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Silicon is the new oil!!!
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Semiconductors in the News

Ehe New Nork Times

America’s Semiconductor Boom Faces

a Challenge: Not Enough Workers

Strengthened by billions of federal dollars, semiconductor
companies plan to create thousands of jobs. But officials say there

might not be enough people to fill them.

T Y U D . gy

America Faces Significant Shortage of Tech Workers in
Semiconductor Industry and Throughout U.S. Economy

Tuesday, Jul 25, 2023, 5:00am
by Semiconductor Industry Association

An estimated 67,000 jobs for technicians, computer scientists, engineers in semiconductor industry—and 1.4 million such jobs across the U.S.
economy—risk going unfilled by 2030, according to new SIA/Oxford Economics study

WASHINGTON—July 25, 2023—The Semiconductor Industry Association (SIA), in partnership with Oxford Economics, today released a
study finding the United States faces a significant shortage of technicians, computer scientists, and engineers, with a projected shortfall of
67,000 of these workers in the semiconductor industry by 2030 and a gap of 1.4 million such workers throughout the broader U.S.
economy. The report, titled “Chipping Away: Assessing and Addressing the Labor Market Gap Facing the U.S. Semiconductor Industry,” also
makes a set of policy recommendations to help close the talent gap and complement the workforce development initiatives that are
already being carried out by semiconductor companies across the U.S.




A Humble Beginning 75 Years Ago
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» First transistor was successfully _
demonstrated on December 23, 1947 // s
at Bell Labs in Murray H]ll’ NJ Thin Razor Cut Between E and C
(research arm of AT&T) o

* Invented by John Bardeen,
Walter Brattain & William Shockley

https://www.nutsvolts.com/magazine/article/ the-story-of-the-transistor
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Me In a Nutshell

Born in Malaysia, grew up in Vancouver (Canada), adult & family life in US

Education: UBC BASc Engineering Physics, Stanford MS/PhD Electrical Eng.
— Tinkered with electronics since 8" Grade
— Intern for 6 summers (Texas Instruments, Motorola, Sumitomo Electric, ...)
— Fell in love with semiconductor physics in college junior year, still in love with it

25 years in industry (HP/Agilent, AMD, Qualcomm, TSMC, NXP)
— Started in semiconductor technology development
— Moved to analog design & technology/modeling interface
— Now focused on design methodology & high-speed design
— Worked on every CMOS node from 250nm down to 2nm (15 nodes)
— Lived in Bay Area, Osaka, Singapore, Texas, Colorado, now San Diego
— Active IEEE volunteer for 22+ years

Wife Tin Tin is also circuit designer with semiconductor background

Two kids — Theo (10t Grade) & Josephene (7t Grade)
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Semiconductor Demand
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Source: Morgan Stanley
(Courtesy Alessandro Piovaccari)
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Worldwide Semiconductor Market Size

Let’s put it in context...
- Worldwide Markets (2021)

(in billion US Dollars)
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in billion U.S. Dollars

300

Sales
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2023: $5208B
2024: $588B

Semiconductors: $553B
GDP: $93,864B

IT Data Centers: $228B
IT Devices: $705B

Car & Auto: $3,600B
Home Appliances: $420B

Semiconductor market expected
to hit $1T in 2030

Sources: Statista, IBIS World, SIA
Reference: [SIA2021], [Gartner2021]
(Courtesy Alessandro Piovacarri)




What Makes This All Possible?
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SR SN M R B N transistors makes them
7
10" Al - 7 Transistors Cheaper, faster, and
Ag A - - e o
10° | gamas o f(thousands)  more energy efficient
A ‘t‘g o "
10° F Lant, — Single-Thread
At LA Performance
10* " ;A.o“”"" | (SpecINT x 10°)
AA ‘A“ "' =] ~
103 - A a ‘.o ° l!““.‘ | b i Frequency (MHz) Device Cost
0* R Scaling Reduction
10° | R "-.. ,vv'.v;'\w"v“'* ':' - (V)\Ilitts) )
i 8 Wy TV v et *? Moore’s
1 L - " vy ':{ )' . *dn i K Number of L
L = = vic ® 2 Logical Cores aw
100 - . : > AP ® eee ~o~m:0 - Increasing Market
‘ Investment Growth
1 1 1 1
1970 1980 1990 2000 2010 2020 h
Source: https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/ (Courtesy Alessandro Piovacarri)
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What 50 Years of Moore’s Law Has Enabled

f 5 PV PR NSRS .
: - T B (8
3 i 2 BB

(Source: intel.com)

- 1,000,000X smaller If car technology progressed at the same pace
as semiconductors, the VW Beetle would:

* Go 300,000 mph

* Cost $0.04

» Get 2,000,000 miles per gallon of gas

* Last your entire life on one single tank of gas

» 3,500X greater performance
» 60,000X lower cost
* 90,000X more energy efficient

(Courtesy Joe DiFilippo)
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What’s Possible After 50 Years

Intel Ponte Vecchio GPU (2023) Xilinx Virtex Ultrascale+ VU19P (2019) Apple M3 Max (2023)
100B transistors 35B transistors (total) 92B transistors
47 tiles in 5 process nodes TSMC 16FF+ + CoWoS (4 dies) TSMC 3nm (core)
including TSMC 5nm + Intel 7nm 16xA9 - 9M SLCs 16 CPU + 40 GPU
1.6GHz - 600W 2K 1/0s - 4.5 Tbps BW 4.05GHz - 78 W

BN
Jii I

}'"‘0"‘""{ -

Apple annoul
| world's first {

+{.
i oo i Wod 7+

Source: intel.com Source: AnandTech Source: apple.com
Courtesy Alessandro Piovaccari
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More Amazing Possibilities

Tesla D1 (2021)
50B transistors (total)
TSMC 7nm
425MB cache - 16 Tbps BW
362 Tflop (BF16/CFP8) - 400W

362 TFLOPs
22.6 TFLOPs

10TBps/dir.
4TBps/edge. lles oy "
Training Tile

400W TDP
Heat Out

15 KW Heat Rejection

Compute Plane

18000 Amps

Power & Control

Training Tile

25 chips/tile

9 PFLOPs BF16/CFP8 Massive 36 TB/s off-tile BW

Source: teslanorth.com
Courtesy Alessandro Piovaccari
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Cerebras WSE-2 (2019)

Samsung V-NAND Flash (2020)
2T transistors (3D stack) 2.6T transistors
Samsung V-NAND (100+ layers) TSMC 7nm
8x 256 Gb dies 850K cores - 40GB RAM
1.4 Gbps -

3D NAND
Architecture

AN\
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\
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;V’

)

ch;works ‘

Close-up image of V-NAND flash array

References: [Moore2021ISM]

Source: Samsung, Chipworks




Beyond Computing Applications

Retinal implants Neural/brain/cortical implants
Cochlear @
implants Cardiac
® defibrillators/
— pacemakers

Gastric stimulators

y

Foot drop
implants

il

Nano-scale
monitoring, detection,
and therapy

gv
Wireless capsule
endoscope

Implantable
orthopedic devices

Source: upcommons.upc.edu

* Lots of amazing possibilities
starting to emerge as other
fields begin to understand
how to apply semiconductor
technology

« Science fiction turning into
reality

* Lots more unexplored
possibilities !!!




A Semiconductor Fab is Like a Book-Printing Plant
That Happens To Be WAY More Expensive

Human Scale

An author writes a book
They use a word processor

They contract with a publisher who
sends text to the printing plant

It may print novels, tech manuals, histories, etc.

The plant buys raw materials
Paper, ink

The plant buys printing machinery

printing presses, binding, trimming

The printing process - offset
lithography

| Filming, stripping, blueprints, plate making,

printing, binding, trim

The plant turns out millions of copies

Chip Fabrication

An engineer designs a chip
They use EDA Tools

They select a Fab appropriate for their

type of Chip

Memory, logic, RF, analog

The fab buys raw materials
Silicon, chemicals, gases

A The fab buys wafer fab equipment
Etchers, deposition, lithography, testers, packaging

Chip manufacturing process - offset
lithography

il Etching, diffusion, lithography, assembly, testing,

packaging

Atomic Scale

The plant turns out millions of copies

source: SemiWiki (Courtesy Alessandro Piovaccari)
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A Modern Mega-Fab (Wafer Fabrication Plant)

« Typical price tag of $20B

° _ Fully enclosed Ballrooms with Fully enclosed
ThroughPUt Of 30 5Ok Wafers per month and automated yellow-green light for manufacturing
° DepreCiateS at SO 5M per hour wafer transport photolithography tool

(Courtesy Alessandro Piovaccari)




Chip Fabrication (Wafer Processing)

« All the action happens on
the surface of a silicon
wafer

» Sequentially deposit or
remove/etch layer after
layer of different materials

» Each deposited or etched
layer is patterned using a
different mask pattern

 Several thousand steps to
complete a chip using 40
to 100 masks

» Chips are probably the
most complicated products
ever manufactured

Courtesy Alessandro Piovaccari
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Wafers are 3 The resist is applied
sawed out of to a spinning wafer
an ingot of 2 Materlal deposition to achieve a
- il or modnﬁcatuon uniform layer 5
pure crystalline  Polishing

exposure step

6

silicon Using EUV Lithography the
chip patterns are “burned”
é into the resist in an

10

The print is
Repeat‘ 40 to developed
100 times through etching
Mature processes and heating
have yields of 30-80%
; !ul N G @
Package and
assembly the 5 The resist is fon
chips Cut chips A w.afer removed Implantation
out of the processing cycle dope exposed
wafer and is complete, and regions
test one layer has
been fabricated Paul van Gerven Bitsan

Source: Bits & Chips




The Same Effort to Make 1 vs. 10B+ Transistors

« Expose entire chip in one shot T Prepare Wafer -

« Pattern smaller features by
using shorter wavelengths of
light to expose photoresist
(historically started at
436nm, now 13.5nm)

vy vy P

« Commonplace today to print —_—

nm-scale patterns
* Must be done in “clean room” I

free of dust particles that will m
destroy integrity of mask
o =]

-1

patterns

‘ Light

Reticdo rmak

Lenn

Align and Expose

Develop

Pattern being
reprated anto
waler

Etch, Implant, etc.

Waler
paith phafowant)

Strip Resist




Top View of a Die

2 T lﬁ
RERE

Source: IBM

Courtesy Alessandro Piovaccari
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The Result

Cross-section

Source: IBM

Metal layers

\-\ o -
S

Source: IBM




What’s on a Chip?
Billions of independent little sl
capacitors - voltage of each \
represents a state or stored _AES \
<
logic I

information (e.g., logic 0 or 1) ™%

Capacitors charge/discharge
(pull-up to supply or pull-down
to ground) depending on
logical function of inputs

Logic consists of switches
implemented using transistors inputs

Clocks control when logical
states get updated




The Basics of Semiconductors
AP A S & O

. . O .
Pure semiconductor is Sl' S s 38 3
an electrical insulator C# é)o ij%
(not very interesting) (5 s.\ S f;g S
Replace occasional silicon atoms with
impurity atoms (dopants) makes
semiconductor an electrical conductor
n-type semiconductor S,L O—lslﬂ CI)S?,LO p-type semiconductor O|_ ? 040 -CJDO
—O_ electrons OB o B 5 515 holes can
o ? é ] 0_1 ]
O\ é can move o-@ -0 |:> o(? ¢ move
P ‘wis—O around \B) L ['~. o O around

6 0%81 ) O_g) SU &5 (J) Si Q-
6" 60 00" S o8
Source: shindengen.com
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lots of holes
few electrons

pn Junction (aka Diode)

A!

lots of electrons Aoverso Giased | Forward Bissed
few holes ) %15 EXDVA 7

\ /
\ 4
o p-type n-type o
Anode silicon silicon Cathode

o ~-1S
Anode } ; Cathode g——

A/
A Y

-

S o
-

.bo

Allows current to flow
in only one direction




The MOSFET

Metal-Oxide-Semiconductor Field Effect Transistor
Patented in 1929, demonstrated in 1961

Gate voltage controls current from source to drain
Two flavors: N-MOSFET & P-MOSFET - Complementary MOS or CMOS
Gate length is generally name of technology node (e.g., 32nm)

N-MOSFET (NMOS)

P-MOSFET (PMOS)

J_ metal gate
JL (©)

thin gate oxide

/ insulator \

n-type [+ >
source gate length
(5)

p-type body

n-type p-type
drain source
(D) (S)

metal gate
©) JL
p-type
drain
\_ (D)
n-type body




The N-MOSFET (NMOS)

No gate voltage.

What happens when you apply voltage
across source/drain?

Vs
S
[
gate (G)
n-type
source
(S)
p-type body

Apply gate voltage to create n-type
inversion layer of electrons

What happens now when you apply voltage
across source/drain?

Vbs
)

gate (G)
OOOOOOONBOO0

n-type n-type

source drain
(D)
mduced n-type

inversion layer




The P-MOSFET (PMOS)

No gate voltage.

What happens when you apply voltage
across source/drain?

Vs
-
—/
[
gate (G)
p-type
source
(S)
n-type body

Apply gate voltage to create p-type
inversion layer of holes

What happens now when you apply voltage
across source/drain?

Vs
-
Voo
—O
gate (G)

p-type p-type

source / drain
(S) : (D)
induced p-type

inversion layer




MOSFET I-V Characteristics

Vv = NMOS threshold voltage (positive value)
V:p = PMOS threshold voltage (negative value)

I |S ®
DS Increasing Vs

1.0E-04 ¢ NMOS WI
T W/L:O.ZJO.anLﬁr_zmmnx;sﬁx::mL... 0
o > P "0:;_11-

et
6.0605 } N.;»** -
PMOS does not conduct  ————

: a0c0s b
current until Vg < Vop £ ‘
20805 §, Oz& ﬂ_‘u—;;;;;rmtn.’x.;I:III:UTT!TY’?"‘.L:U:LLU’.ZTT] o

15

HEFAD Vs

1 1.5

NMOS does not conduct
current until V55 > Vo

33 PFI™
bl ol el

Increasing -V < { socos
- PMOS

WII.;OZ/OZFIH 4 BOE-0%




The CMOS Inverter - Simplest Logic Gate

~D0 The Solution

v, T

0 1 —QI:

1 0 Vin—t  ¢—— Vour
4“: —

« V..=0 > NMOS is off, PMOS is on > V_ =1
* V..=1 = NMOS is on, PMOS is off - V, =0
 No static current when input doesn’t change - low power




Tiers Required to Build Today’s IC Systems

« Natural language Al/ML

« Analytics machine learning

 Web application software

* Cloud infrastructure application software
- Edge applications software

» Operating systems & high-level networking software stacks
* Machine learning at the edge

* Low-level networking software stacks

» Real-time operating systems & device drivers

* Firmware & hardware-software co-design

« Architecture exploration & high-level synthesis

« Hardware verification

« Hardware description languages & design synthesis

* Device-level design, simulation, custom layout
* Device modeling & design enablement

* Device physics & foundry engineering

- Material science & nanotechnologies

» Solid-state physics & statistical mechanics

» Electromagnetics & quantum mechanics

Courtesy: Alessandro Piovaccari
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Tiers Required to Build Today’s IC Systems

« Natural language Al/ML

« Analytics machine learning

 Web application software

* Cloud infrastructure application software

« Takes an enormous village!
* |It’s complicated stuff!
» Expertise needed at every level.

» Solid-state physics & statistical mechanics
« Electromagnetics & quantum mechanics

Courtesy: Alessandro Piovaccari
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Industry 4.0
ustry %\5

Autonomous
Vehicles

Gaming
AR/VR

Consider a Career in Semiconductors
The Opportunities

Broad Range of Secular Megatrends Driving Semiconductor Industry
Growth Acceleration to Support Digital Transformation

£93

&0

Smart Home

Semiconductor Market
Expected to Grow to

>H1T

By the End of
this Decade

Source: IDC Worldwide Semiconductor Forecast Update May 2021

@ Mobile

¢ Cloud /
Datacenter

20 |

v Al ML

Extremely multidisciplinary

— Engineering (electrical, mechanical, materials,
chemical, biomedical, systems, ...)

— Sciences (physics, chemistry, even biology)
— Mathematics
— Computer science (algorithms, Al)

Very fast-paced, never a dull moment
Change is normal
Global - opportunities to travel

Dress code is casual,
otherwise | won’t be employable ©

Pays well too ©




Semiconductor and Other Electronic Component Manufacturing

California — 2022Q4
EMPLOYMENT

2002 D T 2022

85,102

Regional employment / 386,150 in the nation

-0.5%W/

Avg Ann % Change Last 10
Years / +0.0% in the US

Nation I

TOP OCCUPATION GROUPS

0.4%

% of Total Employment /
0.2% in the US

WAGES

$222530

Avg Wages per Worker / $139,164 in the nation

7.0%AN

Avg Ann % Change Last 10
Years / +4.6% in the US

Production

38.8%

Architecture

21.5%

\gineering Management
10.5%
Business and Financial Operations
7.5%
o U =

Don’t Take My Word for It

6-digit Occupation Empl

Electrical, Electronic, and Electromechanical
Equipment Assemblers, Except Coil Winders, 12,283
Tapers, and Finishers

Semiconductor Processing Technicians 5,219
Inspectors, Testers, Sorters, Samplers, and 3 887
Weighers ’

Electronics Engineers, Except Computer 3,621
Electrical and Electronic Engineering Technologists 3378

and Technicians

Team Assemblers

Architectural and Engineering Managers
Industrial Engineers

Remaining Component Occupations
Total

Avg Ann
Wages

$39,700

$48,800
$43,400
$137,500

$71,500

$35,500
$194,800
$111,400
$82,900

Annual
Demand

1,454

622
383

306




