ref. 11, the internal eight-band LTE/WWAN laptop computer
antenna occupies a volume of 4 x 10 x 85 mm® at the top edge
of the display ground to cover the desired 698-960 and 1710-
2690 MHz bands. Owing to the continuous requirement in
decreasing the size of the internal antennas in the mobile devices,
new antenna techniques in achieving smaller size of the internal
laptop computer antennas are still very demanding.

In this article, a new antenna structure of internal laptop com-
puter antenna formed by a coupled-fed loop antenna connected
with two branch radiators for the eight-band LTE/WWAN opera-
tion in the laptop computer is presented. Owing to the proposed
new antenna structure, which is different from the reported loop/
monopole combo antenna [11] formed by combining a quarter-
wavelength printed loop antenna with an internal matching circuit
[12, 13] and a printed monopole antenna with an internal distrib-
uted inductor [14, 15] for the LTE/WWAN operation, the required
size for covering the desired 698—960 and 1710-2690 MHz bands
is 4 x 10 x 75 mm® only and is smaller than that of the reported
antenna in [11]. Details of the proposed antenna are described in
this article. The antenna are fabricated and tested, and the results
of the fabricated antenna are discussed.

2. PROPOSED ANTENNA

Figure 1 shows the geometry of the proposed coupled-fed loop
antenna with branch radiators for the eight-band LTE/WWAN
operation in the laptop computer. In the study, the laptop com-
puter is modeled as a display ground and a keyboard ground
separated by an angle (o) of 90°. The two grounds are of the
same dimensions of 200 x 260 mmz, which is reasonable for
practical laptop computers. The antenna is mounted at the
shielding metal wall of width 5 mm and length 260 mm, which
is connected to the top edge of the display ground to reduce
possible coupling between the antenna and the circuitry on the
back side of the laptop display. Also note that since the central
region of the top edge of the display is mainly reserved to
accommodate the lens of the embedded digital camera, the
antenna is mounted along the top shielding metal wall with a
spacing of 30 mm to the center line of the display ground.

The major portion of the antenna is printed on a 0.8-mm thick
FR4 substrate of width 10 mm and length 75 mm. A 0.2-mm thick
metal plate of size 4 x 75 mm? is then connected to the printed metal
pattern on the FR4 substrate at point D, E, and F. The connected
metal plate is orthogonal to the printed metal pattern and parallel to
the shielding metal wall. The total volume of the antenna at the
shielding metal wall is hence 4 x 10 x 75 mm®, which is promising
to be embedded inside the casing of the practical laptop computer.

The proposed antenna is mainly a coupled-fed loop antenna
(path ADEC in the figure) with a longer branch strip (path EFG)
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Figure 1 Geometry of the proposed coupled-fed loop antenna with
branch radiators for the eight-band LTE/WWAN operation in the laptop
computer. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]

and a shorter branch strip (path IH). The loop antenna has a
total length of about 92 mm and is excited capacitively using a
coupling feed, which is formed by a feeding strip (width 2 mm
and length 25.5 mm) and a coupling strip (width 2.5 mm and
length () 25.5 mm). By varying the length ¢ of the coupling
strip, the capacitive excitation of the loop antenna can be
adjusted. With the length 7 selected to be 25.5 mm, the loop
antenna can contribute a resonant mode (0.5-wavelength loop
mode) at about 2.4 GHz. Note that point A, the feeding point of
the loop antenna, is also the feeding point of the proposed
antenna, while point B at the shielding metal wall is the ground-
ing point for a 50-Q mini coaxial line (not shown in the figure)
[10, 11] used to feed the proposed antenna in the experiment.
The center conductor and outer grounding sheath of the mini
coaxial line are connected respectively to point A and B. Also,
point C at the end point of the loop antenna is short-circuited to
the shielding metal wall to form the closed loop path.

The longer branch strip connected to the loop antenna at
point E results in the formation of a new resonant path including
section EC (length about 19 mm) and the longer branch strip
(length 75 mm) itself. The new resonant path thus has a total
length of about 94 mm, which leads to the generation of a quar-
ter-wavelength resonant mode at about 0.8 GHz and a higher-
order resonant mode at about 1.9 GHz. Similarly, the shorter
branch strip connected to the loop antenna at point I provides a
second new resonant path including section IC and the shorter
branch strip. The total length of the second new resonant path is
hence about 21 mm, which contributes to a quarter-wavelength
resonant mode at about 2.7 GHz. The three resonant modes at
about 1.9, 2.4, and 2.7 GHz, which are contributed respectively
by the longer branch strip, the loop antenna, and the shorter
branch strip, are combined into a wide operating band for the
antenna’s upper band to cover the desired GSM1800/1900/
UMTS/LTE2300/2500 operation (1710-2690 MHz). On the
other hand, the resonant mode at about 0.8 GHz contributed by
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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 branch strip exhibits a dual-resonant property and
provides a wide operating band to cover the desired LTE700/
GSM850/900 operation (698-960 MHz). The two branch strips
connected to the loop antenna hence greatly enhance the band-
widths of the antenna’s lower and upper bands, allowing the
antenna to cover the eight-band LTE/WWAN operation with a
small occupied volume. More detailed operating principle for
the proposed antenna is discussed in the next section.

3. RESULTS AND DISCUSSION

The proposed antenna was fabricated and studied. Figure 2
shows the photo of the fabricated antenna. In the experiment, as
stated in Section 2, a 50-Q mini coaxial line (not shown in the
figure) aligned along the shielding metal wall is used to feed the
antenna. Results of the measured and simulated return loss for
the fabricated antenna are shown in the figure. The simulated
results are obtained using the Ansoft High Frequency Structure
Simulator (HFSS), version 12 [16]. Similar results between the
measurement and simulation are observed. Two wide operating
bands are obtained for the fabricated antenna. The lower band
shows a 3:1 VSWR bandwidth of 302 MHz (670-972 MHz),
while that for the upper band is as large as 1210 MHz (1650-
2860 MHz). The 3:1 VSWR or 6-dB return-loss bandwidth defi-
nition is widely used for the internal WWAN antennas and the
LTE antennas as well in the mobile device applications [3—11].
The wide lower and upper bands obtained for the proposed
antenna cover the desired eight-band LTE/WWAN operation.
The operating principle of the proposed antenna is analyzed
with the aid of Figures 4 and 5. Results of the simulated return
loss for the case with a coupled-fed loop antenna only (Refl),
Refl connected with a longer branch strip (Ref2), and Ref2 con-
nected with a shorter branch strip (proposed antenna) are shown
in Figure 4. The corresponding simulated input impedance for
Refl, Ref2, and proposed antenna is presented in Figure 5.
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Figure 3 Measured and simulated return loss for the fabricated
antenna. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com]

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 562, No. 12, December 2010 2663



0
g _— — o — — - — —
= 10
8
=
E L
2 20 &4 Refl
© [ ¢Ref2
Proposed
30....i....l....l....l....
500 1000 1500 2000 2500 3000
Frequency (MHz)
- | -
Refl
. — »
Ref2

Figure 4 Simulated return loss for the case with a coupled-fed loop
antenna only (Refl), Refl connected with a longer branch strip (Ref2),
and Ref2 connected with a shorter branch strip (proposed antenna).
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

From the results, it can be concluded that the resonant mode
excited at about 2.4 GHz in the proposed antenna is contributed
by the loop antenna [Fig. 5(a)]. This 2.4-GHz resonant mode is
the 0.5-wavelength loop mode, which is usually excited as the
fundamental mode (the lowest mode) of the loop antenna for in-
ternal mobile device applications [17-27]. For the resonant
mode excited at about 1 GHz as seen in Figure 5, it is also con-
tributed by the loop antenna and is the 0.25-wavelength loop
mode. However, this 0.25-wavelength loop antenna [12, 13]
shows very high input impedance and results in poor impedance
matching or return loss as seen in Figure 4. Both the two loop
resonant modes are also seen to be shifted to higher frequencies
with the presence of the longer and shorter branch strips.

By comparing Refl and Ref2 in Figures 4 and 5, it can be
concluded that the resonant modes at about 0.8 and 1.9 GHz is
owing to the presence of the longer branch strip. Further, the res-
onant mode at about 0.8 GHz shows a dual-resonant property
(Fig. 4) [28-30] owing to the small values of its input impedance
and the close proximity of the excited 0.25-wavelength loop
mode, although this loop mode has a very high input impedance
level. From the comparison of Ref2 and proposed antenna, an
additional resonant mode at about 2.7 GHz is generated owing to
the presence of the shorter branch strip. This resonant mode com-
bines the other two modes at about 1.9 and 2.4 GHz to form a
very wide operating band for the antenna’s upper band.

A parametric study of the proposed antenna is conducted in
Figures 6-10. Effects of the width w of the shielding metal wall
are analyzed in Figure 6. Simulated return loss for the width w
varied from O (no shielding metal wall) to 8 mm is presented in
the figure. For w = 0, wider bandwidth for the antenna’s upper
band and improved impedance matching for the lower band is
seen. For w = 8 mm, degraded impedance matching for the
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Figure 5 Simulated input impedance for Refl, Ref2 and proposed
antenna studied in Fig. 5. (a) Input resistance. (b) Input reactance. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

lower band is seen. From the results, it indicates that the pres-
ence of the shielding metal wall, although it can suppress the
possible coupling between the internal antenna and the circuitry
on the back side of the laptop display, will cause degraded im-
pedance matching and decreased bandwidth for the internal lap-
top computer antenna. The presence of the shielding metal wall
is hence required to be taken into consideration for the internal
laptop computer antenna design.

0
— - oe e et 3:] VSWR
% .
10}
g | shielding metal wa
— L width = w *:*8 —
E L
?,3) 20 - =
& w=5
H A
- w=0
[0 § ) S RS S | . N
500 1000 1500 2000 2500 3000
Frequency (MHz)

Figure 6 Simulated return loss for the proposed antenna as a function
of the width w of the shielding metal wall at the display ground. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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Figure 7 Simulated return loss for the proposed antenna as a function
of the angle o between the display ground and the keyboard ground.
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

Effects of the angle o between the display ground and the
keyboard ground are studied in Figure 7. Results of the simu-
lated return loss for the angel o varied from 90 to 105° are pre-
sented in Figure 7. Very small variations in the return loss for
the three different angles are seen. This is mainly because the
display ground alone has a very large size compared to the pro-
posed antenna. Hence, the presence of the keyboard ground and
its orientation variations to the display ground will cause small
effects on the performances of the proposed antenna.

Figure 8 shows the simulated return loss for the proposed
antenna as a function of the length ¢ of the coupling strip.
Results for the length ¢ varied from 19.5 to 25.5 mm are shown.
Since the variations in the length ¢ will cause large variations in
the capacitive coupling of the loop antenna and the two con-
nected branch strips as well, it is no surprise that large varia-
tions in the simulated return loss over the antenna’s lower and
upper bands are seen.
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Figure 8 Simulated return loss for the proposed antenna as a function
of the length ¢ of the coupling 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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Figure 9 Simulated return loss for the proposed antenna as a function
of the length a of the end section of the longer branch 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]

Figure 9 shows the simulated return loss for the proposed
antenna as a function of the length a of the end section of the
longer branch strip. Results for the length @ varied from 27 to
32 mm are shown. Small effects on the resonant mode at about
2.4 GHz contributed by the loop antenna are seen. This is rea-
sonable, since the variations in the length a do not cause dimen-
sions variations in the coupled-fed loop antenna. On the other
hand, large effects on the resonant modes at about 0.8 and 1.9
GHz mainly contributed by the longer branch strip are seen.
Some variations in the resonant modes at about 2.7 GHz con-
tributed by the shorter branch strip are also observed. This is
largely because the two ends of the longer and shorter branch
strips face each other with a small distance. Hence, there exists
some coupling between the two branch strips. The impedance
matching of the resonant mode contributed by the shorter branch
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Figure 10 Simulated return loss for the proposed antenna as a func-
tion of the length b of the end section of shorter branch 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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Figure 11 Measured radiation patterns for the proposed antenna. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

strip will therefore be affected by the variations in the length a
of the end section of the longer branch strip.

Effects of the length b of the end section of the shorter
branch strip are studied in Figure 10. Results for the length b
varied from 10.5 to 14.5 mm are shown. Large effects on the
resonant mode at about 2.7 GHz contributed by the shorter
branch strip are seen. This confirms that the resonant mode at
about 2.7 GHz is mainly contributed by the shorter branch strip.
For the other resonant modes, very small effects are observed.

The measured radiation characteristics of the fabricated
antenna are also studied. Figure 11 shows the measured radia-
tion patterns at 830, 1940, and 2500 MHz. At each frequency,
the radiation patterns in three principal planes of x-z, x-y, and
y-z planes are shown. Comparable Eg and E4 components are
seen. In the azimuthal plane (x-y plane), it is also seen that there
are no nulls in the Eg and E4 components in all the ¢ angles.
This is an advantage for practical applications since it can lead
to good communication coverage in the azimuthal plane.
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Figure 12 shows the measured radiation efficiency for the
fabricated antenna. The measured radiation efficiency is about
55-68% and 55-82%, respectively for the lower band [Fig. 12(a)]
and the upper band [Fig. 12(b)]. The measured antenna gain
varies from about —0.4 to 1.5 dBi for the lower band and 1.0-4.3
dBi for the upper band. The measured radiation characteristics
are acceptable for practical laptop computer applications.

4. CONCLUSION

A new internal LTE/WWAN laptop computer antenna to be
mounted at the shielding metal wall of the display ground has
been proposed. The antenna occupies a volume of 4 x 10 x
75 mm® only and provides two wide operating bands (698-960/
1710-2690 MHz) to cover the eight-band operation of LTE700/
GSMS850/900 and GSM1800/1900/UMTS/LTE2300/2500. The
dual-wideband operation is obtained by connecting two branch
radiators to a coupled-fed loop antenna. The coupling feed in
the loop antenna also successfully excites additional resonant
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Figure 12 Measured radiation efficiency for the proposed antenna. (a)

The

lower band. (b) The upper band. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]

modes which are owing to the presence of the connected branch
radiators. The additional resonant modes form the antenna’s
wide lower band and greatly enhance the bandwidth of the
antenna’s upper band. Good radiation characteristics over the
operating bands have also been observed. The proposed antenna
is promising for the LTE/WWAN operation in the laptop com-
puter as an internal antenna.
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