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We have a Copper Cable Objective!

Actually, (3)...

* Define a single-lane, 400Gb/s PHY for operation over twin-axial
copper cables with lengths up to at least 1 meter.

 Define a two-lane, 800Gb/s PHY for operation over twin-axial
copper cables with lengths up to at least 1 meter.

 Define a four-lane, 1.6Tb/s PHY for operation over twin-axial
copper cables with lengths up to at least 1 meter.
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Motivation

» Goal: To stimulate discussion related to Copper Cable Objectives

« Assumptions: Data rate, modulation, form factor are unknown
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Passive Copper Implementation Focus
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https://www.ieee802.org/3/B400G/public/21_08/kocsis_b400g_01a_210826.pdf

Beyond 200Gb/s per lane...

“224G” “448G”
Number of signal levels (M) 8 6 4 8 6 4
Bits per symbol 3 2.5 2 3 2.5 2
Signaling rate*, GBd 75 90 112 150 180 224
Nyquist frequency, GHz 37.5 45 56 75 90 112

* Signaling rate rounded for simplicity

\ J
|

For now, we can evaluate trade-offs of
channel performance (bandwidth)
at a per lane basis

From Kocsis_e4ai 01 250327

kocsis_400gpl_adhoc_o1a_260610 4


https://www.ieee802.org/3/ad_hoc/E4AI/public/25_0327/kocsis_e4ai_01_250327.pdf

Defining the Electrical Interface

At 200Gb/s per lane there are two bottlenecks in need of attention:
(1) Chip package breakout
(2) Front-panel interfaces

TP2

The channels in this contribution will focus on implementation options for the topology above.

Die-to-Package-to-Connector is a real, manufacturable model, not lumped elements
Module interface options are swapped (“A,B,C”) to highlight different performance profiles
Module ends at TP2, no coax point, or module package

From Kocsis_e4ai 01 250327
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https://www.ieee802.org/3/ad_hoc/E4AI/public/25_0327/kocsis_e4ai_01_250327.pdf
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Ethernet for Al - Interconnect Options
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“Limit of today’s Pluggable” “New Pluggable, Familiar Feel” “New Pluggable, New Paradigm”

From Kocsis_e4ai 01 250327
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https://www.ieee802.org/3/ad_hoc/E4AI/public/25_0327/kocsis_e4ai_01_250327.pdf

Ethernet for Al - Interconnect Options

Channel A Channel B ( Channel C ) Comments
Backwards Compatible ++ - - Mechanical compatibility not required
Interface Bandwidth 85 GHz 95 GHz 100 GHz+ At least 130GHz modeled bandwidth
Crosstalk - - - Package must improve, Connector should
Supported Modulation PAM-8 PAM-8/6 PAM-8/6/4 | Channel C preferred for all signaling rates
HVM Readiness ++ + - Time to market is critical
Form Factor TTM 2Q 3Q \ 6Q ) As a “standard” solution

Channel performance has and will likely continue to improve throughout the

Study Group and Task Force phases of the project

The optimal paths forward for Copper Cable and Optical Modules
may be different
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Ethernet for AI — Passive Copper

* (3) Types of Networks
* Front-End / Traditional
« Back-End / Scale-up intra-rack
* Back-End / Scale-out intra-rack

» Bandwidth Density is critical

 Interconnect requirements are
* Modular compatibility unknown

o Architectural compatibility unknown

 Latency/Power critical

Today
Scale-up: Inside the rack |
Copper CPO
I
Scale-up: Rack to rack |
N/A | . FPP CPO
______________________
Scale-out: Inside the rack |
Copper CPO
|
Scale-out: Rack to rack |
. N/A | FPP CPO
|
Past Time Future =——fp

Based on Al Metworking: What do scaleup and scaleout really mean for networking demand, Alan Wecke! (650 Group),
hitps- i leee 802 orgidad_hooE4AIDUBHCRS O fweckel edal 0 Q32T p
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Standardizing Passive Copper Cabling

PMD:IS_UNITDATA_j.request PMD:IS_UNITDATA_j.indication

* Reference channel s
« Reference Tx/Rx
e Reference termination

| M

D @
| |
@ 200GBASE-CR1: 1x @ @
I 400GBASE-CR2: 2x I
| 800GBASE-CR4: 4x |
I I
I I
I I
I I

3
- €)

| |
! 1.6TBASE-CR4: 8x I
« Reference package | SLepm s | Y |

» Reference host P — / 1| T e
 Host / Interconnect T T b — |
- J oy SR A BN
performance defined at L e
measurable test points | il i) |
h " I
| I

ILTRTS | W
|

functions

* MDI was critical to map the o]
connection between

d .

independent and unaware TR e

NOTE 1—The source lane (SL) signals SL;<p> and SL;<n> are the positive and negative sides of the transmitter’s differential
P |\/I DS signal pair on lane i and the destination lane (DL) signals DL;<p> and DL;<n> are the positive and negative sides of the

receiver’s differential signal pair on lane /.

NOTE 2—The test points TP1, TP2, TP3, and TP4 are associated with test fixtures as described in Table 179-6.

I

I

I

I

I |
I

I

| SIGNAL_OK
|

ul
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Standardizing Passive Copper Cabling

» Goal: To define methodology for compliant cable assemblies

The critical requirements remain focused on the
host(s) input/output and the cable assembly

kocsis_400gpl_adhoc_o1a_260610
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Standardizing Passive Copper Cabling

* Both Hosts and Cable assemblies have “classes”

 All Hosts are not compatible
with all Cable assemblies

Cable assembly class Host classes, Host classes, Number of combinations
» Knowledge of the full “ e 6
link is common for o i AL or :
passive copper cabling . = e :
* CR deployments = — :
...resembling KR - H HL !
o m m 1
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Standardizing Passive Copper Cabling

* End-to-End Loss Budget

» Reference package
* Reference host
 1-meter cable assembly

« Mapping of the Tx/Rx to the

Host 1/0 interface may
incorporate a variety of
implementations

* 400GPL passive copper likely
to include cabled-backplane

TPOd TP2

1-meter TP

| — —>
Cable Assembly

.
>
- \Paddle / Wire Termination / —_reT

MCB

MCB Via
MCB Via

MCB

o= TP3 B

> .
HCB HCB Receive
~ > ] function

Host Channel Host Channel
TP1 TP2
i

NOTE 1 — Host Channel insertion loss includes PCB,
device package, and mated connector.

| NOTE 2 — The MCB and HCB ILdd allocations include
sy | P the coaxial connector (up to the coaxial connector reference plane).

) The point of demarcation between the MCB and HCB is the
Mated test fixtures mating point of the MDI connector.

MCB = Module Compliance Board, 179B.3

HCB = Host Compliance Board, 179B.2

MCB Via = transition via to MDI connector on an MCB

Host Via = transition via to MDI connector on a Host Channel

Paddle/Wire Termination = transition structure(s) in a Cable Assembly not present on an HCB

kocsis_400gpl_adhoc_o1a_260610 12



Definition of the M DI

 Lane mapping from the
package to the Host I/0O

interface may be different

for the same interface
depending on application

 Are we providing a spec,
or just an example?

« MDIs only defined for
copper PMDs (currently)

OSFP1600

Connector
signal name

Description

GND Ground
SL1p Transmitter non-inverted data input
SL1n Transmitter inverted data input
GND Ground
SL3p Transmitter non-inverted data input
. . SL3n Transmutter inverted data input
Table 179C-2—PMD to connector signal assignments
GND Ground
PMD signal <PMD number=>:<PMD signal> - ) . B
. SL3p [ransmitter non-inverted data input
200GBASE-CR1 400GBASE-CR2 800GBASE-CR4 1.6TBASE-CRS Connector signal - -
SL5n Transmutter inverted data input
0:DLOn 0:DLOn 0:DLOn 0:DLOn DLOn
0:DLOp 0:DLOp 0:DLOp 0:DLOp DLOp GND Ground
1:DLOx 0:DL1 0:DL1 0:DL1 DL1 o . .
! " " " " SL7p Transmitter non-inverted data input
1:DLOp 0:DL1p 0:DL1p 0:DL1p DLIp
2:DL0n 1:DLOn 0:DL2n 0-DL2n DL2n SL7n Transmitter inverted data input
2:DLOp I:DLOp 0:DL2p 0:DL2p DL2p GND Ground
3:DLOn 1:DLIn 0:DL3n 0-DL3n DL3n
3:DLOp I'DLIp | 0:DL3p 0:DL3p DL3p GND Ground
4:DLOn 2:DLOn 1:DLOn 0:DL4n DL4n DL6n Receiver inverted data output
4DL0p 2:DLOp 1'DLOp 0-DL4p DL4p ) )
5 i - - DL6p Receiver non-inverted data output
5:DLOn 2DLIn I'DLIn 0:DL5n DL5n
5:DLOp 2:DL1p I:DL1p 0:DL5p DL5p GND Ground
5: 3:DLO; I :DL2 ; ; .
6:DLOn #DLon 1:DL2n 0DLén DL6n DL4n Receiver inverted data output
6:DLOp 3:DLOp 1:DL2p 0:DL6p DL6p
7DLO0n 3DLIn I I'DL3n 0DL7n DL7n DL4p Receiver non-inverted data output
7:DLOp 3DLIp 1:DL3p 0:DL7p DL7p GND Ground
0:SLOn 0:SLOn 0:SLOn 0:SLOn SLOn T
1 o) coTver iV 9
o'SLop 0'SLop 0:SLop 0-SLOp sLop DL2n | Receiver inverted data output
1:SL0n 0:SL1n 0:SLIn 0:SL1n SLIn DL2p Receiver non-verted data output
1:SLop 0:SLlp 0:SL1p 0:SL1p SLIp .
: . GND Ground
2:SL0n 1:SL0n 0:SL2n 0:SL2n SL2n
2:SLop 1:SLOp 0:SL2p 0:SL2p SL2p DLOn Receiver inverted data output
3:8 < SL3 SL3 SL3
3:5L0n !:SLin 0:5L3n 0-SL3n sLin DLOp Recerver non-mmverted data output
3:SLOp 1:'SL1p 0:SL3p 0:SL3p SL3p
4:SLon 2:8L0n 1:SLOn 0:SLan SLan GND Ground
4:SLOp 2:SL0p 1:SLOp 0:SLdp SL4p GND Ground
5:SLOn 2:SLIn 1:SL1In 0:SL5n SL5n
ssLop ssLip ISLip 0:SLp SLap DL1p Receiver non-mverted data output
6:5L0n 3:SLO0n 1:SL2n 0:SL6n SLon DLIn Receiver inverted data output
6:SLOp 3:SLOp 1:SL2p 0-SLép SL6p .
- - . g — GND Ground
7:SLO0n 3:SLIn 1:SL3n 0:SL7n SL7n |
7:SLOp 3:SLIp 1:SL3p 0:SL7p SL7p 35 DL3p Receiver non-inverted data output

kocsis_400gpl_adhoc_o1a_260610
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Definition of the MDI

. Matingl; point HCB
« MDI definition is most

helpful for form factors e,

combining passive copper

and optical functions into
a single interface

« MDI for AUI is not form
factor specific/limited '
 SFP (as example) gy

« OSFP-XD (as example) Transiter

« XPO (as example) ‘ '

Mating point
MCB ! Module

kocsis_400gpl_adhoc_o1a_260610
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onsiderations Moving Forward

PMD:IS_UNITDATA_j.request PMD:IS_UNITDATA_j.indication

[ ] [ ] [ ]
« What tical for IEEE 1
at 1s critical for ?
@ e el @
| | | |
. : 200GBASE-CR1: 1x
Reference Termination | () | () apeEsECRIL: (R | (P |
| | 800GBASE-CR4: 4x | |
& 1.6TBASE-CR4: 8x
Port 1 fl‘-YsY\ Port 2 | sL / M. |
N » > i<p> Signal<p> i~P >
J_ Cd(“ Cb | > L b |
I Stage 2 Stage N —__r | PMD |SL<n> Hi Signal,<n> H | DLi<n> PMD |
Stage 1 -y transmit Signal; shield receive
| function = — - — = - — — — - — - function
= = — 7 |
. . | ] __Linkshield ] |
Helps target impedance requirements | |
I NERET | | = |
| package | Ipackage
landPCB | Channel |  andPCBI |
Ref Pack | < >
ererence rackage | | | I | I
ILT/RTS I | ILT/RTS Ij
Port 1 ) Port2 functions | | functions [
_@ )_@ > @ ) > |
Stage 1 Stage 2 Stage N I Cp SIGNAL_OK | | SIGNAL_OK
= < qu >I4 >
PMD Cable assembly PMD

Leave flexibility for Host to trade off
implementation options

NOTE 1—The source lane (SL) signals SL;<p> and SL;<n> are the positive and negative sides of the transmitter’s differential
signal pair on lane i and the destination lane (DL) signals DL;<p> and DL;<n> are the positive and negative sides of the

receiver’s differential signal pair on lane /.
NOTE 2—The test points TP1, TP2, TP3, and TP4 are associated with test fixtures as described in Table 179-6.

kocsis_400gpl_adhoc_o1a_260610
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Summary / Discussion

» Goal: To stimulate discussion related to Passive Copper Objectives

 Future contributions TP0d-TP5d, TP0Od-Tp2, TP3-TP5d are expected
- ...alignment on the reference termination is beneficial to all

e ...alignment on model bandwidth is helpful for comparisons

e ...are new test points needed?

 Definition of the test points, test fixtures is critical
» ...1s the MDI definition critical to the success of the Passive Copper?
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