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pegal Notices and Disclaimers

Statements in this document that refer to future plans or expectations are forward-looking statements.
These statements are based on current expectations and involve many risks and uncertainties that could
cause actual results to differ materially from those expressed or implied in such statements. For more
information on the factors that could cause actual results to differ materially, see our most recent
earnings release and SEC filings at www.intc.com.

All product plans and roadmaps are subject to change without notice. Any forecasts of goods and services
needed for Intel's operations are provided for discussion purposes only. Intel will have no liability to make
any purchase in connection with forecasts published in this document. Code names are often used by
Intel to identify products, technologies, or services that are in development and usage may change over
time. No license (express or implied, by estoppel or otherwise) to any intellectual property rights is
granted by this document.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its
subsidiaries. Other names and brands may be claimed as the property of others. This document contains
information on products and/or processes in development.
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B Wioore’s Predicted “Day of Reckoning”

“It may prove to be more economical to
build large systems out of smaller
functions, which are separately
packaged and interconnected?.”

-Gordon E. Moore

Image: Intel
1. “Cramming more components onto integrated circuits”, Electronics, Volume 38, Number 8, April 19, 1965
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https://newsroom.intel.com/wp-content/uploads/sites/11/2018/05/moores-law-electronics.pdf

System on Chip -> System of Chips

“Catalyzing the Impossible: Silicon, Software, and Smarts for the SysMoore Era” — Dr. Aart de Geus

Systemic Complexity

ClassicMoore
2nm/20A°

System
ona
Chip

Scale Complexity

Source: Synopsys, https://www.synopsys.com/glossary/what-is-sysmoore.html
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Growing Demand for Al

Google Tensor
Processing Unit

Growing Demand for Video

(YouTube, Live Streaming)

oogle Cloud Blog™: A Chiplet Innovation Ecosystem
8for a New Era of Custom Silicon

Google Video
Coding Unit

Image credit: Google

What’s needed:

 Modularity
* Optimized Silicon and Package

 Open Standards, examples:
= 10
=  Protocols

= Security
= Management

*https://cloud.google.com/blog/topics/systems/open-chiplet-ecosystem-powering-next-era-of-custom-silicon
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el Vision : The “Chiplet Revolution”

Open Chiplet: Platform on a Package

High-Speed Standardized
Chip-to-Chip Interface (UCle)

Customer IP and " "
O N o 10X I/O Performance at 1/10™" Power

arm
N RISC-\V

intel. x86

Advanced 3D
Packaging

*relative to PCle G5 x16
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Motivation : Cost & Manufacturing Optimization

Monolithic Chiplet

Die
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300 mm? 79-83 mm? ea.

Input Variables:

Die Area

# of Chiplets
Wafer Cost
Defect Density

Package/Assembly/Test
Known Good Die

Die Area Tax & Overhead

Cost — Defect Density Optimization

Probabilistic Trend 1 Sigma Standard Deviation
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Scenario
Chiplet
Monolithic

.25 defects/cm? .13 defects/cm?

I E—————————=—_|_. EESSSS—_——————————————sgy—b——sSssssSssssassaasmssaimmmDDssseeessssssaaeeaeeeeeimmmmme

*Probabilistic trend by 1std dev
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Die Yield
Source: Intel Model

Reference: https://ieeexplore.ieee.org/document/9758914
“Heterogeneous Integration of Chiplets: Cost and Yield Tradeoff Analysis”


https://ieeexplore.ieee.org/document/9758914

Ivation : Process Technology Optimization

Density

Leakage Speed

-- Logic/Memory
-10
- RF

High-Voltage o Passive
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Motivation : Al Memory BW/Power Gap

Evolution of Byte/flop ratio for Deep Neural Networks
(higher-> increased BW pressure)

Power Efficiency of HBM Roadmap

HBM-2e
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2013 2014 2015 2016 2019+
(AlexNet, (Overfeat, VGG (DS2, GNMT - (GooglLeNet, (Large Sparse
OverFeat: 5x5, - 3x3) Tall-skinny ResNet - 1x1, Embeddings)

15
7x7, 11x11) GEMM:s) 1xK, Kx1)

HBM Bandwdith (TB/s)

2020 Al Compute ~ 400 Tops Source: Intel Source: Intel
0.06 B/F > 25 TB/s

Insatiable Memory Bandwidth The energy efficiency gap is getting bigger
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Motivation: R&D Cost and Product Velocity

Design Cost Validation

Prototype

Software

Physical
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Verification

Architecture

IP Qualification

Source: Lapadeus, M., “Big Trouble At 3nm”, Semiconductor Engineering, June 21, 2018
cited in IEEE Heterogeneous Integration Roadmap
https://eps.ieee.org/images/files/HIR_2020/ch02_hpc_1.pdf

Move from Exponential -> Linear with modularity and reuse
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Motivation: Optimize System Level High Speed 10
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Source: Intel
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Technology Needed

Open Ecosystem
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New Development Model :
System on Chip -> System of Chips

Platform & Chip RTL Design Synthesis Auto Place &
Software Architecture & Verification Route (APR)

Mask
Set

First
Silicon

Shipped
Products

Architecture IP/SOC Development
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Cle Open Interconnect & Packaging

Physical Layers
Initial D2D 1/O

Standard Specifications

Protocols Form Factors
CXL™/PCle®

INITIAL FOCUS

Physical Layer: Die-to-Die I/O with industry leading KPIs
Protocol: CXL/PCle for near-term volume attach
Well-defined specification: ensure interoperability & evolution

FUTURE GOALS

intel.
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Additional protocols (ex. CHI)
Advanced chiplet form-factors
Chiplet management

Security

And much more!

Management

ihucle

Universal Chiplet
Interconnect Express

e .

Silicon Bridge | [l <—Silicon Bridge

(e.g. EMIB)

(e.g. EMIB) Package Substrate

000000 ......ooooooo e0oe000o00
=1l Interposer (e.g. CoWoS)
...............................

Package Substrate

O I

=l

Package Substrate

Different flavors of packaging options
supported to build an open ecosystem

HiPChips Chiplet Workshop @ ISCA 2022
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'bpen Protocols for xPU

DMA Only Asymmetric Coherency (CXL.S) (Hypothetical) Symmetric Coherency

CXL.MEM 10

intel. . o .
foundry HiPChips Chiplet Workshop @ ISCA 2022

services



Computing
DMA Only

Middleware

Multimedia OneAPI |:|
Filesystem Networking Networking

Kernel
CPU Mgt Memory Drivers Securit
(Scheduler) Mgt HW Mgt y

Device Driver Model
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Asymmetric Coherency (CXL.S)

Middleware

cmm [ [

Kernel

CPU Mgt Memory
(Scheduler) Mgt

Middleware -> Device

HiPChips Chiplet Workshop @ ISCA 2022

Néw Open Software Stack for Heterogenous

(Hypothetical) Symmetric Coherency

Middleware

m=n | (==

Kernel

Peer-Peer Graphed Execution
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Chiplets

Industry Case Studies & Representative
Applications
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Study: Intel Client, Lakefield 3D Foveros

et Segmentation (GFX, Memory), Process Optimization

Y SKU Gen-1 Y SKU
Package 20.5x16.5 26.5x18.5
Memory LP3 11x11.5 LP4-4x 12.5x12.5 LP4-4x POP
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gase Study : Intel HPC - Ponte Vecchio

ex. Complexity Management, Process Optimization
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IO Optimization: Intel Optical

ex. Network Optimization through Modularity

OClI Tile

PACKAGE 745 7.
Z 7 207
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Sensor Case Study: Radar Beamforming Application

Wei G ; System Control
Multi -Channel

Matrix Ops Acceleration &

. Bridg nga
Beam Weights Doppler
. Formation
Multi_Channel Fusion,
Phase Shlft & g Summation & Compensation ,
Beam Weight: Pre -detect © i Target Tracking
\
= [
Data intel, intel. 5
c . (_4 L/ E
onverter STRATIX*10 STRATIX10 R
Tile inside™ inside™ i
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Case Study: Disaggregated PCle & Memory

ex. Optimization of Process (ex. Analog), Supply Chain

PCle 10 PCle IO
PCle Gen5 PCle Gen5
x16 x16
EMIB

CPU
Sub-system
(8 — 64 core) NOC

(ACE/CHI)

Manageability
3 & Security
Shared

LLC Cache

P

HW Accelerator

D2D
| EMIB |
DDR5 DDR5 DDR5 DDR5
Contioller Contioller Contfoller Contioller
. DDR5 DDR5 DDR5 DDR5
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’O Case Study: Possible HBM Architecture

Optimize : Al Bandwidth/Power Density, Al Thermals

Chiplet Memory Controller

UCle 7S
<A
<
-
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rver Case Study: Multi-core uServer
Ex. Multi-Protocol Architecture : CXL/UCle and CHI/UCle

CPU Sub-system
(8 — 64 core)

R iRISC

{.mem, .S, .10}

Manageability
& Security

CXL

Network
On Chip
(AXI/CHI)

Shared Cache

SPI
Flash

HiPChips Chiplet Workshop @ ISCA 2022
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\etworking/Storage Case Study: IPU/DPU

Ex. Multi-Protocol Architecture : AXI/UCle ; Networking Modularity

Manageability
& Security

Network
On Chip

CPU Sub-system

(=) (8 — 64 core)

AXI / UCle

Shared Cache

Storage
RDMA / CXL Accelerators

Ethernet
!
ETHERNET
224G
Copper | Optical
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Case Study: Caching Inference Architecture

. DMA, Asymmetric Coherence, Symmetric Coherence

Execution Core

Al | Stream Processors

DDR5
iy LPDDR5

=

UCle

ir(;tuer!. HiPChips Chiplet Workshop @ ISCA 2022



Summary

e Industry Vision — we are at an inflection point
e Technical Challenges — die size, process, 10, and R&D S optimization

e Technology Needed — CAD tools, Distributed Coherency, Software,
Interconnect, Packaging

e Commercial Case Studies — many new emerging architectures, it’s just the
beginning, let’s collaborate!
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