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Fear Supercedes Optimism: Ten Year Retrospective

Optimism Optimism Fear Wins Fear Rises... Fear
Reigns Slips... Reigns




A Kodak Moment



“If change is happening on the
outside faster than on the inside
the end is in sight.”

- Jack Welch
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Technology Analysis Dashboard

9 dimensions (cornerstone of technology selection) that eventually influence a technology to be a “market
show stopper” rather than a “technology gimmick”

Year of Impact Market Potential Global Footprint

IP Intensity Funding
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Innovation driven future world!

As part of the TechVision psyche, we look at “technology cluster «» market < trend” interplay to evaluate and
pick top 50 technologies (for a given year) from a larger pool of 140 or so technology capabilities
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Waves of Convergence!!!
Evolution of technologies at different rates gives rise to various waves of innovation that impact industries and

markets at varying times

For e.g.: Bend polymer could
be used for batteries

|

Advanced Prime Driver: Consumer
Chemical - Industry with growth annual
global of CAGR >19% for 2014-

\i ,ﬁ Batteries 2020

)

@ @ FIeX|b|_e Future Application:
Electronics Rollable-intelligent

down-hole pipe

measurement

Electric
Vehicles

(=) )

New paradigm in e )
automotive industry

paving the way for
new players with

@ disruptive potential
C. )
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Smart Diamond that Defines a Smart City

Smart Governance
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Smart Energy

Smart Healthcare

Smart Technology Smart Mobility

Smart Infrastructure
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Case Study of SMART City Plan: In Santander, Spain 10,000 sensors feed BIG
DATA into Data Servers that Integrates Various Infrastructure

Municipal Big Brother

The Smart City plan in Santander, Spain

Garbage collectors Data servers use the
: only pick up trash from bins information they receive
P that need to be emptied. to compile an overall
v picture of the city.
——
—
7/

Smartphone users

can use a Smart City app to notify
officials about necessary street repairs,

and the app allows tourists to receive <
location-specific tips.

About 10,000 sensors
fastened to building walls,

street lamps and utility poles,

or inserted into street pavement,
measure light, noise levels,
traffic volume and traffic

jams.

/.
"\ S

AW N Gardens and parks Trouble spots are
constantly register their location N\ -t ‘ use the technology to regulate automatically reported
and transmit measurements from . ' 9 their lights, save energy and to the appropriate

their surroundings. control how much watering is done. city authorities.

Taxis, buses, and police cars N
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SMART is the new Green!!

Basic Sensing
Mechanism

LEVEL 1 Smart Bandages

Basic Sensing
Mechanism + One-
way Data
Communication

LEVEL 2 Smart Chip Smart Lighting

Sensing Mechanism
+ Two-way Flow of
Data
Communication

LEVEL 3 Smart Clouds Smart Windows Smart Mobility Smart Technology Smart Buildings

Photo Credits: Dreamstime and Connected Digital World, Source: Frost & Sullivan Analysis
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Connectivity will Lead to Convergence of Products,
Technologies and Industries

Aerospace,

Infetuinment, Navigation &

tnvertens and Drtvens
T Nenewahlde [ nergy

Yterm I
}

\Milty Scale

Sorge

Telomatics T

Cor Wellnwss and Wellbwlng

t

Drive by wire tochnologles

.

Hy by wite

-

Space Dased Solar Power

Nometii Secwity

D Securlty
Alert
a

eonlly
-

Smarnt Metnrs
o

o based powes

qeneration

VIV . VILViIN

-

s Chnrging Stations & Dhectrs

Car Battoring

Cyber Wartare

Groen Electricity

Simart Gelds

ment

3
Navotechnology hased
water desalination

HFID Technology In Battery Recyiling

watle management v

Chemacal sensan
foe Beld uses

e |
|

- St Water

Water Security
Water re wose unil

recyvling

v
® Integrated
Chemical Water
Trestment -
J Trestod Recycied

Water

h

3
Rechargeshle

* battery
llllruT

Lithium don
Oatterion
Membiranes
. Ditfuned Asration
Micre
Nunewable
-
Virtual power Inergy
Mant

Connactod Cany

-

Hoene Autimatison

Netwotky
[ -

Matrtinh

Groen & Sman
“

Astomation sed
Smart Gridy

taro Emission Techmalogles

.
LD Lighting

Solwr Heating
and Lighting
Smant ™

Hires

Toto Ennegy
Homes
.~

Do Medicsl Printing

Sale Citle

Fhectine Vohicloy & funl colls

Toro Erwiion Cany

- Cybor wpyryg

Solar Mplanes / Eloctric

Connectivity

in

Convergence

Security tegration Syvtem
3 ~

FROST ¢

Vi

Vehiclo to-Ouid

Integratnd Senvor
technadogy
-

Smart Homae

oty
Nanotnchnology

.-

Hemote
Pationt
Maonllorieng

Wonahle Sessurn

-
Dhagnostic ¢
Nlomarknrs |

.
Nutrneruticah

-
Momatrients &

Motosmatics *
Nerwewl Food

Secwnty Embeddod
108 & Mnilwae @

Itwal Guming Canvolus

Sman Convumes Devices

Health Analytxcy

Technology Convergence D
Industry Convergence
Product Convergence

UAV
vav
V2H
Vv2i

RED Patiem
Traching

l

Penansiited

iedicine

Functinosl Food

Blotechnolngy

|

0

Pharmscogenomin

Unmanned Aerial Vehicle
Vehicle to vehicle

Vehicle to Home

Vehicle to Infrastructure

Probieties

-
| o Crhemical
Semor Technology

.
Nocombinant DNA
Tothnodagy & Moleculnt
Newngweniing

Genetically
Remote Clonadd Commgniting

Monitoring [ -

Mealthcare 11 v I

Rewnginearing

Global Positioning

.
Mobdle 0 and VPP Syvteenn

Wardware Cyhar Security ”
» NIC and Moblle

Madia 1Y Tothmology

.

SULLIVAN




- Billion Devices

.......

Se ity

China877Mn 1 5 connected devices for. _
Internet Users 2020

| everyuserby

illion internet

80 billion Devices sers by 2020

by 2020
IPv6

340,282,366,920,938,463,463,374,607,431,768,211,456
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Transparency

(Jo /U[u\

Inablllty to hide /rET

Pervasive “Big” data
_-Sustainability

) Privacy —

umicore™
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Mobility
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The 3 Cornerstones - The Body, Mind and Soul -

Mood

Stress levels

Mental health

(l — Sense of optimism
Attitude

Security

Safety

Personal values
Personal fulfilment | o (S
Self image / self %ﬁ nm
actualisation

T\
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New Business Models:
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“Value for Many”

Will Replace

:127“ &

= - “Value for Money” %_



http://ideacouture.com/blog/wp-content/uploads/2009/11/grameen-bank-meeting.jpg

Business Model Focus Creates Higher Rate of Return

Strategy Process Product Delivery

Business | Partnering Enabling | Core Product Product Service Channel Customer
model process process performance system experience

Volume of Innovation Efforts
Last 10 Years

Cumulative Value Creation
Last 10 Years

m A E

Source: Doblin analysis, Doblin Inc.







Total Augmented Reality Market to Hit $75.2 Billion in 2020,

Augmented Reality, Global Revenue, 2020

Total AR Market: $75.2 Billion

Mobile AR Others
Augmented reality embedded Heads Up Displays & Head
mobile apps

Mounted Displays

$45 Billion $30.2 Billion

Reality Augmented Reality

Augmented Virtuality

Virtual World

Photocredits: : Dreamstime

FROST & SULLIVAN
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Your Next Step

-
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The Convergence of 450mm, 22/14nm, EUV,
and 3D (FINnFET - NAND) Structures and its
Impact on the Semiconductor Equipment
Industry

AROOP ?ﬂ —
FROST & S LLI\/AN ‘
= B

November 2013 ’




Convergent and disruptive

We are entering the most dynamic period
that, | have withessed in the 30 years of
analyzing the semiconductor industry !!!!

FROST & SULLIVAN
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It’s all about timing
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450mm Wafers

Wh
WH

Wh

y?
en?
at are the Implications?

FROST & SULLIVAN
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Intel is the catalyst behind 450mm through several

consortia

450MM PROGRAMS

p TN

F450C0C
SUPPLIERS
ONLY

E450EDL .'?"g EEM450PR
41 i 27

PARTICIPANTS F ‘f PARTICIPANTS

CHIPMAKERS v = CHIPMAKERS
INTEL \ : ' INTEL

FROST ¢& SULLIVAN
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Why? Reduced costs entering the sub 14nm node

Source: Intel

FROST ¢& SULLIVAN
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And reduced equipment purchases — 1.5% per year
growth since 300mm equipment was introduced

Semiconductor Equipment Billings ($B)

f A
Mw O S WP . W2
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0,
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15
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TP LS &S
PP PP P
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Compared to 8.3% growth per year for semiconductors

30000000

Semiconductor Revenue

25000000

8.3% per year
20000000

15000000

10000000

Semiconductor Revenues ($)

5000000
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When? ITRS has its roadmap for 450mm wafers - 2016

Development Demonstration

Increasing
| 450mm Silicon Demand [

oM/
Foundry

From Demonstrations
| |
Pilot Line

—_— — — — —— —

/
7/

2010 2011 2015
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Implication 1 - Not many fabs will be built with a >$10B
price tag — only the largest will benefit

o >
. s i Sy
‘ ‘ & = B S R .
1 T AR R A = T T
: g nis
A g} CANKS Ee :
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Implication 2 — While 450mm equipment will be up overall
equipment revenues down

Forecast of Wafer Fab Equipment Market

today

RO T T T T R P
DB LRA CR L a Caus C B (N S U
l Vv v v I v v ’

450mm WFE = 300mm WFE

It takes time to realize return from 450mm investment

source: TEL Marketing

FROST & SULLIVAN



EUV Lithography

Why?
When?
What are the Implications?

FROST & SULLIVAN
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Cost - Without EUV manufacturing cost would escalate
80% at 14nm — overall and for plasma etch

P80

-
-
-

-
o
-

H28NM H20NM ® [4NMI93i B 14NMEUV

Litho Diffusion + Doping Metallic
Di-electric Deposition
Deposition

-
-
-

.-
.
-

COST/WAFER

-
S
-

-
v
0
o
°
]
=
©
£
.
0
4

-
-

-
-

28NM 20NM 1ANM1931  TANMELY

Wet Etch CMP Metrology

Source: IMEC

FROST ¢& SULLIVAN



Some Pushouts in EUV until 2014 but still ready for
A50mm wafers at 10nm in 2016

ASML
Affordable shrink roadmap

2013

' - -
T

ats

2014 2015 2016 2017 2018 2019 2020

NXT:1950i, NXT:1960Bi, NXT:1970Ci

Immersion

EUV

NXE:3300B, NXE:3350, ...

QXT’ QXE

450mm

FROST ¢& SULLIVAN
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Implication — EUV eliminates need for multiple patterning
that extends DUV - Etch processes are also eliminated

Double Exposure Double Patterning Spacer double patterning
et e g ' " O m om om

FROST ¢& SULLIVAN 39



22/14nm

Why?
When?
What are the Implications?

FROST & SULLIVAN
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Smaller features give improved performance and extends
Moore’s Law

PERFORMANCE

o @ & &
o & &

300
250

&

& &
s

o
o &

Source: Achronix
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Intel is ahead at 14nm but defects have pushed out start
until 2014

4Q12 QS 2Q13 3013 4Q13 1Q14 2Q14  3Q14
TSMC | BRmm. e s 20nm
Intel 22nm' R s e
~Samsung | 32nr  28nm R Y
Note: FntgambonomeFET“Soodeofmwn
Source: Company data Maybank Kim Eng
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Implication 1 - Only a few companies will implement
22/14nm initially

Altis Semiconductor |

Dongbu Hitek Dongbu Hitek
Freescale Freescale
Fujitsu Fujitsu

IBM 1BM Globalfoundries

Infineon Infineon IBM

Intel Intel Infineon Fujitsu

Panasonic Panasonic Intel Panasonic

Renesas (NEC) Renesas (NEC) Panasonic Globalfoundries

Samsung Samsung Renesas (NEC) 1BM

Seiko Epson Seiko Epson Samsung Intel

SMIC SMIC SMIC Renesas (NEC) Globalfoundries

Sony Sony Sony Samsung Intel

ST Microelectronics ST Microelectronics ST Microelectronics  SMIC Panasonic Globalfoundries
Texas Instruments  TexasInstruments  TexasInstruments ST Microelectronics  Samsung Intel

Toshiba Toshiba Toshiba Toshiba ST Microelectronics  Samsung
TSMC TSMC TSMC TSMC TSMC ST Microelectronics
umc uMmcC umc umMcC umc TSMC

90nm 65nm/55nm  45/40nm

Market volume wall: only the largest volume products will be
ufactured with the most advanced technology

FROST ¢ SULLIVAN 43



Implication 2 — Etch cost jumps at 14nm without EUV

because of multiple patterning

M

- b |

Wet etch CMP Doping Metrology Metallic Ory etch
Deposition

Source: IMEC INSITE program in collaboration with partners

FROST ¢& SULLIVAN

Diffusion +
Dielectric
Deposition

28nm

* 20nm

14nm 1931

* 14nm EUV
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3D

Why?
When?
What are the Implications?

FROST & SULLIVAN
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Why 3D?

» Excellent short channel
control in FINFET leads to
Improved performance

o Lower leakage (lower DIBL and
lower SS)

o Low Vt variability due to low
channel doping

o Less variability caused by random
dopant fluctuations

o Lower operating voltage -> 50%
dynamic power savings

FROST &

2.0

18 F

16
37%
Faster 32 nm

Planar

Transistor 1.4
Gate Delay 12 L

(normalized)

1.0 S

22 nm S
08 + Tri-Gate :
0.6 1 1 [
05 06 07 08 09 1.0
Operating Voltage (V)
Source: Intel
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Intel’s FINFETs took an early lead but FD-SOI has benefits

Silicon Silicon
substrate subsirate

Silicon Silicon Silicon
substrate substrate substrate

Sllicon-on-insulator Wafer: FInFETs on SOI wafers rely on the buried oxide layer 1o stop the fin etch

 Cheaper: Lower overall cost
» Faster time to market, up to one year earlier

- Simplified manufacturability with fewer process
modules to develop

» Better: Improved variability and electrical
characteristics

FROST ¢& SULLIVAN
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What does all this mean for plasma Etch equipment?

results ~ energy energy pulsing
CcD loss No\CD i No CD loss
Spacer l l
smeon Fin ‘ /
Source: Lam Research | No Si Ioss Si loss Minimal Si loss

Bias pulsing offers a viable approach to achieve directional
etching with minimal structural damage that will be needed
for manufacturing FINFET devices according to Lam
Research

FROST ¢& SULLIVAN



Implication— Greater need for advanced plasma Etch

 For a FINFET Fin

o STI structure and fin are
etched simultaneously

o Etch process creates the
actual channel (the fin), so
producing a precisely
vertical fin with low surface
state density is critical.

Source: Lam Research

FROST ¢& SULLIVAN
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3D NAND - Instead of one transistor layer then metal layers
above it (Dep/Etch), you lay wown 32+ layers of mixed
transistor and metal

3D NAND

B TN PN NN N PN N N P
1) Typical Planar NAND Cell String

.- Future 3D NAND:
Increasing
number of pairs

2) Stretch It Out In The Middle 32 < 64 pairs

-

| ‘ 4) Stand It Vertically
3) Fold It Over I

i ™

3D NAND Uses Less Wafer Area Than
2D For Same Bit Density

Source: Applied Materials
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3D NAND — Extremely complex processing but 3D means
relaxed linewidths — 19nm planar node is ~50nm rule

3D NAND

6) Make contact to staircase vias

5) Replicate

Source: Applied Materials

Staircase etching - Put down as many layers as you need with
horizontal traces then etch them out layer by layer forming a

staircase pattern. Then you put in vertical vias down to these
exposed horizontal traces

FROST & SULLIVAN 51



The advantage of 3D NAND is that it doesn’t require leading-
edge lithography...the burden will shift from lithography to
deposition and Etch

PLANAR 3D NAND
« CD DEEINITION AND e CD DEFINITION AND

SCALING (<15nm) SCALING (~50nm)

o Lithography o Etch and Deposition Grows
- ETCH o Lithography drops

o Lower aspect ratios * ETCH (+30 to +40%)

o Multi-patterning (SATP, o High aspect ratios

SAQP) o Staircase patterning (trim

-+ DEPOSITION and etch)

o Single layer « DEPOSITION (+50 to +60%)

o Thinner films o Multi-layer stacks

o Thick films (active and

Source: Applied Materials hardmaSk)
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3D NAND introduces many new Etch applications

3D NAND:

Source: Applied Materials

FROST &

S

U

Multi-Layer Etch
Hardmask Selectivity
Profile Control

New Etch Regime
Novel Etch Technology

LLIVAN

= Step Width Control

Multiple Trim Steps

Step Profile
Lateral-Vertical Control
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And new revenue opportunities in Etch

3D NAND: High Growth Etch Opportunity

$600M, 32 pair

HIGH ASPECT RATIO ETCH '/

sasom SoomTAl $350M
sTEps | NEWMARKET OPPORTUNITY
OTHER

PER 100K WSPM 32 pair
$550M for 64 pair

PATTERNING

OTHER PATTERNING

PHASE YEAR

INTERCONNECT R&D 2013-14
 OTHER INTERCONNECT/OTHER PILOT 2013-15

3D NAND 0

o Source: Applied Materials

RAMP 2014-16

FROST & SULLIVAN
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Applied Materials key beneficiary of merger for Etch

2007-2012 Market Shares
Plasma Etch Market

o 2013 Reflects No Y-O-Y Change
45% A

o ’///,/" ‘\\\\\\.{””’//‘-~_____-‘_‘ .

35% A I

30% fre—— Tokyo Electron

25%

20% "~ /

\'—./.\Applied Materials /
10% ‘/

5%

Source: The Information Network
0% | ‘

2007 2008 2009 2010 2011 2012 2013
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Positive growth for overall equipment in 2014 and 2015 —
plasma etch market represents about 14% of overall market

Wafer Front End Equipment Growth

N
o
|

w
al
|

30+

N
ol
|

Revenue ($ Billions)
o9

[y
o
|

57

o,

2012 2013 2014 2015 2016

I WFE Market 29.6 27.3 31.3 375 36.8

Source: The Information Network
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Thank You

FROST & SULLIVAN
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