
Defence Science Journal. Vol 46. No 3. July 1996. pp 127-134
<e) 1996,DESIDOC

Effect of Feed Location on Rectangular Microstrip Antenna
at TMll Mode
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ABSTRACT

The variation of 2:1 VSWR imjJedance band width with the change of feed location, at TM)) mode
excitation is studied exJx:rimentally. Experimental investigations revealed that the 2: I VSWR impedance
band width of a rectangular microstrip patch antenna at TM)) mode could be improved by proJx:dy choosing
the location of the feed point along one of the radiating edges; and this is verified theoretically. This
investigation may be useful for low gain microstrip antennas with conical radiation patterns.

I
,

I

i
I

I

I. INTRODUCTION

A microstrip antenna with higher order mode
excitation can be'used as a land mobile antenna or for
satellite communication 1. The 2:1 VSWR band width
of a microstrip antenna is 2-3 per cent of its resbnant

frequency. Experimentally, an appreciable
improvement in 2: I VSWR impedance band width is
achieved2 by exciting the antenna at TMll mode and

properly locating the feed point along the edge of
the antenna. In this communication, the variation of 2: I

VSWR impedance band width with the change of
feed location, at TMll mode excitation, is studied

experimentally. At TMll mode, by shifting ule feed
location along one of the edges of the antenna which

corresponds to the non-radiating edges for fundamental
mode, an improved 2: 1 VSWR impedance band width
(maximum of 6.5 per cent) was achieved. The
measured results are confirmed by the use of both the
transmission line model and the cavity model. The
theoretical and measured conical radiation patterns at
TMIl mode are also presented.

4
further developed by Dearnley and Barel by

incorporating change in equivalent length and feed

offset to determine the input characteristics over a

large band of frequencies. In the Transmission line

model, the rectangular microstrip antenna is

represented by an open-ended transmission line with

characteristic admittance, propagation constant and

physical length.

The input characteristic of the rectangular patch4
is given by

. 2 r;; + >7 + 2Y s Yo coth (yL) -2Y m Yo csch (yL)
Ypatch = Yo 2 2 2

(Yo + Y~) coth (yL) + (Yo -Yt) cosh (2y6o11>

1 (1)
x

csch (yL) + y s yo

whereI

(2)y2-v2 y2 d A - II -s + m an ~off -

2. THEORYt
2.1 Transmission Line Model

The transmission line model for microstrip
3

antenna. developed by Pues and Van de Capelle .was

-
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1 ~'- xi I
yo= the characteristic admittance of the patch,

'Y = a + j~ is the complex propagation constant,

where a is the attenuation constant (the copper and

dielectric loss is accounted by a) ys, the

self-admittance, and Ym, the mutual admittance, are

determined from) and coth(z) and csch(z) are the

complex hyperbolic cotangent and cosecant functions
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where

z -X( y( I (14)

eq-.1 2!2 .2-Z
jim xf+n Yf

where Leq is the equivalent mode length.
I

From the~ two relations for the determination of

equivalent offset term, it h\ls been found that Eqn (12)

gives better results than f.qn (13)4.

Then, the'total ~nput admittance of a

rectangular patch is ,
I[ 1 1 1 1 : 1

] -I (15)

y patch = - y + -;;- + -y + -;r + -
y10 ~01 II IZl 12

I(a) When In = 1 and n = 0, then Lmn = L + 26L, sp

Ltq = Land Wtq = W
1

(b) When In =Oandn=l,then Lmn= W+26W,so
'Ltq = Wand W tq = L

(c) The Eqns (4) and (5) should be equal for other

conditions.

Two simple solutions can easily be derived so

that the first two conditions' are satisfied, i.e..

where

Ymn =

2Yu.'...Y~ = Y! :!: ~Y.r YO-~0~.,~~q~ --iYm~o C~c.h.(y~e.

(YO+Y;)COth.(yLeq)+( YO- ri)~Sh(2YAeq)CSCh(yleq)+ 2Y s Y

(6)

(17)
(7)

(J8)or

(16)

Now for a micros,rip antenna, fed coaxiaily, the

induc~ive reactance. of'the feed (XL) is added up in

'series with the patc~ impedanc~ Thus the input

impedance Zpalch would be

I I
Zpalch = -vr- + j X feed

~ patch

The probe reactance is given by4
1

~ln
[ 4C ]~(J)d..fi;I X feed =

27tc,
where ~= 1.781072,

2.2 Cavity Mbdel

It is of interest to invJstigate the variation of

input impedance of a rectangular microstrip antenna by
cavity model when TMll mode is excitfd. Modelling
the rectangular patch5,6. bounded at its toq and bottom

by electric walls and on its sides by magnetic walls.
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the z-di~ected electric field inside the cavity can The input impedance of a recJangular micros trip

be writtJn as antenna, w-hen TMll mode is excited, feeding at the

~ point (Xo, yo), is computed using the relation
I

y2 (23)

I n1tX (19)
E = Eo cos cos --

% a 1 b

Thi resonance freq\lencies for TM II mode can be

compute(l from the generalised formula 7.

m~

Zin= Pd + Pc + Pr + 2jro (We -WIn)

where

j;+U;;(;;)J

(20)I
vo nm

fr= +
2

~'f(b) ]
v h Eo (m7tXo ) ( n7tYo ) j =-cos- cos -

..[2 a, b

is the r.m.s. value of excitation voltage.where,

2.3 Variation or Input Impedance with Feed
Position in Fundamental ModeEeff=

t:eff(a) tor (0,11) m~des

e!ff(b) fof(m,O) modes
I

£rff(a) £eff(b) " ( 0 I

0) d.lor m ~ n ~ mo e~

.£r I
vo is the velo~ity of light it:1 free space. The

expression for effective dielectric ~erittivity £ell and

line extensions t..a(b) and Ab(a) can be founds.

Far-field components of a rectangular
microstrip an\enna may ~be calculated9 considering
the radiator as a set of four slots of equal width, c.
Th.e sl<!>t-width may be cohsidered as equal to the
substrate thickness, h. Then far-field componen~s for
any mode become .

Eo = [ Ex (~,.11) cost + Ey (~, 11) sin(p ] R (21)

Elp = [ Ex (~, ~) sin<p + r:y (~, 11) ci>s<p cose J R (22)

where
Figure I. Rectangular mlcrostrlp antenna.

.I
The microstrip antenna configuration is shown in

Fig. l)n the funda~ental mode (TMlO), the impedance
of a rectangular microstrip antenna is independent of

feed position along the radiating edges (along y-axis),
and this is due to constant vertical electric field

along these edges. But for this mode, the impedance

varies along the non-radiating edges (along x-axis)
because there is a sinusoidal variation in the vertical

electric field along these edges. The impedance
variation of a rectangular patch antenna along the

non-radiating edges is already reported5,6,ll which
show that the impedance increases from zero to a

certain maximum value, as the feed point is shifted from

the centre to the edge of the patch antenna. Though

inI>ut impedance changes with feed position along
non-radiating edges, the theoretical and experimental
results ofiFig. 2 reveal that the impedance band width

cannot be impro~ed in TMlO mode. The design
parameters for Fig. 2 were £r= 1 ~5, h = 0.3048 cm.,

a = 3.65 cm., b = 2.4 cm.

27t

R =j Ko ex~(~j Ko r)

27tr
J

~ = ko sjne CO~
I
.I

11 = ko sjne ~jn(j), ko = ~

Ex (~, 11) = [ (-1 -(-jl)l) j sj~

-CO{ ~f)] .h .E. ~ .kjn(;I,~ ~ }. I

. ( b' n7t)" ( 1) . ( b' n7t

smc 11.2+2 j+ -n .smc 112-2

Ey (~, 11) = [ (-i -(~I)n) j Sj{ 11 ~

co{ 11 ~)] .h .E. ~ .Sjnc( 111) J.m

( , ) { , .a m7t m .a m7t
smc ~.2+T +(-1) .sIn ~2.-T

sinc(x) = sjn(x)/x and b. = b+h. a' = a+h

)]
+ (1-(-1}"}
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Figure 2. Variation or Input Impedance with reed location at TMIO mo~e.

,

2.4 Computed & Measured Date in TMll Mode

A few ~icrostrip antennas were fabricated on
PTFE substtate with relative dielectric constant of

2.55 and thickness of 0.3048 cm. The measured
results of one of them is presented here. The antenna

was .fed by a coaxial SMA connector and t~en TMll

mode was excited. The input impedance of such anI
antenna around the: resonant frequency was ~easured

by an HP 84108 network analyser. The antenna

configuration is shown in Fig. 1. The pbtch dimension
was 3.65 .cm x 2.4 cm, The measured resonance

frequency was 4.61 Ghf. At TMII mode, the feed
location was varied along, x-aXIis (which corresponds to
the non-radiating ledge at fundamental! mode). The

I
variation of resonance resistance with, feed location

at TMII mo.de is shown in fig. 3. The variation of
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EXPERIMENTAII.

CAVITY METHqD

TRANSMISSION LINE MODEL
I
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Figure 3. Variation or ~esonance resistance with reed location

along x.dlrect~on at TMil mode.
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Figure 4. Variation or 2:1 VSWR Impedance band width with

reed location at TMll mode.

-0-0- EXPERIMENTAL

-v-y- TRANSMISSION
LINE MODEL

..CAVITY METHOD

d = 0.6 cm

fr = 4.6 GHz

0
I/)

'P",

\
~

8-
4.5 GHz

x--: x~

/<-"' A ,. y I
'"- " 2:1 VSWR CIRCLE

I
o
...

o
o0

4.7 GHz

0
I;")

Figure S. Impedance pattern at TM1I mode (reed position d = 0.6 cm, Where ma¥lmum band width Is obtained).
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2:1 VSWR impedance band width with feed
location is plotted in Fig. 4. Maximum band width of

about 6.5 per cent was achieved when feed location,
d = 0.6 cm. The measured impedance plot using 2: I

VSWR circle on Smith chart is compared with the
theoretical models, as in Fig. 5. Now the feed

location is shifted along y-axis (which
corresponds to the radiating edge at fundamental mode)

and maximum 2: 1 VSWR band width of 3.4 per cent

was achieved at TMll mode.
,

Measured conical ra'diation patterns at TM 11
mode are compated with theoretical patterns in
Fig. 6(a). and Fig. 6(b); for <p = 00 and <p = 90°

planes, respec~ively. The ripples in the measured
radiation Ipatterns are due to diffraction from finite

ground plane (7.1 cm Ix 4.8 cm).
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4.3. CONCLUSION

A mictostrip antenna with higher order mode
I

excitation can be used as a conformal mobile orI
satellite a~tenna. The characteristics of a rectangular

microstrip antenna in respect of 2: 1 VSWR "and
width at fir~t higher'order mode (TM11), are reported
here. Both the theory and measurement reve,al that
by properly choo.9ing the feed loclation, higher 2: 1

VSWR impedance band width can: be achieved at

TMil mode, as compared to the fundhmental mode.
I
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