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

input impedance, and radiation patterns. The predicted results Y
are compared with experimental results and excellent agreement
is observed. These antenna elements are more suitable in appli- 7 / Z
cations where limited antenna real estate is available. /
Index Terms—Microstrip antennas. //
/ X
I. INTRODUCTION

ICROSTRIP antennas are popular and are getting in- ,

creased attention due to their excellent advantages.
ing different geometrical shapes are used [1]. Nowadays,
researchers are interested in the design and development l e,

Depending upon the application, microstrip antennas hav-

compact microstrip radiating elements [2]-[6]. Recently, the "

authors have experimentally demonstrated the development ofT b crounorae

such a new compact microstrip antenna [7]. The proposed. 1. Geometry of the proposed compact microstrip antenna with coordi-
antenna does not have a regular geometric shape and, heffie, system.

analytical techniques such as transmission-line model [8] and
cavity model [9] cannot be used directly. However, popular nu- __:
merical techniques like finite-element method, finite-difference
time-domain (FDTD) methods, etc., could be used for the
analysis [10], [11]. Here a computationally efficient method is
adopted since the geometry of the proposed antenna could bg,
readily divided into few regular and simple geometric shapes
with much less effort.

In this paper, the generalized cavity model [12] and the spa- | .
tial Fourier transform technique [13] are suitably modified for v ;
the analysis of the proposed compact antenna configurations.
The analysis can accurately predict the resonant frequency, in-
put impedance, and radiation patterns. The method is validated
through comparison with experimental results.

The magnetic wall model of the patch is developed by
replacing the fringing fields at the periphery by outward
equivalent edge extensions equal to the height of the substrate.
The top metallization of the patch with magnetic wall model
is shown in Fig. 2(a). The feed point is specified in terms of
the coordinategXo, Yo).
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Il. ANALYSIS

The geometry of the new compact antenna with the coordi-
nate system is shown in Fig. 1. The radiating patch is etched
on a substrate of dielectric constantand thickness..

(©

Fig. 2. (a) Top metallization of the compact antenna showing various
physical dimensions and magnetic wall model. (b) Segmentation of the
?guivalent geometry shown in (a) in terms of triangular and rectangular shapes.
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Fig. 5. Variation of normalized electric field along the periphery of antenna
A for the TMy; 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 planar
networks and theZ matrix of them are evaluated as [16]

1
zZ7 =
© Y WiW Jpw, Jpw,

Fig. 3. The three antenna configurations used for the analysis. (a) Antenn . .o .
Ag(gr =45 h = 0.16 cm, W, < lemb=3.0cm L = g’%ﬁ ():m’ wﬁererj is thes, jth element of theZ matrix of the segment,

Lo = 60°, Xp = 1.50 cm, Yo = 0.87 cm). (b) Antenna B, = 4.5, and W;, W; and PW;, PW; are the effective and physical
?{0—:0}69?&?}—:1 om ”C 5)_4-(*(1:)611”?;2}]’; z 5(?«4:6461 %m':i(;f 0354gm" widths of thesth and jth ports. The Green’s functiof?®
W.=1cmb=70cm L = 34641 cm, Za = 30°, X, = 2.30 cm, depends on the shape of the segment.
Yo = 0.75 cm). For the rectangular and triangular segment, (1) is evaluated
by using the Green'’s functions as given in [16].

1000 , — , 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,

G?®(s/so)dsdsg (1)

and surface wave losses). Fig. 4 shows the typical variation
ol of input reactance with frequency for the structure shown
I r 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
1000 . . Y SO 848, 695, and 468 MHz, respectively. The corresponding
775 825 875 experimental values are 828, 706, and 477 MHz. In all the
FREQUENCY IN MHz above cases, the patch area is less than 35% of a conventional
Fig. 4. \Variation of input reactance with frequency for the antenna A.  rectangular microstrip antenna fabricated on the same substrate
and resonating at the same frequency. The patch area of
V as given in Fig. 2(b)] of rectangular and triangular Sh(,jlp‘ggtennaA is 24.25.c?r,lwhereas the area of the corresponding
for which Green’s functions are available [14], [15]. As théectangular patch IS 88'7.7 ém .
Green’s functions of 30-60°—90° and 45-45—9C° triangles To get th_e actual input impedance yanatlon, the energy lost
: : . ) ._should be incorporated as an effective loss tangeft[9].
are avallab!e, mamly three-symmetric antenna conﬂguratlorﬁe effective loss tangent modifies the dielectric constant to
as shown in Fig. 3, are analyzed here. The theory can D& ,mpjex value, which, in turn, modifies the wave number
extended to other configurations as well. to an effective valuek.g. The modified wave number will be
The different segments are assumed to be connected gls@d for the evaluation of Green’s function of the segments
number of interconnection points only. The total intercorand the overall impedance matrix is evaluated once again to
nection length is divided into a number of ports (port widtildybtain the actual input impedance.
< A,/20, A, is the intrinsic wavelength in the patch) and To get the radiation pattern and the effective loss tangent,
the interconnection points are associated with ports as shotlie Z-directed electric field distribution in the patch is to be

REACTANCE iN Ohms
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Fig. 6. Theoretical and experiment&l-plane andH -plane radiation patterns of the antenna A.
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Fig. 7. Theoretical and experimental impedance loci of the antennas A, B, and C. (a) Antenna A.

determined. The&-directed electric field in a segment is giverfield variations along the periphary closely resembles and the

by [12] former is used as aperture excitations for the computation of
1 the radiation pattern.
EZ =3E/GS(5/30)J5(30)6530- (2)  Aperture model [13] of the antennas are constructed by

putting six radiating aperture slots (S1, S2;, S6) along the
Js (80) is the continuous current denSity at the interconnecti%riphery of the antenna as given in F|g 2(0) The slots are
between segments. It is obtained from the RF port currenissymed to be having a width equal to the dielectric thickness
as given in [17]. The port currents are determined from t ).
impedance matrix elements of different segments [12]. Fig. 5F0r all the above antenna configurations (A, B, and C), the

shows the computed electric field variation (normalized) alon . itation field: ding to slot S1 is ai
the periphery of the antenna A. Similar variations are observBgeriure excitation field, corresponding to sio IS given

for the other two antennas. From these field variations th¥

mode is identified as TH. For the evaluation of radiation mr(b+ % + z)
patterns, the curves of computed electric field variation along w
the periphery in Fig. 5 are assumed (also shown in Fig. 5) to 2

be cosine quarter wave along the hypotenuse of the triangular _ <b + ﬁ) < g < <b + ﬁ) (3)
segments and constant fields along all other sides (sides of o 2

the segments constituting the periphery of the antenna). Frénsimilar expression with appropriate limits can be used for

Fig. 5, it is found that the assumed and the computed electsiot S4.

F1 = Fgcos
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Fig. 7. (Continued) Theoretical and experimental impedance loci of the antennas A, B, and C. (b) Antenna B.
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For the slot S2, the aperture excitation fidld is given by For TMp; mode, the far-field contributions fro; and £,

have onlyY-directed components and those B, E3, Fs5,

E> = Egcos [n— (zp new + L)} and Es have bothX andY -directed components. The total
2lp new St X-directed(E,) andY -directed(E,) components are given
_(lp new) sin S Yy S 0 (4) by
where ik ik ik ik
h Eac :E‘gmfej mSSmeJ yS3y +E6mfej mSGmeJ yS6y
lpnew = <lp + 5) — ngfcjkwsh CjkySzy — E;ﬂ;fcjkwsh CjkySSy
Ey — Elfcjka:sla; Cjkysly + E4fcjka:s4a: Cjky&;y
m, n are the mode numbers aif is the maximum amplitude — Egyyciteran gt _ Fy ke gikys,

of aperture excitation. Similar expressions with appropriate
limits can be used for representing the aperture excitations
corresponding to S3, S5 and S6.

_ Esyfejkmsam cIFussy _ EGyfejkmsGm cIkusey

(6)

The far-field components produced by these aperture excits; and £,y are theY -directed far-field components produced
tions are determined by taking their spatial Fourier transforrby slot excitationsz; andEy, respectivelyEs, ¢, Esqr, Esxy,
[13] as follows: and Fg, s are the X-directed far-field components produced

Tax (U due to aperture excitations,, Es, E£5, and Eg, respectively.
F(E,) = / / E ekem ikt do dy (5) Eays, Esyf, Es,p, andEg, s are the corresponding-directed
Tmin  J Umin far-field components qi., S1y), (S2z, S2y), - - -, (S6x, S6y) are

the coordinates of the center points of the slots S1,.-52,

where S6, respectively. The total far field produced can be obtained
kr = kosinfcos ¢ as in [13].

ky = kosin fsin ¢ The experimental and theoretical radiation patterns of the

o0 antenna configuration in Fig. 3(a) in the two principal planes

ko = " Ao is the free-space wave length are shown in Fig. 6. The cross polarization patterns of the

antenna in both the planes are measured and also plotted in

The slot excitation fieldF, and the limits of integration Fig. 6. The other two antennas (B and C) behave in a similar

varies according to the radiating slots. manner.
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(Continued) Theoretical and experimental impedance loci of the antennas A, B, and C. (c) Antenna C.

Fig. 7.

The total radiated powelP,.) is computed by [13] and can experimental input impedance variation for the three antennas
be used for the calculation of quality factor and gain. Th&, B, and C, respectively.
predicted and measured gain of antenna A is found to be 6.04
dB and 5.86 dB, respectively.

The total stored energy under the cavity {.:.1) is deter-

mine (1] by adding e imeveraged lecinc and magnegch " COTPAC, ctosip antena utabl o ey ool
field energy under each segment and is given by y d Y, P '

and input impedance. The theoretical results are validated
through experimental observations. These antenna elements

7

@ may find applications in large arrays, where array size is a
where Wyeet and Wiviangle are the stored energy under thenajor concern.
rectangular and triangular segments, respectively.

Here stored energy ur_1der aII_the segments are cqmputed by ACKNOWLEDGMENT

using the same subroutine. This method does not involve the )
integration of Green’s function and, hence, is computationally 1he authors would like to thank Prof. R. Garg, of IIT,
more efficient. As the conductor, dielectric, and surface Wa\l;éragpur, India, for his helpful discussions.
losses are not significant at low frequencies and for lower
order modes, the quality factor at the operating frequefagy

is given by

I1l. CONCLUSION

Wstotal = Wrect + 4Wtriangle
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