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Analysis of a New Compact Microstrip Antenna

Jacob George, C. K. Aanandan, P. Mohanan, and K. G. Nair

Abstract—A new compact microstrip antenna element is ana-

- lyzed. The analysis can accurately predict the resonant frequency,

~ input impedance, and radiation patterns. The predicted results

are compared with experimental results and excellent agreement

is observed. These antenna elements are more suitable in appli-
cations where limited antenna real estate is available.

Index Terms— Microstrip antennas.

I. INTRODUCTION
\ MICROSTRIP antennas are popular and are getting in-

creased attention due to their excellent advantages.

different geometrical shapes are used [1]. Nowadays,
archers are interested in the design and development of
mpact microstrip radiating elements [2]-[6]. Recently, the
ors have experimentally demonstrated the development of
uch a new compact microstrip antenna [7]. The proposed
ntenna does not have a regular geometric shape and, hence,
lytical techniques such as transmission-line model [8] and
ity model [9] cannot be used directly. However, popular nu-
| techniques like finite-element method, finite-difference
omain (FDTD) methods, etc., could be used for the
s [10], [11]. Here a computationally efficient method is
ted since the geometry of the proposed antenna could be
ivided into few regular and simple geometric shapes
h less effort.
paper, the generalized cavity model [12] and the spa-
er transform technique [13] are suitably modified for
sis of the proposed compact antenna configurations.
is can accurately predict the resonant frequency, in-
ce, and radiation patterns. The method is validated
parison with experimental results.
pnetic wall model of the patch is developed by
the fringing fields at the periphery by outward
t edge extensions equal to the height of the substrate.
lization of the patch with magnetic wall model
Fig. 2(a). The feed point is specified in terms of
S (X(), YO).

II. ANALYSIS

of the new compact antenna with the coordi-
shown in Fig. 1. The radiating patch is etched
of dielectric constant €,. and thickness A.
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Fig. 1. Geometry of the proposed compact microstrip antenna with coordi-
nate system.
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(a) Top metallization of the compact antenna showing various

Fig. 2.
physical di and c wall model. (b) Segmentation of the
equivalent geometry shown in (a) in terms of triangular and rectangular shapes.
(c) Aperture model of the antenna with six radiating slots (S1, S2, - -+, S6).

The equivalent geometry obtained after giving edge exten-
sions is then divided into different segments [I, II, III, IV, and
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(a) (b)

(c)

Fig. 3. The three antenna configurations used for the analysis. (a) Antenna
Ay =45, h=016cm W, =1cm, b= 3.0 cm, L = 3.4641 cm,
La = 60°, Xy = 1.50 cm, Yy = 0.87 cm). (b) Antenna B (¢, = 4.5,
h=0.16cm W, =1cm, b = 44641 cm, L = 3.4641 cm, La = 45°,
Xy = 1.92 ecm, Yy = 0.92 cm). (c) Antenna C (¢, = 6, i = 0.065 c¢m,
W.=1cem,b=70cm, L = 3.4641 cm, L& = 30°, Xo = 2.30 cm,

Yo 0.75 cm).
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Fig. 4. Variation of input reactance with frequency for the antenna A.

V as given in Fig. 2(b)] of rectangular and triangular shapes
for which Green’s functions are available [141, [15]. As the
Green's functions of 30° - 60° 90° and 45° 45°-90° triangles
are available, mainly three-symmetric antenna configurations,
as shown in Fig. 3, are analyzed here. The theory can be
extended to other configurations as well.

The different segments are assumed to be connected at a
number of interconnection points only. The total intercon-
nection length is divided into a number of ports (port width
< A,/20, A, is the intrinsic wavelength in the patch) and
the interconnection points are associated with ports as shown

E-FIELD VARIATION
'
w-b

DISTANCE ALONG PERIPHERY

Fig. 5. Variation of normalized electric field along the periphery of antenna
A for the TMo mode computed. — — — — — cosine field variations (along
AB, CD, DE, and FA) and constant field (along BC and EF).

in Fig. 2(b). The segments are treated as multiport plan
networks and the Z matrix of them are evaluated as [16]

—
»e L 1 Yy o

where Z; is the %, jth element of the Z matrix of the segment,
and W;, W; and PW;, PW; are the effective and physical
widths of the ith and jth ports. The Green’s function G°
depends on the shape of the segment.
For the rectangular and triangular segment, (1) is evaluated
by using the Green’s functions as given in [16].
Now multiport connection method [16] is used to combine
the Z matrices of the individual segments to get the overall
Z matrix and, hence, the input reactance of the lossless cavity
under the patch (neglecting the radiation, conductor, dielectric,
and surface wave losses). Fig. 4 shows the typical variation
of input reactance with frequency for the structure shown
in Fig. 3(a). An extremely large value of the input reactance
indicates resonance [12]. A similar variation is observed for
the other antennas shown in Fig. 3. The theoretical resonance
frequencies obtained for the three antennas A, B, and C are
848, 695, and 468 MHz, respectively. The corresponding
experimental values are 828, 706, and 477 MHz. In all the
above cases, the patch area is less than 35% of a conventional
rectangular microstrip antenna fabricated on the same substrate
and resonating at the same frequency. The patch area of
antenna A is 24.25 cm?, whereas the area of the corresponding
rectangular patch is 88.77 cm?. i
To get the actual input impedance variation, the energy lost
should be incorporated as an cffective loss tangent by [9).
The effective loss tangent modifies the dielectric constant (o
a complex value, which, in turn, modifies the wave number
to an effective value, k. The modified wave number will be
uscd for the evaluation of Green's function of the segments
and the overall impedance matrix is evaluated once again to
obtain the actual input impedance.
To get the radiation pattern and the effective loss tangent,
the Z-directed electric field distribution in the patch is to be
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Fig. 6.
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H-PLANE RADIATION PATTERN

Theoretical and experimental E-plane and H-plane radiation patterns of the antenna A.

THEORETICAL
——  MEASURED

mined. The Z-directed electric ficld in a segment is given

B2 =25 [ Gl a(on) o @
is the continuous current density at the interconnection
n segments. It is obtained from the RF port currents
m [17]. The port currents are determined from the
nce matrix elements of different segments [12]. Fig. 5
he computed electric field variation (normalized) along
hery of the antenna A. Similar variations are obszrved
two antennas. From these field variations the
tified as TMy,;. For the evaluation of radiation
curves of computed electric field variation along
in Fig. 5 are assumed (also shown in Fig. 5) to
arter wave along the hypotenuse of the triangular
 and constant fields along all other sides (sides of
ents constituting the periphery of the antenna). From
is found that the assumed and the computed electric

.\ ) H. ?r.. t: [P

. Theoretical and experimental impedance loci of the antennas A, B, and (.
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(a) Antenna A.

field variations along the periphary closcly resembles and the

former is used as aperture excitations for the computation of

the radiation pattern.

Aperture model [13] of the antennas are constructed by
putting six radiating aperture slots (S1, S2, ---, S6) along the
periphery of the antenna as given in Fig. 2(c). The slots are
assumed to be having a width equal to the diclectric thickness
(h).

For all the above antenna configurations (A, B, and C), the
aperture excitation field £, corresponding to slot S is given

by

[
b ot 1n7r(b+2'+.1,)
2(b+ %)

h h
—(b+ E) fe< (b+2) 3)

A similar expression with appropriate limits can be used for
slot S4.
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N/

Fig. 7.

For the slot S2, the aperture excitation field £, is given by

nm Y
R T (11: new S . )
S1I ey

le new
—(lpuew)sina <y <0 (4)

h
lp new — (lp o E)

m, n are the mode numbers and Fy is the maximum amplitude
of aperture excitation. Similar expressions with appropriate
limits can be used for representing the aperture excitations
corresponding to S3, S5 and S6.

The far-field components produced by these aperture excita-
tions are determined by taking their spatial Fourier transforms
[13] as follows:

Linax Yuax
F (i) =/ / Bt %y dy dy (5)

Ywiin

E, = Ey cos{

where

where

k.. = kosinf cos ¢
ky = kosinfsin ¢

0

2
ko = :\1 Ao is the free-space wave length.
0

The slot excitation field £, and the limits of integration
varies according to the radiating slots.

THEORETICAL e
—w—: MEASURED
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(Continued.) Theoretical and experimental impedance loci of the antennas A, B, and C. (b) Antenna B.

For TMy; mode, the far-field contributions from £ and £y
have only Y-directed components and those of Ly, £, L
and Fs have both X and Y-directed components. The total
X-directed (E,) and Y -directed (£,) components are given
by

y O E:j:zfcjk‘“'(;jk”s"” ST fcjk;us,, cjky.sﬁy
ey szfcjk"“(:jk'”“ B, Lﬂnsudk 33y

Ey = Elfcjk‘“’cjk”"" +E4fl:’lk auc]k,uay
< Ezyfejk,ug,ejk,au, =y an',cjk:83rcjk”33y |

(6)

5yfe.1k=55=c]ky’5y a3 Esy!.c]kxuﬁscjkysﬁy‘

E\ 5 and E4y are the Y -directed far-field components produced
by slot excitations £ and Ey, respectively. Ea. 5, E3u.5, Eser,
and Eg,s are the X-directed far-field components produced
due to aperture excitations £y, E3, E5, and Eg, respectively.
Eays, Esys, Esy5, and Eg,y are the corresponding Y -directed
far-field components. (S1., S1y), (S22, S2y), * * *, (6, Sey) are
the coordinates of the center points of the slots S1, S2, -+,
S6, respectively. The total far field produced can be obtained
as in [13].

The experimental and theoretical radiation patterns of the
antenna configuration in Fig. 3(a) in the two principal planes
are shown in Fig. 6. The cross polarization patterns of the
antenna in both the planes are measured and also plotted in
Fig. 6. The other two antennas (B and C) behave in a similar
manner.
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The total radiated power (F,.) is computed by [13] and can
2 used for the calculation of quality factor and gain. The
redicted and measured gain of antenna A is found to be 6.04
B and 5.86 dB, respectively.

The total stored energy under the cavity (Wiotal) is deter-
[1] by adding the time-averaged electric and magnetic
eld energy under each segment and is given by

Watotal = Weeer + 4Wtria.ngle (7)

Wieet and Wigiungle are the stored energy under the
tangular and triangular segments, respectively.

stored energy under all the segments are computed by
the same subroutine. This method does not involve the
egration of Green’s function and, hence, is computationally
e efficient. As the conductor, dielectric, and surface wave
ses are not significant at low frequencies and for lower
er modes, the quality factor at the operating frequency fo;
given by

27I'f01 Wstutal i
QR —— = —.
! S Oeff ®)
wave number will be modified as
k'ezﬂ' = kgfmr(l ot j‘seﬂ) (9)

€.« is the effective dielectric constant. The modified
etive wave number will be used for the evaluation of
en’s function in (1) to get the actual input impedance
ation. Fig. 7(a), (b), and (c) shows the theoretical and

ig. 7. (Continued.) Theoretical and experimental impedance loci of the antennas A, B, and C. (c) Antenna C.

experimental input impedance variation for the three antennas
A, B, and C, respectively.

III. CONCLUSION

A new compact microstrip antenna suitable for array appli-
cations is analyzed for resonance frequency, radiation pattern,
and input impedance. The theoretical results are validated
through experimental observations. These antenna elements
may find applications in large arrays, where array size is a
major concern.
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