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Announcements

 HW1 due 1/29
* One page summary of recent link design paper

e Current Reading
 Chapter 3.3 -3.4

e For next time
e Chapter 3.6 — 3.7



Agenda

e Transmission Lines
 Termination examples
e Differential transmission lines

e Majority of today’s material from Dally
Chapter 3.3-3.4



Reflections & Telegrapher’s Eq.
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Termination Examples - Ideal

Rs = 50Q
Z, =50Q, t; = 1ns
Ry = 50Q
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Termination Examples - Open
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Termination Examples - Short

Rs = 50Q
Z, =50Q, t; = 1ns
Ry = 0Q
- fin = fload fsource
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Arbitrary Termination Example

Rs = 400Q
Zy,=50Q, t; =1ns
R; = 600Q

— fin — fload Jsource
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Lattice Diagram
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Termination Reflection Patterns
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Termination Schemes

» No Termination t_/-1
- Little to absorb line energy Iﬁr z, kir>0
e Can gfenerate oscillating rs<0 7
waveform
- Line must be very short t > T gung—rip = 2NIVLC
relative to signal transition time
*nN=4-6

e Limited off-chip use

porch — 2' v LC

e Source Termination _|_ J‘IE; —|-1
e Source output takes 2 steps up l:u zﬁo 7 0 {>

e Used in moderate speed point-
to-point connections

LY J

Krs= k>0



Termination Schemes

e Receiver Termination

1 1
* No reflection from receiver u-l_ Zo 0—|_
[ 3
« Watch out for intermediate |> K.<<0 .
: : o rs Zy k=0
impedance discontinuities '
» Little to absorb reflections at driver
e Double Termination
* Best configuration for min
reflections
» Reflections absorbed at both driver 1
and receiver _|_ 0.5 0.5
. . 04 z D-r Z, U—I_
- Get half the swing relative to |>_Wﬂ,« [ }
single termination kes= 2= k=0

 Most common termination scheme
for high performance serial links
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Differential Transmission Lines

e Differential signaling advantages
« Self-referenced
« Common-mode noise rejection

. . S\ NY/AYANS
* Increased signal swing /) () -W‘“‘x,‘ fr r &“\l ;‘i-f:‘-.'_u' ﬁ\
f'll —— \ |'I ! II|I I|II | I'l
» Reduced self-induced power- AINTT/ TN \I".UI /1N
supply noise Elsciic feid: Oad mods T Eiic el Even mode —
. // N
e Requires 2x the number of ’”f_ . |ir j ) /;.::. _E__i))/\-/l
signaling pins relative to single- \ /\ / -
d d . I I"."Iagnetlc field: Odd mode Magnetr:: field: Bven mode
enaea signaling [Hall]

» But, smaller ratio of supply/signal
(return) pins

» Total pin overhead is typically 1.3-
1.8x (vs 2x)
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Balanced Transmission Lines

e Even (common) mode

excitation
 Effective C = C,
e Effective L=L+ M

e Odd (differential) mode

excitation

» Effective C = C. + 2C,

e Effective L=L — M

ZDIFF =27

even !

ZCI\/I =

Zodd
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Pl-Termination
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T-Termination
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Next Time

e Channel modeling
 Time domain reflectometer (TDR)
* Network analysis
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