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1) Introduction ESPAT-Consulting

Vision Statement ("What")

To enhance and strengthen the European Semiconductor
Eco-System by supporting the growth of Advanced Packaging
and Test development and manufacturing.

Mission Statement (" How") Source: Advidera GmbH & Co. KG — Website Blog, 2022

To be the knowledgeable, trusted and well-connected problem solver and influencer for Advanced
Packaging, and Test in Europe; highlighting the importance of Semiconductor package design,
assembly, interconnect, packaging, and test as integral part of the Semiconductor Supply, and Value
Chain; promoting the need for co-design, and co-development; being the partner of choice for
authorities, and decision makers, research institutes, manufacturers, and innovators in the field, and
their customers; building bridges, and bringing them together in order to develop leading-edge
solutions, increase their business, and grow together.

This includes but is not exclusively intense networking, packaging technology scouting, roadmapping,
strategic advice, and alignment, opportunity identification, initiation of co-operations, promoting,
lobbying, and training in the field of Advanced Packaging, and Test.
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Recommended Reading by the Co-Editor

Edited by
Beth Keser ¢ Steffen Krohnert

ADVANCES
EMBEDDED ano
FAN-OUT
WAFER LEVEL
PACKAGING
TECHNOLOGIES

Edited by

Embedded and Fan-Out Wafer
and Panel Level Packaging
Technologies for Advanced

Application Spaces

High Performance Compute and
System-in-Package

Beth Keser, Ph.D. | Steffen Krohnert

Published February 2019

Published December 2021

=8

Stay tuned for
more to come
in 2023/2024
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2) Semiconductor Packaging Evolution
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Key Markets

Computing Trends + Today’s Key Markets & Drivers

Key Drivers

* Increased functionality

* Increased performance

= Miniaturization
= Reduced Cost

Y\(earables and Health
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Source: ,,Market Data - Update”,
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The Evolution of Semiconductor Packaging wiwL®

Tz 1iszy 9f AN

* Packaging fills the gap in
between ICs and PCBs

* Different speeds of

improvement between
CMOS and PCB

Development in CMOS processing capabilities
Development in PCB processing capabilities

features
1970 1980 1990 2000 2010
Through  Surface mount CSPs/BGAs WLCSP 3DICTSV
hole devices SiPs More SiPs Fan-out WLCSP
technology Flip Chip BGA Cu pillars Source: ,Market Data - Update”,
PoP Silicon interposers Yole Développement, 2018/2019
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Technology Gap between Traditional BE and FE
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Packaging Roadmap of Leading OSAT Company

Package Trend

ASE Group Technology Roadmap g} ASE GROUP

Source: “ASE & Jisso,presented by FhG IZM
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[ ESpy

“Next Generation of electronic systems:
Challenges and Solutions for Microelectronic
Packaging”, 2010

Marketing and Technology Promotion ASE
Group (ESPAT-Consulting, received from ASE
Group on request FEB/24, 2021)
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The Role of Packaging is Changing

[ ESpy

Finally, The Industry Recognizes the Importance of Packaging

Economic advantage of silicon scaling is gone

— High cost of moving to next silicon node

— High cost of fabrication includes design, mask, and fab process

— Only a limited number of foundries can afford to participate for
the limited number of companies at advanced nodes

Heterogeneous integration provides an opportunity to achieve

economic advantages lost with end of pure silicon scaling

— Many options for the package including silicon interposers, FO on
substrate, chiplets, and variations of 3D stacking

Heterogeneous integration (especially chiplets) offers improved SI,
Pl, lower inductance and thermal resistance, form factor
advantages

Co-design of silicon and package essential Source: ,,Outlook for 2021: Are There Supply Limitations to Growth ?”

TechSearch International, Jan Vardaman, MEPTEC Semiconductor
Industry Speaker Series, 13.01.2021
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3) Semiconductor Market and Ecosystem
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Global Semiconductor Market

After 2 successive high growth years, global semiconductor market growth decline 12% YoY to
reach ~$412B in 2019. The decline is attributed to the cyclicality in product pricing, sluggish
phone demand and global trade unrest.

600

500 $44O Bin 2020

300

Sales in billion U.S. Dollars

200

100

Source: ,Semiconductor market size
worldwide from 1987 to 20227,

0 Statista Website 06/2022
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
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$556 B in 2021 (all time high)
400 $613 B in 2022 (forecast)
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Growth 2020 +5.1% ($433B) and 2021 +8.4% ($470B)

Almost all major product
categories contribute

Memory +12.2%/+13.3%
Sensors +7.4%/ +7.8%
Logic +6.5%/ +7.1%

Regional ranking

America +18.7%/+9.5%
Asia Pac +3.8%/+8.7%
Japan -0.6%/+5.8%
Europe -8.4%/+5.7%
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Amounts in US$M Year on Year Growth in %
Palhatey 2019 2020 | 2021 2019 | 2020
Americas 78,619 93,343| 102,164 -23.7 18.7 9.5
Europe 39,816 36,452 38,543 -7.3 -8.4 5.7
Japan 35,993 35,759 37,841 -9.9 -0.6 5.8
Asia Pacific 257,879 267,590| 290,854 -8.8 3.8 8.7
Total World - $M 412.307] 433,145| 469,403 -12.0 5.1 8.4
Discrete Semiconductors 23,881 23,593 25,292 -0.9 -1.2 7.2
Optoelectronics 41,561 40,481 44,628 9.3 -2.6 10.2
Sensors 13,511 14,515 15,642 1.2 7.4 7.8
Integrated Circuits 333,354 354,556| 383,840 -15.2 6.4 8.3
Analog 53,939 53,954 58,578 -8.2 0.0 8.6
Micro 66,440 67,744 68,444 -1.2 2.0 1.0
Logic 106,535 113,419] 121,507 -2.5 6.5 73
Memory 106,440 119,440 135,311 -32.6 12.2 13.3
Total Products - $M 412.307) 433,145| 469,403 -12.0 5.1 8.4
Note: Numbers in the table are rounded to whole millions of dollars, which may cause totals by region and
totals by product group to differ slightly.
Source: WSTS (World Semiconductor Trade Statistics), Article

in ,Markt & Technik” 1-3/2021 (22.01.2021) pp. 16-17
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Semiconductor Eco-System -
Business Models in the Value Chain / Product Development Flow

Value Chain >
Product Wafer Package Module Mass
Definition Manufacturing Manufacturing Assembly Production
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OEM / System
Manufacturer

EDA — Electronic Design Automation

IDM - Integrated Device Manufacturer

OSAT - Outsourced Semiconductor Assembly and Test
EMS - Electronics Manufacturing Services

ODM - Original Design Manufacturer

OEM- Original Equipment Manufacturer

EDA / IP / Equipment / Material Suppliers




Semiconductor Eco-System
Business Models in the Value Chain
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Source: Philip Kim, CEO at IBG Construction, Inc.,
California, USA, LinkedIn Post, MAY/24, 2021

The global

semiconductor market
size was $433 billion

in 2020.
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US$ 2 800M

US$ 2 000M

USs$ | 000M

US$ 700M
US$ 500M

Amkor JCET TSMC Others

Global Packaging Market and Shares
Unprecedented CAPEX Investment in 2021

By CapEx share:

3 2021 | www yohe & - www st
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i

=

In the race for Heterogeneous Integration,
key players, such as ASE (w/ SPIL & USI),
TSMC, Intel, Amkor, and JCET have
announced unprecedented

CAPEX investment in 2021.

Driven by a pandemic boom,

the Semiconductor Industry continues to
see robust demand driven by the work-
from-home ethic and increased demand
for automotive and datacenter.

FY 2021 is shaping up to become a “Banner
Year” for key OSATs and IDMs/Foundries
such as TSMC.

Source: Advanced
Packaging Quarterly
Market Monitor, Q1/2021,
Yole Développement
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4) Current Supply Chain Situation
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ESPyr
Market Overview — Current Supply Chain Situation LATj

Supply Crunch means longer wait time for components (lead time)

Category | Currently Normally
Power management chips | 24-52 weeks 4-8 weeks
Microcontroller chips | 24-52 weeks 4-8 weeks

CPUs (Central processing units) | 12-16 weeks 4-8 weeks
Memory chips | 14-15 weeks 4-8 weeks
Wi-Fi chips | 24-30 weeks 4-8 weeks

Consumer LCD screens | 16-20 weeks 12 weeks
Substrate materials 52 weeks 20 weeks
Chip packaging services 12 weeks 2-4 weeks

Source: Nikkei Asia - Analysis of
Companies’ Data, May 2021
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ESPyr
Market Overview — Current Supply Chain Situation LATj
Advanced Packaging System-in-Package

* The current global supply chain situation, its advantages, disadvantages, and the challenges are well
summarized, for instance, in a recent article published by the Boston Consulting Group *):

“The widespread shortage of semiconductors that began in late 2020 highlighted how
indispensable these specialized components are in today’s economy. Semiconductors are
used to power a vast array of electronic devices - everything from smartphones and cloud
servers to modern cars, industrial automation, and critical infrastructure and defense systems.

The global structure of the semiconductor supply chain, developed over the past three
decades, has enabled the industry to deliver continual leaps in cost savings and
performance enhancements that ultimately made possible the explosion in information

technology and digital services.

* In the past few years, however, several new factors have emerged that could put the successful
continuation of this global model at risk. Addressing these vulnerabilities requires a combination of
carefully designed actions from policymakers, including targeted incentives to encourage domestic

production in order to address strategic gaps.”

*) Source: “Strengthening the Global Semiconductor Supply Chain in an Uncertain Era”, Varas, Antonio; Varadarajan, Raj; Ramiro Palma, Jimm
(Boston Consulting Group (BCG), APR/01, 2021
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Market Overview — Current Supply Chain Situation

Semiconductor supply chain

Precompetitive research

Manufacturing

« Wafer
fabrication

» Assembly,
packaging,
and testing

Share by region
(% of worldwide total, 2019)

B Us [ China East Asia> [} Europe Other
groc 20
s
N ©

Equipment 36 m
Materials 57
“ 0

OSAT PER EE

DAO = Discrete, Analog, and Other (including optoelectronics and sensors);
EDA — electronic design automation);
1) Mainland China, 2) East Asia including South Korea, Japan, and Taiwan.

Benefits of Global Supply Chain versus Fully Localized Supply Chain

Costs avoided vs.
fully localized “self-sufficient”
supply chains

$0.9-1.2T

avoided upfront investment

$45-125B

annual cost efficiencies

35-65%
enabled reduction in
semiconductor prices
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Source: “The Global
Semiconductor Supply Chain
based on Geographic
Specialization”

(Source: BCG analysis / 2019)

= Page 21



5) Semiconductor Packaging Market
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Global Packaging Market and Shares wiwibiw

Growth in both sectors: Traditional and Advanced Packaging

>

2014 | 2025
$53 B $84 B - (New Data:>$100 B)

CAGR 4%

y!)?ﬂﬂ,},ﬁ Advanced Packaging

CAGR 7%

Advanced Packaging Platform Revenues CAGR 2019 - 2025

, Source: “Trends in Advanced Packaging

and transition towards Heterogeneous
Integration”, Yole Developpement,

2 Advanced Packaging Forum @ SEMI

Technology Unites Global Summit,

FEB/16, 2021

JUN/29, 2022 === Packaging Advances in the OSAT, Foundry, and MEMS Markets with a Highlight on Europe == Page 23



Global Packaging Market and Shares o o el
Growth in both sectors: Conventional and Advanced Packaging

&) SHINKO Unimicron
Foxconn . .

[ 10N HAS — .,
EMS/ODM /

Substrate /

PCB suppliers
layers ) - o L.
e < LY sioEn Packaging is a very
JABIL competitive market
Advanced Trend:

Foundries, IDM, EMS, ODM,
IC-Substrate and PCB
Suppliers are taking more and
new shares of the AdvPkg
market from the OSATs

Packaging

Foundries

Total IC packaging business: . Source: IFTLE 451: Advanced Packaging is
$65B (2018) X2 Leading Electronics into the 2020s,
3DInCites Blogs, Packaging IFTLE by Phil
Garrou, JUN/01, 2020
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Independent Packaging Players Worldwide

Leading OSATs in 2019 with Revenues in MioS - No European Company

ASE {rev w/SPIL & wic USIH) 1
Ambkor 1
JCET Group
Powertach Technology R
Tengiu Miccoelectronics
Tianshui Huadan Microelectronics

King Yuan Electronics I
UTAC | § 710
Chipbond Technology 1IN ¢78

BN e MG RO M A M DU e TG O TG R B Sl D el e e e e e e M e e e et ek e e b B e e G i e e o e e e R e G A B G R e e e e

ChipMOS Technologies I 675
Crient Semiconductor Blectronics JBB 582
SEA semicon BBl 484
Hana Micron (Rev wio Hana Materiais) Bl 405
Greatek Elec BB 399
AQ! Eiectronics IR 358
Carsern B8 339
Sigurd Microelectronics Bl 334

F

If counted separartely, SPIL* revenue in 2019 is $2.888B,
which will place it as 4% rank among global OSATs

TSMC rank between 379 & 4th

Not Top 8 ranking players

i

Formaosa Advanced Technologies B8 314

Catch up!

Nepes Corporation 3 289

Unisern Berhad Bl 286

Ardentec I 267

nart Amertron Berhad B 264

Tong Hsing 1§ 247

Walton Advanced Engineering 1 223
Lingsen Precision Industries §157

—

Don’t catch up...

Ty

Companies in the tail are at a
higher risk if there is no

gl differentiated technology or IP for

merger and acquisition as an exit

strategy.

Risk to get
acquired

Incure to loss in
business

._.4

* SPIL included in ASE figures from 2019 onwards

JUN/29, 2022 == Packaging Advances in the OSAT, Foundry, and MEMS Markets with a Highlight on Europe

Source: ,Advanced
Packaging - Fast Growth,
Chances for Foundries and
IDMs” Heinz Arnold,
Markt & Technik Magazin,
32/2020, AUG/07, 2020
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Independent Packaging Players Worldwide
Leading OSATs in 2020 with Revenues in MioS - No European Company

ASE (rev wiSPIL & w/ USI)
Amkor

JCET Group

Powertech Technology

Tongfu Microelectronics

Thanshui Huatian Microelectronics
King Yuan Electronics

ChipMOS Technologies

Chipbond Technology
Top 10 UTAC

Greatek Elec

SFA semicon

Orient Semiconductor Electronics
Hana Micron (Rev w/o Hana Materials)
Sigurd Microelectronics

Carsem

AOI Electronics

Tong Hsing

Formosa Advanced Technologies
Ardentec

Unisem Berhad

Nepes Corporation

Inari Amertron Berhad

Walton Advanced Engineering
Lingsen Precision Industries

D ] 0
I

O— I

/.

5

N N Nl N

ASE (rev wiSPIL & wio US{) S S 456
o w:mkm‘ LSRR L 2019

JCET Group

Powertech Technology B8 2 209

teeeeemeaeneed TSMC rank between 374 & 4 l

King Yuan Electronics SN 848 if cc?untetli separaFely, Si;iL* revenue in 2019 is $2.888B,
UTAC L 710 which will place it as 4™ rank among global OSATs
Chipbond Technology W 678

Tongfu Microelectronics . 1169

Tianshui Huatdan Microelectronics NN { 085

Change from 2019 anolysis: SPIL revenue fully
merged into ASE starting 2019 and onwards

Top 25 OSAT ranking
2020 Revenues

The Semiconductor Industry in
2020 was resilient and experienced
strong growth as the top OSATs,
showed unprecedented growth in
Q4/2020 and, in fact, throughout
2020 as the global pandemic took
shape. Many OSAT, IDM & OEM
experienced 15-20% growth in
revenue and increased gross
margins compared to 2019.

Source: Advanced
Packaging Quarterly
Market Monitor, Q1/2021,
Yole Développement
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6) Highlight on Packaging in Europe
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. o ESPAT
Overview European OSAT Landscape et
Based on “Worldwide OSAT Manufacturing Sites Database, 2019 Edition”

Key Highlights

Tracking advances in packaging technology, which directly affects chip performance, reliability, and cost, requires the understanding of company

offerings by location. Key features of the updated report include:

¢ 2019 edition includes over 30 new facility additions compared to 2018 report
» The world's Top 20 OSAT companies in 2017 and 2018

« More than 120 companies and up to 360 facilities — 96%

o Over 200 facilities with Test capabilities . egons
P Companies and facilities

¢« Over 90 facilities offering leadframe CSP .
outside Europe

» Over 50 bumping facilities, including over 30 with 300mm wafer bumping capacity
* More than 50 facilities offering WLCSP technology
¢ New facilities offering FOWLP and FOPLP

e Over 100 facilities in China, around 100 in Taiwan, and 43 in Southeast Asia
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. {0 ESPyT
Overview European OSAT Landscape wE
Based on “Worldwide OSAT Manufacturing Sites Database, 2019 Edition”

; T» Region: Europe
(® SEMI  Techsearch
" - - © 2019 SEMI. Unauthorized duplication of any part of the "Worldwide T Mar
Worldwide OSAT Manufacturing Sites Database, updated October 2019 oo licanse: Statu S:
Approximate State/ Province/ 3 _4 ye a rs
Company Name Ownership Ownership HQ Plant Site - City Country Region efege
- v = . Facility Area (1 - Prefecture _ = v Ca pa bl I ItleS

1T srael EUR
2
s sabilities
s WLP TSV Modules/SiP/MCP  MEMS/ Sensors sce":"g:r:;‘g&f Specialization 3:::8"'::'
6
7

The Database includes for Europe: Y. 15 Companies / 16 Facilities

- Ongoing study: Currently 74 companies/facilities with OSAT/PAT-SP character/profile identified
(62 w/o facilities in UK, and 59 w/o UK and Israel)

® & = » N I o
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JEspl ¢
Markets Mainly Served by European OSAT/PAT-SP LATj
Independent companies w/o PAT in IDM, Foundry, EMS, ODM, OEM

Typically, High-Value Markets,
Low/Medium Volumes,
Specialized, Customized, Niches.

- Medical, Healthcare & Life Science
- Automotive & Mobility

- Industrial & Automation

- loT, lloT

- Telecommunication Infrastructure
- Aerospace & Aviation

- Miilitary & Defence

- Sensors & MEMS

- Opto-electrical

- Photonics

- Hi-Rel

- High Voltage, Power

Packaging Technologies up to FlipChip (FCBGA, fcCSP)
* Rarely Transfer/ Compression Molding
* No Wafer Level Packaging (Fan-In, Fan-Out, 2.5D, 3D) Source: ESPAT-Consulting
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European OSAT/PAT-SP Capabilities [ Hieh-Value Markets

Low/Medium Volumes

W/O PAT in |D|V|, Found ry, EMS, ODM, OEM Specialized, Customized, Niches

Wafer back-end High-precision packaging & testing :zﬂgzzlgni e 222:;';5‘ product

UBM, balling, dicing Flip chip Chip on board Surface-mount technology Box-build

CHIP- &
OPTO-PACKAGING WIRE BONDING

Complex optoelectronic modules Our bonding technologies

)
FLIP-CHIP . pha s - WAFER BACK-END SERVICES

g
o
For maximum miniaturization 3 " 33 From Wafer to Packaging
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European OSAT/PAT-SP Capabilities

w/o PAT in IDM, Foundry, EMS, ODM, OEM

Sensor attach ASIC attach Wire bonding

Miniaturization
Leadframe-based
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Ees 7%
™
High-Value Markets Ples (I)_SPATj

Low/Medium Volumes N N NS
Specialized, Customized, Niches

Second molding

Bio-Sensors

QFN Packages
Leadframe-based

Source: Sencio, Netherlands,
Functional Packaging Center
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European OSAT/PAT-SP Capabilities [ Hieh-Value Markets

Low/Medium Volumes

W/O PAT in |D|V|, Found ry, EMS, ODM, OEM Specialized, Customized, Niches

J

Die Attach and

Capillary and
Wire Bonding

Mold Underfill

and WLCSP
Assembly

R  Transfer
=5 4 Molding
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Source: MST Group,
MSE, Berg, Germany,
Teaser, May 2021
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European OSAT/PAT-SP Capabilities [ Hish-Value Markets ) J T

Low/Medium Volumes

W/O PAT in |D|V|, Found ry, EMS, ODM, OEM Specialized, Customized, Niches

System-in-Package
Demonstrator loT

High Voltage SiP
WB-BGA, LGA, Stacked Die

Epoxy Unclerfill Die Mald Cap
e.g. loT-Module
&

)‘Ls A A
b«

Ceramic (LTCC) Package
e.g. Accelerometer

Source: MIST Group
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Egp 1 ¢
ﬂddressable Market by European OSAT/PAT-SP LATj
Independent companies w/o PAT in IDM, Foundry, EMS, ODM, OEM

Total Packaging Market 2021: S75 B
= 2025: S85 B (New Data: > $100 B)

2014 - 2025

Global Packaging

CAGR 4%

- 2021 European share estimated at 3-4 % ~ $S2.62 B
- OSAT/PAT-SP addressable ~10-20 % = $262-524 M

CAGR 7%

- 2025 European share estimated at 4-5 % ~ $3.82 B
- OSAT/PAT-SP addressable ~10-20 % = $382-764 M

European /)
Market Share - Revenues of the few large European OSAT/PAT-SP

\ at the range of S40-60 M/year per company Source: ESPAT-Consulting
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7) Trends in Advanced Packaging

* Heterogeneous Integration
* System-in-Package

* Chiplets Assembly

* Hybrid Bonding

5By

l\\i i Science and Technology
| 4
NCCAVS Joint User Group Meeting
June 29t 2022

of Materials, Interfaces, and Processing
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Advanced Packaging Technology

G ONSLE

100

‘e
= Board vs. IC substrate
§ IC
E 10 IC Substrate SHiEETE
g =
5 v COMPETITING AREA
+
=3 Fan-In/Fan-Out WLP/PLP
o | |
a | I
c I 2.5D/3DICvsDD | TR |
IS Fan Out !
= I |
': : Wafer BEOL ! I [ Source: ,,Advanced Packaging Landscape
o : : I I in Post-COVID Economy - Live Market Briefing”,
L : I : | Yole Développement, JUL/16, 2020
|
| | | I
0.1 , , | |
: 0.25/0.25 : 22 1 5/5 I 30/30
I I
0.1/0.1 [/1 [0/10 100/100
L/S [um/um]
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, o ESPy-
Advanced Packaging: Yesterday and Today i @TU
< 2019 : Packaging Technologies 2019 - 2030 : New capabilities needed for multi-die solution
IO Counts O Counts
A sl 4 PoP & 2.5D SiP Source: ,,Advanced
—— Packaging Landscape

in Post-COVID Economy,
Live Market Briefing”,

10000 ey 10000

FO on Substrate  Hp FO SiP PoP A
2.5D/3D FC FO on Substrate 3D | Yole Développement,
HD FO PoP EB BGA PoP ; :
ﬁm? B 2avoat |
FC BGA !
SiP potential technologies -
FO P ' ‘ g New emergence of SiP
FC CsP 00T covering a wide range of like packaging
m El CSP I/Os and Package sizes in technologies will be
100 — different end-market 100 needed to address the
JUIY applications, from low-end peeds fc?r heterogenfeous
WB ~ FC/SMT SiP to high-end. integration for functional
(RSN ... ~—] performance and faster
TITIST OUUUULUOOUY time-to-market.
2x2 10x10 20x20 50x50 >>50x50 2x2 10x10 20x20 50x50 >>50x50
Package Size (mm) Package Size (mm)

Only mainstream technologies are considered
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5By
2.5D/3D Integration - Packaging Landscape wiw
Mapping of Players based on Technology

Hybrid Bonding: Bump-less

>>10,000

Embedded Si bridge Chiplet Assembly in SiP

300
Disintegrated SoC

T
£
g e dMicron Chiplets = Functional blocks
Q 100 \) /mv SK
- e ' D2W, W2W
) 2.5D Interposers SbS and 3D-Stack w/ TSV
c
A £ ase croue MCI‘OD | ntel .
0 LOBALFOUN ! UG —> Smallest Pitch
- BPIL e -> Shortest connection
UHD FO ﬁ
ASE GROUP
I5 B w 6‘2‘1‘3{ . \YOLE Source: Yole Développement
G JCET B Tt ) Webinar “3D Packaging is

(hSySTEMP - transforming the world of
Semiconductor Packaging’,
MAY/27, 2021

IO Pitch (um)
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Egp 12
The Arrival of 3D IC LATj

Available Solutions Today

* 3D ICin production today
— CMAOS image sensors

— MEMS
— High Bandwidth Memory (HBM) with pbumps — ;
— DDR DRAM with pbumps =

20m

— NAND Flash (stacking cells)
* 3D IC attempts

— Mobile (Wide 10) with DRAM on logic stack

— Considered but did not move into HVM due
to thermal and business issues

Source: eWiseTech.

Source: Samsung.

X345 3-layer stacked imager (IS + DRAM +15P) 1__ 1]
Cu heat spreader

_________

* 3D IC moving into a new era—hybrid bonding Source: “The Arrival of 30 IC”

Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022

IMX345 Die Stack - Optical

Images courtesy Techlnsights.
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3D IC (Wide 10) Issues for Mobile Applications

Learnings About Thermal from Micron’s HMC

* Wide 10 for mobile did not happen
— 3D IC process yield was low

— Infrastructure and supply chain -
were not ready

— More expensive/more risk than PoP

* Thermal issues: 3D circuits increase
total power generated per unit
surface area

ug—

— Chips in the stack may overheat of b e ey
cooling is not provided

— Space may be too small for cooling
channels (very small gap for fluid
flow)

— Thinning chips creates extreme
conditions for on-chip hot spot

Source: Micron.

PoP GPU

Soc

mwer A 3

5 3°C Ch3

5°C

I DRAM (bottom)

L!

BVI9-A30.8°C c.,3

o]

Ch4

“20um ¥ 'k
L e --W-L\ > Thermal sensor

DRAM (bottom)

Source: Renesas.

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022
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Arrival of 3D IC: Chiplets!
Intel Foveros Technology: Stacking Chiplets with puBumps

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch

50mm Die-Die Interconnect Pitch International Inc., Keynote at
10nm Core

“SEMI 3D & Systems Summit”
'“*““**ﬁwﬂﬁaeanpua;n-‘am - in Dresden, Germany,

22nm BaseDie JUN/14-15, 2022

Yok . - S -

* Intel’s Foveros 3D technology chiplets stacked with ~50um pitch micro bumps, going to 36um pitch

— Base chip can include power management features, voltage regulators, DC/DC converters (design flexibility to mix
& match IP)

— Die are co-designed, need to be floor-planned together to manage power delivery and thermals
— Performance and size advantages
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Arrival of 3D IC: Chiplets!

Higher Density and Performance Drives Move to Hybrid Bonding

* Intel developing hybrid bonding
interconnect (HBI) process for its
Foveros technology (Foveros Direct)

— Investigating a pad pitch <10 um
providing low resistance
interconnects

* Hybrid bonding offers higher
density

— Potential for a pad pitch of a few
microns

— Area scales with bump pitch

* Performance advantages
— Low resistance interconnects
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Area [Ratio]

5
Thermo-Compression Bondin/

Hybrid Bonding

2X Scaling

4—

1/2 A

1/4 A

148 ]

9.0 12.7 18.0 25.5 36.0 50.9
Pitch [um]

Top View

Top View
Source: Intel

Lo Eshyy

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022

Page 43



Arrival of 3D IC: Chiplets!
SolC™ by TSMC Compared to 2.5D Interposer and 3D IC

Technology | 25D | 3D-IC
Structure .,..m :]:: 1SolC Bond
cross-section B— SoC2 SoC2
Chip Distance ~100 pm ~30 um 0
Bond-pad Pitch 36um (1.0X) 36um (1.0X) 9um (0.25X)

Bandwidth Density 0.01X 1.0X 191.0X
Power Efficiency
(Energy/bit) 229X 1.0X 0.05X

* With SolC there is virtually no distance between integrated chips, and a very small
bond-pad pitch of 9 um provides good scalability

* Short die-to-die connections provide smaller form-factor, higher BW, better power
integrity, signal integrity, and lower power consumption

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022
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Arrival of 3D IC: Chiplets!
3D Stack with Hybrid Bonding # Package

3D Stack with Hybrid Bond
Wafer Fab

Silicon Wafers Processed Bumping and Testing Prior

to Assembly in Package

» 3D stack with hybrid bonding is not the
package; it goes into a package

» Extension of the wafer fab process,
treated like a wafer/ die

* Hybrid bonded 3D structure fabricated and
transferred to BEOL for package assembly
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Package Assembly

Takes place in cleanroom before BEOL

—)
~

Laminate Substrate BGA/PGA

Fan-Out on Substrate

Source: ASE

Silicon Interposer

Source: TSMC

Source: AMD

Bty

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022
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Arrival of 3D IC: Chiplets!
Future Possibilities for 3D with Hybrid Bonding: The Beginning!

* Future promises many new 3D stacking

configurations
— Including W2W DRAM stacking

* Enable realization of integration
schemes not possible with monolithic
designs

— Full die-to-die options, including logic on
logic, core on core, macro on macro,
circuit level slicing

* Continue work is required
— Design
— Process
— Test
— Thermal

Bump Density (counts/mm?)

SolC+ Source: TSMC

% solC > 1000X
1.E+04 @ —"—"—"—"~""~"~"~"=————(\—~—

2.5D / 3DIC
1.E+02

Flip Chip

1.E+00
50 100 150

Bump / Bonding Pitch (pm)
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Source: AMD

Source: “The Arrival of 3D IC”,
Jan Vardaman, TechSearch
International Inc., Keynote at
“SEMI 3D & Systems Summit”
in Dresden, Germany,
JUN/14-15, 2022
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