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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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Where the optical networking industry’s interoperability work is done
*QE!QENG PROJECT HIGHLIGHTS 2023

130+ member — Identifies Industry - Develops Implementation Performs Interoperability
companies Needs and Gaps Agreements Demonstrations
OPTICAL
_ MANAGEMENT

Multivendor
interoperability in
client form factors

CMIS and Coherent CMIS

« Common
800ZR - Flexible
» >80km Coherent DWDM - Extendable
800LR
« <]10km Coherent Point-to-Point
400ZR

* >80km Coherent DWDM
» >25km Coherent

OIF : Member Driven Global Organization
CO-PACKAGING « 25 Years of Service CFI -
+ 140+ Member Companies « High-Speed Building Blocks
+ 80+ IAs * 224G, 112G, 56G, 28G
* 40+ Interop Demos

Co-Packaged Modules
 Densely Integrated Modules
« High Capacity, Energy Efficient

External Laser Sources
 Multivendor Interoperability

NETWORKING

Transport SDN APIs
» Automation

» Programmability

« Interoperability Testing

PROTOCOL

FlexE
- More Efficient
« Agile Networking

FOR MORE INFORMATION, VISIT WWW.OIFORUM.COM




Where OIF Fits

Networking

Physical & Link Layer

Interoperability
Testing

Ethernet
/ ——
F <

S COBO

InfiniBand
Implementation Trade Assn

Agreements

Fibre
Channel T11
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OIF is celebrating 25 years!

Come join us.
i CEeELEBRATING
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What is a Framework Document?

* A framework project has been a successful vehicle for the OIF.

* |t enables the OIF membership to explore next generation industry needs and to forge an
industry consensus, particularly with respect to interoperable solutions

Identify the various application needs (application spaces)

Identify points where interoperability is important

Identify what kinds of parameters should be interoperable

Identify additional projects which can nail down specifics for interoperability

* It results in a document (whitepaper) detailing how the OIF can address next generation
industry needs through follow-on implementation agreements (lAs).

Note: OIF is contribution-driven by member companies.
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Co-Packaging Framework Overview

|dentified the key co-packaged applications and their requirements

Identified and studied key issues associated with co-packaging

|dentified opportunities and developed industry consensus to pursue interoperability
standards

Documented the study in the Framework IA (a technical whitepaper)

Launched follow-on standardization activities at the OIF
» Descriptions of those activities to follow

This Framework Project:
e Enabled (and continues to enable) an industry conversation of co-packaging with ASICs
* Leveraged the industries’ knowledge to appropriate interoperability solutions

* Helped the industry to achieve consensus (in certain areas)
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Scope of the Co-Packaging
Framework Project?

* Applications: System applications benefiting from co-packaging.

* Interfaces: optical and electrical interfaces, footprint and pin-out, power, signaling, safety,

thermal interfaces, MIS, etc., as well as internally facing electrical and corresponding mechanical
interfaces.

Active/Passive i
Elect Engine Cable Ass'y | o773

Optical
Fibers/WGs

Optical Engine

ASIC

Key advantages:

* Higher interconnect bandwidth density
* Lower overall system power
consumption due to close proximity of

“ E—
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Co-packaging Applications

End Node

Sparse m——————p

Optical

Data-Center Networking Al Training / ML

Disaggregation

DRAM

Compute

End-Point PCle

Local Memory

local Memory

Electrical

Engine

Switching
Node

Dense =

OlF

High Perf.

Switches ke

Bandwidth
100 - 800Gb/s
Latency
Us - ms
Reliability
10-50 FITs k y

Engine

Low Latency I/F

Remote Memory

e (_\_

High (Multi-Tbps per compute node)

Low (<200ns RT memory latency)

Very High (< 1 FIT)

= EthernetI/F

Source: OIF CPO Webinar,

Ram Huggahalli
10-14-2020
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Use-Cases (1)

Copper Cables
Or
Fibers
Engine Substrate U
soldered | = NENNNNANNENANNEM socketed Front Panel
Co-Packaged Assembly Substrate
Il B B BB S S S S S S S NN NN EENENENE
Host PCB
Copper Cables
Or
£ Fibers
soldered | >~ soldered é \/ Eront Panel

Co-Packaged Assembly Substrate

Host PCB
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Use-Cases (2)

To Front Panel

Copper
Cable or or Backplane Copper Cables
CCA F,Sr
Ipers
ASIC
SO|dered EXINXININXENENENN rrrrrrnerrrerrnernd ---- e
Co-Packaged Assembly Substrate Engine Substrate / IW
[ B B NN NN NN N N NN NN NN NN NN NN I'Hm E EEEENENEMNI: I
Front Pane
Host PCB
Copper Cables
Or
Fibers
N Engine suvarate T
N N N N N N N N N N N frrirnrnnrpnrnrnnnl SOckete Frontpanel

Co-Packaged Assembly Substrate
[ B B OB OB W OB OB W BN N OB OW NN N NN NN N NN N NN |

Host PCB
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Potential Interfaces for Study
and Interoperability (red)

Thermal, Mechanical & Copper Cables
Environmental Or
Fibers

Electrical

4 [ Asic Engine Substrate |NSRTNNUPEEEN N\ . \ /
.............. DIzIzEmmxEm Optical (Electrical) ] Front Panel

Co-Packaged Assembly Substrate ((Power ) l & RLS

I BN E S S SESESESESESESENENESEESE SN NSNS N NNBNNN B Socket

Host PCB

soldere

Application Example

* Switch Generation: 51.2Tb/s or higher [ Reliability and Repairability ]
* Lane Speed: 106 Gb/s
* Interface Architecture: XSR (or XSR+) based AUI, 400G-FR4 PMD

» Motivation: System power reduction, ecosystem & operational readiness
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Ssummary

* The OIF Co-Packaging Framework document was published 1Q22:

https://www.oiforum.com/wp-content/uploads/OIF-Co-Packaging-FD-01.0.pdf

* This study resulted in other OIF projects, e.g. External Laser Source, Co-Packaged Optical
Transceiver and XSR+ electrical interface (connecting host ASIC to engine (or transceiver module)

* Framework Document “Maintenance Cycle” in-progress
» Updates to document to reflect recent developments (thinking)

* Typos, clarifications
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External Laser Source Implementation
Agreement Project
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External Laser Small Form-factor Pluggable (ELSFP)

Laser challenges in a CPO : Features provided by pluggables:

* Require lower temp than Si and SiPho =)  |ocated in the coolest part of the system

* Reliability (Temp, Current, Facet power) =) < Field Replaceable
* May require complex package (i.e. TEC) =) °* Large physical volume for diverse packaging options
* Not commoditized/Custom/Expensive =) * Standardized by the ELSFP IA in the OIF/Multi-Source
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External Laser Small Form-factor Pluggable (ELSFP)

Examples: Switches and
Special Purpose ASICs

ELSFPs provide CW laser power for optical engines (OEs).

- Decreases thermal power density in the system

« CPO systems will likely need multiple (i.e. 4, 8, or 16) ELSFPs
(Compared to 32 or 64 Pluggable Transceivers)

Optical
Engines i£Hﬂi£h£Uiifk}

i
CPO

Switch or
Al ASIC

- Eye safety is achieved by a blind mate optical connector internal to
siandiatatanis; the system.

L

The light from a given ELSFP can feed more than a single OE.

!

i

| | — | — | —

[ cro | cpo | cro [ cro |

{1II 111111}

I

il

-« A pluggable form factor helps to ensure total system reliability and a
“hot swap” replacement if a single laser or ELSFP module fails.

i

i

H

I

[0 | on |0 | ov |
I [}

i

o

Packaged

Laser E i Servers,
P, Linecards, etc.
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Initial Technical Concept

Faceplate Density

* Width similar to OSFP (16 modules across a
standard faceplate)

* Blind mate pluggable

* Optimize system faceplate for MAX airflow
to cool the CPO chip complex

Scaling
* Optical Power Classes e 1 or 2 “MT like” ferrules for future
* Thermal Power Classes proofing
» Belly-to-belly configurations * Support for 8 PM fibers per MT
* Riding heat sink for system flexibility  Support for multiple OE modules
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Single Port ELSFP Design

Press fit host connector

Riding heat sink

Optical connectors
snap into host
connector housing

Large riding
heat sink area

OSFP style latch

Shroud providing paddle card and optical connector protection
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Module-Side Optical Connector

Robust anchoring for

Connector-to-Module optical connector
Attachment

(Optional)
\ /
1 or 2 MT-like Ferrules ‘j\

A
Low profile for
Optional 2nd maximum
MT-like Ferrule system airflow

v
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Host-side Electro-Optical Connector

Optical Connector (Detachable)
Module Bottom side Electrical Contacts

@ ©c0000COOQCOQCOO @ @ 000000Q00O00CO0OCO @
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" o | —
= 1
- S
-
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Sufficient power and ground to support 30W

Pin 1 Pin 24

Additional pins for control/management, laser safety (i.e. presence pin), and spares for future proofing
Optical connector sub-assembly (pink) is separable from the board mounted electrical connector sub assembly
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ELSFP Lon geV|ty (future-proofing)

e Switch bandwidth doubles every 2 years.

* Laser output power requirements are expected to
increase ~1.5-2dB every switch generation.

* Typical laser die and packaging development and
qualification cycle exceeds 2 years.

e ELSFP module temperature increases proportionally
with the total laser power in order to reduce system fan
power consumption which scales cubically.

* Therefore, to benefit from each generation’s laser
development, we advocate reusing laser packages
across at least 2 generations of switches.

* Asingle MT per laser package could then be used as the
fundamental yielded part with up to 8 PMF fibers.
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ELSFP Demo
(8 x 100mW @1310 nm)
)

OFC 2023 Live Demos: 1310nm ELSFPs, each with 8 lasers, >100mW/fiber at 55C case, 6-7W. Blind-mate optical connector
loss demonstration. ELSFP=> Powering live optical engine link.

The ELSFP is a fundamental building block that will enable the industry to transition to CPO. By specifying this in
the OIF we include nearly all market participants in this form-factor definition promoting a robust multi-vendor
eco-system.
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Thank-you

ELSFP
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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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External Laser Source

o= YEARS Implementation Agreement
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External Laser Small Form-factor Pluggable (ELSFP)

Laser challenges in a CPO : Features provided by pluggables:

* Require lower temp than Si and SiPho =)  |ocated in the coolest part of the system

* Reliability (Temp, Current, Facet power) =) < Field Replaceable
* May require complex package (i.e. TEC) =) °* Large physical volume for diverse packaging options
* Not commoditized/Custom/Expensive =) * Standardized by the ELSFP IA in the OIF/Multi-Source
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External Laser Small Form-factor Pluggable (ELSFP)

Examples: Switches and
Special Purpose ASICs

ELSFPs provide CW laser power for optical engines (OEs).

- Decreases thermal power density in the system

« CPO systems will likely need multiple (i.e. 4, 8, or 16) ELSFPs
(Compared to 32 or 64 Pluggable Transceivers)

Optical
Engines i£Hﬂi£h£Uiifk}

i
CPO

Switch or
Al ASIC

- Eye safety is achieved by a blind mate optical connector internal to
siandiatatanis; the system.

L

The light from a given ELSFP can feed more than a single OE.

!

i

| | — | — | —

[ cro | cpo | cro [ cro |

{1II 111111}

I

il

-« A pluggable form factor helps to ensure total system reliability and a
“hot swap” replacement if a single laser or ELSFP module fails.

i

i
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Packaged

Laser E i Servers,
P, Linecards, etc.
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Initial Technical Concept

Faceplate Density

* Width similar to OSFP (16 modules across a
standard faceplate)

* Blind mate pluggable

* Optimize system faceplate for MAX airflow
to cool the CPO chip complex

Scaling
* Optical Power Classes e 1 or 2 “MT like” ferrules for future
* Thermal Power Classes proofing
» Belly-to-belly configurations * Support for 8 PM fibers per MT
* Riding heat sink for system flexibility  Support for multiple OE modules
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Single Port ELSFP Design

Press fit host connector

Riding heat sink

Optical connectors
snap into host
connector housing

Large riding
heat sink area

OSFP style latch

Shroud providing paddle card and optical connector protection
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Module-Side Optical Connector

Robust anchoring for

Connector-to-Module optical connector
Attachment

(Optional)
\ /
1 or 2 MT-like Ferrules ‘j\

A
Low profile for
Optional 2nd maximum
MT-like Ferrule system airflow

v
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Electro-Optical Connector

Optical Connector (Detachable)
Module Bottom side Electrical Contacts

Sufficient power and ground to support 30W

Pin 1 . . Pin 24
Host side Electro-Optical Connector

Additional pins for control/management, laser safety (i.e. presence pin), and spares for future proofing
Optical connector sub-assembly (pink) is separable from the board mounted electrical connector sub assembly
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ELSFP Longevity

e Switch bandwidth doubles every 2 years.

* Laser output power requirements are expected to
increase ~1.5-2dB every switch generation.

* Typical laser die and packaging development and
qualification cycle exceeds 2 years.

e ELSFP module temperature increases proportionally
with the total laser power in order to reduce system fan
power consumption which scales cubically.

* Therefore, to benefit from each generation’s laser
development, we advocate reusing laser packages
across at least 2 generations of switches.

* Asingle MT per laser package could then be used as the
fundamental yielded part with up to 8 PMF fibers.
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ELSFP CWDM Live Demor n
(TP W]

btu@

Live 1311nm and CWDM ELSFPs, demos at OFC’22 and ECOC’22 with each with 8 lasers, >100mW/fiber at 55C case, 8-9W.
CWDM DFB lasers up to 500mW/fiber cooled to 50C and 100mW/fiber at 95C

The ELSFP is a fundamental building block that will enable the industry to transition to CPO. By specifying this in
the OIF we include nearly all market participants in this form-factor definition promoting a robust multi-vendor
eco-system.
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 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here
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CPO 3.2T Module Update

=25 YEARS

} CelLEBRATING

Richard J R B Ward

OIF 3.2T Module Editor

Chief Technologist Data Connectivity, Astera Labs

09 Mar 2023
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Overview

* The OIF started the 3.2T Module Project Feb 2021

* Project proposed by Facebook/Meta, Microsoft, Ranovus, Intel,
with a large industry supporter backing

* The goal was to create an Implementation Agreement (lA) for:
* A 3.2T Optical Co-Packaged Module for 51T data-center switch applications
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Overview of the 3.2T |A Scope

* Define Electrical (RF, DC, low-speed), Optical, Mechanical, and Control
* As a “replacement” component in the data center

* 8 x 400Gb/s channels implemented as
e 32 x CEI-112G-XSR electrical host-side channels (retimed)
* 8 x 400GBASE-FR4 optics, or
* 8 Xx 400GBASE-DR4 optics

* Internal and External Laser options
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Example System Attachment

* 16 x 3.2T Modules for 51.2T Switch Capacity

/\\ Copper Cable

.

3.2T Modules

LGA Socket

Switch ASIC

ASIC Substrate[/ RDL Engine[Substrate é

................... RN muuRRuu RN socketed Front Panel

Co-Packaged Assembly Substrate
IEEEEEEEEEEEEEEEEEE NN .

Co-Packaged Assembly Substrate (Interposer) Host PCB

Channel components cross-section
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Flexibility at Build Time

* Mix and match of Optical and Copper Attach Modules

100% Optics 100% Copper
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3.2T Module Dimensions

* Highly integrated EO Solution ZIS £
1
* The 3.2T Optical module is 1/5t" ‘
the volume of the OSFP (Type 3) = Cp
13 | Teo

* Power capability:
* 56W (Internal Laser option)
» 48W (External Laser option)
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LGA Pin Map

é
o
°
o

Egress, to Fiber

400G Port

[ 12 x400G Grouping

VCC_OP7A
VCC_OP7B
VCC_OP9

VCC_1P2
VCC_1P8

N . . . . I ] ] . T T T T [~ == =
p|t pin-Tie p|tc es R ———_——_— 5
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= RIS ] | ] e v ] ] [ | ] s Ja] = ]
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» oo | e w Il -~ - - o Bl - B
o Too oo [ ow | oo oo o0 | oo |vcon| oo N0 Too G0 | Gvo | 6N | N S B 5
* Comms protocol: CMIS 5.3 s EH B B B B B | e
. . oo | < - =3 o I Il oo [ [ =
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* 400G and 800G (2x400G)
port grouping defined

e

Top view

DC/Low-Speed region
0.6mm x 0.6mm pitch

RF region
0.9mm x 0.6mm pitch
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3.2T Optical Module Functionali

Laser Source — either
integrated or external

Laser Source — either
integrated or external

Tx AIP/N 2 e { Modulator 1 }—— TXALP/N 2 — @]— —

TX_A2/N 2 . { Modulator2 —— DA 2 Driver ¥ { Modulator 2 f————

TXASP/N 2 .| Driver —{ Modulator 3 |—— T ASP/N 2 — —{ Modulator 3 }————
TX_ASP/N 2

T 4PN 2 Dsp | 1 Modulator 4 }—— A pDsp | ——— —{ Modulator 4 j————r—

RX_AIP/N 2 RX_AIP/N 2 | — ) N

Rx_AZP;N 2 B L Rxl  }— Re_AZP/N 2 u { :J —

Rx_ASP/N 2 1 TIA E T Ry ASP/N_2 | TIA S L

— = S —— T
Rx_A4P/N 2 i Rx3 Rx_A4P/N 2 | | A d
— { Rx4  }— {
non s, | gy T — T Voot }—————
Chesumers] mn ¢ ostrs —————
T f- h f . I . - TX_B2P/N 2 O { Modulator 2 :x i Driver q Mzu:atorz

o fit the functionality, requires : s :

B Tx_B4P/N
Tx_B4P/N DSp { Modulator 4 }—— x-Bav psp [ L——— W

advanced 3D integration of: TR - Cmr e - - e S——
Rx_B3P/N 2 1 TIA } o2 Rx B3P/N 2 | TA h qx; I
. Re_BAP/N 2 n %}_)_ Rx_B4P/N 2 || [ Rxd  ————
* Optics (Laser + Modulator + PD) _ T

» Electronics (Driver + TIA + Control) ' U s u B

Tx_HIP/N 2 : i | t { Modulator 1 j—rt
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TN 2 Driver | U duiator 3 Dpneh 3 | Driver | S Wodutator s ————
T HAP/N 2 Dsp Modulator 4 TP 2 DSP - Modulator 4 }——wx—

Rx_H1P/N 2 ———

TE - - ORI ] I e S—
R voo/ 7 S (7S —— i L e T — —
Re_H4P/N 2 | | —=a - -  Rx4 —————

Module
Module T ver Modul
Transceiver Module ransceiver Module

Controller Controller

FR4 Module

SPI_* &
VCC_* =
INT
RSTN
REF_CLK &

K" |
vVID_* o
cC .~
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Ecosystem hardware coming together

From the OIF Interop Demonstrations and Showcases
OFC 2022 OFC 2023

51.27 Ethernet Switch ASIC, Mounted
4 BROADCOM’
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Panel — “Enabling Next Generation Co-Packaging Solutions" at OFC2023



Summary

* The OIF Co-Packaging Workgroup membership has defined a highly
integrated Electro-Optical solution for Ethernet Applications

* Enabling Optical and Copper Attach flexibility at System Build

* The Implementation Agreement is in the final stages of review by the
membership
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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

 Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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Co-Packaging

Electrical Interfaces

=25 YEARS

} CelLEBRATING

Yi Tang

Cisco Systems, Inc.

03/09/2023
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CEl — An Essential Building Block for Co-packaging

Pluggable Module Channel Example Illustration CPO/NPO Channel Example lllustration

..... Optional Separable Interconnect

\ Optical Module (OM) | Fiber

xxxxxxxxxx

- Lead-frame to contact pad
---------------------------

Host PCB

Co-Packaged Assembly Substtate

e Channel loss: 16dB ball to ball (22-24dB bump to bump) * Channel loss: CPO — 10dB bump to bump; NPO — 13dB
* Typical pluggable connectors: IL of ~1dB with RL of -10dB bump to bump
@26.5GHz * Optional separable interconnect performance example:

LGA socket: IL of ~0.05dB with RL of -40dB @26.5GHz
(0if2020.341.01, Nathan Tracy)

» Avoids/reduces major discontinuities.

*  Optical modules are not end-user pluggable.

* Significant power saving opportunity over VSR to be captured.

* A broad interoperable ecosystem is the key to success and can only be achieved
through standardization.
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https://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=51877

CEI-112G-XSR-PAM4

Optional separable interconnect

Optical Engine

O000JO0OCO0D0O0O000OOPOOO0D 00

Diagram Source: OIF-CEI-05.0 — Common Electrical 1/O (CEI) -
Electrical and Jitter Interoperability Agreements for 6G+ bps,
11G+ bps, 25G+ bps, 56G+ bps and 112G+ bps I/0 (May 2022)

Category IL at Nyquist (Max, dB) BER (Max)
CAT1 10 le-6
CAT2 10 le-8
CAT3 8 le-9

09 Mar 2023
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Baud rates supported: 36 Gsym/s to 58
Gsym/s

Based on loss and jitter budgets between TX
and RX using copper signal traces in a
SIP(System in a Package) to enable low power
consumption

Three channel categories are defined,
allowing optimization for various applications.

|A published in OIF-CEI-5.0 (clause 24)
on May 5, 2022!


https://www.oiforum.com/wp-content/uploads/OIF-Co-Packaging-FD-01.0.pdf
https://www.oiforum.com/wp-content/uploads/OIF-CEI-5.0.pdf
https://www.oiforum.com/wp-content/uploads/OIF-CEI-5.0.pdf
https://www.oiforum.com/wp-content/uploads/OIF-CEI-5.0.pdf

CEI-112G-XSR+ -PAMA4

* Baud rates supported: 36 Gsym/s to 58 Gsym/s

Optimize for Ethernet rate @ 106.25Gbps — the key
application for CPO/NPO

Insertion loss < 13dB @ 26.5625GHz Nyquist bump to
bump with up to 1 separable interconnect.

* Enable the lowest practical energy consumption
(pJ/b) implementation.

* Leverage specification methodology and other
work from existing CEl 112 projects.

ASIC die ASIC die or optical engine

H package
package socket

OlF

assembly substrate or PCB

Copyright © 2023 OIF 09 Mar 2023
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Define compliance test methodology for output
and input. Document constraints of the NPO
applications used to derive the compliance
specifications.

Baseline document was adopted into IA draft on
11/01/2022. The working group addressed several
key TBDs in the IA and the new revision
0if2021.603.07 is uploaded to OIF.

module assembly

ASIC die or optical engine
D000 000 00000 0 0

ASIC die
HENENENNINNEENENENEENERX



https://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=52676
https://www.oiforum.com/bin/c5i?mid=4&rid=5&gid=0&k1=52676

What’s Next

e OIF-FD-CEI-224G-01.0 — Next Generation CEI-224G Framework was
published on 02/07/2022!

* Challenges and possible solution space

* Interconnect applications, including Co-packaging applications.
* Points of Interoperability

e Opportunities for future work

* The working group started CEI-224-XSR, CEI-224-VSR, CEI-224-MR, CEI-224-LR
projects in Feb 2022.

“As has been demonstrated in the past, most recently at 112 Gbps, the OIF is proposing to play a
key role in coordinating industry activity to identify and develop critical technical solutions that will
enable next generation data rates to be cost effectively deployed in the development of next
generation equipment and networks.”
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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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%QELAFWS Thoughts on Where to

B Go From Here

~ Nathan Tracy, TE Connectivity
OIF Market Awareness & Education
« Committee Co-Chair, Physical & Link Layer
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Current OIF 3.2 Tbps Formfactor

Size and Density Considerations

* The size of the co-package optics module combined with the
required aggregate bandwidth (number of modules) determines the

33.6mm
overall size of the Co-Package assembly or Near-Package assembly

» Size/density of the assembly is important
* Impacts substrate size and manufacturability 19.60:008

- 27 {282}

(e] - {12.0) 0.6x20 =
i 0 [3//
21.0mm 03333 sis ]
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g
o
&}
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0000000
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000000000000
000000000000

°

o

°

°

°

o

°

°

°

o
0000000000
0000000000

00000000000
°©
°
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0.6x26

20.30£0.03

(@2 o0s [As]

793 POS

- 1.2 MIN

s HIE
- L;-LG’MN
| _L —— e
— 1.6 MIN
Figure 3 Example attachment system (51.2T) 0.6x0.9mm rrzz_x;
pitch
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TE Reference Design

* Practical implementation of the current OIF Project in a 51.2T
implementation

Copper Cable Module

* Key Factors:
* Socket size

* Mechanical compression
for flatness

* Thermal compression and
contact area

* Electrical reliability

190mm

uLGA Socket

D I F Copyright © 2023 OIF 09 Mar 2023
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Current OIF Project is Optimized for
One Application, Ethernet Switching

OIF Co-Packaging Webinar, Ram Huggahalli, October 2020

. Traditional Datacenter Networking Al Training Future Systems w/ Disaggregation
* Arguably the most challenging - | 1 '
[o]] ]3] =

application from a size/density

perspective R
End-Point

Server Chip

Local Memory

* Other applications bring their
own challenging demands, but
likely have a lower aggregate
bandwidth to address

ook
m NPU/GPU m
Wi -
| CPO |
]}

...............................................................................................................................

Switches
e Changes some of the = swichasic
mechanical constraints

il Remote Memory

Ethernet

CPOA l. . kol High (Multi-Tbps per compute node)

M us - ms LGy Low (<200ns RT memory latency)

10- 50 FIT Resanly Very High (<1 FIT)

Anticipate a wide range of applications for CPO with alternative CPO designs =l Microsoft

D I F Copyright © 2023 OIF 09 Mar 2023
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Mechanical Factors Impacting Size/Density

Module Bandwidth 3.2T 32T 32T 3.2T 6.4T 6.4T 6.4T 6.4T
= # of Modules 16 16 16 16 8 8 8 8
Flgure 3 Example rtnchment - R Contact Pitch 0.40 0.40 0.60 0.80 0.40 0.60 0.80 0.80
Footprint Narrow Wide Narrow Narrow Narrow Narrow Narrow Wide
Socket Array 25x21 =525 40 x 12 =538 25 x 20 = 500 25x19 =475 25x41=1025 25x40=1000 25x 38 =950 40x21=1028
Socket Size (W x D) 13.20x 11.60 22.80x8.00 18.80 x 15.80 24.40 x19.60 14.00x 20.40 18.60 x 28.60 25.20 x 35.60 44 40 x 22.00

Routing Distance (Manhattan) 84.20 IR 10980 | 4240 | 6760 [EEEVRU
Raing vvance (row i [ETNNCCINCTIN 7> X T

* There are a lot of “knobs” to adjust, but a significant change in size can be affected

Routing

* Socket contact pitch considerations can have a huge impact, both 0.4mm and 0.6mm Nerrow Footprint direction ide Footprint
are workable, 0.8mm has dire consequences : :

* Density of modules (aggregate bandwidth) is a huge factor, i.e. having modules on only
two sides of the silicon changes everything (vs. 4 sides)

D I F Copyright © 2023 OIF 09 Mar 2023

16 pairs wide
8 pairs wide
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Thermal Considerations

* Co-Packaging moves all the modules next to the switch silicon

* Lower power but higher thermal density

Conventional pluggable optics Co-Package optics
Has heat sources distributed at Has heat sources concentrated
the face plate & switch silicon at the switch silicon area Liquid cooling concept

S o N - Tl
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Linear (Unretimed) Further Reduces Power

OIF Co-Packaging Webinar, Ram Huggahalli, October 2020

CPO Benefits

Interconnect . o
Energy (pJ / bit) Metric Desired Characteristics
35 Optical Reach 10-1000s of meters
30
25 :g) Component Cost | << $1/ Gbps
= e RN >
§ 20 ) 1% Gen < | Bandwidth Density | 100s of Gbps / mm
Q.

15 \“’\;“ >2X - CPO

0 etV 5| Reliability <10FIT & "H”(‘,’,’jc’,’]l‘ﬁ;’ Cable,
> \._./ Future §~ Energy Efficiency | < 10 pJ / bit
i Pluggable OBO CPO Latency Few ns + (prop. delay)
Aggregate energy savings expected Multiple fundamental benefits can be
to be significant at a Datacenter level enabled by Package-Level Optical Integration

CPO is a Distinct Step Forward in Datacenter Communication Efficiency

(Energy / bit data includes module/chiplet-side electrical interface, DSP, PIC components, laser [ ]| | M .
© 2020 Microsoft. All rights reserved.  source. Excludes switch-side. Assume XSR for CPO.) [ | ICrOSOT
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Linear Architectures Require Clean Channels

OIF Co-Packaging Webinar, Nathan Tracy, July 2020

Comparison of the Two 112G Channels Interconnect

solutions are

Refe !<—LGAto LGA Socket ava i Ia ble for
¥ - 0 linear channels

Die/Optical Engine
L2

Insertion Loss/Return Loss Impedance
0 100
1 @29GHz
] 95-]
o] IL: -8.0dB
] T 90
[y £ RL:-12.3dB
e ] Qg5
E’ g 7 @29GHz
a0} S IL: -6.2dB
: ] RL: -11.4dB
40 T T T T T T T 1 R L L L L L L L L L N L L
0 5 10 15 20 25 30 3B 4 45 50 09 10 11 12 13 14 15 16 17 18 19 20 21 22
Frequency (GHz) Time (ns)

OIF Workshop "Co-packaging of Optics with ASICs"  07/20/2020
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Co-Packaging: Looking Forward

* Pluggables will continue to both evolve and meet needs. This is not about
predicting the end

* Co-Packaging applications are much broader than high radix Ethernet
switches. Will have unique needs, such as latency

* The electro-mechanical drivers are understood, size will decrease, and
bandwidth density will increase

* 200 Gbps will bring conventional challenges and Co-Packaging
opportunities

* Co-Package copper cables will deliver value

* Non-retimed architectures are being developed and will be valuable in Co-
Packaging

* Thermal challenges will be addressed

OIF is a member driven, contribution led organization
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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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%II Challenges for Next Generation

CelLEBRATING

25 YEARS Co—Packaging Solutions

Jeff Hutchins

/ Ranovus
OIF Physical Link Layer Co-packaging Vice Chair
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Data Center Networking

Al Training / ML

Disaggregation

Traditional Datacenter Networking :
End
Node comout
—— m u.e
S parse End-gomt
Optics
Chiplet
Switches
Switching A very
Node challenging
application
Dense —> o
CPO Application
Examples s - ms
OIF CPO Webinar, 10- SOFIT Reliability
Ram Huggahalli
10-14-20

OlF

Al Training

Future Systems w/ Disaggregation

Lo Memary

Locel Memary

Electrical

Remote Memory

Ethernet
High (Multi-Tbps per compute node) -

Low (<200ns RT memory latency)

Very High (<1 AT)

& Microsoft
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Yields are an important consideration (1)

Engine Co- | | A A . Fiber
Packaged >SEMDTY Assembly
| i : Ethernet
Flipped on Main Switch ASIC
ASIC substrate PCB

Ypackage — (Yeng ine)N

Co-Packaging Yield

First pass yield drops with increased engine count _
Optical engines require special consideration to survive reflow R 4 ~
Sockets for the engine can make rework easier TN T
Fiber pigtails make it hard to automate handling co-packaged assemblies R el

Glass Interposer for High-Density Photonic Packaging
Corning Research & Development Corporation
OFC2022 —Tu3A.3

Rework of co-packaging assembly can be facilitated with the use of engine sockets
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Yields are an important consideration (2)

Engine

ASIC

Flipped on

substrate

Assembly

Co-
_—
Packaged
Main
PCB

A

Fiber Assembly Yield

First pass yield for mid-board optical connectors is

an important factor
Number of Fibers for 51.2T Ethernet Switch Card with 100G Lanes

\ 4

Fiber
Assembly

Yboara = (Yfiber)N

DR (PSM) FR4 (CWDM)
# Tx Fiber connections 512 128
# Rx Fiber connections 512 128
# Laser PM Fiber connections 64 32
Total Fiber Connections 1088 288
Assumed 3o first pass fiber connection yield 99.865% 99.865%
First Pass Board Fiber Assembly Yield 23.0% 67.8%

Manage tradeoff between optical link budget, coupling loss,

D I F Copyright © 2023 OIF

and first pass yield!
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On-Board
Remote —
Laser
Source

Mid-board |
optical
connector

.
}

Front Panel Optical Connectors

Top View of “CPO Assembly” Mounted on a Switch Card

-
-
)

‘ AsIC

N2 L )
", _Ribbon fibers
OIF Co-packaging Interop_
Demo at ECOC22

3,

» - 8 - e
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-~ - B T o N -
N ::-='..."b"'-.\ * s gy
W T AT "IN
< e R
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Reliability

Front Panel Pluggables

Co-Packaging with Optics

111
o i B o o o i i o o e o i B B i s i R \“W‘(‘ﬁ‘i“ﬁﬁ%\—'—ﬁ“ﬁrfﬁﬁ‘}ﬁ—iﬁl H,

“ 2 -
7z,

Pluggable
Optics

Pluggables can be replaced if they fail without taking
down the whole switch card

D I F Copyright © 2023 OIF 09 Mar 2023

51.2T Co-Packaged Ethernet Switch

OIF Interop Demo at=Q£C
2 \”ﬁ’m.\m
= =

Heat Sink —

(transparent) % % 5

Co-packaged Engines are replaced by disassembling the
co-packaged assembly
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Laser Reliability
Laser External to Optical Engine Laser Internal to Optical Engine

* Minimal impact to replace failed laser * Whole switch card taken offline to repair

* Operates at higher optical powers to compensate * Laser operates at co-packaged optics temperature
for extra coupling losses

e Serves multiple channels e Serves fewer channels
* Higher coupling losses * Lower coupling losses
Example: : :
Laser reliability is a major contributor to laser Location ___ Laser Location
. ] . . Front Panel Optical Engine Optical Engine
overall optical engine reliability Parameter 1:1 Redundancy
Laser Reliability at 40°C 2.0 2.0 2.0
Operating Temperature [°C] 45.0 70.0 70.0
. . ope # Lasers for per 8 channel block 2 4 4
Redunda nCV can Improve re"ablllty Relative Laser Reliablity 1.0x 6.0x ~ 0x to 0.3x
Servicing impact Minimal Entire Switch Entire Switch

Ea 0.35eV, =1, assumed to be operated at similar current densities
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Fiber Coupling Density

Example SerDes Bump out

The number of lanes (As) on a fiber depends on the application (at 130 pum pitch)

8x Tx, 8x Tx,
8x Rx 8x Rx
Two examples showing the ASIC bump-out & the fiber array: r A \ r 1 \
* A 4A per fiber scenario requiring four fibers per 8-channel block ©6°90°°6°%0 69909590 %4
: : oo : e o O _eo_o ® o O _eo_o
* A1\ per fiber scenario requiring sixteen fibers per 8-channel block ¢ © g © S © S © S © 06°0°20%0%¢°
©596°59¢°%, ©590259¢%,
What is not included is this comparison is ¢ . o0, 0 06 ¢ & _ o, 0 _ 0
, I ASIC @ o o o _ e e o O _eo_eo
the optical connector overhead [ 0°90°90°959,° 09090959,
: : . i Beachfront ~ o o "o ~ o _o o_o0_0_0_0
for alignment pins and housing . Electrical e _ o O _o o e _ o _ O _o o _
ectrica
e _ o _o_ o o e _o_ o o o _
-0 _0_0_0 ©o_ o0 _o0_0_0
e"e“0%e 0" e’ e“0%e%%e"
©o_0_0_,0_0 ©o_0_0_0_0
Fiber coupling density has been adequate for the *0%0°%0%0%0 *0%0°0%0%0
current implementations I I I I PSM
Fiber - R (1 A/fiber)
To achieve the desired increased co-packaging Beachfront T - , 160um pitch
i : ! 250um pitch  Ribbon Fiber
densities, denser fiber coupling and connector Optical CWDM4

solutions will be needed (4 Mfiber)
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Improving latency with non-retimed Interfaces

MR/LR SerDes Optical Engine

-------------

Host PCB (high performance material)

On-Board or Pluggable Optics

SerDes I/F can support pluggable or on-board
optics

Optical Engine
XSR SerDes

m... IIIIIIIIIIIIIII
Co-Packageda Assembly Substrate

Host PCB

Co-packaging with low power XSR

XSR SerDes I/F supports ~50mm reach across
substrate

Using a lower power SerDes could save up to ~40%
reduction in switch card power

Non-retimed Optical Engine

MR/LR SerDes [ __

Co-Packaged Assembly Subpstrate

Co-packaging with non-retimed I/F

Non-retimed Optical Engine
MR/LR SerDes

IIIIIIIII - ASICI

Co-Packaged Assembly Substrate

Host PCB
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Future directions for high-speed interfaces

Next generation applications require bandwidth edge densities > 1T/mm

Where latency is critical, interfaces would avoid time needed for forward error correction (FEC)
Skipping FEC is easier at lower data rates which then requires more lanes to accommodate the same data transfer rate

Two examples:
For example: CEI- XSR/XSR+

ASIC I |n XZOOG|I Engine 130um pitch, < 50mm electrical channel length
PAMA4 Lite FEC

m x32G For example: UCle, advanced package version
ASIC I I Engine 30um pitch, £ 2mm channel length

Utilizes cyclic redundancy check (CRC) and link level retry mechanism
NRZ Very low latency

Next generation applications are driving higher data rates and increased edge densities

- 4 e
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Challenges looking forward

Improve:
* Manufacturability and yields
* Reliability

e Beachfront optical density
* Fiber coupling & connector density

» Beachfront electrical density [Gb/mm]

e 200G electrical
* Low latency “wide” interfaces

* Power efficiency [pJ/b]
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AGENDA

 Co-Packaging Framework Document

e External Laser for Co-packaging

 3.2T Module for Co-packaging

* Co-Packaging Electrical Interfaces

* Thoughts on Where to Go From Here

* Challenges for Next Generation Co-Packaging Solutions
* Panel Discussion
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