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Advanced Packaging New Value Chain

Traditional Die MFf Package Final
chipmaking EDA Equipment )} Materials (Front engc.i) Design Testing e
value chain & Mfg.

Advanced : . 1 :
chipmakin Equipment Package Die/Chiplet ¥ Packagin Testin Final
valrL)Je Chaiﬁ SaD Design Mfg. ging g Assembly
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Key Differences _ _ _ _ . _ _
Much higher supply High degree of Key innovation Increasing Increasingly requires
Bt chain complexity compatibility and dnver to unlock standardization application of front end
S to manage specialization required  full chip performance pushes cost game  know-how 1n back end

@ Iterative, requiring exchange M) Multiple steps in parallel, B Strategic
between players potentially at different players control point

Source: BCG
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Evolution of Integration Platforms:

Advanced Packaging

Shrink Heterogeneous Systems (HD RDL)
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Moore’s Law 3D Packaging Stacking Heterogeneous
(Monolithic Chips) Systems (Open Ecosystem)

Domain Specific
{ ] [ ] Architecture & System
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Advanced Packaging Roadmap

Performance

Density

Flip Chip
Ball Grid Array

Fan-Out
Wafer Level
Package

2.5D
Through
Silicon Via

2 Cu Pillar Flip Chip

VIPack Platform
—
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FOCoS

2.5/3D

FOCoS-B Enhanced

FOPOP

e (Dev 2006) 3D Advanced RDL Technology
) ) Package . . .
Wire bond So(ng;Fllgsir;lp (Dev 2009) Mobile - Networking - Compute - Al, Edge - Automotive
(Dev in 1956) - Industrial
1984-Now ” 1995-Now |” 2009-Now 2024~ I
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FOPoP
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Key Features:
® FOPOP: Fan Out Package-on-Package

® RDL Based Package with 2 Routing Planes and Fine Pitch Cu

Posts Between Layers

Bottom Package Height <330um
Land Side Cap or Embedded DTC (M)
Cu Post Pitch ~140um (@100um Die)
Power Delivery Solution with Near
Die DTC (Adv. Silicon Node)

Applications:

® Application Processor (AP) Mobile

® Co-Package SiPh

® Mobile/Auto AIP (Antenna-In-Package)
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Key Features:

High Density Fan-Out Single or Multi Die Integration Package-Chip First

or Chip Last

1.5/1.5um Line/Space, 6 metal layers, 32x38mm FO
Flip Chip attached to RDL or Organic Substrate
Stacked Via for Low Impedance

Support HBM2/3 Integration

Applications:

APU + Memory
GPU + Memory
Networking
SiP/Modules
Al
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FOCoS Bridge (Embedded)

Key Features:

® Embedded Die Layer- Die Attached on Both Sides of RDL
(Bridge, DTC, Power Mgmt, Active)

® High Density Fan-Out Single or Multi Die Integration Package-
Chip First or Chip Last

® 1.5/1.5um Line/Space, 6 metal layers, 32x38mm FO

® Flip Chip attached to RDL or Organic Substrate

® Lower Cross Talk (No TSV)

Applications:

¢® APU + Memory

® GPU + Memory

® Switching/Router-Networking/Al
¢ SiP/Modules
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FOSIP
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Key Features:

FOSIP: Fan-Out System in Package

Lowest Profile Structure

Ultra High-Density Component spacing- 50um

Multi Layer RDL Substrate Layer

Integration of both un-packaged and packaged components
The option for double sided

RDL - Chip Last for Std Component Termination

Applications:

® Mobile - RFFEM
® |oT- WIFI

® Auto - Radar
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2.5D/3D TSV

Key Features:

2.5D Chiplet Integration:

® Stitched interposer > 1.6x reticle

® Interposer BEOL RDL Passive Integration Options

® Fine Pitch D2D Interconnects: uBump pitch <45um, L/S <
1um, up to 5 layers

3.5 D Die Stacking + Hybrid Bonding Innovations:

® Active interposer: DRAM Interposer - high memory bandwidth
& energy efficiency

® 3D die stacking: DRAM die stacking - high memory bandwidth
& capacity

® Ultra Fine Pitch Interconnects: Bond pitch < 30um

Applications:
® High Power Computing, Networking, Mobile
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Integrated Optics
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Key Features:

Replaces Traditional SERDES HS Interface

RDL Based Package with 2 Routing Planes and Fine
Pitch Cu Posts Between Layers

MicroBump- 45um pitch, 30um Diam

2 RDL Layers (
TSV Last Pitch 60um dia, 140um pitch- Slot design version
30um dia, 60um pitch

V-Groove for Alignment- DRIE Process
® Power Delivery Solution with Near Die DTC (Adv.
Silicon Node)

Applications:

® ASIC on Network Switch

® %anqpe\lone Laser Engine- For High Speed
¢
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Summary

Al and Data continue to fuel semiconductor innovation,
with exponential proliferation through 2030 and beyond

that will shape global life and lifestyle in unimaginable
ways

Collectively, our industry is accelerating the Al economy
through Heterogeneous Integration advancements

Packaging creativity is enabling seamless integration of
multiple chiplets, SiPs, modules into one single
package optimized for enhanced functionality and
operating characteristics.
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