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Outline

Introduction

« Semi Industry — Tokyo Electron (TEL) Business
portfolio

TEL Technological Development Strategy
High Power Laser for Semi devices processing -
Apps
* CO, 10.6 um — Laser Spike Anneal
* CO, 9.4 um — Dielectric Curing
Summary
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Electronic Business Food Chain
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CY2009 World Market

US$ 1,200 B (2008 — $1,400 B)

Semiconductor
US$ 230 B (2008-$260B)

Semiconductor Production

' Electronic Applications ' A ’

:

.

Equipment

US$ 17 B (2008 - $31B)
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Tokyo Electron Corporate Profile

m Established : November 11,1963
= Employees : 10,204 (as of April 1, 2010)

Business Sectors

Electronic Components/ Semiconductor
Computer Networks Production Equipment

Semiconductor Products
Computer Networks
Software

Boards and General Electronic Components

Coater/Developer

Thermal Processing System  plasma Etch System
Cleaning System Single Wafer Deposition

Imported Product System
MEMS Wafer Prober

GCIB System

FPD/PV
Production Equipment

FPD Coater/Developer
FPD Plasma Etch/Ash System
Photovoltaic Cell Production Equipment

FY2010 Consolidated Net Sales: US $4,186 Million

E Conversion rate of 100yen/US$ is used all through the presentation. 4
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TEL
Technological Development / Strategy




R&D Map

EU IMEC; LETI
Litho, New Concepts

5 i.mer:\
= %

Korea TEKS

o

Taiwan TTCT

TDC: TechnologyDevelopment Center
LPDC: Leading-edge Process Development Center
TELAT: Tokyo Electron A T Ltd.

TKL: Tokyo Electron Kyushu Ltd.
TTL: Tokyo Electron Tohoku Ltd.
TDI: Tokyo Electron

Technology Development Institute, Inc
TTCA: TEL Technology Center, America, LLC
TEKS: Tokyo Electron Korea Solution Ltd.
TTCT: TEL Technology Center, Taiwan

Consortiumin EU
Consortiumin U.S.

Imec ; leti
SEMATECH :
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U.S. TTCA; USTDC
Technology development for Logic,
BEOL / FEOL / 3Dl / Litho

\

ALBANY

NanoTech

/' US TDC
SEMATECH
FEOL SEMATECH
Japan
TDC, TDI : R&D
LPDC . Process development

TELAT, TKL, TTL: Production Development



R&D Expenses as a Percentage of Net Sales

(Millions of US$)
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Corporate R&D Organization

Corporate Development Division

Technology Development Center

U.S. Technology Development Ctr.

Development Planning Dept.

Intellectual Property Depit.
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US TDC Missions / Approach

* [dentify US New Technologies in early stage
Develop TEL New technologies initiated in US TEL entities
» Evaluate technical merit on F/S

* Transfer and assist P/D and Tool Development

Key points for success:

° ~/S In appropriate places

° Process transfer gradually

. nfrastructure Place / Develop:

— Close to the source
— Careful personnel recruiting

DT /09.2010




US TDC Technology “Seeds”

TOP DEVELOPMENT TECHNOLOGISTS /
LEADERS

UNIVERSITIES (SRC)

(SRC — www.src.org)

NAT. LABS

START-UP
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Time-to-market for HVM Solutions
(New Technology & New Tool)

| | | | | | | | | | |
Year 0 Year 5 Year 10

Identify criteria

- Materials -

* Processes

o Prototype
. Applications e R— f-
‘Business /ool )
o 00
Define HVM tool specs development berf
erformance
verification —

CIP/HVM

Great efforts are needed to make 2020 HVM even with possible skipped steps
and learning from past development experience.
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Sqguare Of Success (SOS)*

100%

[ h
Precom petitﬁe .
Technology/
Fundamental /
< > Production /
R&D
Engineering
* Not at scale \ C /

Production
Maturity

- Early technology engagement — less engineering effort

12
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Semi Industry and R&D

* There is no real fundamental R&D in Semi Industry
(except IBM and SAMSUNG)

* Most of development activities are started after F/S
on large scale concept has been demonstrated.

 Industry is relying on Academia (in US -> SRC),
Government Programs (Japan) or Development
Consortia (SEMATECH; IMEC; LETI)

NOTE — Most of Consortia does not have fundamental
R&D either
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High Power Laser Applications
iIn CMOS Fabrication
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CMOS Process Steps / Potential
Laser Application

Siliconwafer
=
—_—

Oxide film formation and Pattern formation Pattern formation Pattern formation
Nitride film formation (Photoresist coating) (Exposure) (Development)

Photoresist

Pattern formation Pattern formation
(Ashing/Cleaning) (Etching)

Gate formation

Dicing and Assembl

}

,» Inspection process

Contact formation Multilayer interconnect Probe testing _ =

formation —ail
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Typical MPU Cross-section

Passivation

; Dielectric ——--SICOH (Si-O-Si)
i «— Etch Stop Layer

| «— Dielectric Capping Layer

& Copper Conductor with
BaPr?erlNucleatlon Layer

i

Intermediate<<

N >'w -~
Metal 1—C_ [

I l— Pre-Metal Dielectric
' " ‘IH“F Contact Plug

_,: :4_ Metal 1 Pitch Si substrate
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Absorption of Si : Temperature Dependence
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ULK UV and IR Absorbance

1 , 200-240 nm
/ 03, 94 8
0.8 froereeneemenes s Tt s R M s -
i i i i 030 - IR absorbance
| | | | 0o of a typical
O A A S o . ' 0OSG
absorbance g 020
% ISR S N R N B P
H H H 9 2
0.10 A
00 IS — S — S
transmittance I\ .
i - WL_‘ 0.00 o T ! ! ! ! ' ' ! ' ! ! 7 T
0 e : i i _0.05,_ 3 4 5 6 7 8 gwll\)felg:]gth(u:r?) 14 15 16 17 18 19 20

150 200 250 300 350 400

UV absorption bands: IR absorption bands:

Si-O-Si and Si-O-C
stretching modes

— 200 ~ 240nm: Si-O in not fully crosslinked
environment

— 260 ~ 300nm: Si-Me
—> 300 nm: C-C and VDW

— < 190nm: aggressive crosslinking may lead
to skin layer effect

Y —
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Cu: Normal Reflectance and

e Transﬁmlssmn

90% - F,

80% | Calculated based on data from
70% - Solis edited by D Pk, 1085)
60% | For 200 nm Cu

50% -
40% — Normal Reflectance

30% -
20% | — Normal Transmission
10% -

0% _ —_—

100 1000 10000

Wavelength (nm)

* No transmission at any wavelength.
« Strong absorption at UV range.
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Laser Spike Annealing (LSA)
Using 10.6 um CO, Laser

Using thermal effect of radiation absorbed in doped Si
substrate

Applications

- Dopant activation

- NiSi Formation

- High-K/ Metal Gate

- Non-planar gate structure

DT /09.2010
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LSA Thermal Processing Regimes

1400 ¢
1200

o |

<1000 | RTP

b - Soak/spike
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Potential FEOL Applications

Poly Gate Activation Nickel $i|i0ide
Formation
Device Flow Ut Formaton

Formation ™

LSA Isolation
Insertion Gate Ox
Points: Gate Formation am—
S/D Extension & Halo netivaron™ Doping Profie & Defect Annealing

(1) =p

Leakage Control (Long Dwell Time)

SW Spacer Formation

@ . SMT Process 5X leakage reduction
3 Deep S/D Implantation oF°
S/D spike RTA 0895
(4) = e NoLSA %S>
® Ni Silicidation e 0g° W
BEOL Process gl
. 5 e
1E0 OOO}?O
..o .O;.E... o m b
N 22
08 07 08 0e 1 1.1
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LSA System Architecture (1)

Commercial:5kW, 100um x 1.25~4.4 cm

Single beam operation

Line beam
/\ 0.64-1.5 kW/mm?2
10kHz
et u Emission 5-50 J/lcm?@
Detector
Opics \ / Laser o/ V. 200us dwell ime
Beam
—
¥-y stage
Si-sub

+ Long wavelength, p-polarized “line beam” incident on wafer at
Brewster’s angle to minimize pattern effects

+ Wafer scanned under the beam, stage speed determines dwell time<—Scan speed:10~100 cm/sec
+ Real-time peak temperature measurement in feedback loop to laser.

23
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LSA System Architecture (2)

Dual beam operation

-

- Preheat beam heats
wafer just enough for

\ CO2 beam to couple into
\ wafer, allowing low chuck
temperature.
Preheat /
beam - Low temperature
pyrometer allows closed
loop temperature control to
el ~400°C.
Tchuck K /
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Single Beam VS Dual Beam

Single beam operation Dual beam operation

g g
g o
2 =
e Ly
e -
Te 2-15 msec
50-200 C
Time (ms) Time (ms)

Single beam configuration covers the high temperature (Short dwell time) regime.

Dual beam configuration covers the long dwell time and low temperatureregimes

25
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Merits of Brewster Angle Irradiation

100

20 1 =——Bare-Si 0 | Long laser, 10.6um
== e g Brewster angle
;; 80 - o) ¢ \ p-polarization

Poly I

c tttttttttttttttttttttttttttttttt
- 00
o
= 50 scan
D
(s 4 40 4
Qo
g 201
5 o
=
o D

10 4

0 L] . L} L)
0 20 40 60 80 100
Angle of Incidence

» Long wavelength: >>length scale of devices and film thickness

 P-polarization and Brewster angle make cross-die absorptivity non-uniformity to ~ 1%.
» Temperature gradients: Minimal Pattern effects give uniform thermal stress

» Stress dissipation: Minimized thermal shock as a result of fast scanning

* Dwell time: Dwell time flexibility allows low wafer warpage for critical process steps

26
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Advanced Dielectric Treatment Using
9.4 um CO2 Laser

*Energy is delivered specifically to SICOH film without
damaging the underlayers and substrate.

*A laser sonication process where CO, laser-excited
vibration in Si-O-Si backbone structure

*Major applications in Interconnect :
Dielectric curing

Dry cleanning

DT /09.2010
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Dielectric Curing Porogen Removal Mechanism
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k2.0 PDEMS Curing Results

3.0

Small tool BKM

26

Laser / UV#2
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Dielectric constant
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Optical Layout

13 mm Beam Dia.

Z0 = ~ 3 Meters

One - Meter

Wafer

~6 mm to 20 mm Beam Dia.

Limiting Aperture Of
30 mmor 50 mm
With Or Without

A2 mm Alignment Error

i —
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Beam Profile

Original Laser Beam

Mode Quality (M?2) 1.2
Beam Diameter at 1/e2 (mm) 12 +1.5
Full-Angle Beam Divergence (mrad) 1.5

* Power intensity reduction: from
~2000 W/cm? at the laser head to <10
W/cm? at wafer plane.

* Multiple scanning beams are used Beam At Wafer

for throughput improvement.

E 1000i : - First pulsed fully sealed off CO2 laser with 1,000 W
average and > 2,5 kW peak power.

DT /09.2010




Multi-segment Stitching

150

100

MW

0y

2000

a0t 2000

-100 F

_-‘IED 1 nTes 1
-150 -100 -50 0 S0 100 140

To compensate for lateral heat dissipation, a center-low edge-high heating profile
IS generated by stitching 6 or more spiral segments.

32
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Summary

 Lack of fundamental R&D in Semi industry will impact
next generations device development

* Academia and Top R&D Organizations will play a big
role in keeping Moore’s Law path on the right track

* High power lasers need in-depth evaluation before they
can be adopted in CMOS applications

« Coherent light can have significant advantages over
other old technologies

33
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