
1 INTRODUCTION

Microstrip patch antennas are often used be-
cause of their thin profile, light weight and low
cost. Furthermore, they can be made to conform
the structure. When the radius of the curved struc-
ture is large, the antenna can be analyzed as the
planar one. However, for smaller radius of the
structure more rigorous analysis methods should be
used. If the antenna has a cylindrical shape, i.e. if
one principal curvature is zero, the antenna can be
analyzed as a circular-cylindrical one. In the case
where both principal curvatures are different from
zero the antenna can be analyzed as a spherical
one.

The purpose of this paper is to describe the pro-
gram for calculating radiation pattern of spherical
and cylindrical rectangular microstrip patch anten-
nas. Furthermore, the comparison of spherical and
cylindrical patch antennas is given in order to show
the importance of rigorous analysis of patch anten-
nas on curved structures where both principal cur-
vatures are different from zero.

2 METHOD OF ANALYSIS

The geometry of the problem is given in Figure 1.
The rectangular patch is placed on or embedded in
a multilayer spherical or cylindrical structure. The
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Fig. 1 Geometry of a conformal rectangular patch antenna; (a) patch antenna printed on
a spherical structure, (b) patch antenna printed on a cylindrical structure



patch coordinates in the spherical coordinate sys-
tem are π/2 − θp ≤ θ ≤ π/2 + θp and −φp ≤ φ ≤ φp, and
in the cylindrical coordinate system the are
−Wz ≤ z ≤ Wz and −φp ≤ φ ≤ φp. The radiuses of the
grounded sphere and the patch are a and b, re-
spectively. We assume that the patch is resonant,
i.e. the patch current is given by (for example, for
spherical θ-polarized patch):

(1)

If we consider spherical, circular cylindrical and
planar multilayer structures, they have one property
in common: the structure is homogeneous in two
dimensions, and varies in one dimension. For exam-
ple, the spherical structure in Figure 1 varies in ra-
dial direction and it is homogeneous in θ and φ di-
rections. Thus, we can call spherical, cylindrical and
planar structures one-dimensional structures since
they vary only in one dimension [1]. We simplify
the problem of determining Green's functions for
one-dimensional structures if we perform a two-di-
mensional Fourier transformation in the coordinates
for which the structure is homogeneous [2, 3]. As a
result, our original three-dimensional problem is
transformed into a one-dimensional problem, which
is much easier to solve. A drawback of this appro-
ach is that we usually have to solve the one-dimen-
sional problem many times. 

If we consider a problem defined in the cylindri-
cal coordinate system we apply the Fourier trans-
formation in axial direction, and Fourier series in
φ-direction. For problems defined in the spherical
coordinate system we apply the vector-Legendre
transformation [4, 3]

(2d)

For θ-polarized spherical patch the patch current
in the spectral domain is given by
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Notice that there are both θ and φ current com-
ponents in the spectral domain (in the spatial do-
main there is only θ component). This mixing of
components when performing the Fourier transfor-
mation is preset only in spherical problems. Fur-
thermore, notice that it is not possible to solve the
integrals in (3a) and (3b) analytically, which is pos-
sible for circular-cylindrical and planar rectangular
patches. 

Planar, circular-cylindrical and spherical patch
antennas are frequently analyzed by means of the
electric field integral equation and the moment
method. The kernel of the integral operator is a
Green's function, which is different for different
structures. There are two basic approaches for de-
termining the Green's function of a general multi-
layer structure: either to analytically derive an ex-
pression for it and then to code this expression, or
to develop a numerical routine for the complete
calculation. The analytic approach requires less
computer time than the numerical approach. How-
ever, it is a very laborious process to analytically
determine the Green's functions for substrates with
more than two layers. Therefore, in such cases it is
convenient to use a numerical algorithm that deter-
mines the Green's function directly. Furthermore,
the analytic approach requires often a new deriva-
tion of the Green's functions for a slightly different
problem, such as for different number of layers or
for different source locations inside the layers. 

The G1DMULT algorithm [3] calculates the
spectral-domain Green's functions in the same way
for spherical, circular-cylindrical and planar geome-
tries. The principle of the algorithm is as follows
(e.g. for spherical geometry). For each value of
spectral variables (n,m) the excited electromagnetic
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ved patch only in the azimuthal plane for both po-
larizations. In elevation plane the radiation pattern
is significantly different, especially around the axis
of the cylinder and in the back-side direction, which
is due to the fact that the radiation pattern in the
elevation plane »faces« the infinite structure of the
cylinder.

The illustration of the near field radiation pat-
tern is shown in Figure 5. The magnitude of the S21
parameter is shown as a function of spacing be-
tween patch centers. The radius of the sphere/cylin-
der is 1 λ, other dimensions are the same as in the
previous example. The coupling between spherical
patches in E- and H-plane is compared with cylin-
drical counterpart (both coupling in the axial direc-
tion ( y = 0 plane in Figure 1.b) and in the φ-direc-
tion (z = 0 plane in Figure 1.b) are considered in
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a)

b)

Fig. 2 Radiation pattern of a spherical rectangular patch antenna 
for different sphere radii; (a) H-plane, (b) E-plane

diation pattern of planar patch antenna of same di-
mensions is also given. It can be seen that with en-
larging the radius of the sphere the main lobe of the
spherical patch antenna approaches the main lobe
of the planar counterpart. As expected, the back-
radiation is smaller for spheres with larger radius.

It is interesting to observe how well the curved
patch with both principal curvatures different form
zero can be approximated with a circular-cylindrical
patch. In Figures 3 and 4 the comparison of radia-
tion patterns of spherical and cylindrical patch an-
tennas is given. Radius of the sphere and cylinder
is 0.5 λ0; other parameter values are the same as
before. In Figure 3 the cylindrical patch is axially
polarized, and in Figure 4 the cylindrical patch is
φ-polarized. It can be seen that the cylindrical
patch can be used as an approximation of the cur-

a)

b)

Fig. 3 Comparison between radiation patterns of spherical
patch antenna and axially-polarized cylindrical patch antenna; 

(a) H-plane, (b) E-plane



the cylindrical case). Again it can be seen that the-
re is similarity between spherical and cylindrical
cases only for coupling in the φ-direction. Notice
that coupling in the axial direction is much stronger
for cylindrical case than for the equivalent spherical
case since the dielectric cylinder supports propaga-
tion of guided modes (surface waves) in the axial
direction. Furthermore, notice that coupling in the
E-plane is higher than in the H-plane since low-or-
der surface waves has a maximum in the radiation
pattern in the direction of the current flow (the ra-
diation pattern of surface waves is considered along
the dielectric interface). 

4 CONCLUSION

The paper presents the program for calculating
the near-field and the far-field radiation pattern of

rectangular patch antenna printed on a spherical or
circular-cylindrical structure. The problem is solved
in spectral domain, i.e. for each value of spectral
variables only onedimensional problem has to be
solved. The general algorithm for calculating
Green's functions is used in the program; therefore
the patch can be printed on or embedded in a mul-
tilayer spherical or cylindrical structure. The pro-
gram is tested by comparing the calculated radia-
tion patterns of planar, circular-cylindrical and
spherical patches. 

Patch antennas on curved structures with both
principle curvatures different from zero can be ap-
proximated with spherical or circular-cylindrical
patches. If the radiation pattern in one plane only is
of interest, both spherical and cylindrical approxi-
mations are suitable. However, circular-cylindrical
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a)

b)

Fig. 4 Comparison between radiation patterns of spherical patch
antenna and φ-polarized cylindrical patch antenna; (a) H-plane,

(b) E-plane

a)

b)

Fig. 5 Magnitude of S21 parameter shown as a function of spacing
between patch centers; (a) E-plane, (b) H-plane



Dijagram zra~enja sfernih i cilindri~nih mikrotrakastih antena pravokutnog oblika. U radu je predstavljen pro-
gram za izra~unavanje dijagrama zra~enja sfernih i cilindri~nih mikrotrakastih antena pravokutnog oblika. Mikro-
trakasta antena mo`e biti postavljena unutar ili na povr{inu op}enite vi{eslojne sferne ili cilindri~ne strukture. U
postupku rje{avanja koriste se prednosti transformacije u spektralnu domenu pri ~emu je sferna i cilindri~na vi{e-
slojna struktura rigorozno uzeta u obzir uporabom odgovaraju}e Greenove funkcije u spektralnoj domeni. Rezultati
pokazuju va`nost rigorozne analize zakrivljenih mikrotrakastih antena. 

Klju~ne rije~i: mikrotrakaste antene, konformne antene, metoda momenata, sprega izme|u antenskih elemenata
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approximation is not appropriate for calculating the
whole radiation pattern. Therefore, the program for
analyzing spherical patch antennas is useful in ana-
lyzing patch antennas on general curved structures.
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