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Narrow-Size Multiband Inverted-F Antenna
Lev Pazin and Yehuda Leviatan, Fellow, IEEE

Abstract—We present a narrow-size muitiband inverted-F antenna (IFA), which can easily fit inside the housing of display units
of ultra-slim laptops. The narrowness of the antenna is achieved
by allowing some of its metallic parts to extend over the sidewalls
of the dielectric substrate. The antenna is aimed to operate in all
the allocated WiFi and WiMAX frequency bands while providing
near-omnidirectional coverage in the horizontal plane. The multiband performance of the proposed antenna and its omnidirectionality are validated by measurements.
Index Terms—Compact IFA, inverted-F antenna (IFA), IFA with
slotted monopole, multiband antenna, printed IFA.

I. INTRODUCTION

A

GREAT number of inverted-F antennas (IFAs) have been
recently proposed to facilitate the WiFi/WiMAX operation required by modern laptops [1]–[15]. A short literature review of these works is given in [16] and will not be repeated
here. However, none of these IFAs seems to cover all the WiFi/
WiMAX operating bands (for a complete list of operating bands
and corresponding frequency ranges, see [16, Table I]). Perhaps the first IFA, which covers all the WiFi/WiMAX operating
bands, is the IFA with the slotted monopole proposed in [16].
Having a length of 46.5 mm and width of 9.3 mm, the IFA in [16]
does not require more space than that occupied by IFAs commonly used in laptops. However, with the trend toward slimmer
laptops, this IFA may not be small enough to fit on each side of
the laptop display housing.
In this letter, we explore the possibility of reducing the width
of the multiband IFA of [16] (referred to hereafter as the prototype IFA) without impairing its multiband performance. The
idea is to design an IFA with a layout similar (albeit narrower) to
that of the prototype IFA and (here is the key idea) maintain its
desired characteristics by allowing some of the metallic parts to
extend over the sidewalls of the dielectric substrate. The length
of the proposed IFA is virtually unchanged from that of the prototype IFA. However, its width, which is 6 mm, is 35% less than
that of the prototype IFA.
The simulation study of the proposed IFA was carried out
using CST Microwave Studio. The proposed IFA was also fabricated, and its input impedance and radiation pattern were measured. The results of the simulations and measurements were
found to be in good agreement and demonstrate that the proposed narrow-size IFA can operate in all the allocated WiFi and
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WiMAX frequency bands while providing near-omnidirectional
coverage in the horizontal plane.
II. ANTENNA DESIGN
The starting point for the design of the proposed narrow-size
IFA was the prototype IFA described in [16]. As pointed out earlier, the modification of the prototype IFA to a much narrower
one was facilitated by allowing the planar printed metallic parts
to extend over the sidewalls of the dielectric substrate. The dimensions of the new IFA were optimized to achieve the desired
performance while rendering the IFA’s width greatly reduced.
A perspective view of the CST model of the proposed IFA is
shown in Fig. 1. Like the IFA described in [16], the proposed
IFA was fabricated on a hard TACONIC TLY-5-0620 dielectric
and thickness of 1.6
substrate with relative permittivity
mm. It includes four coupled radiating structures very similar to
those featured in [16]. The first radiating structure is the printed
L-shaped (90 bent) shunt-fed driven monopole. The second
one is the open slot that is formed between the monopole and a
ground plane, which, like in virtually all IFAs, is connected to
the short arm of the monopole.
The ground plane here is fundamentally different from the
conventional ground plane featured in [16]. As shown in Fig. 1,
it consists of two fine lines, 0.2 mm in width, that are printed
at the edges of the front and back sides of the substrate and a
metallized layer that is deposited on the lower sidewall of the
substrate in between these printed lines.
The third and fourth radiating structures are the two slots
that are cut in the driven monopole. The initial dimensions of
the four radiating structures and the position of the feed-point
were chosen according to [8] and [16]. Specifically, the dimensions of the first two radiating structure were set, as in [8],
so that the antenna would resonate at frequencies close to 2.5
and 3.5 GHz, thereby yielding a 2.3–3.8 GHz operational bandwidth, which covers the WiFi 2.4-GHz and the mobile WiMAX
2.3-, 2.5-, 3.3-, and 3.5-GHz frequency bands. Furthermore, the
dimensions of the slots were set, as in [16], so that the antenna
would resonate at frequencies close to 5.3 and 5.7 GHz, thereby
yielding coverage of the 5-GHz frequency band. To effectively
excite these two slots, the main slot was divided, like in [16], into
two sections of roughly equal lengths but of different widths. In
addition, there are two metallized strips deposited on the upper
and right sidewalls of the substrate for tuning purposes.
In the subsequent stage of the design process, the dimensions
of the four resonant structures as well as the above-mentioned
tuning strips were used as design variables and were adjusted to
attain the desired antenna characteristics. The final dimensions
of the antenna are shown in Fig. 1. The entire antenna occupies an area of 46.5 6 mm . It is of similar length, but desirably narrower, than the prototype IFA presented in [16]. The
antenna is assumed to be fed by a 50- coaxial cable, with its
central conductor connected to point A on the printed L-shaped
monopole and its outer conductor soldered to the metallized
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