? EUV
- k1 0.25 -

WG5: Lithography
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193i ArF (A 193nm)
193i+, 193i++ ITWG

BARC Bottom Anti-Reflection Coating,

DE Double Exposure

DOF  Depth of Focus

DP Double Patterning

EUV  Extreme Ultra Violet,

LUAG Lutetium Aluminum Garnet, LuzAlsO45
ML2  Maskless Lithography

NA Numerical Aperture,

OPC  Optical Proximity Correction,

SE Single Exposure

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 2



2006 WG5S
® JEITA / 10
(NECEL) ( ) / ( )
( ) / ( ) ( )
( ) /() ( )
/ ( )
® 3
(ASET-EUV) / (ASET-D2l)
(Selete)
. ( ) 2
( ) ( )
® (SEA ) 11
(SEAJ: ) (SEAJ: ) (SEAJ.TEL)
(SEAJ: / ( )
(MET) ( ) (TOK)
(TOK) ( )
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1. ITRS 2006 Update
2. ArF

3. EUV

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 4



2006 Update

— ArF

. (ML2)

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 5



2006 ITRS

Year of Production 2006 2007 2010 2013 2016 2019
DRAM ¥ pitch (nm) (contacted) 70 65 45 32 22 16
DRAM ¥ pitch (nm) 70 65

Flash %2 pitch (nm) (un-contacted poly) 64 57

Contact in resist (nm) 79 70

Contact after etch (nm) 72 64

Overlay [A] (3 sigma) (nm) 13 11

CD control (3 sigma) (nm) [B] 7.4 6.6

MPU gate in resist (nm) 48 42

Contact in resist (nm) 97 84

Contact after etch (nm) 88

Gate CD control (3 sigma) (nm) [B] **

2.9

Mask CD uniformity (nm, 3 sigma) isolated lines
(MPU gates), binary or attenuated phase shift
mask [H] *

Mask Image placement (nm, multipoint) [F]

Mask Image placement (nm, multipoint) for
double patterning

Low frequency line width roughness: (nm, 3
sigma) <8% of CD *****

Work in Progress - Do not publish

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known

Manufacturable solutions are NOT known
STRJ WS: March 9, 2007, WG5 Li




2006 Update

2007

2005 2006 | 20

2010
08 2009 |

2011

2013

2012

2016
| 2014 2015 |

2017 2018

2019

| 2020 2021

DRAM 1/2 Pitch 65nm

45nm

65

45

32

22

16

193 nm
193 nm immersion with
water

Narrow
options

EUV

193 nm immersion double patterning
193 nm immersion with other fluids and lens materials

ML2, Imprint

EUV
Innovative 193 nm immersion
ML2, imprint, innovative technology

193 nm immersion double patterning

Innovative technology
Innovative EUV, ML2, imprint

Narrow
options

Narrow
options

32nm 22nm

16nm

Narrow
options

~
N

Work 1n Progress - Do not publis

B Research Required

I DevelopmentUnderway [ | Qualification/Pre-Production

N Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

RJ WS: Marc

W




Optical Mask Requirements 2006 | 2007 | 2010 | 2013
DRAM HP (nm)

Image placement for double
patterning

Difference in CD Mean-to-target
for two masks as a double
patterning set

Resist Requirements 2006 | 2007 | 2010 | 2013
DRAM HP (nm)

Defects in spin-coated resist films EROK00I1SRuEN0 K0[0 LSRN0 Ko [0SR0 K0 015}
for double patterning (#/cm?)

Backside particle density for 0.285 | 0.14 0.14 | 0.14
double patterning (#/cm?)

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 8



Projection
Optics

Fluid

Wafer

Wafer stage

|
Dry i Immersion
|

NA>1 NA<1 ! NA<1 NA>1

-0
Air:n=1.0 \ ) %:1.44: Water
[

Work in Progress - Do not publish

NA =nsin 6
n:

Resolution = k1 A/ NA
=k1A/(n sin0)
=kl anlsin 0

DOF =k2 (A/n)/ 2 (1-cos 0)
~k2 (Mn)/ sinZ 6
= k2 n A/ NA?

STRJ WS: March 9, 2007, WG5 Litho
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193i NA~1.5
(~1.45@ )
2 /BaLiF3
+
( NA~1.7
n~2.0 o LUAG
3 + n~1.8
(+ ) 193i++ n>1.8

high index resist

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 10



NA /a

NA~0.93

/CaF2
NA~1.35

n~1.56 7{
193i

n=1.44 t NATES
/ Watet] (~1.45@ )

5 n~1.64 /BafAF3

(+ ) 193+  n-~1.64 | h
SPIE 2007 .

BaLIF3 n LUAG

etc

* ) LIsT n>1.8

]
high index resist

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 11



S610C NA1.30 Imaging 39nm L/S

NA=1.30 projection optics + POLANO (polarized illumination)
(0=0.98 dipole illumination)

39 nm L/S DOF =900 nm

Focus (nm)

Top Coat A (Developer Soluble) + Resist A (110 nmt) + Dual BARC
Processed by TEL LITHIUS i+

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 12



kl -
kl1=HP NA/A
DRAM Half-Pitch
NA 2007 2010 2013 2016 2019
65nm 45nm 32nm 22nm 16nm
0.21 0.15
193i 0.23 0.17
\ 0.36 0.25 0.18
. 0.28 0.20
0.30 0.22
Ark 0.31 0.22
. 0.34 0.24
193i+ . 0.35 0.25
193i+4\ 1. 0.37
45nm-hp( NA>1.5 32nm-hp( ) NA>1.6

?

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 13



> - k1l -
- -
> X-Y +

. -

- SRAM Poly -

4 N

\_ /

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 14



DE process DE
ﬁ # 0.4
1st Exp.
v v v 93 + —
[ T 1] < i} 1 2
2nd Exp. =
o L A ALANAN
(1 1 1 [ ' -
Develop
0.1
etening HHHH NPA VAV
0.0 - ' -
0.0 0.1 0.2 0.3

Remove GJLLL1I1[L

(

Work in Progress - Do not publish

Position (um)

)

STRJ WS: March 9, 2007, WG5 Litho 15



Basic:
Double Patterning Processes
Conv. Hard Mask DP 1 DP 2
N1 1 1 S I
Hard Mask Iy [ o 0 [
Etching
2ndR i t L_—_A | |
=S [ ] Resist
2nd EXp. . Hard Mask L_A_; ] |_| =] |_|
[ ] Under Layer
Hard Mask Substrat L_J_L_J_
Etching D HDSHEE 1
Etching I|-| |:I u |:I|
Remove I'II'IHH Innnnllnmnml
I_II_II_II_I I_II_II_II_III_II_II_II_IHI_II_II_II_II

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 16



Double Line for Poly XT:1700Fi

ArF immersion
DP k1=0.28 - 1.2NA - LOGIC 1.2NA — Annular
TARGET SPLIT + OPC POLY PATTERNING
Min Pitch 90nm Annular 0.8/0.5

kil =0.28 MASK A X-Y polarized

UL

FLASH

Double Line for Poly EOU |
ArF immersion
DP k1=0.20 - 1.2NA - FLASH 1.2NA — Annular

split rules for
TARGET SPLIT + OPC POLY PATTERNING « sub-resolution pitch
Min Pitch 64nm Annular 0.8/0.5

' - small spaces
K1 = 0.20 X-Y polarized P
193i - 1.2NA

i 7 Hﬂn.ﬂ“ - e

il ~
i mfnnﬂ“ ’ EA—

— .

—_—

STRJ WS: March 9, 2007, WG5 Litho 17



K1<0.2 TRl

Double Line for Poly XT:1700Fi

ArF immersion
1.2NA — Annular

DP resolution at 1.2NA

1.2NA — Annular
2D compliant

pitch 56nm pitch 60nm pitch 64nm
k1=0.174 k1=0.187 k1=0.199

TR T L IR Y R e

light grey dark grey
patterning 1 patterning 2

HM
o IR NE

IMEC
Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 18



STRI

kl1=HP NAJ/A
DRAM Half-Pitch
NA 2007 2010 2013 2016 2019
65nm 45nm |32 /SE|[32/DP|22/SE|22/DP|16/ SE|16/ DP

0.92 0.31 i 0 0.31 JONGRG 0.08 O

193i 1 0.34 0 0 0.33 R 0 0.08 O
1.07 0.36 i 0.18 0 024 0.09 0.18
1.2 0.28 Nl 0.14 | %% 8 10.10 0.20

1.3 030 Mo i 0.30 flo i

ArF 35 031 W ; 031 Qo 0
1.45 0.34 MWL i 0.33 [l 0.24

193i+|[ 15 0.35 [ i 0.34 [0 §
193i+4\ 1.6 0.37 | 0.27 NEL] 0.36 J[0 0.27
\1.7./ 0.28 okl 0.39 JOEYR| 0.28

22nm-hp ArF (
Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 19



B La Lb,Va Vb DP

La SalLb Sb

TP —>

Sa W,
Va
Wsa = Wsa - ACDLa,b - AAEL
Vb DP
(AAE, : La,Lb )

Vb'La WV-M

Va DP

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 20



N :

/’—\
L CHAINLL L] OPC
L L] L L] L \|>__\’ DVD
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EUV

ArF (13.5nm)

A:13.5nm

<

ko

(LPP/DPP)

(6 )

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 22



EUV

.. N gé% >
e Ox-tool ) r mﬁmm );
IMEC, INVENT) — °,.J25 ?’W
) IME i ; “Q7/1H I;JZ.}EEH N

. Selete/MIRAI EUVA %0/ \éfﬁje/s
EUVA : INVENT{

- EUV ‘e ﬁg

Selete SFET

Small Field Exposure Tool)

"
Beam Delivery Wafer Handling

EUVA Selete)
Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 23




HINA @ASET

k1=0.62

New resist
(25X-MBSA-M)

ASET

Resist film thickness: 58 nmt
Exposure Dose : 12.2 mJ/cm?

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 24



NA STRI

4 Projection Optics Preparation A

For Full-Field System, PO has been designed .
2 samples in many candidates are indicated here.

NAO.25 6-mirror system

NA =0.25
Ring field width = 2 [mm]
Etendue (PO) = 10 [mm?sr]

NA= 04
Ring field width = 2 [mm]
Etendue (PO) = 27 [mm?sr]

Etendue (PO) =w x h X = '
\ w= 2mm, h=26mm /

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 25




STRI
EUV

k1=HP NA/A
DRAM Half-Pitch
NA 2007 2010 2013 2016 2019
32/ SE|32 / DP|22 / SE|22 / DP|16 / SE|16 / DP

. : 0.15 0.10 0.21 0.08
193i . : 0.17 JuKkEH 0.11 0.23 0.08
' 0.18 JKEEW 0.12 0.24 0.09
0.20 0.14 ¥4 0.10
0.22 0.15 0.11

0.22 0.15 0.11

: : 0.24 0.17
193i+ : : 0.25 0.17
193i+ : : 0.27 0.18
0.28 0.19

EUV

NA-EUV 16nm-hp

Work in Progress - Do not publish STRJ WS: March 9, 2007, WG5 Litho 26



B
ArF
22nm-hp
NA~1.7
DP ( ! )/ ( )
B EUV
NA 16nm-hp
&LER...
B
* 45nm-hp@2010 (B @2008)
193i+ or DP - ?
e 32nm-hp@2013 (B @2011)
193i++&DP, EUV f ?
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