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Experimental Study on the E-plane Coupled
Rec tangular Microstrip Patch Antennas :

Microstrip Line Fed Case
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ABSTRACT In this paper, applying the REC model which characterizes the coupling between the radiating edges to two
coupled rectangular microstrip patch antennas, we obtain scattering parameters |S, | and {S,| for the various coupling sep-
arations, Se == 0.5mm, 1.0mm, 1.5mm, and 2.0mm. The calculated values are compared with the measured values, For the recta-
ngular microstrip patch antenna with a parasitic element which is gap-coupled to the radiating edges of the rectangular
patch, calculated return losses using the REC model are compared with measured values. Here, the each microstrip antenna
is fed by a 500 microstrip line. The purpose of the paper is to compare a 50 Q microstrip line fed case with a coaxial fed
case treated in Ref

1. INTRODUCTION
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Rectangular microstrip patch antennas have
been used in recent years in a broad spectrum
of applications. This popularity is due to their
inherent advantages such as simple geometry,
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low profile, light weight, ease of production, and
conformality to a given surface. But these ante-
nnas have a major disadvantage in that they
have a very small bandwidth. Broader bandwidth
in rectangular microstrip patch antenna has been
experimentally achieved by use of a log-periodic
structure™? or a gap-coupled microstrip patch
antenna®®,

An equivalent model (E-plane coupling model)
representing the gap coupling betweeen radiating
edges is initially proposed by Krowne®®, And
several authors”® have experimentally shown
that the narrow bandwidth of the rectangular
microstrip antenna can be improved by using
parasitic elements, or multi-resonators which
are coupled to the radiating edges of the pat-
ches,

In this paper, applying the Radiating
Edges-Coupling (REC) model" and the radia-
tion admittance™ to two coupled rectangular
microstrip patch antennas fed by a 50Q micr-
ostrip line, we obtained the numerical results
in terms of S-parameter values |S,| and |S,| for
the various separations, Se = 0.5mm, 1.0mm, 1.5mm,
and 2.0mm. The calculated values are compared
with measured values for each case,

Rectangular microstrip patch antenna which
is coupled to a parasitic element and fed by a
50Q microstrip line is also considered. Return
losses as a function of frequency are calculated
and measured for the various coupling separat-
ions, Here, experiments had been performed
in the frequency range of 2.5-3.5 GHz. The
antennas were fabricated in Teflon substrate
with relative dielectric constant €r=2.6 and
thickness h=0.155cm. Measurements were
carried out with HP-8746B S-parameter Test
Set, And this paper is presented to compare a
50 Q microstrip line fed case with a coaxial fed
case treated in Ref%, which proposed theoreti-
cally the REC model,
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II. TWO COUPLED RECTANGULAR MICRO-
STRIP PATCH ANTENNAS

Geometry of two coupled rectangular micro-
strip patch antennas is shown in Fig.1. Here W
and L are the width and length of single patch,
respectively. Se is the coupling separation bet-
ween the radiating edges. The each microstrip
patch is fed by a 50Q microstrip line, X is the
distance of the feed point from the corner. h
is the substrate thickness and €r is a dielectric
constant.
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Fig. 1. Geometry of two couled rectangular microstrip patch
antennas,
(for a 500 microstrip line fed case)

Applying the REC model and the radiation
admittance to two coupled rectangular microstrip
patch antennas, we obtain an equivalent circuit,
as shown in Fig.2. In Fig.2, the radiation adm-
ittance of the rectangular microstrip patch
antenna is composed of a parallel combination
of a radiation conductane and a capacitance
given in {11-12]. The REC model which char-

L7 H 7

=

port | port 2
Fig. 2. Equivalent circuit of two coupled rectangular mic-
rostrip patch antennas. (for a 50 microstrip line
fed case).
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acterizes the coupling between the radiating e-
dges 1s composed of the radiation conductance,
series and shunt capacitances proposed in{10].

Yo is the characteristic adm.ttance in the
patch and is given by®*®

_Wavees ()
g2V Ee
7?0!]
where
_1
_ert 1 er—1 h 2
cerr= | 1+ 105 ]

h . h
a=1-+1.393 -W+ 0. 667°w

In [}—VY+1.444]

and €eff is the effective dielectric constant. 7o is
intrinsic impedance in the free space.

The equivalent circuit shown in Fig2 is a
two-port network cascading seven successional
transmission matrices from port 1 to port 2.

The entire transmission matrix [T] is repres-

ented as™
[,r] — | ‘22 ]
Ta To

= (Tve) [Te [Tsh.] (Ts) (Tsn) (Trad

(Tye) (2)
where [Tye] and [Ty x] represent the transm-
ission matrix of the equivalent radiation admi-
ttance and transmission line L-X, respectively,
[Tsn] and [Ts] represent the shunt and series
element matrices of the REC model, respectively.

Each transmission matrix is expressed as
follows :

[Tve:] = 1 0 [
Ye 1

(TL-x)J=1] cosB(L—X jY—losinﬂ (L—X)

i YosinB(L.—X) cosg (L—X)

[Tsh] = 1 0
j wCsn 1
1= 1
[TSJ 1 G"{"] (A)Cs
0 1

2 . .
and g = ‘A: v eesr is the propagation constant

in the patch. A, 1is the free space wavelen-
gth and an equivalent radiation admittance Ye,
transforming the radiation admittance throu-
gh distance X, is

Y+ Yetan 8 X

Ve Yo g T Y iang X

(3)

Scattering mattix [S] which characterizes the
coupling of two rectangular microstrip patch
antennas can be obtained by transforming the
entire transmission matnx[T]. Hers, |Sy|=|S,|
and |S,|=|S,| because of symmetrical network.

Table I. Specifications of two coupled rectangular micr-
ostrip patch antennas,

Patch Patch
Length | Width
Lem] | W [em]

3.02 37 0.155 2.6 0.894

Substrate Dielectric | Feed
Thickness Constant | Point
h {em] er X[em]

Specifications of the antennas considered here
are listed in Table I. X means a 50 Q feed point
whose input impedance of the rectangular
microstrip patch antenna is egual to 50. The
antennas are fabricated in Teflon substrate
‘CGP-512" with relative dielectric constant er =
2.6 and thickness h = (,155¢m. Measurements
are carried out with HP-8746B S-parameter Test
Set in the frequency range of 2.5-3.5 GHz.

The calculated values of |S,| and |S,,| are
compared with measured values for the coupling
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separations, Se =0.5mm, 1.0mm, 1.5mm, and 2.0mm,

respectively.
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Fig. 3. Measured and calculated S-parameter values as
a function of frequency for Se = (.5mm, (for a 500
microstrip line fed case)

@18yl (b)IS,!

Figs. 3 (a) and (b) illustrate the calculated
and measured values of |S,| and |S,,| for Se =
0.5mm. From these results, it is observed that the
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Fig. 4. Measured and calculated S-parameter values as
a function of frequency for Se == 1.0mm. (for a 500
microstrip line fed case)
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REC model is more accurate than the previous
(5)

E-plane coupling model proposed by Krowne®’,
In Figs. 4-6, it is also observed that calcuoated
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Fig. 5. Measured and calculated S-parameter values as
a function of frequency for Se==15mm.(for a 500
microstrip line fed case)
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values using the REC model are in fairly good
agreement with measured values., From the
calculated and measured results of S, in Figs,
3-6, it is obvious that the wider the coupling
separation becomes, the smaller the swelling
diminshes, the sharper the dip becomes, and the
lower the dip frequency shifts. Therefore it can
be deduced that when the coupling separation
1s sufficiently increased, |S,| of the two coupled
rectangular microstrip patch antenna is interp-
reted physically as the return loss of the single
rectangular microstrip patch antenna. Then, the
Dip frequency approaches the resonant frequency
fo=2.910 GHz of the single rectangular microstrip
patch antenna, given in [11]. In Figs, 3-6, the
discrepancy between the measured and calcul-
ated values in the vicinity of 2.5 GHz and 3.5
GHz, respectively, may be caused by the disc

ontinuity between the patch and the microstrip
feed line. Meanwhile, when the patch was fed
by a coaxial line instead of a 50 microstrip
line, respectively, the measured values were in
fairly good agreement with the calculated values
in the whole frequency range of 2.5-3.5GHz, as
described in [10].

[I. RECTANGULAR MICROSTRIP PATCH
ANTENNA WITH A PARASITIC ELEMENT

Rectangular microstrip patch antenna with
a parasitic element, which is coupled to the
radiating edges between the patch and a para-

parch Parunitee clowent

MH— Ly

£
£
=

S0 A

Fig. 7. Geometry of the rectangular microstrip antenna with
a parasitic element. (for a 500 microstrip line fed
case)
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sitic element, is shown in Fig.7. Here Se is the
coupling separation between the patch and the
parasitic element, The antenna is fed by a 500
microstrip line and X is the same as given in
Section [[.

The antenna with the parasitic element shown
in Fig.7 is represented by the equivalent trans-
mission line model™, as shown in Fig.8. The
REC model™ represents the gap coupling betw -
een the radiating edges, and Y is the radiation
admittance of the radiating edges™'?,

Fig. 8. Equivalent circuit of the rectangular microstrip
antenna with a parasitic element. (for a 500 mic-
crostrip line fed case)

In Fig.8, the input admittance of the antenna
can be written as"®

Yini Yo+ Yo (4)
where

oy YHiYetangL
Ys Yo YotjYtangBL.

Ys < Y-s iYsh

_ Y5 Ye
Ye Ys! Ys' Ysh ](UCsh

YetjYortang (L—X)
Yot YstanB (L—X)

Yo” Yn

Y +iYeuangX
Yo Y"Yo biY-tan 8 X
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The return loss of the antenna is defined as

RL=20 log | i;% (5)
ini

where ?ml 1s the input admittance normalized
to1/500.

Specifications of the patch and the parasitic
element considered here are given in Tabie T.

Figs. 9-12 give comparisons of the calculated
and measured return losses for the various cou-
pling separations. In Fig.9, the return losses
calculated by using the REC model™ are com-
pared with the measured results and with those
calculated by using the previous E-plane coup-
ling model® for Se=0.5mm. It is observed in
Fig. 9 that the measured values are better
agreement with the calculated values using the
REC model than the calculated vaiues using
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Fig. 9. Measured and calculated return losses as a function
of frequency for Se =0.5um. (for a 500 microstrip
line fed case)

previous E-plane coupling model, Fig. 10-12
compare calculated results using the Rec model
with measured results for Se=10.mm, 1.5mm,
and 2.0mm respectively. It is observed from Figs,
10-12 that the calculated values are fairly good
agreement with the measured values.

As discussed in Section [I., the calculated
results are also not in good agreement with the
measured results in the vicinity of 2.5 GHz and
3.5 GHz, respectively,

IV. CONCLUSION

In this paper, applying the REC model to two
coupled rectangular microstrip patch antennas
fed by a 500 microstrip line, we obtained the
calculated values of |S,| and |S,,| for the various
coupling separations, Se = 0.5mm, 1.0mm,1 . 5mm 2.
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Fig.10. Measured and calculated return losses as a function
of frequency for Se =1.0mm. (for a 500 microstrip
line fed case)
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Fig.11. Measured and calculater! return losses as a function
of frequency for Se =1.5mm. (for a 500 microstrip
line fed case)

mm., And the calculated values were compared
with the measured values for each case. For a
50Q microstrip line fed case considered here,
the calculated results were not in good agreement
with the measured results in the vicinity of 2.

5 GHz and 3.5 GHz, respectively.
In addition, similiar results were obtained for

the rectangular microstrip patch antenna with
a parasitic element, which is coupled to the
radiating edges between the patch and the
parasititc element,and fed by a 50Q microstrip
line, This is probably due to the fact that the
discontinuity between the patch and a 50 Q m-
icrostrip feed line occured. In the case of a c—
oa xial line feed, as described in[10], the mea-
sured values were in good agreement with the
calculated values for the whole frequency range
of 2.5-3.5 GHz, Therefore, we think that for the
82
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Fig.12. Measured and calculated return losses as a function
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microstrip line fed case an equivalent circuit
model for the discontinuity between the nonr-
adiating edges of the patch and the microstrip
feed line is required,
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