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Abstract

An inverted-F antenna for wireless local area network (WLAN) is presented. The
proposed design is based on the typical dual-band planar inverted-F antennas (PIFA),
which have two tunable resonant modes. The low-profile antenna is built by stamping and
designed to be mounted on the metal frame of the laptop LCD panel. The obtained
antenna can perform in 24GHz and 5GHz bands and be adopted for other wireless
applications. All the measurements are performed in the actual test fixture.

In this article, we present a inverted-F for WLAN
applications. The IEEE802.11 presents the first
standard for WLAN products. It has been
represented an important milestone in WLAN
systems since 1997. In 1999, the IEEE approved
both the 802.11a and 802.11b standards. 802.11b has
been dominant market choice in commercial

I. Introduction

With the revolution of wireless communication,
development efforts for portable devices have been
focused on smaller size, lightweight, and better
performance. This has resulted in a great deal of

interest in developing multi-band and low-profile ..
ping p wireless applications. 802.11b, now popularly known

internal antennas in wireless communication A - . .
as Wi-Fi, specified operation in 2.4GHz and could

systems. An internal antenna makes the devices ) . .
Y achieve speed up to 11Mbps using direct sequence

look better and it is not prone to breakage. In the
p ge. n spread spectrum (DSSS) technology. In recent

revious studies pertainin, to the dual-band . .
P P g years, the demand for further expansion of wireless

operating frequency, various types of internal prs .
b g q v ype systems has been shifting from existing standard
to 802.11a and a new standard 802.11g brings the

advantage of higher speeds, while maintaining

antennas have been developed in the personal
wireless communication systems[1-3]. The PIFA

has become the most promising choice for the N . . .
p g backward compatibility with existing 802.11b.

802.11a specified operation in 5GHz and at speed
up to 54Mbps using orthogonal frequency division

above applications due to the compact size and
low-profile. However, the bandwidth of a typical
PIFA has b limited by i ilabl . .
'as een limited by its available volume and multiplexing (OFDM). As an example, most of
the height between the ground plane and the . , . .
laptops in today’'s market have been incorporating
both the 802.11a and 802.11b technology since early
2002. Owing to the rapid progress in WLAN

communications, the antenna developments have

antenna radiating plate is the most critical
parameter. To avoid the height limitation, various
design techniques have been reported(4-7] and
adopted in the commercial mobile products[7].

— 409 -



=]

- —

20039 & BT

ol

sl &

s

H3l

A
=2

==& Vol.13, No.1 2003.11.15

also demanded multi-band operations in the 2.4GHz
and 5GHz. In the 5GHz, there are three operation
bands depending on the countries so our current
the

covering frequency range up to 5.85GHz. Previous

antenna design is focusing on expanding
efforts for developing dual-band antenna for mobile
phones are limited in typical PIFA[4-9]. Recently
various printed antennas on the PCB[1-2] and
metal stamping antennas have been proposed due
to the increased demands
applications. this
inverted-F antenna supporting 802.11a and 802.11b.
The antenna is built by stamping and designed to
be installed on the metal frame of the laptop LCD

in wireless system

In study, we propose an

panel. The geometry is based on typical internal
multi-band antennas for mobile phone[4-9), which
achieve the multi-band operation by having two
different frequency resonant modes on the radiation
patch. The proposed antenna has also two radiating
and high band.
Simulation and measured results are presented and

elements covering each Iow

compared.
II. Antenna design and measurement

Engineers are always confronted with engineering
trade-offs
market.

between technical rigor and time to
There

simulation tools for antenna design, but even state

are numerous electromagnetic
of the art tools are not providing fully optimised
antennas in actual system environment. However,
the simulation tool we used has been a useful
guideline in our antenna design. The geometry of
proposed IFA with a metal stamping is shown in
figure 1 and the radiating part has two arms folded

from the ground post.

L2

Feeding point

Figure 1. Antenna configuration
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Figure 2. Simulation result

the
optimum length of each arm(Ll, L2) and the gap

In order to get the dual band operation,

(Wg) between two arms are determined based on
the simulation result shown in figure 2. In addition
to the arm length and gap, the size of ground
plane also affects to the electrical performance. In
the presented antenna, the feeding point is on the
first arm, which has dimension of 26mm in
length(LL1) and 1.5mm in width(Ws) and generate
2.4GHz band. The

arm(L2) produces the other resonance in 5GHz and

low resonance for second
has dimension of 15 x 15mm. The gap between
two arms(Wg) is chosen as 1.5mm and the width
of the ground posts from ground plane to the arms
are 3mm. And the ground plane in the same plane
with two arms is size of 27 x 7mm. All of the
dimensions mentioned above are optimised in the
specific laptop we used for measurements. Figure 3
presents a manufactured antenna that has the
folded structure to mount on the LCD metal frame.
Figure 4 shows the mounted antenna on the laptop
and all the following measurements are done in
this After
positions, we come to a conclusion that the best

exactly condition. we tried many
location of the antennas in laptops is to place the
antenna on the laptop display as high as possible.
But this location might force a design trade-off

between the antenna’s visibility and the cable loss.

Figure 3. Manufactured antenna picture
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Figure 4. Mounted antenna on the laptop

The coax cable we used here is a 1.13mm diameter
and 500mm long single shielded cable manufactured
by Nessei Electric Company with part number
RF-MF5016. The cable with a Hirose U.FL-LP-066
connector is connected to the antenna feeding point.
In the wireless systems, the RF connector will
mate to a Hirose UFL-R-SMT receptacle. An
SMA conversion adaptor with part number
HRMP-UFL] was used to get all the following
results. The VSWR and gain was measured at the
cable connector. Figure 5 presents the measured
VSWR and shows fairly good performance in both

frequency bands.
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Figure 5. Measured VSWR

The radiation pattern and gain are tested in an
anechoic chamber. The measurement was normally
taken in the horizontal plane with antenna installed
in the laptop. However, this recognizes that some
antenna implementations have better gain at angles
other than the horizontal plane. Implementation of
this sort shall

be acceptable if a system can

demonstrate a test methodology that proves the

gain, measured at an angle not to exceed 45
the horizontal plane, meets the
of the The

between the display panel and the laptop base is in

degrees from

requirements manufacturer. angle
90 degrees. The numbers and test methodology in
the specifications would be really depend on the
system manufacturers. Figure 6 shows the radiation
pattern in X-Y plane. The average gain in the
24GHz and 5GHz band have a level of ~-3dBi
and ~-4dBi, respectively. The gain at 5GHz is

normally 1dB lower than that of 2GHz due to the

cable loss. The average combined gain are
increased to ~-1dBi and ~-2dBi due to the
antenna  diversity. This meets the typical

specifications to most of the wireless applications.
Figure 7 shows the three-dimensional radiation
pattern at 24GHz measured in SATIMO chamber.
The radiation pattern shows that the laptop LCD
panel affects to the antenna radiation and antenna
diversity would be helpful to improve the system
performance.

Figure 6. Measured radiation pattern (X-Y plane)

Figure 7. 3-D radiation pattern at 2.4GHz
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II1.Conclusions mobile communications”, U.S5. Patent number
6466170, 2002.
91 D. Nghiem, “Folded quarter~wave patch

inverted-F for
in WLAN applications is
proposed. The proposed antenna has wide-band
characteristics in the 2.4GHz and 5GHz bands and

manufacturing and installation in the fixtures are

flexible
dual-band operation

A novel antenna

very simple and easy. It is also easy to tune the
antenna in lower and higher bands by controlling
two arms. In the future study, we will investigate
the coupling effects in the gap between two arms
and more detailed theoretical calculation of the

length of arms including effects by ground plan.
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