EPFL _ _
Printed lines

microstrip lines

slot lines

striplines

coplanar waveguides



EPFL . .
Printed lines

Slotline

Suspended Inverted Fin Line
Stripline Stripline
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Printed lines
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Dielectric substrate

e

ground plane (optionnal)




EPFL :
Usual substrates : ceramics

Ceramics : Alumina (Al203) and Beryllium
Oxydes (BeO)
6<er<10 210%<tand<410*

Synthetic materials



EPFI'Usual substrates : synthetic materials

Polystyren, polyolfin, polyester,
polytetrafluoretylen (Teflon)

2<er<3 tan & around 5 10
Synthetic materials charged with ceramic
powder or glass fibres

2<er<10 tan & around 1 103

FR4
er=4.4 tan & around 2 102
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=PFL Usual substrates : Iintegrated circuit
substrates

Silicon
er=11.9 tan & around 4 10

Gallium Arsenide
er=13 tan & around 6 10
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“PFL Printed microwave lines :
advantages

Cheap

easy to manufacture

good repetability

Light in weight, lowprofile
Compatible with integrated circuits



EPFI'Printed microwave lines : drawbacks

relative high losses

dispersion

Inhomogeneous structures , thus difficult to
analyze
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Thinn film manufacturing

Process
o AN Initial material
dielectric metal

_‘/

photoresist
* Deposition of

Photoresist
ey
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Bl
insolation
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Thinn film manufacturing

Process
——
Develop-
. pement
faCquer
.
Chemucal
— attack
- —
Elimination

- of photoresist
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Screen
EGran
Schablone

o
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Thick film

v
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800+

600 -

Thick film

ca. B50°C 10 min

= 400°C
Frittage & réaction
Sintering & reaction
Sintern & Reaktion

Déliantage
200-380°C Debinding

Entbinden

Temperature / Température / Temperatur [*

200 _
Séchage
80 -150°C Drying
Tracknung
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0 10 20 30
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Stripline

2hy

ground plane




EPFL .
stripline

homogeneous dielectric
two distinct conductors



=Prl stripline : TEM modes

We want to know :
Characteristic impedance
group velocity
phase velocity
propagation constant
guided wavelength
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=Prl Stripline : approximation

Stripline equivalent to two parallel plate waveguides
In parallel
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Stripline : approximation
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Parallel plate waveguide




=PFL Parallel plate waveguide : TEM
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mode

p= a)\/grgo,uo = \/5r Ko
N 1 _ ¢
"B Véréoto \/a

.
’ o \/‘9r50ﬂ0 \/gr




=PFL Parallel plate waveguide : TEM

mode
Characterisitc impedance
y=Db
u ( :—j E-dl=V,e”*
y=0

¢ H. dl EFEOVO W -V
Jconduct Jio b Z =120 1
u b Ho b Z

i Er€g w \/7
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=Prl Stripline

Propagation coeff., phase and group velocities,
wavelength identical to parallel plate waveguide

P =w\EEglly =& Ko
v - w _ 1 _C
Y p \Veéréokth \/;

y _(%j‘l_ 1 _¢c
? \ow Véréoto \/;
. 27V, _ A
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=Prl Stripline

Characterisitic impedance corresponding in first
approximation to two parallel plate waveguides in parallel

-1
1 1 h Z
Lo = aral + aral - >
Zcp : Zcp : 2W /gr
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EPFL Stripline : second order
approximation (analysis)

, _30% 2 0 pour 5035
C — We _ W
[ w. +0.441(2h o =on ) 2
gr e ( ) 2h 2h (035_2_\/}/]) pour 2—V:1<035
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EPFL Stripline : second order
approximation (synthesis)

W X pour \/Ezc<120
2h  10.85-40.6—x pour /& Z.>120

307z

&r L

X = —0.441

W Wq

<+—> +—>

o o
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Stripline : attenuation

a=aq+a; [Np/m]

_ktano

aq [Np/m]
00027RserZc pour /& Z. <120
307 (2h—t)
ac:<016R [Np/m]
S B pour /g Z;>120
Z.2n p \/T c
A_py 2w . 2h+t In(4h_tj R, = |24
2h—t  7z(2h-t) t 20
B=1+ I

2h 0414t 1 . 4nw
0.5+ + n
(0.5w+0.7t) w27t



EPFL : .
microstrip line

ground plane



EPFL : .
microstrip line

Inhomogeneous line, but two conductors
(line and ground plane)

Quasi TEM mode



EPFL microstrip line : effective
permittivity

1<éa <égp



EPFL microstrip line : effective

PRELTOS +1)+%(gr _1)

go =—(&r +1)+§(5r -1)

34

permittivity

[ 0.5 2
(1+12£j +o.04(1—ﬂj } oour %31

W h

-0.5
1+12£j pour ﬂ21
W h



EPFL microstrip line : effective
permittivity

Error : less than 1 % for

35

0.05<w/h<20 et & <16



=PFL  microstrip line : characteristic
Impedance (analysis)

Z. = Zo In(@qt—j pour <1
27\ Eg W h
Zy (W W - W

Zs =—F ( +1.393+O.667In(—+1.444jj pour —>1
Jée LN h h

where Z, =120 is the charactersitic impedance of the vacuum
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=PFL  microstrip line : characteristic
Impedance (analysis)

300

250

200

< 150

100

50
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microstrip line : characteristic
Impedance (synthesis)

fr _1[In(B—1)+O.39—%j+E(B ~1-In(2B-1)) pour %z 2

Er T

Z g —1 0.11
A:Z—Cﬂ,/Z(gr +1) +F +1[O.23+?j

0
T Z

“o
2 Z



=PFL  microstrip line : characteristic
Impedance (synthesis)

w/h

| | | | | I i
10 20 30 40 50 60 70 80 90 100
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=PFL . . .
Attenuation in a microstrip line

a=aq+a; [Np/m]
kogr (ge—1)tans

= Np/m
HTT ge (& —1) [Np/m]
R
aC:wZSC [Np/m]
Ry =, | 2K
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Modes In a microstrip line

TRANSMISSION LINES

Dominant
mode w\ls_'

Quasi-TEM Approximation

_~ Dielectric Propagation

Higher-Order
modes

__ Air Propagation

— ‘(
UJ/CO




EPFL . . . .
Dispersion in a microstrip line

f.=
P 2htg
G =0.6+0.009Z,



EPFL Dispersion In a microstrip

line
%=\/€_e“ €r
4 - 16
’_’_/_/12
8
J///{”"’




EPFL . . .
Radiation of a microstrip line

A TEM mode does not radiate => radiation occurs
when higher order modes are excited

AN




EPFL . . .
Radiation of a microstrip line

For a 50 Q line, the frequency f, for which the radiated
power remains lower than 1 % of the total power is
given by :

f. [GHz] = Zﬁl[fnﬁ
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EPFL . . .
Radiation of a mlcrostrlp line




EPFL . . .
Radiation of a microstrip line

h/A, g
Guided
waves - 1
Radiated
waves f !




Ip antenna

tr

MICIOS

=PrFL

Feed line

1€ 8.6 &,
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microstrip antenna
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>Patch side
layers
NI
#
Ground
plane
Slo
Feed side
layer
r //// _
7 7’
IEET
Feline
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EPFL . .
Microstrip antenna




EPFL . .
Microstrip antenna




cPsL

coaxial |Waveguide |stripline | microstrip
cable
Dom. mode [TEM | TE, TEM Quasi TEM
other TE, TM |TE, TM TE, TM |Hybrid
Dispersion |none medium none low
Bandwidth |high low high high
Lossess medium | low high high
Max Power | medium | high low low
Size big big medium |small
Manufactur. | medium | difficult easy easy
Component |difficult |difficult medium |easy
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