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X ENC Bandwidth _of H_igh Speed
- Serial Links
Bus Bit Rate Bandwidth (1/2 BR) Bandwidth (2.5 BR)

Serial ATA 1.25 Gbps 0.625 GHz 3.125 GHz

Hypertransport 1.6 Gbps 0.8 GHz 4 GHz

Infiniband 2.5 Gbps 1.25 GHz 6.25 GHz

Serial ATA Il 2.5 Ghps 1.25 GHz 6.25 GHz

PCle 2.5 Ghps 1.25 GHz 6.25 GHz

XAUI 3.125 Gbps 1.6 GHz 8 GHz

PCle-Gen 2 5 Gbps 2.5 GHz 12.5 GHz

0C-192 9.953 Gbps 5 GHz 25 GHz

10 GbE 10 Gbps 5 GHz 25 GHz

OC-768 39.81 Gbps 20 GHz 100 GHz
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0 The Coming Train Wreck: @j
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The Bit Banger's Dilemma \
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6.25-Gbps XAUI Bitstream

. I 6.25-Gbps XAUI Bitstream
Signal at Transmitter

Signal at Receiver

« Intersymbol interference (ISI)
« Collapse of the eye diagram
« Deterministic jitter

The “gaga” bit regime
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A Brief Historical
Perspective Bl

¢ 1980s
Clock Frequencies ~20 MHz
Interconnects Transparent

e 1990s
Clock Frequencies ~200 MHz

Survival Depended on
Controlled Impedance
Termination
Topology
Switching Noise
Power Delivery

« 2000s
Clock Frequencies > 2 GHz

Survival Depends on
Differential Impedance
Lossy Lines
Via Design
Silicon Processing
Cost
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L
Elements to Success ae«f_

Losses

Mode conversion » Design

Cross talk from other channels * Materials

Impedance discontinuities » Manufacturing technology
Vias * Interconnect Technology
Connectors

» Silicon Technology
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General Process for
Successful Designs e

@

Identify the problems to avoid

Find the root cause
(understand the essential principles)

Establish design guidelines

Explore design space to define specific design rules
Implement design

Verify design- simulation and test vehicles

First article bring up
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Problem: Loss Lines

* The problem:

BR =5 Gbps
Length = 30 inches Inter-Symbol Interference (1SI)
w =4 mils Collapse of the eye
Df = 0.02 Deterministic jitter
No loss
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Losses- Root Cause

* Frequency dependent attenuation

@ 5 Gbps
No attenuation
-20 dB constant

attenuation with
frequency
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Frequency Dependent Loss oo™ '
1 MHz
¢ Conductor loss: skin depth
¢ Resistance is ~ sqrt(f)
50 Ohm microstrip, FR4
t =3 mils
100 MHz
¢ Dielectric loss: dissipation factor
\%
1 GHz
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The Origin of Frequency -
Dependent Attenuation ee' |

e Conductor loss
Skin depth is ~ 2u at 1 GHz
Above ~ 10 MHz, trace resistance is frequency dependent
Only knob that affects it is conductor width
In FR4, no value in w > 8 mils

« Dielectric loss
Only about Dk, Df of the material,
Attenuation ~ 0.1 dB/inch/GHz for Dk = 4, Df = 0.02
For w = 8 mils, Dielectric attenuation > conductor attenuation

. w =8 mils
w =8 mils
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D 6 Gbps Through a
Backplane

"~ —r

40-Inch
Long FR4
Interconnect

Solutions:
Shorter lengths
Wider lines (not much gain for w > 8 mils)
Lower Df laminates (< 0.01)
Signal processing
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What Happens to a Square Wave
Through This Backplane Sdd21?

Input Spectrum Transfer Function of Output Spectrum
Interconnect

Amplitude
Transfer
function

Frequency
frequency

42" in FR4

A 4
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Minimize Rise-Time Degradation by Preserving e‘
the Original Spectrum at the Receiver ee /“ v

Amplitude

~_

De-EmplH

Frequency

Active Equalization
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Equalization with National “e"
Semiconductor DSP80EP 692

&)

Gain curve, DSPSOEP100

X = flatter response

—
20 inches, FR4, 8 Gbps

20 inches, FR4, 8 Gbps with equalization
No equalization

O Bogatin Enterprises 2008 www.BeTheSignal.com




IEEE EMC Distinguished Lecturer Series

DL-130 From Bit Banger to Gigabit Guru Slide -17 L'

(0

Example: 6.25-Gbps
Pre-Emphasis

VoD — OUUTV

Stratix || GX eye diagrams courtesy: Altera

"~ —r

1-meter
FR4
interconnect

9.5 dB pre emphasis :H: )

1-meter
FR4
interconnect
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Typical Skew Specs /x\f

Bit rate unit interval

Total skew budget ~ 10% Ul (unit interval, bit period)
Interconnect skew ~ 10% skew budget ~ 1% Ul

@ 6 inches/nsec

2.5 Gbps 400 psec
3.125 Gbps 320 psec
5 Gbps 200 psec
10 Gbps 100 psec

skew=1% Ul length difference
4 psec 0.024 inches
3 psec 0.019 inches
2 psec 0.012 inches
1 psec 0.006 inches

1st step in minimizing skew: match interconnect lengths in layout
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0 2nd Order Factors: f -
Skew From Glass Weave —ee® (%

Resin Dk ~ 3
Glass Dk ~ 6
+ -
Higher local Dk Lower local Dk
Slower speed higher speed
Longer delay shorter delay

Photo courtesy of Jeff Loyer, Intel
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Measured Skew in 4 inch RS
Test Lines g.g}“f_

Courtesy of Jeff Loyer, Intel Corp.

Worst case glass weave skew ~15 psec/inch
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Mitigating Skew from Glass “\f -
Weave ee .

@ ~ 15 psec/inch, worst case, 2 inch max run for PCle2
Don't use glass weave
Use glass with lower Dk
Rotate artwork to weave axis (1-10 degrees)
Add a “jog” of intra pair pitch every 2 inches

“Fiber Weave Effect: Practical Impact Analysis and Mitigation Strategies”, Jeff
Loyer, Richard Kunze and Xiaoning Ye, Proceedings of DesignCon 2007
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Problem: Cross Talk “\f
Between Channels e .
Victim line Backward noise  Forward noise
o Nearend noise _Far end noise Noise on victim line receiver:
p . Noise

Aggressor line

Worst case: microstrip
Best case: stripline- far end is only reflected near end

Important design guideline:
Do not routine TX adjacent to TX in microstrip
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Try to Avoid TX Adjacent to
RX in Stripline ge’

Victim line Backward noise  Forward noise

Near end noise Far end noise N
T = <

Aggressor line

Noise on victim line receiver:
near end

 Cross talk decreased by:
Increase spacing between pairs
Tighter coupling in each pair

< Avoid inadvertent broadside coupling
Coupling can be > 17% or -15 dB
Coupling length > 90 mils is saturated!

Coupling length of 20 mils can be -30 dB NEXT Coupling can be 17% ~ -15 dB
@ 5 Gbps, RT ~ 30 psec
¢ Other places to watch Saturation length ~ 90 mils

Cross talk in connectors can dominate
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Example: Short Length,
Low Loss, Tight Coupling ¢

%
ELB_CMOS 3.3V, .

65.4 ohms
677802 ps

6214 ohms.
% 677,802 ps

4.000in
Coupled Stackup

L L3\
ELB_CMOS 3.3V,

63.0 ohms
677,802 ps

in
Coupled Stackup

* 4inchlong, FR4, 5 mil wide line, 7 mil spacing
* 7 mil spacing between pairs

» Second driver pegged low
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Example: short length, low
Loss
Aggressor TX

Aggressor RX

ELB_CMDS 3.3V,

o .
I Quiet TX

T T
ELB_CMOS 3.3V, ELB_CMDS 3.3V, 1.

63.0 ohms
677,802 ps

« No FEXT

* 100 psec RT, saturation length = 0.3 inches

¢ 4inches long, 0.68 nsec TD, 1.34 nsec round trip
¢ ~4% NEXT =-28 dB of signal
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Increased Spacing a0

N

s =7 mils
Inter pair spacing coupling
S = 14 mils 7 mils -28 dB
14 mils -35dB
21 mils -40 dB
28 mils -45 dB
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5 Gbps, 4 inches

Inter line spacing = 7 mils
NEXT = -28 dB

Cross talk
increases
deterministic
jitter, collapse of
the eye
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Mitigating Cross Talk ~ _ «®

* Don'ts:
Don't route adjacent signal pairs as broad side coupled
Don't route adjacent pairs as microstrip
Don't interleave RX adjacent to TX in stripline

* If you must interleave RX adjacent to TX
Increase spacing so cross talk < receiver limit + margin (~ -40 to -50 dB)
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Problem: Reflections from
Impedance Changes

V D IowtohitoloI

«— LI hitolotohi

/N

Rise Time
Degradation, ISI
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D Typical Backplane
Topology

SMA Launch

g SMA Launch
c Daughter card

O traces Daughter card traces
c

= connector Backplane traces

8 connector

% Backplane via Daughter

E . card via

= Daughter Backplane via

E card via
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Very Simple Differential Via
Model

uniform

ideal Ideal, lossless
differential differential pair
pair model

Len

Ideal, lossless
differential pair - stub
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D A Generic Backplane
Model

Connector 11

o 65 o
S Mo e L2450
1L —-

Daughter card ' L

20,0001
Coupled Stackup

i Backplane
28 ko gemr

Coupled Stackup
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Reflected Signal From
Backplane

measured
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With and Without Via
Discontinuities

Typical connector/via model

63,0 ohms
474505
28.000in
m?;?;u Stackup
TLas |

2
ELB_CMOS3.3V,_ ELB_CMOS3.3V,_

63.0 ohms
4745 ns

28,000 in
Coupled Stackup
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ISI from Vias

JL
LeN Il
JL

Worst case: when Leny,, =% x Ul xv
= @ 5 Gbps, Len ~ 0.5 x0.2 x 6 = 0.6 inches

Lengu, Worst case: when Leng,, =% x Ul x v
@ 5 Gbps, Len ~ 0.5 x0.2 x6 = 0.6 inches

Even if Len < x Ul x v, reflections increase ISl
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(0 ISI from the Connector
Length

Len connector

Worst case: when Len =nx¥%xUlxv

connector

@ 5 Gbps, Len ~ 0.5 x0.2 x6 = 0.6 inches
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Single Bit Transmission: f
5 Ghps, Ul = 200 psec fa

_I_ i Discontinuities:

eDegrade rise time

*Spread out each bit

Uniform lossy line eIncrease IS

Backplane with large stubs

Connector pitch = 0.6 inches: TD =100 psec
Via stub = 0.25 inches: TD =45 psec
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X Optimizing Via/Connector f

Designs e/ﬁ

* Match thru via impedance to 100 Ohms
Remove non-function pads
Optimize clearance holes
Minimize capture pads on surfaces

* Minimize length of via stubs
Restrict layer transitions
Backdrill stubs

» Connector length
Keep connector length < Y2 x Ul x v
At 5 Gbps, Ul = 200 psec, keep Len < 0.5x 0.2 x 6 = 0.6 inches
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Interconnects are NOT N
«® (6
Transparent 2 S

» Worry about losses

» Worry about intra-line skew
» Worry about channel to channel cross talk
* Worry about impedance discontinuities

* Reduce risk, increase confidence by
simulating before you build

“the more you know, the luckier you get”
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