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ABSTRACT

A C/C-++ based software for the simulation of Rectangular Microstrip Patch Antenna and
their Arrays has been developed. The simulation software is designed to be very user
friendly as evident by the fact that only the basic parameters for the single rectangular
patch are to be provided by the user. The software calculates the results for various
design parameters of an antenna and calculates basic radiation characteristics efficiently.
The software displays the results clearly to the user. If the simulation for an array is run,
the simulator sofiware configures the single rectangular patch parameters for the array
simulation. The design is based on the basic antenna equations of the Rectangular
Microstrip Patch Antenna. The arrays are configured using the pattern multiplication
approach. The project aims to provide free availability of this software for educational
purposes via internet. The web portal is loaded with the basic study material for a single
rectangular microstrip patch antenna and some more useful links to more study material
available on the internet. The source code for the simulation program is also available on

the web portal.
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INTRODUCTION
Chapter 1

Scientifically, an antenna is an electronic component designed to transmit or receive
radio signals and other electromagnetic waves.
Physically, an antenna is an arrangement of conductors designed to radiate (transmit) an
electromagnetic field signal in response to an applied alternating voltage (or the applied
alternating electric current). Similarly, if the antenna is placed in an electromagnetic
ficld, the field induces an alternating current in the antenna (or a voltage difference
between its terminals), which further drives the connected circuitry.
There are two fundamental types of antenna:

* omni-directional (radiate equally in all directions of the plane)

* directional (radiates more in one direction than in the other).

All antenna radiate some energy in all directions but careful designing and construction
results in large directivity in certain directions and negligible energy radiated in other
directions. Therefore, the law of conservation of energy is applicable hére and satisfied.
By adding additional conducting rods or coils (calied elements) and varying their length,
spacing, and orientation, an antenna with specific desired properties can be designed.
Some parameters that affect an antenna's performance and should be carefully considered

during the design process are:

¢ Resonant frequency
e Impedance

¢ Gain aperture

¢ Radiation Pattern

e Polarization

¢ Efficiency

e Bandwidth.

B.Tech (CSE) 1 2002-06




The simulator software presented here calculates basic parameters for a single rectangular
microstrip patch antenna and arrays.
The results calculated by the simulator software are compared with the standard results.

The experimental results are also used to support the software results.

The radiation characteristics of the rectangular patch being designed are also calculated
and plotted by the simulation software. The power radiated through the rectangular patch

and the directivity of the antenna are also calculated by the presented software.
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MICROSTRIP PATCH ANTENNA
Chapter 2

Microstrip Patch Antennae represent one family of compact antennae that offers the
benefits of a conformal nature and the capability of ready integration with the printed
circuitry of a communication system.

In its most basic form, a microstrip patch antenna consists of a radiating patch on one
side of a dielectric slab which has a ground plane on the other side, as shown in the
following figure 1.

The patch is made of a conducting material like copper (Cu) or gold (Au) and is photo

etched on the dielectric slab, and can take any regular or rregular shape.

Patch 4—* )

"™ Dielectric Substrate

T Ground Plane

Fig. 1: Structure of a Microstrip Patch Antenna
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2.1 MOTIVATION FOR MICROSTRIP PATCH ANTENNA

Microstrip patch antennas have recently gained huge attention for use in wireless
applications due to their low-profile structure. Therefore, they are extremely compatible
for embedded antennae in handheld wireless devices such as cellular phones, pagers,
satellites etc. . Microstrip patch antennas are fast replacing some of the old and bulky
antennae used in the telemetry and communication departments, overseas communication
services and space communications. ISRO has proposal to replace the bulky and
conventional UHF antenna mounted on various GSLVs and other classes of space

vehicles for its future applications.

After launching recent satellites indigenously, India has become a big player in the world
in the ficld of space research. Therefore, the present work is supposed to be extremely
useful for satellite communication programme of our country. Antenna on missiles need
to be thin and are often Microstrip patch antenna..

Since the individual patch antenna have a narrow bandwidth, attempts have also been
made to improve the bandwidth available through an individual element.

An easy method is to design the individual patch antenna by using either dual frequency
or using a thicker diclectric substrate.

Microstrip patch antenna exhibit low directivity and gain. Hence, they are not very
feasible practically, when used individually. However, antenna with high directivity and
gain are realized by combining a large number of individual microstrip patches into

arrays of various configurations.

2.2 ADVANTAGES AND DISADVANTAGES

Some of the advantages and disadvantages of microstrip patch antenna are listed below.

Microstrip patch antennas have numerous advantages over conventional antenna.
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Some of their principal advahtages are given below:

« Light weight, low volume.

» Low fabrication cost (due to bulk production, cost per unit is low).

» Supports both linear as well as circular polarization.

» Can be easily integrated with microwave integrated circuits ( MICs ).
» Capable of dual and triple frequency operations.

+ Mechanically robust when mounted on rigid surfaces.

Microstrip patch antennas suffer from a number of disadvantages as compared to
conventional antenna.

Some of their major disadvantages are given below:

*» Narrow bandwidth

* Low efficiency

* Low Gain

» Extraneous radiation from feeds and junctions

» Low power handling capacity.

2.3 DESIGN SPECIFICATIONS - MICROSTRIP PATCH ANTENNA

2.3.1 Single Rectangular Microstrip Patch Antenna

Although conceptually simple, the Microstrip patch Antenna design presented a number
of challenges. 7
The patch may be circular, triangular, elliptical or any other common shape. The antenna

may even be contoured as an irregular shape (e.g. Heptagon, Decagon efc.).
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Some shapes which can be taken up by the patch of an antenna are shown in figure 1.2

Square Rectangular Dipole Circular
Tnangular Circular Ring Eliptical

Fig. 2: Shapes & configurations for a Patch Antenna

However, in order to simplify analysis and performance prediction, the patch is generally ‘

rectangular.

For a rectangular patch, the length L of the patch is usually maintained between 33%-
50% of the free space wavelength. Thus, L typically is = 0.33A <L < 0.5\, where \is the
free-space wavelength of the signals. The spacing between the conductor and the ground
plane is much smaller than the free space wavelength. Thus, the patch is selected to be
very thin such that t << A (where 7 is the patch thickness and A is the operating
wavelength).

The height 4 of the dielectric substrate is usually 0.003\ <h <0.05\.
The dielectric constant of the substrate ( €, ) is typically in the range 2.2 <g, <12.

Microstrip patch antennae radiate primarily because of the fringing fields between the

patch edge and the ground plane and are typically used for operation in micrometer and

millimeter range of wavelengths of radiations.

B.Tech {CSE) 6 2002-06




For good antenna performance, a thick dielectric substrate having a low dielectric
constant is desirable since this provides better efficiency, larger bandwidth and better
radiation patterns. However, such a configuration leads to a larger antenna size.

In order to design a compact Rectangular Microstrip patch antenna, higher dielectric
constants must be used. The constraint for the designer here is that these dielectrics with

high values of dielectric constants are less efficient and lead to narrower bandwidths.

There are certain parameters which are to be supplied by the user in order to actuate the
designing of a Rectangular Microstrip patch antenna.

It is these specifications that form the user requirements for our simulator program.

The essential parameters that constitute the user requirements are:

* Frequency of operation ( £ ):
The resonant frequency of the antenna must be selected appropriately. The
resonant frequency selected should be in the GHz range.

* Dielectric constant of the substrate (€-):
A substrate with a high dielectric constant is preferable since it reduces the
dimensions of the antenna.

*» Height of dielectric substrate ( £ ):
For the microstrip patch antenna to be used in wireless handheld devices, it is
essential that the antenna is not bulky. Hence, the height of the dielectric substrate

is selected in the mm range.

Hence a compromise must be reached between antenna dimensions and antenna
performance. Based on the user requirements, an antenna with specific properties can be

designed.
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2.3.2 Basic Equations

The basic design parameters for microstrip patch antenna are obtained using the
equations that follow.
The parameters like width (W), length (L), effective dielectric constant ( €., effective

length ( Ly are calculated using the given equations.

The width of the Microstrip patch antenna is given by equation (1.1) as:

(1.1)

The dielectric constant of the dielectric substrate is provided by the user. This dielectric

constant is used in Equation (1.2) and to get the effective dielectric constant.

1
g +1 & -1 L h2

2
(1.2)
Equation (1.3) gives the effective length of the rectangular patch as: .
¢
L o =
2fo Erqﬁ'
(1.3)
B.Tech (CSE) 8 2002-06 ‘




Equation (1.4) gives the length extension AL for the patch of a microstrip patch antenna

as:

(6. + {).3{?+0264}

AL = 0.412h- ——
(6,0 —0.258(}—4—0.8}
\n

(1.4)

The actual length L is obtained by equation (1.5) as:

L="L_, —2AL

ff
(1.5)

For the rectangular microstrip patch antenna, the ground plane dimensions are:

L, =6h+L=6(15)+228=31.8mm

W, =6h+W =6(1.5)+31.1=40.1mm
(1.6 & 1.7)

A Rectangular Microstrip patch antenna radiates either due to the current distribution on :
the patch, or due to the field on the slot edges. i
The field accumulated at the slot edges may be represented by equivalent magnetic |
currents. The basic equations for radiation through a microstrip patch antenna are

obtained using vector wave functions approach.

The radiation field components Eg and Eg are given as:

B.Tech (CSE) 9 2002-06




Eo = k2exp™™? cos( X sin 9)

_ ka2exp( X sin 8)sin(Y sin @)cos 0

E
’ 4
where,
Y- k,hsin 0 cos ¢
2
Y = ko coS ¢

(1.8-1.9)
The power radiated through the patch is given by equation 1.10 as:

2

[Rsin 6 dody (L10)
0

1 n
p:2407r J

The directive gain D, for a single rectangular microstrip patch antenna is given by:

47 P max

D, =
& P. (1.11

2.4 Arraying of Microstrip Patch Antenna

Microstrip patch antennas have a few disadvantages like low gain, narrow bandwidth and

poor efficiency.

B.Tech (CSE) 10 2002-06




Arraying of microstrip patch antenna is the simplest technique to overcome these
drawbacks and significantly improve the practical feasibility of microstrip patch antenna.

The essence of arraying is that multiple microstrip patch antennae are put together (on a
single dielectric substrate) in a predetermined order. The basic idea is that these elements
will work in a coustructive manner, thus improving the bandwidth, gain and efficiency

characteristics of the cluster.

Microstrip patch antenna can be arrayed in the following ways,
¢ Linear Array
¢ Planar Array
¢ Circular Array

In our present project, we have worked on linear and circular arrays. Planar arrays have

not been covered.

The Radiation equations of the array are given by the multiplication approach.

Eg =E91+E92+E93+ ....... Eon
Eg=|Eg|*AF

, where E@1, Ep; , Epz. JEgN are the radiation equations of
individual elements of the array. The summation of these basic parameters is done by
vector addition. They have a constant phase difference between them. The distance
between elements is generally kept M2 (approx.) in order to avoid coupling between

elements.

2.4.1 Linear Array

In this type of arrangement, all the individual elements are put in a linear order.

B.Tech (CSE) i1 2002-06




Fig.3: Linear Array Configuration of Microstrip Patch Antenna i

The following equation 1.12 describes the Array factor for a linear array of patch

! antenna. :

AF _linear = N cos (Bod cos 8 + B)cos (ﬁo—d;M] (1.12)

2.4.2 Circular Array

Circular Array is another famous and popular arrangement of arraying microstrip patch

antenna.

The circular array arrangement is given in the following figure.

Fig. 4: Circular Array of Microstrip Patch Antenna

B.Tech (CSE) ' 12 2002-06




The equation to calculate the Array Factor for Circular Array arrangement is given

below.

AF  circular :ZN exp J{popsin @ cos(p—gm)+ F1}
B m=1 (1.13)

2.5 SOFTWARE DESIGN

A C/C++ sofiware is designed for the simulation of a Rectangular Microstrip Patch
Antenna. In this software, only the basic input parameters are given as an input. The first

step is to design the antenna which requires calculating the physical dimensions of the

antenna. The second step involves the computation of far field expressions. The graphs j

for the far-field expressions are also plotted by the software. The final step involves

computation of parameters for arrays. First, the user sclects the type of array desired. The l

PP~ e — - P

software calculates the parameters for Linear and Circular Arrays. The user is prompted
to input two parameters, the number of microstrip patches and the distance between

consecutive elements. The software then calculates the configuration for the array.

The steps involved in the designing of the software are self explained by the block
diagram and the flow chart of the software that follow.

f
B.Tech (CSE) 13 2002-06 i
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The block diagram for the simulator sofiware is given as follows..

o T o Compute width (W), €.
h ———»| Receive input from — » Ly AL, L, L, and W,
€ user S

A 4

Display Results (W), €.
Leﬁ”‘ AL > L » Lg and Wg

W h
, B

0 Compute
Far field expressions i
By , Eg and
R Radiation pattern R

F 3

Generate and
display Graph

A

AF i

y

No of elements Array Elements
> configuration

Exit

A

A A A
Circular Linear

4 A

Circular AF
Planar AF i

Linear AF

h 4

Compute Array factor

* not incorporated in present work

Fig. 5: Block Diagram for the Simulator Software
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The control flow chart for the simulator program is as follows.

Startup screen

l

User inputs basic

pattern

Compute radiation

l

Compute power

and conductivity

radiated, directivity

|

parameters
Patch size Simulate
calculations array
Select
Compute type
array factor
h
Linear

Display graph
Circular
Input no of [*
h 4
elements |«
Fig. 6: Flow Chart for the Simulator Software
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RESULTS AND CONCLUSION
Chapter 3

3.1 RESULTS

The simulator software results are obtained for different operating frequencies and
materials used as the substrate. In order to verify our results we have first presented the
standard numerical results for Rectangular Microstrip patch antenna.

A table presenting both the results is given below.

Considering the following values for parameters are supplied by the user, the results are

shown.
fo=19GH:z
h=15mm
=119

We have the following theoretical results for the simulation of a single patch.

Parameter Numerically Software Computed Units Error %
Computed Value Value
w 31.101 31.578 mm -1.52
Erefr 10.7871 10.439 - +3.22
Leﬁ’ 24 23.288 mm +2.9
AL 6.3455¢-4 63582 ¢-4 mm -0.21
L 224 22 mm +1.8
Lg 31.8 31.008 mm 12.55
Wg 40.1 40.578 mm -1.19

Fig. 7. Theoretical Results for Microstrip Patch Antenna
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From the above mentioned results, it is very evident that the sofiware results are in
agreement with the numeric results. The error percentages are also listed in the table.
These errors occur due to the fact that all numeric calculations are done by keeping the
minimum number of significant figures.

The results from the simulator software are shown below.

WA JORP -~ 1\PROGRA ~ 1WMAJ EXFE
EThis progran simulates the designing of &miﬂcr:l‘ostr-ip :h antenna.

Entei‘ the Ualue of Operating Frequency <in Haz> @ 1.9

f Height of DBielectyic Cin mmd>: 1.5

Fig. 8: Input Parameters for a Microstrip Patch Antenna

Once the above mentioned parameters are provided, the simulator software computes the

vital parameter and displays the results. These are shown below,

<< C:\C\bin\NONAMEOO.EXE

ter the value of Height of PDiclectrie {(dn nmd:

aleulating resulu. .. ..

| The width of the patch is 2 B.621577 m = J1.5V8247 mn

The effecitive pormititivity of the Biclectric is : 18.439956

The effective length of ©he patch 45 @0 B.@2328 w = 23.2868309 mn
'l']le length extension for the patch iz @ B.0BBA636 m = B_6H35879 mm

{ The actual length of pateh dis B m =22 mn

Ground Plane location:
Lengthd{g) = B_P31HA? m = 31.808551 mn
Yidthlg> = B.34857% m = 48 5VH247

f'rens any key Co continme..--.

Fig. 9: Computed Results
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Once the simulation is done for the designing of a single Rectangular Microstrip Patch
Antenna, The software prompts the user to configure the array of Microstrip Patch

Antenna.The snapshot is given below.

\BIFANONAMEQQ) 777 I

f oo tEN R s
1. Lincar firray

%2. GCircular Nrray
;Entcr your choice : 1

iEnter No. of avray elements @ -6
Ho of elements can’t he negative . Please enter again. ..
nter No. of array_elements 1 4

nter the distance h/n consecutive elements (in mnd: 1.5

Fig. 10: Arraying of Microstrip Patch Antenna

The Following snapshot displays the computation of Radiation Field components based

on user provided inputs.

st CMeAbin\INONAMEDO. EXE

Generating Data for phi = 8 degrees

ARG 4
LPBe52

P12 €

3. 216870he
22323 %
2313800113
a0 316e
V538201
26649011

6.85994e-11
6883754011
6. YHY23He—11
6.936372e—11
6.965136e0-11
6.995586e 11
782745911
P .AGA9 e 11,

Fig. 11: Computation of Radiation Field components
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The graphs for the radiation pattern of a single Rectangular Microstrip Patch Antenna are

plotted below.

The graphs have the horizontal and the vertical components of the radiation pattern are

plotted on the Y-axis and the angle theta is represented on the X-axis.

The graph for the horizontal component of the radiation field pattern is plotted. The

following graph shows the radiation field component Egwith ¢= 0.

E_theta(phi=0)

-60

40

0O
73

-20 20 40 60 80 1$0

=0)

E (phi

30 | =Series! |

B.Tech (CSE)
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Fig.12: Graph for phi = 0 plane
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The next figure represents the graph for the vertical component of the radiation pattern
for a single patch. The graph for E,, ¢ = 90, is plotted as shown below. The peak power ‘,
handling occurs at theta =0, WI
I
E(phi = 90) il
100 80 60 40 % “ 60 80 100
100
i =
5 200 |
nmh
250 '?P’ﬁ
el
E
L ...... BRI ._._.._350 il L i ]
theta 1
) 1
Fig. 13: Graph for phi = 90 plane |
|
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The following graph represents the Radiation Pattern obtained for arrays of elements.
The various individual elements of the array pattern work constructively and lead to
better efficiency, higher bandwidth and greater directivity.
The graph is plotted for the following input values:
e Number of elements in the linear array = 8
: . I3 Hosc)u;
e Distance between consecutive elements = 1.5 mm / 0 Co
; - 0"‘*‘*"‘”” 2
The plot for the Radiation Pattern of a linear array 1s given below. (% ¢. No.... i
"i-.‘t_‘) Sfach 1) 8
N, )‘i N
3 W, ";,)Q,\,‘_.""“\-wnﬂ'w Y
R (Linear Array) ﬂho! Qb\c
100 80 60 -40 -20 20 40 60 80 100
=100 =
200 - |
|
— 300
- 400 |
M\‘
d
P 500 |— Linear Array | ﬂ! J'
; ol
—-690’
- 700
et et _.890
900 E
i e e e R ,1000 ol P RS - 2o e e A S e e e e S R AR e B
theta
Fig. 14: Radiation Pattern for a Linear Array
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The Circular Array is the second type of configuration that can be simulated by the
software presented. The following graph displays the results for the simulation of a
circular array with the following values input by the user.

e Number of elements in the circular array = 8

e Radius of the circle of array = 15 mm

The graph for the Radiation Pattern of a Circular Array is given below.

R (Circular Array)

T P = I T \_—_—e— T T _-_—_r_____!)——-—‘——|
-100 -80 -60 -40 -20 q 20 40 60 80 100
Sk deing e aoee s 4 s SHRRN0000 [ ing e e SR e et e
i Tl B

R (Circular Array)

| e A e S R e 440000000
theta

Fig, 15: Radiation Pattern for a Circular Array
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Snapshots from the web page are given below:
The following figure is the snapshot of the main index page with a brief introduction of

Microstrip Patch Antenna on the right hand side.

The left side lists all links accessible from this page.

/2 Microstrip patch antenna - Microsoft Internet Explorer r_—j@L

Fle Edt View Favorites Tools Help

I

@] Microstrip patch antennagw a practical simulationeos cxves ’j My Computer

Fig. 16: Main page for the Web Portal
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The figure below shows the complete antenna profile of a microstrip patch antenna and

discusses the various parameters that deteriorate antenna performance and thus must be

carefully considered.

/3 Microstrip patch antenna - Microsoft Internet Explorer @Ei@
Fle b Vew Favotes Tods Hep L

@Ba(k v J [}] @ i/h ;)Search k;‘\i’Favomz,s @Meda e}: &3' ‘;\; v - LJ ﬁ .ﬁ

s 811721673 dpdopsp okl pectin P

ST 17 it
86% J @ iD‘! e &

B

3.3 Feed Techniques

"""" B s i Microstip patch antennas can be fed by a variety of methods. These methods can be

e classified into fvo categories- contacting and non-contacting. In the confacting method, the RF
power is fed directly to the radiating patch using a connecting elensent such as a microstrip line.
In the non-confacting scheme. electromagaefic field coupling is done to transfer power between
the microstrip line and the radiating patch [5]. The four most popular feed techniques used are
the microstrip line, coaxial probe (both contacting schemes), aperture coupling and proximity

coupling (both non-confacting schemes)

3,31 Microstrip Line Feed

Tn this type of feed technique,  conducting strip is connected directly to the edge of the
microstrip patch a5 shown in Figore 3.3, The conducting strip is smaller in width as compared fo
the patch and this kind of feed amangemeat has the advantage that the feed can be etched on the

E‘ Commerts & _ Aftachments

same substrate to provide a planar structure.

Microstrip Feed
i P

......... Ti_‘}_"

{l

) ot  pacticl st eedficostip pach ake

Fig. 17: Profile of a Microstrip Patch Antenna
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The Following figure is the snapshot of the web page displaying the theoretical results for
a Rectangular Microstrip Patch Antenna.

For ease for downloading and greater security, an Adobe PDF file format is employed. ;

A Microstrip patch antenna - Microsoft Internet Explorer {= |l :

File Edt View Favorkes Tools Help ".:f" |
eBack " Lﬂ g] f;j j'_')Sea:ch 'f_‘(fsmites @ ed & {i ,; [ - 1 ﬁ_ 3
T
A @ W] @& el ] oty o |
] ‘ |
d Table 4.1 Effect of feed location on center frequency, refum loss and bandwidth
e Feed Location | Center Frequency | Refurn Loss (RL) Bandwidth
No. (X1 (GHz) (dB) (RL >-9.5dB)
(mm) (MHz) :
1 {1,0) 19153 -1.1384 - ‘f
2 20 19147 3591
3 (3.0 19127 -10.9602 007 ‘
3 (3.250) 1913 133696 1532 |
5 (35.0) 19127 -16.6242 1884 |
6 (3.75.0) 19127 -21.276% A4 1
1 @0 19120 -313583 2328 ; ol
i iy 3 (3250) 19127 285068 Iy [
Stgnal Deteviovation : 5 ) o S e L
g 10 (470 19120 176845 BB W
-k 11 (3.0 1.9120 -15.0623 2430 I
d D 60 19087 0001 1357
9
Putch Size Ciedcashitions E 2 9 e L
8 14 8.0) 1.9087 -6.3367
e 15 9.0) 1.9073 -5.5806
; 16 (10,0) 1.9073 -5.0228 ”
E (e Jp 1|0 0] TEIE
cr riapatchaiennaermfvapradicalsinﬂatw A W My Computer

Fig. 18: Results for Microstrip Patch Antenna
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3.2 CONCLUSION

The technology employing miniature and light weight antenna operating at microwave
and millimeter wavelengths has made tremendous growth and progress recently.

This has propelled excellent developments in the area of printed circuit antenna circuits.

These advances have ushered in a new era in system applications fields like satellite
communication, missiles, radars, and satellite radiometric imaging. A simulation of a
rectangular microstrip patch antenna has been presented. The vital parameters and
performance parameters have been investigated. The results obtained have been

compared to the theoretical results.

The radiation pattern is plotted and shown in figures 11 and 12 above.. Also, the far-field

EM and EA mode radiation field components have been derived.

The present work identifies the various patch dimensions and parameters given the user
constraints and user design specifications.

This is very useful for educational purposes for students designing the hardware for
microstrip patch antennae.

The presented simulator efficiently displays the results to the user, and thus may assist

the fabrication of an antenna where all the vital parameters are well calculated.

It also helps in understanding the effect of various extrancous parameters on the
performance of a single rectangular patch antenna. For e.g., if a compact antenna is
required, one may use a substrate with a high dielectric constant and attempt to reduce the
physical dimensions of an antenna.

If, however, an antenna with a high performance is required, one may opt for a thick

dielectric substrate with a low dielectric constant.
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3.3 FUTURE SCOPE

Microstrip Patch antennas are used extensively in mobile as well as satellite
communications. These antennas can be mounted on spacecraft. These antennas
encounter ionized medium in space. In short, Microstrip Patch Antennas work in diverse
atmospheres. The present study is carried out on Rectangular Patches only. This work
could be extended to all regular as well as irregular shapes. The simulation work can also
be done for radiations in ionized medium.

This extension of work is possible only by development of computer software for

mathematical simplifications using super fast digital computers.

Method of moments can also be used for non standard shapes of antennas or other |
irregular contours. All these software developments are a step towards the designing of

highly efficient directive antennas.

The scope for further refinement and improvement of the presented work exists both in |

the theoretical as well as the practical domain.

From the point of view of this simulation, file handling may be incorporated into the
code. This would help in storing the results for future references. Also, hard copies may
be printed out and supplied as data sheets with manufacturer’s product.

For greater user interactivity, the graphics presented may be more refined.
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APPENDICES

Appendix A

The source code for the designing of a rectangular Microstrip Patch Antenna is given

here. The various parameters for the physical dimensions are calculated here.

int phl,thl;

double t1,t2,t3,t4;

double 0,er,h,w,ereff,leff,del Ll,1g,wg;

double R_fin[181]={0.0};

double del 1 templ=0,del 1 temp2=0;,

const double ¢ = 300000000.00;

char *introduction ="This program simulates the designing of a microstrip patch
antenna';

double E_theta[181],E phi[181],k2=0,k0=0,lamda0=0,R[181];
double theta[181]={0.0};

double AF linear,AF _circular;

int flag=0,phi=0,phi_count=0,z0 = 378;

float temp;

int count=0;

void input_param()

{

clrscr();

do
{




cout<<introduction[count];
count++;
delay(rand()%10);
}while(introduction[count]);

cout<<endl<<end];

/loperating frequency !
cout<<"Enter the Value of Operating Frequency (in GHz) : " |
cin>>10;

f0=f0*pow(10,9); //frequency of operation now in Hz

cout<<endl; |

//relative permittivity of the medium
cout<<"n\nEnter the value of Relative permittivity of the medium : ";
cin>>er;

cout<<endl; {

//height of the dielectric ‘

1 cout<<"n\nEnter the value of Height of Dielectric (in mm): i |

|

k cin>>h;

\ cout<<endl; ‘
i
\

//width of the patch, ¢ defined const i
| w=(c/(2*f0))*sqrt((2/(er+1))); |

" w=w*1000; //required to convert w into mm (as above result in m)

//result calculation interactivity with user

cout<<endl<<"Calculating result";




for(count=0;count<5;count+-+)

{

Cout<<“ .ll;
| delay(rand()%500);
\ }

! cout<<endl<<endl;

| //displaying results

cout<<"n The width of the patch is : "<<w/1000<<"m = "<<w<<" mm";

//effective permittivity of the dielectric ereff
ereff=((er+1)/2)+((er-1)/2)*(1/sqrt(1+((1 2*h)/w))); // w and h in mm |
cout<<endl<<endl;

l {
cout<<™n The effective permittivity of the Dielectric is : "<<ereff; ) |
1

//effective length of the patch leff \
leff = ¢/(2*f0*sqrt(er)); //er placed here replacing er_eff
leff = leff * 1000; //leff in mm here l
cout<<endl<<endl; 1

cout<<™\n The effective length of the patch is : "<<leff/ 1000<<" m = "<<leff<<" mm";

/Nlength extension change del_1
del 1 templ = (ereff +.3) * ((w/h) +.264); ‘
{ del 1 temp2 = (ereff - 258) * ((w/h) + .8);

del 1=0.412*h* (del 1 templ/del 1 _temp2);// del 1in mm

|
|
|




cout<<endl<<endl;
cout<<"\n The length extension for the patch is : "<<del_1/1000<<" m = m<<del_l<<"

mm";

{factual length of 1
I=leff-(2*del 1); /1, 1g, wg all in mm
lg=( 6¥h) +];
wg=( 6*h) +w;
cont<<endl<<endl;
cout<<™n The actual length of patch is : "<<abs(1/1000)<<" m ="<<abs(l)<<" mm";
cout<<™n Ground Plane location: "<<endl<<"\t\t";
cout<<"Length(g) : "<<lg/1000<<" m"<<" = "<<g<<"mm";
cout<<"n\\MWidth(g) : "<<wg/1000<<" m"<<" = "<<wg<<" mm";
cout<<endl<<endl<<"Press any key to continue";
for(count=0;count<S;count++)
{
cout<<".";
delay(rand()%500);

}
geteh();

clrscr();




APPENDIX B |

The following code illustrates the implementation of the far field expressions for a "l
Rectangular Microstrip Patch Antenna.

The radiation pattern components other basic parameters are calculated.

int phl,thl; !
double t1,12,t3,t4; “ |
double f0,er,h,w,ereff,leff,del_LLlgwg; 1
double R_fin[181]={0.0}; '
double delﬁl_temp1=0,del_l_temp2=0;

const double ¢ = 300000000.00;

char *introduction ="This program simulates the designing of a microsirip patch
antenna'; :
double E_theta[181],E_phi[l 81],k2=0,k0=0,lamda0:0,R[1 811; ) '
double theta[181]={0.0}; !
double AF_linear,AF_circular;

int ﬂag=0,phi=0,phiﬁcount=0,zO =378;
float temp;

int count=0;

int far_field_exp() i
{

Jifar field expressions

1amda0 = ¢/f0; // lambda in m thus converting to mm in next line
lamda0 = lamda0 * 1000;// lamda now in mm '
K0 = (2#3.1412/tamda0);//k0 in hz E
k2 = ((4*h)/(lamda0 % 70));//h in mm as i/p by user /
temp = (kKO*W)/2; |




/finitialising theta
double j=-90;
for(count=0;count<181;count++)
theta[count] = j++;

//theta[181] has elements -90 -89 ...upto +90
for(phi=0;phi<=90;phi=(phi+90) )

{

cout<<endl<<"Generating Data for phi = "<<phi<<"degrees"<<endl;

for(int counter=0;counter<181;counter++)

{
if(theta[counter] == 0) { i
i{l
{ 1
E theta[counter] = k2;
E phi[counter] = k2;
R[counter] = ( pow(k2,2) + pow(k2,2));
}
else
{ i
l
if(phi == 0) !
{ \

E_phi[counter] = 0;
t1 = cos(temp * sin((3.14/180)*theta[counter]));//converting angle into

radians

t2 = cos((3.14/180)*temp * sin(theta[counter]*(3.14/180)));
E_theta[counter] =k2 * t1 * t2;

.



1 R[counter] = (pow(E_theta[counter],2) + pow(E_phi[counter],2));
! R[counter] /= 100;
}
if(phi ==190)
| {
! E_theta[counter] = 0; |
1- 1 = cos(temp * sin((3.14/180)*theta[counter]); \
t3 = sin(k0 * h * sin((3.14/ 180)*theta[counter]))/2; // this eqn \
i t4 = (kO*h*sin((3.14/1 80)*theta[counter]))/2;
E_phi[counter] = (k2 * t1*¥t3*c
cos((3.14/1 80)*theta[counter])*cos((B .14/180)*theta[counter])) / t4; g .§
R[counter] = (pow(E_theta[counter],Z) + pow(E _phi[counter],2)); ‘
}

t1 = R[0];
for(int p=1;p<181;p++)
if(R[p] 1) |
tt =R[pl;

cout<<endl<<"max value of R is : "<ty
for(p=0;p<181;p++)

‘ {
R_fin{p] = 10 * log( R{p}/t1);

draw_graph(R_fin,phi);




int ch;
ch=1;
while(ch==1)
{
cout<<"\nEnter the value of gap of phi for which power shud be computed :";
cin>>phl;
if{(ph1<=90)&&(ph1>0})
{
ch=0;
}

else

cout<<"\nEntered Value is incorrect .....";

cout<<"\nPlz Enter value less than equal to 90 and greater than 0";

ch=1;

while(ch==1)
{

cout<<"\nEnter the value of gap of theta for which power shud be computed :";

cin>>thl;
if{(th1<=180)&&(th1>0})
| {
! ch=0;
| !
else

{




cout<<"\nEntered Value is incorrect .....";

cout<<"\nPlz Enter value less than equal to 180 and greater than 0";

power();

restorecrtmode();

return 0,

int draw_graph({double R_fin[181], int phi)
{

int gd=DETECT,gm;
int counterl 1=0;
int org_x=20,0rg_y=200,

double max R fin=0,min R _fin=0;

max_R_fin=R_fin[0];
min_R_fin =R_{in[0];
for(counter11=0;counter11<180;counterl 1++)
{
//fcomputing max value of R_fin
if(R_fin[counterl1 1] > max_R_fin)

max_R fin=R_fin[countert1];

//computing min value of R_fin

if(R_fin[counter11] <min_R_fin)

|
i : |
A \




min_R_fin=R_fin[counterl1]; ‘,‘
. } |
cout<<endl<<"Max Value of R_fin is "<<max_R_fin;

| cout<<endl<<"Min value of R_fin is "<<min_R_fin;

mmtgraph(&gd,&gm,"C:\\te\\bgi"); '
//drawing X axis
line(org_x,org y+200, org x+600,0rg_y+200); 1
/{drawing arrowheads on X axis ' |
line(org_x+600,0org_y+200,0org_x+600-3,org_y-2+200);  , i
line(org_x+600,0org_y+200,0org x+600-3,0org_y+2+200);

// writing the values on axis

outtextxy(org_x,org y+202,"-90");

outtextxy(org_x+30,org_y+202,"-80"); ‘
outtextxy(org_x+60,org_y+202,"-70"); _ ;
outtextxy(org_x+90,0rg_y+202,"-60"); 1
outtextxy(org_x+120,org_y+202,"-50"); !
outtexixy(org x+150,0rg_y+202,"-40");

outtextxy(org x+180,org y+202,"-30"),

outtextxy(org_x+210,0org_y+202,"-20");

outtextxy(org x+240,0org y+202,"-10");
outtextxy(org_x+272,org_y+202,"0");

outtextxy(org_x+300,org_y+202,"10"), B
outtextxy(org_x+330,0rg y+202,"20");
outtextxy(org_x+360,org_y+202,"30");
outtextxy(org_x+390,org_y+202,"40");
outtextxy(org_x+420,0org_y+202,"50");




outtextxy(org  x+450,0org_y+202,"60");
outtextxy(org_x+480,org y+202,"70"); i‘
outtextxy(org_x+510,0org_y+202,"80");
outtextxy(org x+540,org_y+202,"90");

//drawing Y axis

line(org_x+270,0rg_y-160,0rg x+270,0rg_y+260);
//drawing arrowheads on Y axis |
line(org_x,org_y-460,0org x-2,0rg_yt+3-460);
line(org_x,org_y-460,0org x+2,org_y+3-460);

outtextxy(org_x+270,org y-160,"0"); E
outtextxy(org x+270,org_y-150,"-50"); |
outtextxy(org x+270,0org_y-100,"-100"); |
outtextxy(org x+270,0org_y-50,"-150");

outtextxy(org x+270,0rg_y,"-200"); !
outtextxy(org_x+270,org_y+50,"-250");

oultextxy(org_x+270,0org_y+100,"-300");
outtextxy(org x+270,0org_y+150,"-350");
outtextxy(org x+272,org_y+202,"-360");

/1 graph plot code goes here

int a,b,c;

if{phi==0)




{
a=o0rg_x;
for(int i=0;i<=180;i++)
{
b=0;
b=int (R_fin[i]);
b=(org_y-160)-b;

putpixel(a,b,RED);

a=a+3,

delay(25);

clse
{
a=org_x; '
for(int i=0;i<=180;i-++)
{
b=0;
b=int (R_fin[i]);
b=(org_y-160)-b;
putpixel(a,b,RED);
a=at3;
delay(25),
}
getch();
}

// restorecrimode();

return 0;

H




}
APPENDIX C

The following code snippet illustrates the calculation of array factors for the following
type of arrays:

¢ Linear Arrays

e Circular Arrays

The radiation pattern for the array configuration, the power radiated and the directivity of
the antenna are computed. The variables used are the same as defined in appendix A and '

appendix B.

int array _elements()
{
int flag;
int no_of elements; ‘
double distance; ‘
int choice;
double betad = (2 * 3.1412)/lamda0;
double beta = (betaO/sqrt(ereff) ),

int gd=DETECT,gm;
cout<<endl<<"Switching to arraying of microstrip antenna";
for(count=0;count<5;count++)
{

cout<<".";

delay(rand()%500);

sound(2000000),

nosound();

sound(2000000);




clrser();

| cleardevice();
initgraph(&gd,&gm,"C:\te\\bgi");

int x,y;

int counter;

clrscr();
setbkcolor(BLACK),
x=getmaxx();

y=getmaxy(};

// outermost rectangle
setcolor(REDY;
for(counter=0;counter<10;counter++) :
{ : _I
rectangle(0-+counter,0-+counter,(x-counter),(y-counter)); |

delay(100);
}

flag = 0;

/f button 1 for Linear Array
setcolor(RED);

x=90;

y=200;
for(counter=0,counter<16;counter++)

{

rectangle(x+counter,y+counter,x+140-counter ,y+30-counter),

}




setcolor(BLUE);
settextstyle(TRIPLEX_FONT,HORIZ_DIR,2);
outtextxy(95,200,"Linear Array");

/fbutton 2 for Circular Array
=90,
y=250;
setcolor(RED);
for(counter=0;counter<16;counter++)

{

rectangle(x+counter,y+counter,x-+140-counter,y+30- counter),

}

setcolor(BLUE);
settextstyle(TRIPLEX FONT,HORIZ DIR,2);
outtextxy(95,250,"Circular Array");

uniont REGS 1,0;
int button;
1.x.ax=0;
int86(0x33,&1,&0);
if(o.x.ax==0)
{
cout<<endl<<'"No Mouse Device Detected.....";
exit(7);
}
i.x.ax=1;
int86(0x33,&i,&o0);




gotoxy(24,23),

for(;;)

{

char chl;
if(kbhit())

{
chl=getch();
if(ch1==32)

{
clrscr();
cleardevice();
}
if(ch1==27)

{
exit(0);

i.x.ax=3;
int86(0x33,&i,&0);
button=o0.x.bx&7,;
gotoxy(23,11);

i.x.ax=3;

/{ for simulation

1f{(90<0.x.cx)&&(230>0.x.cx)) // FOR SETTING X-AXIS OF MOUSE POINTER

{
if((200<0.x.dx)&&(230>0.x.dx)) // FOR SETTING Y-AXIS OF MOUSE POINTER




{
if(button==1) // LEFT CLICK OF MOUSE
{
clrscr(); // CHANGING THE SCREEN
cleardevice();
restorecrtmode();
do

{
cout<<endl<<"Enter No. of array_elements : ";
cin>>no_of elements;
if(no_of elements < 0)
cout<<endl<<"tNo of elements can't be negative.Please enter agam...”;
}while(no_of elements<0);
do

{

cout<<endl<<"Enter the distance b/n consecutive elements (in mm): ";
cin>>distance;
if(distance< 0)

cout<<endl<<"Distance can't be negative.Please enter again...";

}while(distance<0);

t1 = cos(beta0 * distance * cos(3.1412/2) + beta);
t2 = cos(beta0 * beta * cos(3.1412/2) /2);

AF linear =no_of elements * t1 * {2;

flag=1;




/l for Circular
if{(90<0.x.cx)&&(230>0.x.cx)) // FOR SETTING X-AXIS OF MOUSE POINTER
{
1f{((250<0.x.dx) & &(280>0.x.dx)) // FOR SETTING Y-AXIS OF MOUSE POINTER
{
if(button==1) // LEFT CLICK OF MOUSE
{
clrscr(); // CHANGING THE SCREEN

cleardevice();

AF circular =0;

do
{
cout<<endl<<"Enter No. of array_elements : ",
cin>>no_of elements;
if{fno of elements < 0)
cout<<endl<<"\tNo. of elements can't be negative. Please enter again...";

twhile(no_of elements<0);

for(int counter=0;counter<181;counter++)
{
tl =beta0 * sin( (3.1412/180) * (counter -90) );
t2 = cos((3.1412 * 0)/180);
t3 =cos( tl * t2) + beta;
AF _circular = AF circular + t3;

cout<<"\nAF _circular for theta = "<<counter-90<<" = "<<AF circular;

}
flag=1;




if{flag==1)
{

restorecrtmode();

clrser();
cout<<endl<<"Displaying Radiation'Pattern for Linear Array";
for (int p=0;p<181;p++) |
{

t1 = pow(E_theta[p],2) + pow(E_phi[p],2);

t2=2% AF linear *(E_theta|p] + E_phi[p]);

3 =2 * pow(AF _linear,2);

R fin[p] = t3+t2-+t1;

cout<<endl<<R[p];

getch();
exit(0);

}
}

return 0;




