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ABSTRACT: By embedding a printed parallel resonant circuit, the
lower-band bandwidth of the proposed internal tablet computer antenna

is greatly enhanced. This bandwidth-enhancement technique allows the
proposed antenna to cover the eight-band wireless wide area network/

long term evolution operation in the 704–960 and 1710–2690 MHz
bands with a small size of 12 � 60 � 3.8 mm3 in the tablet computer.
The main radiator of the antenna comprises a patch monopole, a longer

shorted strip, and a shorter shorted strip. The latter two shorted strips
form the outer boundary of the antenna and are parasitically excited by

the patch monopole. The parallel resonant circuit is formed by
embedding a chip-inductor-loaded narrow strip in-between the longer
shorted strip and the patch monopole, with the narrow strip whose front

terminal connected to the patch monopole and end section gap-coupled
to the longer shorted strip. This embedded circuit can lead to the
generation of a parallel resonance seen at the antenna’s feeding point.

By controlling the parallel resonance to be at the high-frequency tail of
the resonant mode at about 800 MHz contributed by the longer shorted

strip, an additional resonance can be generated, which can result in
dual-resonance excitation of the original single-resonance mode. Thus, a
wide antenna’s lower band is obtained. Further, the patch monopole

can contribute a resonant mode to combine additional resonant modes
contributed by the two shorted strips to form a wide antenna’s upper

band. Details of the proposed antenna with the embedded parallel
resonant circuit are described in the article. VC 2011 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 54:305–309, 2012;

View this article online at wileyonlinelibrary.com.
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1. INTRODUCTION

The occupied size of the internal laptop computer or tablet com-

puter antennas for the penta-band wireless wide area network

(WWAN) or eight-band WWAN/long term evolution (LTE)

operation is generally not easy to be reduced owing to the large

lower-band bandwidth required (for instance, 824–960 MHz for

the GSM850/900 operation or 704–960 MHz for the LTE700/

GSM850/900 operation) [1–12]. The requirement of large lower-

band bandwidth is especially more challenging for the internal

antenna in the tablet computer than in the mobile handset. This

is because the size of the system ground plane is generally

much larger in the tablet computer than in the mobile handset

[13–16], thus making the chassis mode of the system ground

plane generally cannot be excited to assist in achieving a wider

lower band for the embedded internal antenna.

To overcome the aforementioned problem for the internal

WWAN/LTE antenna embedded in the tablet computer, we pres-

ent a bandwidth-enhancement technique by using a distributed par-

allel resonant circuit embedded in the antenna, which does not

increase the antenna’s occupied size and can lead to a dual-reso-

nance excitation of the antenna’s lower band for the LTE700/

GSM850/900 (704–960 MHz) operation with a small size of 12 �
60 � 3.8 mm3. The distributed parallel resonant circuit is obtained

by embedding a long narrow strip with its front terminal connected

to one part of the antenna’s main radiator and its end section gap-

coupled to the other part of the main radiator. The former provides

an additional inductance and the latter contributes an equivalent

capacitance, and both can lead to the generation of a parallel reso-

nance seen at the antenna’s feeding point [17]. This parallel reso-

nance can result in the generation of an additional resonance at the

high-frequency tail of the original single-resonance mode in the

antenna’s lower band, such that the original single-resonance

mode can become a dual-resonance mode to provide a much wider

lower-band bandwidth for the antenna. Note that as the embedded

parallel resonant circuit does not increase the occupied size of the

antenna, bandwidth enhancement is obtained without a sacrifice in

increasing the antenna size.

Further, the antenna can provide a wide upper band for the

GSM1800/1900/ UMTS/LTE2300/2500 (1710–2690 MHz) oper-

ation. That is, the proposed antenna can cover the eight-band

WWAN/LTE operation with an occupied size about the smallest

among the related reported antenna for tablet computer or laptop

computer applications [11, 14–16]. Details of the proposed

antenna and the operating principle of the embedded parallel

resonant circuit are described in the article. The antenna was

fabricated and tested. Results of the fabricated antenna are pre-

sented and discussed.

2. PROPOSED ANTENNA

Figure 1 shows the geometry of the proposed WWAN/LTE tab-

let computer antenna with an embedded parallel resonant circuit.

A photo of the fabricated antenna is shown in Figure 2. The

antenna is formed by two portions. The first portion is printed

on a 0.8-mm thick FR4 substrate of relative permittivity 4.4,

loss tangent 0.02, and size 12 � 60 mm2, and the second portion

is a metal strip of width 3 mm and length 60 mm (t in the fig-

ure) cut from a 0.2-mm thick copper plate. The second portion

is oriented perpendicular to and connected with the first portion

as shown in the figure. In this study, the antenna is to be applied

in a 9.7-inch tablet computer, which is currently commercially

available. The antenna is mounted along the edge of the top

shielding metal wall (5 � 150 mm2) of the display ground (150

� 200 mm2), which is used to support a 9.7-inch display. Note

that the antenna is placed close to one corner of the shielding

metal wall such that other possible internal antennas (for

instance, the WLAN antenna, the multiple-input multiple-output

antenna system [18], etc.) can also be mounted along the
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shielding metal wall to achieve efficient integration of the inter-

nal antennas in the tablet computer.

The antenna comprises a main radiator and an antenna

ground. The antenna ground has a narrow width of 0.5 mm and

a length of 60 mm and is disposed at the bottom edge of the

antenna. The antenna ground is connected at points C and D to

the shielding metal wall for testing the antenna in the experi-

ment in this study. The antenna is fed by a 50-X mini coaxial

line, whose grounding sheath is connected to point B at the

small grounding pad of the antenna ground and central connec-

tor is connected to point A, the feeding point of the antenna.

The antenna’s main radiator mainly comprises a patch monop-

ole, a longer shorted strip, and a shorter shorted strip. The latter

two shorted strips are parasitically excited. The longer shorted

strip having a length of about 77 mm can generate a quarter-

wavelength resonant mode in the antenna’s desired lower band

and a higher-order resonant mode in the desired upper band.

The shorter shorted strip having a length of about 43 mm con-

tributes a quarter-wavelength resonant mode at about 1800 MHz

to enhance the upper-band bandwidth of the antenna. In this

study, the resonant modes contributed by the two shorted strips

can be, respectively, adjusted by the length t in the longer

shorted strip and the length d in the shorter shorted strip. Fur-

ther, the patch monopole contributes a resonant mode to com-

bine the two modes generated by the two shorted strips to form

a wide upper band of bandwidth larger than 1 GHz for the

antenna to cover the GSM1800/1900/UMTS/LTE2300/2500

(1710–2690 MHz) operation. Also, the patch monopole uses a

two-branch feeding design [19], which improves the impedance

matching for its excited resonant mode.

Note that the resonant mode in the desired lower band con-

tributed by the longer shorted strip shows a single resonance

and provide an operating bandwidth far from covering the anten-

na’s desired lower band (704–960 MHz, bandwidth about 256

MHz or 31%). By embedding a chip-inductor-loaded narrow

strip of length about 20.5 mm in-between the patch monopole

and the longer shorted strip, the single-resonance mode in the

antenna’s lower band can become a dual-resonance mode, which

makes the lower-band bandwidth greatly enhanced to cover the

LTE700/GSM850/900 operation. This effect is owing to an

equivalent parallel resonant circuit obtained, because the front

terminal of the narrow strip is connected to the patch monopole

and its end section is coupled to the longer shorted strip through

a coupling gap of 0.7 mm. Also, the narrow strip is loaded with

a chip inductor of 22 nH, and the chip-inductor-loaded narrow

strip provides an equivalent inductance [20–22]. The coupling

between the narrow strip and the longer shorted strip provides

an equivalent capacitance [23–25]. The equivalent inductance

and capacitance leads to the generation of a parallel resonance

that is controllable by varying the inductance L of the chip in-

ductor. In the proposed design, the parallel resonance is adjusted

to be at the high-frequency tail of the single-resonance mode

contributed by the longer shorted strip in the antenna’s lower

band. This parallel resonance leads to the generation of an addi-

tional resonance (zero reactance) at a frequency near the reso-

nant frequency of the single-resonance mode, thereby resulting

in a dual-resonance mode excited at about 900 MHz. Hence, a

wide lower band for the antenna to cover the LTE700/GSM850/

900 operation is obtained. Details of the results are discussed in

Section 3 with the aid of Figure 5.

3. RESULTS OF FABRICATED ANTENNA

Figure 3 shows the measured and simulated return loss of the

fabricated antenna (photo shown in Fig. 2). Note that the

antenna is tested with the presence of the display ground shown

in Figure 1. Measured results agree with the simulated results

obtained using the three-dimensional (3D) full-wave electromag-

netic field simulator HFSS [26]. Based on 3:1 VSWR or 6-dB

return loss, which is widely used as the design specification of

the internal WWAN mobile device antenna [27, 28], the

obtained lower band and upper band can, respectively, cover the

704–960 and 1710–2690 MHz bands for eight-band WWAN/

LTE operation.

To analyze the excited resonant modes of the antenna, Figure

4 shows the simulated return loss for the proposed antenna,

Ref1 (the patch monopole with one feeding strip only), Ref2

(the patch monopole with two feeding strips), Ref3 (the patch

monopole and the shorted longer strip only), and Ref4 (the patch

monopole and two shorted strips only). In Figure 4(a), results

for the proposed antenna, Ref1 and Ref2 are presented. Results

show that the two-branch feeding strip indeed can lead to

improved impedance matching of the excited resonant mode at

about 2900 MHz contributed by the patch monopole. In Figure

4(b), results for the proposed antenna, Ref3 and Ref4 are

Figure 1 Geometry of the proposed WWAN/LTE tablet computer

antenna with an embedded parallel resonant circuit. [Color figure can

be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 2 Photo of the fabricated antenna. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com]
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presented. By adding the longer shorted strip, a single-resonance

mode at about 800 MHz and a resonant mode at about 2700

MHz are seen to be generated. Although by adding the shorter

shorted strip, a resonant mode at about 1800 MHz is excited,

which combines with the resonant modes at about 2700 and

2900 MHz, respectively, by the longer shorted strip and patch

monopole to form the wide upper band for the antenna.

To study the effect of the excited parallel resonance in the

proposed antenna, Figure 5 shows the simulated input imped-

ance as a function of the inductance L of the chip inductor em-

bedded in the parallel resonant circuit. Results for the induct-

ance L varied from 0 to 22 nH are shown. The case of L ¼ 0

indicates that the chip inductor is not present and the narrow

strip is directly connected to the patch monopole. Results clearly

show that by varying the inductance of the loaded chip inductor,

the excited parallel resonance can be controlled and lead to the

generation of an additional resonance near the resonant fre-

quency of the existing single-resonance mode at about 800

MHz. In the proposed design, the preferred inductance L is 22

nH, and the additional resonance is at about 900 MHz. A dual-

resonance is hence obtained in the desired antenna’s lower band

to achieve a much wider bandwidth. Also note that the chip in-

ductor can also serve as a RF choker in the desired upper band

owing to its large inductance at higher frequencies [29]. In this

case, the added narrow strip will not affect the antenna perform-

ances in the desired upper band.

Figure 6 shows the measured antenna efficiency of the pro-

posed antenna. The antenna efficiency is measured in a far-field

anechoic chamber, and the mismatching loss is included in the

measured results. The measured antenna efficiency is seen to be

in the range of about 50–60% and 60–72%, respectively, in the

antenna’s lower and upper bands, which are acceptable for prac-

tical applications (generally required to be at least about 50%).

The measured 3D total-power radiation patterns are plotted in

Figure 7. The full 3D patterns and half 3D patterns with the

cross-sectional cut at the x–z plane at five representative fre-

quencies in the antenna’s lower and upper bands are shown.

There are generally no nulls seen in the radiation patterns,

Figure 6 Measured antenna efficiency (mismatching loss included) of

the proposed antenna. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]

Figure 5 Simulated input impedance as a function of the inductance

L of the chip inductor embedded in the parallel resonant circuit. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 4 (a) Simulated return loss for the proposed antenna, Ref1

(the patch monopole with one feeding strip only) and Ref2 (the patch

monopole with two feeding strips). (b) Simulated return loss for the pro-

posed antenna, Ref3 (the patch monopole and the shorted longer strip

only) and Ref4 (the patch monopole and two shorted strips only). [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 3 Measured and simulated return loss of the proposed antenna.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]
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allowing no communication nulls expected in the practical

applications.

4. PARAMETRIC STUDY

Some design dimensions are also analyzed. Figure 8 shows the

simulated return loss as a function of the length t in the longer

shorted strip. Other parameters are the same as in Figure 1.

Results for the length t varied from 50 to 60 mm are presented.

Large effects are seen in the resonant modes related to the lon-

ger shorted strip, whereas the effects on the resonant modes

related to the shorter shorted strip and patch monopole are rela-

tively small. This also confirms the results analyzed in Figure 4,

and by varying the length t, the resonant modes at about 800

and 2700 MHz contributed by the longer shorted strip can be

controlled.

Effects of the length d in the shorter shorted strip are also

analyzed. Figure 9 shows the simulated return loss for the length

d varied from 4 to 14 mm. As the variations in the length d also

leads to the variations in the resonant length of the shorter

shorted strip, the resonant mode contributed by the shorter

shorted strip is greatly affected. When the length d decreases,

the resonant mode contributed by the shorter shorted strip is

shifted to higher frequencies, and the impedance matching is

also greatly affected. Also, when the length d decreases, the

degradation in the impedance matching of the excited resonant

mode related to the shorter shorted strip also causes some

effects on the resonant modes at about 2700 and 2900 MHz con-

tributed, respectively, by the longer shorted strip and patch

monopole. Properly selection of the length d in the shorter

shorted strip is hence important in achieving the wide upper

band for the proposed design.

5. CONCLUSIONS

A WWAN/LTE tablet computer antenna with a small size of 12

� 60 � 3.8 mm3 has been reported. In the proposed antenna,

the technique of using an embedded parallel resonant circuit in

widening the lower-band bandwidth without increasing the

antenna size has been applied. Operating principle of the parallel

resonant circuit in widening the bandwidth has been addressed.

Good radiation characteristics for frequencies over the antenna’s

lower and upper bands have also been observed. From the

obtained results, the proposed antenna is promising for practical

tablet computer applications.
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ABSTRACT: In this article, a low-noise amplifier (LNA) using
concentric switching inductors were designed and measured. A voltage

supply is fed through the switching inductors. The presented circuit is a
modified cascoded amplifier configuration which input stage is a

common-gate structure. The switching inductors are implemented by
three series-wound concentric planar spiral inductors associated with
two PMOSFET switches. According to on or off state of two PMOSFET

switches, the circuit has theoretically four transfer characteristics,
including one single-band, two dual-band, and one triple-band

frequency responses. For the LNA, using the concentric-type switching
inductors, the simulated and measured gains are nearly more than 12
and 10 dB at all operation frequency bands, respectively. The measured

reflection coefficients are almost less than �10 dB at all operation
frequency bands. The measured minimum noise figures are almost less

than 4.5 dB at all operation frequency bands. The power consumption is
9 mW. The chip size is 1.03 � 1.04 mm2. VC 2011 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 54:309–315, 2012; View this article online

at wileyonlinelibrary.com. DOI 10.1002/mop.26591

Key words: low-noise amplifier; multiband; concentric-type switching
inductors; LC resonance

1. INTRODUCTION

In recent years, many communication standards, such as worldwide

interoperability for microwave access, wireless local area network,

long-term evolution, and so on, have widely been used. In general,

a modern wireless system is requested to provide multistandard or

multiband operation [1]. Hence, front-end devices tend to be able

to cohere with multistandard and multiband applications.

There are several ways of implementing a multiband or mul-

tistandard low-noise amplifier (LNA) [2–8]. A multiband or

multistandard LNA circuit can be implemented by using a sepa-

rate LNA for each frequency band, or directly designing a wide-

band LNA without or with embedded notch filters [2, 3, 6], or

designing a concurrent dual-band or multiband LNA [4, 5], or
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