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Time to Market: Leverage of XAUlI TXVRs

« 2 approaches:

— totally new spec
— retrofit XAUI

» Leverage known solutions and existing silicon
— 3.125-Gb/s solution exist with simple equalizers
— Multiple silicon vendors have demonstrated samples

« Simulations & Measurements to determine limitations of
2-tap de-emphasis equalizer
— Channel model & packages
— Xtalk
— Jitter




2-Tap Equalizer
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Frequency Response: 24-awg InfiniBand Cables

Freguency Hesponse
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Attenuation vs. Length: 24-awg Cables

-2.74dB Loss for Zero Length Cable
Extrapolated Loss = 2 Connectors
Loss per Connector ~ -1.37dB
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15m Cable: Approximation as 1-Pole Channel

InfiniBand Cables can
be approximated by a
1st-order (single-pole)
roll-off for frequencies
below 1.5625-GHz

|H(j2mf)| dB

Channel can be accurately
equalized for frequencies
up to 1.5625-GHz using

a simple first-order
equalizer. (2-Tap FIR)

i Single-Pole Approximation B

15m InfiniBand Cable

Amplitude (Vppd)

10 12 14

Unit Interval (320ps)




10-m Infiniband: 3.125-Gb/s Eye Diagrams

No Pre-Emphasis

10m 24-Gauge Cable
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15-m Infiniband: 3.125-Gb/s Eye Diagrams

W 15m 24-awg Cable W 15m 24-awg Cable

No De-Emphasis : No De-Emphasis

100 200 300 400 500 BO0 Joo 500 900 100 200 300 400 500 BO0 Joo 500 900
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Frequency Response with 53% De-Emphasis

Fregquency Response
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2-Tap De-Emphasis Frequency Response

Frequency Hesponse
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Accumulated IS|
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2-Tap De-Emphasis Transmitter: Eye Diagrams

3.125-Gb/s
15m 24-AWG InfiniBand Cable

RX Slicer
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 Typical Eye Diagrams for 2-Tap De-Emphasis Transmitter




2-Tap De-Emphasis Transmitter: Pulse Response

3.125-Gb/s
15m 24-AWG InfiniBand Cable

Cable 1

RX Slicer

-5 0 5 10 15 20 25 -5 1] 5 10 15 20 25 -5 0 5 10 15 20 25

* Pulse Response at various points in the channel for 2-tap De-Emphasis
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IS| Accumulation from Pulse Response

15m 24-awg Cable
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Xtalk
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TDT Step Response & Impulse Response

Tektronix sampling scope
o TDT Measures step response directly

]

Impulse response obtained by differentiation

e T

T T e o = J N o

Impulse
Response
MATLAB
Differentiation
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ime (ps)
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Thru Channel

THRU
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NeXT: Near-End Cross-Talk Definition

NEXT1 >= NEXT2 >= NEXT3 >= NEXT4
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FeXT: Far-End Cross-Talk Definition

FEXT1 >= FEXT2 >= FEXT3
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FCT: Full Cross-Talk Definition

meessssssssssssssssssssnmssssn | 0GBASE-CX4 ne———— IEEEttl




FCT Equations for Each Trace

FCT3 = NEXT1+NEXT2+NEXT3+NEXT4+FEXT1+FEXT2+FEXT3
FCT2 = NEXT2+NEXT3+NEXT4+NEXTS+FEXT1+FEXT1+FEXT?2
FCT1 = NEXT3+NEXT4+NEXT5+NEXT6+FEXT1+FEXT1+FEXT?2

FCT0 = NEXT4+NEXTS5+NEXT6+NEXT7+FEXT1+FEXT2+FEXT3

Worst Case: FCT3

Best Case: FCTO0




Cross-Talk: NeXT1 vs. De-Emphasis

w 15m 24-awg Cable1 1-Vppd Launch

Frequency Respaonse
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De-emphasis reduces signal amplitude, but has almost no effect on
Xtalk amplitude. De-emphasis reduces low-frequency content but leaves
attenuation at Nyquist unchanged
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Cross-Talk: NeXT1, NeXT2, FeXT1
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Accumulated Xtalk > 100mV
for full MDNeXT with a
1-Vppd launch

Still need full characterization
of all NeXT and FeXT
for complete modeling effort




Cross-Talk with Package: NeXT1, NeXT2, FeXT1
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15-m Infiniband: 3.125-Gb/s Eve Diagrams

Pre-Emphasis = 64%
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Jitter
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TX & RX Jitter
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Jitter Transfer Function

o =0, W, D h(k)
k

o= 1 B (k) = h(k +1) = h(k)
O'J :@ Ul
320
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BER vs. Cable

——— ] | €] } Y Y I 89, € — |




2-Tap De-Emphasis Transmitter: Eye Diagrams

3.125-Gb/s
15m 24-AWG InfiniBand Cable

RX Slicer

100 200 300 400 500 ®OO 700 800 800 100 200 300 400 500 BOO YOO 8OO 900 100 200 300 400 s00 GO0 OO 800 900

 Typical Eye Diagrams for 2-Tap De-Emphasis Transmitter




2-Tap Optimal Pre-Emphasis: 10m &15m Cable

BCMIB020 - BCMIE020
InfiniBand Cable
T

‘D.2 T T
| Optimal Pre-Emphasis Setting vs. Data Rate

With RX & TX Package

7Y S i R A .
= 10m | : ' 5

Optimal Pre-Emphasis
@ 3.125-Gb/s over 10m &
15-m InfiniBand Cable

*10m 24-AWG => -0.36

*15m 24-AWG => -0.64

Optimal Pre-Emphasis Setting

s 3 3.5 4 4.5 5

Data Rate (Gb/s)




2-Tap De-Emphasis: 15m Cable

BCMI8020

__ BCMIBO20
InfiniBand Cable

100 Margin vs. De-Emphasis Setting

2-Tap De-Emphasis show
soft maximum vs. tap value

Allows single value to be
used for large range of
cables. Value can range
+/- 12.5% with only a 10mV
reduction in margin.

* Low Value =-0.56
* Mid Value =-0.64
* High Value =-0.72

Margin / Vertical Eye (mV)

0 i i i
0.35 0.4 0.45 0.5 0.55 0.6 0.B5 0.7 0.75

Normalized Post-Cursor De-Emphasis Tap (-%)




Margin vs. Length: 24-awg Cables

200
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I} |
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2 Loss @ 1.5625-GHz I always better as
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Margin = (197 —7.16><l) mVl ; "y
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Measured BER
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BERT Bench Setup

MDI/O Link Power

XAUI Port 3
Refclk = F+ A

Asynchronous
Full Duplex 8-Lane Traffic
Random & CJPAT
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BERT Results: 15m Infiniband Cable
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BER vs. CLK Skew: 15m Cable
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15m Simulated & Measured Margin vs. Skew
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Conclusions: 2-tap De-emphasis

« 2-tap de-emphasis proven to meet BER @ 15m

— Multiple cables
— Significant jitter tolerance

« Single tap setting of ~ 64% is adequate for all cables

— Soft optimum means all 15m cables will show near optimum
performance

— Shorter cables perform better than longer cables for same de-
emphasis setting

« Need clear specification to eliminate non compliant
cables




Thoughts on Specification Templates

Specifications goals

— Sufficient to fully characterize performance
— Observable in full assembly

— Consistent & unambiguous

Channel characteristics

— Step response template

— Frequency response

De-emphasis setting

— Step response template

Jitter generation

— Sampling scope, Fixed pattern, Self-triggered, Specified trigger
delay






