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Fig (11) Current distribution
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Figure 11 depicts the current distribution
on the patch at three different resonant fre-
quencies when the TMI10, TMOI1, and
TM20 modes are excited.

Conclusion

We have simulated the characteristics of
a microstrip patch antenna by solving the
electric field integral equation in time do-
main. Our numerical results were compared
with measurements and the finite differ-
ence method results. The cavity model and
the current distribution on the surface of the
patch are used for modal analysis purposes.
Additionally, different mode excitations by
changing the position of the feed was dem-
onstrated. It should be noted that this meth-
od can be applied to any arbitrary shaped
microstrip patch antenna as a single ele-
ment or in array configurations in transmit-
ting and receiving modes.

v

X

Fig (1) Geometry of the problem

L

Fig (2) Wire grid model
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Continuity of the tangential electric field
on the antenna surface requires

SEM D=0 (8)

Considering that E; (M, t) is due to the
induced current on the antenna, we get

Es(M, ) =L (I (M, 1) 9)

Where L is the integro-differential oper-
ator derived from Mawell’s equations. The
integral equation for the induced current on
the antenna is [4]

N v R '*-‘ *
v_clvé?,t—t-—\,—,t =t-R /v (10)

Note thatg, represents the feed effect and
the integration is performed on the wires
that model the antenna. Finally, the resul-
tant equation is solved by the method of
moments in the time domain and the in-
duced current on the wires is calculated [4].
By taking the Fourier transform of the in-
duced current,the antenna parameters in the
transmitting and receiving modes in a wide
band of frequency could be calculated.

Comparison with Measurements
bas other Methods

Three rectangular microstrip patches
were analyzed and the results were com-
pared with measurements and the finite dif-

Amirkabir/Vol. 10 / No. 38

ference method calculations. The cavity
model and the current distribution on the

~patch were utilized for modal analysis of

this antennas.

First, a 1 cm x 1 cm square patch with a
dielectric substrate of g, = 2.33 and a sub-
strate height of 1.57 mm is examined. This
antenna is fed by a coaxial line and is excit-
ed by a Gaussian modulated transient volt-
age (Figure 3).

v (1) = vo e Ctmad  gin 2nf, (t - tmax) an

Figure 4 compares our calculated input
impedance with the finite difference results
in a wide band of frequency. Figure 5 repre-

sents the comparison between the calculat-

ed reflection coefficient of the second an-
tenna (w=3cm,L=15cm,h=1.57 cm,
and ¢ = 4.5) with measurements. Good
agreement between measurements and sim-
ulation could be observed. Figures 6, 7, 8,
9, and 10 display the input impedance of
the same antenna at different feed positions.
By changing of coax feed position, differ-
ent modes (resonant frequency) of this an-
tenna are excited. Table - 1 represents the
calculated resonant frequencies of different
methods. It shows that our calculations are
in good agreement with the cavity and fi-
nite difference method results.

Table (1)
Mode TMI10 | TMO1 {TM20
Cavity method
2357 | 4714 |4.714
(GHz)
Our method 155 43 5.95
(GHz)
Finite Difference va8 | 4 47 |4.928
(GH2) ' ' '
3




variable s. The radiated electric field can be
calculated from [3]:

EG,0=-Vo({, t)-—-t— )

The differential operators in the above
act on the observation coordinate variables.
Let s=5() ands =5 (r'), be the unit tangen-
tial vectors to C(r) at r and t: Then, the sca-
lar and vector potentials could be represent-
ed as:

L e-R
Eg[I(r,t C)ds' (3)

Art) =
4n R

and

'

1 J‘Q(P'st‘%)

o= =

4ney

The needed terms in equation (2) are:

oA Ho ,S\' R
—(r,t -1, t)d
Jt 0= 4n f )R 3t . 0d

and

‘v“q):__l_{ l-q(%',t')£—+j————a— (r',t)ds
cw) Js

4rgg | R?

4)

where§=5(7),5' =5, ds'=dsG),R= -7
The unprimed coordinates + and t denote
the observation point and the primed coor-
dinatest' andt =t- BC- refer to the source lo-
cation.
Noting that I1¢',t)=1(G",t) and

qG',t)=qG",t), the integro - differential
equation for the induced electric field due
to the filamentary current is obtained by
substituting (3) and (4) in (2). Thus:

RO

.
Ef,0=- ”" [
(4731 as R

$19 16
R ot

&)

I, - R a0 )!ds'

Equation (5) is generally valid for all
space and time except the source region.
Since the cross section of the wire is not
zero, Ir-r' 1 2 a (rand the current is assumed
to flow in the central axis of the wire, the
singularity of the equation is removed.

Formulation of the Rectangular
Patch

The metallic patch of the antenna is
modelled by wire grids situated on a dielec-
tric substrate as shown in Figure 2. Since
only the Green’s function of homogeneous
space is available, an equivalent dielectric
medium, e is introduced to represent the
air and dielectric layer combination [1].

Corr Er’f‘l{ '[Er‘l](]ng+lln4)}

2 2H' e+ 1

w/h<13

H‘:In’4—h~+'\/ 16 ()2 42
'w w

ger=Ert Ly &1 (4 1 by 055
2 W

€y -
W/h>13 (6)

First, assume the perfect conductor
wires are illuminated by a transient electro-
magnetic wave. Referring to the Figure 3,
the incident wave (E;, H;) is reflected
(E.,H,) by the ground and as a result, the
total field isE,=E, +E,. The total field (E,)
induces the current I (M, t) on the perfect
conductor wires which generate the scat-

tered field(E ¢, Hy). Thus, the total field is:

EM,0)=E,(Mt)+Eq M, 1) (7)
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Abstract

r
! The analysis of a rectangular microstrip patch antenna using a time-domain !
| method of moments approach is presented. The technique is capable of analyz- |
| ing the antenna characteristic over a wide - band of frequency in one applica- |
1 tion. The effect of coaxial probe excitation is also considered in the calculation of 1
! the radiation properties of the antenna and its input impedance. The time do- :
i main electric field integral equation of the wire grid model is solved by the
| method of moments. The calculated results of the input impedance and the re- :
| flection coefficient are in good agreement with measurements in a wide band of !

frequency.
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Introduction

Microstrip antennas are widely used in a
large number of applications due to their
light weight, conformability, and relatively
easy and inexpensive fabrication. Numer-
ous literature exists on analysis of micro-
strip antennas in frequency domain [1, 2],
but, few papers have discussed the time do-
main characteristics of this antenna {3]. In
this article, the wire grid model along with
a time domain method of moments is used
to compute the input impedance and radia-
tion properties of the antenna [4].

General Theoretical Approach
The starting point of our derivation is the
time domain Maxwell’s equations:
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___________________________ |
VxH=7+%2
t
VxD=p
VxB=0 (1)

Where, ¢, and p, represent the permitivi-
ty and permeability of free space and E
and are the electric and magnetic field in-
tensities. Furthermore, hnd p express the
volume current and charge densities of the
medium respectively. In our analysis, we
assume perfectly conducting bodies. There-
fore, the volume current density, j , is re-
placed by the surfaces current density, J ..
Additionally, the conducting surface of the
antenna are modelled by wire grids.

Fig-1 depicts a filamentary current I (r, t)
flowing on the path C(r) with the length



