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Note regarding material

- The following information is meant for educational purposes only and does not imply any official
statement or position from Arrow Electronics. Certain generalizations have been made to simplify
and/or clarify broader points. When specific industry data has been used, credit has been given to
the source of that information. Other data points beyond those come with the understanding as not
having originating from actual industry research.
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Goal

— To provide insight into the market dynamics that impact the availability and Lead times of
semiconductor products. Additionally, to explore the global nature of how Semiconductor devices
are fabricated Packaged and Tested.
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Agenda

— 1) Understanding How Semiconductors are made

— 2) The impact of surging demand on a constrained Fab resources
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Where are Semiconductors made?

— In Facilities known as Fabrication Facilities most often called FABs

-A Modern FAB costs approximately $3-12B US to build. Also 24+ Months to construct
-Inside the process areas the air is 1000 times cleaner than most operating rooms
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What do we mean a “Wafer Fabrication”

— Finished wafers come out ready
— Raw unprocessed wafers go in to be cut or “Diced”.
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How Long Does the Manufacturing Process Take?

— Determines Lead-time

ICs are
Finished Placed in

Raw Wafers Package
unprocessed Wafers are Processed in are Sawn  and Wire
Wafers into Die Bonded

the FAB

16-52 Weeks

—

8-16 Weeks

6-8 Weeks 4-6 Weeks 2-4 Weeks

_ Chips in
Final Test of warehouse

packaged ICs

0-2 Weeks
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How Long Does the Manufacturing Process Take?
— Determines Lead-time

ICs are
Finished Placedin
Raw Wafers ~ Package Chips in
unprocessed Wafers are Processed in are Sawn and Wire  Final Test of warehouse

Wafers the FAB into Die Bonded packaged ICs

1%,Weeks 8-16 Weeks 6-8 Weeks 4-6 Weeks 2-4 Weeks 0-2 Weeks

16-104+ \Weeks i

Recent spikes in Demand have pushed out Lead times to unprecedented lengths
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Sand / Ingot

Inted, Intel (090 and Iated Core are trademacks of Intel Corporation in the U.S. and other countries

Copynght © 20090, lmted Corparation. ARl rnights reserved., iﬂt&l
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Ingot / Wafer
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Photo Lithography

Appiying Photo Resist -

Cognyright © 2000, Inted Corporation. Al nghts resecved.
Intel, Inted Jogo and Irtel Core are trademarks of Intel Corporation in the ULS, and other countnes




Etching

Washing off of Photo Resist - : Photo _

stk transistor level (~50-2000m)

Copyrght © 2009, Intel Corporation, All nghts reserved.

intel, Inted logo and Intel Core are trademarks of Intel Corporation in the ULS. and other countres




Ion Implantation

Appiying Photo Resist - mmgﬂm O Romoving Photo Resist -
scale: transistor leved (~50-200nm) scabe: transistor keved (~S0-200nm)

Copyrght © 2009, Inted Corporatbon, All nghts reserved.
Intel, Intel 1000 and Intel Core are trademaris of Intel Corporation in the ULS. and other countnes.




Metal Deposition

RA

. ' After Electioplating -

Copynght © 2000, Intel Corparation. All Nghes resarved,
Irtel, Intef logo and Inted Core afe trademnaris of Inted Corporabon s the U.S. and other countnes.




Metal Layers

=z

Metal Layers - scale: transistor fevef (six trarssistors comidned ~S00nm)

Copynght © 2009, Intel Corparation. All nghts reserved

Inted, Iotel 1000 and Intel Core are trademarks of Intel Corporation i the U.S. and other countries
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Wafer Sort Test / Slicing




How Long Does the Manufacturing Process Take?

— Determines Lead-time

ICs are
Finished Placed in

Raw Wafers Package
unprocessed Wafers are Processed in are Sawn  and Wire
Wafers into Die Bonded

the FAB

16-52 Weeks

8-16 Weeks

6-8 Weeks 4-6 Weeks 2-4 Weeks

_ Chips in
Final Test of warehouse

packaged ICs

0-2 Weeks

—

AVAVAUNYAY)



Packaging

Copynght © 2009, Inted Corparation, AR nghts resarved
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Semiconductor Packaging

Individual wafers are then ‘Diced” into individual “Die” that are then placed on a
metal “leadframe” and then hermetically sealed into a Plastic (or similar) “Package”
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Wire Bonding the die to a package

— ASM Eagle 60 video 1 OK - YouTube
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https://www.youtube.com/watch?v=OBj7OPxe88o

What is a “Boat” of wafers

— Typically, 10-25 wafers of identical die
processed at the same time with the
same mask set*

— So say we get 5000 die per wafer x 20
wafers =

— Although the die may be the same it is
possible, even likely, they will be used
across dozens of different final part
numbers.

— *AMask Set is a series of Stencils that allow the specific patterns of transistors to be etched
into the Silicon Substrate through a process called photo-lithography.
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What are Masks

— A Mask defines the pattern of Light that is
allowed to fall upon the silicon substrate
that has been coated with Photoresist.

— Allows multiple exact copies of the die to
be produced on a single wafer.

Pattern Being
. Repeated onto Wafer

Wafer v
https://www.researchgate.net/figure/Two- Figure 1 from THE USE OF EUV
photomasks-with-pellicles-The-upper-mask-is-a- LITHOGRAPHY IN CONSUMER MICROCHIP
conventional-binary-intensity-mask_fig1_234146446 MANUFACTURING | Semantic Scholar
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https://www.semanticscholar.org/paper/THE-USE-OF-EUV-LITHOGRAPHY-IN-CONSUMER-MICROCHIP-Yocca-Lora/f97cfb35290c9e2f1c3604541025b3a069d831d2/figure/0

Example of Multiple different parts using the same “Mask Set”

FINISHED_GOODS_ CPU Speed

PLANNERES cPN CLASS Elrime sTAMP Bl core B  (MHz) Bd Flash (KIEd Package &4 Temp Grade -

KM ATSAMD21E15C-UUT  661A7 30,000 1/16/2022 Cortex-MO+ 48 32 45 WLCSP Industrial (85°C) T&R

KM ATSAMDA1G16B-MBT = 661A7 12,549 1/16/2022 Cortex-MO+ 48 64 48 QFN (7x7)  Automotive Grade 2 (105°C)  T&R

KM ATSAMDA1E14B-MBT 661A7 11,092 1/16/2022 Cortex-MO+ 48 16 32 VQFN (5x5) Automotive Grade 2 (105°C) T&R

KM ATSAMD21J16B-AFT | 661A7 10,500 1/16/2022 Cortex-MO+ 48 64 64 TQFP (10x10) Extended (125°C) T&R
N?”
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So, What is the "Hold up”?

— There are hundreds of steps
involved in making silicon
wafers.

— Boats of Wafers can only be
done sequentially

— Meaning if a lot of “Boats” are
waiting to move through the fab,
they can’t start until an
available spot is open.

— It is analogous to moving a ship through a canal with
dozens of locks.

— The next “Boat” can’t move into the next lock (or fab
station) until the last Boat has cleared that same lock.
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Unfortunately, today, We have dozens of suppliers waiting on their fab starts




Global footprint of World Semiconductor manufacturing

Location: Malaysia, Philippines, etc

— Determines Lead-time

ICs are

' ' : ini Placed in
Location: Taiwan, US, China |oe

Raw Wafers ~ Package Chips in
warehouse

unprocessed Wafers are Processed in are Sawn and Wire  Final Test of
Wafers into Die Bonded packaged ICs

-
- 5 -
% o
| -
Q
|

16 Weeks 8-16 Weeks 6-8 Weeks 4-6 Weeks 2-4 Weeks 0-2 Weeks

16-104 Weeks i

Ongoing Covid response regulations differ by nation so add uncertainty to supply chain
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Why have Microcontrollers been so Hard Hit

— Microcontrollers use various building blocks of mixed
technology types including Digital Processors,

Analog Static RAM memory and Flash Memory |
— Common Building Blocks of IP (intellectual Property) i |
— Can only be built on their designated geometry jowire :E
process (i.e. 90 nm, 60nm, etc) ;"’5
' I8 .l 110 Wire
_|| Bond Pads

— The past decade has concentrated the “Fabrication”
of these devices into a few common fabs, namely
TSMC, Global Foundries and a few others

ol

T

¢
i
:
|

TV d

el

I/0O Wire Bond Pads

https://en.wikipedia.org/wiki/STM32#/media/File:STM32F100C4T6B-HD.jpg
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The impact of Geometry —-90nm vs 60nm vs 40nm

-

— Semiconductor wafers are processed at a 90nm VS 60nm- g’]’vs 40nm
particular fixed geometry A Wi, ~ -
— Although a Fab may support various

geometries, they must run the wafer on the
line of the designed geometry

— A fab may have more availability on a
smaller (newer) geometry while larger lines
are more tightly constrained.

As a reference the diameter of a Human hair is approximately 75,000 nm
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What is Global Wafer Start Capacity = ~250 Million Wafers annually

Worldwide Wafer Capacity Leaders

(Monthly installed Capacity in Dec 2020, 200mm-equivalents)
Dec 2019 Dec 2020 Share ol Inclusion or Exchunion

2000 2000 Neadquarters /v
Rank Rank Regon Capacity  Capacity Worldwide of Capacity $dares

P om/ml (X w/m) - Jotal fromJV fabs
| 1 Samsung®  South Korea 2,95 3,060 a AN
2 2 TSMC Tarwan .505 719 "™ 1315 sshawesof SSMC A VS
3 3 Micron  North Amaerica 1,841 L9 3.4 2%
4 4 SK Hymix South Korea 174 1873 LS 0%
a8

"Une 13 partially eacipded in 2020 @ue 50 CONrson 50 image sensors
Source: Companies, I nsights' Gloda! Woller Copactty 20212025 Repart

The top 5 Semiconductor Fab companies supply about 54% of the world’s wafer starts
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What is Global Wafer Start Capacity

@ GlobalWafers Co. Ltd,

Semiconductor Unit Shipment

» Total semiconductor unit shipments are forecast to rise 13% in 2021, 10 1,135 bn, setting a new alltime
annual record and marks the third ime that surpassed one trillion units in a calendar year.

(bex Of units)
200
1 o "mt|36
1,000 N 979
«o‘-’oﬁ
800 i
800
&0
- IIH““
,,:"..-.-HIII“”“I i
- - - Or MO YO0 "t
§§§§%§§§§%§§§s§§§§§§§§§§§2235§§§§§§§§§§§§§2§

B0wroe | T agoes. Apw 2
oty Shprmeed nooies 0 optosiechonion. setsonsciaitr, snd daowe (OS50 sevice
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Understanding Global Wafer Capacity

2016-2022F IC Industry Capacity Trends

Total I | ICWater | TotaliC | Kwafer | TotaliC

Year Wafer | Capacity |WaferStats| Stats | Capacity

|Capacity (M) | % che (M) %Chg | Utilization

2016 178.9 4.0% 1615 A% 90.3%
2017 190.5 6.5% 1758 2% 92.3%
2018 2016 5 8% 1589 7.5% 93.7%
2019 209.8 1% 180.0 4T B5.8%
2020 2235 65% 1911 62% 85.5%
2021 2425 85% 175 19.0% 93.8%
2022¢ 263 6 8.7% 245.1 7.7% 93.0%

Sowrce: IC Inghts, Knometa Research, WSTS, SIA
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2022 IC (minus Discrete Semiconductor)

Worldwide IC Unit Shipment Growth

4377

391.8
yiyg %22
2896 298 §
2%1.7
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1O
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291
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- m B .

R0 2RSS 1950 1995 000 2005 W0 OIS 086 25T MR NS X 21 2»
Year

Bliom of Uno

o 3: TSR TR S

-
.

Sourte. K gty
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Our Dilemma — Doubling Fab capacity in 8 years.

Devicos in Do

- WW Fab Capacity
will need to double
in 8 years to 2.27

8.6% CAGR ||||
.:onlllllll""l'l.lII'IIIII ||||||||




We will see more announcements like these

I 3 rrnmrrc' sthowt ety plass for wo g lsacing -ocige Inted procestor S3ctoles i iaciony County, Ohio ArEBURtea.on Jan 21, 2022 the $20 beélon project
wans nearty 1.000 agod and It thg BepettTingle priate tectoe mvestment in Ohvo SRiRey Co uction 15 eapectod IR DRI G Aate 2022 with production
comry Ol 3t the e of 2008 10eds ntel Corparationd
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TSMC to Open advanced semiconductor
fab in the United States

By Dectrosics Medle -+ Wy *5 2000

>

nm

On May 15, TSMC anncunced &5 intention to
budd and operate an advanced semeconductor
fab n the United States with the mutual
understanding and commitment to support from
the U.S. federal government and the State of
ANZona.

Thes facility, which will be budt in Anzona, will
utilize TSMC’s S-nanometer technology for
semiconductor wafer fabnication, have a 20,000
semiconductor wafer per month capacity, create
over 1,600 high-tech professional jobs drectly,
and thousands of indirect jobs in the
semiconductor ecosystermn. Construction 1s
planned to start in 2021 with production targeted
to begin in 2024,

TSMC’s total spending on this project, including
capital expenditure, will be approximately US$12
billion from 2021 to 2029. This U.S. facility not
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We will see more announcements like these

RALEIGH - At least two major semiconductor manufacturers are considering a site south of the Triangle in Chatham
County for the construction of a mammoth semiconductor manufacturing plant. an industry source tells WRAL
TechWire. And a corporate real estate executive confirms that there ks “lots of Interest” In the locatlon from maltiple
COmMpanies,

0090

While not identitying the firms, a source In the semiconductor industry who requested anonymity sald North Carclina s
“well positioned” to land 8 project that could be worth as much as $30 billion and create as many as 10,000 jobs.
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We will see more announcements like these

e =2

B Dettrosics Media -« Wy )
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RALEIGH - At least two major semiconductor manufacturers are considering a site south of the Triangle in Chatham
County 1or the construction of a mammoth semiconductor manufacturing plant. an industry source tells WRAL
TechWire. And a corporate real estate executive confirms that there ks “lots of Interest” In the locatlon from multiple

companies,

While not identifying the firms, a source In the semiconductor industry who requested anonymity sald North Carclina is

“well positioned” to land 8 project that could be worth as much as $30 billion and create as many as 10,000 jobs.

TSMC to Open advanced semiconductor
fab in the United States

——— n n oo O

On May 15, TSMC anncunced &5 intention to
buld and operate an advanced semeconductor
fab i the United States with the mutual
understanding and commitment to support from
the U.S. federal government and the State of

Arzona

Thes facility, which will be budt in Anzona, will
utilize TSMC’s S-nanometer technology for
semiconductor wafer fabrication, have a 20,000
semiconductor wafer per month capacity, create
over 1,600 high-tech professional jobs directly,
and thousands of indirect jobs in the
semiconductor ecosystermn. Construction is
planned to start in 2021 with production targeted
to begin in 2024,

TSMC’s total spending on this project, including
capital expenditure, will be approximately US$12
billion from 2021 to 2029. This U.S. facility not
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Fab Expansion over the next few years

@ SeMiMCdia Bogurg Niras Morathvotch DSty R utior MO Socturer Vidoo Abhout u

41 new fabs to be added globally from 2022 to 2025

miMecatbait

AcCording to reports, ofter the semiconductor shortoge, o wove of fab expongdon will be set off from 2022 1o 2025, and 41
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Thank Youl!



How Long Does the Manufacturing Process Take?
— Determines Lead-time

ICs are
Placed in Wat 5 Ji
Package Finished afers are Processed in
o . Raw
Chlp?\m and Wire - wafers the FAB unprocessed
warehouse Final Test of Bonded  gre Sawn =
packaged ICs into Die

0-2 Weeks 2-4 Weeks 4-6 Weeks 6-8 Weeks 8-16 Weeks 16-52 Weeks

—

AVAVAUNYAY)



