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Goals and Objectives of Resist TWG

®* Remove resist from #1 top critical issue!

* COMPLETED!

— Resist is #2 critical Issue, but very
close to #1 source/collector.
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32.5nm MEDEA results using

PSI Zurich interferometer
SEMATECH
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2006 EUV Symposium Results (preliminary)

Specifications

Resolution 1:1 35nm/45nm (C/S) 32nm 28nm 29nm 30nm 28.8nm
Resolution contacts N/A 40nm NA NA NA NA
Resolution Isolated | 5\ /6nm (crs) 25nm NA NA NA NA

Lines

2 .
Photospeed (mJ/cm’) ZlmJS/gijEi_S'fe @ omuem® 5.3mJ/cm’ 12md/em’ 7.4md/cm’ 27md/em’
- : ~4 nm @ 50-nm 1:1
Sine W'd(tg R;’“gh”ess ~7nm @ 35-nm 11| < 2.5nm NA 6.3nm 4.8nm 4.8nm
(LER values)
QOutgassin
g J 1.60E+13 TBD NA Passed Passed Passed

(molecules/cm’-sec)

Of these, only ASET showed cross-sections
Most used monopole resolution

Resolution and photospeed ~ meet targets
LWR specs are not met

**Measured top down values for Rohm and Haas resist MET-1K.
C/S=cross section SEMATECH;
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TOK State-of-the-art Polymer Resist

Dose : 12mJ/cm?

Focus Latitude @ 28nm LS

centre + 50nm + 100nm + 150nm
CD: 29.0nm CD: 29.7nm CD: 30.7nm CD: 31.6nm
LWR:6.3nm LWR:5.5nm LWR:5.6nm LWR:5.6nm
LER: 6.6nm LER: 9.6nm LER: 9.6nm LER: 4.0nm

Courtesy of collaboration company
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AMD/Rohm and Haas Results
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LBNL: Supplier F results

Coded 32.5-nm:65-nm
Actual 28-nm:70-nm
LER 4.4 nm: L =407 nm
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Coded 30-nm:60-nm Coded 30-nm:60-nm
Actual 24-nm:60-nm Actual 21-nm:60-nm
LER4.0nNm: L=350nm LER4.0nm: L =350 nm

Coded 22.5-nm:75-nm

Actual 22.7-nm:75-nm
LER 4.0 nm: L =512 nm




Resist TWG Activities

* Resist outgassing
— Combined session with optics contamination workshop for
2 hours
— |[EUVI resist round robin results reported in Symposium
poster, “counting molecules”
— SEMATECHY/U. Albany started “ASML” type witness plate
testing

 EUV Resist Funding Gap Analysis

e Calibrate all EUV tools with dose sensors and/or
resist
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EUV Resist Funding Gap Analysis



Survey Date: Q3/06

Resist TWG: Gap Analysis

* 8 responses to Gap Survey for 6 resist metrics

4.0
3.5
(@)
S 30
'
- |
6:5 2.5
5 20"
(@)
@ 1.5 -
g 1.0 -
0.5
0.0 -
c c c o 7)) (@))
S 58 8,8 ¢ = 9 = Survey assumed:
+— c = e +— o = (7))
02 £2 BEE2 5 2£ ¢ Alpha 2006/07
S =
g 608 2% 5 232 £ Beta 2009/10
o o xr £ - O Production 2012/13
. 1.0 Manufacturable solutions exist, and 3.0 Interim solutions known
Rankmg — are being optimized
Criteria 2.0 Manufacturable solutions are known 4.0 Manufacturable solutions are NOT

but needing further development known
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Resist TWG: Recommendation

- Resist vendors need sizeable joint development
projects with end customers

— IC manufacturers need to engage resist suppliers ($)
- Suppliers need more tool access for 32 nm half
pitch resist optimization

- IC manufacturers and consortia are being asked for MET
and Alpha tool exposure time access ($$9%)

- Beyond 22nm HP, non-CAR system Is necessary

— Developing new resist platforms takes a very long time
and EUV photons to support it are needed in 2007/08

— To avoid repeat of EUV photon bottleneck seen for 32
nm hp development resist suppliers must have their own
In-house, standalone, affordable EUV Interferometric
lithography tools. ($%)
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Enabling 32 nm HP Resists

Resist suppliers must be offered more exposure
time or they will not be able to deliver 32 nm hp
resists in time

More exposure time for resist must come from all
available EUV tools including full field alpha tools.

IEUVI must drive this resource coordination
process to make the most efficient use of available
EUV photons

Without more EUV photons for resist suppliers 32
nm hp EUV resist will not be ready



EUV Exposure Tools

6.

SEMATECH MET at Berkeley: operations continue into
2007

Exitech Intel: operational; for Intel development

HINA3 ASET: operational; available, but limited
throughput (2 wafers per day)

PSI Zurich interferometry lithography (IL):
operational; available for others, pay per shift

University of Wisconsin (IL): operational; available for
others, pay per shift

SEMATECH MET at Albany: operational

7-8. ASML alpha tools: scheduled operational late 2006;

tools located at Albany and IMEC

9. Selete: small field exposure tool operation in 1H 2007
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Topics for Next TWG

Outgassing? Yes, combine with optics
contamination. Resolve “counting molecules” with
*ASML witness plate” method

Regional updates? Yes, if shortened.

Exposure tool dose calibrations and comparisons?
Definitely yes.

Share resist screening data? Probably
22 nm resists? Yes

Other suggestions? LER/LWR, flare discussions
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Plans for Next TWG Meetings

SPIE, March 1 (tentative) 2007
San Jose, California

EUVL Symposium, Oct. 29-31, 2007
Sapporo, Japan
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Summary

Significant progress in 2006

Several suppliers reported < 30nm
resolution

Photospeeds 5-27 mJ/cm?
LWR far from target, 5-7nm

Suppliers need significant time on
alphatools
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Backup Slides
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Resist TWG: Technical Gaps

Contact Resolution

— There is very little contact hole data available. Based on acid
diffusion considerations, resolution will be a big problem.

|solated Line Resolution

— Flare will be a major concern for isolated lines - need flare spec.
— Resist is not the critical issue given good substrate adhesion.

— Film thickness may not support "next step"” in processing.

Line Width Roughness (3 )
-~ Fundamental research is required to reduce the LWR.

Photospeed

— Ultimately this is linked to EUV source, resist cannot do it alone.

— Photospeed by itself has been demonstrated and is not an issue.
— But difficult to simultaneously meet photospeed and LWR specs.
Outgassing

— Need clear direction on methodology and specifications.
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Y monopole enables definitive resist-
resolution limit testin
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SEMATECH EUV Resist Goals for 2006

ldentify at least one resist that meets all these
specifications:

35nm dense features, confirmed with cross-sections
15 mJ/cm?2

LER < 3.5nm (3 sigma)

Note, these specs may not be met with IL results
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Slightly Revised Specifications

Reflects 2005 ITRS changes



Specifications

Resolution 1:1

Outgassing

45nm
Resolution contacts 55nm
Resolution Isolated Lines 32nm
Depth of Focus 200nm
Photospeed (mJ/cm?) 10 mJ/cm?
Line Width Rough
ine Wi oughness | _ 4 nm (LER)
@)
Wall Profile Angle >85é
4.7E13

molecules/cm2
sec

Pattern Collapse

>3

Unexposed Film
Thickness Loss

< 10%

PEB Sensitivity

< 2.5nm/deg C

Delay Stability @ < 1ppb

. 30min
amine
. Similar to
Etch Resistance
nowolak

**Measured top down values for Rohm and Haas resist MET-1K.

EUV Resist Specification Roadmap

32nm 32nm
40nm 35nm
25nm 21nm
Dense and isolated; .
’ Den n lated; DOF
225nm | DOF at 10% exposure | 225nm ense and isola ed,. o
. at 10% exposure latitude
latitude
Assuming > 100 wph if 5
10mJ/cm?| Assuming ~30 wph | 10mJ/cm? mJ/cm?, 115W
intermediate focus
LWR < 8% etched gate
< 2.5nm < 1.7 nm | length; gate length = 18
nm
> 85é |Measure cross-sections] > 85& [Measure cross-sections
TBD TBD
>3 Aspect ratio 3:1 for all Aspect ratio 3:1 for all
structures >3 structures
< 5% < 5%
<1.5 <1
nm/deg C nm/deg C
) a) pre-exposure, b) ) a) pre-exposure, b) under
30 min | ynder vacuum, c) post-| 30 min vacuum, c) post-
exposure exposure
Similar to Similar to
nowolak nowolak

C/S=cross section Green = spec is met, Orange = spec is not met
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