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Loss in Transmission Lines
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Signal amplitude decreases with distance from
the source.
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Skin Effect in Lines

C — —

'f

Low Frequency High Frequency Very High Frequency

©®© ® ©

cet ILLINOIS

Electrical and Computer Engineering
University of Illinois at Urbana-Champaign

ECE 546 — Jose Schutt-Aine




[image: image1.wmf]


Skin Effect in Microstrip

H. A. Wheeler, "Formulas for the skin effect,” Proc. IRE, vol. 30, pp. 412-424,1942
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Skin Effect in Microstrip

Current density varies as
J = Joe—y/§e—jy/5
Note that the phase of the current density varies as
a function of y
J wo
1+

[ = J‘Jowe_y/ge_jymdy =
0

0E0:J0:>E0:J0
o

The voltage measured over a section of conductor
of length D is:

J D
V=ED="°
O
-
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Skin Effect in Microstrip

The skin effect impedance is

Z =2 LD U+]) =214 )z fup

)i 0Jw5w
1

where p=— is the bulk resistivity of the conductor
O
Z skin — Rskln + ]X skin
with
D
Rskin :Xskin - ﬂfﬂa
w

=» Skin effect has reactive (inductive) component
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Lossy Transmission Line
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Telegraphers Equation: Time Domain
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Lossy Transmission Line

fﬁ}ﬁm “Im}m Nm}/w\,_mn__-
’ - Az > o

Telegraphers Equation: Frequency Domain

_8_V: (R+jol)l = ZI
Oz

o (G+joC)V =YV
0z
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Lossy Transmission Line

forward wave
\N\I\I\N —

backward wave
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Lossy Transmission Line

M V(z)= Ae e /P4 Bet* e /F"
I(2)= Z%)[Ae“zejﬁ Z_Bet* e’ Z]
7 — (R-I_ja)l’) 7/=a+j,8:\/(R+ja)L)(G+ja)C)
> N (G+ joC)
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Effects of Losses

- Signal attenuation V\N\/\/\/ —

- Dispersion 7 =a(w)+jB(»)=(R+ joL)(G+ joC)

- Rise time degradation
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RC Transmission Line

-4 l >

WA WA W WA W~
I I I 1T

R : series resistance per unit length
C : shunt capacitance per unit length

RI coth Rl |Co (1+ J)

Z, = \/5
f 21+ ))

For very high w,arg(Z,,) = 45°
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RC Transmission Line

-4 l >

WA WA W WA W~
I I I 1T

If o <<

2CT then

, _ R, 1 R 1

Y2 jClo 2 jCw

R, = Rl : total resistance
C, = Cl : total capacitance

ECE 546 — Jose Schutt-Aine

13



RC Transmission Line

dO—T1— Linc Fo1T—1+——,

Pulse Characteristics: Line Characteristics
rise time: 100 ps length : 3 mm
fall time: 100 ps near end termination: 50 Q
pulse width: 4ns far end termination 65 Q

Near Eqd Resp?nse Far End Response

! 1 1 | | | 0.7 + | | ; |
r ‘ 0.6 7:— ! ! ! Board
0725 7 poard T e - VLSl
] 0.4 I L 1 Submicron
@ I : ! gubmlgrc;n . e Ok : ! Deep Submicron
5045 — p " 1 eep Submicron Soa il | ——— —
- 1Logic
I | | | Logic 02 | | | | “threshold
0175 1 oo | ERREREEEEE oo threshold 01 —ff-———— | 1
0 oo
-0.1 \ \ \ \ \ -0.1 } ] } }
0 0.4 0.8 1.2 1.6 2 0 04 0.8 1.2 1.6 2
Time (ns) Time (ns)
e ILLINOIS
ECE 546 — Jose Schutt-Aine 14

Electrical and Computer Engineering
University of Illinois at Urbana-Champaign



Long Cable

100m Category-5 Cable

Simulation I
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Short Cable

1m Category-5 Cable
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Category 5 Cable

Resistance and velocity
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Cable Loss Model

R(f)=R*f"

_ %
vr T vro +Vrs f

Z=R(f)+ joL =R

Z,

W
Category S 100
24-Ga 100
Category3 100
SMA 50
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sin T J(Ry;, + @L)
Vio Vi R, B L nax
S - =Sy oY =
0.724 -0.165 1538 0482 0.2
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Lossy TL Simulation

* To simulate lossy TL with resistive loads
» No closed form solution
» Simplest method is to use IFFT

V(t,Z) = ]FFT{Ae—aze—jﬂz +Be+aze+jﬂz}

i(t,z)=IFFT {ZL[Ae“ZejﬂZ— Be™**e*IP* }}

o

_ (R-I_ja)l’) 7=a+j,8=\/(R+ja)L)(G+ja)C)
* N (G+ joC) S
T = ¢
L, +Z,
TI/S(Q)) B — F —2}/1A . ZZ_ZO
A = e I, =
I-T e : > Z+Z r_Z-Z

For multiconductor transmission lines: see: J. E. Schutt-Aine and R. Mittra, "Transient analysis of coupled lossy
transmission lines with nonlinear terminations," IEEE Trans. Circuit Syst., vol. CAS-36, pp. 959-967, July 1989
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Time-Domain Simulations

near end

Zs=50 O ¢

far end
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Pulse Propagation (CAT-5)

22GA/Cu/4-cond Near End
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Pulse Propagation (MP/CM)

MP/CM Shielded Near End
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Pulse Propagation (RG174)

RG174 Near End
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