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ITRS Roadmap® ZF &

Year (nm) 2001|2002 2003200412005 2006]2007]2008 2009|2010]2011 2012|2013
Jfgzr:f;gg{e 130 90 65 45 32
SIA 1994 Generation 180 130 100 70 50

diti MPU Half Pitch | 230 160 115 80 55

Edition Gate Length | 140 100 70 50 30
SIA 1997 DRAM Half Pitch 150 130 100 70 50
diti MPU Half Pitch | 180 160 115 80 55
Edition cateLength | 120 100 70 50 30
|TRS 1999 DRAM Half Pitch 130 100 70 50
diti MPU Half Pitch 160 115 80 55
Edition Gate Length 85-90 65 45 30-32
ITRS 2000 DRAM Half Pitch 1301 115 1001} 90 80 70 65 60 50 45 40 37 33
diti MPU/SoC Half Pitch | 150 ] 130 1151 100 | 90 70 50 35
Edition Gate Length 80| 70 60| 55| 50 40 28 20
praM Half Pitch | 130 | 115 100] 90 | 80 70| 65 1 60 50 | 45 | 40 35 | 32
TRS2001 L rmwte e o 107 o0 | 75 | 65 53 | 42 | 40 35 | 35 | 30 2 | 22
SoC Gate resist
ITRS 2002 socGateLength | 90 | 75 65 | 53 | 45 37| 32130 25| 22| 20 18| 16
Edition MPU Gate resist 900 | 75 65 | 53|45 40| 35132 30|25 22 201 18
MPUGatelength | 65 | 53 45 | 37 | 32 281 25| 22 20| 18| 16 15| 13
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)T 57484 - BEE Near Term

Year of Production 2002 2003 2004 2005 | 2006 | 2007
115nm 100 nm [ 90 nm [80nm | 70nm [65nm

DRAM
Half pitch (nm) 115 100 90 80 70 65
Contacts (nm) 130 115 100 90 80 70
Overlay (nm, mean + 3
sigma) 40 35 31 28 25
CD control for critical
layers (nm, 3 sigma, post-
etch, 15% of CD) litho 11.0 10.0 9.0 8.0 7.0 7.0
contribution, only
MPU/ASIC
Half pitch 130 107 90 80 70 65
Gate length (nm, in resist) 75 65 53 45 40 35
Gate length (nm, post-
etch) (physical length) 53 45 37 32 28 25
Contacts (nm, in resist) 130 115 100 90 80 70
Gate CD control (hm, 3
sigma, post-etch, 10% of 4.3 3.7 3.0

CD, litho only)
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Optical Mask Table D{&1

vear of Production 2002 | 2003 | 2004 | 2005 | 2006 | 2007
115nm [100nm | 90nm | 80nm | 70nm | 65nm
Was |Mask minimum image size (nm) [C] 300 260 212 180 160 140
Is |Mask minimum image size (nm) [C] 300
Was |Mask OPC featur e size (hm) Clear [D] 230 200 180 160 140 130
Is |Mask OPC featur e size (nm) Clear [D] 230
Was |Mask OPC featur e size (hm) Opaque [D] 150 130 106 90 80 70
Is |Mask OPC featur e size (nm) Opaque [D] 150
Was | Image placement (nm, multi-point) [E] 24 21 19 17 15 14
Is [Image placement (nm, multi-point) [E]
CD uniformity (nm, 3 sigma) [F] @
Was| Isoatedlines (MPU gates) Binary 6.1 51
Is Isolated lines (MPU gates) Binary 6.1
Was| Isoatedlines (MPU gates) ALT 8.5 7.2
Is Isolated lines (MPU gates) ALT 8.5
Was| Contact/Mas 6.9 6.1
Is | Contact/vias 6.9
Was |Linearity (nm) [G] 17.5 15.2
Is [Linearity (nm) [G] 17.5

= interim solution
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Was

Is

Was

Is

EUV Mask Table D1

CD Uniformity (hm, 3 sigma) [E]

Dense lines DRAM (half pitch)
Dense lines DRAM (half pitch)

Linearity (nm) [F]

Linearity (nm) [F]

EUVL-specific Mask Requirements

Mean peak reflectivity
Mean peak reflectivity

Reflected centr oid wavel ength
unifor mity (nm 3sigma) [M]
Reflected centr oid wavel ength
unifor mity (nm 3sigma) [M]

65%

0.06

65%

0.05

66%
66%

0.05

67%

0.04

67%

0.03

0.03

« EPL mask tablesT¥LinearityIZBL TRIFRDEIE.,
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=T : Short Term

Five difficult challenges = 65 Summary of issues
nm before 2007.

Optical mask fabrication - Registration, CD control, defectivity, and 157 nm films;
with resolution defect free multi-layer substrates or membranes.
enhancement techniques | . Equipment infrastructure (writers, inspection, repair).
and post-optical mask

fabrication
Cost control and return-on- | - Achieving constant/improved ratio of tool cost to
investment (ROI) throughput over time.

- Cost-effective resolution enhanced optical masks and
post-optical masks.
- Sufficient lifetimes for the technologies,

Process control - Processes to control gate CDs to less than 2 nm (30)
- New and improved alignment and overlay control
methods independent of technology option to < 23

nm overlay.

Resists for ArF and F» - Outgassing, LER, SEM induced CD changes, defects
<32 nm.

CaF; - Yield, cost, quality.
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iR Long Term

Five difficult
challenges < 65 nm
beyond 2007.

Summary of issues

Mask fabrication
and process
control

- Defect-free NGL masks.
- Equipment infrastructure (writers, inspection, repair).
- Mask process control methods.

Metrology and
defect inspection

- Capability for critical dimensions down to 9 nm and
metrology for overlay down to 9 nm, and patterned wafer
defect inspection for defects < 32 nm.

Cost control and
return on
investment (ROI)

- Achieving constant/improved ratio of tool cost to throughput.

- Development of cost-effective post-optical masks.

- Achieving ROI for industry with sufficient lifetimes for the
technologies.

Gate CD control
improvements;
process control;
resist materials

- Development of processes to control gate CDs < 1 nm
(3 sigma) with appropriate line-edge roughness.

- Development of new and improved alignment and overlay
control methods independent of technology option to <9 nm
overlay.

Tools for mass
production

- Post optical exposure tools capable of meeting requirements
of the Roadmap.
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FRIE F{& (CD Uniformity) /2
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ITRS1999 & | TRS2001 /=& 1 B RIS &40 D JnE

Il in Resist : 2 year acceleration but MPU gate CD uniformity “ 5 years acceleration”

Gate CD : Acceleration 1999 -> 2001

CD Control ->
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Gate CD control (nm)

<- Gate CD in Resist

Gate in Resist — 1999 Gate in Resist — 2001
Gate CD control — 1999 Gate CD control — 2001 (litho+etch)
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MPU Gate T® CD uniformity Budget [CDUVT

ITRS 2001-P248

ITRS 2001-P244 Year of Production 2001 2002 2003 2004 2005 2006 2007
DRAM ¥ Pitch (nm) 130 115 100 90 80 70 65
MPU
MPU gatein resist (nm) 90 75 65 53 45 40 35
MPU gate length after etch (nm) 65 53 45 37 32 28 25
Gate CD control (3 sigma) (nm) Lithography 5.3 4.3 3.7 3 2.6 2.4 2

Mask 4x Isolated lines (M PU gates) Binary

MDITRS2001TMYA4YCD ¥—1 (on Wafer) BM-gate on wafer (MEEF 1.4)

ITRS 2001-P246

QITRS2001TOL P AMELE S (on Wafer): EEARBARE ?
Resist meets requirements for resolution and CD Control (hm, 3 sigma) **

QF A REH(RE) Pattern, topography (3sigma) (nm)

@Tool%): Gate CD control3 i@, @, @Z2FMDEZ A TEILE=ES
Lithography tool -1 (Litho - (Mask, Pattern, Topography, Resist))

*LithoDGate CD controld RRI, LYVRAR, TNA R, BREBD2EMET HE RIKOBMIETIX., BRIILALY

GOLTAMAY S (on Wafer) : BEH

®Tool5): Gate CD controlaio®, @, DZE2RMDEZF TV -ES
Lithography tool -2(Litho - (Mask, Pattern, Topography, Resist))

Resist Process (3sigma) (nm) 3.0 2.5 2.0 1.7 1.4 1.1 0.9

AL RAMALE S ZBEEZLTE BAEEADERNMNTEETHY, Budget

[EREIZL TLVZELY,
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CD uniformity Budget FX_EDEEE

B FEHAEICONT
BHAE: LFIIL TINALRUNE—2  bRT574) LORNTOER BAEEBO4EO_FH
A—~yk: LER4BBO2EMOHME (FEFRIX30ER) A Gate after Etch~Fi%10%0M 2/3LLEf 5
b VAT
- ITRSIZEEEHEIN=- LOAMEOD D EENTFTHAENDBKRT, FOFETIILEBHEISERAL THEEICHERE
- ITRSIZEBR S TS FHAIFEE(TEE) MBudget BB ~DBEAAEE ?

Wafer Metrology ITRS 2001-P399

Year of Production

Wafer gate CD control*

Wafer CD metrology tool precision* (P/T=.2 for isolated lines**)
Wafer CD metrology tool precision* ( P/T=.2 for dense lines**)

Mask Metrology  |TRS 2001-P402

Year of Production

Wafer gate CD control*

Mask image placement metrology (precision, P/T=0.1)

Mask CD metrology tool precision* (P/T=0.2 for isolated lines, binary**)
Mask CD metrology tool precision* (P/T=0.2 for isolated lines, alternated**)

B BRHEISONT
BHA%: Gate after Etch HEMSEH
- Litho MIREH L AMELARILTHSZEMD in Resist & after Etch QOHEBEFEHRATLLY
- Litho & etch M2/3LLFEELH T sqrt(2/3) EAMBEEIA ., 2/sqrt(5)(: TS—HETL:2) AEL)H
6.5nm DEE%: sqrt(2/3): Litho 5.31nm Etch 3.75nm 2/sqrt(5) : Litho 5.81nm Etch 2.91nm
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ITRS2001%114 Lithography & FEP(Etching)®

DEES

2= B

Year of Production 2001 2002
DRAM %2 Pitch (nm) 130 115
MPU
MPU gatein resist (nm) 90 75
MPU gate length after etch (nm) 65 53
Gate CD control (3 sigma) (nm) Lithography 5.3 4.3

After etch~t;ZMD10%% —FFLN)L TOE

Lithography (2/3) (3 sigma) (nm)

Etching (1/3) (3 sigma) (nm)

3.75

4.33
3.06

*|Litho:2, Etch: 1 (E{&mIZIE F

3.67
2.60

24

2.29
1.62

% LitholZ
2.04
1.44

ELT1=35 5 DEH
3.02
2.14

2.61

1.85 1.04 0.75 0.52

total (3sigma) (nm)

6.50 | 5.30

4.50

3.70 3.20 2.80 2.50 1.80 1.30 0.90

ITRS2001 P216 [ZFEuk = f=total 3sigma

Total maximum allowable lithography 3o (nm) [D-2]

5.15

4.33

(Lgate3sigma variation) & Lithography #8244 1289 S 528

3.64

2.57 2.29

Total maximum allowable etch 3¢ (nm), including
photoresist trim and gate etch [D-2] 3.64 3.06 2.57 2.17 1.82 1.62 1.44 1.02 0.72 0.51
total 3sigma 6.31 ! 5.30 4.46 3.75 3.15 2.81 2.50 1.77 1.25 0.88

ITRS 2001-P216
EEHIEIC—
D FEP&Eat
ERLGD
@ Litho&gah
EHEE—HLEGL

HEBESHEMNZLAS,
\ZHULVT, 130nm/—

FRECDEERR

KT® Gate CD control (10%EZ)

M ZHLVT, DRAM HP 70nmT® Gate CD controlDH{EA
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Year of Production 2001 2002 2003 2004 2005 2006 2007
MPU gate length after etch (nm) 65 53 45 37 32 28 25
Gate CD control (3 sigma) (nm) Lithography 58 47
Total maximum allowable etch 3s (nm),
including photoresist trim and gate etch [D-2] 2.9 2.4

c JYTZO4ETVFUOTOBRYEWNWEZERLTEIVISTL4D
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EE, %21/ 574 (Immersion)

fRIEE o< 1 /NA, NADESZ = n-sinf (nl EEREITE)
(fRffEc ) /SN0 ETBED. BEDHEIXF 1 — A nlI=kd BEDHE/N )

KA EHR: NA=sinb BENLFER: NA=n"snb
ArF+7K Tld. NADY n=1.45(Z #&X
=50 LOX YA XK !

-0 97K
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HKEVVIS /4 DEM L

NA=nsin®O

w

( Resolution = k1 A/ NA
=k1A/(nsin0)
=kl (A/n)/sin©

DOF =k2 (A/n)/ 2 (1-cos 0)
= k2 (AM/n) / 4 sin? (6/2)
~ k2 (AM/n)/ sinZ 0
=k2n A/ NA?

Exact DOF should be
obtained by ED-tree
simulation.

STRJWS. March 4, 2003, WG5 M.Kameyama



BRDEE

L ocal immersion = local fill

Adv: Minimum change from “dry”

Wafer Iimmersion = moving pool (stage) e = o

. FElement ~ Cove Outlet

Adv: Uniform immersion condition for the whole
wafer surface

Disadvantage: Stage motion affected by liquid.

Pump Thermal  Filter Drain

Re;i;enishing Control (B J. L|n)
Stage Immersion = “swimming stage”
Disadvantage: Too big a change.
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BRICHITEEDNK R (A/n)
(Potential advantage)

medium n Aln ratio

193nm dry Air 1.0 193nm 1.00
248nm immersion H,O 1.36 182nm 0.94
15/nm dry N, 1.0 157nm 0.81
193nm immersion | H,O 1.47 131nm 0.68
157/nm immersion | PFPE | 1.37 115nm 0.60

193nm immersion can be considered as 131nm lithography;
157nm immersion can be considered as 115nm lithography.
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JLDRFENGL

200
N o
2 n=1.47
ArF Immersion n=1.37

Non Optical B F2 Immersion

NGL
EPL, ML2...
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NGL . H#ﬁ'sﬂ&@ﬁ,tu

KrF F2 Immersion
ArF ArF Immersion EUVL
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2 Year & 3 Year Cycle

2 year Cycle
- #ZELEEMEI VIS0 5,
- 45nm/—RER D F=HEUVLE L MEDONGLO INEN K E,
- RDOERHABEATHAD . EEBADEHIEIZDORAERET
IRFES, MEEM LORMITIERHIZEL ICICRODERICHE
LILENHD,
3 Year Cycle
- TNTHLHZEFFESVA., HWEEEH S,
- BFEHYAYINEESTH RRSLEDFERITEH THELY,
e|ssues

- YRV DEIREMN
- & LM
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IV PLe 083

First Year of IC Production 2001 2004 2007 2010 2013 2016

EUV = extreme
ultraviolet

EPL = electron
projection
lithography

ML2 = maskless
lithography

IPL = ion projection
lithography

PXL = proximity x-
ray lithography
PEL = proximity
electron lithography

- 248 nm + PSM
= 130 1 Zo3nm [ |-
T
T
- 193 PSM

_ nm +
> 90 7 peL |
nd
a
é 157 nm
o) | Euv,EPL Narrow
? - IPL, PEL, PXL
— |
g = EUV
EPL Narrow
|EI—3 45 1 MLz Options —
I IPL, PEL, PXL
(%2}
c
o
45- » a O
@) 32 Optio I_
> », D »
(@)
(@]
6 » »,
C
§ arro
- 22 ovativete oloQ Optio I_
I oo ch Required =3 pevelopment Underway 1 Qualification/Pre-Production

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

Technologies
shown in italics
have only single
region support
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S

| TRS Roadmap D £ =
Year (nm) 2001|2002 2003200412005 2006]2007]2008 2009|2010]2011 2012|2013
Jfgzr:f;gg{e 130 90 65 45 32
SIA 1994 Generation 180 130 100 70 50
diti MPU Half Pitch | 230 160 115 80 55
Edition Gate Length | 140 100 70 50 30
SIA 1997 DRAM Half Pitch 150 130 100 70 50
diti MPU Half Pitch | 180 160 115 80 55
Edition cate Length | 120 100 70 50 30
|TRS 1999 DRAM Half Pitch 130 100 70 50
diti MPU Half Pitch 160 115 80 55
Edition Gate Length 85-90 65 45 30-32
ITRS 2000 DRAM Half Pitch 1301 115 1001} 90 80 70 65 60 50 45 40 37 33
diti MPU/SoC Half Pitch | 150 ] 130 1151 100 | 90 70 50 35
Edition Gate Length 80| 70 60| 55| 50 40 28 20
praM Half Pitch | 130 | 115 100] 90 | 80 70| 65 1 60 50 | 45 | 40 35 | 32
TRS2001 rmwte e o 107 o0 | 75 | 65 53 | 22 | 40 35 | 35 | 30 2 | 22
SoC Gate resist
ITRS 2002 socGatelength | 90 | 75 65 | 53 | 45 37 | 32|30 25| 22| 20 18| 16
Edition MPU Gate resist 900 | 75 65 | 53|45 40| 35132 30|25 22 201 18
MPUGatelength | 65 | 53 45 | 37 | 32 281 25| 22 20| 18| 16 15| 13
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