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Time-Domain Analysis of 
Transmission Line Circuits

(Part 2)
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Outline

Usual definition of under-driven and over-driven lines

Conditions for under-driven lines

Conditions for over-driven lines

Examples of under-driven and over-driven lines

Bouncing diagrams for multiple sections of transmission 
lines

Example of transient response in two sections of 
transmission lines
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Example – Underdriven Transmission Line

(S.H. Hall, G.W. Hall and J.A. McCall, High-Speed Digital System Design, Wiley, 2000)

( ΓS > 0 ) 
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Example – Underdriven Transmission Line (cont)

(S.H. Hall, G.W. Hall and J.A. McCall, High-Speed Digital System Design, Wiley, 2000)

( ΓS > 0 ) 
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Example – Overdriven Transmission Line

(S.H. Hall, G.W. Hall and J.A. McCall, High-Speed Digital System Design, Wiley, 2000)

( ΓS < 0 ) 
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Example – Overdriven Transmission Line

(S.H. Hall, G.W. Hall and J.A. McCall, High-Speed Digital System Design, Wiley, 2000)

( ΓS < 0 ) 
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Underdriven and Overdriven Lines Revised 
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Conditions for Underdriven Lines 
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Conditions for Overdriven Lines 
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Example 1:  ΓS > 0 and ΓL > 0
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Vtran(S) Vtran(in)
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$     DCLevel Amp Delay RiseT  FallT  PWidth Period
PULSE    0    3V    0   0.01ps 0.01ps 8ns    9ns

Vs

Length=0.15 $ meters
L=288.68nH  $ nH/m
C=115.47pF  $ pF/m
$ Zo=50ohms, epse=3

Lossless_TL
LS in



Signal Integrity and High-Speed Interconnects
January-May 2006

Dr. J. E. Rayas Sánchez
http://iteso.mx/~erayas erayas@iteso.mx

11Dr. J.E. Rayas Sánchez

Example 2:  ΓS > 0 and ΓL < 0

100
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RL

$     DCLevel Amp Delay RiseT  FallT  PWidth Period
PULSE    0    3V    0   0.01ps 0.01ps 8ns    9ns

Vs

Length=0.15 $ meters
L=288.68nH  $ nH/m
C=115.47pF  $ pF/m
$ Zo=50ohms, epse=3
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LS in
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Example 3:  ΓS < 0 and ΓL > 0
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C=115.47pF  $ pF/m
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LS in
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Example 4:  ΓS < 0 and ΓL < 0

25
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25
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$     DCLevel Amp Delay RiseT  FallT  PWidth Period
PULSE    0    3V    0   0.01ps 0.01ps 8ns    9ns

Vs

Length=0.15 $ meters
L=288.68nH  $ nH/m
C=115.47pF  $ pF/m
$ Zo=50ohms, epse=3
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LS in
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Lattice Diagrams for One TL Section
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Lattice Diagrams for Multiple TL Sections
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Lattice Diagrams for Multiple TL Sections (cont)
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Example of Transient Response in 2-TL Sections
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RS = 25Ω; RL = 150Ω; VS = 3V;
Z1 = 50Ω; Z2 = 40Ω;
εe1 = 3;  εe2 = 3.5; 
l1 = 15cm; l2 = 10cm
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Example Simulated with Aplac
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$     DCLevel Amp Delay RiseT  FallT  PWidth Period
PULSE    0    3V    0   0.01ps 0.01ps 12ns   13ns

Vs

Length=0.15 $ meters
L=288.68nH  $ nH/m
C=115.47pF  $ pF/m
$ Zo=50ohms, epse=3

Lossless_TL1

Length=0.10 $ meters
L=249.44nH  $ nH/m
C=155.90pF  $ pF/m
$ Zo=40ohms, epse=3.5

s

Sweep 
"Lossless Transmission Line"
LOOP 300 TIME LIN 0 12ns
W=0 grid Y "" "" -0 3.2

Show W=0 Y=Vtran(s) Y=Vtran(in) Y=Vtran(t) Y=Vtran(out)
EndSweep
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Lossless_TL2

outt
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Example Simulated with Aplac (cont)
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