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Some typical material parameters

Line parameters are for W=W

Dielectric Vphase Z0
gr Er,eﬁ -

Duriod 2.2 177 3/4 ¢ 85Q

epoxy-glass 4.8 3.28 0.55¢ 660

Alumina 9.8 418 USc 40Q

(Al203)

GaAs 13 53 043c 35 Q

Quartz 3.8

(Si02)

duriod is available in a variety of dielectric constants.
Sapphire (crystalline Al203) is sometimes used, but is
anisotropic. SiO2 is used both in its crystalline form
(Quartz) and in amorphous form (fused silica)

Vias in microstrip:

We need a home in the board. This is fairly easy in
202a (drill a hole and pass a wire through it) but some
wiring inductance will result. This will be a key problem
in circuit construction. Vias are a very serious difficulty
for microwave ICs both because of fabrication
difficulties (etch a hole through the substrate,
electrooplate it) and because of the =12 pH
inductance. The higher the frequency, the more of a
problem this inductance will become.
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Carriar

Microstrip Line
Dominant transmission medium in
microwave IC's

Key advantage: IC
interconnections have very low
ground lead inductance- more
important than signal line inductive
parasitics in amplifiers

Key problem: through-wafer
grounding holes (vias).

Via inductance forces
progressively thinner wafers at
higher frequencies. Microstrip is
used with good performance in 65
GHz monolithic circuits



Coplanar Lines, Coplanar Strip

Types of Planar Transmission Lines
oA o A K Well designed CPW
' and CPS have

? 3 ' S+2W
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Coplanar Strips (CPS) hﬁrusmy
|

For these structures, if H>>S+2W

-1

Er, eff 2

Advantages:

Don't need backside ground plane, don't need to etch
vias, easy ground connection without inductance

disadvantages:

need to tie the two ground planes together periodically,
difficulty in maintaining the ground-plane connection
on one IC the same as on the IC or package to which it
is connected (more on this later)
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Coplanar Waveguide is a unbalanced transmission line,
while coplanar strips is balanced:

ground +V ground
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Transmlssmn Line Radiation Losses
' Transmission line velocity is

vzc/\/ l+£,. /2

Velocity of a plane wave in the substate
isv= c/ \/8,_ which is slower.

Power radiates at angle  determined
by matching K., .

WIth substrate of finite thickness,
radiation shows frequency structure
due to substrate modes

CPSICPW

subsirale
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Skin Effect Losses, |

=% : Surface impedance of the
Vinerat = \/'} e (J e +0) metal interconnections of
=4/ JOUO

a transmission line
introduces loss

: 2 . proportional to the square
=(1/6)(1+j
( / )( J ) Dispersion is also
where & = z/ﬂ)ﬂ& introduced, as the skin
= impedance has equal real
R meic.{f/GP

and complex parts
=(1/60 P)+ j(1/60 P)
Line Liine
— 1 Zseries JW_[_ Zsaries _fm\r
S orn C”nel Cline 1: by

Rekin 1Xskin  Lline Rskin  Xskin  Ljine

Ciine T Ciipe: A

Z

series
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Skin Effect Losses |l

e For a coplanar line the
Ground L. O Ground effective current carrying
R periphery P is approximately
i the width of the center
Substrate conductor (IF S is relatively
small comparedto W, a

current distribulion  [EEEEEEET

higher-impedance line)

Viine = \/ / (’)C(/ DLy, + Z*-wrf*') Following this, the line

= i LC1+ Z ol propagation constant Y can
i \/ (Zors "”“) be found, and the transfer

= ja)ﬂ/LC(l iz, b )) function for a line of length /

is exp(-Yl)
= j@ILC + Zaks Z o = (1/30P)
: +j(1/ 60 P)

Z,= \/m
63
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