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Planar Printed Strip Monopole With a Closely-Coupled
Parasitic Shorted Strip for Eight-Band LTE/GSM/UMTS
Mobile Phone

Fang-Hsien Chu and Kin-Lu Wong

Abstract—A planar printed antenna comprising a driven strip monopole
and a parasitic shorted strip, both of comparable length and closely cou-
pled to each other, suitable -

The proposed antenna is mainly configured
along the boundary of the no-ground portion on the system circuit board of
the mobile phone to achieve a simple and compact structure. Also, the edge
of the no-ground portion facing the system ground plane on the circuit
board is not necessarily a straight line, leading to more degrees of freedom
in allocating the required no-ground portion on the circuit board for
printing the antenna. The driven strip monopole and the parasitic shorted
strip both contribute their lowest and higher-order resonant modes to
form two wide operating bands centered at about 830 and 2200 MHz to
respectively cover the LTE700/GSM850/900 operation (698-960 MHz) and
GSM1800/ 1900/UMTS/LTE2300/2500 operation (1710-2690 MHz).

Index Terms—Handset antennas, internal handset antennas, mobile an-
tennas, printed monopoles, small antennas.

1. INTRODUCTION

Planar strip monopole is suitable to be printed on one surface
of the system circuit board of the mobile phone, making it easy to
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fabricate at low cost and find applications in the slim or thin-profile
mobile phone [1]-[10] for its negligible antenna thickness above
the system circuit board. Some promising planar strip monopoles
for penta-band WWAN (wireless wide area network) operation
covering the GSM850 (824-894 MHz), GSM900 (880-960 MHz),
GSM1800 (1710-1880 MHz), GSM1900 (1850-1990 MHz) and
UMTS (1920-2170 MHz) bands have been reported in the published
papers [11]-[14]. To achieve,small size.yet wideband.or multiband
operation,.the. tschnigues.of embedding a.chip inductor LLLL LL2].0x

usinganunternal printed distributed inductor [131 inthe strip.monopele
have been demonstrated, The design using a printed distributed inductor

to replace the embedded chip inductor facilitates the fabrication of the

antenna on the system circuit board. The use, of an external.matching

t i 0. i ieyi

power.of the antenna. In these designs, however, the obtained band-
width cannot cover the recently introduced LTE (long term evolution)

operation [15]-[17] in the 700 MHz band (698-787 MHz), 2300 MHz
band (2305-2400 MHz) and 2500 MHz band (2500-2690 MHz). The
LTE operation is expected to provide better mobile broadband and
multimedia services than the existing GSM and UMTS communication
systems and will become attractive for the mobile users. Hence, the mo-
bile phone capable of eight-band operation including the LTE700/2300/
2500, GSM850/900/1800/1900, and UMTS bands will be demanded
on the market in the very near future.

In this communication we present a novel planar printed strip
monopole to cover the desired eight-band LTE/GSM/UMTS operation.
Tt ipl el Tl hict .

- i ] i ific s| 1 strip. both.of ¢ bl

ength and closely_coupled. 1o each other, The parasitic shorted strip
used in the proposed design is different from the traditional ones that
have been applied in the internal mobile device antennas [18]-[21]
for bandwidth enhancement, in which the parasitic strip is usually of.a
nuach shotex length than the driven.slement; furthermore, only part of

the parasitic strip is gap-coupled to the driven element or vice versa. In

the proposed de@lg&MW&Wm&
¢ ive
WW@WW&M&WW
awide operating band, centered at.about 830 MHz for.the.antenna’s
lowger. band to.coverthe frequency.range of 098900 MHz, A wide
operating band centered at about 2200 MHz for the frequency range of
1710-2690 MHz is also obtained, which is formed by the higher-order
resonant modes contributed by both the driven and parasitic shorted
strips. That is, the proposed planar monopole can provide two wide
lower and upper bands to respectively cover. the LTE700/GSM850/900
a0d GSM1800/1900/UMTS/ L.TE2300/2300. operasion. In addition,
the simple structure of the proposed antenna allows it to easily follow
along the boundary of the no-ground portion on the system circuit
board of the mobile phone such that the antenna can be implemented

with a small printed area. The proposed design is alsopromising to.ke

1 ent =St L
tmmm@mmwmm This can lead to

more degrees of freedom in allocating the required no-ground portion
for printing the antenna on the system circuit board. Detailed operating
principle of the proposed antenna is described in the communication,
and the proposed antenna is fabricated and studied.

II. PROPOSED ANTENNA

Fig. 1 shows the geometry of the proposed antenna having a simple

uniplanar structure and, comprising.only. fwo. elements; a driven strip

0018-926X/$26.00 © 2010 IEEE
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main ground

on back side

(60 X 100 mm?2),
’

0.8-mm thick FR4 substrate
S as main circuit board Bt

shorting point,
via to main ground

1-mm thick
plastic housing
(&=3,0=0.02 S/m)

Fig. 1. Geometry of the proposed antenna for eight-band LTE/GSM/UMTS
operation in the mobile phone.

pole.(sectiofiAQ) Jnd 2 closely-coupled parasishorted sip
(se A no-ground portion with a non-straight edge facing th
system ground plane printed on the system circuit board is allocated to
accommodate the proposed antenna. In the study, a 0.8-mm thick FR4
substrate of length 115 mm and width 60 mm is used as the system
circuit board, which is further enclosed by a plastic housing fabricated
using the plastic plates of thickness 1 mm, relative permittivity 3.0, and
conductivity 0.02 S/m as the mobile phone housing. The no-ground
portion has a size of about 780 mm? (15 x 60 mm? less the extended
ground of size 5 x. 24 Mz in_the system ground plane). The driven
strip monopole and parasitic shorted strip of the proposed antenna gen-
erally follow_along the boundary of the no-ground portion to achieve a
compact structure. The front end (point A) of the driven strip monopole
is the feeding point of the antenna, while the front end (point B) of the
parasitic shorted strip is short-circuited to the top edge of the system
ground plane through a via-hole in the system circuit board.
In-between the driven strip monopole and parasitic shorted strip,
there are a first_coupling gap (gapl) of 0.5 mm in the front section

and g _second, coupling..gap (gap2).of L0 mm inshe remaining. s6¢:
tion, of length 37.mm, (&), The use of two coupling gaps leads to more

degrees of freedom in adjusting the capacitive coupling between the
two strips, which makes it easy to achieve good impedance matching
(better than 3:1 VSWR or 6-dB return loss widely used as the mobile
phone antenna specification in the practical applications) for frequen-
cies over the desired operating bands. The lengths of the_driven strip
monopole and parasitic shorted strips are both closg. o a.guatter-wayes
length (about 93 mm) at 800 MHz, but are of slightly different lengths.
The two strips are expected to contribute their lowest resonant modes,
with one at frequencies lower than about 800 MHz and the other one at

3427

A
m
=
2
Q
|
g
% 20
=2 —8— Simulated
Measured
30
500 1000 1500 2000 2500 3000
Frequency (MHz)

Fig. 2. Measured and simulated return loss for the proposed antenna.

frequencies higher than about 800 MHz; the two resonant modes can be
incorporated into a wide lower band for the proposed antenna to cover
the desired frequency range of 698-960 MHz.

In addition, the parasitic shorted strip can contribute its two

higher-order resonant modes to occur_aft_about. 1700 and. 2700 MHz,
which can incorporate. the higher-order. resonant modes of. the driven
strip.monepele occured at.about 2200 and. 2600, MHz, to form. a.yery.
wide upper band (bandwidth larger than 1 GHz) to cover the desired
frequency range of 1710-2690 MHz. Dgtails of.the excited resonant,

ith the.ai i i e ion..Furs
ther, note that the extended ground (size 5 x 24 mm?) at the top edge
of the system ground plane can be used to accommodate the associated
nearby electronic elements such that some valuable board space can
be reclaimed for use, which is attractive for practical applications.

III. RESULTS AND DISCUSSION

The proposed antenna with dimensions given in Fig. 1 was fabri-
cated and tested. Results of the measured and simulated return loss
for the fabricated prototype are shown in Fig. 2. The simulated re-
sults in this study are obtained using Ansoft HFSS version 11.2 [22].
The measured data generally agree with the simulated results. Two
wide operating bands are seen to be excited. The lower. band, based

he definiti [ 3: LYSWR or.6-dB ] j ide band-
width.of 305 MHz (663970 MHz). which.allows. the antenna,to.coves
the LTE700/GSM850/900. operation. The upper band shows an even
wider bandwidth of 1210 MHz (1700-2910 MHz), which covers the
GSM1800/1900/UMTS/LTE2300/2500 operation. Hence, with the ob-
tained wide lower and upper bands, eight-band LTE/GSM/UMTS op-
eration is achieved for the proposed antenna.

To analyze the operating principle of the proposed antenna, Fig, 3
shows the comparison of the simulated return loss and input impedance
of the proposed antenna and the reference antenna (the corresponding

antenna without the parasitic.shorted.strip). Notice that the driven strip

monopole (section AC) in the two antennas tested in the figure is with

the same dimensions. In Fig. 3(a), for the.reference antenna, the lower
band is centered at about 950 MHz and formed by one resonant mode
only. The bandwidth of, this lower band cannot caver the desired fres
guencyrange.of 0989260, MHz. Similarly, the upper band of the ref-
erence antenna is formed by one resonant mode at about 2200 MHz,
whose bandwidth is far from covering the desired frequency range of

1710-2690 MHz. When the,parasitic.shorted, strip.is.added.(the.pro:
posed antenna), an additional resonant.mode at.about 700 MHz (de-

noted as mode pl in the figure) is_generated; this can be seen more
clearly from the input impedance results shown in Fig. 3(b). This new
resonant mode incorporates the original one (mode d1 in the figure)
contributed by the driven strip monopole to form a wide lower band for
the 698-960 MHz operation. Also note that mode d1 shifted down with
the adding of the parasitic shorted strip is mainly because the length of
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Fig. 3. Comparison of the simulated (a) return loss and (b) input impedance of
the proposed antenna and the reference antenna (without the parasitic shorted
strip).

the parasitic shorted strip is slightly longer than that of the driven strip
monopole and there is also strong coupling between the two coupled
strips.

also excited at about 1700 and 2700 MHz (mode p2 and p3 in the figure)
with good impedance matching [also see the input impedance results
in Fig. 3(b)]. There are also two higher-order resonant modes at about
2200 and 2600 MHz (mode.d2.and d3.in the figure) contributed by the
driven strip monopole. Note that the mode at about 2600 MHz is related
to the one.at.aboit 2900 MHz for the case.of no.parasitic,shorted strip:
when the parasitic shorted strip is added, the mode at about 2900 MHz
is shifted to lower frequencies at about 2600 MHz. A wide upper band
is then formed by these higher-order resonant modes contributed by
the parasitic shorted strip and the driven strip monopole to cover the
1710-2690 MHz band operation.

A parametric study ofithe. proposed antenna is also conducted. Fig 4
shows the simulated return loss as a function of the end-section length ¢
of the driven.stripmonopole. Large effects on both the antenna’s lower
and upper bands are observed. With the decreased length ¢, the reso-
nant mode contributed by the driven strip monopole is greatly affected
and is,shifted to.higher frequencies (see the second resonant mode in
the lower band). In addition, the decreased length ¢ also leads to de-
graded impedance matching for the resonant modes contributed by the
parasitic shorted strip. This is largely because the decreased length ¢ de-
creases the coupling-gap length of gap2, which affects the capacitive
coupling between the driven strip monopole and the parasitic shorted
strip and hence results in degraded impedance matching for the reso-
nant modes excited through the capacitive coupling.
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Fig. 4. Simulated return loss as a function of the end-section length ¢ of the
driven strip monopole; other dimensions are the same as given in Fig. 1.
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Fig. 5. Simulated return loss as a function of the end-section length d of the
parasitic shorted strip; other dimensions are the same as given in Fig. 1.

Fig. 5 shows the effects of the end-section length. 4. of the parasitic
shorted strip. Results of the simulated return loss for the length d varied

from 8.5 to 12.5 mm are shown. Large effects.on bath. the antenna’s
lower and_upper. bands.are also seen. In addition, it is noted that the

central or resonant frequencies of the resonant modes contributed by
the parasitic shorted strip are varied (see the first mode at about 700
MHz in the lower band and the two modes at the lower edge and upper

edge of the upper band). This. further confizms.the.contribution of.the
patasitic shorted strip. jn the.excited resonant.modes. for the proposed
antenna,

Fig. 6 shows the effects of the width w of the extended ground. Re-
sults of the simulated return loss for the width w varied from 3 to 7 mm
are presented. Small variations in the obtained bandwidth of the upper
band are seen. However, when the width w is increased, that is, the
extended ground is extended further into the no-ground portion, the
obtained bandwidth of the lower band is decreased. For covering the
desired operating band of 698-960 MHz, the width w is selected to be
5 mm here.

The measured three-dimensional (3-D) total-power radiation pat-
terns for the proposed antenna are plotted in Fig. 7. The antenna is
tested in a far-field anechoic chamber [TRC (Training Research Co.)
measurement system]. Measured results for frequencies at 740, 925,

1795, 2045 and 2400 MHz are shown. _The radiation patterns. for fre-
iesin thel hand y. st fipole-Jik Jom-
idirectional.radiation in.i imuthal pl vy pl is of !
On the other hand, more variations and nulls in the radiation patterns
are seen for frequencies in the upper band. Note that the radiation pat-
terns of the internal mobile phone antenna are generally dependent on
the system ground plane of the mobile phone which is also an efficient
radiator [23]-[25], especially for frequencies in the lower band. For
frequencies in the upper band, since the wavelength is comparable to
the length of the system ground plane, surface current nulls are usually
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Fig. 6. Simulated return loss as a function of the width w of the extended
ground; other dimensions are the same as given in Fig. 1.
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Fig. 7. Measured three-dimensional (3-D) total-power radiation patterns for
the proposed antenna.

excited in the system ground plane which leads to the nulls or large
variations observed in the radiation patterns at higher frequencies.
Fig. 8 presents the measured and simulated antenna gain and radia-
tion efficiency for the proposed antenna. The measured data generally
agree with the simulated results. Qyer. the Jower, band. (698960
MHz) and upper band (1710-2690 MHz) respectively shown in
Fig. 8(a) and (b), the measured antenna gain is about —0.4-1.1 dBi

and 2.7-4.4 dBi. The.measured, xadiation.efficiency, is respectively
about 33570 %..a0d 2213 % xexAthe lower. and uppsr bands. The

radiation efficiency for all the frequencies in the lower and upper
bands is all better than 50% for the proposed antenna, which generally
is acceptable for practical applications in the modern mobile phones.

The SAR (specific absorption rate [26]) results are studied in Fig. 9.
The SAR simulation.nodel (SEMCAR.[27)).shown.in.the figure is.ap-
plied. Note that the mobile phone in the study is with the proposed an-
tenna positioned at the bottom of system circuit board, which has been
shown to be a promising arrangement for practical applications of the
printed antennas with no back ground plane to achieve decreased SAR
values [7], [8], [28], [29]. The simulated SAR values for 1-g head tissue
are listed in the table in the figure. The return loss given in the table
shows the impedance matching level at the testing frequency. The SAR
values are obtained using input power of 24 dBm for the GSM850/900
operation (859, 925 MHz) and 21 dBm for the GSM1800/1900 oper-
ation (1795, 1920 MHz), UMTS operation (2045 MHz) and LTE op-
eration (740, 2350, 2595 MHz). The obtained SAR values are all well
below the SAR limit of 1.6 W/kg [26], indicating that the proposed an-
tenna is promising for practical mobile phone applications.

Fig_ 10,4} | . f she_simulated radiation. effici

and antenna gain of the proposed antenna with and without the plastic
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Fig. 8. Measured and simulated antenna gain and radiation efficiency for the
proposed antenna. (a) The lower band (698-960 MHz). (b) The upper band
(1710-2690 MHz).

y antenna at the
bottom position

Frequency (MHz) | 740 | 859 | 925 | 1795 | 1920 2045 | 2350 | 2595
1-g SAR (W/kg) | 1.00 | 0.94 0.92 | 0.41 | 0.48  0.50 | 0.40 | 0.33
Returnloss(dB) (15.5| 74 62 | 67 | 95 85 61 | 7.7

Fig. 9. SAR simulation model (SEMCAD [26]) and the simulated SAR values
for 1-g head tissue for the proposed antenna. The return loss given in the table
shows the impedance matching level at the testing frequency.

housing. Relatively large effects on the radiation efficiency in the lower
band (698—-960 MHz) than in the upper band (1710-2690 MHz) are ob-
served. This is largely owing to the larger radiation power absorption
by the plastic housing (a lossy material) for the frequencies in the lower

band. The plastic.housing could also.cause some variations.on the.ra:
diation patterns. especially.in the upper band. This tesults.in the.ans
T on i . he, plasii ;

Fig. 11 shows the simulated surface current distributions for the pro-
posed antenna. From the surface current distributions, it can be seen
that the parasitic shorted strip is excited at its fundamental mode at 700
MHz and its higher-order modes at 1700 and 2700 MHz. While the
driven strip monopole is excited at its fundamental mode at 850 MHz
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Fig. 10. Simulated antenna gain and radiation efficiency for the proposed an-
tenna with and without the plastic housing.
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Fig. 11. Simulated surface current distributions for the proposed antenna.

and its higher-order modes at 2200 and 2600 MHz. Also note that, due
to strong coupling through the coupling gap, large surface currents are
excited for both the driven strip monopole and parasitic shorted strip,
for example, at 2600 and 2700 MHz.

Fig. 12 shows the simulated return loss as a function of the length
L of the main ground. Large effects on the lower band are observed.
This behaviour is similar to those observed for the conventional internal
mobile phone antennas that have been reported [23]-[25].

IV. CONCLUSION

A planar printed strip monopole with a closely-coupled parasitic
shorted strip suitable for LTE/GSM/UMTS operation has been pro-
posed. The antenna has been fabricated and tested. Two wide oper-
ating bands for covering the 698-960 MHz and 1710-2690 MHz bands
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Fig. 12. Simulated return loss as a function of the length L of the main ground;
other dimensions are the same as given in Fig. 1.

for the desired eight-band LTE/ GSM/UMTS operation have been ob-
tained. Good radiation characteristics for frequencies over the oper-
ating bands have also been observed. Further, the proposed antenna can
be easily printed on the small no-ground portion of about 780 mm? on
the system circuit board of the mobile phone. The planar two-dimen-
sional structure of the proposed antenna makes it very attractive for
practical applications in the modern slim mobile phones.
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Bandwidth Enhancement of the Small-Size Internal
Laptop Computer Antenna Using a Parasitic Open Slot for
Penta-Band WWAN Operation

Kin-Lu Wong, Wei-Ji Chen, Liang-Che Chou, and Ming-Ren Hsu

Abstract—By embedding a parasitic open slot in the antenna ground of a
small-size internal laptop computer antenna, enhanced bandwidth for the
antenna’s lower band to cover the GSM850/900 operation (824-960 MHz)
can be achieved. The internal laptop computer antenna in this study
is a small-size coupled-fed shorted T-monopole, whose length along
the top edge of the display ground of the laptop computer is 43 mm
only. The antenna can also provide a wide upper band to cover the
GSM1800/1900/UMTS operation (1710-2170 MHz). With the inclusion
of the parasitic open slot, the total antenna length along the top edge of
the display ground is 48 mm only, and the occupied antenna volume is
10 X 3.5 X 48 mm? above the top edge of the display ground, which is
the smallest for the internal penta-band WWAN laptop computer antenna
that have been reported for the present. Detailed results of the proposed
parasitic open slot on bandwidth enhancement of the internal WWAN
laptop computer antenna are presented.

Index Terms—Bandwidth enhancement, laptop computer antennas, mo-
bile antennas, open slot, WWAN antennas.

1. INTRODUCTION

In order to provide ubiquitous wireless internet access, the internal
antennas for wireless wide area network (WWAN) communications
have been demanded in the modern laptop computers. It is required
that the internal WWAN laptop computer antennas be with smaller size
yet wider bandwidth to cover the penta-band operation of the GSM850
(824-894 MHz),GSM900 (880-960 MHz), GSM1800 (1710-1880
MHz), GSM1900 (1850-1990 MHz) and UMTS (1920-2170 MHz)
systems. For the internal WWAN laptop computer antennas that have
recently been reported [1]-[7], however, it is required that the length of
the antenna along the top edge of the display ground should be at least
60 mm for penta-band WWAN operation. This length requirement is
needed for these reported internal antennas to generate the desired
operating band at about 900 MHz to cover the GSM850/900 operation.
This behavior is owing to the much larger display ground connected to
the internal WWAN antenna. The large display ground cannot assist
in the generation of a wide lower band at about 900 MHz for the
WWAN antenna. This behavior is different from the internal antennas
connected to the system ground plane of the mobile phone, which has
a much smaller size than the display ground and is generally excited
as an efficient radiator in the 900-MHz band [8].

In this communication we present a new bandwidth-enhancement
method of using a parasitic open slot to achieve a wide lower band
for the internal laptop computer antenna with a small size (antenna
length less than 50 mm along the top edge of the display ground) to
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