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2025 SEMICONDUCTOR INDUSTRY VALUE CHAIN
Value added (% of semiconductor device revenues)
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Technology trends
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SEMICONDUCTOR GROWTH DRIVES

Industry megatrends are moving the semiconductor market
and are pushing for more demanding system requirements

+ More computing power * More system integration
. v * Lower latency
A + Higher speed * More sensors
A . ) v * Lower power
A + Higher bandwidth + More memory v
i : - * Lower cost
* More functionality * Hardware-software compatibility
Trends & Opportunities for different
. 1 devices
drivers of
Blockchain advanced Voice processing - CPUs, GPUs, SoCs, APUs, FPGASs . MEMS/Sensors - Memory
packaglng + ASICS, DSPs, MCUs « Power ICs/discretes + Optoelectronics

Opportunity for

Opportunity for
fab/front-end

packaging

Advanced packaging business opportunity

supported by Al/ML, HPC, Mobile, AR/VR, 5G, Front-end scaling slows but continues: Moore's
and automotive Law keeps going but at a slower pace, high-end
Cloud and edge fab business continues growing (5nm & below)
SSmpUEng Traditional packaging (wire-bond, lead-

frame based) business opportunity created
by loTs, Industry 4.0, and smart automotive

Require Back-End and assembly innovations: panel-level
packaging, high-accuracy bonders, TCB, D2W/W2W bonding, and
photonics integration in packages..
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ADVANCED PACKAGING TECHNOLOGY TRENDS
Roadmap by I/O Density and I/O Pitch
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ADVANCED PACKAGING MARKET REVENUES EVOLUTION 2024-2030 ($B)
Breakdown by packaging platform

WLCSP

CAGR ~4% S $-| 09 B

CAGR ~6% \
, FO \

! FCCSP = CcAGR-~14% ‘

CAGR ~4%

J— -

-

‘ Sip 2.5 D/ 3D /
CAGR =5% CAGR ~17% /

Main packaging market

- - enabling Al and driving the
"""""" whole advanced

packaging business

Source: Advanced Packaging Market Monitor, Yole Group
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HIGH-END PACKAGING REVENUE PACKAGE FORECAST
Heterogenous Integration enabled by 2.5D/3D Packaging

High-end Packaging Revenue by Technology ($M)
~$47B

3D Optical Engine
;\)) YO L E ® 3D Logic/Memory
Group m 3D NAND
m 3D CBA DRAM
m 3D HBM
m 3D Stacked DRAM
m 2.5D Bridge in Mold
~$'|2B m 2.5D/3.5D EMIB Bridge
m2.5D RDL Interposer
m2.5D Si Interposer
m 2.5D Mold Interposer
wnE I i

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Revenue ($M)

@ YO L E * Excludes FCBGA or “on-Substrate” revenues

Group

2.5D/35D EMIB Z'SDEI”%@JG in 25D RDL
Bridge © Interposer 3D Optical
Engine
3D Logic/Memory
2.5D Si
2.5D Mold Interposer
Interposer

3D Stacked
DRAM

3D HBM

3D NAND

2.5D Interposers key for Al accelerator and HBM

integration: mold and RDL interposers gaining market
share over silicon interposer over time

3D Memories take a significant market share:
HBM growth driven by Al, hybrid bonding emerging soon

3D stacking with hybrid bonding becoming a key
technology for chiplet integration (e.g., AMD 3D V-Cache)
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FROM PACKAGING FLOWS TO INTEGRATED FLOWS
Wafer-Level-Packages are changing the standard front-end/back-end supply chain

Wafer test

Implant Etch

CVvD
PVD

Inspection

CMP Cleaning
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Value transfer from Front End to Back-end

Back-end technologies often draw inspiration from front-end innovations and
equipment, particularly in lithography and packaging innovation. At the same
time, the back-end is getting more value than the front-end, especially in the

“After Moore's Law" era.

70 to 60%__

Front-end

‘Middle-end’

Wafer Level Packaging

RDL / wiring Hybrid Bonding: W2W
Hybrid Bonding: D2W

Semiconductor Value scale

Inspection

2.5D Interposer

30 to 40%
Back-End
Back-end Assembly & test
IC Substrate
- I(;czct/ c2s
inal tes
BGA Dicing
Molding Underfill
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ADVANCED PACKAGING - ECOSYSTEM
Mapping of players based on technology

TSMC, Samsung, and Intel are the main
players in higher-end technologies,
where they strongly compete.
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EQUIPMENT FOR ADVANCED PACKAGING

Front-End Processing, Back End, and Test Equipment, USDB

USDB

Equipment Demand for
Advanced Packaging, USDB

2000 2005 2010 2015 2020 2025 2030

@) YOLE

Advanced Packaging Equipment
by Sector, USDB 2025

Front-End Processing

Test Equipment JASEA

Back End

Introduction of high-performance packaging in 2019 was
the catalyst for higher growth in equipment demand

Within a strong focus on Heterogenous integration due to
the need for higher I/O density and system level integration,
this revenue is expected to double in the next 5 years
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FRONT END EQUIPMENT FOR ADVANCED PACKAGING

O

Total WFE Revenue $B el

YOLE

Group

~$70B

~130B

2020 2021 2022 2023 2024 2025 2026e 2027e 2028e 2029e 2030e

Advanced packaging is becoming a meaningful growth engine for front end equipment and is no
longer a niche.

The industry is progressively shifting from transistor scaling to system-level integration

2.5D, 3D, FO, photonics integration are leading towards overperforming WFE CapEx driven by server
end-market and geopolitics with proliferating AP schemes.

Source: Wafer Fab Equipment Market Monitor, Yole Group
Benelux Heterogenous Integration Conference| www.yolegroup.com
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ADVANCED PACKAGING DRIVING FRONT END CAPEX

WFE AP Revenue $B

17 - CMP intensity growing with hybrid bonding adoption, continuous Si
~$16B wafer thickness decrease for 2.5D and 3D stacking.
16 -
- Thinning and CMP Equipment
15 A ALD: process intensity increase with adoption of hybrid bonding.
14 - CVD: higher process intensity for 2.5D/3D. Legacy equipment is used
with adaptation to wafer handling and productivity improvement.
13 4
Thermal processing: growing increase lead by 2.5D/3D packaging.
12 - Thermal exposure reduction is an innovation.
Deposition Equipment
7 - Electroplating: Interconnect fill, mostly Cu. High precision machinery
evolves for smaller interconnect or use of other materials.
10 1 PVD: precision and higher increase in bump pitches.
9 -
g - Dry etch & clean: high process intensity for TSV and RDL, particularly
for Si-based AP platforms.
7 7 Etch and Clean Wet etch & clean: critical step to obtain near-perfect surface
6 - cleanliness specially with Hybrid Bonding
5 - . . . e
Patterning Wafer patterning: Direct exposure are adopted for diversifying AP
4 schemes. For 3D packaging, i-line, KrF lithography are adopted.
3 -
Metrology and Inspection M&Il: Increasing innovations driven by adoption of high-end packages
2 as back-end M&l is moving from micro scale towards nano scale
'| -
0 . Wafer Bonders Wafer Bonders: Growth driven by 2.5D/3D demand
2020 2025 2030e
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PATTERNING IS MOVING INTO THE PACKAGE
Advanced Packaging is turning lithography into a yield critical layer

What is changing in patterning for Advanced Packaging ?

> RDL is becoming finer and more litho intensive: chiplet and HBM
packages push RDL/interposer line-space down while resist/topography
get harder

> Overlay becomes a packaging yield lever: hybrid bonding, TSVs and
die-shift correction require scanner-like alignment rather than simple
exposer

> Substrates are no longer ideal wafers: thick, warped and non-flat wafers
need bigger process windows and alignment through silicon

ASML move: XT:260

First ASML lithography product serving
advanced packaging; i-line scanner
designed for 3D integration

Throughput: 270wph
Resolution: <400nm
Up to 1.7mm thickness wafer handling

Advanced packaging is turning photolithography into a strategic bottleneck: the
winners will be the tools that combine sufficient resolution, tight overlay, high
throughput and compatibility with large, warped or non-standard substrates.
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CRITICAL FAILURE MODES DRIVING M&I REQUIREMENTS
Main sources of yield loss across advanced packaging interconnect processes.

Hybrid bonding TSV -
: 5 Roughness
Coplanarity, warpage < Coplanarity, warpage (CMPL
< >
Open, Void presence and
isali diameter

Delamination
Factor Wafer edge
SURFACE
itch Missing rEJ.Z'.?,'; oxide QUALITY Fill missing
pitc . shape
INnterconnect i
Factor pitch
Void
Bump FO
coplanarity RDL or Cu stud pitch and CD
as well as contamination
Roughness, TTV (particle, residue)
EMC Fill ¢ —
Factor t i Warpa
! ge
Voids _
Height < ST .

numbers of bumps?

~
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SEMICONDUCTOR TEST PROCESS FLOW OVERVIEW
Advanced Packaging is driving Test Complexity

Traditional Packaging Semiconductor Test Process Flow

Wafer Sort Packadin System
Test ging Level Test

o Advanced Packaging requires more testing earlier in the manufacturing
. . process. This “shift left” strategy means more test resources are allocated to
Advanced Packaging Semiconductor Test Process Flow wafer sort and wafer level burn-in to ensure that only known good die

(KDQ) are packaged.

Incoming

Wafer

o Handling and testing of partially assembled packages requires the

Incoming ;
Wafer development of new types of equipment.

h Wafer Sort Test/
*Wafer Level Burn In
Interposer Partially Assembled Assemble Good Fully System
Processing Unit Test Die & Interposer Assembled Level Test
h Good Interposer J
Sourced: Amkor's Test Flow for Advanced Packages (2.5D/SLIM/3D)
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o Testtimes are growing with package complexity and package size
o Thermal management of devices during test is increasingly problematic

o The cost of test per device tested is increasing with package complexity




TEST EQUIPMENT BY PACKAGE PLATFORM
High-Performance Packaging Driving Higher Test EQuipment Spending

Test EQuipment Revenues by Package Type, USDM

9,000 1~

8,000 A

7,000 A

6,000 A

5,000 -

4,000 +

3,000 A

2,000 A

1,000 A

0]

Forecast ,
High Performance

Maturing Advanced

Traditional

2010

@) YOLE
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2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

Fan out, 2.5/3D and Emerging
Technologies driving all the growth.

Test solutions still being developed.

Market growing 10% per year

Flip chip, embedded die, WLCSP.
Test solutions are mostly known.

Market growing 2% to 3% per year

Test Equipment mostly for capacity
replacement or small-scale capacity
expansions

Benelux Heterogenous Integration Conference| www.yolegroup.com
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BACK-END EQUIPMENT

Total Back End Equipment Revenue $B

i ~$11B I Advanced Pack. Back End Equipment
101 Il Traditional Assembly Equipment
7 ~$8B

3 -

7

6 -

. | ~$5B

4

2z

o

7

0 2020 2021 2022 2023 2024 2025 2026e 2027e 2028e 2029e 2030e

+ Back End or assembly equipment has always been driven by capacity demand or replacement tools
without much technological innovations.

* With a focus on High End Packaging and the back end ecosystem is under the spotlight.

* Strong focus is on innovations in advanced Die attach and Dicing technologies which are poised to
grow this market further in the next years.
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DICING EQUIPMENT BY APPLICATION
The winning dicing route changes by package architecture

Mainstream power and analog Medium
M Blade
Memory and stacked devices M Laser
M Plasma

including HBM

CIS and MEMS Medium Medium

Fan-out and advanced substrate

Medium Medium
packages

Chiplets and Hybrid Bonding Medium

Large panels and modules Medium

2021 2026 2031

Glass substrates and interposers

« Blade remains the workhorse for cost driven mainstream silicon and larger formats like panels.
« Laser dicing has become mainstream for advanced packaging.

« Plasma becomes the strongest fit for die to wafer and fine pitch cleanliness driven flows like hybrid bonding.
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BONDING EQUIPMENT TECHNOLOGY TRENDS
Roadmap by I/O Density and I/O Pitch

Hybrid Bonding

10°

Cu-Cu
Direct

104

ﬁ fluxless TCB

Flux-Based TCB

103
- (MR-MUF, TC-NCF, TC-NCP, TC-CUF, TC-ACF)

I/O Density* (1/O per mm?2)

102 .. Standard
h Flip Chip

Wire >60
Bonding

*1/O Density refers to the total number of I/Os per package platform area.

( The plot is generated based on the Yole Group database, with reference to )
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Technology complexity / interconnect density

D2W/D2D
Hybrid
=fe]glellgle

Flip Chip /

Die Bonders
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Ultra-Fine-Pitch
Interconnect for
3D Stacking and
Next-Generation
Integration

Fine Pitch TCB for
High Performance
Advanced
Packaging

High Volume,
Mature Die Attach
for Mainstream
and Advanced
Packages

ADVANCED DIE ATTACH TECHNOLOGY SEGMENTATION
Flip Chip /TCB / D2W Hybrid Bonding

Package Suppliers
3D SoC 4 N
1 st
— Q sets
Besi
Cache on Logic ZS\SHIZAURA
Chiplet ASMPT
HBM @ Hanwha
\_
HBM 4 )
Q s
Besi
2.D Interposer S et W iiaiciic
Si Bridge
@. Hanwha
Chiplets M McROvVIEW
SEMES
IC Substrates N\ ASMPT J
FCBGA/FCCSP | [ R
) | ASIMPT  ZS\SHBAURA o
Besi
‘ FanOut/WLCSP 4 JosoR D eaomar
Panels () Henwha @ Pactech
SIP M Kulicke &Soffa, “finetech
IC Substrates K & carcon SM.. j

Die Attach by Technology as a % of Total

2026 2031

I Die Bonder

B TCB Bonder

I ~lip Chip Die Bonder
Il Hybrid Bonder

I Other Die Bonders
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TCB EQUIPMENT ROADMAP

G = = = = 4

Al Accelerators HBM3E/HBM4 High 3D Stacks 2.5D/Chiplets Lower Warpage Power & Thermals

TC-NCP/ TC-NCF/TC-CUF
Non-gapfill moiding »

+ Typical pitch 20 - 80 um [& Less sensitive to dies warpage

+ HBM and logic packages _

= = L

Thermo-Compression
w/High Stress

Low productivity, high thermal resistivity

Mainstream today

Underfill Integrated TCB

TC-MUF/MR-MUF

-
:

Db High productivity, low thermal resistivity

* HBMB3E/HBM4 ramp (SK Hynix)

» Underfill/ Molding Integration _
+ Warpage management
HBM4 ramp
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i~
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FLUXLESS TCB
Why advanced packaging is moving beyond wet flux at fine pitch

What is ("3 Remove Bond with controlled —) Get a cleaner
ALY Oxide in situ heat and force interconnect

Fluxless TCB ? SRl

Advantages of Fluxless TCB

ssss A
i A Better for Ultra Fine L Cleaner interface for
#

TN EY
M Creates a bridge to direct Expands the roadmap
. . Cu to Cu before Hybrid Bonding

Enables next generation
: HBM and chiplets

Atmospheric

Industry Commercial o Hydrogen based AOR for e
KKu“cke&soffm formic acid sub 10 pm ASMPT . E == pressureplasma
Context route Besi demonstrations HBM6 hi ==='F R&D
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HYBRID BONDING OVERVIEW
From W2W to D2W, hybrid bonding raises metrology and inspection challenges

« Hybrid bonding is a direct, molecular bonding of two functional materials: a dielectric (thin film such as SiO, or polymer) and metal

interconnects (copper, tungsten, etc.).

|
R, /

Wafer-to-wafer (W2W)

Die-to-wafer (D2W)

Collective die-to wafer

Die-to-die assembly (D2W n+1)

Chiplet integration for 3D SoC,
Photonics-on-chip, RF-on-chip

(co-D2W: D2D, D2W, W2W)

Chiplet integration for 3D SoC,
Photonics-on-hip, specialty
devices

Device
adoption BIS CIS hybrid, 3D NAND
2026
Device BIS CIS hybrid, multilayer CIS,
adoption 3D NAND, 3D DRAM, NAND
2031 multistack

Chiplet integration for 3D SoC,
CMOS 2.0, HBM5, Photonics-on-
chip, RF-on-chip

Chiplet integration for 3D SoC,
CMOS 2.0, HBMS5 - for logic die,
Photonics-on-chip, specialty
devices

Used for multi-die stack
assembly, not tracked as a
separate bonding adoption
route.

Surface
@ Planarization
and Cleanliness

Main process

challenges

~

«

Q) YOLE

Interconnect High Annealin Limited
® ® ° 9 @ Throughput
Overlay Temperature :
and Yield

Pre-Bond and
Post-Bond
Electrical Testing
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HYBRID BONDING - BRIDGING FRONT END AND BACK END

CMP

@l SRR

make possible

B EaAmA

H\Ay\lﬁ

KCTecH

CMP materials

524iko «0UPDNT
icgris  FUJFILM

@ \‘(:84!3_ E *Non-Exhaustive list of vendors

Cleaning and
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Mechanical
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Y. 225 woiansystoms
A\

&4

wowr e SRIETESY
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Q.=

5 Hanwha
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setf
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TEL
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EVG TOKYO ELECTRON

SUss  MicroTec

Post-bond
Inspection

Characterization

@IARRKER. KL A
make possible Keep Looking Anead
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ADVANCED DIE AND WAFER BONDERS MARKET

TCB Bonder Annual Revenues, USDM D2W Hybrid Bonding Annual Revenues, USDM
-$138 -
~$600M
~850M
~$150M

20200 2021 2022 2025 2024 2025 2026e 2027 2028e 2029e 2030 2020 2021 2022 2023 2024 2025 2026e 2027¢ 2028e 2029 2030e

Permanent Wafer Bonders Annual Revenues, USDM

| (5,29 ~$800M « TCB demand is driven by 2.5D/3D integration and

| driven by the HBM demand.

1 « D2W Hybrid Bonding is slowly gaining volume in
| ~$500M 3DSoC, Chiplets and CPO while it may become
| the center of focus from the next gen HBM.

| « CIS, 3D NAND and 3D DRAM, NAND multistack in
| the future.

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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SELECTIVE LEADERSHIP IN SEMICONDUCTOR EQUIPMENT
Strong position in lithography/ bonding, more limited shares in other equipment segments

European market share (%) by equipment segment

European Leadership Limited presence in

Major process tools
Deposition  Wet Etch (<1%)
$7.4B

12% m Dry etch
° Thinning and CMP

Other equipment

Patterning Die/Wafer Bonder M&

$34.8B $09B $18.4B $33.1B

Europe

. 96%
829 88%
42%
Rest of the World = 19%
AbM L ASM ‘\Z‘g‘ SUSS, Microlec
@©) YOLE e oo ASML  AIXTRON
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PRESSURE ON THE SUPPLY CHAIN
Subsystem suppliers sit at the intersection of technology and industrial constraints

Al demand

Design
(Fabless & Chip design)

AMDA
NVIDIA.

s
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EUROPE’'S POSITION IN ADVANCED PACKAGING EQUIPMENT

European Headquartered Companies’ Share of the Advanced Packaging Equipment Market and Supply Chain is Relatively
Low (8%) Compared to their Share of the Overall Semiconductor Manufacturing Equipment Market (23%)

Critical Subsystems
Test Packaging Front-End Processing &iﬁol\r/lg ?\?J?aegttjr?nssd

Equipment Equipment Equipment Equipment

Europe Europe

Europe

Other Other

$1,250M

$1,160M

2025 2025

This data does not include sales of advanced packaging European HQ Suppliers Contributed $1,920M of
equipment made by European companies that are owned by manufacturing equipment for Advanced Packaging in

Applied Materials, LAM Research, KLA, Cohu, and Advantest. 2025. Foreign owned companies based in Europe
contributed a further $1,000M to the total.
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CONCLUSIONS

« Advanced packaging is a strategic semiconductor manufacturing layer and a key enabler for Al

« System integration is now driving equipment innovation beyond traditional Moore's Law scaling

 Hybrid bonding, advanced interconnects and chiplets are reshaping process flows and tool requirements

« Packaging is converging with wafer-fab precision, yield and process control expectations

» Critical bottlenecks are Bonding, metrology & inspection, overlay and warpage management

« Test complexity is increasing with chiplet and HBM integration

«  Equipment suppliers, subsystem players and process ecosystems are becoming strategic enablers of scalability

« Future competitive advantage will depend on manufacturing capability and process integration

Europe has a key role to play in advanced packaging as it has a lot of know-how
in materials, equipment and subsystem as it's a fast-evolving ecosystem and the

winners and losers are yet to be decided

®)
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HOW TO USE OUR DATA?

Yole Group is pleased to provide you a glimpse of our accumulated knowledge.
Please note that the entire document and its data is copyrighted © Yole Group 2026.

To share our data with your own network, within your presentations, press releases,
dedicated articles and more, please contact our Public Relations department to
make sure you get up-to-date, licensed materials.

We will be more than happy to provide you our latest results and appropriate formats
of our approved content.

Public Relations & External Communications
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