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m A line must be considered transmission line if

2 x Tpp x trace length > Tr or Tg (minimum of the two)

® Mmain parameters: Zo = V(Lo/Co) Q
Tpp = V(Lo X Co)

=>Co=Tpp/ Zy
m T,, depends only on g, not on the geometry of the trace
of course, Tpp = 1/ V, ; with
m g, «Eeffective dielectric constant for microstrips
0 V;speed of light in vacuum, 11.8 in/ns
so that in vacuum Tpp = 0.084 ns/in = 1.017 ns/ft

Ve 11.8in/ns

Signal speed on striplines: V.

p (inner) = VET ~ VET
. . . Ve 118 in/ns
Signal speed on microstrips: Vo toutery = &
p(outer) ™ [Ererr ~  \Erery
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» Attention! In these
PCB trace types

slides, Tpp IS In ns/ft!
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VEg+ H = DIELECTRIC THICKNESS
T = TRACE THICKNESS
Top = 1.017 4f 0475 E5 + 067 W = TRACE WIDTH
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E, = DIELECTRIC CONSTANT
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VALID FOR g _1)<0.35AND g <025

W

DIELECTRIC THICKNESS BETWEEN TRACE
AND POWER/GROUND PLANE

g =O0OVERALL DIELECTRIC THICKNESS
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T = TRAGE THICKNESS

W = TRACEWIDTH

(c) Stripline
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WHERE Z =

(d) Dual Stripline

Tog =107 x /g EEEEQ TR GONSTANT

. H = DIELECTRIC THICKNESS BETWEEN TRACE
These are two (independent) AND POWER/GROUND PLANE

: L B =OVERALL DIELECTRIC THICKNESS
offset (or asymmetric) striplines T = DIELECTRIC THIGKNESS BETWEEN THACES

(possibly orthogonal to each W = TRACE WIDTH
other to reduce crosstalk)
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Coplanar waveguide (CPW)

Electric field lines

_____ Magnetic field lines
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Ground

CPW has two ground planes,
which must be maintained at the
same potential

Bond wire

Substrate
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Grounded coplanar waveguide (GCPW)
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« used on printed circuit boards as an alternative to microstrip

« usually s > h, so GCPW field is concentrated between the strip
and the substrate ground plane => GCPW behaves like a
microstrip

 |ess prone to radiate and higher isolation than a microstrip
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PCB impedence calculator

Fortunately, several tools do exist, e.qg.

m https://www.multi-circuit-boards.eu/en/pch-design-
aid/impedance-calculation.html

m hitps://www.eeweb.com/tools/microstrip-impedance

m https://www.pcbway.com/pcb prototype/impedance calculator.
html

m http://www.multek.se/index.php?page=trace-width-calculator-2



https://www.multi-circuit-boards.eu/en/pcb-design-aid/impedance-calculation.html
https://www.eeweb.com/tools/microstrip-impedance
https://www.pcbway.com/pcb_prototype/impedance_calculator.html
http://www.multek.se/index.php?page=trace-width-calculator-2

Device loading

m |f there are devices along the line, their capacity (let C,
be their distributed capacity) loads it, so that T,; and Z,
are modified (C, goes in parallel with C):

Tep' = Tpp x V1+(Cp/ Co)
Zo' =20/N¥1+(Cp/Cp) Q




