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Motivation for 25 Gb/s experiment

1 Address scalability of 10 Gb/s Ethernet backplane
signaling choices to next generation technology

J Next logical rate for Ethernet is 100 Gb/s Ethernet
d Four lane PHY for 100 GbE would be 4 x 25 Gb/s

1 NRZ signaling at 10-12.5 Gb/s has been
demonstrated over good channels

1 Duobinary electrical signaling is the obvious
solution for 25 Gb/s electrical transmission because
of 2x bandwidth compression
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Backplane channel characteristics reveal
need for bandwidth compression to
achieve 25 Gb/s

Example of back-drilled backplane with improved channels:
24" link where notch due to stub effects moved above 10 GHz

321 FORWARD TRANSHISSION CH L - 591
REFERENCE PLANE

LOG MAGHITUDE »REF=10.008 db 19.808 d&/DIV
4 : : : : : : : : :

17150000 5Hz Achieving 25 Gb/s over this channel

-33.833 dB

HARKER T0 ha * Need bandwidth compression

MARKER TO HIN
* Need maximum eye opening for
given voltage swing

» Duobinary signaling does both!

: HARKER READOUT
25.811775008 FUNCTIONS
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25 Gb/s Measurement Test Setup

Half-Rate
Clock .
Duobina BERT
12.5 GHz ry @ 6.25 Gb/s
A
v (optional) ¥
25 Gb/s Backplane . 25 Gb/s
NRZ PRBS [0 >t ceder | 14
Source Line Cards DEMUX
AA
V1 V2
\ 4 \ 4
— Passive FIR Threshold Agilent Scope
Source : Adjustment 86100B
58 L.' Ii:i.'.*si*.ilir-.' E
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25 Gb/s Duobinary-to-Binary Decoder

Basic Concept Physical implementation

V2 = upper threshold

Limiter
> C

wide |
— band
splitter _I_

oo}

Delay Lines — used to balance the
different electrical lengths of various
coaxial components
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File Control  Setup  Measure  Calbrate  Utilities  Help 14 Oct 2004 125?] m

s
ale: 100 midiv 2 icale: 200 pidiv Precision Timehage. . Time: 100 ps/div | Trigger Level:
set-337 0 my I Ffset0.0 Wy !! Reference: 12-50000 5Hz %y.24.0631 s I -

25 Gb/s PRBS Transmitter with
2-tap Passive FIR Filter

current mininum M | mum total meas
Jitter RMS( 3 BET Ts B50 Ts B35 s 493
litter pep 3 2.667 p 444 p BE7 [ g

Data
Source

ol ©

Passive FIR

L" Resistive
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FCI AirMax 10G Demo Backplane
+ 2 Line Cards

Board PCB Line Lavers Connector
Name Material Lengths y Type

AIRMAX | Nelco 7.5cm, 25cm
Backplane| 4000-6 | 50cm, 75cm

2 Line | Rogers
Cards | RO4350

20 | AirMax VS®

5cm each 2 | AirMaxVvs®| |

Line Card: Top View
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_Selected Channels for 25 Gb/s Transmission

14" (35cm) and 24’ (60cm)

03 T o T e L O o S 0 St 0 G 0 S0 8 [FFES S8 53 0 8 0 S ) [ S8 S B 00
N R EE R E R S T differential

5 (AR -—=—"==-" single-ended |

ol

S21 Magnitude [dB]
o

A
()

A
(3)]
|

1 (1m BP +2 connec.) L Y
-55 :...E...E...l...l......... . i .:El "] ULl :
0 2 4 6 8 10 12 14 16 18 20 22 24

Frequency [GHZz]
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Measurement Results: 14” (35cm) Link

Backplane output for PRBS 7
Pre-emphasized data. 50mV/DIV 20psIDIV decision
Backplane input T == thresholds

amplitude: 390 mV,,

Eye: hiask: bode
=
MNRZ

Msk Test™ -
—

Eye
openings:
30/40 mV

S
i
MCa0n

Ratio

H

= NS -294.000 mY
--------- -264.000 my
--------- 30.000

. ______ _ ‘ Backplane output for PRBS 15

--------- -62.00 mY

B mmmmeee—e 360.20 nh

#

1 cale:80.0 mi/div 3 cale: 200 phiidiv 3) Precision Timebase Time: 200 ps. fl:l Trigger Level:
ffset:-247 0 m' ffset:0.0 i ﬂ Reference: 12 50000 GHz J Delay:24 0248 n = J

2-tap FIR Filter: -9.4 dB, 60 ps

Eye
" Jopenings:
2x26 mV

Amplitude

190 mVpp SR —%3?.000 !
————————— -146.500 nY
--------- 190,500
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Backplane Input: 14” (35cm) Link

PRBS 7, single-ended

80mV/DIV 20ps/DIV
measurement

six ;i\ fix /]
ﬁe‘gm e\gmegm e@m’;

360,20 m 80mVIIV .
2-tap FIR: -9.4 dB, 60 ps, 2-tap FIR: -8.0 dB, 65 ps
Amplitude: 360 mvpp Amplitude: 340 mVpp
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Backplane Output: 14" (35cm) Link

PRBS 7, single-ended

Ldecision
thresholds

measurement

£

-283.000 mY
-193.000 mY
90,000 my

2-tap FIR: -9.4 dB, 60 ps
Output Amplitude: 190 mV 2-tap FIR: -8 dB, 65 ps
Eye Openings: 30mV  /40mV Eye Openings: 2x42 mV
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Backplane Output: 14” (35cm) Link

PRBS 15, single-ended

1
decision
thresholds

measurement

50mV/DIV

-337.000 my

20ps/DIV SOmviDlv._ = = |
2-tap FIR: -9.4 dB, 60 ps 2-tap FIR: -8.0 dB, 65 ps
Output Amplitude: 190 mV_ Eye Openings: 2x31 mV,,

Eye Openings: 2x26 mV
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Decoder Output: 14” (35cm) Link

File  Control Setup Measure Calibrate  Utilities  Help 14 0ct 2004 10:42
Eyedask Mode

-»
Msk Test= (MFE
<

MCIon
Ratio

#

1 cale:78.7 mi/div 3 cale: 499 piiidiv 3 cale:50 phAdiv 4 cale: 70.0 my/div, Time: 200 ps/div | Trigger Level:
ffset:-219.0 m ffset:0.0 W ffset0.0 vy ffset: 193 5 mY Delay: 24 8037 ns A Coupled

J

NOTE: Duobinary decoder was working at the
sensitivity limit since the backplane input was
only 360 mV, single-ended !

5 Flle Comtrol Setup  Measure Calibrate  Utilties  Help 14 Oct 2004 10:40
Dscilloscope Mode

A
t:ﬂ'u._ e
Orvershoot J

s v,
1 cale: 78,7 mi/div 2 cale: 499 L div 3 cale: sl ui/div cale: 700 my/divy Time: 40.0 ps/div | Trigger Lewel:
ffset:-289.0 my ifset:0.0 i ffset.0 iy ffset:193 5 mb Delay:24 9207 hs = AC Coupled J
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Duobinary-to-NRZ Decoder
Output @ 25 Gb/s

Demuxed NRZ Data @ 6.25 Gb/s

BER @ PRBS 7 <1013 *
- BER @ PRBS 15 <1013 *

* time-limited measurement
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Measurement Results: 24" (60cm) Link

Pre-emphasized TX data
Backplane Input Amplitude 1200 mV

L iy e st VR = o L ol T

65mV/DIV 10ps/DIV

Eye opening: 2x30 mV,,,
decision

thresholds

Lucent Technologies
Bell Labs Innovations

IEEE 802.3ap Task Force November 2004 slide 16




Backplane Outputs : 24” (60cm) Link

decision thresholds
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Decoder Output: 24” (60cm) Link

Eve/hMask Mode

Msk Test™

rcion E
Ratio

1 cale: 75.0 mb/div 3 cale: 500 udiv
ffget:-237 .0 m

3 Flie Control Setup Measure  Calibrate  LUtilities  Help

40ps/DIV

NRZ Data

3 cale: 500 u/div
ffeet0.0 Wi ffeet0.0 W

13 0ct 2004 10:16
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PRBS :17
Duobinary-to-NRZ Decoder
Output @ 25 Gb/s
— ’
6.25Gb/s
cale: 50,0 myAdiv 55:\(%5%&3055?4: %%%rulﬁggl.J e BER @ PRBS 7 < 10-13 *
° 10 *%
PRBS 15 BER @ PRBS 15 < 3x10
i * time-limited measurement
** BER could be improved by using
further suppression of pre- and post-
cursors using more taps at pre-
emphasis FIR filter or FFE/DFE @ Rx.
Not an issue in IC implementation !
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S21 - Single-ended Log10 Pulse Responses

FCI Airmax 14"/35cm link

I FCI Airmax 24"/60cm link I

1
a

10

1
a

[ ——wio FIR filte
| —— w/ 2-tap FIR
55ps, -4.8dB

—

)

-15

203

Pulse Response [dB]

254

04

_35_- T T ..; uuu rrr|rrrrrTT
6

3 2 41 0 1 2

3 4

5

Relative Time [Ul @ 25 Gb/s]

Relative Time [Ul @ 25 Gb/s]

Ao e \
7 8 9 10 3 2 - o 1 2 3 4 5 6 7 8 9 10

- -13 dB suppression of first (¥*1 Ul) pre-/post-cursor required for ~10% eye closure !
- 2-tap FIR filter yields only -9 dB (14"’ link) and -7 dB (24" link) = eye closure !
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Test Results Summary @ 25 Gb/s

Trace Length 14 inches (35cm) 24 inches (60cm)

PRBS Sequence 271 2151 271 2151

Single-ended Backplane

Input (rail-to-rail) 360 mV,,, 1200 mV,,,

Single-ended Backplane | 40 mV

Output (eye opening) 30mv. 2x26 mV | 2x30 mV, | 2x20 mV

Bit Error Rate <10-13 <10-13 <10-13 < 3x10-10
. Slot7Mod6_D5 to Slot7Mod6_ D5 to
FCI Backplane Link Slot10Mod6_J5 Slot10Mod6_J5
FIR Architecture 2-tap (-9.4dB, 60ps) 2-tap (-6dB, 60ps)
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Conclusions

1 Using duobinary signaling, we have demonstrated
25 Gb/s electrical transmission over 14” and 24”
links that include a backplane, 2 connectors and 2
line cards

1 Duobinary signaling will enable 25 Gb/s signaling
over higher performance backplanes and
connectors

4 Improved performance at 25 Gb/s should be
realizable using, e.g., receiver equalization and
lower loss backplane materials

1 Duobinary signaling offers realistic possibility for
?gglié\g 10 GbE backplane signaling technology to
bE
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FCI AIRMAX DEMO Backplane :
Trace selection

* 35cm (Slot7Mod6_D5 to Slot10Mod6_J5 Signal Layer7)

Total length: 14” (25cm backplane + 2 Line cards, each 5cm)
* 60cm (Slot2Mod4_D5 to Slot15Mod4_J5 Signal Layer?7)

Total length: 24” (50cm backplane + 2 Line Cards, each 5cm)

AIRMAX Board Total Number| Number of Back drilling
Demo Thickness | of Layers Signal Layers | On Selected Links
Backplane

Nelco 4000-6 0.25” 20 7 0.038”
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S11 - Single-ended Return Loss
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Measurement results : 14” Link
with FIR filter + amplifier (single-ended)

25 Gb/s
NRZ PRBS
Source

—>
—>

FIR
Filter

Backplane
> + —
Line Cards
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Backplane output

Amplitude: 460 mV
Eye openings: 2x80 mV
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I
Measurement results : 14” Link

with FIR filter + amplifier (single-ended)

Duobinary decoder output shown with demuxed NRZ data

14 0ct 2004 12:11 m 45 File  Control Setup  Measure Calbrate  Utilities  Help 14 0ct 2004 12:06 m
Eye/Mask hode

5 File  Control Setup Measure  Calbrate  Utilties  Help

Osciloscope Maode

Time =
Amplituce = Msk Test™
[ —\ —
> | 7
Overshoot E Rg%oun
Jitter RS

X |
S L

Wi v,
1 Seale:B0.0 mi/dv, 5 Scale:499 Al gaScale: S0 WA cale:f0.0 miidive Time: 200 ps/div | Trigoer Level: 1 Seale: 100 miidiy o 5 Scale:499 iAdiv | gaScale: 0 WA cale:70.0 miidive Time: 40.0 psidiv | Trigoer Level:
fiset:-1596.5 mY ffset:0.0 Wy ffset0 i ffset113.5 my  © Delay:35.1830n0s A Coupled J fset:-336.0 mY ffset:0.0 Wy ffset0 i ffset193.5 my  © Delay:35.0822n0s - AL Coupled J

-BER @ PRBS 7 <1013 *
- BER @ PRBS 15 < 10-13 *

* time-limited measurement
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25 Gb/s Duobinary Simulations through
Proposed 10G IEEE 802.3ap Max. Loss
Compliance Channel

0 Channel: Proposed IEEE 802.3ap
model for maximum loss of 10GE
backplane channel
(1m backplane + 2 connectors)

0 Channel response S21 w/o phase
information, 50 dB loss @ 10G

0 Simulations with 3-tap integer-
delay FIR filter: *1 Ul with -6.8 dB
weight
- more taps will open up eyes !

d 1000 mV, input into BP B Bt a2
incl. pre-emphasis 10 mV/DIV
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Notes on Simulations
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O Differential transmission would have benefited mainly from

reduced return loss (less reflections) and not so much from
improved transmission loss Sdd21

Simulations were carried out using only forward
transmission Sdd21, Sdd11/Sdd22 were not considered

Simulations with 0.5 ps
2.0 mV

NRZ performs worse than Duobinary (assuming limited
amplitude @ Tx and pre-emphasis only) even for shorter 14’
link, i.e. eye openings @ Rx for 600 mV,, @ Tx:

2 NRZ~1x40 mV

—~ DUO ~ 2x65 mV

ms Jitter and
amplitude noise @ driver

rms
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