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Lattice Diagrams for a DC Excitation
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Lattice Diagrams for Pulses
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We built two lattice diagrams, one for vON and one for vOFF

The lattice diagram for vOFF is a negative and delayed 
version of that one for vON

The resultant signals are obtained by adding both lattice 
diagrams

where
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Lattice Diagrams for Pulses (cont)
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Example of TL with a Pulse Excitation

RS = 75Ω; RL = 30Ω; A = 3V; PW = 2.5ns
Zo = 50Ω; εe = 3; l = 17.321cm
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Example Simulated with Aplac

75

Rs

30

RL

$     DCLevel Amp Delay RiseT  FallT  PWidth Period
PULSE    0    3V    0   0.01ps 0.01ps 2.5ns  9ns

Vs

Length=0.17321 $ meters
L=288.68nH $ nH/m
C=115.47pF $ pF/m
$ Zo=50ohms, epse=3

Lossless_TL

LS

Sweep 
"Lossless Transmission Line"
LOOP 300 TIME LIN 0 8ns
W=0 grid Y "" "" -0.5 3.1

Show W=0 Y=Vtran(S) Y=Vtran(in) Y=Vtran(L)
EndSweep

in
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Example Simulated with Aplac
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Transients in TLs with Capacitive Loads

CL can be treated as a time-dependent impedance
Initially, CL is discharged, hence ΓL = −1
At the steady state, CL is fully charged, hence ΓL = +1
At any other time, ΓL can not be calculated
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Transients in TLs with Capacitive Load (RS = Zo)
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Transients in TLs with Capacitive Load (RS = Zo)
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TL with Capacitive Load – Example 1 
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TL with Capacitive Load – Example 2 
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TLs with Capacitive Load and Unmatched Source
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TLs with Capacitive Load and Unmatched Source
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TLs with Capacitive Load and Unmatched Source
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TL with Capacitive Load – Example 3 
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TL with Capacitive Load – Example 3b 

Zo , εr

l

x

RS

CL
VS

t = 0
VS = 3V; RS = 25Ω
Zo = 50Ω; εe = 3
l = 17.321cm
CL = 30pF



Signal Integrity and High-Speed Interconnects
January-May 2006

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

19Dr. J.E. Rayas Sánchez

TL with Capacitive Load – Example 4 

Zo , εr

l

x

RS

CL
VS

t = 0
VS = 3V; RS = 25Ω
Zo = 50Ω; εe = 3
l = 17.321cm
CL = 3pF

V42]1[2 / ==− +∞−+
oo VeV τ

=−−+ +∞−++
oSoSo VeVV ΓΓ τ ]1][22[ /

V333.32 =+ ++
oSo VV Γ

20Dr. J.E. Rayas Sánchez

TL with Capacitive Load – Example 5 

Zo , εr

l

x

RS

CL
VS

t = 0
VS = 3V; RS = 10Ω
Zo = 50Ω; εe = 3
l = 17.321cm
CL = 3pF

V5.2)/( =+=+
oSoSo ZRZVV

V667.1)2( =−= +
oSdI Vtv Γ

6667.0−=
+
−=

oS

oS
S ZR

ZRΓ

V52]1[2 / ==− +∞−+
oo VeV τ

V331.32 =+ ++
oSo VV Γ



Signal Integrity and High-Speed Interconnects
January-May 2006

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

21Dr. J.E. Rayas Sánchez

TL with Capacitive Load – Example 5b 
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TL with Capacitive Load – Example 6 
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TL with Capacitive Load – Example 6b 
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TL with Capacitive Load – Example 6c 
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TL with Capacitive Load – Example 6d 
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TL with Capacitive Load – Example 6e 
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TL with Capacitive Load – Example 7 
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TL with Capacitive Load – Example 8 
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TL with Capacitive Load – Example 9 
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Transients in TLs with Capacitive Loads

SOME CONCLUSIONS:
Lattice diagrams can not be directly applied
If ΓS = 0 analytical solutions are easy, otherwise the problem 
becomes too complex for t > 3td (simulation required)
If ΓS > 0, the line behaves as an under-driven line
If ΓS < 0, there will be overshooting voltages at the load 
(over-driven line)
If ΓS << 0, there will be significant oscillations at the load
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