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Introduction

m  When there Is an interface between
different materials (&, ©), discontinuity exists,
— partial reflection & transmission, = total
v, I are determined by superposition (why?).
m  Goal: Transient response of a terminated

transmission line or cascaded lines excited
by a step-like voltage source.
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Example 3-1: A finite line with resistive load-1
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Example 3-1: A finite line with resistive load-2

(2) t>1;: v, (z,1) =+

Wr viz,t=1,))

« W(t—t,) —»

Vp &

i|>Z

0
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V,oif 2> 1-v (t-t,)
0, otherwise

Reflected wave V; (Z,t)
must arise, otherwise,
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O

In violation with the BC.

Meanwhile, v, (z,t) acts as if it had kept on going to the right.
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Example 3-1: A finite line with resistive load-3
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Example 3-1: A finite line with resistive load-4
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" A
Example 3-1: A finite line with resistive load-5
4 4+ o
Vo, it z<v (t-2t))

B)t>2t: v, (z,t) =+
v 0, otherwise

@z v, (I,t) Ry —Z, Source voltage
“v (I,t) R, +z, reflection coefficient
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Example 3-1: A finite line with resistive load-6
At t=2t,:
Vs (2t,) =V, (0,2t,) +v; (0,2t,) +V; (0,2t,) = v, (0,2t,)(1+ T, +T,I)
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Example 3-1: A finite line with resistive load-7

At T > oo

limv (t) = v; (0,t — o). (L+T, +T, T, + T2 + T2 +TT2 +

=V, [0+ T )+ T T+ T, )+ T2T2(A+T, )+ ]@

1+1,
1-T, T,
li R V)" = Vo
= limv, (t) = V, 7. 4R,
t—o0 R. +R,
i(7)
; + + +vi(n  Steady state
i v  Zo.i,=lh,  v(HSR
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response is as If
there were no line
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What is the usefulness of bounce diagram?

m  Bounce diagram is a convenient tool to
solve for transient response of a TX line
driven by a step voltage and terminated by
a resistor.

v(2,7)




How to draw a bounce diagram?

m Draw a 2D window with
0< z/l <1, t/t;>0. Denote
the two reflection
coefficients I', ', .

m  Mark the points (0,2n)
and (1,2n+1) forn =0, 1,
2, ...

m  Connecting the points
by zigzag lines.

m  Mark the voltage

amplitude of each
component wave.




Determine the spatial voltage distribution at some time instant-1

m  The spatial distribution must be of the form:

Ve w(z,4)

Vo Vi, for0<z <z,
v(z,t,) =
Viighte» TOr , <z <

The problem is how to find the three key
parameters: zy, V4, and V ;y,, respectively.



Determine the spatial voltage distribution at some time instant-2

m Draw a horizontal line t =t, (I.e. t/t = ty/t,),
Intersecting with some zigzag line at point P,
with coordinate (z,,t,).

Ls z./l L
0 “ {
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Determine the spatial voltage distribution at some time instant-3

m  The determination of V« and V. has two
cases.

m |[f P, falls on a line with positive slope:

Ls z,/l 1;L p
> Z

VI eft — VlJr

Vright = VlJr +V1_
= V1+ (1 +1 )

Viight has one more
component.




Determine the spatial voltage distribution at some time instant-4

m |[f P, falls on a line with negative slope:

Or-‘ z/l F]L y Vi =V, +V, +V,)
> Z
:V1+(1+FL +FLFS)
g
: Vright :VlJr +V1_
2 =V, (1+T,)
f@/td
3 V.« has one more
' component.




Determine the temporal voltage distribution at some position

m v(z,,t) must have constant voltages switched
at a series of time instants.

m Draw a vertical line z = z,, intersecting with
the zigzag lines at t=t " t t;,....

*z  v(z,.0)
[

0
0 - - e >t
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Example 3-2: Single TX line with open termination-1

R -7
M =—t—"0=1
R, +Z,
i,(7) —
+ + oy i)
R, =0.25Z
o (& v(t)  Z 1,=l, v (D) R, =
VO =
0 s
r=Rs=% _ g6
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Example 3-2: Single TX line with open termination-2
1) z=0:t =0t =t; =2t,, t, =t; =4t,,...

1_:5':'0.6 FLZI

(1.12—0.48+0.283)V,
{ ‘ ‘ 6 ’f/td
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Example 3-2: Single TX line with open termination-3
R — + =
2) z=1: t/ =t; =t,, t' =t =2k -Dt,,...

[=-0.6 [;=1




"

Example 3-3: Single TX line with matched termination-1

I, = R =4 _
R +Z,

iS(t) .

+ + oy i)
R. =47
o (&5 v Zot,=lh, v (0) R, =Z,
V =
0 A#
I, = =% _06

R +Z,
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Example 3-3: Single TX line with matched termination-2

Z, No overshooting &

V= ) V, =0.2V, ringing (gOOd!)

v(D)/ 1 0.2
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Example 3-4: Cascaded TX line-1

Ry=50Q Line A Line B




Example 3-4: Cascaded TX line-2

BC: Vi (1 tyy) +Via (1 tr) = Vis (11, t)



Example 3-4: Cascaded TX line-3

V1+A(Ij ’tdl) + Vl_A(Ij ’tdl) — V1+B (Ij ’tdl)

Vil tgr) _ ANUN "
Via(lite)  Viadl tgs)

=1+I,; =T, ...Transmission coefficient

=1+




Example 3-4: Cascaded TX line-4

_ RL"Zo

I, =
L+ 4,

=0.6

R,~100Q
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Example 3-4: Cascaded TX line-5

Lip=—-1/3 Iz,=+1/3 = ZOA
AB— — BA™ 1A
=0 . ZOA T RS

s . =05V, =0.75V
: "V =(0.75V)-T,,

V5 =(0.5V)-T,

5 =(0.3V)-T,,

Vo

1 ns

Via= 04V = e —p == oo

1.4 ns I.1ns
v(?)
A + - -
VlA +V1A +V2A
! Veo — I
1.8 ns | L.5 s = — _— > - 1v - i.-. -
Via=0.016 V 82 =Ty 09V
: 04 \* 0.5V
» 1.9ns -~
2.2ns | 02 i 1A Vl—;\ —I—Vl'_A\ / (IlS)

t 0 0.5 14 18
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Example 3-4: Cascaded TX line-6

F4B=_1/3 FBA=+1/3

[s=0 e R =0.6
‘ > Z
I ns 0.7 ns
1.4 ns 1.1 ns
1.8 ns 1.5ns
2.2 ns Vig=0.024 V. 1.9ns




