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Legal 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
INn 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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IFS Overview

From Wafers to System
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Moore’'s Law Alive and Well

From a 100B transistors today......
aspiring to 1 Trillion transistors in 2030

Transistors Per Package (log)

1970 1980 1990 2000 2010 2020 2030

Future projections based on products still in design. Future transistor counts are projections and are inherently uncertain intel
ntel.
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Intel Package Technology

Advanced Packaging Era

3D Foveros
Direct & Omni

2.5DEMIB
+3D Foveros

3D
Foveros

Flip Chip

Organic &
Flip Chip Multi Chip Pkg
Ceramic

Leadframe/
Wirebond

» time

Package main function: provide power and Added Package value: high density interconnects that enable
signaling from motherboard to die larger die complexes from multiple process nodes
*Graphic is for illustrative purposes only and is not to scale
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IFS as an
Open System
Foundry
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Moore'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

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
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Scale Complexity

Source: Synopsys, https://www.synopsys.com/glossary/what-is-sysmoore.html
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Google Cloud Blog™: A Chiplet Innovation
Ecosystem for a New Era of Custom Silicon

ﬁ Growing Demand for Al f
~ % What's needed:

Google Tensor
Processing Unit

* Modularity
» Optimized Silicon and Package
* Open Standards, examples:

Growing Demand for Video

. . = 1O
(YouTube, Live Streaming) . Protocols
= Security
Google Video = Management

Coding Unit

Image credit: Google

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

Open Chiplet: Platform on a Package

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

Customer IP and
th *
Buseed Chides 20X I/O Performance at 1/20t Power

arm
P RISC-V

intel. x86

d Advanced 3D
Packaging
*relative to PCle G5 x16
|
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Motivation : Cost & Manufacturing Optimization

Monolithic Chiplet

Scenario
Chiplet
Monolithic

0.13 defects per cm?

—
(72
o
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2

o

Die 300 mm? 79-83 mm? ea.

Input Variables:

= DieArea

= # of Chiplets

= Wafer Cost

= Defect Density

» Package/Assembly/Test 5
- Known Good Die Die Yield
n Die Area Tax & Overhead *Probabilistic trend by 1std dev ol s el

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

Motivation:

Process Technology Optimization

Density

4

3

2

Leakage 1 > Speed
——
-- Logic/Memory
-- RF
High-Voltage Passive

Source: Intel®
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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 - (GoogLeNet, (Large Sparse
OverFeat: 5x5, - 3x3) Tall-skinny ResNet - 1x1, Embeddings) 10 15
7x7, 11x11) GEMMs) 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

$580M

Design Cost

Validation

Prototype

$435M

Software
$290M

Physical

7
Q
O
c
o
0
8
i
Q
§
<

B145M
$106.3M 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 |O
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Technology Needed

Some EDA Challenges




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

Platform & SW/HW  Architecture RTL Design Synthesis Auto Place &  Mask First Shipped
Co-Design Perf. Modeling & Verification Route (APR) Set Silicon Products

Architecture IP/SOC Design System Lifecycle
Management

Post-Si & Test [
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Architecture: Optimal Silicon Partitioning

Comparative/pairwise analysis for any homogeneous or heterogeneous implementations

When do Chiplets Make Sense

Source: Intel® Model
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Shifting Left with SW/HW Co-Design

T
EeA

Incremental Approach -
\ \ \ \ Save 3 - 6
months

IEEE EDPS 2022 Credit: Synopsys
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Shifting Left with SW/

Ex. Intel® Simics® Virtual Platforms

System Level Features Support

Scripting Matches hardware Real-world
functionality nections

5T STl 3
con®@.record-start : | o

con@.wait-for-string "$“

con®@.input "./ptest.elf 5\n"
con@.wait-for-string "."

i
Pl ™ | & 3
$r = con@.record-stop r',."ﬁ._ ] | s
i
if ($r == "fail.") { T 3 ’
echo "test failed" — =
as Lol I

Fault injection & Multicore & -machine Modular &
control multithreading user-extensible

// " ‘ i ‘ s
-ae -n =

Integration of 3 party entities

Other Simulators
(VCS, Cadence,
Synopsys, Matlab, C, ...)

IEEE EDPS 2022

IW Co-Design

External SW Tools
(Intel System Debugger, GDB,
WinDBG, Lauterbach, ...)

RTL Emulation/ FPGA
(Synopsys HAPS & ZeBuy, Intel®
systems, ...)
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Architecture: System of Chips Performance Modeling

Ex. Intel® CoFluent™ Technology

Execute real SW workloads

Application & Use Cases Model Platform Resource Model

Communications

Time o7 Ry

'
network
'

Behavior
Modeling

System
Architecting |

Shape Micro-architectural details

intel.
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Architecture: System Power & Thermal Optimization

Ex. Intel® Docea™ — System Thermal Analysis -> Quick Iteration (Arch, Design, Power, Thermal)

Docea Power Analytics
Power Model

% .,

Docea Thermal Profiler
Compact Thermal
Model

Docea Power
- IDTP Simulator
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Design: Standardized IP : HIP and SIP

Ex. UCle Open Interconnect

Standard Specifications
I I I I
Physical Layers Protocols Form Factors Management
Initial D2D I/O 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

+ Additional protocols (ex. CHI)
» Advanced chiplet form-factors
* Chiplet management

* Security

*  Andmuch more!

lhucle

IEEE EDPS 2022

N I

Silicon Bridge—p [=—1] | | [l <4—Silicon Bridge

(e.g. EMIB) Package Substrate (e.g. EMIB)

N T N

Interposer (e.g. COWoS)
000000 0000000000000000000000000

Package Substrate

T I

=

Package Substrate

Different flavors of packaging options
supported to build an open ecosystem

Universal Chiplet

Interconnect Express
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Design: DTCO & STCO Silicon + Package

PPAC Silicon Optimization, Package-Silicon Optimization

|

test wafer with

;' \_ Foveros Omni
md |

Cu columns

TERTITIRERMISNANETIGEmTERRRRE
-ininis S BE=

Foveros Omni Foveros Direct
enables flexible design direct copper-to-copper bonding
with maximum performance which enables low resistance interconnects

— = mm mm
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Design: Power Delivery

Power to the Platform — clean & efficient

VGCIN CPUT

2nd Droop Vmin

|-||\|i.||||i/|||
Vtrip

+ + o : + + + + +
PROCHOT
o e s

3rd|Droop Vmin
. PROCHOQT assertion from .
ﬁ.: Fast Vmode Emulation Tool

Distributed Power Delivery Droop

Distribute Power Delivery

IMVP

Controlle

Integrated Power Stage
[DRMOS]
(Phase 1)

Integrated Power Stage
[DRMOS]
(Phase n)

Optimize Voltage Regulators

IEEE EDPS 2022

VDD2
MBVR

VeclnAux
VccSA

ADL-P, M only
Tied to 1p05 if not MIPI
design

VccMipilP

VccAna

] 1p05CPU

Optimized
Power Management IC (PMIC)

intel.
foundry
services



Post-Si: Platform Validation and Debug

New Post Silicon Multi-Die Tools/Flows/Methods, new Design for Debug Architecture

Emu/FPGA Boards BIOS, FW,

models, with target CEorers

Design Specs, FW/SW SoC
Platform Specs,
Use Cases Specs

intel.
foundry
services

Test Test
Cycle Cycle Validation Status

Emu/FPGA r Post-Si s o
i mu = ., m
POSt-Si t i Test T%%I:; Tnetst Automated chkoutfor Execution 50% '
&} Planning Devel e Test Suite PO Test Test 0% s J 3
evelopment readiness Cycle & Debug Cycle o

\ Test / Pass ® Fail = Not Run

Cycle
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Post-Si: Manufacturing and Test

New Test Architecture & Capabilities : Known Good Die-> Known Good Multi-Die

NG Probe Substrate ST BRI
. Mterlals

H H H

pe
-

Wafer Sort Die Prep Advanced Wafer Level Test Finish BoardDev
KGD Sort & Package
Assembly
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Test & Life Cycle Management

Implementation

Data Acquisition

Data Export

Analytics

[

|

[

|

[

|

Test

System Lifecycle Management

DFT I Embedded
Logic  — In-Chip Monitors
- o @@
ScaT chain Voltage,
restlts Temperature & @ m
Path Margin “
Scan shift, IJTAG, JTAG,
JTAG, USB, Scan, USB
PCle PCle, CPU
Manufacturing
Scan diagnostics reporting and
production control
In-Field ‘
IEEE EDPS 2022
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Chiplets

Industry Case Studies & Representative Applications




Case Study: Intel® Client, Lakefield 3D Foveros

Ex. Market Segmentation (GFX, Memory), Process Optimization

5 w W W W W W W W UV VW U VUGV GV VU Ge e -

OO O
B by ik AN i
A ranmse

e it s e B

i Lpm e
oyt

)t Ut MRS SR
mil A

Y SKU Gen-1
Package 20.5x16.5
Memory LP3 11x11.5

LKF
12x12
LP4-4x POP

LPA4-4x12.5x12.5

H
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Case Study : Intel® HPC - Ponte Vecchio

Ex. Complexity Management, Process Optimization
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HPC Case Study
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O Optimization: Intel® Optical

Ex. Network Optimization through Modularity

OCITile

PACKAGE
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Sensor Case Study: Radar Beamforming Application

Phase Shift & I Pulse / Waveform e ®
Beam Weights Generator Detection System Control @
Multi -Channel ][]
MauixOps Acceleration & « Control
) Bridging * Power
Beam Weights Doppler ¢ Display
. Formation e Comms
Multi_Channel Fusion ,
Phase Shift & pusg Summation & Pulse Compensation
Beam Weights __g==2 Pre-detect [l Compression Target Tracking
Analog Digital Receiver / Exciter Signal Processing A Data Processing
|\ ) l [4
Y R
Data Qn_tsl') intel)
Con\{erter STRATIX*10 STRATIX"10
Tile inside” inside”
intel.
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Future Telco Repartitioning (5G, 6G)

RF Front End

PCle G6

DDR5 DDR5 DDR5 DDR5

[ [ [ |
DDR5 DDR5 DDR5 DDR5

Controller Controller Controller Controller

DSP Cluster
DSP || DSP || DSP || DSP
I | | |
DSP Crossbar / CXL
| | | |
DSP || DSP || DSP || DSP

Security

Load
Balancer

IEEE EDPS 2022

EMIB
D2D
Q
) Xeon Cores
ENEEEEEN
ENEEEEEN
ENEEEEER
ENEEEEEN
ENEEEEEN
ENEEEEER
ENEEEEER
ENEEEEER
= =
Ol a Q |2 Video
ol A Q|2
= S| Accelerator
] L
D2D
EMIB

DDR5 DDR5 DDR5 DDR5
Controller Controller Controller Controller
| | | | B
DDR5 DDR5 DDR5 DDR5

intel
foundry
services



|O Case Study: Disaggregated PCle & Memory

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

PClelO PClelO
PCle Gen5 PCle Gen5
x16 x16
EMIB

8-64C CPU
Sub-system

NOC
(ACE/CHI)

- Manageability
= & Security
Shared

LLC Cache

HW
Accelerator

D2D

| EMIB |

DDR5 DDR5 DDR5 DDR5
Conioller Confoller Coniroller Conioller

DDR5 DDR5 DDR5 DDR5 L
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|O Case Study: Possible HBM Architecture

Optimize : Al Bandwidth/Power Density, Al Thermals

Chiplet Memory Controller

services



Server Case Study: Multi-core uServer
Ex. Multi-Protocol Architecture : CXL/UCle and CHI/UCle

CXL
CPU Sub-system {mem,.$, .10}

(8-64core)

Network
On Chip
(AXI/CHI)

Shared Cache

Coherent /UCle

Manageability
& Security
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Networking/Storage Case Study: IPU/D

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

AXI/UCle

Network

On Chip CPU Sub-system

(AXI)

Shared Cache

!

RDMA /CXL
Ethernet
A

Manageability
& Security

(8 -64 core)

Storage
Accelerators

v

ETHERNET
224G
Copper | Optical

IEEE EDPS 2022
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Al Case Study: Caching Inference Architecture

Ex. DMA, Asymmetric Coherence, Symmetric Coherence

Execution Core

Al | Stream Processors

DDR5
HEEE | — .
lp LPDDR5

=

UCle
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Summary

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

= [echnology Needed — new tools in Architecture, Design, and Debug
& Test

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