Litho Forum
vey Results

Litho

Forum

LOS ANGELES

27-29 JANUARY MMIV

presented b

International HEM ATECH




Outline

Technology Survey Response Totals & Demographics

Technology Survey Results Day One
— 193nm Immersion Lithography
— 157nm Lithography
— EUV Lithography

Technology Survey Results Day Two
— EPL
— Maskless Charged Particle
— Maskless Optical
— Nano Imprint

Technology Survey Timing Results

Technology Plans Surveys

— Technology Plans Responses Totals & Demographics
— Manufacturing Plans: 2007 and 2009
— Technology Readiness

— Mask Magnification

Conclusions




Surveys

« Attendees were asked to complete a survey to evaluate the
development status of each technology presented

— Surveys were also provided for technologies presented in the poster
sessions I

* A final survey addressed technology plans for 2007 and 2009
volume manufacturing insertion

— Specific questions are asked about the readiness of various
technology components for the selected technology

e Litho Forum surveys are not intended to pick “winners” but
to address issues that need to be resolved before volume
manufacturing

« The end user picks the “winner” by orderlng
tools!
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Day One Survey Totals & Demographics

193nm Immersion

Total ASIC DRAM Mixed MPU | Foundry | Mask | Process | Tool JResearch| | Undeclar
Suppliers | Suppliers | Suppliers [Academic ed
93 3 2 11 1 1 10 16 23 20 6
Chip Makers 18 19.4% Suppliers 49 52.7% 21.5% 6.5%
157nm
. Mask Process Tool Research Undeclar
Total ASIC DRAM Mixed MPU Foundry . . . . Other
Suppliers | Suppliers [ Suppliers |Academic ed
102 2 3 11 1 1 10 18 25 18 13
Chip Makers 18 17.6% Suppliers 53 52.0% 17.6% 12.7%
EUV
. Mask P Tool R h Undecl
Total ASIC DRAM Mixed MPU | Foundry as rocess 00 eSearcn | oiher | nCCCAr
Suppliers | Suppliers | Suppliers [Academic ed
90 2 2 12 1 1 12 15 22 15 7 1
Chip Makers 18 20.0% Suppliers 49 54.4% 16.7% 7.8% 1.1%
@
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Day Two Survey Totals & Demographics

EPL
Mask P Tool R h |
Total ASIC DRAM Mixed MPU | Foundry as rocess 0o esearch | e, | Undeclar
Suppliers | Suppliers | Suppliers [Academic ed
75 2 3 11 1 1 7 13 18 14 5
Chip Makers 18 24.0% Suppliers 38 50.7% 18.7% 6.7%
Maskless Charged Particle
Mask P Tool R h Undecl
Total ASIC DRAM Mixed MPU | Foundry as rocess 0o esearch 1 other | -0c@
Suppliers | Suppliers | Suppliers [Academic ed
64 2 2 12 1 1 6 8 15 12 4 1
Chip Makers 18 28.1% Suppliers 29 45.3% 18.8% 6.3% 1.6%
Maskless Optical
Mask P Tool R h Undecl
Total ASIC DRAM Mixed MPU | Foundry as rocess 0o esearch | other | -occ@
Suppliers | Suppliers | Suppliers [Academic ed
67 2 2 10 1 1 8 7 21 11 4 0
Chip Makers 16 23.9% Suppliers 36 53.7% 16.4% 6.0%
Nano Imprint
Mask P Tool R h Undecl
Total ASIC DRAM Mixed MPU | Foundry as rocess 0o esearch | other | -occ@
Suppliers | Suppliers | Suppliers [Academic ed
67 3 2 8 2 1 5 7 22 12 5 0
Chip Makers 16 23.9% Suppliers 34 50.7% 17.9% 7.5%
A UL CLLLL |
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193nm Immersion Component Readiness

Survey Reponses

Overlay System (2.98)
Manuf. ™ Mask Protection/Handling (2.10)

Mask (2.84) *E
Resist (3.91) é’
O
Optics (3.86) Q
O'E
@)

Tech. Dev.«©
Required ~

Total Average =2.90
(N=93)

Source (1.64)

Technology Readiness Show -

Stopper

Don't Know




193nm Immersion Success Criteria

Based on expected requirements
at time of manufacturing insertion,
te the current status of this
technology

Survey Reponses

Multi-generational capability (2.91)
Be affordable - effective CoO (3.35)

Have infrastructure available (2.97)

o~
Completed Commer. available when needed (3.45)

Already
e} Demo. solutions to critical issues (3.53)
. Many © ~ Meet criteria for CD control (3.56)
Total Average = 3.21 Issues o L . .
(N=93) Remain Meet criteria for min. feature size (2.69)
Technology Status Show -
Stopper

Don't Khnow
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157nm Component Readiness

Survey Reponses

Overlay System (3.54)

Manuf. ™ Mask Protection/Handling (5.80)
Ready .
Mask (4.29)
© Resist (5.48)
Tech. Dev.«©
. . ~
Total Average =4.42 Required ~ Optics (4.70) S
(N=99) ® N o
o Source (2.65) <
Technology Readiness f
Show - \
Stopper

2
)
c
X
=
o
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157nm Success Criteria

Based on expected requirements
at time of manufacturing insertion,
Rate the current status of this
technology

25

20

15

10

Survey Reponses

Multi-generational capability (5.72)
Be affordable - effective CoO (5.68)

Have infrastructure available (5.46)

o~
Completed ™ Commer. available when needed (5.57)

Already

Demao. solutions to critical issues (5.03)

Meet criteria for CD control (4.49)

<
Ye]
A{ny“’
Issues
Remain

Total Average =5.11

(N=99) Meet criteria for min. feature size (3.88)

Show -

Technology Status Stopper

Don't Khnow
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EUV Component Readiness

Survey Reponses

Overlay System (5.48)
Mask Protection/Handling (6.59)

Mask (6.63)
Resist (5.78)

Optics (5.57)
Source (7.36)

Tech. Dev. ]
_ Required
Technology Readiness

Total Average = 6.26 Show -
(N=87) Stopper

Don't Know




EUV Success Criteria

Based on expected requirements
at time of manufacturing insertion,
te the current status of this
technology

25

20

15

10

Survey Reponses

Multi-generational capability (3.90)
Be affordable - effective CoO (7.38)

Have infrastructure available (6.80)

o~
Completed ™ Commer. available when needed (6.64)

Already

e} Demo. solutions to critical issues (6.50)

Many

!
Technology Status Rsesnf:;

Meet criteria for CD control (5.06)

Meet criteria for min. feature size (4.08)

Total Average =5.77 Show -
(N=87) Stopper

Don't Khnow

1r\.~.|:ntu

al ~*l:‘.l»’kll:(_l-'l




EPL Component Readiness

25
20
15

10

Survey Reponses

Overlay System (4.92)
Mask Protection/Handling (5.20)

Mask (4.99)
Resist (3.57)
Optics (3.81)
Source (3.32)

Tech. Dev.«©
Required

Total Average =4.29
(N=72)

Show -
_ Stopper
Technology Readiness

Don't Know




EPL Success Criteria

Based on expected requirements
at time of manufacturing insertion,
Rate the current status of this
technology

25

20

15

10

Survey Reponses

Multi-generational capability (4.04)
Be affordable - effective CoO (5.36)

Have infrastructure available (4.55)

o~
Completed ™ Commer. available when needed (4.48)

Already _ o
Demao. solutions to critical issues (4.53)
Many Meet criteria for CD control (3.76)
Total Average = 4.27 Issues
(N=72) Remain Meet criteria for min. feature size (3.20)

Show -
Stopper

Technology Status

Don't Khnow
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Maskless Charged Particle Component
Readiness

Survey Reponses

Overlay System (5.86)

Mask Protection/Handling (4.33)
Mask (3.38)

Resist (3.78)

~
<
QO
<
Optics (5.94) g
§
@]

Tech. Dev.«©
Required ~

Total Average =5.00
(N=62)

[/

o Source (4.72)

Show -
_ Stopper
Technology Readiness

Don't Know




Maskless Charged Particle Success Criteria

Survey Reponses

N
Completed
Already

Based on expected requirements
at time of manufacturing insertion,
Rate the current status of this
technology

Multi-generational capability (4.00)
Be affordable - effective CoO (5.15)

7Have infrastructure available (5.21)
Commer. available when needed (6.00)

Demao. solutions to critical issues (5.84)

Meet criteria for CD control (4.88)

Total Average =4.99 Issues 0 L . .
(N=62) Remain o Meet criteria for min. feature size (3.84)
Show -
Technology Status Stopper

Don't Khnow
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Maskless Optical Component Readiness

Survey Reponses

Ny
S
H Overlay System (5.00)

Manuf. ™ . . Mask Protection/Handling (3.67)
Mask (4.61) ~

-~
Resist (2.67)

Tech. Dev.©

Total Average = 3.89 Required
(N=67)

Optics (4.74)
Source (3.03)

/

3
IS
o
Q
S
O

(0]

Technology Readiness

Show -
Stopper

Don't Know
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Maskless Optical Success Criteria

Based on expected requirements
at time of manufacturing insertion,
Rate the current status of this
technology

Survey Reponses
=
o

Multi-generational capability (4.69)
Be affordable - effective CoO (4.95)

Have infrastructure available (4.49)

o~
Completed ™ Commer. available when needed (5.34)

Already _ o
Demao. solutions to critical issues (5.38)

Meet criteria for CD control (5.15)
Total Average =4.95

(N=67) Meet criteria for min. feature size (4.66)

Show -
Stopper

Technology Status

Don't Khnow
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Nano Imprint Component Readiness

|

Survey Reponses
NRY8EES

F

. Overlay System (6.58)
Mask Protection/Handling (6.34)

Read 0
/ < Y Mask 671) o
) <
o Resist (3.75) v
ech. Dev.© S OC
Required N~ Optics (2.67) Q
Total Average =5.31 0 E
(N=67) o Source (2.53) o
@
Show -
Stopper

Technology Readiness
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Nano Imprint Particle Success Criteria

Based on expected requirements
at time of manufacturing insertion,
Rate the current status of this
technology

25

20

15

10

Survey Reponses

Multi-generational capability (3.14)
Be affordable - effective CoO (3.78)

Have infrastructure available (5.91)

Completed ™ Commer. available when needed (5.20)

Already Demao. solutions to critical issues (5.63)

[e}

Meet criteria for CD control (3.81)

Many
Total Average = 4.30 Issues

(N=67) Remain

Meet criteria for min. feature size (2.74)

Show -
Technology Status  Stopper
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Day One Technologies Readiness For
Manufacturing Insertion (Ques. #11)

w b
o1 O

o1 O

Survey
Responses
R NN W
o1 O

=
o o1 O

N
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-

2005

2006

2007

2008
/

2009

EUV

Year

/[

157nm

193nm Immersion

2014/15

Later than 2015




Day Two Technologies Readiness For
Manufacturing Insertion (Ques. #11)

N
a1

N
o

=
a1

Survey
Responses
=
o

N

o O

2005
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ML - Optical

Year ML - Charged Particle

2010/11

EPL
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2014/15

Later than 2015
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Technology Plans Survey Total &
Organizational Representations

TOTAL ASIC DRAM Mixed MPU | Foundry | Mask | Process | Tool [ Research [SSSegs
Suppliers | Suppliers | Suppliers | Academic
66 4 3 10 1 1 4 10 20 8 5
Chip Makers 19 29% Suppliers 34 52% 12% 8%
[ ASIC Chip Mfg Il DRAM Chip Mfg
Other 5% 5%

= R h
esearc [ Mixed Chip mfg

Institution,
. 15%
Academic
12% O MPU Chip Mfg
2%
‘ .....
ff{!
|||||||||"""|||Ill 7 O Foundry
2%
B Tool Supplier _ | |
including [ Process/Resist Mask including
software and including equipment,
equipment,
components prgceZs " process, 6|1nd
' materials
30%
’ materials 6% Lit h O
15% qum

resente
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Regional & Functions Representation

COMPANY GEOGRAPHIC REGION DEMOGRAPHICS

O Rest of M Asia
World 0%
0%

M Japan
32%

O North _
America J Taiwan
47% 3%
[ Europe

15%

[JOB DESCRIPTION DEMOGRAPHICS]
B Manufacturing
6%

O Research B Marketing
23% 17%

@ Development
54%
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Survey Results

18

16

14

12

10

What minimum M1 contacted, half-pitch will you have in volume
production in_2007? (Corporate Surveys - Technology Plans)

O Research / Academia / Other

@ Suppliers (ave = 65.3 nm; N=29) B

B Chip Makers (ave = 70.8 nm; N=19)
[Overall average = 67.7nm; N=58] B

(ave = 68.5 nm; N=10)

Hill n

100nm 90nNm 80nm 70nm 65nm 60nNm 50nm 45nm

Technology Node (half pitch)

Results from additional survey analysis after 01/29/04 Dinner Session;
overall results showed little variation from previous results

40nm 32nm

Litho
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International SEMATECH



What Technology will you employ for leading edge gate manufacturing

in 20077
35
30
25 O Research/ Academia / Other
" W Chip Makers
> 20 @ Suppliers
&)
04
>
o
z 15
>
n
10
5
0 [
2 g2 5 £ s > 22 2 £
T Q s 0 2 N 2 w | = 9 s
= e 2 e o 0 o 5 0 < £
g Q0 g Q e = g o 9 =
c 2 c 2 = E o % = e
D el 3 s S S
N £ — = g g o= o p
- ' Technology © © ]L ]“1 t h 0
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What Technology will you employ for leading edge contacts
manufacturing in 20077

35
30
25
2 O Research / Academia / Other
§ 20 W Chip Makers
m -
> @ Suppliers
> 15
o
)
10
5
0 E | | —
2 2 S £ S > - @ A = 5
£ g5 8 £ &8 2 & g § £ 2
2 c z £ o Lo ) 8 @ 0 = O
£ 9 £ 9 S £ oo < = RGO
g i S% @ = - @ © © © :
DI - S £ & 2 §
S o S & .
Technology ]L]lth@
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2007 Technology Component Readiness (Part A)
193 Immersion 2007 (Ques 31)

¢ Reticl ion (2.70
2 12 eticle protection (2.70)
8_ 10 Mask resolution - CD / IP (4.17)
& % Mask defect control (3.39)
q>>; 4 Optics lifetime/contam. (3.60)
5:) 2 Source lifetime (2.80) =
0 Source intensity (2.40) g
®)
Resist availability (3.58) Q
Manuf. S g
Mask availability (4.35) o
Ready @)

Material availability (3.35) )

Total Average = 3.58 Exposure tool availability (3.59)

(N=32) Reauire 9
_ Show - Don't
Technology Readiness Stopper Kno
w

national SEMATECH




2007 Technology Component Readiness (Part B)
193 Immersion 2007 (Ques 31)

Cost of ownership (4.37)
Exposure tool throughput (3.48)

Exposure tool reliability (3.65)
Exposure tool environ. Control (3.23)
Extensibility to another Gen (4.39)

B Metrology (CD/Overlay/Insp) (4.23)

Y~
~
QO
S
Overlay capability (3.30) Q
3
@)

Survey
Reponses

Alignment capability (3.37
Manuf. g p y ( )

Ready Resist imaging demonstration (3.27)

Resist production worthiness (3.72)%;

Tech.
Dev. 9
Required Don'

Total Average = 3.58
(N=32)

Show - ¢
Technology Readiness W

ational SEMATECH
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2007 Technology Component Readiness (Part A)
193nm w/ Enhancements 2007 (Ques 31)

Reticle protection (2.81)
Mask resolution - CD / IP (4.36)
Mask defect control (4.41)

Optics lifetime/contam. (3.05)
Source lifetime (2.50)

Survey Reponses

Source intensity (2.36)

~
<
QO
S
Resist availability (3.41) Q
S
(@)

Mask availability (3.95)

Material availability (3.10)

i
Total Average = 3.53 Dev. Exposure tool availability (3.55) N =

8
(N=23) Reauire 9 o

] ~ Don't 1 h
Technology Readiness Sstz(;‘ger Kno Litho

iona 3



2007 Technology Component Readiness (Part B)
193nm w/ Enhancements 2007 (Ques 31)

Cost of ownership (4.45)
Exposure tool throughput (3.41)
Exposure tool reliability (3.50)
Exposure tool environ. Control (3.32)
Extensibility to another Gen (5.95)
Metrology (CD/Overlay/Insp) (4.00)

~
<
g
Overlay capability (3.09) e)
Q
S
@)

Survey Reponses

Manuf.
Ready

Alignment capability (3.00)

Resist imaging demonstration (2.9

e ——

Tech. 7

Total Average = 3.53 8
(N=23) ey, 9
Required Don'
_ Show -
Technology Readiness Stopper o
w

[International SEMATECH
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What minimum M1 contacted, half-pitch will you have in volume

production in 20097 (Corporate Surveys - Technology Plans)
16

O Research / Academia / Other (ave = 40.4nm; N=8)

14 | @ Suppliers (ave = 49.3nm; N=29)

H Chip Makers (ave = 56.2nm; N=17)
12 | [Overall average = 50.1nm; N=54]
10
8
6
4
2 I

Survey Results

100nm 90nm 80nm 70nm 65nm 60nm 50nm 45nm 40nm

Technoloay Node (half pitch)

Results from additional survey analysis after 01/29/04 Dinner Session; _
overall results showed little variation from previous results ]L 1t h O
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What Technology will you employ for [eading edge gate manufacturing

in 20097
40
35
30
2 o5 0 Research / Academia / Other
7 B Chip Makers
)
@ Il Suppliers
T 20 pp
@
e
@ 15
10
5
0 /T . - [/
c c —
e E S 2 5 3 g £ g
2 o 2 o & N~ & L Ll = o0 2 E— =
= = 0] Lo ] S o = £ O
£ 0 c 0 e = o 9 o -
c 2 c 2 S £ o =< = Q
I8 & I = o2 © 3
e e
Py o e o
— k| @) @)
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What Technology will you employ for leading edge contacts
manufacturing in 20097

35
30
0 Research / Academia / Other
o5 W Chip Makers
@ Suppliers
i
§ 20
04
>
> 15
>
)
10

5 I
0 [ ] .

e >

(= -]

N~ LU

To)

—

c c
%) %) 1 [ 0
= 20 < a L = =
s £ s £ o o =
c N [}
£ 0 c 0 € £ a9 ]
c 2 c 2 £ = o X s
0 T ™M & - — q_)% —
N < @ c £ £ o <
N = — = c c 82 o
o o 2 > < o

Technology
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2009 Technology Component Readiness (Part A)
193 Immersion 2009 L.E. Gate

Reticle protection (3.14)
Mask resolution - CD / IP (5.20)
Mask defect control (5.20)

Optics lifetime/contam. (3.83)
Source lifetime (3.03)

Survey Reponses
(e}

Source intensity (3.00)
Resist availability (4.06)

Ready Mask availability (5.23)

Material availability (4.16)
Total Average =4.22

(N = 34) Exposure tool availability (4.53)

Required 9

Show - Don't

Stopper Kno
w

Technology Readiness
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2009 Technology Component Readiness (Part B)
193 Immersion 2009 L.E. Gate

Cost of ownership (4.82)
Exposure tool throughput (4.10)
Exposure tool reliability (4.03)
Exposure tool environ. Control (3.50)
Extensibility to another Gen (5.39)

Metrology (CD/Overlay/Insp) (5.10)

Survey Reponses

Overlay capability (4.20)

Y
<
Q
<
o
Alignment capability (3.90) EQ

Resist imaging demonstration (3.93;

Total Average =4.22

(N=34) )
Required 9 .
Show -Don'
Stopper t
Technology Readiness Kno

w
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Mask Magnification Question

« There has been a question on whether the Industry
should consider a change in magnification to 5x, 6x,
or 8X. "

« A larger magnification may provide reduced mask
and exposure tool cost at the expense of
throughput and field utilization.

e Scott Hector, U.S. Litho ITWG Chair provided an
overview of the investigations by the sub-
committee.

o Attendees were asked to indicate their support for a
magnification change. ;




If mask magnification choices were available for the 45nm node
and smaller, "What is the "probability" you would utilize 5X, 6X,
or 8X instead of 4x in volume production ?"

10

9 |
0 8
n 7
c
2 6
O
r
> 4
-
(,:) 3

2 |

1 _|

O [ [ I

1 2 3 4 5 6 7 8 9 10
Very High No Probability

Probability

Probability Scale
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Conclusions

e 2007 Manufacturing

— Overall Response was that 193nm immersion and 193nm (dry) with
enhancements are perceived as the most probable technologies.

— Response of the chip manufacturers only indicated stronger support for
193nm (dry) with enhancements than 193nm immersion.

e 2009 Manufacturing

— 193nm immersion is perceived as the most probable technology for
manufacturing in 2009, with EUVL and 157nm immersion also receiving
support.

e Concerns

— There appear to be relatively few concerns about the readiness of 193nm
iImmersion for 2007. Mask availability at the required CD and defect
specifications are the most significant issues.

« Technologies

— 193nm immersion, 157nm, and EUV are perceived to be on schedulees: .
manufacturing readiness with median dates of 2006, 2008 and 201 BES
respectively - although there are large variances in responses+ j o 1nm

Forum i
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Overall Impressions

e The Forum had a high interest level with over 350 people
registered. This was the first meeting addressing technology
status of the numerous NGL type technologies since August |
2001.

« The Forum was clearly perceived as being of significant
value to the industry.

« The Litho Forum organizers received overwhelmingly
positive feedback from attendees on the organization and
technical content of the meeting.

« The technologists appreciated the opportunity to update the
iIndustry on the status of their efforts.

« Respondents strongly supported holding similar eventw \

most popular.
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