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Moore’s Law, Challenge & Package Solution

Moore’s Law: The number of transistors on microchips doubles every two years
Moore's law describes the empirical regularity that the number o i
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in computing - such as proc speed or the price of computers.
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Increased Interest in Heterogenous Integration is Driven by l

Need to Mix and Match of
Diverse IP Optimized on
Different processes

Need for Proximate Memory
with a High BW Low Power
Interface

Escape from Reticle Limits

Additionally, Yield Resiliency and Time to Market Advantages Make On-Package HI Attractive
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Sources: R Mahajen and S. Sane, “ Advanced Packaging Technologies for Heterogeneous Integration “, HOT CHIPS 2021



The Package is a Compact Hl Platform For Several Interesting Use Cases l

CHIPS PHASE 1 RESULTS o Compute Tie
@ Rambo Tile
............. Ponte Vecchio
SERDES S
...Opfical __ SOC - ase Tile
Ayar Labs l
Chiplet Integration Platform >100 Billion Transistors T
Results: - .
7 chiplets on 5 technology nodes on 3 foundries 47 Active Tiles o . XeUnkTile

5 Process Nodes Multi Tile Package

: ~————— LG L — — -

AIB* is open source
AIB IP from 3 sources
(Synopsys, Intrinsix and Blue Cheetah)
AIB generator software

EMIB Tile

2 Demos: : 3. Ayar Labs + Intel*=
1. Jariet Technologies + Intel® = Direct RF + FPGA Optical + FPGA
2. UofM + Intel® = DNN offload + FPGA A
* Advanced Interface Bus. hitps:/intel Iy/2LISZcr 5
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Sources: Intel Architecture Day (2021) & ERI Summit (2020). The CHIPS work is supported by the DARPA MTO office (DARPA CHIPS Program))




Intel Advanced Heterogenous Integration Packaging

EmbeddedMulti-die Foveros
Interconnect(EMIB) Technology

bump pitch 55-40 micron bump pitch 50-18 micron bump pitch 25-18 micron bump pitch g 10 micron

Foveros Omni Foveros Direct

" first2.5D embedded wafer level packaging next generation Foveros " Direct Cu-Cu bonding for

b.ridge s.olution . through TSV Unbounded flexibility !OW resistance

die to die connection first-of-its-kind 3D with performance 3D Interconnects
th.rough.embedded stacking solution stacking technology for Blurs the boundary
bridges in substrates Die to die connection die to die interconnect between where the wafer
ends and the package

through active interposer and modular designs _
begins

EMIB Technology can be combined with Foveros technologies
intel &S i < IEEE
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EMIB: Embedded Multi-Die Interconnect Bridge l

» Localized high-density wiring

> Multiple Bridges, Multiple Bridge Sizes
and Bridge Technologies

» Bridge Mix and Match - Enhanced
Design Flexibility

> Bridge silicon costs << Silicon interposer

» No TSVs, Significantly less silicon area
» Die from Different Foundries 7 , .
> Large Overall Die Area enabled .- | | oo
> 2x areal bandwidth density g X
> 4x better PHY power efficiency »
intel &S B IEEE

Sources: R Mahajen and S. Sane, “ Advanced Packaging Technologies for Heterogeneous Integration “, HOT CHIPS 2021
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Foveros : High Density 3D Active Stacking

IN-PACKAGE
DRAM
COMPUTE

FOVEROS

500um Pencil
Core

50um Die-Die Interconnect Pitch
10nm Core
-nhum—uduu-q-u-d-qp- KR XK R K|

22nm Base Die
vl

Compact Active Die Stacking : Initial

Offering is Single Tile on Base die @ 50um We are systematically.ScaIing tile
pitch count, Bump pitch

<

1. D. Ingerly, et al. “Foveros: 3D Integration and the use of Face-to-Face Chip Stacking for Logic Devices,” 2019 IEDM
2. W. Gomes et al., "8.1 Lakefield and Mobility Compute: A 3D Stacked 10nm and 22FFL Hybrid Processor System in 12x12mm2, 1mm Package-on-Package," 2020 ISSCC Meteor Lake @
36uum Bump pitch
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Blending Planar and 3D MCPs (EMIB + Foveros) l

= : Compute Tile
. —— Rambo Tile
Ponte Vecchio
Foveros

SOC

Base Tile
>100 Billion Transistors

HBM Tile
47 Active Tiles Xe Link Tile

5 Process Nodes N
Multi Tile Package

; £ EMIB Tile
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Sources: R Mahajen and S. Sane, “ Advanced Packaging Technologies for Heterogeneous Integration “, HOT CHIPS 2021



Packaging Innovations In The Near Future: Foveros Omni and Foveros Direc\\l

i * Rich Interconnect Portfolio allows

top die

— NEveeaas greater mix-and-match and
— [l et ey better/independent interconnect
TR optimization for Power and 10

carrier wafer

top die
. 1 |1lln§img_aqn*'_,a;ij
enables flexible design sl o e J = "ﬁ_

base die

with maximum performance

eliminates TSV power and 10 high bandwidth
overhead optimization interconnects

¢ PitCh Scaling from 25“m % S 1Oum direct copéer~to-;opper t;onding
Ieads tO an Order Of magnitude which enables low resistance interconnects
increase in I0/mm? (1600 - > 10,000)

to 10K density partitioning
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Sources: R Mahajen and S. Sane, “ Advanced Packaging Technologies for Heterogeneous Integration “, HOT CHIPS 2021



Challenges and Opportunities '

Improved Electrical
*  Bump Current carrying
capability
HSIO and Power Delivery
* Design co-optimization

Better materials Thermal Management
*  UF/mold: Flow, Reliability, e Design/process
Warpage co-optimization
*  Fluxes: joint quality/cleanability « Thermal materials

e Thermal interface materials I

Package yield
Die-Die, Die-Wafer, Die- Substrate
Improved alignment/ bump Coplanarity
Stacked die coplanarity
Known Good Die (KGD)

L ]
EMIB EMIB

* ¥

External IP/die/pkg integration Advanced substrate_s
*  Passivation/bump compatibility Improved bump coplanarity .

* Design rule/ Design co-optimization * Fine pi.tch/MuIti diameter
bumping .

* High density routing

O0000000

EMIB

$ &

Warpage Management
Design-Process-Materials « Temperature cycling
co-optimization
Nova SMT total solution  « Temperature/humidity/Bias

Acceptable Reliability

* Electromigration

Equipment/ Material/Process/ Design Co-optimization key to Heterogeneous Assembly & Packaging

IEEE
&3 Esnsne
N—y’ SOCIETY

< IEEE

Sources: R Mahajen and S. Sane, “ Advanced Packaging Technologies for Heterogeneous Integration “, HOT CHIPS 2021



Reliability Challenges

Si Reliability
Die crack
Passivation crack/delam
UBM / Via delam/crack
Low K ILD delam

- P

Thermal Reliability
TIM1 delam/ degradation
Lid delam/degradation

- - ‘ Rkl ___QUUUOOUT
EMIB ‘ EMIB ‘ EMIB
Substrate Reliability Package Reliability Board Level Joint Reliability
Trace Crack / Short UF/mold crack/delam * Solder joint fatigue/crack
Via Crack/delam Interconnect joint crack * Pad delam or cratering

Dielectric crack/delam
Solder Resist crack/delam

Imax / Electromigration
Solder extrusion

Equipment/ Material/Process/ Design Co-optimization Key to Meet Reliabilities
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Summary

 Heterogenous integration is a key enabler of performance and cost moving forward

* Intel invented several advanced packaging architectures and applied them in Client, Server
and Discrete Graphics products to provide unprecedented levels of Heterogeneous
Integration

* The next generation of Innovations in Heterogeneous Integration will offer increased
partitioning opportunities with an enhanced interconnect portfolio and significant
increases in interconnect density

* Equipment/ Material/Process/ Design Co-optimization is the key to meet yield,
performance, cost and reliability targets of complex advanced packages
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Legal Notices

Legal Notices

All product and service 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.

All product and service plans and roadmaps are subject to change without notice. The products described may contain
design defects or errors known as errata which may cause the product to deviate from published specifications.
Current characterized errata are available on request. Intel disclaims all express and implied warranties, including
without limitation, the implied warranties of merchantability, fitness for a particular purpose, and non-infringement, as
well as any warranty arising from course of performance, course of dealing, or usage in trade. You may not use or
facilitate the use of this document in connection with any infringement or other legal analysis concerning Intel
products described herein. You agree to grant Intel a non-exclusive, royalty-free license to any patent claim thereafter
drafted which includes subject matter disclosed herein.

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.

© 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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