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Abstract—An inverted FL antenna (InvFLA) is analyzed to ob-
tain dual-frequency operation at 2.45 and 5.2 GHz (wireless LAN
system frequencies). The InvFLA is composed of inverted FL ele-
ments, a parasitic element, and a ground plate, where these lie in
the same plane, i.e., the structure is a card-type structure having
a co-planar ground plate. The antenna height above the ground
plate is very small: 5 5 mm = 0 045 wavelength at 2.45 GHz.
The analysis shows that the InvFLA has a 4.1% bandwidth around
2.45 GHz and a 31.8% bandwidth around 5.2 GHz, both for a
VSWR = 2 criterion. The gain is calculated to be 0.9 dBi at
2.45 GHz and 1.7 dBi at 5.2 GHz, with a small gain variation in
each of the VSWR bands.

Index Terms—Card-type antenna, dual-frequency operation, fi-
nite-difference time-domain (FDTD) analysis, inverted F, inverted
L.

I. INTRODUCTION

THE increasing demand for wireless communications
has been accelerating development of new antennas

that operate in the required frequency bands [1]–[5]. The
dual-frequency antenna is one of these new antennas, and
so far numerous efforts have been made in this area [6]–[8].
For example, Wong has investigated microstrip patches for
dual-frequency operation and summarized them in [9].

This paper presents an antenna that responds to the above-
mentioned trend: an inverted FL antenna (InvFLA) for dual-
frequency operation. The InvFLA is made of a thin conducting
film, having a flat structure, as shown in Fig. 1(b), where both the
radiation element (inverted and strip lines) in the positive

space and the ground plate (GP) in the negative space lie in
the same plane ( - plane). In other words, the InvFLA has a
co-planar ground plate, forming a card-type antenna structure.

The card-type InvFLA structure differs from the layered
microstrip antenna structure for dual-frequency operation in
[9], where the ground plate backs a radiation element (patch
element), i.e., the patch is parallel to the ground plate. It is
emphasized that the card-type structure facilitates the use of
the InvFLA in PC card devices for personal computers or
inside mobile phone handsets.

After a brief summary of the analysis methods, which are
based on the finite-difference time-domain method (FDTDM)
[10], this paper investigates an InvFLA for realizing dual-fre-
quency operation at 2.45 and 5.2 GHz (frequencies used for
wireless LAN communications). Note that the final structural
parameters for the InvFLA are obtained through a step-by-step
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Fig. 1. Antenna structures. (a) A compound of inverted L and F elements
(referred to as a compounded LF) with a parasitic L element above a co-planar
ground plate (GP). (b) A compounded LF with a modified parasitic L element
above a co-planar ground plate, referred to as the inverted FL antenna (InvFLA).
The ground plate size in (a) is the same as that in (b): L � L = 30 mm �

25:5 mm.

investigation of the following structures: 1) an inverted ele-
ment; 2) an inverted element; 3) a compound of the inverted

and elements, referred to as a compounded LF; 4) the com-
pounded LF with a parasitic inverted element; and 5) the com-
pounded LF with a modified parasitic inverted element. Also,
note that the design process presented in this paper is not neces-
sarily restricted to the specific frequencies 2.45 and 5.2 GHz. It
is possible to apply the same design technique to other dual-fre-
quency antenna designs.

For confirmation of the FDTDM results (obtained using the
FDTDM computer programs developed by the authors), exper-
imental results are presented. A good agreement between the
FDTDM results and the experimental results is found.

0018-926X/$20.00 © 2005 IEEE
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II. CONFIGURATION

Fig. 1(a) shows a step involved in reaching the antenna struc-
ture of Fig. 1(b). The radiation element in Fig. 1(a) is a com-
pound of three sub-elements: an inverted element (see inset
(I) of Fig. 2, where elements - - and - - are collec-
tively referred to as the “inverted element”), an inverted
element (see inset (II) of Fig. 2), and a parasitic inverted ele-
ment (simply referred to as a parasitic element).

Fig. 1(b) is a modified version of the structure in Fig. 1(a),
where a small protrusion of area is added to the para-
sitic element in Fig. 1(a). The structure of Fig. 1(b) is based
on the inverted and elements, and hence it is referred to as
the inverted FL antenna (InvFLA). It is emphasized that the In-
vFLA is made of a thin conducting film, where the ground plate
(GP) is a co-planar ground plate, i.e., the ground plate and the
radiation element lie in the same plane ( - plane), forming a
card-type structure.

The heights of the radiation sub-elements ( , , and )
and the ground plate size in Fig. 1(b) are the same as
those in Fig. 1(a). However, the horizontal lengths and
in Fig. 1(b) are slightly different from and in Fig. 1(a),
respectively, as will be revealed later.

The InvFLA is excited at terminals P and Q, where the dis-
tance between P and Q is fixed to be 0.5 mm. The distance from
the left side edge of the ground plate to terminal P is denoted as

. For the experimental work, the InvFLA is excited through
a 50-ohm coaxial line without a balun circuit, where the inner
conductor of the coaxial line is connected to point Q and the
outer conductor is soldered to the ground plate. To facilitate a PC
card implementation, a thin coaxial line can be used (a coaxial
line whose outer diameter is 0.8 mm is commercially available).

The ground plate size and the strip line width of the radia-
tion element are fixed to be
and , respectively, throughout this paper. There are
nine structural parameters to be determined: the heights ( ,

, ), the strip line lengths ( , , ), the protrusion
size ( , ), and the feed point location . In this paper,
the heights ( , , ) are pre-selected to be small with re-
spect to the wavelengths at 2.45 and 5.2 GHz:

. The remaining structural param-
eters ( , , ), ( , ) and are to be determined for
operation at 2.45 and 5.2 GHz.

III. ANALYSIS AND DISCUSSION

Analysis is performed using the finite-difference time-do-
main method (FDTDM). For this, Yee’s algorithm based on
rectangular cells [10] is adopted, where the analysis space is
terminated using Liao’s second order absorbing boundary con-
dition [11]. The antenna excitation is modeled by a delta-gap
voltage source , which is defined by a sine function
modulated by a Gaussian function: ,
where , with and

. Note that is the frequency at which
the power spectrum
drops 3 dB from its maximum value. The electric field at a
far-field point, (composed of and ), is calculated on
the basis of the equivalence principle [12].

Fig. 2. VSWRs of three structures. The structural parameters for an invertedL
element (I) are (H ; L ) = (4:5 mm; 27:5 mm) and L = 7:5 mm, and
those for an inverted F element (II) are (H ; L ) = (2:5mm; 11mm) and
L = 7:5 mm. A compounded LF (III) has the same structural parameters
used for the sub- elements (I) and (II). The ground plate sizes in structures (I),
(II), and (III) are the same: L � L = 30mm � 25:5 mm.

The InvFLA is intended for installation in mobile equipment.
In such a case, polarization purity (low cross polarization) is not
required; however, an appropriate VSWR frequency response
must be realized. The structural parameters for the InvFLA,
Fig. 1(b), are obtained through the five steps described below,
where the first three steps are rough adjustments and the fourth
and fifth steps are devoted to a fine-tuning of the design.

For the first step, the inverted element [see inset (I) of
Fig. 2] is analyzed for a height of ,
pre-selected in Section II, where is the wavelength at
2.45 GHz . To obtain resonance around ,
the horizontal length is chosen such that the total
length is close to one-quarter wavelength at

.
Resonance at is realized by adjusting the location of
feed point (distance ). The VSWR frequency response for

is shown by the solid line in Fig. 2.
The second step is performed using the inverted element

shown in inset (II) of Fig. 2. The height is chosen to be
smaller than for the inverted element, described in Sec-
tion II: , where is the wave-
length at 5.2 GHz . The feed point is located at the same
point as that for the aforementioned inverted element

. Resonance around is obtained by choosing the
horizontal length such that the is close to one-
quarter wavelength at

. The VSWR for this structure is shown
by the broken line in Fig. 2. Note that the horizontal lengths

(obtained in the second step) and (obtained in the first
step) are slightly changed to and , respectively, after the
fine-tuning in the fifth step.

The third step is to compound the inverted and elements
determined in the first and second steps, as shown in inset (III)
of Fig. 2. The white dots in Fig. 2 show the VSWR for this struc-
ture. It is observed that the VSWR at remains almost un-
changed; however the VSWR at deteriorates due to mutual
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Fig. 3. Effects of the length of a parasiticL element,L , on the VSWR, where
the structural parameters (H ;L ) = (4:5 mm; 27:5 mm), (H ;L ) =
(2:5 mm; 11 mm), and L = 7:5 mm are used. The ground plate size is
L � L = 30 mm � 25:5 mm.

Fig. 4. VSWR for an inverted FL antenna. The structural parameters are
(H ;L ) = (4:5 mm; 24:5 mm), (H ;L ) = (2:5 mm; 10:5 mm),
L = 7:5 mm, (H ;L ) = (2:5 mm; 9:0 mm), (A ;A ) =
(4:0 mm; 3:0 mm), and (L � L ) = (30 mm � 25:5 mm).

effects between the inverted and elements. This is over-
come in the following fourth and fifth steps.

In the fourth step, a parasitic element is added to the struc-
ture discussed in the third step, as shown in Fig. 1(a). The height
of the parasitic element is chosen to be equal to that of the
inverted element, as described in Section II:

. Fig. 3 shows the VSWR as a function of frequency for
three values of the horizontal length of the parasitic element,

, where the structural parameters for the inverted and el-
ements are held at the values used in the third step:

, , and
. It is found that the parasitic element gener-

ates resonances between 6 and 7 GHz. Note that the total length
of the parasitic , , is close to one-quarter wavelength
at the frequency where the minimum VSWR for each ap-
pears: at 6.8 GHz for ,

at 6.6 GHz for , and
at 6.4 GHz for , where

is the wavelength at frequency .

Fig. 5. Radiation patterns of an inverted FL antenna. (a) At 2.45 GHz. (b) At
5.2 GHz. The structural parameters are (H ;L ) = (4:5 mm; 24:5 mm),
(H ;L ) = (2:5 mm; 10:5 mm), L = 7:5 mm, (H ;L ) =
(2:5 mm; 9:0 mm), (A ;A ) = (4:0 mm; 3:0 mm), and (L � L ) =
(30 mm � 25:5 mm).

At this point there are two issues: 1) the VSWR curve is
slightly shifted downward with respect to frequencies and

; and 2) the VSWR around is still larger than 2. These
issues are solved by the following structural modifications:
1) reduction of the original horizontal strip line lengths
and , and 2) widening of the strip width of the parasitic
element. Note that the widening of the strip width is realized
by making a protrusion on the parasitic element, where part
of the strip line is widened to over length , as shown
in Fig. 1(b).

The fifth step is to perform the aforementioned structural
modifications for dual-frequency operation at 2.45 and 5.2 GHz.
Using trial and error, the structural parameters are determined
to be ,
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Fig. 6. Gain in the z-direction of an inverted FL antenna. The structural
parameters are (H ;L ) = (4:5 mm; 24:5 mm), (H L ) =
(2:5 mm; 10:5 mm), L = 7:5 mm, (H ;L ) = (2:5 mm; 9:0 mm),
(A ;A ) = (4:0 mm; 3:0 mm), and (L � L ) = (30 mm� 25:5 mm).

, and . Note
that the horizontal lengths and are slightly smaller
than the original lengths and in Fig. 1(a), respectively.
Also note that the largest antenna height is very
small with respect to the wavelength: wave-
length at 2.45 GHz. Fig. 4 shows the frequency response of
the VSWR for the InvFLA defined with these final values for
the structural parameters. This figure clearly indicates dual-fre-
quency operation at and . The frequency bandwidth
for a criterion is 4.1% for the band and 31.8%
for the band. The results are confirmed by the experimental
results (white dots).

Fig. 5 shows the radiation patterns at and . For con-
firmation of the FDTDM results, experimental results in the
principal planes ( - and - planes) are presented. Addition-
ally, only the FDTDM results of the radiation patterns in the

- plane at and are presented for completeness. The
radiation patterns are useful in understanding the gain charac-
teristic in the direction , which is shown in Fig. 6
together with experimental results, where the shadowed areas in
the figure show the VSWR bands. It is found that the gain (with
respect to an isotropic source) is approximately 0.9 dBi at
and approximately 1.7 dBi at , with a small gain variation in
each VSWR band. These gain values are small due to the fact
that the radiation is not highly directive, as seen from the radia-
tion pattern .

The difference between the gains at and (i.e., the
gain in the -direction at 2.45 GHz is smaller than that at 5.2
GHz) is attributed to the following facts: 1) the radiation pat-
tern at 2.45 GHz in each of the - and - planes is more
omnidirectional than that at 5.2 GHz and 2) the radiation pat-
tern at 2.45 GHz in each of the - and - planes (having a
figure-eight pattern) shows a wider half-power beam width than
that at 5.2 GHz.

An omnidirectional pattern is desirable for communications
between a fixed base station antenna and an antenna installed in
a mobile device. Note that, if a more omnidirectional pattern
(in the - plane) is required for the InvFLA at 5.2 GHz, this

can be achieved by placing the parasitic element just under
the horizontal strip line of the inverted [13].

IV. CONCLUSION

An InvFLA, made of a thin conducting film, has a card-type
structure, where the radiation element is a compound of inverted

and elements, which is adjacent to a co-planar ground
plate. The design procedure for dual-frequency operation at

and 5.2 GHz is described in five steps. In the first step,
an inverted element is designed for operation at 2.45 GHz.
In the second step, an inverted is designed for operation at
5.2 GHz. Based on these designs, a compound of the inverted

and elements is investigated in the third step. Fine adjust-
ment for dual-frequency operation is performed by introducing
a parasitic element in the fourth step and then modifying the
parasitic element in the fifth step.

It is found that the VSWR frequency bandwidth of the In-
vFLA is 4.1% around 2.45 GHz and 31.8% around 5.2 GHz.
It is also revealed that the component of the radiation field
from the InvFLA spreads out in a somewhat omnidirectional
fashion. Further analysis shows that the gain variation in each
VSWR band is small. The gain in the direction (normal to the
antenna plane) is 0.9 dBi at 2.45 GHz and 1.7 dBi at 5.2 GHz.
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