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Design and Fabrication of Dual-band Compact Monopole Antenna with Two Branches for
Wi-Fi Mobile Applications
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ABSTRACT

This letter describes a dual-band compact monopole antenna with two branches for Wi-Fi applications. The proposed antenna is
based on a planar monopole design, and composed of two branches of radiating patches for dual-band operation. The ground size
of the antenna matches the ground size of a typical hand-held cellular phone for improved compatibility with mobile phone printed
circuit boards. The antenna is designed using a simulator and fabricated with optimized parameters. The fabricated antenna is
measured at the lower and higher operating frequencies, and the return loss coefficient, gain, and radiation patterns are determined.
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I. INTRODUCTION offer a growing variety of functions. As a result,

several antennas must be installed in a single

Portable wireless communication devices are beco-  hand-held mobile phone. Lightweight, compact
ming increasingly inexpensive, small, and thin, and antennas are required for this purpose, since the
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available installation space continues to diminish.
However, antenna miniaturization is not an easy task,
since gain and bandwidth are bounded by
fundamental limits that depend on the size of the
antenna. One technique for minimizing the size of an
antenna involves the use of a substrate with high
permittivity and the insertion of a parasitic element
[1]-[3]. However, this approach raises the manu-
facturing difficulty  of
fabricating the antenna structure, thereby precluding

cost and increases the
the possibility of mass production. Another approach
is to alter the geometry of the antenna without
increasing the manufacturing cost or complexity.
User demand for Wi-Fi applications has been
increasing, owing to innovations in wireless
communication technology. However, since Wi-Fi
applications operate in dual frequency bands (24 -
2485 GHz and 515 - 535 GHz),

applications require a dual-band antenna. There

practical

have been a number of studies of such antennas
[4]-[15], but existing designs cannot be readily
applied to hand-held cellular phones because of the
mismatch between the ground sizes of the antenna
and the device. Therefore, it is necessary to
develop a new type of antenna for application to
hand-held cellular phones.

To resolve these issues, this letter introduces a
dual-band compact monopole antenna for Wi-Fi
mobile applications. The ground size of the pro-
posed antenna matches the practical bar type
mobile phone ground size. The new antenna is
designed by altering the geometry to minimize the
size without increasing the manufacturing cost or
the difficulty of fabrication, while operating in the

required dual-frequency band.

II. ANTENNA DESIGN

The goal of the proposed antenna design is to cover
the dual Wi-Fi operating frequency bands. Figure 1

42

shows the geometry of the new antenna. The antenna
is designed on a low-cost FR4 substrate (which is
typically used for printed circuit boards (PCBs) in
industry), with a thickness of 0.8 mm and a relative
permittivity 44. It is composed of two branches of
radiating patches, with resonant frequencies of 2.4 GHz
and 52 GHz. The size of the entire substrate with
ground is 40 mmX8) mm, which is the PCB size of a
typical hand-held cellular phone. The copper underneath
the antenna is eliminated to obtain a broad impedance
bandwidth at lower operating frequencies, by reducing
the parasitic capacitance.

feeding point

65mm

40mm

(a) antenna design in PCB

branch 2

branch 1

(b) detail parameters of two branches in
proposed antenna

Fig. 1 Geometry of the proposed antenna with two
branches
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First of all, the proposed antenna design covers
the lower operating band with branch 1 only. The
path length of branch 1 is approximately A/4 in the
lower operating frequency band. Figure 2 shows
the return loss coefficient for branch 1 only. Based
on the impedance bandwidth, it can be seen that
the lower Wi-Fi band is covered.

Retum Loss [dB]
&

—

16 ; ; , ) with only branch 1
2 25 3 35 4 4.5 s 5.5 6
Freq. [GHz]

Fig. 2 Return loss coefficient of the antenna with only
branch 1.

When branch 2 is inserted, a second resonance
occurs in the higher operating frequency band. Based
on the aforementioned observations, the optimized
dimensions of the proposed antenna are found using
the commercial three-dimensional electromagnetic
simulator CST Microwave Studio (MWS). Figure 3
shows the return loss coefficient for various branch 2
lengths when branches The
influence of branch 2 is fairly significant in the

1 and 2 coexist.

higher operating frequency band, but is hardly felt in
the lower frequency band. This makes it easy to
simplify the design of the dual-band antenna.

Retrm Loss [dB]

4.5 5 5.5 [

2 2.5 3 35

Freq ?GHZ]
0. 3 Return loss coefficient of the proposed antenna
for various branch 2 lengths

Fi

Figure 4 shows the surface current distribution
of the proposed antenna in the lower and higher
operating frequency bands, again using the EM
simulator CST MWS. Figure 4(a) indicates that
there is very little current in branch 2 in the lower
operating frequency band. This is in agreement
with Fig. 3, which indicates that branch 2 has
virtually no influence on the lower frequency band.
Figure 4(b) shows that both branches 1 and 2
affect the higher operating frequency band. Acco-
rdingly, it is important to preselect a design that
operates in the lower frequency band when only
branch 1 is used.

(a) 245 GHz (b) 525 GHz
Fig. 4 Surface current distribution of the proposed
antenna in the lower and higher operating frequency
bands

Ill. FABRICATION AND MEASUREMENT
RESULTS

A prototype of the proposed dual-band antenna
is fabricated using the optimized parameters
mentioned above. The size of the entire substrate
on which the antenna is fabricated with ground is
40 mmx8) mm. The copper underneath the
antenna is etched to obtain a broad impedance
bandwidth at

reducing the parasitic capacitance. The optimized

lower operating frequencies by

parameter values are W; = 1.5mm, Wy = 11.5mm,

W3 = 55mm, Ws = 3mm, Y;= 8&mm, Y2 = 2mm,
and h = 3mm. The planar radiating patch size is
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11.5mm X8 mm, which is very small. It is similar
to a conventional chip antenna at the operating
frequency of 24 GHz. The height h = 3 mm is
chosen to obtain a wide impedance bandwidth.
Although this height increases the volume slightly,
it does not create a problem because it is less than
the thickness of a typical hand-held cellular phone.
Other components of a mobile device, such as
antennas for different bands, receivers and cameras,
can be installed in the empty space on the
right-hand side of the radiating patch.

Figure 5 shows the simulated and measured
results for the return loss coefficient of the
proposed antenna, and indicates good agreement
between them. The measured fractional bandwidth
is 189% (229 - 277 GHz) in the lower operating
frequency band and 85% (5.08 - 5.53 GHz) in the
higher operating frequency band.

5 OSGMBGHZ

Return Loss [dB]

..... simulated
— measured

1 2 3 4 5 6 7
Frea. [GHz]

Fig. 5 Return loss coefficient simulated and measured.

Figure 6 shows the radiation patterns of the
fabricated antenna at 24 and 245 GHz in the
xz-plane and xy plane. Figure 7 shows the radiation
patterns of the fabricated antenna at 515 and 5.35
GHz in the xz-plane and xy plane. The measured
peak gains of the fabricated antenna are 3.5 dBi at
245 GHz and 46 dBi at 525 GHz, all of which are
appropriate  for Wi-Fi applications. The fabricated
antenna exhibits an omnidirectional radiation pattern,
which is an important characteristic of an antenna
for a hand-held cellular phone.
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(d) xy-plane at 2.45GHz
Fig. 6 Radiation pattern at low frequency band
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IV. CONCLUSION

A dual-band compact monopole antenna with
two branches is proposed for Wi-Fi hand-held
cellular phones. The proposed antenna is based on
a planar monopole design, and is composed of two
branches of radiating patches for dual-band
operation. Branch 2 hardly influences the lower
band, which makes it easy to design an antenna
that operates in dual bands. The ground size of the
proposed antenna matches the ground size of a
typical hand-held cellular phone for improved
compatibility with mobile phone PCBs. The antenna
is designed using a simulator and is fabricated
with optimized parameters. The size of the
radiating patch of the fabricated antenna is 11.5
mmX8 mm, which is very small. The measured
gains of the fabricated antenna are 35 dBi at 245
GHz, 46 dBi at 525 GHz, all of which are
appropriate for Wi-Fi applications. The fabricated

antenna has an omnidirectional radiation pattern,

which is an important characteristic of an antenna

0
Y

for a hand-held cellular phone. Owing to its
compact and simple structure, the proposed antenna
s is expected to readily lend itself to mass production
Wi-Fi applications in mobile handsets.
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