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Berkeley toolset update
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Q2-Q3 2011: 22 resists tested

In-vacuum OOB exposure O(R(@)

Selectable wavelength (193-nm, 248-nm) RAY OPTICS



Q1-Q3 2011: 800 wafers, 460 new

Measure absolute sensitivity
& contrast of EUV materials O(R(@)
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Out-of-band (OOB) contrast curves
Selectable OOB wavelength (193-nm, 248-nm) O(R(@)
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6.x-nm lithography



We have tested three materials:
1. BBR-2008A (organic, CA, 19-nm HP)

2. BBR-2008B (organic, CA, 24-nm HP)
3. Inpria XE15IB (inorganic, 15-nm HP)
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http://henke.lbl.gov/optical_constants/
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BBR-2008B
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BBR-2008A
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Inpria XE15IB
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5-6X loss in sensitivity @
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OOB update



32-nm half pitch

Resist A
PHS Polymer

EUV

A ES|ze 18 8%
A LWR: 40%
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32-nm half pitch

EUV
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Resist A
PHS Polymer

BMET-S4800 2.0kV 4 2mm x200k 12/2/2010 1659

BMET-54800 2 0K\ 4 2mm x200k 12/2010 2254

A LWR: 40%

A Esize: 18. 8%

Resist B
PHS Polymer

BMET-54800 2 0KV 4 2mm x200k 1232010 2349

BMET S‘BOOZOW 2mm 200h ZBIZO 02353

A Esize: 6. 7%
A LWR: 36%

o bor




32-nm half pitch

EUV
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Resist A
PHS Polymer

BMET-S4800 2.0kV 4 2mm x200k 12/2/2010 1659

BMET-54800 2 0K\ 4 2mm x200k 12/2010 2254

A Esize: 18. 8%

A LWR: 40%

Resist B
PHS Polymer

BMET-54800 2 0KV 4 2mm x200k 1232010 2349

BMET- S‘BOOZOW 2mm 200’112&120 02353

A Esize: 6. 7%
A LWR: 36%

o bor

Resist C
PHS Polymer

BMET-54800 2 0KV 4 2mm x200k 123/2010 2139

BMET-54800 2 0kV 4 2Zmm 2000(126120 02208 '

A Esize: 13. 1°/o
A LWR: 0%




32-nm half pitch

EUV
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Resist A
PHS Polymer

BMET-S4800 2.0kV 4 2mm x200k 12/2/2010 1659

BMET-54800 2 0K\ 4 2mm x200k 12/2010 2254

A Esize: 18. 8%

A LWR: 40%

Resist B
PHS Polymer

BMET-54800 2 0KV 4 2mm x200k 1232010 2349

BMET- S‘BNZOW 2mm mnmzo 02353 '

A Esize: 6. 7%
A LWR: 36%

o bor

Resist C
PHS Polymer

BMET-54800 2 0KV 4 2mm x200k 12732010 2139

BMET-54800 2 0kV 4 2Zmm 2000(126120 02208 '

A Esize: 13. 1°/o

A LWR: 0%

Resist D
ArF Polymer

BMET-54800 2.0KV 4 2mm x200k 117242010 1628

No printing

A Esize: N/A




Early accesstoa 12-nm
aerial image



Pseudo phase-shift-mask



Mask Pupil



Mask Pupil



Mask Pupil



Mask Pupil Image
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Pseudo PSM subfield

0, 90, +45, -45 orientations. 30-nm HP to 10-nm HP
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Sept. + Oct. 2011: 19 resists
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Demonstration of aerial
image down to 13-nm HP
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HP: 18-nm

E-size: 80 mJ/cm?
CD: 15.6-nm

LER: 2.1-nm*

FT: 25-nm

*High cutoff frequency == HP (ITRS spec)




HP: 17-nm

E-size: 80 mJ/cm?
CD: 14.9-nm

LER: 2.2-nm*

FT: 25-nm

*High cutoff frequency == HP (ITRS spec)




HP: 16-nm

E-size: 80 mJ/cm?
CD: 14.5-nm

LER: 2.3-nm*

FT: 25-nm

*High cutoff frequency == HP (ITRS spec)




HP: 15-nm

E-size: 80 mJ/cm?
CD: 14.3-nm

LER: 2.3-nm*

FT: 25-nm

*High cutoff frequency == HP (ITRS spec)




HP: 14-nm
E-size: 80 mJ/cm?
CD: 14.6-nm

LER: 4.1-nm*
FT: 25-nm

*High cutoff frequency == HP (ITRS spec)




HP: 13-nm

E-size: 80 mJ/cm?
CD: NA

LER: NA

FT: 25-nm

*High cutoff frequency == HP (ITRS spec)
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Screening previous champions

cnanderson@lbl.gov | The Center for X-ray Optics, LBNL


mailto:cnanderson@berkeley.edu
mailto:cnanderson@berkeley.edu

BBR-2008A JSR EUVJ-684 Resist 2010A Resist 2010B Resist 2010C

16 mJ, 45FT 13 mJ, 40FT 20 mJ, 40FT 13 mJ, 45FT 12 mJ, 45FT

E E F - 5
n E =8 8 s > &
I I I 4 re . b I b - »
2 s Py 3 r 5
& ‘B g = B ' &
= = 8 = i :
PRED 8% ¥
'S { = B B y S - P
: 2 - > B
) % = B ~
& " § 4 ? - % ' ] = i
SESERERETER S
- 2 & FEEEE &8 E B
g'. g & ‘ < ® A ’,"‘ b = 3 !
] § 3 S = . x, » B
- ¢ B E B { 2
’ '* £ bs ¢ T .
R i 2 ¥ ;

BMET-S4800 2.0kV 2.2mm x180k 12/20/2010 13:02 ' 300nm  BMET-S4800 2 0KV 4 2mm x200k 1/20/2011 2 9 DAL T-54800 2 0KV & T x200 002011 2142 BMET-54800 2.0kV 2.2mm x180k 12/21/2010 11:02 300nm  BMET-S4800 2.0KV 2.2mm x180k 12/20/2010 15:55

19 nm

BMET-84800 2.0kV 2.2mm x180k 12/20/2010 13:06 = 300nm DAL T-54800 2 ORV & 2w x200% 1200011 21 BMET-S4800 2.0kV 2.2mm x180k 12/21/2010 11:05 300nm  BMET-S4800 2.0kV 2.2mm x180k 12/20/2010 15:59
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BMET-S4800 2.0kV 2.2mm x180k 12/20/2010 13:10 BMET-54800 2 0KV 4 2mm x200k 1/20/2011 21 BMET-S4800 2.0KV 2.2mm x180k 12/21/2010 11:07 = BMET-54800 2.0kV 2.2mm x180k 12/20/2010 16:02

17 nm

5

BMET-S4800 2.0kV 2.2mm x180Kk 12/20/2010 13:15  300nm  BMET-54800 2.0kV 4 2mm x200k 17202011 21 56 BMET-54800 2. 0KV 4 2mm x200k 1/20/2011 2121 BMET-54800 2.0kV 2.2mm x180k 12/21/2010 11:08

All resists on HMDS-Si. FT = film thickness in nm.



HP: 20-nm
E-size: 31 mJ/cm?
CD: 22-nm
LER: 3.0-nm?*
FT: 30-nm

| *High cutoff frequency == HP (ITRS spec)

BMET-S4800 2.0kV 2.2mm x150k 10/11/2011 17:54 " 300nm
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22-nm
2.9-nm*
1

31 mJ/cm?2
30-nm

19

FT

igh cutoff frequency == HP (ITRS spec)

-size:
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HP: 18-nm
E-size: 31 mJ/cm?
CD:17.8-nm
LER: 2.7-nm*
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)

~300nm

BMET-S4800 2.0kV 2.2mm x150k 10/11/2011 17:55



HP: 17-nm
E-size: 31 mJ/cm?
CD:16.7-nm
LER: 2.8-nm*
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)

~300nm

BMET-S4800 2.0kV 2.2mm x150k 10/11/2011 17:56



HP: 16-nm
E-size: 31 mJ/cm?
CD:16.7-nm
LER: 2.7-nm*
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)

~300nm

BMET-S4800 2.0KV 2.2mm x150k 10/11/2011 17:56



HP: 15-nm
E-size: 31 mJ/cm?
CD: 15.2-nm

LER: 3.2-nm*
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)

BMET-S4800 2.0kV 2.2mm x150k 10/11/2011 17:57 ' 300nm



HP: 14-nm
E-size: 31 mJ/cm?
CD: NA
LER: NA
FT: 30-nm

*High cutoff frequency == HP (ITRS spec)

~300nm

BMET-S4800 2.0kV 2.2mm x150k 10/11/2011 17:58



Naulleau, et. al. SPIE 2010

Progress stalled in CA resist resolution
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Summary

6.x-nm lighography
EUV resists 5X-6X slower @6-nm

O0OB

In-vacuum OOB exposure added to MET Q3 2011
New contrast curve capability Q4 2011

Pseudo PSM technique delivering 12-nm aerial
image now available to all BMET users

cnanderson@lbl.gov | The Center for X-ray Optics, LBNL
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19-nmHP @ 16 mJ



15-nm HP @ 31 mJ
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