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Characterization of Meander Dipole Antennas With
a Geometry-Based, Frequency-Independent

Lumped Element Model
Olusola O. Olaode, Member, IEEE, W. Devereux Palmer, Fellow, IEEE, and William T. Joines, Life Fellow, IEEE

Abstract—Meander antennas have gained widespread use in
applications such as radio frequency identification (RFID) devices
where space for the antenna is limited or a low-frequency oper-
ation is required. Several size-reduction and synthesis methods
have been proposed over time. However, few studies have focused
on developing models to characterize the operation of meander
antennas. In addition, existing models are frequency-dependent,
which means that they are inherently narrowband. An alternative
model that is based entirely on the geometry of a meander dipole
antenna (MDA) and is frequency-independent is proposed. To
enhance the accuracy of the proposed model, the effect of mutual
capacitances introduced through bending of the antenna wire is
incorporated. The mutual capacitances are also a function of the
antenna geometry. This model is expected to be more broadband
relative to existing models. The equivalent circuit model proposed
is validated through comparison to numerical simulations in
EMCoS, a moment-method-based software package. The discrep-
ancies between predictions of the resonant frequencies of MDAs
with our model and simulation results are found to be less than
3%. Two classes of meander dipole antennas are introduced.

Index Terms—Dipole antennas, equivalent circuit, lumped ele-
ments, meander antenna.

I. INTRODUCTION

M EANDER antennas have been widely studied and ap-
plied since the concept was introduced by Rashed and

Tai [1]. For applications where the antenna size is critical, me-
andering or folding an antenna wire increases its resonant length
without the commensurate increase in its physical size. An ex-
ample of such an application of meander antennas is in radio fre-
quency identification (RFID) devices [2]–[4].Whilemuch focus
had been on the reconfiguration [5], [6] and optimization [4] of
meander antennas for (physical) size reduction and impedance
match reasons, it is also important to define broadband theoret-
ical models in which structural changes are easily incorporated.
Our focus will be on two classes of meander dipole antennas
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(MDA) that we have defined: Class 1 and Class 2. For a Class-1
MDA, the total length of the wire is kept constant while the
height is allowed to vary. As each meander is introduced, the
mutual capacitance in each meander section increases while the
overall capacitance in the antenna structure decreases because
the mutual capacitances in adjacent meander sections combine
in series. As the number of bends increases, the overall capac-
itance of the antenna decreases while the inductance of the wire
remains constant, and for a Class-1 MDA, we observe a con-
sistent increase in the resonant frequency of the antenna with
increasing .
For a Class-2 MDA, the height of the antenna remains

fixed while is allowed to increase as bends are added. As the
length of wire increases, so does the total inductance. Although
adding bends has a similar effect on the overall capacitance as
described for a Class-1 MDA, the increase in inductance domi-
nates, and for a Class-2 MDA, we observe a consistent decrease
in the resonant frequency of the antenna with increasing .
Meander dipole antennas were modeled and characterized

previously by Endo et al. [7]. In [7], a center-fed meander dipole
antenna was decomposed into short-terminated transmission-
line sections. Each section was modeled with lumped elements
(inductors) and analyzed with transmission-line equations. The
resonant frequency of theMDAwas predicted from the equation
of the total inductance, i.e., self- and mutual inductance of the
antenna wire. Best and Morrow [8] concluded that the inductive
circuit representation of meander antennas, which does not ac-
count for the capacitance of the meander sections, is inaccurate
in predicting the resonant frequency and does not accommodate
geometrical changes in the antenna. The difference between our
approach and the others mentioned previously is that we repre-
sent an MDA model adapted from the half-wave dipole model
presented in [10] with lumped elements that are entirely a func-
tion of the antenna geometry rather than frequency, an approach
that is inherently more broadband and more easily accommo-
dates changes in geometry and configuration.

II. THEORETICAL ANALYSIS OF THE MEANDER DIPOLE
ANTENNA MODEL

An MDA has many similarities to its straight dipole coun-
terpart. Nakano [9] found the radiation patterns to be similar.
Fig. 1(a) shows the familiar cosine current distribution on one-
half of a straight dipole antenna (SDA). The current is max-
imum at the feed point and diminishes to zero at the antenna
tip. In Fig. 1(b), the horizontal segments of the MDA do
not contribute significantly to the radiated fields, but are part

1536-1225/$31.00 © 2012 IEEE
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Fig. 1. (a) The familiar cosine current distribution on one half of an SDA is
continuous from the feed point to the antenna tip. (b) The horizontal segments
of the meander dipole antenna do not contribute to the radiated field, so the

current distribution on the vertical segments forms a piecewise approximation
of a cosine current distribution, only compacted into the smaller overall length.

Fig. 2. Broadband equivalent circuit model from Tang et al. [11] used for both
the SDA and the MDA.

of the overall electrical length of the MDA. As a result, the cur-
rent distribution on the vertical sections of the MDA forms a
piecewise representation of the current distribution on the SDA,
only compacted into the smaller overall length. These similar-
ities will be exploited later to create a frequency-independent,
geometry-based MDA model.
Tang et al. [10] derived a four-elementmodel (see Fig. 2) for a

straight dipole antenna. The equations to calculate all the lumped
elements were solely a function of the antenna geometry. Based

Fig. 3. One arm of a three-bend MDA. The total length of one arm
of the wire is i.e. . is the height. For each considered,
the lengths of all vertical segments, are equal. The lengths of all horizontal
segments, are also equal.

on the MDA-SDA similarities identified previously, these equa-
tions can be adapted to MDAs as well. They are as follows:

(1a)

(1b)

(1c)

where is the number of bends, is the radius of the wire, and
is the total wire length of each arm of the MDA. In Fig. 3,

. The equations for and do not consider
the horizontal segments. The self-inductance of a wire remains
relatively unchanged as long as the length of the horizontal seg-
ment, , is electrically small. Therefore, is approximately
equal to the self-inductance of a straight dipole given in [10].
The bending of the wire introduced mutual capacitances be-
tween the adjacent wire segments that constitute a meander sec-
tion. The mutual capacitance of a meander section is

(2)

where is the spacing between two parallel wires that form
a meander section, is the width of the section, and is the
radius of the wire

(3)

Therefore, the resonant frequency of an MDA can be pre-
dicted as follows:

(4)

where is the number of bends.
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Fig. 4. Class-1 MDA. Resonant frequency as a function of the number
of bends in one arm. Plot compares the results from numerical simulation in
EMCoS and prediction from the frequency-independent, geometry-based MDA
model. The length of the wire cm, and width cm.

III. RESULTS AND ANALYSIS

To validate our model, both classes of meander dipole an-
tennas were examined. A wire with a fixed length cm,
width cm, and radius cm was chosen.
Varying the number of bends, in a Class-1 MDA from zero
to eight and comparing predictions of the resonant frequencies
from (4) and [7] with numerical simulations in EMCoS [11], we
obtain the result in Fig. 4. In comparing both predictions accu-
rately, it is worth noting that a bend is defined differently in this
letter than in [7], but there is a correlation given in (5). Let
represent the number of bends in an MDA as defined in [7] and
be the number of bends as defined in our letter. Therefore,
is related to by

(5)

The width of a section, , is defined the same way in both
works. In Fig. 4, there is good agreement between both models
considered and the simulation results from to ,
but a divergence could be observed below and above

. The largest deviations in the resonant frequency of our
MDA model and [7] from the simulation results were 2.3% and
9.8%, respectively.
Similarly, for a Class-2 MDA, the height of each arm of

the MDA was fixed at 30 cm while cm. The number of
bends was again varied from zero to eight. Resonant frequency
predictions of our MDA model (4) and the inductive-circuit
model [7] were compared to EMCoS simulation values and pre-
sented in Fig. 5. There is good agreement between both models
considered with EMCoS simulation results for and
above. For and below, the inductive-circuit model [7]
deviated substantially, by up to 28% at . The largest de-
viation in the resonant frequency observed between our model
and simulation results from to was 3.4%.

IV. RADIATION RESISTANCE

The radiation resistance of an antenna is an integral part of
characterizing the antenna in terms of its performance and ef-
ficiency. Therefore, we present an equation for estimating the

Fig. 5. Class-2 MDA. Resonant frequency as a function of the number
of bends in one arm. Plot compares the results from numerical simulation in
EMCoS and prediction from the frequency-independent, geometry-based MDA
model. The height of the antenna above the ground plane cm, and width

cm.

Fig. 6. Class-1 and Class-2 radiation resistances as a function of wavelength
and predictions by (6). “sim.” indicates that data was obtained by simulation in
EMCoS.

resonant frequency of the MDA, which is a function of the ge-
ometry and frequency. This method considers the vertical seg-
ments of the MDA such as that shown in Fig. 3 as its main ra-
diating elements. The input resistance of an MDA is given by

(6)

where is the total length, i.e., both vertical and horizontal
segments of each arm of the MDA, is the width, and is
the number of bends. The input resistance equation in (6) was
modeled after input resistance equations of dipoles in [12], but
with the constants adapted to theMDA configuration. Assuming
ohmic losses are negligible, the input resistance is the radiation
resistance. An overlay of predicted radiation resistances on the
values obtained via EMCoS [11] is contained in Fig. 6.

V. CONCLUSION

An alternative model to characterize the resonant frequency
and radiation resistance of a meander dipole antenna has been
presented, and contrasts with existing models have been identi-
fied. The proposed model of an MDA, which is frequency-inde-
pendent and based entirely on the geometry of the antenna, had
been adapted from a model for straight dipole antennas [10].
The work described in this letter has produced an equation for
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calculating the resonant frequency of an MDA, incorporating
the mutual inductance between adjacent parallel wires formed
through the process of bending the wire. Through analysis of
the two possible “classes” of MDAs identified in the letter, the
presented model has been validated due to a good agreement be-
tween the predicted [by (4)] and simulated resonant frequencies
in Figs. 4 and 5. A discrepancy of less than 3%was observed for
the various number of bends considered. An equation for calcu-
lating the radiation resistance of a meander dipole antenna that
is a function of its geometry and frequency has been derived and
presented. It is found to be consistent with prediction of radia-
tion resistance from the EMCoS simulation tool. The proposed
model is expected to be more broadband and versatile with the
structure of the meander dipole antenna than existing models.
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