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ABSTRACT

An antenna is an essential component of wireless communication systems that is needed in
both the transmitting and receiving terminals. In this project, an analysis of special type of
antenna called microstrip patch antenna is presented. Microstrip patch antennas are used in
several wireless applications such as global positioning system (GPS) receivers and radar
systems. In this project we have tried to analyze rectangular patch antenna by using three
methodologies namely (1) Transmission line model (2) Cavity model (3) Full wave analysis.
Primarily we have focused on full wave analysis. We have used METHOD OF MOMENTS
and GREEN’S FUNCTION to arrive at our analytical solution.

For the simulation part we have used CST MICROWAVE STUDIO Software to attain
desired results.The frequency range selected is from 1-20 GHZ.The CST Software uses the

Finite difference time domain(FDTD) technique in which analytical processing and modeling

are almost absent unlike other numerical techniques.




METHODOLOGY

The main objective of this work is to use three types of techniques namely:

1) Transmission line model
2) Cavity model

3) Full wave analysis.

We have tried to focus on full wave analysis by adopting GREEN’S FUNCTION and
METHOD OF MOMENTS.

We have used technique in the spectral domain to develop a full wave analysis of rectangular
patch microstrip antenna. The spectral domain full wave approach uses the exact green’s
function for the mixed dielectric nature of the antenna. The green’s function is employed in
the electric field integral equation formulation to satisfy the boundary conditions at the patch
metallization. The resulting integral equations are discretized into a set of linear equations by
means of moment method to yield a matrix equation. The solution of matrix equation
provides the current distribution on the patch metallization. The near and far field
characteristics of the antenna are then obtained from current distribution and Green’s

function.

For the simulation part we have used CST MICROWAVE STUDIO Software to attain
desired results.The frequency range selected is from 1-20 GHZ. The CST Software uses the

Finite difference time domain(FDTD) technique in which analytical processing and modeling

are almost absent unlike other numerical techniques.




CHAPTER 1

1.1 INTRODUCTION

An antenna is a transducer between a guided wave and a free space wave or vice-versa. The
data to be transmitted from point a to point through the atmosphere has to be converted from
its electrical form inside the transmitter into an electromagnetic wave that can propagate
through the atmosphere to reach the receiver station where it is converted back to an
electrical signal for further processing the part that converts clectrical signals into

electromagnetic wave and vice versa is called antenna.

1.2MICROSTRIP ANTENNA

Microstrip antenna consists of a radiating patch on one side of a dielectric substrate (Er <10)

which has a ground plane on the other side [1].

Radiating Patch

o @f/

i A L AT

Dvelectric substrate Ground Plane

Fig 1.1 Microstrip patch antenna configuration.

Whenever a microstrip antenna is excited by a feed, there will be charge distribution on the
upper and lower surfaces of patch as well as on the surface of ground plane [2]. The
occurrence of charges is due to supply by a microwave source. We take it as a sine wave, so
when there is supply from positive half cycle on the patch there will be positive charge
distribution on the patch, as a result there will be negative charge distribution on the ground

plane. When negative cycle of the sine wave will be supplied there will be negative charge

on the ground plane, as a result there will be positive charge on ground. So there will be force
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of attraction between opposite charges but there will also be force of repulsion between same

charges which are on the patches well as on the ground plane.

'f' w -

Fig 1.2 The charge distribution and current density on a microstrip patch antenna.

So net electric field will be cancelled out and there will be fringing effect due to charges

which are present at the edges and this fringing effect will cause radiation [3].

1.2.1 ADVANTAGES OF MICROSTRIP ANTENNA
e Light weight, low volume and thin profile configurations, which can be made

conformal.

e Low fabrication cost, readily amenable to mass production.

e Linear and circular polarizations are possible with simple feed.
e Feed lines and matching networks can be fabricated simultaneously with antenna
structure.

e Can be easily integrated with microwave integrated circuits.

1.2.2 LIMITATIONS OF MICROSTRIP ANTENNA
e .Narrow bandwidth and associated tolerance problems. |
e Large ohmic loss in feed structure of arrays. i
e Complex feed structures required for high performance arrays.

e Excitation of surface wave.

e The antennas are sensitive to environmental factors like temperature and humidity.




1.3 FEEDING TECHNIQUES OF MICROSTRIP ANTENNA
There are three main feeding techniques:
e Coaxial Feed/Probe feed
e Microstrip feed (coplanar feed)
e Aperture coupled feed

1.4 COAXIAL FEED/PROBE FEED
This feed comes from the ground plane by having through hole in the substrate {5]. The
coaxial connector is attached to the backside of the circuit board, and the coaxial centre
conductor after passing through the substrate is soldered to the patch metallization [15].
The location of feed point is determined so that best impedance match is achieved.

microstrip patch antenna

/

N

top view
Fig 1.3 Microstrip patch antenna with a coaxial probe.

Fig 1.4 Canonical problem of a parallel late waveguide fed by the coaxial probe.
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Fig 1.5 Equivalent circuit of a microstrip patch antenna fed by a probe.

Excitation of the patch occurs principally through the coupling of the feed current J, to the E,
field of the patch mode. The coupling constant can be obtained as:

Coupling~ [[[E,Jdv= cos (mxo /L)
where L is the resonant length of the patch and x, is the offset of the feed point from the
patch edge. Expression shows that coupling is maximum for a feed located at a radiating

edge of the patch (xo=0 or L) [6].

1.4.1ADVANTAGE OF PROBE FEEDING
e Simplicity of design through the position of the feed point to adjust the input

impedance level.

1.4.2LIMITATIONS OF PROBE FEEDING
e It requires a large number of solder joints which makes fabrication difficult.
¢ To increase bandwidth of antenna a thicker substrate is used and there fore requires a

longer probe.

1.SMICROSTRIP FEED
This feed line is a microstrip line that is etched on the same layer as the patch and

connects to one of the patch edges [7].




patch

—

microsttip
feed

Fig 1.6 Coplanar microstrip feeding.

T — O YT
Feed Ling — %, W J_ Microstrip
l T Patch
L —| Feed Linev Step k i

Fig 1.7 Equivalent circuit diagram.

1.5.1 LIMITATIONS OF MICROSTRIP FEED .
e There is impedance mismatch because the input impedance of the patch at its i

radiating edge is very high compared to the impedance of feed line [16].
e The microstrip line blocks the radiation from the portion of which it is in contact

resulting in reduced radiation.

1.6APERTURE-COUPLED MICROSTRIP FEED

This type of feeding technique uses two substrate separated by a common ground plane [8].
A microstrip feed line on the lower substrate is electromagnetically coupled to the patch
through a slot aperture in the common ground plane [9]. The substrate parameters for the two
layers are chosen in a manner to optimize the field and radiation functions independently

[10]. For example the substrate for the feed line should be thin and of high dielectric
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constant, whereas the substrate for the patch can be thick and eof lower dielectric constant

[13].
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Fig 1.8 Aperture couple feeding.
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Fig 1.9 Aperture coupled microstrip feed.
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1.7 COMPARISON OF VARIOUS TYPE OF FEEDING TECHNIQUES

characteristics COAXIAL PROBE FEED | MICROSTRIP | APERTURE
FEED COUPLED
Configuration no planar coplanar planar
Spurious feed More Less More
radiation
Ease of fabrication Poor Good Excellent
Reliability Poor due to soldering Better Good
Impedance Easy Poor Easy
matching
bandwidth 2-5% 9-12% 21%




CHAPTER 2

TRANSMISSION LINE MODEL

(a) Microstrip line

Fig 2.1 Microstrip Line

(¢) Effective dielectric constant

Fig 2.2. Effective Dielectric Constant

It is a non- homogeneous line of two dielectrics, typically substrate and air. Most of
the electric field lines in the substrate and parts of some lines exist in air an effective
dielectric constant is introduced to account for fringing and the wave propagation in
the line. For a line with air above substrate effective dielectric constant has value in
the range.

The effective dielectric constant is a function of frequency. As the frequency of
operation increases, most of the electric field lines concentrate in the substrate. So
lines behave more like a homogeneous line of one dielectric [22].

Dimension of the patch has been extended along the length from each end by a
distance 81, which is a function of effective dielectric constant & and the width to

height ratio is W/ H.

12
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Since the length of the patch has been extended by AL on each side the effective length of
patch is now:

Leff=L+2 AL
For Resonant frequency of a microstrip antenna is a function of length.

Vo

(S oo = E‘E\/—T—r

It does not account for fringing effect. It must be modified to include edge effects and it
should be computed as:

(fredow = 1 :

i e TN P
1

4 2l i "21 e,

( fre ) oo
(fr)mo

* The q factor is referred to as fringing factor. As the substrate height increases fringing

q =

also increases.
* Design procedure is as follows

Specify:
A R O T

W, L
* For an efficient radiator , a practical width that leads to good radiation efficiencies is:

Determine:

R 2

1 2
28 W e, \/er+1 STl

W =

13

prp—
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“Where V is free space velocity of wave”

The input resistance for inset feed is given by:

1 G, +B] . B . (200
Roly=¥)=——1= ot il e —Y e Y
sY=%) (G|+G|2) ( Yo) % ( 5) v sm[ 5 OJ

D (GG A

Maximum value occurs at the edge of slot (Yo = 0) where voltage is maximum and

current is minimum, minimum value of (zero) occurs at the centre of the patch, where

the voltage is zero and current is maximum.
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CHAPTER 3

CAVITY MODEL

Fig 3.1 Cavity model

e The vector potential must satisfy the following equation [27].

e The solution is given by separation of variable method as follows.

| A, =[4,cos(k.x) + B, sin(k,x)]|4, cos(k,y + B, sin(k,y) | 4, cos(k,z) + B, sin(k,z)]
" Applying the following boundary conditions for the patch geometry shown below:
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Fig 3.2 Rectangular microstrip patch antenna geometry.

*  Solving for boundary conditions we get the electric and magnetic field given by:
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B, = = i e b0 o Msini GGy Jsin (kg )
; EN ®
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L

+ The various resonant frequencies for different modes (dominant mode) is given by:

| Cf) _ 1 . p

| o 0 Dallieg/ e RLuk/g

i 1 1%

i (oY wrlits: = = -

= 2 W e 251 &y

1 v

; (f))ozo L.\/,ug— IT

= I IR e o

(¢) TM %910 td) TM *p1

Fig 3.3 Field configurations for various modes.
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(b) J, =0, M, with ground plane (€) M, With no grounu plane

Fig 3.4 Current densities on four sides of the patch.

n A B R = B T

; Fig 3.5 Field and magnetic current densities for radiating slots.

For E- PLANE !




R

For H-PLANE

‘ Fig 3.6 Predicted and measured E- AND H-plane patterns of rectangular microstrip
| patch(1=0.906cm,w=1.186¢cm,h=0.1588cm,y,-0.3126,€r=2.2,f;=10GHZ)

i

I

* For the non radiating slots the current densities cancel out and electric field in both

the E-PLANE and H-PLANE are reduced to 0.

= i s sl DS &

Fig 3.7 Current density on nonradiating slots of rectangular microstrip antenna
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CHAPTER 4

FULL WAVE ANALYSIS

4.1 FEATURES OF FULL WAVE ANALYSIS:

e Accuracy: Full wave technique generally provides the most accurate solution for the
impedance and radiation characteristics.

» Completeness: full wave solutions are complete for the most part i.e. they include
effects of dielectric loss, conductor loss, space wave radiation, surface waves [16].

e Versatility- Full wave technique can be used for arbitrarily shaped microstrip
elements and arrays, various types of feeding techniques, multilayer geometries,
anisotropic substrates, and active antennas.

e .Computation cost- this technique is numerically intensive, and therefore require

careful programming to reduce computational cost

4.2SPECTRAL DOMAIN FULL WAVE ANALYSIS
Two main functions used in this technique are
1. Green function

2 .Method of moments

4.3 GREEN FUNCTION

It includes the effects of dielectric Loss, conductor loss, surface wave modes, and space

wave radiation. It is helpful to enforce Boundary conditions at the air dielectric interface.

4.4 THE SPECTRAL DOMAIN FULL —-WAVE APPROACH

Uses the exact Green’s function for the mixed dielectric nature of the microstrip antenna.
Green’s function is employed in the electric field integral equation formulation to satisfy
the boundary conditions at the patch metallization. The resulting integral equations are
discretized into set of linear equations by means of the moment method to yield a matrix
equation. The solution of the matrix equation provides the current distribution on the
patch metallization [15].

The configuration of a rectangular microstrip antenna fed by a coaxial probe is shown in

figure:

19
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[t consists of a metal patch on a grounded dielectric substrate. The microstrip antenna
may employ inhomogeneous or mixed dielectric in the form of substrate below the patch
metallization and free space above it. Because of the mixed dielectric nature, the green’s
function can be obtained in a closed form only in the spectral domain [22]. For the x-

directed current jx on the air-interface at z=0, the electric field components in the spectral

domain are:
= [k, sin(k ) K2R sin(
B bk )= J k,‘.klkzj'm( ) L Kk 2 (k,h) “
we,| BT, gl
_ | kk ok, sin(kh) kK k2 sin(kh
P et i R b B W 1
2y AT BT,
2 0
¥y

,7 ¥

(X};..yp) j i :
fa— L

* _ Region I1
: 7 77 R

Fig 4.1 Geometry of a rectangular microstrip antenna with a probe feed .Air dielectric surface
at z=h.

- A-ES-Sun T4

e For the y-directed current jy on the air-dielectric interface at z=h, the electric

field components in the spectral domain are

— j | kKK, sin( kh) 4 klkl sin( kh) | .
we 0 ﬂzﬂn ﬂzTe Jy

E (k,,k, k) =

Where,

20




T, =¢&k,cos(kh)+ jk, sin(kh)
T, = k,cos(kh) + jk,sin(kh)
ki =kl =¢€ky—[*,0<z<h,Im(k)<0

2 2 2 e
ﬂ — k + k ) Res0urcy ZL
X y ¢ o

/i’;’b Q‘li‘\

- VS0 45T /o)

= KX _—jK,Y \Z -
E(k,.k,,z)= j jE(.x, )" e dudy N ims _g‘i‘l’%;/

—00—00

The notation kp clearly specifies its radial nature, but B is being retained here to help the
reader with vast amount of literature using this notation for the spectral domain approach
[31]. In a microstrip antenna fed by a probe current there are two types of currents je on the
probe and the surface current js on the patch metallization [24]. The boundary condition that
the total tangential electric field produced by js and je must be zero on the patch surface

giving rise to following integral equation.

:x|EGH+EG)]=0

For all points on patch surface where is the unknown surface current density (.|.) is the dyadic
green’s function. This integration is to be carried out on patch surface. With the use of above

equation in the previous equation yields the integral equation.

2><[E(};)+ﬂ?s-awl %)% ]=0

For a lossy conductor the effect of ohmic losses is included by introducing a surface

impedance zs equal to ratio of the tangential electric field to the surface current density.

ZXEG)+EG)=2]]

The surface impedance zs of a metal sheet with conductivity o is defined as:
~ VI

21
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The dielectric loss can be accounted for by introducing a diclectric constant ¢ (1— jtan )
Now to find out unknown surface current is method of moments is used. The results of
method of moments can be written in matrix form

[ZINXN[IINx 1[v]Nx1,N=Nx+Ny

here Nx and Ny are the number x directed and y directed expansion currents

4.5 DERIVATION OF GREEN’S FUNCTION
Equivalently, a unit strength infinite small current source in the x direction is considered first.
The substrate is assumed to be lossless and ground plane is a perfect electric conductor. If the

dipole source is located at (x,y), we can express the x-directed current as:

J =X0(x—x))0(y —¥,)

The green’s function can be obtained through two different routes: the vector potential
approach and direct solution of the wave equation for the E(z) and H(z)[31]. The latter
approach involves simpler algebra and follows next.

The source free Maxwell equations with time variation exp (jot) assumed and suppressed are
Ve XS = —'7 =, H,
VXH =-jowe ,£,E

The effect of current source j(x) is included through an interface condition. The above

equations are solved simultaneously to give the wave equations:

~VXVXE + o, E =0
~-VXxVxH+w*u,ee,H =0

Applying the divergence condition VE =0 tothez component and

V.H = 0 tothez component yields the wave equations
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Fig 4.2 Geometry of a horizontal electrlc dipole on the surface of a grounded dielectric
substrate.
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By using the most general solutions in the form of plane waves, the above equations yield

D4k 4+ k2 = ke,

Hence the propagation constant is given by

ke =k S8R SR 0 S =
e =k mb o Beiig o

Because the analysis is carried out in the Fourier domain, we will use Fourier transformed

fields, current densities, and so on. Fourier transforms pair as follows:

kox ik,
k,,z)e" e dk dk,

1
I,U(x,y,z) Ry 4H2

Maxwell’s equations can be Fourier transformed to obtain the following expressions:
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The solutions for E(x) and E(y) are obtained by assuming the following general forms for
E(Z) and H(z) in the regions | and 2:

s ale okt
-, pomeBe Tk 47
E .= 06 cos{ k,zy+ D sin( k,z)

The constants A to F in the above equations are obtained by applying following
boundary conditions:

E.=0,z=0
i e i) M e )

Substitute for Ez and Hz in the above equations for regions 1 and 2. Now subject to the

boundary conditions. After completing considerable algebraic computations one would

obtain the expressions for the constants A to F resulting in the following expressions.

Ezz A kxkl Sin( klh) e“jkz(z—h)jx
.]wg OTm
— jk, sin( kh)
54
/i

e
With the use of above equations in the general equations at z=h, we get.

H22=

—Jky(z=h)j,
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Comparing expressions with matrix relationship

=

~ > — Zxx ny jx
L Y Zyx Zyy jy

We can get the expressions of z terms by solving the above matrix. The above procedure can
also be used determine the greens function for t an anisotropic substrate for which the value

of the dielectric constant differs in the principal directions.

4.6 MOMENT OF METHOD SOLUTION
AS a first step in the moment of method solution of the unknown current density on the

patch is expanded in a set of N expansion or basis modes with unknown complex coefficients

in that is

N Ny
=R el OV ED 3l T (59)
nx =1

ny =1

Where j(nx) and j(ny) are called the known expansion functions or modes and i(nx) and
i(ny) are the unknown complex coefficients. The Fourier transform of these functions is

defined as:
F) = [[jue™ e dndy

The next step in the moment method solution is to take the inner product of the above

equation with respect to the test function
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JJEG) s+ [[EG) s =0

Using Galerkin’s procedure, that is, the testing function identical to the expansion function,

we arrive at the matrix equation:

[Z]sn L o =V Lyt s N =N, + N y

Zr = 4n2 IJ( [[iuee ”ydsJZ F(j,)dk,dk,

The voltage is given by

= ([P, )0ue" " dk dk,

=
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Various steps involved in Spectral domain full wave analysis

o Sct up integral equation from the boundary conditions

e Construct the electric field Green’s function

o Find the poles and residue associated with the GF’s.

e  Construct the MOM matrix associated with the integral equation.
e Iind the roots of the complex determinant.

e Solve the matrix equation.

e Find surface current, input impedance and loaded Q.

e C(Calculate Radiation paltern,Polarizaiion,Di1'ectivity,Gain and efficiency.
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CHAPTER 5

FULLWAVE ANALYSIS USING FINITE DIFFERENCE TIME
DOMAIN METHOD (FDTD)

The finite difference time domain technique is used extensively in the analysis and the
design of microstrip antenna. The major difference between FDTD and other numerical
techniques is that analytical processing and modeling are almost almost absent in
FDTD. Therefore complex antenna can be analyzed with FDTD.This analysis approach
can be used to include the effect of finite size of substrate and ground plane which is
very important in design of any microstrip antennas. This technique has number of
other advantages over other techniques. It is capable of broadband frequency response
because analysis is carried out in the time domain. It analyze complex systems and
antennas and also able to analyze structure using different type of materials.

Analysis of any problem using FDTD start with dividing the structure in to various
regions based on material properties. The unbounded region if any is bounded by
terminating it with absorbing medium or termination such that reflection does not
occur. Next the problem physical space is discretized in the form of number of
cuboids. The time domain is also discretized with integral size At, the structure then
excited by an electromagnetic pulse. The wave launched by the pulse is the structure is
studied for its propagation behavior. The stabilized time domain waveform is
numerically processed to determine the time domain and frequency domain
characteristic of the structure.
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E- plane radiation pattern for two slots at a distance L is

h
sin(k, (=) cos¢g)
Fp(9) = h2 Cos(ko%cos ¢)
k() cosg

Where b= length of patch

H- plane radiation pattern for two slots at a distance L is

F, (6) = sm’fkgb cos ) sing
,bcosd

Directivity of a single slot microstrip antenna is

4’ it

D= -
1,2,

11
k,bcosf ;
where 1, = Isinz(ﬁ)tanz Osin® do
0

Directivity of a microstrip antenna with a pair of slot is

D, = 2D
I+g),
o 2 g , 2ma .
A (b cos@)tan Bsm@o(Tsm 0)
Where g,, = g do
1207 G

0

J,(x) is the zeroth order Bessel function with argument x

G:i
R

r

Where R, is the Radiation Resistance |
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The relationship between electric field and axial ratio is

I + 2y 4 I
E,
AR = iy
I+ Eol T
E,

AR is the axial ratio

4 2
Where T = _[1+ oy +2 Ly cos(2y)
E, E,

Where y = phase of Ex/Ey

efficiency of a microstrip antenna is

G=eD

Efficiency according to cavity model is given by the equation J

s Qd Qc QSW
QSW Q('QD i Q.\'W Q(.'QR + QR Qu’ Q(' + QSW QR Q.’J

30




1

tan o
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Oc ==MoH, [LJ
L,
R, = |20
200,
Q.'e = T
L g,6, LWV}
es gh

Where W, is the energy stored

Where L = length of patch and W= width of patch i

Power radiated in to space
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CHAPTER 6

RESULT OBTAINED AFTER WORKING ON COMPUTER SIMULATION
TECHNIQUE NAMED AS (CST) MICROWAVE STUDIO

INSTRUCTIONS:

e Frequency Range Is 1 — 20 GHz.

e All Dimensions are in millimeter (mm) and Time in nanoseconds (ns).

* Ground plane is made up of Aluminium having electrical conductivity 3.72 ¢ +007
s/m, p=1.0 and its length is 10mm, breadth is 6mm and height is 0.1mm.

e Substrate is made up of Roger TMM having € = 3.4, n=1.0 and its length is 10mm,
breadth is 6mm and height is 1.91mm.

e Patch is made up of brass having Electrical conductivity 1.57 e +007 s/m, p=1.0 and

its length is 5Smm, breadth is 4mm and height is 0.30mm.

Microstrip feed line is of copper having Electrical conductivity 5.8 e +007 s/m, pu=1.0

and its length is 3.1mm, breadth is 2.2mm, height is 0.01. |

o 1000 ( 07999, 343) S'pa'amtgeépda gt s1,1

° 2000 ( 06732, 329.8)

270

Fig 6.1
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CONCLUSION

The main objective of this work is to use three types of techniques namely:

) Transmission line model
2) Cavity model

3) Full wave analysis

We have tried to focus on full wave analysis by using Spectral — domain full wave
solution and finite-difference-time domain technique. In spectral domain we have used
GREEN’S FUNCTION and METHOD OF MOMENTS in the analytical part.

IFor the simulation part we have used CST MICROWAVE STUDIO Software to attain |
desired results. THE frequency range selected is from 1-20GHZ. The CST Software

uses the Finite difference time domain (FDTD) technique in which analytical

processing and modeling are almost absent unlike other numerical techniques.
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