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1. Introduction

Microstrip antennas have been the subject to study for
many years. Their analyses include the transmission line
model [1], the cavity model [2], and the method of
moments [3]. The physical size of a microstrip antenna
is small, but the electrical size measured in wavelength
A is not so small. Much research has gone into further
reducing the microstrip antenna physical size.
Rectangular microstrip antennas have received much
attention due to their major advantage of conformability.
In this paper, we consider only rectangular patches
and discuss the aperture models for calculating the
radiation patterns of the antenna using the Fourier
integrals. The resonance problem has also been studied.
However, the excitation problem was not treated.

2. Analysis

Fig. 1 shows a rectangular microstrip antenna fed by a
microstrip line. It can also be fed by a coaxia line, with
itsinner and outer conductors connected to the patch and
ground plane, respectively.

The height h of the substrateis typically of afraction
of the wavelength, such as h=0.051, and the length L
is of the order of 0.54. The structure radiates from the
fringing fields that are exposed above the substrate at the
edges of the patch.

In the so-called cavity model, the patch acts as
resonant cavity with an electric field perpendicular to the
patch, that is, along the Z-direction. The magnetic field
has vanishing tangential components at the four edges of

the patch. The fields of the lowest resonant mode
(assuming L >W ) are given by:
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whereH, =—jEqy /7 . We have placed the origin at the
middle of the patch (note that E,(x) is equivalent to
Epcos(z x/L) for 0< x<L).

It can be verified that Eq. (1) satisfy Maxwell’s
equations and the boundary conditions, that is,
Hy(x)=0 a x=xL/2, provided the resonant

frequency is [4, 5]:
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Where c=cy/ /e, , n=mngl /e, , and ¢, is the
relative permittivity of the dielectric substrate. It follows

that the resonant microstrip length will be half-
wavelength:
L=05 4 (3)

Fig. 2 shows two models for calculating the radiation
patterns of the microstrip antenna. The model on the left
assumes that the fringing fields extend over a small
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Fig. 1. Microstrip antenna and E-field pattern in substrate.

distance around the patch sides and can be replaced with
the fields E, that are tangential to the substrate surface
[6]. The four extended edge areas around the patch serve
as the effective radiating apertures.

The model on the right assumes that the substrate is
truncated beyond the extent of the patch [1]. The four
dielectric substrate walls serve now as the radiating
apertures.

The only tangential aperture field on these walls is
E, = ZE,, because the tangential magnetic fields vanish
by the boundary conditions.

For both models, the ground plane can be eliminated
using the image theory, resulting in doubling the
aperture magnetic currents, that is, J,s =-2nxE,. The
radiation patterns are then determined from J,.

For the first model, the effective tangential fields can
be expressed in terms of thefield E, by the relationship:
aE, = hE,. This follows by requiring the vanishing of
the line integrals of E around the loops labeled ABCD
in the lower left of Fig.2. Because E, =tE; a

x=%L/2, we obtain from the left and right such
contours:

Edl =-E,h+E_a=0,
BEABCD 0 a

hE,
Ed =Ejh—-E,a=0 = E,=—.

§ABCD 0 a a a

In obtaining these, we assumed that the electric field
is nonzero only aong the sides AD and AB. A similar
argument for the sides 2 and 4 shows that
E, =+hE,(x)/a. The directions of E, at the four sides
are as shown in the figure. Thus, we have:

for sidesland 3: Eaziﬁ.

for sides2and 4 :

~hE,(x) _~hEy . X
Eaziy;( ):+ya°sn(”|_j. (4)

The outward normal to the aperture plane is N=2
for al four sides. Therefore, the surface magnetic
currents J,c = —2nx E, become:

forsidesland3: J, = 92hE° :
a

for sides2 and 4: J s = £X 2han sin(”LX) (5)

3. Radiation fields

Theradiated electric field is obtained by [7]
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by setting F =0 and calculating F,, as the sum of the

magnetic radiation vectors over the four effective
apertures:
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The vectors F,, are the two-dimensional Fourier
transforms over the apertures:
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Fig. 2. Aperture models for microstrip antenna.
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The integration surfaces dS=dxdy are

approximately, dS=ady for 1 and 3, and dS = adx for

2 and 4. Similarly, in the phase factor e ** Y we

must set x=FL/2 for sides1and 3, and y=FW/2 for

sides 2 and 4. Inserting Eq. (5) into the Fourier integrals
and combining the terms for apertures 1 and 3 as well as
2 and 4, we aobtain:
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Using Euler’sformulae and the integrals:
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we find the radiation vectors;
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where we defined the normalized wavenumbers as usual ;
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Using some trigonometric identities, we may write
theradiated fields from sides 1 and 3 in the form:

E(6.4)=

- jkr - ~ 10
_ ik Z r 4E0hw[¢ cos@sing — 0005¢]Fl3(0,¢), (10
TT
where we defined the function:
sinlzr v
F13(0,¢) = cos(z vx)M . (11)
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Similarly, we have for sides 2 and 4:
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4. Radiation patterns

Fo4(0.4) = sinfz v, ).

The normalized gain is found from Eqg. (10) to be:
) [E@o)®
2
E(0.0)]a

= (0032 9sin? §+ cos? ¢)‘ F1,3(‘9:¢)‘2 :

913(0. ¢
(13

The corresponding expression for sides 2 and 4,
although not normalized, provides a measure for the gain
in that case:

. 2
9,4(6,4)= (cos2 6 cos? ¢+sin? ¢)‘ Foa0.0)". (19)
The E- and H-plane gains are obtained by setting
¢=0° and ¢ =90° in Eq. (13):

L .
gl,3E(6):|COS(7[Vx]21 Vy :zsne,
Sn(ﬂ'Vy) )
gl,3H (9): cosd 7Z'Vy ) Vy =75|n9.

Most of the radiation from the microstrip arises from
sides 1 and 3. Indeed, Fy3(6,¢) has amaximum towards

broadside, vy =vy =0, whereas F,4(0,¢) vanishes.
Moreover, F,4(0,4) * foral ¢ and ¢=0 (E-plane) or
¢ =90° (H-plane).

Therefore, sides 2 and 4 contribute little to the total
radiation, and they are usually ignored.

5. Numerical results and discussion

Fig.3 shows the E- and H-plane patterns for
W =L =0.33561 . Both patterns are fairly broad.
The choice for L comes from the resonant condition

L:O.Sﬂ/\/;. For atypical substrate with &, =2.22,

wefind L=0.51/-/2.22 =0.33561 .

Fig. 4 shows the 3-dimensiona gains computed from
Egs (13) and (14). The field strengths (square roots of
the gains) are plotted to improve the visibility of the

graphs.
The gain from sides 2 and 4 vanishes along the v,

and vy axes, while its maximum in all directions is

/g =0.1475 or ~16.6242 dB.
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Fig. 3. E- and H-plane gains of microstrip antenna.

6. Conclusion

Our study based on the analysis of radiation patterns of
the left model of Fig. 2. It found the most of the
radiation from the microstrip arises from sides 1 and 3.
On the other hand, the radiation from sides 2 and 4
vanishes almost compl etely.

Using the aternative aperture model shown on the
right of Fig. 2, one obtains identical expressions for the
magnetic current densities J,,,; along the four sides, and
therefore, identical radiation patterns. The integration
surfaces are now dS=hdy for sides 1 and 3, and
dS = hdx for 2 and 4.
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