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We are entering the most
dynamic period I’ve
witnessed in the 30 years of
analyzing the
semiconductor industry
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What Are The Implications of
This Convergence?
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= lower die area = wires even shorter
3D-IC footprint = 12mm?
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We’ve Moved From 0.5 inches to
18 inches in 50 Years

Year Inches mm

1960 0.525 13.3

1964 1 25.4

975~ 1980 1991~ 2001 Wt 1966 15 38.1
(e ‘m’ ‘ m' . 1970 225 50
. 1973 3 75

‘ ’ ) 1975 4 100

1979 5 125

1981 6 150

1985 8 200

1998 12 300

201X 18 450
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But Making 450mm Wafers Is
No “Slam Dunk”

O Requlation

450mm  men's basketball
waler  {dameten appros. 250mm)

3.05m
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Who’s Going To Fund The
Transition?

Champions
— 150mm (1979) - Intel
40 — 200mm (1985) - 1BM

350 — 300mm (1998) -
- Equipment vendors

20 — 450mm — Equipment
vendors leveraging
consortia resources;
help from Intel,
Samsung, and TSMC
(ASML)

500
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How Much Will It Cost?

450 % $25,000

300 $25,000
£
3
o
k)
E 200 $1,350
S
5
‘®
=

150 $650

125 || $310

$0 $5,000 $10,000 $15,000 $20,000 $25,000 $30,000
R&D ($ Millions)
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We Shouldn’t Repeat Excessive
300mm Cost Fiasco Again

Applied Materials took it upon itself in
mid-1996 to foster conversion to 300mm by
internally funding development of a full
suite of 300mm tools at (.25 microns,
except that they forgot they had no litho
tool....

Lithography vendors, which spent R&D on
DUYV on 200mm wafers at (.25 microns and
didn’t want to spend more money on a
300mm platform at the same time.
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ITRS Has Its Roadmap for
450mm Wafers

Development Demonstration ..Production [IS]*... WITW

on 1xnm M1 half-

“HVM”
Production[IS]

processed test wafers

<—— IDM and Foundry ——> ,

Pilot Lines
LA R A AR RN NELNEENERSERSERENERERSESERRESRSESERERSRESERESSERRINREND]
Increasing i l “Risk Start”
| 450mm silicon Demand e Production[IS

| From Demonstrations | _{ Cl J[ /

— — — — — —

Pilot Line
BetaTools

"2
2010 2011 2012 2013 2014 2015 2016
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450mm — Semi’s Should Benefit
— But Which Ones?

30000000

Semiconductor Revenue

25000000

8.3% per year
20000000

15000000 -

10000000 +

Semiconductor Revenues ($)

5000000 -
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or.
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With a 450mm Fab Costing
>$10B, Not Many

Investment Needed For

ONE LEADING EDGE FAB

>$1“B Intel
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or.

Lélpplied Materials May be Right...But
Where are the Customers?

4

Key Factor # 1 : Synchronized Timelines

Foundry

Demo Tool Start

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020

' Synchronized Transition

Pilot Lines

=
S
R
S
S
S
=
e

Synchronized Timelines lowers the overall cost of Transition

Source: Applied Materials
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450mm — Equipment Vendors as
a Whole WON’T Benefit

Semiconductor Equipment Billings ($B)

Semiconductor Equipment Bilings
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Equipment Forecast From TEL
300 & 450mm - DOWN

Forecast of Wafer Fab Equipment Market

40,000 today

35,000
30,000
25,000
20,000
15,000
10,000
5,000
0]
ST “~° o ‘C:I \bfﬁ S b% gf’ﬁl‘“rﬂ\%“
450mm WFE = 300mm WFE

It takes time to realize return from 450mm investment
source: TEL Marketing
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And So Is Nvidia With ICs Made
Through a Foundry

e is hiking up <X
nviDla

Wafer price increases from
NZN, and the increase is
getting worse

|-
=
e
-
=
£

The wafer price increase washes away the scaling benefit -> little
saving in X'tor cost...need to lower CoQ, simplify process, better
yield...efc.. to incentivize Fab customers to 20 and 14nm.

Collaborate to move to bigger (450mm) wafers

1B MDA, Corporalicn 200

Dr. Robert N. Castellano
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Intel is The Catalyst Behind 450mm

450MM PROGRAMS

E450EDL
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AND the Bully, With Sematech
The Instigator

Sematech’s 450mm
Program,
launched 1n 2006,
developed the
450mm baseline

Dr. Robert N. Castellano
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Intel is Favorable Because of
Reduced Costs




Many Consortia Members Are
European, Fighting for Survival

Share of Semiconductor Market

: . China
(incl. China) (as part of Asia/Pacific)
|

1986 1980 1885 2000 2005 2010
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Europe (except for Dresden and
Intel) Missed the 300mm Market

0000000

Semiconductor Revenue

Semiconductor Equipment Billngs
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EUV Lithography
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This Time 450mm Litho Tools
Will Be Ready

Affordable shrink roadmap

2012 | 2013 2014 2015 2016 2017 2018 2019 2020

Immersion
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Without EUV Cost Would Escalate 80%
at 14dnm
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itho Diffusion + Metallic Diry Etch ‘Wet Etch Metrology
Dn-eimrh: Deposition

Source: IMEC
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Semi Companies Have Also
Shared their Roadmaps

414 1015 2015

Intel  22nm*
Samsung | i

Note: * First generation of FinFET, M Second Generation of FinFET
Source: Company data Maybank Kim Eng

Dr. Robert N. Castellano
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But Only a Few Companies Will

Implement 22/14nm Initially

Altis Semiconductor |

Dongbu Hitek Dongbu Hitek

Freescale Freescale

Fujitsu Fujitsu

Globalfoundries Globalfoundries Freescale

Grace Semiconductor Grace Semiconductor Fujitsu

IBM 1BM Globalfoundries

Infineon Infineon 1BM

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  Texas Instruments  Texas Instruments ST Microelectronics  Samsung Intel
Toshiba Toshiba Toshiba Toshiba ST Microelectronics  Samsung
TSMC TSMC TSMC TSMC TSMC ST Microelectronics
umc umc ", v —] . — umc TSMC

90nm 65nm/55nm  45/40nm 32/28nm
Market volume wall: only the largest volume products will be
anufactured with the most advanced technology

Dr. Robert N. Castellano
2013 CMPUG
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Industry Consolidation as Every Node
Gets More and More Expensive

Impact #2:

SNIC
UMC
TSMC
SiEh-'IE:\JSSH{ # of
NITSUB )
"'”PTH:IJJPS Companies
HITACHI @ Each
SONY rology
NEC
FUJITSU
TI
AMD
STM

SAMSUNG ===
TOSHIBA GLOBALFOUNDRIES

Leading-Edge
Consolidation

for High-Volume

Manufacturers
(>S0K wpm)

IBM TSMC
INTEL SAMSUNG

OTHER INTEL
S OTHERS?

SOURCE: Handel Jones, IBS Consulting

@ GLOBALFOUNDRIES Technology Node Page 35
(Year)

Dr. Robert N. Castellano
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CMP Cost is Independent of
EUV and 20/14nm Transitions

T s«

=

-

Wet etch CMP Doping Metrology Metallic Diry etch Diffusion + Litho
Deposition Dielectric
Deposition

Source: IMEC INSITE program in collaboration with partners
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But Critical in 3-D FinFETs on
Bulk

Fin on SOI

substrate

scheme

— Fin height set by
— Simpler isolation

— Requires SOI wafer

Fin on bulk

— Fin height controlled by
ox etch

— Complex isolation scheme
— Fin doping control
possible issue

— Uses bulk wafer

Dr. Robert N. Castellano

2013 CMPUG
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CMP Has Its Own Requirements in
Bulk FinFETs

In years past, shallow trench isolation (STI) CMP was the only set of
CMP steps in the front-end-of-line (FEOL) process flow. Now,
many new CMP applications are being added and each calls for
multiple process steps.

e The special dielectric fill for FinFET’s creates the need for steps
very similar to those used for STI, but drives the need for stopping
on the extremely small nitride features that cover the fins.

— At STl isolation, inappropriate slurry selectivity can increase dishing
value or create edge over erosion issue

e The ILD 0 or pre-metal dielectric or Poly-Open-Polish (POP) CMP
that exposes the tops of the dummy silicon for metal gates also has
similarities to dielectric fill.

— POP process, where 3 materials are involved, selectivity becomes a
major contributor to the gate height loss.

— POP CMP must not only retain tight control over remaining film
thickness, but must do so while simultaneous removing nitride and
oxide materials deposited at slightly different heights due to the non-
planarity remaining after STI

Dr. Robert N. Castellano 32
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Critical CMP. Processes

Critical CMP processes at 45 nm & 32 nm node replacement gate CMOS 57

wells and V. Vo implants. STI CMP
« ALD deposition of gate dielectric of high .
dielectric constant.

+ Polysilicon deposition and gate patterning.

+ S/D LDD implant and spacer formation.

« Si recess etching for S/D of pMOS. m m
» SiGe epitaxy in pMOS S/D recesses.

* S/D formation. Ni salicidation, ILDO1

deposition. I . I I l
'oly-Si opening by chemical mechanica POP CM .
lishing, poly-Si etching. \ | | l l

o Deposmon of gate metal for pMOS:‘ metal
workfunction adjusted to obtain designed V...
Metal gate patterning. MGD CMP

* Deposition of gate metal for ntMOS, metal —
workfunction adjusted to obtain designed V., . I I I I
* Metal gate fill and polish to pattern (CMP).

* Deposition of layers inducing stress in channels \‘ | u | | I_I |

of transistors.

Source: Intel

Dr. Robert N. Castellano
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Intel’s FinFETs Took and Early
Lead But FD-SOI Has Benefits

Silicon-on-Insulator Wafer: FinFETs on SOl wafers refy on the buried oxide layer to stop the fin etch

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

* Simplified manufacturability with fewer process
modules to develop

* Better: Improved variability and electrical
characteristics

Dr. Robert N. Castellano
2013 CMPUG
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Process Flow Comparisons

FOx / SOl FinFET Process Flow Bulk FINFET Process Flow

Silicon

wk 1. SOl Wafer Pad Film Stack

2 Feama —

3. Gate Module —
4. S/D Modules Silicon
(not shown) (p-epi on p+)

Bulk Wafer
Etch fins
Fill / Plananze Isolation
Etch-back isolation | M | 11
N-well isolation Module
P-well Isolation Module
Gate Module
. S/D Modules
(not shown)

BNDOAWN S

Source: IBM FF'Ox = Fin on Oxide (SOI or oxide over bulk)
10 Decemnber 2012 Fully Depleted Transistors Technology Sympaosium 7
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With FD-SOI We Can Take CMP
Out of the Manufacturing Process

FOx - Bulk FinFET" C'ost Comparison

FOx = Fin on Oxide (SOI or oxide over bulk)
14nm FINFET

FOx vs. Bulk (Implant Isolation)

Bulk Unique
Process Adds Comments
Substrate Contact | ($0-$30) savings | Substrate contact
Well contacts | $125-5175 {2.5% - 3.5%) Area impact from well contacts
STl Isolation $175-5300 Liner / Fill / CMP /.Etch Back / Cleans
10:1 STl aspect ratio
Isolation Implant | $60-5180 (2 - 6) Extra Implants for well isolation

Total | $360-$655

» Assumption of high volume full wafer processing cost at 22nm process is $5000
« Analysis does not include any yield (CLY) benefit of improved variability with FOx FinFETs

*BOTTOM LINE = BULK FinFETs carry increased Complexity and Cost.
Source: IBM

Dr. Robert N. Castellano
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What Are The Implications?

* Semiconductor Equipment Manufacturers

— A vendor will not have a 450mm position unless it has a
300mm position. In other words, the slate will not be clean
going from 300mm to 450mm as far as purchases are
determined

— At the 200-300mm transition, technology developments
effectively ceased on 200mm equipment and we expect the
same thing to happen with 300mm equipment — R&D money
will be spent on advanced technology only on 450mm

— ASML stands to gain most because scaling benefits will not be
positive without EUV

— Wafer handling and process control companies will benefit
from the weight (25 wafers = 35kg) and cost of the wafers

— CMP equipment largely independent of migration to 20nm
and 14nm and with EUV

— CMP equipment will be under-utilized on FD-SOI 3-D devices

Dr. Robert N. Castellano
2013 CMPUG
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What Are The Implications?

e Semiconductor Manufacturers

Top S companies with 450mm fab plans control 34% of
global sales

IDMs will get bigger as companies without 450mm fabs
can’t be as competitive

Foundries will get bigger as companies without 450mm
fabs move to a fab-lite model

Companies without a $10B budget to build a fab will
form a consortium to build chips on 450mm, perhaps at
Albany

Only newer 300mm fabs built with higher ceilings and
stronger floors will be able to be upgraded to 450mm

200mm fabs will be obsolete, same as what happened to
150mm fabs at the 300mm transition

Dr. Robert N. Castellano
2013 CMPUG
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Thank You

Dr. Robert N. Castellano




