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Omnidirectional Square Loop Segmented Antenna
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Roger Hasse, Member, IEEE

Abstract—A square loop antenna of circumference about one
free-space wavelength displays an omnidirectional radiation pat-
ternwhen its conductor is partitioned into five segments that are in-
terconnected by four small capacitances. The optimization process
for determining the capacitances values is described in detail. The
required four capacitances are created by overlapping the con-
ductor segments on the opposite sides of the substrate. The far field
of the antenna resembles the one of an elementary magnetic dipole.
At the center frequency of 956 MHz, the measured maximum gain
is 2 dBi, and the measured antenna efficiency is 94%.

Index Terms—Antenna directivity, antenna impedance matrix,
design optimization, omnidirectional antenna, partitioned an-
tenna, printed circuit antenna, segmented antenna.

I. INTRODUCTION

S EGMENTED antennas are a particular kind of printed cir-
cuit antenna in which the conductor strips are partitioned

into a number of short segments that are interconnected by
lumped reactances. Dobkin et al. [1] described a segmented
loop antenna intended for a near-field application as a tag for
radio frequency identification (RFID). We show that it is also
possible to design a well-matched omnidirectional segmented
antenna for a far-field application, when the individual re-
actances are adjusted so that both the input impedance and
the radiation pattern achieve desired properties. This letter
describes the design procedure of an improved version of the
segmented square loop antenna of the kind reported in [2]. The
improvement consists of an increased efficiency and reduced
cross-polarized radiation. Also, the size and weight of the
antenna are considerably reduced by replacing the feeding
network in [2] with a miniaturized, commercially available
balun.
A solid (nonsegmented) loop antenna, which is short in com-

parison to wavelength, can produce an omnidirectional radiation
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Fig. 1. Front and back views of the segmented square loop antenna.

pattern of the magnetic-dipole type, but the input impedance is
so far from a desired 50 value that a matching circuit must
be inserted, which then consumes most of the power delivered
to the antenna. By making a solid loop antenna much larger, the
impedance becomes easier to match, but the radiation pattern
is no longer omnidirectional because the current distribution on
the antenna displays standing waves so that some parts of the
loop are in opposition of phase to other ones.
However, it is still possible to use an increased loop size by

partitioning it into segments, as was shown by Dobkin et al. [1].
If the segments are interconnected by suitable reactance values,
the current phases on the individual segments can be made to
agree with each other, so that the radiation pattern retains the
omnidirectional property. Furthermore, we show that an appro-
priate choice of the individual reactances on a segmented an-
tenna can achieve an input impedance closer to 50 , thus elim-
inating the need for an external matching circuit. The values
of suitable reactances are found by an optimization procedure,
which is described in Section III.
The original segmented loop antenna in [1] utilized tens of

lumped capacitances (all with the same value) soldered between
segments. The square loop antenna described here creates ca-
pacitances by overlapping the segment extremities on the oppo-
site sides of the substrate, thus simplifying the fabrication proce-
dure. Also, we allow the individual capacitances to differ from
each other, thus increasing the number of variables that can be
used for fitting the desired antenna behavior.

II. ANTENNA DESCRIPTION

The square loop antenna shown in Fig. 1 was originally in-
tended for the control of an unmanned aerial vehicle (UAV) at
956 MHz, where the low profile of the antenna produces min-
imum air drag when mounted in parallel with the tail or wing of
the airframe. The antenna is fabricated on a Rogers 5880 printed
circuit substrate with a conductor width of 3.5 mm, thickness
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Fig. 2. Block diagram of the square loop segmented antenna.

Fig. 3. Overlapped conductor strips creating the interconnection capacitance.

mm, , and . The loop size is
mm so that its circumference is somewhat shorter than

one free-space wavelength.
The block diagram, shown in Fig. 2, shows that the antenna

consists of five straight segments, interconnected by four ca-
pacitors. The input port, where the balun1 will be attached, is
located between segments 1 and 5. The four capacitive reac-
tances are located at the four corners of the loop, as illustrated in
Fig. 3. The formula for static capacitance between the two par-
allel metal plates with sides and , and the substrate thickness
having its dielectric constant equal to , can safely be used

because the capacitance dimensions are about 20 times smaller
than one wavelength.

III. OPTIMIZATION PROCEDURE

The design procedure starts with a simulation model of the
antenna that consists of the five segments in Fig. 2, but without
any capacitances. We consider such an open-circuited arrange-
ment to be an antenna array consisting of five individual seg-
ment antennas. As such, we can generate a 5-port impedance
matrix with the help of an electromagnetic (EM) simulation
software. In this project, we have used the wire-antenna simu-
lation software AWAS [3]. The conductor strip width is con-
sidered to be equivalent to a round-wire conductor of radius

[4, p. 226]. With this input data, AWAS generates a
impedance matrix at the frequency of intended operation.

It is next possible to apply circuit theory to determine the volt-
ages and currents at all the ports, for any combination of capac-
itances to when a given voltage source is applied to the
input port. The ratio of the input voltage and current gives the

1Xinger Model 3A425, available from http://www.anaren.com.

Fig. 4. Comparison of directivities computed by the exact and by approximate
methods.

exact value of the input impedance, which is one of the antenna
characteristics to be determined.
The other important characteristic is the antenna directivity as

a function of the azimuth coordinate . The accurate value of di-
rectivity can only be determined by the EM simulation software
by integrating the radiation pattern, which is a computationally
intensive procedure. To make the optimization procedure run
much faster, an approximate computation of the radiation pat-
tern can be performed as follows. Start from the knowledge of
the electric currents flowing through each of the four capaci-
tors, using basic circuit theory. For segments much shorter than
one-quarter wavelength, it is reasonable to assume that on each
segment the effective current contributing to the far-field radia-
tion is a complex number equal to the average value of the two
known current values at each end of the segment. Then, the radi-
ated far field in the equatorial plane can be evaluated by a simple
summation of contributions from all current moments.
For better accuracy, segments 2–4 were each subdivided into

two equal subsegments, interconnected with zero reactances.
By using eight equally long segments, the directivity computed
in such approximate way comes out to be only 0.66 dB lower
from the exact one computed with EM simulation software.
Fig. 4 shows that the shapes of two functions are almost iden-
tical. As the optimization based on the values obtained using
circuit theory runs much faster than the one based on the use
of EM simulation software, it was possible to inspect a large
number of simulations in a short time.
No matter whether the directivity is evaluated by the exact or

the approximate method, it is convenient to define the objective
function for optimization in the following way:

(1)

where is the mean value of directivity as function of ,
is the standard deviation of the directivity as function of , and
is magnitude of the input reflection coefficient. At the start of

optimizations, the weights to are selected to be unity.
The justification for the above objective function is as fol-

lows. The theoretical directivity of an elementary magnetic
dipole equals 1.5. The first objective is expected to be
not much larger than that, of the order of unity or so. The
second objective, standard deviation of the directivity ,
should be about 10 times smaller than unity; thus, it has to be
multiplied by 10 to be of unity magnitude. The third objective,
magnitude of the reflection coefficient, should also be small;
therefore, when multiplied by 10, it will come out to be of
unity magnitude. When each of the contributing objectives is
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Fig. 5. Equicontours of the objective function for optimization of the seg-
mented square loop antenna.

within the acceptable range, the total objective function should
be considerably smaller than 10.
To assure that the radiation pattern in -plane will be sym-

metric, we select and . With only two inde-
pendent reactance variables and to be optimized, it be-
comes possible to map the entire territory that has to be searched
for finding the minimum. To generalize the problem even fur-
ther, the unknown reactances will be allowed to become induc-
tive. Fig. 5 shows the equicontours of the objective function for
the case , and for the complex reactances
limited between and . The negative reactances
are capacitive: , and positive reactances are induc-
tive: , with being the radian frequency.
It can be seen that there are two valleys representing the

minima of the objective function: The left lower valley requires
both reactances to be capacitive, and the right upper one requires
both reactances to be inductive. These two lowest equicontours,
corresponding to , are plotted as the dark blue regions.
The bottom of each valley is very flat, which explains why it
is possible to find many different combinations of and
that give almost identical antenna performance. For the antenna
described here, we have selected the capacitive option.
Optimization was performed with the MATLAB function

“fminsearch” [5]. For frequency of 956 MHz, the starting
guesses for the unknown variables were .
Since the value of the objective function was evaluated by
straightforward circuit analysis formulas, the optimization
time was very short: only a fraction of a second on a laptop
computer. The optimized capacitances were pF
and pF. Such small capacitances are easily created
by overlapping segment extremities on the opposite sides of
the substrate, as illustrated in Fig. 3.
Further attempts to increase the overall directivity, or to im-

prove the flatness of the directivity, by changing weights
and/or were not successful because the objective function

Fig. 6. Measured radiation patterns of the segmented square loop antenna at
956 MHz: (a) -plane, (b) -plane, and (c) -plane.

would grow to unacceptable values. It appears that for a single-
input square loop segmented antenna, the obtained radiation pat-
tern indicated by Fig. 4 is the best compromise between the three
important objectives from (1).
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Fig. 7. Measured magnitude of the reflection coefficient.

Fig. 8. Measured gain and efficiency.

IV. MEASUREMENTS

The measured radiation patterns are shown in Fig. 6 The pat-
tern in the -plane is omnidirectional as intended, with a cross
polarization 26 dB below the maximum. The maximum mea-
sured gain of dBi points in the direction of negative
-axis. In the opposite direction, the gain is about 2 dB smaller.
Therefore, one can say that in the -plane, the measured gain is
maintained within dBi with an uncertainty of dBi.
The measured magnitude of the input reflection coefficient

with respect to 50 is shown in Fig. 7. The match is very good
at the exact center frequency, but the 10-dB bandwidth of this
segmented antenna is quite narrow, at only 3%.
The measured gain and efficiency in the direction of max-

imum radiation (negative -axis) are shown in Fig. 8 as func-
tions of frequency.

V. CONCLUSION

A printed-circuit square loop segmented antenna has been de-
scribed, which is well suited for far-field applications. Global
examination of the objective function indicates that there also
exists an alternative possibility of choosing inductive elements
for interconnecting the segments. Those inductors could be cre-
ated in a printed-circuit form as small circular loops, as was done
in [6] and [7] for other topographies. For the square loop geom-
etry, the entire antenna could be printed on a single side of the
substrate by using inductive elements only.
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