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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.    



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.



Agenda

– 1) Understanding How Semiconductors are made

– 2) The impact of surging demand on a constrained Fab resources



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



What do we mean a “Wafer Fabrication”

– Raw unprocessed wafers go in
– Finished wafers come out ready 

to be cut or “Diced”.
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Recent spikes in Demand have pushed out Lead times to unprecedented lengths  



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

Chips in 
warehouseFinal Test of 

packaged ICs

ICs are 
Placed in 
Package 
and Wire 
Bonded

Finished 
Wafers 

are Sawn 
into Die

Wafers are Processed in 
the FAB

Raw 
unprocessed 

Wafers

0-2 Weeks2-4 Weeks4-6 Weeks6-8 Weeks8-16 Weeks16-52  Weeks







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

Chips in 
warehouseFinal Test of 

packaged ICs

ICs are 
Placed in 
Package 
and Wire 
Bonded

Finished 
Wafers 

are Sawn 
into Die

Wafers are Processed in 
the FAB

Raw 
unprocessed 

Wafers

0-2 Weeks2-4 Weeks4-6 Weeks6-8 Weeks8-16 Weeks16-52  Weeks













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

Chips in 
warehouseFinal Test of 

packaged ICs

ICs are 
Placed in 
Package 
and Wire 
Bonded

Finished 
Wafers 

are Sawn 
into Die

Wafers are Processed in 
the FAB

Raw 
unprocessed 

Wafers

0-2 Weeks2-4 Weeks4-6 Weeks6-8 Weeks8-16 Weeks16-52  Weeks





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

Chips in 
warehouseFinal Test of 

packaged ICs

ICs are 
Placed in 
Package 
and Wire 
Bonded

Finished 
Wafers 

are Sawn 
into Die

Wafers are Processed in 
the FAB

Raw 
unprocessed 

Wafers

0-2 Weeks2-4 Weeks4-6 Weeks6-8 Weeks8-16 Weeks16-52  Weeks





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”



Wire Bonding the die to a package

– ASM Eagle 60 video 1 OK - YouTube

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 = 100K units

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

– * A Mask 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.



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.

https://www.researchgate.net/figure/Two-
photomasks-with-pellicles-The-upper-mask-is-a-
conventional-binary-intensity-mask_fig1_234146446

Figure 1 from THE USE OF EUV 
LITHOGRAPHY IN CONSUMER MICROCHIP 
MANUFACTURING | Semantic Scholar

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”

PLANNER CPN MASK
FINISHED_GOODS_
DCLASS TIME_STAMP Core

CPU Speed 
(MHz) Flash (KB) Package Temp Grade T&R

KM ATSAMD21E15C-UUT 661A7 30,000 1/16/2022 Cortex-M0+ 48 32 45 WLCSP Industrial (85°C) T&R
KM ATSAMDA1G16B-MBT 661A7 12,549 1/16/2022 Cortex-M0+ 48 64 48 QFN (7x7) Automotive Grade 2 (105°C) T&R
KM ATSAMDA1E14B-MBT 661A7 11,092 1/16/2022 Cortex-M0+ 48 16 32 VQFN (5x5) Automotive Grade 2 (105°C) T&R
KM ATSAMD21J16B-AFT 661A7 10,500 1/16/2022 Cortex-M0+ 48 64 64 TQFP (10x10) Extended (125C) T&R



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.



Unfortunately, today, We have dozens of suppliers waiting on their fab starts

NXP

SiLabs

Cypress

ST

TI
Intel

On-Semi

Microchip



Global footprint of World Semiconductor manufacturing 

– Determines Lead-time
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Location: Taiwan, US, China

Location: Malaysia, Philippines, etc

Ongoing Covid response regulations differ by nation so add uncertainty to supply chain 



Why have Microcontrollers been so Hard Hit

https://en.wikipedia.org/wiki/STM32#/media/File:STM32F100C4T6B-HD.jpg
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– 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) 

– Can only be built on their designated geometry 
process (i.e. 90 nm, 60nm, etc)

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



The impact of Geometry –90nm vs 60nm vs 40nm

– Semiconductor wafers are processed at a 
particular fixed geometry

– 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.

90nm    vs    60nm     vs     40nm

As a reference the diameter of a Human hair is approximately 75,000 nm



What is Global Wafer Start Capacity = ~250 Million Wafers annually

The top 5 Semiconductor Fab companies supply about 54% of the world’s wafer starts 



What is Global Wafer Start Capacity



Understanding Global Wafer Capacity



2022 IC (minus Discrete Semiconductor) 



Our Dilemma – Doubling Fab capacity in 8 years.



We will see more announcements like these
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Fab Expansion over the next few years



Thank You!
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