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Abstract—A new design methodology for producing highly
miniaturized patch antennas is introduced. The methodology uses
complementary split-ring resonators placed horizontally between
the patch and the ground plane. By optimizing the geometry of
the split rings, sub-wavelength resonance of the patch antenna
can be achieved with a good impedance match and radiation
characteristics comparable to those of a traditional patch antenna
on a finite ground plane. Construction of the optimized antenna
is straightforward, requiring only the sandwiching of two etched
circuit boards. High levels of miniaturization are demonstrated
through simulations and experiments, with reductions of a factor
of more than four in transverse dimension achieved for a circular
patch resonant at 2.45 GHz. Although miniaturization is accom-
panied by a decrease in antenna radiation efficiency and a loss of
fractional bandwidth, antenna performance remains acceptable
even for a 1/16 reduction in patch area.

Index Terms—Antenna measurements, genetic algorithms,
metamaterials, optimization, patch antenna.

I. INTRODUCTION

HE demand for small, compact, low cost antennas has
increased tremendously over the past years, due to the
need for reduced antenna size in both military and commercial
spheres. Microstrip patch antennas, though popular for these ap-
plications, are difficult to miniaturize since their resonant fre-
quency is determined by the dominant mode of the patch cavity.
Nevertheless, much work has been done to find ways to minia-
turize patch antennas. One of the most common techniques is to
use shorting plates [1] or shorting pins [2] to shift the voltage
null away from the center of the patch. The level of miniatur-
ization achieved with this technique depends on the placement
position of the shorting element relative to the voltage null of the
unloaded patch. By placing the shorting element at the edge of
the patch, a maximum shift of the voltage null can be achieved
and the transverse dimension of the antenna can be reduced by
60%.
Other well known miniaturization techniques involve placing
slots on the radiating patch [3], [4] or fractalizing the radiating
edge [5], thereby increasing the length of the current path and
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consequently reducing the resonant frequency of the antenna.
The achievable level of miniaturization depends on the length of
the extended current path, with a typical size reduction of about
38%. Folding the patch into a multi layered structure can be used
to reduce the transverse dimension of the patch by 50% [6], but
at the cost of increased thickness, such that the overall volume
of the antenna is unchanged. Each of these methods is limited
in the amount of miniaturization that may be achieved, and each
is associated with a dramatic drop in radiation efficiency and a
degradation of the radiation pattern in both the £ and H planes.

Patch antennas can also be miniaturized by using a high
permittivity or artificial dielectric substrate. Loading an empty
patch cavity with a dielectric of relative permittivity e, pro-
duces a reduction in the resonant frequency proportional to
Vé-. Readily available high permittivity dielectrics such as
aluminum oxide (Al>Q3) provide a dielectric constant in the
range ¢, = 10 and thus may be used to produce size reductions
of about 30-50% compared to conventional circuit board
materials such as RT/duroid. Though dielectrics with much
higher dielectric constants exist, their increased cost makes
them unsuitable for low-cost consumer applications.

The emergence of new artificial materials such as high
impedance surfaces (HIS), reactive impedance surfaces (RIS),
magneto-dielectrics, and metamaterials provide new ways to
achieve higher levels of miniaturization than more conventional
techniques [7]-[20]. For instance, it is reported in [10] that an
RIS can be used to both miniaturize (down to a size of Aq/10)
and increase the bandwidth of a patch antenna. However, the
implementation of the RIS requires the use of high permittivity
dielectrics (e, = 25) and thick substrates (6 mm) to achieve the
desired level of miniaturization and bandwidth. Unfortunately,
the exorbitant cost of high permittivity dielectrics as well as the
use of thick substrates render the RIS approach unsuitable for
low-cost or low-profile applications. In [15], it is reported that
sub-wavelength resonance of a patch antenna can be achieved
by partially loading the patch cavity with a properly designed
homogeneous, isotropic, negative permeability metamaterial.
A practical implementation of this idea was later proposed in
[16] and [17], where inclusions consisting of arrays of resonant
structures such as split-ring resonators (SRRs) were used to
create the required p-negative medium. However, this imple-
mentation is problematic since several arrays of planar resonant
structures must be oriented vertically within the patch cavity in
order to be effectively excited by the horizontal dominant-mode
magnetic field. Since the level of miniaturization achievable
depends on the size and the number of inclusions (with larger
inclusions producing lower resonant frequencies), very thick
substrates are required to produce a meaningful reduction in
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size. Additionally, the fabrication process of such structures
results in high cost and complexity.

In [18]-[20] it is reported that by etching arrays of SRRs into
the ground plane (creating complementary SRRs or CSRRs) it
is possible to lower the resonant frequency of the patch to that of
the CSRRs. However, this approach only provides modest size
reductions (about 32% reported in [18]). Additionally, the pres-
ence of the array of large slots on the ground plane significantly
reduces the front-to-back ratio (to almost 0 dB) while increasing
the cross-polarization to the same level as the co-polarization in
both E- and H-planes.

In this paper, a new design methodology is introduced to pro-
duce highly miniaturized patch antennas that are thin, low cost,
and easy to fabricate. Importantly, miniaturization is accompa-
nied by a very good impedance match, with a return loss of
more than 20 dB in all cases, and without significantly compro-
mising the radiation pattern. At least a 4.5 dB front-to-back ratio
is maintained for a 75% size reduction, with excellent isolation
between the co- and cross-polarized fields in both the E- and
H-planes. There is a tradeoff, however, since increased levels of
miniaturization result in a reduction of the bandwidth and radi-
ation efficiency of the antenna. But even with a miniaturization
to 1/16 the area of a traditional patch, the reductions in band-
width and radiation efficiency remain acceptable.

Miniaturization is achieved by loading the patch cavity using
complementary SRRs (CSRR). By duality with SRRs, these are
excited by the vertical electric field of the patch cavity mode,
and thus may be oriented horizontally between the patch and
the ground plane. The geometry of the CSRR is optimized in
place to produce appropriate antenna characteristics at frequen-
cies much lower than the resonant frequency of the unloaded
patch cavity. Since the size of the horizontal CSRR may be
much larger than those used in [18]-[20], as well as the vertical
inclusions used in [16] and [17] (up to the size of the ground
plane), higher levels of miniaturization are possible. Moreover,
the simple construction of the antenna and the use of low per-
mittivity dielectric can lead to lower production cost compared
to designs based on high permittivity dielectrics and other com-
plex approaches using a HIS, RIS or magneto-dielectrics.

Preliminary simulations were used in [21] to explore the un-
derlying principle of the patch miniaturization technique. The
effectiveness of the proposed technique is demonstrated here
with detailed discussions of the design, optimization procedure
and the impact of the technique on the bandwidth, radiation ef-
ficiency, front-to-back ratio, and cross polarization of the an-
tenna. Miniaturized antennas with a surface area reduction of
more than a factor of 16 are achieved in simulations without se-
rious degradation of impedance or pattern, and measurements
of the performance of several prototypes are used to validate
the results obtained from the simulations. Details of the design
and the optimization procedure are provided next.

II. BASIC CONCEPT

Synthesis of p-negative media was first demonstrated by
Pendry et al. [22] using resonant structures such as SRRs. In
[22] it is shown that by placing an array of properly designed
SRRs in an environment where the magnetic field is polarized
along the axis of the rings, the effective permeability of the
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resulting composite medium may be made to resonate at a
frequency determined by the capacitance and inductance of
the ring structure. The SRR can be made resonant at a much
lower frequency by increasing its effective capacitance and
inductance through the use of multiple concentric split rings
as presented in [23]. In an alternative approach Falcone et al.
[24] showed using the concepts of duality and complemen-
tarity, that the effective permittivity of a medium composed of
CSRRs—annular slots cut into a conducting screen—can be
tailored to desirable values if the medium is excited with an
electric field polarized along the axes of the CSRRs. Given that
the electric field of the dominant mode within a patch cavity
is polarized normal to the ground plane, it is possible to excite
properly designed CSRRs placed horizontally between the
ground plane and radiating patch and thus lower the resonant
frequency of the patch to that of the CSRRs. In a dual to the
multiple concentric SRR approach of [23], the resonant fre-
quency of a complimentary structure can be lowered by using
multiple slots. Similarly, it is possible to maintain the resonant
frequency of a complimentary structure while the dimensions
of the screen are reduced by placing multiple concentric slots
on the screen. This approach allows high levels of miniatur-
ization of the CSRR with the highest level of miniaturization
determined by the total number of slots that can be placed on
the screen. By using an in situ optimization technique [25], the
geometry of the CSRR within the patch cavity can be optimized
by varying the number of slots and the dimensions of each slot
to produce an antenna resonance at a frequency well below
that of the unloaded antenna. Equivalently, the frequency of
resonance can be kept fixed and the size of the loaded antenna
can be reduced to desired levels of miniaturization. The use
of the optimizer is crucial for finding CSRR geometries that
couple well with the antenna to produce the desired output
parameters. As is shown in the results section, several CSRR
geometries can lead to the same frequency of resonance but
produce different antenna reflection coefficients and efficien-
cies, many combinations of which are unacceptable.

III. ANTENNA DESIGN

Fig. 1 illustrates the proposed geometry of a miniaturized cir-
cular patch antenna. A radiating circular patch is placed above
a circular dielectric substrate backed by a circular ground plane
of the same diameter as the substrate. A microstrip feed line is
used to excite the patch. A conducting disk is placed horizon-
tally between the patch and ground plane and complementary
split-rings of various radii are created by removing metal from
the disk. The geometry of the disk, shown in Fig. 2, is opti-
mized by varying the number of complementary split rings, the
radius of the largest ring, I?5, the slot width, W, the metalliza-
tion width, S, and the gap width, G. To reduce optimization
costs, the values of W, G, and S are chosen to be the same for
all of the complementary split rings, and the radius of the disk,
12y, is set prior to optimization.

A. Proof of Concept Design

Consider a traditional patch antenna consisting of a circular
copper patch of radius 23.1 mm etched on top of a circular
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Fig. 1. Geometry of the miniaturized patch antenna.
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Fig. 2. Geometry of the disk containing the CSRR.

Rogers RT/duroid 5870 substrate of thickness 2.34 mm and ra-
dius 46.2 mm, backed by a copper ground plane also of radius
46.2 mm. The dielectric constant of the substrate is ¢, = 2.33
and the dielectric loss tangent is § = 0.0012. Both dielectric and
copper losses are included in the analysis of the performance of
the antenna, and form the basis for determining the antenna radi-
ation efficiency. A 50 £ copper microstrip line of width 1.5 mm
is used to feed the patch, with an SMA connector placed at the
edge of the substrate. The radius of the patch is chosen such that
the antenna resonates at 2.45 GHz. The goal of this design is to
produce miniature versions of the antenna that achieve perfor-
mance similar to the traditional patch at the 2.45 GHz opera-
tional frequency.

Three miniaturized patch antennas were designed. The radii
of the patches were chosen to be 12 mm, 8 mm and 6 mm, which
represent reductions in patch area to 1/4, 1/9, and 1/16, respec-
tively, of the traditional patch (i.e., radius reduction of 1/2, 1/3,
and 1/4). In each case, the ratio of patch radius to ground plane
radius was held at 1:2, the substrate thickness was fixed at 2.34
mm, and the width of the microstrip line was kept at 1.5 mm to
achieve a 50 €2 characteristic impedance; these are all identical
to the corresponding properties of the traditional patch. Minia-
turization was achieved by placing a copper disk containing a
CSRR 0.78 mm below the radiating patch. The radius, I?;, of
this disk in each case was chosen to be slightly smaller than
the ground plane to avoid contact with the SMA connector. The
values of I?; used in each case are provided in Table I. Finally,
the geometry of the CSRR was optimized in simulations using
an in-house genetic algorithm (GA), as described next.
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TABLE I
PARAMETER VALUES OF THE CSRR FOR EACH LEVEL OF MINIATURIZATION
(DIMENSIONS IN mm)

Patch Radius N R1 Ro w G S
12 1 23 7.1 1.5 1.15 -
8 1 15 6.2 1.6 1.75 -
6 3 11.5 | 99 | 1.65 1.9 1.05
TABLE II

PARAMETER VALUES USED TO OPTIMIZE THE CSRR TO MINIATURIZE THE
PATCH ANTENNA TO 1/4 AND 1/9 THE AREA OF THE TRADITIONAL PATCH
(DIMENSIONS IN mm)

Parameter || Start | Step End
Ry 5 0.15 | 14.45
G 0.1 0.075 | 2.425
S 0.3 0.1 34
W 0.3 0.1 34
TABLE III

PARAMETER VALUES USED TO OPTIMIZE THE CSRR TO MINIATURIZE
THE PATCH ANTENNA TO 1/16 THE AREA OF THE TRADITIONAL PATCH
(DIMENSIONS IN mm)

Parameter || Start | Step End
Ro 5 0.1 11.3
G 0.1 0.075 | 2.425

S 03 | 0.075 | 2.65

W 03 | 0075 | 2.65

B. Optimization Method and Analysis

The geometry of the CSRR appropriate for a desired level of
miniaturization was determined in simulations by integrating
the full wave solver HFSS with an in-house GA written in
Matlab. The dimensional parameters Rs, W, S and G are
encoded into a 21-bit binary string p, and the number of rings

is determined by
R,
N =
B

where the floor operator || rounds the positive number = to
the largest integer less than x. For a given 21-bit binary string,
the value of Rs is determined by performing a binary to dec-
imal conversion of the first six bits of the string. The values of
W, S and (G are determined by performing a similar conversion
of the remaining 15 bits with 5 bits used for each parameter.
The ranges of values allowed for each of the four parameters
are shown in Tables II and III for each desired level of minia-
turization.

The goal of the optimization is to produce a good impedance
match without seriously compromising the radiation efficiency
of the antenna. This is done by seeking low values of the cost
function

)

F(p) = 1hraa X [2010g,4(|511])] @

where |S11| is the magnitude of the reflection coefficient ref-
erenced to 50 2 and 7,,q represents the radiation efficiency of
the antenna. The GA is configured for a 2-point crossover with
an evolving single bit mutation. An initial population of 500 dif-
ferent binary strings is selected randomly and the corresponding
antenna geometries are created in Matlab and exported to HFSS
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Fig. 3. Reflection coefficient of the patch antenna miniaturized to 1/4 the area
of the traditional patch (traditional patch reflection coefficient added for refer-
ence).
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Fig. 4. Reflection coefficient of the patch antenna miniaturized to 1/9 the area
of the traditional patch (traditional patch reflection coefficient added for refer-
ence).

for simulation. Note that only the geometry of the CSRR dif-
fers between simulation runs; the patch does not change. The
cost of each binary string is then evaluated and ranked. The top
25% 1is selected for crossover and mutation until a new popu-
lation of 100 binary strings (1/5 the starting population size) is
generated. This process is repeated until the preset optimization
goal of 201log14(|S11]) < —10 dB and 7,4 > v are reached.
The value of v is selected to be 1/2, 1/3 and 1/4 for the respec-
tive radii reductions to 1/2, 1/3 and 1/4. The time to complete a
full-wave simulation for a given antenna geometry is approxi-
mately 150 seconds using an Intel Quad Core i7 computer.

IV. RESULTS

For each desired level of miniaturization, the GA successfully
found several sets of design parameters that produce a reflection
coefficient lower than —10 dB. The parameters of the CSRR
that produce the best identified cost values for each miniatur-
ization level are provided in Table I, and frequency sweeps of
the reflection coefficients for each optimized antenna are shown
in Figs. 3-5 (a plot of the reflection coefficient of a traditional
patch antenna designed on the same substrate is also shown
in each figure for reference). It can be seen that a very good
impedance match (|S11] less than —20 dB) is achieved for each
desired level of miniaturization.

While it is to be expected that the bandwidth and the radiation
efficiency of the miniaturized antennas will be reduced com-
pared to the traditional patch antenna (due to the reduction in
antenna volume), the properties of the three optimized antennas

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 60, NO. 5, MAY 2012

0
-5
o -10
Z
— -15
o
— -20
—Simulated
-25 | ----Measured
---Traditional
-30
2.2 2.4 26
Frequency (GHz)

Fig. 5. Reflection coefficient of the patch antenna miniaturized to 1/16 the area
of the traditional patch (traditional patch reflection coefficient added for refer-
ence).

remain quite good. From the simulations, the —10 dB band-
widths of the antennas with area reductions to 1/4, 1/9 and 1/16
of the traditional patch antenna are 1.2%, 0.81% and 0.4%, re-
spectively, compared to 1.3% for the traditional patch antenna;
the corresponding efficiencies are 84.7%, 49.8% and 28.1% re-
spectively, compared to 94% for the traditional patch antenna.

A plot of reflection coefficient versus radiation efficiency ob-
tained from the last generation of the GA used to miniaturize
the patch area to 1/16 that of a traditional antenna is shown in
Fig. 6. It can be seen that while several CSRR geometries pro-
duce patch antennas resonant at a given frequency, the perfor-
mances of the antennas vary. The reflection coefficient ranges
from below —25 dB to near 0 dB, while the radiation effi-
ciency ranges from 10% to 80%. Note also that more than fif-
teen different CSRR geometries produce a reflection coefficient
less than —10 dB, each with a different radiation efficiency.
Some CSRR geometries produce reflection coefficients similar
to those produced by the best structure found by the GA but with
lower radiation efficiencies. This generally occurs with struc-
tures that have a larger number of slots than the best structure
located by the GA. As an example, the parameters of a CSRR
geometry for 1/16 area miniatiruization that produces a reflec-
tion coefficient of —23 dB and a radiation efficiency of 13.7%,
compared to a reflection coefficient of —26 dB and a radiation
efficiency of 28.1% for the best structure found, are shown in
Table IV. It is seen that the best geometry loacted by the GA
has three slots, while the geometry shown in Table IV has six
slots. This suggests that using an overabundance of slots shifts
the coupling of input power from the radiation mechanism to the
loss mechanism, emphasizing the importance of using an opti-
mizer to find the CSRR geometries that produce an acceptable
combination of lower reflection coefficient and higher radiation
efficiency.

The results shown in Fig. 6 are not exhaustive of all of the
possible disk geometries, and thus the performance of the an-
tennas presented here might not represent the best achievable
using the proposed design methodology. Further GA optimiza-
tions involving the use of a different fitness function or different
crossover and selection techniques may lead to better results.
The use of a more sophisticated optimizer may also lead to better
results.

When an SRR is placed in an environment with a time
varying normal magnetic field, an electric current is induced
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Fig. 6. Reflection coefficient vs. radiation efficiency of the last population for
optimization of a patch antenna miniaturized to 1/16 the area of the traditional
patch.

TABLE IV
PARAMETER VALUES OF A CSRR FOR 1/16 AREA MINIATURIZATION THAT
PRODUCES A REFLECTION COEFFICIENT OF —23 dB AND A RADIATION
EFFICIENCY OF 13.7% (DIMENSIONS IN mm)

Patch Radius N R Ro w G S
6 6 115 ] 72 | 0.6 | 1.3 | 0.525

on the metal, reaching its peak at the frequency of resonance of
the SRR. By duality, one would expect that a magnetic current
is induced in the slots of a CSRR when the CSRR is placed in
an environment with a time varying normal electric field. The
magnetic current should reach its peak at the frequency of reso-
nance of the CSRR. This effect is clearly seen in Fig. 7, which
shows a plot of the intensity of the electric field on the surface
of the CSRR disk for a resonant patch antenna miniaturized
to 1/16 of the area of a traditional antenna. It can be seen that
at resonance the electric field in the slots is very strong, with
the intensity of the field greatest at the edges of the slots. This
behavior is the expected edge singularity of the slot magnetic
current. The intensity of the field is strongest in the middle slot,
which has a diameter of Ay /9.6. This diameter is comparable to
those of the single slots found by the optimizer for patch areas
of 1/4 and 1/9 of the traditional antenna (shown in Fig. 10).
As the size of the conducting disk is reduced, more concentric
slots must be created in order to maintain the same frequency of
resonance and a good impedance match. Further optimizations
to miniaturize the patch area to 1/64 that of a traditional antenna
(resulting in a patch radius of 3 mm) produce a CSRR with
five concentric slots and a reflection coefficient of —14 dB.
Unfortunately, the radiation efficiency drops to only 5% and
given that the ground plane is significantly reduced (to less than
Ao/10), the front-to-back ratio decreases to almost 0 dB.

The simulated E-plane and H-plane realized gain patterns of
the various miniaturized patch antennas are shown in Figs. 8 and
9, respectively. The radiation patterns of the traditional patch
antenna are also shown in these figures for comparison. Note
from the two figures that the broadside nature of the radiation
pattern is maintained in both planes, but the realized gain is re-
duced as the antenna is made smaller, primarily due to the de-
crease in radiation efficiency. Note also that the size of the back-
lobe increases as the antenna size is reduced, because the ground
plane size is reduced in tandem with the patch. The smallest
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Fig.7. Intensity of the electric field on the CSRR structure of the patch antenna
miniaturized to 1/16 the area of the traditional patch.
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Fig. 8. Simulated E-plane realized gain patterns of the traditional and minia-
turized patch antennas (10 dB/div). Size reduction is relative to the area of a
traditional patch, A.

FBR is 4.5 dB and corresponds to the FBR of the antenna minia-
turized to 1/16 the area of the traditional patch. This FBR is
higher than the one reported in [16] (3 dB for an area reduction
to 1/16) and [2] (2 dB for an area reduction to 1/9). The direc-
tivity of the miniaturized antennas remains very good as well
despite the large reduction in antenna area. For instance, the di-
rectivity of the simulated antennas with area reductions to 1/4,
1/9 and 1/16 of the traditional patch antenna are 5.96 dB, 4.86
dB and 4.23 dB, respectively, compared to 7.34 dB for the tradi-
tional patch antenna. The isolation between the co-polarization
minimum and cross-polarization maximum remains excellent
(over 35 dB in the E-plane and 20 dB in the H-plane). The lack
of symmetry of the E-plane (Fig. 8) is due to the presence of the
microstrip feed and the CSRR gaps, which are aligned along the
z axis as shown in Fig. 1. If desired, the asymmetry can be re-
duced somewhat by rotating the CSRR by 90 degrees.

The CSRR layer position is determined by available board
thicknesses. The value of 0.78 mm used here is a standard sub-
strate thickness manufactured by Rogers Corp. Additional op-
timizations with the CSRR placed 1.56 mm from the radiating
patch produced results similar to those obtained for a distance of
0.78 mm. Note however that moving an optimized CSRR from



2180

—A

-=-1/4 A

== 1/9 A
\60 -=1/16 A

270

2405

180

Fig. 9. Simulated H-plane realized gain patterns of the traditional and minia-
turized patch antennas (10 dB/div). Size reduction is relative to the area of a
traditional patch, A.

Top View

Fig. 10. First layer of the fabricated traditional circular patch antenna and
miniaturized prototypes showing reductions to 1/4, 1/9, and 1/16 of the
traditional patch area. The second layer, which includes the ground plane, is
not shown.

the position where it was optimized alters the performance of the
antenna, due to the change in coupling between the CSRR struc-
ture and its surroundings, and additional optimization would be
needed to return the performance of the altered antenna to an ac-
ceptable level. It is also expected that antenna performance de-
pends on the distance between the CSRR and the ground plane.
This emphasizes the need for an optimizer to find appropriate
CSRR structures for a given geometry.

Prototypes of the traditional and miniaturized antennas were
fabricated through a photo etching process using a 0.78 mm
thick double-sided Rogers 5870 duroid substrate and a 1.56 mm
single-sided Rogers 5870 duroid substrate. The properties of
the substrates are the same as those used in the simulations.
The radiating patch was etched on one side of the 0.78 mm
thick substrate and the CSRR was etched on the other side. The
ground plane was provided using the single-sided 1.56 mm sub-
strate. The final prototypes were produced by gluing the two
substrates such that the CSRR is between the patch and the
ground plane. The traditional patch was constructed the same
way, except without the CSRR structures. Fig. 10 shows the top
and bottom views of the etched 0.78 mm substrate.

The measured reflection coefficients of the miniaturized an-
tennas are shown in Figs. 3-5, where they are compared to the
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Fig. 11. Simulated and measured H-plane gain patterns of the patch antenna
miniaturized to 1/4 the area of the traditional patch (5 dB/div).
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Fig. 12. Simulated and measured H-plane gain patterns of the patch antenna
miniaturized to 1/9 the area of the traditional patch (5 dB/div).
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Fig. 13. Simulated and measured H-plane gain patterns of the patch antenna
miniaturized to 1/16 the area of the traditional patch (5 dB/div).

results from simulations. In each case excellent agreement is
seen between measurement and simulation. Figs. 11-13 com-
pare the simulated and measured H-plane realized gain patterns
of the miniaturized patch antennas. Good agreement is again ob-
served between simulations and measurements, thus attesting to
the feasibility of the proposed miniaturization technique.
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V. CONCLUSION

A new design methodology for producing highly miniatur-
ized patch antennas is introduced. By adding a single layer
containing complementary split-ring resonators to a traditional
patch structure, the size of the antenna can be reduced signifi-
cantly while maintaining the impedance match and the structure
of the field pattern. Because the construction is simple, the
miniaturized antennas can be produced with little effort at low
cost. Feasibility of the proposed technique has been validated
by fabricating several miniaturized patch antennas with sur-
face areas as small as one sixteenth that of a traditional patch
antenna. Measurements of reflection coefficient and antenna
pattern agree well with simulations. Even smaller antennas are
possible, but with further size reduction comes a reduction in
radiation efficiency and fractional bandwidth that may prove
undesirable.

Note that although the work presented in this paper focuses
on miniaturization of a circular patch antenna, the proposed de-
sign technique can also be applied to other patch geometries.
Initial investigations performed using miniaturized rectangular
patch antennas reveal performances similar to those found with
circular patches. Also, preliminary results reveal that the pro-
posed optimization technique may prove useful for producing
patch antennas with multiband performance. This is currently
being investigated in depth.
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