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= Bouncing diagrams for TLs with ideal excitation pulses
and resistive terminations

= Example of a TL with resistive terminations and ideal
pulse excitation

= Transients in TLs with capacitive loads

= Examples of TLs with capacitive load (over-driven and
under-driven cases)

= Conclusions on TLs with capacitive loads
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Lattice Diagrams for a DC Excitation
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Lattice Diagrams for Pulses

R

A

VS ZO s gl’
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| >
Vs =Von + Vore | > X
where v, = Au(t) Vy =—Au(t—PW)

= We built two lattice diagrams, one for v, and one for vy

= The lattice diagram for v is a negative and delayed
version of that one for vy

= The resultant signals are obtained by adding both lattice
diagrams
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Lattice Diagrams for Pulses (cont)
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Example of TL with a Pulse Excitation

W —

Vs Ly, & R. A
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Ry =75Q; R, =30€; A=3V; PW=25ns
Z,=50Q; &=3;1=17.321cm
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Example Simulated with Aplac

Length=0.17321 $ meters
L=288.68nH $ nH/m
C=115.47pF $ pF/m

$ Zo=500hms, epse=3

Lossless_TL

. o f——
75 a RL
QBT L

$ DCLevel Amp Delay RiseT FallT PWidth Period
PULSE 0 3V 0 0.0lps 0.0lps 2.5ns 9ns

Sweep

"Lossless Transmission Line"
LOOP 300 TIME LIN O 8ns

W=0 grid Y "™ "™ -0.5 3.1

Show W=0 Y=Vtran(S) Y=Vtran(in) Y=Vtran(L)
EndSweep
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Example Simulated with Aplac
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Transients in TLs with Capacitive Loads

S ‘7|44
JVRVV—X(T:

Vs — Zo, & —CL

| > X

C, can be treated as a time-dependent impedance
Initially, C, is discharged, hence 7] = -1

At the steady state, C, is fully charged, hence 7| = +1
At any other time, /| can not be calculated
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Transients in TLs with Capacitive Load (Rs = Z,)

Rs < R, =Z, tdzvl
VSWO z 1 r=20 p

[ S R I X
l »x  V(x=lLt)=v,(t)
time v, (t) v, (t)
0<t<t, 0*—R\!Sf°zo_\;5 0
t, <t <2t V /2 V[1—e 9]
t=2t, 0 V,[1-e ']
t>2t, V,[1- e—(t—zn,m] V,[1- e—(t—td)/z]
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Transients in TLs with Capacitive Load (Rg = Z,)

time v, (t) v, (t)
0<t<t, r
VO+ @ VT_
t, <t<2t, Z,
Vo' @ v+ ) cL1 v,
t=2t, 0 V[1-e*']
t>2t, z, Z,
— t=t
2V * ) C, A O
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TL with Capacitive Load — Example 1

vi=Ys_15v
2
v, (th) =0

N [L-e " =146V
N [Ll-e ' ]=2.21V
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V= 3V; Ry = 500

Z,=50Q; &,=3
| =17.321cm
C, = 30pF

12
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TL with Capacitive Load — Example 2

Rs L Vg = 3V; Ry = 50Q
t= 0 = " =
Vs — Zo. & C. ZO SOQ, & 3
T T | = 17.321cm
C_=3pF
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TLs with Capacitive Load and Unmatched Source

iy }47'44 Rsizo td :VI
VSWO Z 1 r=2C, p

05 ér C.
[ T vx=00)=v, (1)
| »x  V(x=Lt)=v(t)
time v, (t) v, (1)
V.Z
Vi=_"570 0
o<t<t, e
td <t< 2td V; 2\/0+ [l_ e*(lfld)/r]
t=2t, (VARSAVASEY SAVASS SAVA NV T1- e ']
2td <t< 3td [2Vo+ + 21"SVD+][1_ e*([*ZIu )/T] _ I—VSVDJr 2VO+ [1_ e*(t—td)/r]
t= 3td [2V0+ I 2[‘SVO+][1_ e*‘u/T] _1"SV0+ 2V0+[1_ e—21¢/1]
t> 3td ? 2
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TLs with Capacitive Load and Unmatched Source

0<t<t, V@ .
L

t, <t<2t, Z,
+
v+ (v t=t .
- O w3 ol
— —ty /7
t=2t, A 2V [1-e" "]
2t, <t <3, Z, Z

t= 2td . . t= m .
2V *+IV.* C—HV v, W

t=3t [V, +2nV I-e - AV 2V e
t>3t, ?

DI Sme——

?
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TLs with Capacitive Load and Unmatched Source
(ACGHERIN'A

1.2

Normalized Input Voltage Amplitude at 2t
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TL with Capacitive Load — Example 3

R L Vg = 3V; Ry = 25Q
v 70 , Z,=500; 5, =3

0> &r C.
T T | =17.321cm
| > X C, = 30pF
V. =V.Z I(R,+Z,)=2V
I,= R=Z, _ 333
Ry +Z,

v, (2t,) = —IV. = 0.667V
2V [l—e"]=1.946V

2V [l—e ] = 2.946V . L =]
[V + 20V L —e ™ ]- Ve =1, 964?\/ nme(ns)‘ o
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TL with Capacitive Load — Example 3b

Rs L Vg = 3V; Ry = 25Q
t=0 - - .=
Ve == . o Zo=5025=3
T 1 1=17.321em
| > X C, = 30pF
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TL with Capacitive Load — Example 4

R L Vg = 3V; Ry = 25Q
v 70 , Z,=500; 5, =3

0y ©Or C
T i T 1=17.3210m
> X C_=3pF

VI l-e " =2V =4V
4
[V, +27V, 1L -e ™" ]- 1V,
3
S +IV,; =3333V 2

---------------------------------------------

___________
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A s 7
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TL with Capacitive Load — Example 5

Rs L Vg = 3V; Ry = 10Q
t=0 — A
Ve = - o Zo=5025=3
T 1 1=17.321em
| > X C,_=3pF

6
V. =V.Z /(R +2Z,)=2.5V
5

L= R=Z_ 06667 .
Ry +Z, “
v, (2t,)=—I V. =1.667V 2’

N [l—e " ]=2V, =5V
N+ IV, =3.331V
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TL with Capacitive Load — Example 5b

R L Vg = 3V; Ry = 10Q
v 70 , Z,=500; 5, =3

0> &r C.
T T | = 17.321cm
| > X C,_=3pF
L oo g P
| e S
1 PO s o
2, ke AN o
ST N
o | I I 7,
| R eEEECTEEEEEEE TOPEPPELEEPERE: E --------------- v;
00 “i 1|0 1i5 ZIO ZIS
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TL with Capacitive Load — Example 6
Rs L Vg =3V; Ry =0.01Q
t=0 _ C
. - o 27509573
T 1 1=17.321em
| > X C,_=3pF
“o 5 10 15 20 25
Dr. J.E. Rayas Sanchez time (HS) 22
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TL with Capacitive Load — Example 6b

R L Ve =3V; Rg=0.01Q
v 70 , Z,=500; 5, =3

T >t T 217.3210m
| > X C, = 3pF
o
diiiiiies
o 150 250 350 4L_ = SLJ
Dr. J.E. Rayas Sénchez time (ns) ”

TL with Capacitive Load — Example 6¢

Rs L Vg =3V; Ry =0.01Q
t=0 — A
Ve = - o L=500s=3
T 1 1=17.321em
> X CL=3pF

volts
[=] [3*] . [=2
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TL with Capacitive Load — Example 6d

Rs L Vs =3V; Ry=0.01Q
t= 0 = " =
Vs — Z,. & C, ZO SOQ, & 3
T T | = 17.321cm
> X C,=3pF
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TL with Capacitive Load — Example 6e

Rs L Vg =3V; Ry =0.01Q
t=0 — .=
Ve == _ o ZL=5005=3
T 1 1=17.321em
| > X C,.=3pF

volts

. I I T |
0 500 1000 1500 2000 2500 3000

) time (ns)
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TL with Capacitive Load — Example 7

R L Ve =3V; Rg=0.01Q
t= 0 = " =
— 7 c Z,=50Q; g,=3

|=17.321cm

0 10 20 30 40 50
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TL with Capacitive Load — Example 8

Rs L V, = 3V; Ry = 100Q
t=0 . Z,=50Q; ¢,= 3

Vs — 05 &r C
I T 1=17.321cm
> X C,_=3pF
3 —
V) =V,Z I(Rg+Z,)=1V *°
2
L= R =20 _0.383 o 15
Ry +Z, S
=1
v, (2t,)=-IV, =-0.333V
2V0+[1_ e—oo/r] — 2VO+ — 2V 0
N+TV =233V s 10 15
time (ns)
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TL with Capacitive Load — Example 9

W L Vg = 3V; Ry = 200Q
t= 0 = " =
Vg — Z,. & C, Zo 5OQ, & 3

T | =17.321cm
C,=3pF
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Transients in TLs with Capacitive Loads

Rs T
Wo |

Vs — Zo, & C.
[ i)
SOME CONCLUSIONS:
= Lattice diagrams can not be directly applied

= If 735 =0 analytical solutions are easy, otherwise the problem
becomes too complex for t > 3t (simulation required)

= If 73 >0, the line behaves as an under-driven line

= If 73 <0, there will be overshooting voltages at the load
(over-driven line)

= If 73 <<0, there will be significant oscillations at the load
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