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Qutline

ITRS Lithography Roadmap

ArF (193nm), ArF

F, (157nm),EUVL

PEL (Leepl), EPL, ML2
Imprint, Innovation

CD
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Lithography

ITRS Public Conference
Dec. 2, 2003
Hsinchu, Taiwan
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20053 1

. (Lithography requirements)
« MPU
e+ 10%
. + 10%
e 5X
e NGL
 NGL
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20053 2

e EPL
e 22 NM 16 nm
e 65 Nm

°® 2004 (14 73
« MPU

. MEF
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CD

Year of Production 2003 2004 2005 2006 2007 2008 2009
DRAM
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Contact inresist (nm) 130 110 100 90 80 70
Contact after etch (nm) 115 100 90 80 70 65
Overlay 35 32 28 25 23
CD control (3 sigma) (nm) 12.2 11.0 9.8 8.6 8.0 7.0 6.1
MPU
MPU %2 Pitch (nm) (uncontacted gate)] 107 90 80 70 65 57 50
MPU gateinresst (nm) 65 53 45 40 35 32 30
MPU gate length after etch (nm) 45 37 32 28 25 22 20
Contact inresist (nm) 130 122 100 90 80 75 60
Contact after etch (nm) 120 107 95 85 76 67 60
Gate CD control (3 sigma) (nm) 4.0 3.3 2.9 2.5 2.2 2.0 1.8
Chipsize (mmz)
Minimum field area 704 704 704 704 704 704 704
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Technology Options at Technology Nodes

Frst Year of IC Production 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
100nm 90nm 80nm 70nm 65nm 55nm 50nm 45nm 40nm 35nm 32nm 28nm 25nm 22nm 20nm 18nm

90

65
E .
< DRAM Half Pitch
§ (Dense Lines)
=
= 1
£ 45 B
=
<
0 d
8

0 R 0 end desig arro
32)=& P ograp optio
P
22 P ograp arro S
ovative Te olog optio
16 ovative Te olog arro
R optio

ML2 = Maskless Lithography EUV = Extreme Ultra Violet PEL = Proximity Electron Lithography
EPL = Electron Projection Lithography RET = Resolution Enhancement Technology
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2001 - 2003
« X-ray ion projection lithography
. Immersion lithography

. Imprint lithography
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2001 Edition 2003 Edition

——
90 —— 9002004}
80 {
. [65@2007> [PSM
60 4

50 T
45@2010
40
32@2013 »
30 Z

22@2016 )
20

| 4

14l
1Xd

Alpualig oy
uoisuswil j

olyenouu|]
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2009 £ > 50 nm ETD

5 o0 KB L FREE D EEF
2 S1m LoD NERE., BRIEREE. XMEE., 157TnmA XY 70
I TFGT 4~ AT L Z L TE/XRMREUV~ A LEPL <A
YLDV Y F5T 4 Fi~ AT EEOA T TR (HHEEE, REEE., VT —%)

SR A B R LIS
BRIz R BB AIRETHIG v A7 L LUEDYY 75T (<A
T et A BBTAT IA DG T 57 4 Bl
' SOV 757 AR AR CE B IRE )
TR, T2V DEUVEIR

= HERIIS D&% 1.8 nm (30 ) LA T IZHIE I 57 vt 2 E
<19 NM BB ERBELZZRTDHOOHEHOINITHEINT

o I VA ~ R
7R A 754 A N L R A DB
-OPC (Optical Pattern Correction) ¥5E
ArF., #&iz. F2HL T AR «TUMH A, LER, SEMBHIZLATIERL., KKEHYAX =30 nm.
W A (CaF,) SREEFEY IS, mE

STRJ WS March 5, 2004, WG5S Lithography 11



2010 4E <45 nm LIED

5 SO RBDLH
AR ANGL A~ A2
~ A7 BUEL T R X HH{H HEEOAL T TN (WELEE, REEE, VT %)
< R RE|EH I E
L& R R s INMDFRIE~DREE . 7.2nmETDA — U A& FHHI T B HA:,

BXORZY—U BB ENTZT 2 ETO <30nmD R a2

HEE RS E AR BRI LRIZE L EICHERF TS
fli#&HERF £ RO HRBENCEINLEDY I T 5T s~ A
IR TGATEA LT DL E SR OROIEE BT AT T7 1 8T

-LER%E EICRFFL T/ — MRIBIXHDE <1 nm (3 sigma)z

7 —bHiEfHIEOm e ER XA RADOBR
Fav REEHEL AT <T72NMDOBEENREDLERBELZZNZNORMERY Y T 7 1 8iiF

TER T DT DT A A ML E DOV EAT DB

BEMKE ‘0 =Ry 7 DERTHEHICE TR AL E DBRFE
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/.

/1.

111. Immersion Lithography

IV. Next Generation Lithography

. F2

. EUVL

il. EPL

Iv. Leepl

v. ML2: Maskless Lithography
vi. Imprint

vil. Innovative Technology
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_ A
[ K.=0.40 =K '%\IA

£2// n=1.44
ArFTmmersionpn=1 37

Non Optical 3

NGL
EPL,

EUVL
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ArF

ArF

OPC
Mask Error Factor
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NA =nsin 0

Projection

optics = k1A /NA

=k1A/(nsinB)
=kl (A/n)/sin 6
9

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

(index =n) Wafer N = k2 n A/ NA?
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A sin@ A 5 A
NA = sinf Y4 NA = sinf N
ArF + NA =1.4
~0 ;]
VAN J
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NA

eI

>
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(A /n)

NA = n sin 0
Resolution

k, A / NA

k, A/ (n sin 0)
k, (A/n) / sin 6

A /n
ArF Alr 1.0 193nm 1.00
KrF H,0 1.36 182nm 0.94
F2 N, 1.0 157nm 0.81
ArfF H,O 1.44 134nm 0.69
F2 PFPE 1.37 115nm 0.60
ArF 134nm
F, 115nm
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ArF

193nm

= 193nm ! 193nm

\<_\ (O 3mm) I 7 | /
X ; - |
| \ wajer Wafer
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ArF 1

: A=193nm

r {1
o —
pe—

i 1EA: 130
|
(R
i [
j

I§) Az '.__ |%

20.0kV x80.1k

65nm L/S 65nm L/S
= 140nm
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ArF 2

- A=193nm

50nm L/S 45nm L/S
=110nm
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n=1.50

Contrast

1
*%\
0.8 \\\\
0.6 <P \ ™.
— S-Polar.
0.4 ~ P-Polar. \\ \\
0.2 — non-Polar. \
0 AN
0.2 | \
-0.4 H————r———— —t—

0O 0.2 04 0.6 08 1 1.2 1.4
NA
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p-polarization
contrast

0.47

0.35

0.20
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ArF

ArF NA=1.05 <> FR2 NA=0.85
ArF NA=1.23 <> F2 NA=0.93

Alt-PSM

Mask Binary Alt-PSM +
Optics

ArF NA=1.0 65nm L/S 55nm L/S 50nm L/S

ArF NA=1.2 60nm L/S 50nm L/S 45nm L/S
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NA

(Local fill)
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1997 - 2003
ArF

or

) - ?//

— CoO
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The Advantages of EUVL

- EUVA, ASET, EUV LLC,
International SEMATECH,
MEDEA+.

O Extendibility

- High k; Lithography
45nm k;=0.85 (NA=0.25)
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EUVL

® EUVL 45nm @2010 (ITRS)
25nm
® 5mJ/cm? 60-80wph
120wph(
100wph) $20M
® 0.1-0.15nm
® ASET
o
® EUVA MIRAI
2005 EUVL
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EUVL

® EUVL
o

® EUV EUV
(100W 10-20W)

® Chemical Contamination EUV

® EUV EUV
60-70% 1/3 EUV
6 90% EUV
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EPL System Concept (4X Binary Mask)

Beam step/ Stage scan

[
Retide ' Sub-field 1x1m
Transmitted :cattered BT
Beam eam ~300
Projection mm ¥
Lens1 Chip lTl Stage
Aperture Scan
o ~25 ===
Efeﬁlseczztlon ProjectionLens Va T;ﬁ
. x1/4 Mag. ran o
. Sub-fields H Field —— Beam
1 <ﬁ>
Deflector h smm TR Steppin
Beam Deflectio Wafer Stage Sub- |‘ |‘

:i Waf%
Stencil Reticle .
Sub-field 0.25x0.25mm Stage Scan

»Field sizefrom
one 200mm reticle
: B 10mm x 25mm
.. TR
(Complementary)
B 20mm x 25mm
(Non-complementary)
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The Advantages of EPL

O 200mm EPL Reticle

- 100  DOF)

5.
kr

[

7
w

I
AN
T
®

ﬂ
w

O
!

- r!'-:!. iEE R T EE SwEn
i | DOF>+ 4um
SELETE == @ @70nm 1:1CH
— i verified!

EE

T
o

T
"

Q EPrL
- SELETE

!

£

i
-
®
L5
- 1 -

&
<
jab)
=
Q
=
192
N
S
B
o1
C.
—
-y
o
«Q
o
=)
=
<
LN
o



® SELETE

® EPL

Reticle Stage
V acuum Chamber

Wafer Stage
V acuum Chamber

EPL

6 SELETE

Stitching

|1-SEMATECH

EO Column

Wafer Vacuum
Loader




EPL60nm
Focus g 25 0 +2.5 +5

(um)
Dose
(uC/cm?)
8.5

...........

7.5



— 7
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The Aadvantages of PEL

o 2kV
®
®
®
Concept Advantages
I High Resolution
Low Energy E-beam |:> No Proximity Effect Wi%e Pr ocess Window
LQW quer Proces§ Easy for Accurate M & M
Distortion Correction L ow Mask Cost

(Mask Error,Chip Error)

High Sensitivity of Resist |:> High Throughput

Parallel E-beam and |:> Simple Optics |:>Low Unit Cost
simple scan

Pr oximity Pr ojection |:> No Space Char ge Effect |:> High Throughput
High Resolution
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PEL

® 65nm

o Si
FIB/FEB

o

Gun

Lens

Aperture

E-beam
M ain Deflector

Distortion
Correction
Deflector

*
*
D EEN = I:ﬂ Stencil Mask

26mm X 33mm

50y m

| Wafer

CH size:65nm/Pitch:130nm
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PEL

HC
In-situ
In-situ
CD IP
CcY 2001 2002 | 2003 | 2004 | 2005 2006 | 2007 | 2008 | 2009

ITRS Design Node 130 115 100 90 80 70 65 60 55

65nm | P tool Production Tool

PEL A5nm | P tool Production Tool

STRJWS. March 5, 2004, WG5S Lithography 46



/ Mmq hy

DA
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Cell Projection
Character Projection
BLOCK

LEEBDW

Mapper
FE
BAA
CLA
MCA

ETEC/ EB

DMD
DUV EUV

DIVA

MCC-VS

MCC-BLOCK
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ML

S5wph or 10wph ?
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Imprint

1 — 5uk-100 rm guanz imprinker

L1
— silicon subsralke
LT : Apply mold release
“\H COmpeund and
adhesion promobsr
T Apply pokmer resin
+ J’ ‘L J', Heab above Ty -
— Impint mask — ool
:

Release mold and plsma

clean renches
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i

Innovative [ecnnoloqy
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Innovative Technology for <22nm
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2001 Edition 2003 Edition

Ar
F
90 -  90@2004)-
PSM
o 157 \Jpe2004

. [65@2007> [PSM
60

Vv

50 T
45@2010
40
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30
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Qutline

ITRS Lithography Roadmap

(Potential Solution)
ArkF (193nm), ArF
F, (157nm),EUVL
PEL (Leepl), EPL, ML2
Imprint, Innovation

CD
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Importance of Mask CD Tables

CD Control Starts at the Mask
Overlay and CD Control after Exposure

Orive lasar

Spaciral purity Tister

CD Control after Etch

Wi
R
AT

W

I

W
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SEM — Scatterometry — CD-AFM

Commercially available R&D

Software comparison of top = EFEEFRE
down line scan of edge to N

golden image
Software to convert

Tilt Beam SEM top down image to
3D image

Scatterometry

All suppliers appear to

offer tilt beam now

CD-AFM

Dual Beam FIB
(destructive)
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Total CD variation (linear

sum in nm)

90 nm 65 Nnm

Binary Mask _ Alt. Phase Shift Mask
30 1 ITRS 2003: &
25 7 4.0nm 3o % s X
20 E ST 15 ITRS 2003:
ig i = X 4§ ; 10 4% 4.0nm 3o e
: e, ==
: 57 I/ — =
240 360 iSO E 240 360 o
Piteh (nm) Pitch (nm)

c, = mask CD variatior!

R, = Mask Error factor

R, = Lens Error

R, = Bake Temp ACD/AT x AT
R, = Focus and Dose Variation

Sergei Postnikov and Scott Hector: Motorola for Litho TWG
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36 Litho/Etch

10% Litho 4/5 Etch 1/5

15% Litho 2/3 Etch 1/3

10% Litho 2/3 Etch 1/3
(
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LER/LWR

e LER=+/2LWR
e LER
e LER
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Proposal (2): Re-definition of CD variation and

CD measurement (supplement)

Device variation ' Device

. degradation
Total CD _ \/ 2 2 !
variation Gtotal _ Glitho + Getch e +- !
A :
e :

Accurate CD measurement Accurate LER measurement

CD variation CD variation CD variation ' LWR in Gate
(across wafer) (across chip) (due to LER) ||

ollERonCh

must remove influence _
A period period LER

Long- 1 must indlude long TShort-

period

Measurements: 2 um, 200 points

e
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DRAM
IDM Integrated Device Manufacturer
Fabless Foundry

Logic
- Manufacturing friendly design
e Lithography friendly design
— Mask friendly design

- RET/OPC friendly design
— Process/aberration friendly design
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RET

RET
RET / RET

Sliming _
Process Alternating PSM |
Attenuating PSM

RET (off-axis, large sigma) (small sigma)
Off-axisillumination Narrowing process
resist for gate/semi dense for dense/trench for cont/via
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(One pitch, one direction)

RET
NA
Robust

N
[ ]

(X architecture

on-grid wire
>M2 allwire (poly ) | RET
>V1 all via (cont )

ate pitch= ) Robust
Jate preh= *OPC
(or n X )
Forbidden pitch ‘RET
‘RET
- NN 00 . RET
« >
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OPC

Original

T

L}

Rule Base OPC

Rule

- Output
7 ﬂ |

==

Model Base OPC

Dissect

Sim & Correct Output

ol -

it

|
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OFPC

MEBES Format Data [GB]

35.0
With Aggressive OPC
300 ¢ Average
[ |

25.0 ng

Min
20.0
15.0 With Nominal OPC

“ Average
10.0 X Max

® Min

5.0 T o 1

30 40 1Q 2Q 30 4Q 1Q 20
2000 2001 2002
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CIWriting 3 Process

I nspection EPellicle OCost
—%through put (pcs/month)

5 600 3

0.5um DR/ Mask cost = 1

1500 2%

— 1400 20

1300 15

\'\ 1200 10
\‘\\ 1100 5

X

| | | o O ,—l | | |
0.5umDR 0.25umDR 0.18umDR 0.13umDR 0.5umDR 0.25umDR 0.18umDR 0.13umDR
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33%

14%

2001(Foundry

11%

42%

5%

2003 (SPIE

15% 10%

35%
40%
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Table 79a Qptical Mask Requirements

Table5%a  Optical Mask Requirements

2004

® CD uniformity (nm, 3 sigma) isolated

odudion 208
yNode

Pitth(m) 100
C¥:Ritch (m) 107
el GateLegh (1) &
cal GateLengh () 5
imumhelfpich (m) 100

lines (MPU gates), binary mask [H]

inmumlire(hminresd) [A

imumline(nm poetetdh)

® CD uniformity (nm, 3 sigma) isolated

inmumaoniact hole(nm poeteich)

tion[B)

~ |18 (RB|B(8|3|B|& |3 |

lines (MPU gates), alternating phase

‘nelimegesze () [

immprimeryfesturesz[D]

shift mask [1]

Cletures(m)dear

resluionfetresze(n) qecpel]

® CD uniformity (nm, 3 sigma),

et mmipoin) [F]

mityallocation o mesk (ass.nption)

contact/vias [K]

sedlinesbirery[G]

ity (m 3sige) iscatedlines
&), bireryrmesk[H|

satllines atareirg presedit (G

oty (nm 3sige) islatellines
9, diematingphesedhiftrek(1]

2005

2lines[G]

oty (M 3sigre) dereslines (DRAM el pich), birery or aterLeter!
meek(J

® Mask minimum primary feature size [D]

eas(G|

® Defect size (nm) [N] *

amity(m 3sge), contachies{K]

m[y

otarg(m[M

mN*

‘ormfactor

es(mpekale) [0

ionuniforritytormask
ldeer feetLre) (963sgmE)
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1. LER/LWR
2.

50nm
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STRJ WG5S

“Lithography Requirements” Update.

-

- “CD Uniformity”
- LER/LWR SEMI1 Standard
- Update.

“Potential Solution” Update.

“Difficult Challenges” Update.
— Litho Friendly Design APC

Update.
Update.
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® ArF

65nm 45nm
® NGL
® CD Uniformity
®
® APC
®
o
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