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To Date

O Informative model (See Slide #13 goergen 03 0904) based on
“mmproved FR-4” and 0.030” stub has been proposed

Looks reasonable in loss dominated channels

O Channel data with longer stubs or resonant behavior (nulls,
ripple) have been shown to fail proposed informative channel
model

O Debate over whether channels that have longer stubs and
resonant behavior should be considered by Signaling Ad Hoc
Signaling methodology implications
Cost implications — how much counterboring would be required?
Extent of Broad Market Potential debate

O Debate over amount of frequency content — Nyquist? 37
harmonic?
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Observations

O Actual performance measurements on channels -
Nulls 1n 6 to 7 GHz region
Similar loss characteristics to proposed model

O Simulations have shown various implementations
can solve loss dominated systems

O Simulations have shown implementation sensitivity
to being able to deal with channels that have nulls in
5 to 7 GHz region

O Simulations have shown that channels above the
model with ripple can be challenging



[Loss Dominated Channels

Scenari Channel Description Modulation Analysis & Results Description Reference Reference
0 Scheme Presentation Backup
Slide
1 Tyco Case #3 — Margin Case NRZ Simulation with xtalk abler 01 0904.pdf 1213, 14
Loss dominated — below proposed 107-17 BER Results for some
informative channel model implementations
Packaging had impacts
Data pattern — random
(Analysis with PAM-4, see lui_01_0904,
Analysis with duobinary not available)
2 Tyco Case #3 — Margin Case NRZ / PAM-4 Simulation with xtalk lui_01_0904.pdf 12,15
Loss dominated — 10”-15 BER Results for some
below proposed informative model implementations for both
Data pattern - ?
(Analysis with duobinary not available)
3 Tyco Case #2 Duobinary Testing, no xtalk, hand-built implementation sinsky 01 0904..pdf 16, 17
Loss dominated 10"-14 BER demonstrated
< 6 GHz Ripple at informative model Data pattern — PRBS 2"31-1
> 6 GHz below informative model (Analysis with NRZ — see abler 01 0904,
lui_01 0904, Analysis with PAM-4 — see
lui_01 0904)
4 Tyco QuadRoute Backplane (13SI) — Synopsys PAM-4 Testing 5G part overdriven , with xtalk hoppin_01_0304..pdf 25,26,27

Line Cards

Mixture of channels - Loss dominated, stub,
ripple effects

Above and below proposed model depending
on configuration

10"-12 BER demonstrated across all channels for
multiple configurations

Data pattern — PRBS 2731-1
(Analysis with NRZ and duobinary not available)
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Stub Dominated Channels

Scenario Channel Description Modulation Analysis & Results Description Reference Reference
Scheme Presentation Backup
Slide
1 Tyco Case #6 - Modification Duobinary Testing, no xtalk, hand built implementation sinsky 01 _0904.pdf 16, 18
< 6.5 GHz — above proposed model 107-14 BER demonstrated
6.5 GHz — 11 GHz — null dominated, below Data pattern — PRBS 2”31 -1
channel model (Analysis with NRZ and PAM-4 not available)
2 Tyco XAUI Backplane, 34” channel (4000-2 Duobinary Simulation, with xtalk koziuk 01 0904.pdf 19, 20
material) Open Eye, No BER stated
<5 GHz — similar loss to proposed model Data pattern — PRBS 2/31-1
> 5 GHZ null dominated, below channel model (Analysis with NRZ and PAM-4 not available)
3 Tyco Case #6 — NRZ Simulation with xtalk abler 01_0904.pdf 2122,23
< 6.5 GHz — above proposed model 107-12 OR 107-17 BER - limited # of implementations
6.5 GHz — 11 GHz — null dominated, below could pass
channel model Packaging had impacts
Data pattern — random
(Analysis with PAM-4, see lui_01_0904, analysis with
duobinary not available)
4 Tyco Case #6 NRZ/ Simulation with xtalk lui_ 01 0904.pdf 21,24
< 6.5 GHz — above proposed model PAM-4 107-15 BER Results for some implementations
6.5 GHz — 11 GHz — null dominated, below Data pattern - ?
channel model NRZ - 1 more tap than Scenario #2 loss dominated
necessary
PAM-4 — more margin than loss dominated results shown
in Scenario #2
(Analysis with duobinary not available)
5 Tyco QuadRoute Backplane (13SI) — Synopsys PAM-4 Testing 5G part overdriven, with xtalk hoppin_01_0304..pdf 25, 26,27
Line Cards 107-12 BER demonstrated across all channels for multiple
Mixture of channels - Loss dominated, stub, configurations
ripple effects Data pattern — PRBS 2/31-1 6

Above and below proposed model depending
on configuration

(Analysis with NRZ and duobinary not available)
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Ripple Dominated Channels

Scenario Channel Description Modulation | Analysis & Results Description Reference Presentation Reference
Scheme Backup
Slide
1 Tyco QuadRoute Backplane (13SI) PAM-4 Testing 5G part overdriven, with xtalk hoppin_01_0304..pdf 25,26,27
— Synopsys Line Cards 107-12 BER demonstrated across all
Mixture of channels - Loss channels for multiple configurations
dominated, stub, null efects Data pattern — PRBS 2/31-1
Above and below proposed model (Analysis with NRZ and duobinary not
depending on configuration available)
2 Tyco Case #7 NRZ Simulation with xtalk abler 01 _0904.pdf 28,29, 30
Above proposed model with 107-12 BER demonstrated for some
increased ripple implementations

107-17 BER demonstrated (packaging
had impact) for some implementations
Data pattern — Random

(Analysis with PAM-4, see lui_01_0904,
analysis with duobinary not available)

3 Tyco Case #7 NRZ/ Simulation, with xtalk lui_01 0904.pdf 28,31
Above proposed model with PAM-4 10”-15 BER demonstrated for some
increased ripple implementations for both

Data pattern — ?
(Analysis with duobinary not available)
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Channel Challenges

0 Loss

O Deep Nulls and ripples that go below the loss
curve

0O Ripple on channels above the loss curve

O Premature to use proposed informative
channel model as a filter for deciding what
test cases should be considered
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Aspects of Channel

SDD,,, * Informative model loss seems
reasonable

*  Fur the frequency of the 15t crossing
of the proposed informative channel
model caused by one or more nulls,

fipple needs to be considered

* Ripple needs to be considered
* Above the model

* Partial channel response below
the model

[dB]

e Current Informative mask set limited

« Subsequent analysis of channel data
by Signaling Ad Hoc -

Fro * Determine F,

» Deterimine ripple characteristics

Frequency [GHz]
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Conclusions

O Need to consider channel data regardless of whether i1t meets
current proposed informative model

Informative model drove loss, but signaling methodology will impact
Fy,p and Ripple limits

Future modifications of informative model will be possible based on
analytical work on channel data

Use of time domain information for channel model?
O To allow a fair trade-off, Signaling Ad Hoc needs to

standardize all parameters outside of the consideration of the
Channel Ad Hoc, 1.e. TP1 to TP5

O More than channel pass / failure criteria necessary and needs
to be evaluated
Power
Implementation issues

10
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|IEEE P802.3ap Backplane Ethernet Task Force

Case 3 with Organic Package ]

Simulation Results* (opening at 10" BER) Summary
FFE? FFE3 FFE4 L Ch;ln nel re;.:‘.ﬂpons;e -33.1dB
= Severe allenualion
EEE? = » Impulse response is clean
= - :f é’; > Min solution FFE3DFE2
. o] .
DFES 5.6% 15.5% * Percentage eye opening at e-12 BER,
o, 0 else BER floor is indicated in red if less.
gEE; 44% 9.87% 16.2% Configurations that support e-17 BER
9.0% 17.6% 15.4% or better are shaded in green.
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See abler_01_0904.pdf
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Case 3 with Plastic Package

Simulation Results* (opening at 10"* BER) Summary
FFE2 FFE3 FFE4 »Channel response -35.3dB
DFED - I:niiT:;ErZ:zz:iiﬂg clean
DFE1 7.0% = lin solution FFE3DFE3
DFEZ 0% 10.9%
DFE3 0.1% 13.5% * Percentage eye opening at e-12 BER,
DFE4 -1 1 0% 12 1&;& else BER floor is indicated in red if less.
- . Configurations that support e-17 BER
DFES 0.1% | 14.3% 14.5% or better are shaded in green.
Channel Response Impulse Response
0% L+RXLFF (buslanlid) i THRU+RXLAE |
e po g
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LSIEVEI® NRZ vs PAM-4
Tyco Channel 3; 10.3125Ghps; NEXT;

Tyeo 3, NRZDFE vs. PAM-4-CFE, 10.3125Gbps, NEXT

32 : | I_-'_I_I‘ | II _‘1_:'_‘_1_f_| -
NRZ with 3 tap FIR in TX ' P

&Bf------ and 5 tap DFE (25.6dB)

oo

2

i
-5 - L e N L -—*—P.ﬂ-.l'di-ﬂFl’re‘lFus! ]
./~ PAM-4 with 3 tap FIR in TX —5— PaM4- 1 Pre, 1 Post
: andﬁtapDFE (24.4dB) #— PAML - 2 Pre, 1 Post

m ,. _- :. .j :. ...J:.d:.E..........- - Mﬂ:_-, F'EE,1 Pl.'l‘.:il.
:E . g B B —#— PaMd - 2 Pre, 1 Post

ERE —— SNR 2448
13 i i L N 15 | ? T F——— (-

10’ 10 o

Mumber of Feedback Taps

See lui_01_0904.pdf

24-Sep-2004 LE| Logic

*This channel exhibited 11.9dB
loss between the Nyquist
frequency for PAM-4 (2.5GHz)
and that for NRZ (5.0GHz).

*With NEXT and three tap FIR,
NRZ meets SNR goal with three
DFE taps and PAM-4 requires
two.

*With NEXT, performance of
three tap FIR and 5 DFE taps,
NRZ shows 1.2dB margin over
PAM-4,

10
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ATCA Backplane Channels

: i 1 1 1
‘-..\{‘ g : —CASE #1 - EI.'ID21 Testi FM13SI120 TD13 LG

— CASE #2 -5.3 Test1 FM 135120 T D13 L10

A0k =
— CASE#3 -5.3 Tests DS 1310 T D1351 L6
— CASE #4-95[!21 Testi DS 1310 TD13 L10
20 ; : "
.| || ERRBREITE | =
e

Consensus channel model
40 per straw poll of Channel
Ad Hoc Group, 9/9/2004

[dE]

-50

-60

Diata Plat provided by John D'Ambrosia, Tyco Electronics
Cases 1 &2 have been proposed 10 IEEE 802 Yap

=T H Signaling &d Hoe, Cases J & 4 are vanards of proposad
B0 | i j I
0 Fd 4 6 g 10 12 14 16
Freguency [GHz]
. pell th':ﬂi:_g:i:ﬂs, Lucent Technologies 2004 802.3ap Backplane Ethernet

See sinsky_01_0904.pdf 16
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Case #2
Duobinary over ATCA Test1 FM13S120 T D13 L10

Kaparel — 40” Trace — 10” Line Card

*FIR Settings
6 dB Attenuation
+150 ps delay

690 mV

(single-ended *Performance at 10 Gb/s

*BER <104 (time
limited measurement)

Pre-emphasized data
25 ps/div i i ity i

Backplane Qutput

VITESSE S——

Lucent Technologies

Bell Laby Inrseneations

Lucent Technologies 2004 802.3ap Backplane Ethernet

See sinsky_01_0904.pdf 17
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Case #3

Duobinary over ATCA Test6 DS1310 T D13 L6
Tyco — 32" Trace — 6” Line Card

*FIR Settings
«10 dB Attenuation

+145 ps delay
Performance at 10 Gb/s

*BER <104 (time
limited measurement)

25 psidiv
Pre-emphasized data

Backplane Output

VITESSE =\ 25 psiaiv

Lucent Technelogies

Bell Laby Innovwatiorms

Lucant Technologies 2004 802.3ap Backplane Ethernet Q

See sinsky_01_0904.pdf 18
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S-parameters and Crosstalk

G Near End
P - . = E&E:ﬂ:m | N #f,.,_ _:-—--I-_.I‘I""E-—:"__<I:T_'lannel ad hoc
20 - \Tveo XALL 5* *I’Tl-'l " :
30| - m}' T
il Tyco XAUI 34" ' _ J" {'l
8 -% i IE.E'E‘cha_nnei ad hoe - '%
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ol ' PRTIEY pE— “ i lFar‘Endu )
0t Ml "o - channel ad hoc
il i .
100 - : tlj . -I- lf,“’ ~I=.'-';“_J.i"-' 1
’ ' Froqune 04) . - - ' 1l q”ﬂlﬂ ::I%F};
Total of 10 aggressors, 5 near/5 far, each - i
synchronous with random delay w/ respect to 2 |
measured signal, near end is more dominate . = e

L v i
Lucent Technologies O Vitesse Semiconductor - IEEE 802 3ap September 2004 V’-’E SSE
T LAl P el 9

See koziuk_01_0904.pdf 19
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Duobinary crosstalk @ slicer — 34"

w1

Crosstalk after equalizer is approximately
2.8x greater than before equalizer

a x e @ (] T I

crosstalk after equalizer

= - = —_—
g e e = =
o = e i

o ) P & B 8 b sed &b 182 oW
Earrparn Trra % Beivta P

Recoverable data within Duobinary data eye,
aiding 10Gb/s operation in systems

{
=550,
[

Note: FSE results only, DFE not used
Lucent Technologies 0 Vitesse Semiconductor - IEEE 802, 3ap September 2004 VI TESSE
BEl LB Itk i

15

See koziuk_01_0904.pdf 20



Casa #6

Al feahing parfarmed al UNH-IOL, weak of BE004
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See dambrosia_01_0904.pdf
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Case 6 with Organic Package

Simulation Results*® (opening at 10 “BER) Summary

DFE5

= Channel response -23.5dB
= Moderate attenuation

= Min solution FFE3DFE4

* Percentage eve opening at e-12 BER,

Configurations that support e-17 BER
or better are shaded in green.

Channel Response

alse BER floor is indicated in red if less.

Impulse Response

* Impulse response shows moderale reflections

See abler_01_0904.pdf
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Frisqusandy Tima
IEEE P802.3ap Backplane Ethernet Task Force September, 2004
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Case 6 with Plastic Package

— — — 0 —

|SDD21|

Simulation Results* (opening at 10" BER)
| FFE2 | FFE3 | FFE4

0%

Channel Response

K |
Yl =dol d
FOET | 2
0/6psn 1C = 33 I o
\f |
L
T

nf”w AT T v g

5 — ] T
i E 1N |i.'- ;'-\.'Il'f ||rl -_."Il: '.-\. }_‘—'\,--'h-\\,-"\,.-"}:'* I|h...:""L R :UI'
8y | 1 (i LA T I
st A R T T e
I '. ' |

1
'I"lll.E'l l."TJ' I ‘J'. I : 1I!Ir Ly
L L i I N Y-20
MR ] Nk
=H0) I T1 1 30
e : 4 | I
e 206Hz  40GHz  60GHz  80GHz 10i
Frisquancy

IEEE P802.3ap Backplane Ethermet Task Force

See abler_01_0904.pdf

Summary

»= Channel response -25.9dB
= Moderate attenualtion

* Impulse response shows moderate reflections
» Min solution FFE3DFE3

* Parcentage eye opening at e-12 BER,
else BER floor is indicated in red if less.
Configurations that support e-17 BER
or batter are shaded in grean.

Impulse Response

11E-4TH RU IR :ICL_PFJ_ '.\ljjue.':s,nlll‘n o 2

jpron dela W‘F'Fp 478 ps
A EE Ei& 9 ol LR 5
'” = JO4VE060 = 30
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8.0E I
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1ZE-A0F

f.0E-3 !

4.0E-4

2.0e-4

1E-]

20EY

4.0E-3

| I I
_ﬁﬁEi'an 4008 S50nS A0nS

T.0nS
Timmea

BiOng S90n5 1008 1inS

September, 2004 24
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NRZ vs PAM-4
Tyco Channel 6; 10.3125Gbps; NEXT;

Tyco 6 NRZ-DFE vs. PAM-4-DFE, 10.3125Gbps; NEXT

Pl

1 | | ' ' T [ 1 I [ T
1 ' ' ' ' (O T T ' 1 [

- 1 1 1 1 1 I | 1 e | 1 [ |

SD B e T T T I e i IRt e Ry mbkadaal

1 I I | | R T ) | 1 | L L

' ' ' ' ' T T T ' 1 L 1 [

1 ' ' | l [ i 1 1 C

NRZwith 3tap FIRinTX | |
- and 5 tap DFE (25.75dB)

________________

SMRE at Slicer(dB)

| ——PAM4 -0 Pre, 1 Post
i —&—PAMA -1 Pre, 1 Post
| —#— PAN4 - 2 Pre, 1 Post
| —+—NRZ-0Pre, 1 Post

PAM-4 with 3 tap FIR in TX

i neeenenabo... and 5 tap DFE (25.5dB) | —O—NRZ-1Pre, 1 Post
: i TN | = — PAMA -2 Pre, 1 Post
EREE | — SNR 448
" EES R
10’ 0 F
Mumber of Feedback Taps

See lui_01_0904.pdf

*This channel exhibited 8.0dB
loss between the Nyquist
frequency for PAM-4 (2.5GHz)
and that for NRZ (5.0GHz).
(Difficult to estimate due to

ringing.)

*With NEXT and three tap FIR,
NRZ meets SNR goal with four
DFE taps and PAM-4 requires

two taps.

*With NEXT, performance of
three tap FIR and 5 DFE taps,

NRZ shows 0.25dB margin over
PAM-4.

13
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10G Payload Measured Feasibility Data

O 6 backplane configurations

= 4000-6, 4000-13, 4000-13SI,
6000, 6000SI, and ISOLA
620
m  4.75 mil wide traces (4 mil
on 4000-6 variants)
O 3 Lengths
m 87,227 and 36 lengths

O 3 types of HM-Zd signal
routing (4 FEXT, 4 NEXT)

QuadRoute Tx to Tx, Rx to
Rx

QuadRoute Tx to Rx, Rx to
Tx

Non QuadRoute

Pair Pair C/D | Pair E/F | Pair G/H
A/B
Column 5 Tx 0 Tx 1 Tx 2 Tx 3
Column 6 Rx 0 Rx 1 Rx 2 Rx 3

See hoppin_01_0304.pdf

25



Accelerant Networks / Synopsys Measured 10G Payload Data

2C0

1C0 5G PAM4 .13u device running at 10G. Gray

Encoding, 0% Overhead

All 8 pairs active on QuadRoute FR4 4000-
13SI, full crosstalk conditions (4 FEXT, 4
NEXT)

All devices tested to BER 10”-12 using 2731
PRBS Pattern over 36 inches

8" and 22" link conditions across all 6
materials passed BER 107-12 using 231
PRBS Pattern

1C1 2C1

Out of 336 links tested, 34 36" link
configurations did not pass and will be the
subject of future simulation work on a
mutually agreed to channel model with

purpose built 10G designs

1C2 2C2

1C3 23

26
See hoppin_01_0304.pdf




10Gb/s with PAM-4 to 10"-12 BER with
Crosstalk Across These Channels**

[dB]

SL{';“I

0 = T T T T T
——34 Inch Backplane Bottom Layer
N — 6 Inch Backplane Top Layer
-10 i - ——20 Inch Backplane Top Layer
—— 34 Inch Backplane Top Layer
L |7 Proposed Informative Channel Mode|
=205 v \ \M :
-30 )
A
\
™ \
i
-40F v 7
1\| f
-850 -1
|
-60 \
|
_?n L
-B0 1 | 1
0 2 6 8 10 12 14
Frequency [GHz]

16

** Note — Measurements are
channel approximations.
Actual line cards had active
devices on them. Channel
measurements made with
passive SMA line cards

Active cards — 3”

Passive line cards — 2”

27
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Case #7
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Case 7 with Organic Package

Simulation Results* (opening at 10" BER)

DFEO

0.1%

4.6% 3.8%
DFE3 0.1% 4.4% 4.68%
DFE4 6.2% 6.2% 12.1%
DFES 10.9% 9.7% 9.7%
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Summary
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» Channel response -19.7dB

= Relatively low attenuation
* Impulse response shows multiple reflections
= Min solution FFE3DFE1

Percentage eye opening at e-12 BER,
else BER floor is indicated in red if less.
Configurations that support e-17 BER
or better are shaded in green.
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Case 7 with Plastic Package

IS0z

Simulation Results* (opening at 10 BER)

Summary

» Channel response -22.7dB
= Relatively low attenuation

* Impulse response shows multiple reflections
» Min solution FFE3DFE2
_ 04% | 54%
DFE3 4.1% 1.7% 3.9% * Percentage eye opening at e-12 BER,
DFE4 1.5% 4.7% { 5.8% else BER floor is indicated in red if less,
Configurations that support e-17 BER
. DFES 53% ! 3.8% 4.2% or better are shaded in green,

Channel Response
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LSTIEeI®(® NRZ vs PAM-4

Tyco Channel 7; 10.3125Gbps; NEXT;

Tw:n g NHMFEm PAM-4-DFE; 1031256hps; NEXT éﬁ, *This channel exhibited 6.5dB

b PAN-4 with 3tap FIRin TX | f,/?"’ N '] 7 lossbetween the Nyquist
andﬁlap DFE{E? TdB} 4—’;#”’ i it o frequency for PAM-4 (2.5GHz)

: PRI —— a and that for NRZ (5.0GHz).
4 2 -With NEXT and three tap FIR,

both NRZ and PAM-4 meet SNR
goal with one DFE tap.

= :
%’ : *With NEXT, performance of
f_g three tap FIR and 5 DFE taps,
L NRZ shows 0,6dB loss relative
z Y SO e | to PAM-4,
NRZ with 3 tap FIR in TX —RPAMG-D ) Rl
) ORI and 5 tap DFE (27.1dB) {—F—PAMA -1 Pre, 1 Post |3
R T —#— PAMA - 2 Pre, 1 Pust |:
F i —+—WRI-0 P, 1 Post
| L I J' b1l e NRZ-1PR, 1 Post !
; T S —#— PAMS - 2 Pre, 1 Post |
—— SNR 2448
18L I R S T
g 10’ i
Mumber of Feedbach Taps 14
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Vendor Quote - Nortel

“Nortel supports a channel model that
addresses legacy backplanes (2.5G/3.125QG)
with significant via stubs (no back

drilling). ATCA full mesh and dual star
backplanes should be used as a reference
legacy backplane example for the standard.”

Bryan Parlor
Nortel Networks
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