CAPITULO 2
LINHAS DE TRANSMISSAO
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2.1 PORQUE LINHAS DE TRANSMISSAO?

Distribuicdo da tensdo no espaco e
no tempo

Comportamento no espago:
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Uma experiéncia simples

[Channel

I=1,5cm

f=1IMHz | =94,96m

f=10GHz | =0,949 cm

Em 10 GHz a linha n&o pode mais ser representada por
pardmetros concentrados.
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2.2 EXEMPLOS DE LINHAS DE TRANSMISSAO
2.2.1 FIOS PARALELOS

Electric Field
(solid lines)

Magnetic Field
(dashed lines)
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2.2.2 LINHA COAXIAL
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2.2.3 LINHAS “MICROSTRIP”

i

(a) Printed circuit board section (b) Microstrip line
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(a) Teflon epoxy (g, = 2.55) (b) Alumina (g, = 10.0)
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(a) Sandwich structure (¢, = 2.55) (b) Cross-sectional field distribution

(a) Geometric representation (b) Field distribution (&, = 2.55)
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2.3 CIRCUITOS EQUIVALENTES
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Modelo genérico

iz) R L Iz + Az)
! ;
Fiz) - Viz+ Az)
v v
Z z w} Az
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Vantagens da representagao por circuitos elétricos

*Fornece uma visao clara e fisicamente intuitiva
*Representacdo como rede de duas portas

*Permite a analise usando as leis de Kirchhoff

Desvantagens da representacao por circuitos elétricos

*Analise em apenas uma dimenséo

*N&o linearidades dos materiais sédo desprezadas
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2.4 FUNDAMENTOS TEORICOS
2.4.1 LEIS BASICAS

Lei de Ampere

Forma integral

Line path /

Forma diferencial
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H, A/lm
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0 5 10 15 20 25 30 35 40 45 50
ry,mm
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Lei de Faraday

Forma integral

Forma diferencial
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2.5 PARAMETROS DE CIRCUITOS PARA UMA LINHA
DE TRANSMISSAO DE PLACAS PARALELAS

TE 043 CIRCUITOS DE RADIO-FREQUENCIA 17

2.6 RESUMO DE DIFERENTES CONFIGURACOES DE

Table 2-1  Transmission line parameters for three line types
Parameter Two-Wire Line Coaxial Line Parallel-Plate Line Unit
R | | |r | | 1 2 £/m
TG g0 MO ot a BJ W g
L 1 (DY T d H/m
-—awwh[—' '—In[— =
i ‘ 2a ;l 2n \a ;l W
&} T ey IMOg w S/m
— > “di=|7
acosh(D/(2a)) In(b/ay ‘
C ne 2ne e Fim
acoshi(D/(2a)) Inihsay d
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2.7 EQUACOES GERAIS PARA LINHAS DE TRANSMISSAO

2.7.1 Representacao pelas leis de Kirchhoff

RN L

~N
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Exemplo 2.4. Equacdes para
paralelas

uma linha de transmissao de placas

ith cell plate 2

d
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plate 1

Elemento de superficie para aplicacdo da lei de Faraday




. ol
ith cell plate 2

X =]
z:-"’:l::s——,— ,é 7
T -
= ==
= = _ _
d I
T L~
z z+Az \
) plate 1

Elemento de superficie para aplicagao da lei de Ampeére
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2.8 LINHAS DE TRANSMISSAO “MICROSTRIP”

i

(a) Printed circuit board section (b) Microstrip line

(a) Teflon epoxy (g, = 2.55) (b) Alumina (g, = 10.0)
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Formulacdo empirica para

* Para linhas estreitas

onde
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e Para linhas largas
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100

(=]

Characteristic line impedance Z,, Q

1

0.1 0.3 1 3 10
Line width to dielectric thickness ratio, w/h
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Eerr

Effective dielectric constant,

0 . s
0.1 0.3 1 3 10
Line width to dielectric thickness ratio, w/h
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Conhecendo a constante dielétrica efetiva
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Equacdes de projeto
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Exemplo 2.5. Projeto de uma linha de transmissé&o “microstrip”

1k —

100

10

Characteristic line impedance Z, £

1 .

0.1 0.3

1

Line width to dielectric thickness ratio, w/h
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Influéncia da espessura do condutor na impedancia caracteristica

n

dalinha

100+

t=1.5mil

.

Characteristic line impedance 7, Q2

0! e
0.1 0.3

1
Line width to dielectric thickness ratio, w /A
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2.9 LINHAS DE TRANSMISSAO TERMINADAS SEM PERDAS

2.9.1 Coeficiente de reflexao

Linha de transmisséao terminada em z=0
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2.9.3 Ondas Estacionarias

in

v 0
N
N
I

— 0

d=1 0
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2.10 CONDIGOES ESPECIAIS DE TERMINAGAO

2.10.2 Linha em curto circuito

3 Zinld)
L3y 1T Jh T 1
d)y
1 L/ 277
0.5 J
0
-0.5 Id) 7 ]
2ViZ,
-1
—1.5¢ 1
72 . . \ . - di
lJ 1 02 03 0. 4 0.5 () (3 0. 7 0.8 09 1
T -1 A —1
Short Sl ort Open Short
circuit Llll.lllt circuit circuit uuun
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Exemplo 2.6 Linha em curto-circuito, | =10cm, L

1.5 2 2.5 3 3

e C=119,5 pF/m.

500

450
400 +

350}

ml*

\zm_

= 209,4 nH/m

300}
250
200
150
100+

50+

GHz
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2.10.3 Linha em circuito aberto

sl Zy(d) _
T i \\
1
0.5¢ (d) 1
777,
0 A &
)
05k 2V J
-1
-1.51 ]
2 . .

0 01 02 03 04 05 06 07 08 00 142

T

Open Short Open Short Open
circuit circuit circuit circuit circuit
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Exemplo 2.7. Linha em circuito aberto, | =10 cm, L = 209,4 nH/m
e C=119,5 pF/m.

n

1Z 1. Q

2.5
/. GHz
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2.10.4 Linha de um quarto de comprimento de onda

Casamento de impedancia através de uma linha | /4

e .
Z, = desired £, = given
I

|

|
777, L: z,

|

|

w4

F e A«
Y
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Exemplo 2.8. Casamento de impedancia via transformador | /4

Z =25W z,

f = 500 MHz @ '

h

0 02 04 06 08 1 12 14 1o 18 2
f. GHz
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2.11 LINHAS DE TRANSMISSAO EXCITADAS E CARREGADAS

Exemplo 2.10. ConsideracBes sobre poténcia em linhas de
transmisséo.

Z,=75W Zo=50W Z, =40W
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