
Transient-Domain Analysis of Transmission Line Circuits (Part 1)
Dr. José Ernesto Rayas-Sánchez

March 28, 2020

1

1

Transient-Domain Analysis of 
Transmission Line Circuits

(Part 1)

Dr. José Ernesto Rayas-Sánchez

2Dr. J. E. Rayas-Sánchez

Outline

 Quarter-wave transformer – steady state response

 Quarter-wave transformer – transient response

 Reflection coefficient revised

 Concept of “transient impedance”

 Applying DC to transmission lines

 Lattice (or bouncing or reflection) diagrams

 Building transient signals from bouncing diagrams
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Quarter-Wave Transformer
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Quarter-Wave Transformer – Transient Response
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(D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Quarter-Wave Transformer – Transient Response

Initially, the incoming wave has only the incident 
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Quarter-Wave Transformer – Transient Response
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Quarter-Wave Transformer – Transient Response
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Quarter-Wave Transformer – Transient Response
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Quarter-Wave Transformer – Transient Response
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If Z1 is the geometric mean of Zo and RL, the sum of 
the infinite number of partial reflections is zero
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Applying DC to Transmission Lines
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Applying DC to Transmission Lines (cont.)
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Lattice (or Bouncing or Reflection) Diagrams
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 Voltage Diagrams

x

t

Vo
+

Vo


V1
+

V2
+

l

l/vp

2l/vp

3l/vp

4l/vp

V1


V2




Transient-Domain Analysis of Transmission Line Circuits (Part 1)
Dr. José Ernesto Rayas-Sánchez

March 28, 2020

7

13Dr. J. E. Rayas-Sánchez

Bouncing Diagrams for Currents
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Transient Signals from Bouncing Diagrams
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Bouncing Diagrams – Other Representation

(M. Leddige, 2003)
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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)
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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)
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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)

250 ps

500 ps

750 ps

1000 ps

1250 ps



Transient-Domain Analysis of Transmission Line Circuits (Part 1)
Dr. José Ernesto Rayas-Sánchez

March 28, 2020

10

19Dr. J. E. Rayas-Sánchez

Example – Overdriven Transmission Line

(S.H. Hall, G.W. Hall and J.A. McCall, High-Speed Digital System Design, Wiley, 2000)
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Using the Bouncing Diagrams – Example  

RS = 25; RL = 150;

VS = 3V ; Z0 = 50;

e = 3; l = 15cm
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Using the Bouncing Diagrams – Example (cont.) 

RS = 25; RL = 150;

VS = 3V ; Z0 = 50;

e = 3; l = 15cm
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Example Simulated with ADS

t
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Example Simulated with ADS (cont.)
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Example Simulated with ADS (Currents)

TRANSIENT

VtPulse

V_DC

Tran

R
R TLINP

SRC2

Tran1

SRC1
RL

RS TL1
Vdc=0 V

MaxTimeStep=10 psec
StopTime=8 nsec

Vlow=0 V
Vhigh=3 V
Delay=0 nsec
Edge=linear
Rise=1 psec
Fall=1 psec
Width=8 nsec
Period=9 nsec

Sigma=0
TanM=0
Mur=1
TanD=0
F=1 GHz
A=0

R=150 Ohm
R=25 Ohm Z=50.0 Ohm

L=15 cm
K=3

outs in
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Example Simulated with ADS (cont.)
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Ideal Case: Matched Source and Load 
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Matched Source, Open Load  

0 1 2 3 4 5 6 7 8
0

0.2

0.4

0.6

0.8

1

VS
 = 1V, Zo

 = 50, RS
 = 50, RL

 = 1M

Time  ( td )

V
ol

ta
ge

  (
V

)

VS

vI

vL

28Dr. J. E. Rayas-Sánchez

Matched Load, Short-Circuited Source  
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Short-Circuited Source, Open Load   
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Short-Circuited Source, Open Load (cont.) 
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