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1. INTRODUCCION

A lo largo del trabajo se han analizado distintas configuraciones de antenas de
parche y arrays de este tipo de antenas.

Los objetivos principales de este trabajo son:

» Entender el funcionamiento completo del programa para adaptar las
funcionalidades a las necesidades de diseno.

» Simular distintas configuraciones de array para estudiar efecto de espaciado entre
parches.

» Analizar tanto configuraciones en una dimension como configuraciones
bidimensionales y estudiar la diferencia entre ambas.




2. CONCEPTOS TEORICOS IMPORTANTES

Se presentan a continuacion parametros importantes utilizados para el diseno:
» Estructura de la antena de parche:
» Parche conductor. Substrate
» Dieléctrico.
» Plano de tierra.
» Linea de alimentacion.
Frecuencia de resonancia.

Ancho de banda.

Impedancia de entrada.

Polarizacion.
Coeficiente de reflexion s11.

Directividad.

vV vV vV v v Vv .Y

Ganancia.




2. CONCEPTOS TEORICOS IMPORTANTES

Ademas, para el estudio de agrupaciones de antenas aparecen otros parametros
importantes:

» Distancia entre antenas.

» NUmero de elementos.

Ventajas al utilizar agrupaciones de antenas:

» Aumento de la directividad.
» Barrido de haz.

> Sintesis de diagramas.




3. SOFTWARE DE SIMULACION

Para realizar las simulaciones se ha utilizado un codigo libre desarrollado en
Matlab ubicado en la siguiente web, hitp://ece.wpi.edu/mom/index.html.

Contents Chapter II Half Wavelength Patch Antenna

* Home
o Chapter 1

e Chapter 2
= Source codes Ay

o Manual (pdf)
o Chapter 3
o Chapterd
e Chapter 5
e Chapter 6
s Chapter 7
o Chapter 8
e Chapter 9
* Appendix A
* Appendix B
* Appendix C
« Mew-64hbit RCS codes Contents

¢ Updates .
e Foadhack 2.1, LP patch antenna (1.0% bandwidth. epsr = 2.33)

s People 2.2, LP patch antenna (2.0% bandwidth, epsr = 2.553)

e Some Links 2.3 LP patch antenna (0.6% bandwidth, epsr = 9.29)

* MathiWorks Inc. 24 Bandwidth estimate and enhancement
This work has been supported by National Science 2.5, RHCP patch antenna for 2.4 GHz ISM band (3% bandwidth,
Eoundation. epst = 3.38) [13]

Grant 20231312

(Sergey N. Makarov and Leo C. Kempel

http://ece.wpi edu/mom/index html
Copyright 2005 WPI ECE Department
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3. SOFTWARE DE SIMULACION

Chapter II Examples

Contents
-
Mame
MATLARB Ansoft
example?] . zip example?la.zip . 1_mesh
example?? zip example?la zip b 2_basis
example23 zip example?3a zip | 3 3_
- - mom
example?4 zip example?4da zip =
MName Type
Mame Type
codes File folder
e
| codes File folder ] comp_r MATLAE M-file
] struct2d MATLAE Figure 1 comp_s MATLAB M-file
7 struct2d MATLAE M-file ] comp_z MATLAB M-file
7 struct2d MATLAB MAT-file 1] eigenfreq MATLAB Figure
] struct3d MATLAE M-file ] eigenfreqg MATLAB M-file
7 struct3d MATLAB MAT-file ] eigenfreq MATLAB MAT-file
] impedance MATLAB M-file
] mode MATLAB M-file
] nearfield MATLAB M-file
MName Type 1 out MATLAB MAT-file
B codes File folder ] out_eig MATLAB MAT-file
#7 basis MATLAB MAT-file T out_fields MATLAB MAT-file
£) wrapper MATLAB M-file £ out_rad MATLAB MAT-file
) radpattern MATLAB M-file
p
scatterfield MATLAB M-file
[




3. SOFTWARE DE SIMULACION

» Creacion de estructura en 2D, al ejecutar struct2d.m:

Planar mesh generator based on delaunay2

All units are millimeters
— Rectangles & Elipses 0.02

Include *C Shape Wyicith Height Border Border wvidth

0 MO s 45 o[ ] 0.015
w0 = =
| MO | ; 025
| ¥ O | . a7 0.005
| @0 | N
| @O |
| MO |
O | e | -0.01

— Palygaon -0.015
Include

[«

0

<

-38

<

<

-38

=

-0.005

O o0od

-0.02

| | -0.02-0.015 -0.01-0.005 0 0.002 0.01 0.015 0.02
X

Triangle size ‘ ‘ | Wiew mesh | |Accept mesh| | Close




3. SOFTWARE DE SIMULACION

» Creacion de estructura en 3D, al ejecutar struct3d.m:

Mumber of groups of layers 1 | | Update

Layers in the same group need not be contiguous.
For example, & group could contain layers 2,3, and 5.

List of layer numbers in Groug 1

For example,[1 2 3 7]or [4 5]. Brackets are optional.

Thickness of each layer in Group 1 1.52

Dimensions are milimeters. For exatmple, 2.5 0 2.5 mm.

Epszilon of layers in Group 1 3.38

Relative permittivity (dimensionless), eg. 4.4,

Loz= tangert of layers in Group 1 0.0027

Dielectric loss tangent (dimensionless), .. 0.15.

Total thickness 152 | | Calculate

Press the Calculate button to ensure
that the tatal thickness is correct.




3. SOFTWARE DE SIMULACION

» Creacion de estructura en 3D, al ejecutar struct3d.m:

!wmm.
To close the polygon and c
seiect the virges iusede, %10
chek 8 blue tuston,
002 sk
0015 F &
on an unselected 3
riarghe 10 select
B and vice versa.
2l
0005
[ o :
= 0 o
Cancel potygen
0008 L ] A
bl
-0.01
Al
0015 Zsomi Zsom O 4
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T62 4015 001 Q065 0 0005 001 0815 002 i B R I e R . e T ]
i I i
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AN
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3. SOFTWARE DE SIMULACION

» Creacion de estructura en 3D, al ejecutar struct3d.m:

chick & bl Bution.

a0 vice versa.




3. SOFTWARE DE SIMULACION
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» Creacion de estructura en 3D




3. SOFTWARE DE SIMULACION

» Creacion de estructura en 3D, al ejecutar struct3d.m:

I | I I 1
-0z -0.015 001 -0.005 0 0.005
x

¥ -0.02 002




3. SOFTWARE DE SIMULACION

» Ejecucion del archivo wrapper.m.

» Ejecucion de impedance.m.




3. SOFTWARE DE SIMULACION

» Coeficiente de reflexion

' X: 2.371e+009 i j i |
H | H

a0 | | | | | |

Frecuencia {He) % 10°




3. SOFTWARE DE SIMULACION

» Diagrama radiacion plano XZ » Diagrama radiacion plano YZ

Dirnctivity (/s polar) or (eftisght handed) in B, Ofiset 76 77 & Mo Dimctesty —3 24 df0 Directivity (co/cross-polar] or (leftiight-handed) in dB; Offset =26.72 dB. Max. Direrctiity =3.24 dB.

Total directiity, dB




3. SOFTWARE DE SIMULACION

» Campo eléctrico » Campo magnético
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4. SIMULACION DE ARRAYS EN 1D

» Array 4x1 d=75 mm

Planar mesh generator based on delaunay2
All units are millimeters

— Rectangles & Elipses

Include xc ye Shape Wicth Height Border  Border width
= | o | | o Mo [ mo [ | o [ ]
[ 125751125 | | o | MmO | 33 | [ 33 | ao [ ]
| 163751087 | | o | MmO | 085 | [ 0.85 | ao [ ]
| me37s1087 | | 0 | O | 27 | [ 27 | o [ ]
m | | | @O | | | |l o [ ]
m | | | @O | | | |l o [ ]
m | | | @O | | | | o [ ]
m | | | @O | | | |l o [ ]

—Palygan

Include 1 x2 %3 x4 x5 %6 %7 x8
O | | | | | | | | | | | | | | |
¥l ¥2 ¥3 ¥d ¥ ¥B ¥7 ¥8
| | | | | | | | | | | | | | |
Triangle size | 10 | | “iew mesh | | Accept mesh | | Close

017 -0

[k




4. SIMULACION DE ARRAYS EN 1D

» Array 4x1 d=100 mm

Planar mesh generator based on delaunay2
All units are millimeters

— Rectangles & Elipses
Incluce HC Shape Wicth Height Earder Eorder width

[u] 3835 ]

-150:100:130 33 33

-153.8:100:146.2 085

-153.8100:146 2 27

O0000RKME@

oogoooooad

[CYRNCY R YRR Y A CY R CV R CY
O0O00000DO0

— Polygon:
Include

O |
|

Triangle size | | [ Wiew mesh | |Accept mesh| | Close

bl




4. SIMULACION DE ARRAYS EN 1D

» Array 4x1 d=110 mm

Planar mesh generator based on delaunay2

All units are millimeters

— Rectangles £ Elipses
Inchacls p{=] Shape Waicdth Heigghit Borcler EBorder wicth

a | 9] 430 65
-165:110:165 | O
1688110161 2 | @]
1688110161 2 | @]
| @]
| @]
| @]
| @)

33 33

0.85

27

U000 ®EBRE

goooobod

— Palygons
Include =6

yE

Triangle size | | | “iew mesh | |Accept me5h| | Close




4. SIMULACION DE ARRAYS EN 1D

» Array 4x1 d=130 mm

Planar mesh generator based on delaunay2
All units are millimeters

— Rectangles & Elipses
Include: xc ye Shape Wickth Height Border  Border width
o J[ e MmO [ s [ s | O [ ]
| -esaseres | | o | MmO | 33 ] 33 O |
19881301912 | | o | MO | 0.85 | | 0.85 O |
-1sss130ier2 | | o | MO | 27 | | 27 O |
O MO | | O
O | MmO | ] O '
O | MO | | O |
— Palygons:
Include x4 x2 x3 xd x5 *6 x7 x5
O | | | | | |
b ¥2 | | ¥3 | | ¥4 ¥5 Vi | | ¥7 i

Triangle size - 10 | [ View mesh | 'Accept meshl [ Close




4. SIMULACION DE ARRAYS EN 1D

» Diagramas de radiacion obtenidos

Dty isaico-peln) o (el - andesl) i o, Dol - 1390 05, M, Dty — 10,09 08

Iunrtmty (rnirmAs-polar of [RR/OHE-hander) n 0H: (MRt =70 8 qH Max Deerimty =3 67 &

Ineinaty [Firress-poiary or [IRnght-hander| m dl§; DRset =30 48 i1 Max Darmrisgy =4 W6 a1




4. SIMULACION DE ARRAYS EN 1D

» Diagramas de radiacion obtenidos

10.09




4. SIMULACION DE ARRAYS EN 1D

» Array 6x1 d=100 mm

Planar mesh generator based on delaunay2
_ All units are millimeters
— Fectangles & Elipses
Include HiC Vi Shape Wictth Height Border Border wicth
o [« MO [ ew [ e [ O [ ]
e 1= = N —
| -2533100:246.2 | | o | O | 085 | | 085 | o [ ]
| -2538100:24622 | | o | O | 27 | | 27 | o [ ]
mi | | MO | | | | o [ ]
mi | | | MO | | | o [ ]
O | | | O | | | o [ ]
i | | | MO | | | o [ ]
— Polygon:
Include =1 K2 x5 xd p] =6 Lt x5
O | | | | | | | | | | | | | | | |
bl 2 w3 v W3 yE w7 ¥E
| | | | | | | | | | | | | | | |
Triangle size | 20 | | “iew mesh | | Accept mesh | | Close |




4. SIMULACION DE ARRAYS EN 1D

» Diagramas de radiacion obtenidos

- “‘”w& Array 4x1 811
d=130 mm

Array 6x1

d=100 mm 12.62

6x1 d=100mm



5. SIMULACION DE ARRAYS EN 2D

» Array 2x2 d=100mm

. MATOS Planar mesh generator - o L . L T . L
Planar mesh generator based on delaunay?2 l
All units are millimeters
— Rectangles & Elipses 005
Include xC Y Shape Wicith Height Border Border wwicth
L Lo I R S R o S = |
| soioosa || sot00s0 | WO | 33 | | 33 | O | | o
| s3miondsz | | sp1ooso | O | 085 | | 085 | O | |
| samiondsz | | so1oosa | O | 27 | | 27 | O | | "
O | | | MO | | | O | | o
O | | | MO | | | O | |
O | | | MO | | | O | | vorf
O | | | MO | | | O | |
— Palygor: 004
Inclucle w1 w2 x3 wd ] xG 7 xE
O | | | | | | | | | | | | vasl
il ¥2 w3 biad ¥3 vE W7 vE
| | | | | | | | | | | |
D08
Triangle size | 15 | | View mesh | | Accept mesh | | Close | ) ) ) . .

1
L] 008 0.06 004 oo 0 0.2 004 0.06




5. SIMULACION DE ARRAYS EN 2D

» Array 3x2 d=100mm

Planar mesh generator based on delaunay?2 o1f
) All units are millimeters
— Rectangles & Elipses 0
Include B Yo Shape Wicith Height EBorder EBorder wicth
T —— e — — = N — R
| aooiooioo || sotoos0 | MO | 33 | | 33 o [ ]
[N
| 4o3zt00862 | [ sotos0 | MO | 08s | | 0.8s o [ ]
[ 4o3mt00862 | [ sotos0 | @O | 27 | | 27 o [ ] 00z
0 | | | @0 | | o ] 'l
O | | | | @O | | | | o [ ] e
O | | | @O | | | o [ ]
m | | | MO | | | o [ ] K
— Palygon: 006
Incluce x1 x2 3 x4 x5 EL) Bt 8
O | | | | | | | | | | | | | | 00
¥l 2 3 w4 ¥S 6 w7 y8
| | | | | | | | | 01F
L 1 L L
Triangle size | 25 | | Wiew mesh | |Accept mesh| | Close | o o ¢ o0s




5. SIMULACION DE ARRAYS EN 2D

» Diagramas de radiacion

Tty {rofrmss pokar) or leftfiight handed) in dE): Ofioet —10 TH A0 Max Dirercirity —11 10 00 Uwortraty [co/toss-polar) or (inght-handed ) m ot Oset =17 10 @, Max. Usrerctraby =12 07 @

Caso de Directividad cI::g‘uF;ca,ccilgn
estudio (dB) T

Array 4x1
d=75 mm 9.56 220

Array 4x1
d=100 mm
Array 4x1
d=110 mm
Array 4x1
d=130 mm
Array 6x1
d=100 mm
Array 2x2
d=100 mm
Array 3x2
d=100 mm

10.09 265

9.62 288

1116 o

8.11 300

12.61 330

11.18 235

12.07 273

28

“ @0 *El tiempo de computacion obtenido es aproximado. La ma
un Pc con procesador Intel® Core™ i5-5300U CPU @2.30
2x2 d=100mm 3x2 d=100mm de 4 GB, con SO Windows 8.1




6. CONCLUSIONES

» Uno de los factores mas importantes a tener en cuenta en el diseno de
antenas de parche es el espesor del parche y la posicion de la sonda de
alimentacion.

» En agrupaciones de antenas, la distancia 6ptima es la que mayor directividad
de la agrupacion ofrece y, ademas, menor efecto de lobulos de difraccion.

» Al pasar de arrays unidimensionales a arrays bidimensionales se ha conseguido
mejorar el comportamiento del diagrama de radiacion ademas de en el plano
XZ, como se consigue con arrays unidimensionales, en el plano YZ.

» No se ha logrado el diseno de arrays 8x1 por limitaciones del software, es algo
que queda pendiente para la continuacion del trabajo.

» Se propone para continuar el trabajo disenar arrays con distinta excitacion,
modificando tanto la amplitud de excitacion como la fase.
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