
25Fujikura Technical Review, 2004

1. Introduction

Recent years have witnessed an explosion in the
use of wireless communications systems (wireless
LAN, Bluetooth) utilizing the ISM (Industrial,
Scientific and Medical) band, and mobile devices
compatible with such systems are now coming into
use in offices and homes. Locations known as
“hotspots” that provide the Internet connection serv-
ices through wireless LANs have increased in num-
ber in public areas, and their numbers are expected
to rise tenfold by 2006, from approximately 6,000 in
2002.

While a 2-GHz ISM band (IEEE802.11b) has been
the mainstay for wireless LAN thus far, a 5-GHz band
(IEEE802.11a, HIPERLAN) −a band enabling further
high-speed access− is introduced and spreading
rapidly. Thus these two systems, 2-GHz band and 5-
GHz band,  may eventually be used together for a
while.

The mobile devices with wireless LANs are becom-
ing smaller and lighter to improve portability.  There
are the same requests to the components in the
devices.  The typical device incorporating wireless
LANs are notebooks.  Many of today’s notebook PCs
incorporate antennas, a trend expected to broaden in
the future.  We have developed a new type of small
and thin antenna that is optimal for portable devices.
This paper describes the antenna and its characteris-
tics.

2. Background

2.1 Requirements for Antennas

Wireless LAN antennas intended for incorporation
into notebook PCs need to satisfy not only the
requirements of frequency and radiation characteris-
tics but also that of size. 

With the proposed combined use of the 2-GHz and
5-GHz bands, a single antenna is required to cover
both bands.  Moreover, the 5-GHz band is split into

several frequency bands as shown in Fig. 1, and it is
preferable to include all of these bands.  The antenna
is thus required to cover the bandwidth of 100MHz or
more in the 2-GHz band and that of 1,000MHz or
more in the 5-GHz band.

On the other hand, downsizing of notebook PCs
has limited the space for antennas in the notebooks.
As a result compact and slim antennas are demanded
strongly.  In addition antennas are significantly affect-
ed by the surroundings: other components and the
human body, so they should preferably be installed in
a component-scarce area separated from the user’s
body 1).

Therefore the antenna is frequently built into the
liquid-crystal display panel (hereinafter referred to as
the “LCD panel”) and as a result slim-antenna design
is even more important.

The relation about location and position between
notebook antenna and hotspot one is not constant, so
the antenna is required to have uniform sending and
receiving characteristics in all directions, that is
omnidirectional characteristics.  Gain should also be
optimized: the higher the gain, the faster and more
stable the communication.

2.2 Problems with Conventional Antennas

Chip antennas and inverted-F antennas are popular
conventional antennas built into mobile devices.  Chip
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antennas made of metal and a high-dielectric sub-
stance such as ceramics are small.  However, the chip
antenna has a drawback in that sufficiently wide
bandwidth is unavailable due to loss associated with
its component materials. On the other hand, while an
inverted-F antenna −antennas formed by bending a
metal plate− offers excellent frequency and radiation
characteristics, it is not flat and is difficult to install in
a slim LCD panel.

For this reason, we have developed a flat-type
inverted-F antenna that takes advantage of the excel-
lent frequency and radiation characteristics of  invert-
ed-F antennas while replacing their three-dimensional
construction with a flat configuration.

2.3 Review of the Basics of Flat-surface Antennas

We will now discuss basic  inverted-F antennas.
Constructed as shown in Fig. 2 (a), this antenna is a
λ/4 monopole antenna formed by bending to reduce
its size. A shorted area is provided near the antenna’s
feeding point for easier impedance matching. This
antenna features a radiation element approximately
1/4 the length of the wavelength with a portion serv-
ing as a ground.

Fig. 2 (b) illustrates the developed flat-type invert-
ed-F antenna. The major difference between this and
the  inverted-F antenna is the change from a three-
dimensional to a flat design. The operating principle
is the same. The new antenna has a radiation element
approximately 1/4 the length of the wavelength with
a portion serving as a ground.

In consideration of the future combined use of the
2-GHz and 5-GHz bands, the antenna comes equipped
with multiple radiation elements, making it multi-
band-capable.

In this report, this antenna is hereinafter referred
to as a “film antenna.”

3. Film Antenna Construction and
Characteristics

3.1 Construction

The antenna was designed using a computer simu-
lation (Ansoft’s HFSS). Some of the calculation
results are shown in Fig. 3. A prototype was built
based on the calculation results and on the assump-
tion of ideal operating conditions.

To manufacture the film antenna, we applied our
FPC (Flexible Printed Circuit) manufacturing tech-
nique. The overall thickness was kept low, at approxi-
mately 0.1mm, through the use of a single-sided cop-
per clad laminate, while the circuit was formed
through etching to ensure mass producibility. The
antenna surface was coated with an insulating film
through screen printing to protect the antenna cir-
cuitry. A coaxial cable 1.13mm or 0.8mm in diameter
was used for antenna-feeding purposes. The appear-
ance of the film antenna is as shown in Fig. 4.

The antenna is quite compact: 55mm in length, 5
mm in width, and 0.1mm in thickness. As a result, it
is well-suited for incorporation into devices with very
little available space, such as in the LCD panel of a
notebook PC. In addition, its 5-mm width provides
greater freedom in the choice of installation location.

26

Ground

Radiation element Feed point
Short part

Fig. 2  (a). Schematic of Planar Inverted-F Type Antenna.
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Fig. 2  (b). Schematic of Flat F Type Antenna.
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Fig. 3.  Calculation Result (VSWR).

Fig. 4.  Appearance of Film Antenna.



3.2 Frequency Characteristics

VSWR (Voltage Standing Wave Ratio) measure-
ment results representing the film antenna resonance
conditions are given in Fig. 5. Resonance peaks are
observed in the 2-GHz and 5-GHz bands, demonstrat-
ing that the antenna is operating in both of these fre-
quency bands. Bandwidths of 200MHz or more and
1,000MHz or more are seen in the figure, respective-
ly, in the 2-GHz and 5-GHz bands. It is thus clear that
the antenna covers the bandwidths considered neces-
sary for wireless LAN applications. These measure-
ment results correlate well with the computational
results obtained from simulation.

3.3 Radiation Characteristics

Directionality and gain were measured to evaluate
the film antenna’s radiation characteristics. The meas-
urements were performed in a radiowave anechoic
chamber in compliance with the 3-m method.

The antenna provides uniform directionality in all
directions for vertical polarization, and shows near-
spherical omnidirectionality in both the 2-GHz and 5-
GHz bands. A comparison with the computational
directionality obtained through simulation also shows
good correlation. (Fig. 6)

The average, maximum, and minimum gain in all
directions are shown in Tables 1 (a) and (b). For ref-
erence purposes, similar measurement results for a
chip antenna and a  inverted-F antenna are shown in
Table 1 (a). The newly developed film antenna clearly
demonstrates higher gain compared with these other

antennas. The film antenna provides high gain in the
5-GHz band as well as in the 2-GHz band.

These findings verify that this film antenna is suffi-
ciently capable of meeting the requirements of
today’s and tomorrow’s mobile-devices.
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Fig. 5.  VSWR Characteristics.
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Fig. 6.  Radiation Pattern.

Table 1 (a).  Antenna Gain at 2GHz Band Unit:dBi

Type Polarization
at 2.4 GHz

Ave. Max. Min.

Film  antenna
Vertical 1.7 3.0 0.3 

Horizontal −20.4 −14.3 −33.3

Chip  antenna A
Vertical −4.0 0.1 −16.4 

Horizontal −19.5 −9.4 −49.0

Chip  antenna B
Vertical −4.4 2.5 −32.0

Horizontal −15.2 −11.0 −20.2 

Inverted-F antenna
Vertical −2.2 −0.2 −4.2 

Horizontal −10.6 −4.4 −38.5 

Table 1 (b).  Antenna Gain at 5GHz Band Unit:dBi

Type Polarization
at 4.9 GHz at 5.25 GHz at 5.8 GHz

Ave. Max. Min. Ave. Max. Min. Ave. Max. Min.

Film antenna
Vertical −2.7 2.1 −11.9 −2.1 1.6 −8.0 2.3 4.3 0.0 

Horizontal −11.9 −3.0 −24.2 −8.9 −1.5 −34.9 −9.7 −4.6 −19.5 
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4. Antenna Characteristics in Note PCs

The film antenna characteristics were evaluated
with the antenna incorporated into a notebook PC
under possible practical usage conditions. The anten-
na was built into the wall surface of the LCD panel’s

left cover (Fig. 7). A coaxial cable 300mm in length
(1.13mm in diameter) was used as a feed. All meas-
urements were made with the LCD panel open at a
right angle (90°) to the keyboard.

The VSWR characteristics with the antenna incor-
porated into the notebook PC are shown in Fig. 8.
The findings verify that the antenna functions in both
the 2-GHz and 5-GHz bands, as when it was tested on
a stand-alone basis. Stipulated bandwidth require-
ments were met, with widths of 200MHz or more and
1,000MHz or more available, respectively, in the 2-
GHz and 5-GHz bands.

The radiation pattern are shown in Fig. 9. The
antenna provides a favorable, near-spherical direc-
tionality in the 2-GHz band. While the antenna has
slightly weaker radiation in the 90° direction in the 5-
GHz band, it offers stable radiation in all other direc-
tions.

A comparison of the antenna’s directionality in a
stand-alone condition and within a notebook PC
demonstrates a difference in gain in the 90° direction
in both the 2-GHz and 5-GHz bands. This was proba-
bly caused by a failure of the antenna within the note-
book PC to receive certain radio waves due to the
effect of the metal locking parts of the LCD panel,
which effect may be assumed to be more pronounced
in the shorter wavelengths of the 5-GHz band.
Nevertheless, gain was sufficient in all cases to
ensure stable communication.

5. Conclusion

A multiband-capable film antenna for wireless LAN
use was developed featuring an extremely thin and
compact design (55mm × 5mm × 0.1mm). Its small
size will undoubtedly lead to its wide application in
mobile devices, typically in notebook PCs. The anten-
na offers sufficiently wide bandwidth in the 2-GHz
and 5-GHz bands; in particular, a bandwidth exceed-
ing 1,000MHz is available in the 5-GHz band.

The antenna is omnidirectional in the main polar-
ization direction in both frequency bands with suffi-
cient gain.

We are currently investigating further reducing the
size of the film antenna.

Finally, we wish to express our deepest apprecia-
tion to Professor Itoh of Chiba University and Mr.
Hosoe, a second-year student in the Chiba University
Master Course.
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Fig. 7.  Mounting in the Note PC.
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Fig. 8.  VSWR Characteristics.
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