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PR O (193 nm—157 nm) EEE N EEF L XD R AR DENL, 100 nm FTOILR
EHFICEVBRTWEORER OB THY, 10 R—t (3 7<) DFEAR- Ty F CD I #IZ
Rt hoFE M RT ot LUV (B RRE/BICE) i TN EERRE LD,

EUV (extreme ultraviolet lithography, ZZ AR — A )LET XA F LUV T F7 ¢)  XRL(X-
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lithography., X-ray Y27 77 ¢]. EUV[extreme ultraviolet lithography, =27 AR —LA 7L T34
AL kU757 ¢]. EPL[electron projection lithography. 5 + B & VY 7<=~ ¢], IPL[ion
projection lithography, A4 BE VY 7 Z74]) \WIF DO~ A7 - 7w A1, UL LB FE 7RS4
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AL, 100 nm K DT TR —VIZIE A+ ThHDH, 100 nm KRl VY 7T 74 Tlx, RER”
A=A AZXDF ==L ABLY CD ORIH NG EFEERERBFEICRLIbOEE DD, 4 —
N=LADEMEEIVTTHIET VT TT74CBITFDIDRT YL P THD, 65 nm Kl DA ——L
ATIE AT —VHEMN RBEEHR, THH LVXOER TIA AV VAT LAOBREN LT LR
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130 nm LA F O/ =Rk 355 —b CD i O&MEE27VT T 520, RERBED 1 > Th,
10 nm(3 7' =) RiW® CD #l#l T, 7uvRf# ., L ANdFEH . LER(line edge roughness.,
TAL Ty U5 MEIEDOH ENLE LD,

FIVE DIFFICLL T CHALLENGES

= 17 e BEFCHLE 20005 SLUAMARY OF fSSUES
=2 i R ¥

Optical mask Fabrication with resolution Develapiment of commercial mask manufacturing processes to meet requirements
enhancement technigues for < 130 nim and of Roadmap options (such as 157 nm substrates and films; defect free multi
past-aptical mask fabrication layer substrate or membranas)

Development of equipment infrastructure (writers, inspection, repaic) for
relatively amall market

Lithagraphy technology consensus Marrowing of Roadmap options for 100-50 nm nodes.
(193 nm + RET, 157 mm, NGL) Achieving global comsensus amang technology developers and chip manufacturers
Cost control and return on investment (RO Achieving constantfimproved throughput with larger walers

Development of cost-effective resolution enhanced optical masks and post-optical
masks including an affordable ASIC salution. such as low costs masks.

Achieving ROI for industry (chipmakers, equipment and material suppliers, and
infrastructure) on large investments necessary for Roadmap acceleration,
especially single node solutions at 100 nim and below.

Gate CD control improvements Development of processes to control minimum feature size to less than 7 nm,
3 sigma
Overlay improvements Develapment of new and improved alignment and overlay contral methads

independent of technology option

FIVE DNFFWCLE T OHALLENGES
= MY ey BEVOND 2005

Mask fabrication and process contral Development of commercial mask manufacturing processes o meet requirements
of Hl.'l:-'||!||'|'|r'|p ojiniE [such as 15T nm substrates and filims; defece free multi
layer substrate or membranes)

Develapment of equipment infrastructure (writers, inspection, repair] fo
relatively small market

Development of mask process contrel methods to achieve eritical dimension, image
placement. and defect density contral below 100 nm nodes

Metralogy and defect inspection R&D for critical dimension and averlay metrology, and patterned wafer defect
inapaction for defects = 40 nm

Cost cantrol and return on investment (RO Development of innovative technologles, toals, and materials to maintain historic
productivity improvements

Achieving constantfimproved throughput with post-sptical technologies

Achieving ROI for industry (chipmakers, equipment and material suppliers, and

infrastructure) on large investments necessary for Roadmap acceleration,
eapecially single node solutions at 100 nim and below.

Gate CD control improvements Develapiment of processes to contral minimum feature size to less than 5 nm,
3 sigma, and reducing line edge roughness

Overlay improvements and measurements Bevelopment of new and improved alignment and overlay contral methods
independent of technology option
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V7 I740u =Ry 7 PNEDLLEBEHREREIT, TORIRLIZBYVTHD,
o« UVITT 4D E R (£39)

o LUAMIBH T D51 (40)

o VAT DS (F41)

UV T IT7 4005 MF 1T, @i 2P59EL T DRAM(dynamic random access memory), MPU(micro—
processor unit), 3831 ASIC(application specific integrated circuit:%F & & [\ 1 1C)HL 5 12 %t
THEM ’%%1‘5%’:% C7-, RCG(roadmap coordinating group) DE{EZ 5 F7-HF 2327 L — 71,
bOYLIAT DRGNS L TH e F o7 Y AX 2B E L T8, ZTRIEMN 2Ty 7 Ok K
A R % K _ff«“éd\wc%wf;oﬂ\éo IRLDOH LT T AXIZEY IV T TT DY — LR~

IERERRBREDEZOND, Ty 7 A BBRRO/NSR A XTHER: T HZ LTI B R AT
— o TITRERRFOBEE LS, Z0&F BHIFE#H 7= ITRS (International Technology
Roadmap for Semiconductors) D¥fZE L CF v 7 A X% — IR ODIENE FLV, [R5
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PRR 1T 4 £ T 20%, T7RDLERM 59 THLHILERLTND, HROR—F~y 7R FHEL T
TR R FIE, 3 M T 40%, F MK 12% ThoTe, /NI o7 T LWL R I, R3IT/RLIZEDY
Thd,

F o T AXDIERIE, T VI T TT 4= o TIFFICEE R B W E2R 2, INKE &L
TWAHAED 5x AT w/8—D 74— /LR P A% 22 mm x 22 mm, [FU<JELSE K LTWD 4x A% ¥
FTDOT 4= VR P AX(X 25 mm x 32 mm THDH, M LFIEOFMHFIT NIV T T7 4 DIBLEE T OF
PHASDIZHLIRT 22812725720 EHRBE Y — N0~ A7 &2 8IE 3 5720 121300 5 LB
DT 4= NVR P ARG TELLET /NS THIENREELRD, A0 E ICH T EZEMN T 5
TEEHMELEB N VAT LAOEPEEO EFAICHONTIE, 2 FIZEFINLREIZRHLAE T
5o

Fo T HAXOFH LMERET VER ALY A BAEDAX YT 74— LR A XBIOELLE
® 152 mm x 152 mm D~RAY T x—~yhZDaltt 10 FEMMEFRF CELEWVOATREEDRAELD, —
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EBEZONDN, ZOJED 2002 4FE LU O BEZ MR T 200 FERICRL8 T bnin,

248 nm D& FE 72 DUV (deep ultraviolet, 4 FR) L ARME . 150 nm ETOME B GE /1 TGS
TS, HF D 193 nm L ARE, 130 nm~100 nm DB FIZRE £ W ICME H "I HE TH D, SHIT
VAR ARG RE N1 2l b 35720 EDL X)L DIZd DL ARNDOB I N ITHITW\W5,
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)G E R T TeOICRR LT, 72, D IE N E T I2LSD NGL (next generation lithography,
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R TR =T 270IT, WIC~v A7 H-IEHEAN (A7 E | AL E  EHEE, BX
OY T AP =P DB FICHEODIENR AR ERD, VYT T7 4 TG EER (k) MET T H
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YEAR 1500 ZNNRY 200 P NN SO SIS DRTVER
TECHNOLOGY N 180 rirm 130 i 12 s

DRAM

180 165 150 130 120 110 100

200 185 170 150 145 140 130

Lontacts {n

Cverlay (nm, mean + 3 sigma) 65 58 52 45 42 e s

ma, post-erch) 18 17 15 13 12 11 10

CD comtrol {nm, :

230 210 180 160 145 130 115

in resist) 140 120 100 80 a0 T0 65

Cate length (nim, post-etch) 140 120 100 90 a0 T 65

resist) 230 210 180 180 145 130 115

Lontacts {n

falf piteh 230 210 180 160 145 130 115

Gate length (nm, in resist) 180 165 150 130 120 110 100

Gate length (nim, post-etch) 180 165 150 130 120 110 100

Contacts {n 1 resist) 230 210 180 160 145 130 115

Gate CD contral (nm, 3 algima, post-etch) 23 21 19 16 15 13 12

i Siae

DRAM

Imeroduction 400 — 418 — 480 — 526

Sample [+2 years) 230 — 252 — IT6 — 302
Production {+4 years) 132 — 145 —_ 154 — 174

|\!.|::.|:l_-|i-.|..|-_| 74 — a3 — 91 — 100

WPL Case Parformance

Imtroduction 0 — 0 —_ irz — 408

|l:.l::.|il_'2'.l..l"_l 170 — 170 — 214 — 235

WPLT High Performance

Ramp [+2 years) | 450 — | aso — | ser — | sz |

ASTE S Sl

pEndent an __|-l-.i:_l\_:| up o the BOO 800 BOO 800 BOO 800 800

lield size al ramp

velspment {nm} a0 B0 70 65 55 50 45

400 — 438 — 4B0 — 526 1 chip

264 — 40 — e — 148 2 chips

Pl 450 — 450 — 56T — 622 1 chip

0T 0.7 0T 0.6 0.6 0.6 0.5

apticalidiameter 152 152 152 152 152 152 1521200

m, diameter) 200 200 300 300 300 300 300

Mo, ' (dqres §0 s Are e pvear of fir J;_"r iy |'r.'J;_'.'..'|'|'-'.l': JFoiT A FranufRcrur ing eite With v o eI Iy
NN unirs. Expesiore s, reslsrs and masks for n miet he availah 1e Y Developermant capal sl b

avallable 2-3 years earlier

Solurions Exisr :I Sl iiriorns .nr';'r'.'.'.'_:_' Prirsiioed :I No Known Salirions -
= 39a VYT T7 0\ZB T D i B Bk —E
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YEaR AN 2081 2004 LAeivER
TECHNOLOC Y NODE 7l im S 5 nm

THRAM

Half pitel (nim) T0 50 35

Contacts (nm) 100 T0 50

Owerlay {nm, mean + 3 sigma)

CL control (rim, 3 sigma, post-etch) m
MEPL

Half piteky B0 55 40

Gate length {nm, in resise) 45 30 20

Gate length {nm, post-erch) 45 1 20

Contacts (nm, in resist) 80 55 .!.

Gate CD conerol {nim, 3 sigmia, past-etch)
ASIC (Sal)

Half pivch B0 55 40

Gate length {nm, in resisg) T 50 a5

Gate lengeh {nm, post-ecch) T 50 15

Caontacts {nm, in resist) 80 55
Gate CD conerol {nim, 3 sigmia, past-etch) 7

Chip Size fmnd)

DRAM
Introduction — &8 —
Sample (+2 years) — 108 —
Production {+4 years) _ 229 —_
H..l.||||| I: +6 YEar ) -_ 13 -_
MPL Cost Performance
Introduction — 536 —
Ramp — 108 —
MPL High Performance
H..l.||||| I: p2 YEar ) I —_ I 817 I —_— I
ASIC Sal
Dependent on design up to the maximam field size at ramp B0 800 800

Addirianal Reguiremenss

Mindimum Feature size for development {nm) 33 23 “:

Minimum feld area (i’ DEARM introduction — 691 — 1 chip
Windmuwm feld area (mm’) DEAM production (vear 4) — 458 — 2 chips
Minimum field area (mm® MPL — 817 — 1 chip
Depth af focws () 0.5 0.5 0.5

Mask size (mm, square optical/diameter non-opical) 1521200 1521200 1521200

Wafor size {mm, diameter) J00 450 450

More: The dates [ this table are the year of fest produer shipment of integrated circults from a mtanufacturing gire with velumme exceading
1T wndes. Exposure tools, resists and masks for manufacturing must be available ore year sarfier. Development capability must he
avalilable 2-3 vears earfier.

Sedirrions Exisr I:I Salutiaons Sr'.’r.lh: Frrsued I:I No Kmawrr Sodurions _

& 39b VYT I T AN E R —K
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YR faeg e 2 A2 e 2N o 1

TECHNOLOCY NODE 18 farre 130 HiXT
Resist meets lithography requirements for 13 1 L L
reselution and CO contral {nm, 3 sigima)
Resist thickness (pm, imaging layer]* 0.54-0.72 | 0.50-0.566 | 0.45-0.60 | 0.39-0.52 | 0.36-0.48 | 0.33-0.44] 0.3-04
Ulera thin resist thickness ':prrl:l" — _— —_— — 0.A5040 | 0A5-010) 015010
Past-exposure bake sensitivity {nm™C) 5 4 4 3 3 2 2
Backside particles (particlesim’ @ erivical 3000 3000 2500 2000 2000 2000
size, mind i@ 200 @ 200 @ 200 (@ 200 @ 200 (@ 200
Other requirements - Heed for positive or negative resist will depend on the critical

feature density
- Slope should be 90 +0-2 degrees
- Thermal stability should be in the range of 130-150°C
- Etch selectivity should be comparable to or exceed
polyhydroxystyrene (PHOST)
- Strip pakility with no detectable residues
- Airborne amine contamination < 1000 ppté

- lonicimetal contaminants £ 5 ppb

7 40a LUANMIBE AL —EH

YEAR i 2011 2004
TECHNVOLGCY Nope 70 nm 5iF pma 35 nm

Resist meets lithography requirements for resolution and CD control
[nm, 3 sigma)

Resist thickness (pm, imeging laver)® 0.21-0.28 | 0.15-0.20 | 0.11-0.14
Ultra thin resist thickness {pm)** 0.15-0.10 | 0.15-0.10 | 0.15-0.10
Past EXPOELCE hake semsitivity [nim™C) 2 1 1
Backside particles (particlesfim' ® eritical size, nm) 2000 2000 2000
@ 100 @ 100 @ 100
Other Reguirements - Need for positive or negative resist will depend on the critical feature
density

Slope should be 80 +0-2 degrees

Thermal stability should be in the range of 130-150°C

Etch salectivity should be comparable to or exceed polyhydroxystyrene
(PHOST)

Strippability with no detectable residues

Airborne amine contamination £ 1000 pptM

lonic/metal centaminants =5 ppb

7 40b LUANMIETASRMH—E M

Expasure fechnology Sensitivity
248 nimy 20-50 mJiem”
193 nmn 10-20 mJicm”
15T nm
Extreme ultraviole 510 mJlem’
E-bseam projection |5—10 pCicm’ @ 100 k-
E-beam direct write 1-5 uClem' i@ 50 kv
lon-beam prajection 0.2—2.0 pClcm”
" Rosier thickmess determmined by aspect rathe ramge of 301 fo 4:1.
Lower [t for ultra dhin resisr ."E'TR_.I derermiimed by OGO SXDOSLUNT SOLroe.
** Linked with resofotion.
Sofurions Exise [ Sofutions Beirg Pursued [ N Kmowrr Sodudions s

F BHICE-oTRIESNDSM
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YEaR 1999 AN 204 L 203 2 e
TECHNOLOGY NODE 180 nm 130 nm 1680 rum

Wafer |'|'|i||i|||l.|||||I:||.|'||il:|:|"| [rem) [A] 180 165 150 130 120 110 100
Waler minimum isolated ling {(nmim, in resist) 140 120 100 90 80 T0 65
(A}
Waler minimum contact hole (nm, in resisn) 200 188 170 150 145 130 115
Lithagraphy techrology Optical | Optical | Optical | Optical | Optical | Optical | Optical | NGL
Magnification [B] 4 4 4 4 4 4 =4 24
Mask minimam image size (nm) [C] 560 480 400 Ja0 J20 280 260 260
M ask OPC feature size {nm} [0] 280 240 200 180 160 140 130 _
Image placement {nm, multi-point) [E] g 35 Ky w 25 23 21 21
CO unifarmity (i, 3 .‘ri;J'IIIiI:l |||

Isolaved lines (MPLI pates) 16 14 12 aMe* BMB* Ti4*

Dense lines (DRAM half jpitchy 24 21 17 1122 m

Contactivias 24 21 17 12 14
l.ir'lls:ll:il'&. ] |f;| 28 26 23
CO mean to target (mm) [H] 14 13 12 10 a a 8
Defect size (mim) 1] 144 132 120 104 96 a8 80
Data volume (GE) L] 16 24 40 (0] 100 160 258
Mlask design grid [nm) [K] 10 10 10 ] 8 8 4
Artenuated PEM transmission mean ] -] 5 5 5 5 5 —
Deviation frem target (+/_ % of target) [L]
Attenuated PEM transmission uniformity 4 4 4 4 4 4 4 —_
{+/_ % of target) [M]
Attenuated PEM phase mean deviation from 5 5 5 5 4 4 3 —
LE0® (+/_ degree]
Artenuated PSM phase uniformity 2 2 2 2 2 Fi 2 —_
(+i_ degres)
Alternating PSM phase mean deviation from —_ —_ —_ 2 2 2 2 —_
VRO (40 degree]
Alternating PSM phase uniformity - - - 2 2 2 2 —
(+I_ degres)
Mask materials and substrates Optical - Absorber on fused silica, except for 157 nm optical which will

b= abesarbar on modified fused silica square with pellicles
- Primary PSM choices are attenuated shifter and alternating
aperture
X-Ray - Refactory metal on Si Carbide Membrane
{100 mm diameter)
- Paliicle” definition requirad

{Exposure tool dependent]

E-Beam - Refractory metal scattersr on strutted SiM, membrane
Projecticn {200 mm diameter)
- “Pellicle” definition requirad
EUV - Absorber on multilayer reflector substrate (152 mm square)
- “Pellicle” definition requirad
lon - Carbon coated silicon membrane stencil mask
Projection {200 mm diameter)

- “Pellicle™ definition requirad
MNote: The FOLRAPOITIENTS are fow critical layers ar defined ear Early valumes are assumed to be ."r'u".l.'.:1'|'.|'_l-' simall and difficals ro lr}.l'e.l\:.l'.'.'r'r'
* The secornd number appdies o alrornasfng PSM ondy, Delva between NCL and Optical is due fo apical MEF ar fow &

Salirions Exisr |:| Saliitions Sr'.:r.lh: Prirsiiod |:| No Kmawrr Sadirions _

F* 4la wAZICHE T DM —EH
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YEAR 2008 2001 2004

TECHMOLOCY N 7 rrm S F5
Waler minimum hall |Ji.|-::|| [} [A) T0 L1 s
Waler minimum isclaced line (nim, in resisth [A) 45 0 0
Waler minimum contact hole (mim, in resist) BO =5
Lithography technology Optical [NGL NGL NGL
Magnification [B]
Mask minimum image size (nm} [C]

Mask OPC Teature size (nm) [13]

Image placement (nm. multi-peint) [E]

CD uniformity {nm, 3 sigma) [F]

Isplated lines (MPL gates)

Dense lines (DRAM half pitch)

Contartivias

Linearity [nm) [G]

CD mean to target (nm) [H]

Defecr size (nm) [1)

Daca volume (GH) 1]

M ask design ;J'I'il.l () [E]

Artenuated PSM transmission mean deviation from target {« % of target) [L]

Artenuated PSM transmission uniformioy [+ % of target) 8]

Artenuated PSh phase mean deviation from 1ED® {«/_ |||,-H|¢-|,-:-

Artenuated PSM phase uniformivy (+2 degree)

Bl L) | dw

Alternating PSM phase mean deviation from 180° (v degree)

Alternating PSM phase uniformity (+/_ degree)

[exposure tool dependent)

Mask materials and substrates Optical

Abeorber on fused silica, except for 157 nm optical which
will b= absorber on modified fused silica square with
pelliclas

Primary PSM choices are attenuated shifter and
altermating apariurs

X-Ray

Refactory metal on Si Carbide Membrane
{100 mm diameter)
“Pallicke™ definition requirad

E-Beam
Projection

EUV

lon
Projection

Refractory metal scatierer on strutted SiN_ membrane
{200 mm diameter)

“Pallicle™ definition requirad

Absorber on multilayer reflector substrate

{152 mm square]

“Pallicle™ definition requirad

Carbon coated silicon membrane stencil mask (200 mm
diameter]

“Pallicle™ definition requirad

Naota: The requiremenis are for crivical layers at defined vear. Early volumes are assimed to be relatively small and

diffendr to prodiee.

* Thizs number applies to alternaring PSM only. Delta between NGL amd Optical is dwe to oprical MEF ar fow &

Sofurions Exiss :I

Solusions Being Pursued :I

N Known Selurians

# 41b wAZIZE 7554 —EM
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9—4 fRRKEHM
LLFor—R~y 7 T, VYT 77410 T 585 &8 9,
o RGBT O P R e Al (4 23)
o L AN g R SR B A (X124)
o VRU AN O R K Al (M 25)

WV T ZT741F, ZDOAAXNN RO B WIIyb~DEELNWERBRFE TH5D, 248 nm @ DUV
(deep ultraviolet. 7“”%11‘?))/7774’% 180 nm A Jili DA PEIZE TILIETH720121%, £ K%
TINBEREND, BEEER LITF5720121%, Lo A0k EF F B2 optical enhancements”® B %
MILELLIRD,

193 nm @ DUM I LCiE @B E 5 ERIICS KA H HEBENBASINTEE, BED T 1
T TA0E, 130 nm /—ROEMEZHIHIEATIZEEZHEL TS, ZOHEMIZHOWTIL, LEL
SNHESBEZFERFATIEAN L) 2a—a b BB INRTIERDLR 0,

R~y 7 OMGE EITAE O R O ITEBA 157 nm 71308 BHFE TP K&K
FFESNTET, FEEENI. AV T7TDIEEAED G TFIZB W TSI TV D, 157 nm £ i 1X, 100
nm /—RI|Zxt T FLVERFE LD S>5o5H 5, 193 nm £ l2 oW TiE, 157 nm % 100 nm /—F
FLTH 5 I AT B0t R/ CHBEOE R 2B NS EHILRLETHD,

YeH MLV LWV T7 ¢ 3725 NGL (next generation lithography, (R KUY 7 Z7 1) 1%
T RT100 nm Rl OE M OMRF @A L7250, ZABITWT NS, ZTAEO I IZ IS W THR ) 72 32
FFaE Wb, BARTIEZ.BE Ix O7eFdI7+ XRL(X—ray lithography, X #RUYZ7Z7 1) )
EBDW (electron beam direct-write, & B —AICLDE MWL) EEHIRL X SN TVD,
IPL (ion projection lithography. /A RIS 774’) X, I3—uy/XTHENMTbh 5, EPL
(electron projection lithography, B+ RH VY 7T 7 0) X, 7AU L H AT 2T LA TN D,
EUV (extreme ultraviolet lithography, TZ AN —AL T )L TNNAF Ly UV T TT7 0) 1%, TAV
HA, S—my /S THEMTOA TS, BUERER TRLXFFSNTNDHDE, EUV & EPL ThH 2,

ROES LYY 77742 Z AT D70, MERVIARN VAT LAORBENLELRD, 70
TR LV TP AT T T ayR S BEOW BN L EEOSE AR T D201
X, BRI IE SN % B L Y ANE21E TLI (thin layer imaging, g A A— 0 7)) LY ARR 4
BIRDHIEE B 2 HND,

BEAE D~ A7 # % (= A7 OHf VAR LR WEEERY) TSROV
TITAEM T LI K IE Lﬁﬁﬁﬁ‘é_k#dégktﬁéo 193 nm M5B L TX, ~AZBRE
at-wavelength Va2 —3ab Z M BETHIELEZLND, BERNTNLORBEIYZITT7 41280 T
L, TREARLEM OKIE LW EFEDNLEITRD, Ix DT X I7 0 XRL O~ A7 21X, & 7 nx
B oO—MOKMEEHE ST DL LITRD,

HAM IS ESERRINERNGFETIN, EEOEMICELTREERA 7T (FE Y —1 ., b
AN, AT HEFER)EEMHITDHZENARENEIMNEVNIZEIZRNIE. ERANRNBATEZEE &
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IR A DD D, LTz > T B ER . BLOREDNEE LD v — VR A IEE 2@ U T,
INBER AR DB D22 B Y 22 B i 2B IR L TSI EREIL TH L E LD,

FEHVITTT DB ANIINTHALDRERIRHEE R TN, 2—T7T ORI THE#EIND
N R SCERESE )T 35720 IIE 2O LR N BIZRD 8B 26D, 2O L) 7 Hx
IV T T7T74DA LTI REREAEZLTZDL, VAT L EALTHDIIELEOE RN L
Hlinh,

BRI =Ty M FEBR U E B I IC BT 57— 2 — 3 N TH A b RESImASE
DHDERASD, TIUCEY | R AZITM BT RL720 2 AL O HI 36 KOG F& R [6] 00 J i 3 7T RE (Z
2%, ¥~ A7 B ELIRWE DM DTS | RARIC AT A LD EL 26T,
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First Year of IC Production

1988 2002

2005

2008 2011 2014

160

248nm

130

248nm + PSM
193nm

100

193nm + PSM
15Tnm

i -

Technokogy Nodas {DRAM Half Pich, nm)

15Tnm + PSM
EPL

EUV

IPL

XRL

EBDW

Marrow

Options

Tethnokbogy Oplions at

te: Produstion level expos

aolg should be avallabhe one year &

o
i
sn D ) )
=10
-
35 P |— !
B ) o
L2 L2 2
I Fsoarch R aquirad |:| Oovelopmant Underway |:| Dualshcation®re=P roduciion
15 hrgend indcales tha time durmg which research, devalcpmant, and gualification’pre: production should be taking place fortha technology sohtion.

23 VITTT74DFEICY — v ORI A
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First Year of 1C Productian 19585 2002 2005

2004 2011 2014

180 248nm single layer resists |
antiraf] g + Environmentally benign
materials and processes
{high volume)

+ High performance alternate
chemistries (non-chamically
amplified)

248nm materials and processes !
130 193nm materials and processas |—
. Mask making resists
E
=
]
= Dptical materials and
T processas (UTR) e
- Eiﬁ?ﬂlﬂ.ﬂ‘llﬂl Marmore
=
< | 100 and processes Cptions l_
(=} X-Ray materials and
] & .
o [
3
-
) n diE ]
[=1]
[=]
[=}
= qed O
il :l
II.“ Tn EILY
H i
:_ﬂ 1 L
B
H 1 ¥
i [0
=
[=1]
[}
[=}
c
ﬂ z a o
I|1| sn ] 3 : i |_
35 b : - l
_ Rosearch Required |:| Devalopmant Undars.ay |:| Gumlifcaton!P re-Pfroduction
This legend indicaies 1he me during wiech ressarch, desslopment, and qualfcabon’pre-sproduciion should be takng plaos for the lechnoloqy soluion

v Froducts [ o posure fools should be avalabls one yaar befors first 12 shipment

24 U ANEL AT O g R R e Al
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First Year of IC Preduction

1809 2002 2005 2008 2011 2014
I
FATTERN GEMERATIOM
180 E-Beam — Continuous improvement is
Laser necassany for all tools in

manufaciuring

— Defact Free Manufaciuring

E-Beam (OF M) will be required for
130 defects beyond repair
Lager
capakbility
1001 E-Beam
Laser
=
=
1—'
[&]
e £sean |
&
T
3 —
By Esean |
[ -]
o
=
2
REPAIR
&
o
o]
£ Laser
(o 180
K] FIB
]
:.u
=]
=
[=1]
[=]
Q
£
e
[&]
1] - .
} 100 3 S £ : ]
70 -
FIB
Innovative Solutions
N o carch Required  FEEF AR Developmeant Undersay ] qualincationPre-Preduction
Thils begend indicales the {me daring which research, deselopment, and qual Bcationdpre-prodection showld be laking place for the 80lUtion

1 i ir i 1 ¥ 1 T i
Mote: Production mask isole should be available one year bedore firgl 1T shipmeant

25 < AT ORI R A A
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First Year of IC Production

1984 2002 2005 2008 2011 2014
1
DEFECT INSPECTION
180 Optical (365 nm) | — Continuwous improvement is
Optical (=300 nm} recessary for all tooks in
manufaciuring
— Defect Free Manufacturing
SEM {CFRA) will be reguired for
130 Optical { . =300) defects beyond repair
capakbility
SEM
100 Fi

SEM

Reflactive Actinic

[DRAM Half Pitch, nm)

i sog.
(=]
-
[=]
c
T
IﬂE SUBSTRATE INSPECTION
r 180 _Laser Scattering I
o
=1
o
= ]
=1 130-_Laser Scattering [
E
@
I - L2 = e

100 Laser Scatteri

20 Reflective Actinic

Membrane Inspaction
50 - -

B Fesearch Required [ Development Underway [ | Qualification/Pre-Production

Thds begpamad inv bom s th imed diaringg witkch rasoarch, dessebop ma, and ous |foaon/pre-production should b taking plaos for $d0a Solution

Mate: Produclion mask tooks should be available one year bedore firgt 12 shipmanl

25 AT DR R A A (e X)
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9—5 JuRAyMIBEITANEEHEBIOBEKEM
IOaAT MEWICE T2 BEHERBIOMR R EMEZ T OXFK CTRT,

UV 757 012815 ESH (Environment, Safety, and Health[Be5E &M BLOMEFE]) 2B 4
D6 BRI | 3 OV R SR R Al (F2.42)

VY7 T7 41280 % R AR I B 3 %40 2 F 30 | d0 I OMAR 2R 3R e 4l (X1 26)

VY757 42858 E T EIZEE 320 B HIA 381K OMF K Al (£ 43)

VTS 42BTAHEFI Ty Ial—a |l TAMLEREIE | B OWE 506 (8 44)

9—5—1 RE . T2, BIORE

VY7574 %, ESHIZEL T 4 2O IZaToind, T2bb V777180~ A7 & A
DAL EWE (TR VAR, VT —, fﬁ{%«ﬁz VoA AN wR—)  Fab2f e (A F— K&
VAT AL VI —gred—T ) BHEER (DUV [deep ultraviolet. I R]. B —A4 X
AT E—2) BEOKEHEOWH ThD, 2O B BIOH LWV 7 F7 5 il 0 A

BIFLHMEEL T, va—AbyN—OEEZEIRT22ERFToNDH(FR 42 ), LU, 2%
TOBRICIE, HOENTOF LWL B Y E OFFAf , SR AL EO BT s 0L 2 1FE B O #
WZOWTHRF T2 ELRD,
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HEY AREas

SUMMARY OF WNEEDS

FOTENTIAL S0 UTHONS

Phaotolithagraphy and Mask
Manufactura Chemicals

Chemical Propecties and Datac

Chemical coxicity, risk assessment,
status under TSCA* for new
chemicals, abilicy to monitor
potential exposures, and emissions
fram processes (HAPs** and VOCs],
i luding materials Tor etch, sirip,
and ete.

Preparation of a list of acceprable

lithography chemicals beased on
evaluation of TRCA conformance;
development of analyrical protocols
that emable monitoring of new
chemicals, robust chemical
selection criteria; risk assessment;,
and the use of pollution prevention

principles
Alrernate materials and chemistries

Lile cyele analysis of new materials and
chemistries

Use of additive technologies
Use af benign materials

Materials Management:

Integration of mew materials into
patterning. maintaining
performance and cost, while
promoting recycling and minimum
[iets)

Processing Equipment Exposure oo taxic materials, emission of | Effective point-of-use abatement,
HAPs and VO s, hazardows waste aptimization of ol exhaust, use of
disposal, cost of ownership, and pollution prevention and DFESHY
EIETEY CONSumption principles. specify supplier use of

Ergonemic design of equipment, PFCT SEand 58 standards
wsage, and plasma byproduces Deployiment of 2ero impact processes,

Minimize waste, for example. due to elimination of the need for
spin-on processes and assorted materials with significant global
“Wel” processes warming potentials, and utilization
af DFESH toals in design For
manufacture

Exposure Equipment Toxicity of chemicals, exposure 1o Perform risk assessment and cost
radiation, risk assessment, cost-of af-mwnership analyses
ownership, hazardous energies, and | Establish radiation protection

beam shielding, PEORFAITS A5 NECEssary

Egiiipment Cleaning Solvent uaage. emission of HAPs and
VOCs, hazardous waste disposal
and persenal protective sguipmeant point-of-use abatement, pallution

Selection of cleaners and cleaning prevention, and optimization of tool
methdologies design

Redesign of processes and equipment o
achieve minimal environmental

Cryagenic cleaning, solvent free
cleaning, dry resist techmology.

impact
* TSCA—favde substance condrol act r .F'Ft';g.vﬂumwmmrpuuna‘
** HAPs—hazardows alr pollutanes P DFESH—design for ESH

VW s —volatile organic compoLiids

F42 VYT TT74ZB5 ESH B 9200 5 FIH | 38 KO R 5 4
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26 1%, 1999 Roadmap #Z M T A IR MK OMEIZE L CHEELZWE TH7-00& kL

LTHEEL-ZLDTHD,

First Year of 1T Production

1999 2002 2005 2008 2011 2014

AIRBORNE AMINE
CONTAMINATION

AIRBORNE MOLECULAR
ORGANIC CONTAMINATION

BACKSIDE PARTICLE
REDUCTION

RESIST MATERIALS AND
CHEMICALS

FOST DEVELOF INSPECTION

MASK TECHNOLOGY

{

Advanced eliminalion; molecular filkers, removalltrapping

| | | | 1

Wafler isolation technolagy: mini-envissnment versus full
hiltration

Standardized referance libraries of specira

Porfable, easy o use, high sensifivity measuraments

Elimination of lens clouding effects through filtration,
mini=environment and tool ﬂlllgl'i

Damage and particle frees wafer

mproved chucks [such as electrostatic, sdge)

Backside waler inspaecticn for incomingioutyoing walers

Eliminate backside film rosiduss

Understand fluid purity impact on device yield,
reliakility, and performance

Howvel metralogy capabilities for trace impurifies

Automated ‘'macio’ post-develop inspection techiology
] ] ] ] |
Automated spatial signature analysis of waler maps |
[ [ [ [
Automated feedback through communication standards,
fault

Nowvel pellicle
lechnology

I sccoarch Required

T Qi - I o Hmic

during whict

HEEAnCh

[ oevelopemand Undoreay

1 cualifcatlon'FreProdsction

{1k o mdualiaon shi

] Sk o] b2 MU P - o U LN SN0 B3 lakineg [

Tar tha salulkar

K26 VY7 T77428BF5 K MR 20 B3 IH | 3 O P 35 6 4l
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9—5—3 HIEFE

VY7574 DR HE DB RME A Lb s Wy B R e U E AR RE L2 D03, 2D XS E T O
TIFZ DR ERLH BB W TP EBYOLFENREIN TV, CD (critical dimension, /NN
THE)PEY — NV OGE EfES, Y —AxtY — Lo &Mk, BLOFHEMEIX, THEE I o=
(£ BDICHHMULIEEHEEM T DT T N TR LRI ELNLELRD, B EIT, 7 —h
AL TA L DR T = 7T HIDIAT O DROT T == O LA AR > Tcdh & TIT
RPRT TSR R’ DA ==L ADREICHE T DKM, A bIAMBE NI LICE-T
FAETAHAMELEBIT, Bzt A/ R, SPM (scanning probe microscopy, A%y =27 7o —7-
~vAruaAat’—)  BX O SCM(scanning capacitance microscopy, AFx ¥ =27 « Xy /N H L A<
A/rAa—) OB EZRETLEF LD, B FEHE LWV T2#E 3 F BRI DWW T, BiEH
BEINTWAEZATH D, scatterometry sensor &ZJ:%.’J?E'JE@JZWL&?Eﬁﬂ”%EZWﬂi TN —a
Fﬂﬁ%ﬁ‘bh?%f(&fﬁ?‘é EMLELLTIR D, BRI A ) (K 59) O E D THIE F B | DI

i 7 H Al A ib@k?‘éﬁﬂh%%ﬁﬁ)z\?kﬁéo INODOMBEFRHOMEL, £ 43 1TRT,

F 43 VT T 0IBTHHE T B 500 B I | 5 O IR R 6 Al

KNEVAREAS

SLAMARY OF NEEDS

POTENTIAL SO LTINS

Wafer {0 Measurerment

Enhance precision and tool
matching and meeting sub
100 nen precision redquirements

Accelerate development of improved
resolutian

Extend CO to damascens Processing
and low ¢ materials

Aecuracy For sub- 100 nm nodes

Extend COFSEM to 100 nm using
mdel based measurement

Develop electron holography for sub
100 nim nodes

Inwestigate scatterometry for inline
and #n i

Develsp new probe tips for CO-AFM
for = 100 nm C0-5SEM
calibration and as a potential
sglution for sub- 100 nm O

Develsp reference material for sub
100 niew that correlates physical
and elecirical measurements

Ndask O Measuraimens

OPC and PSM leatires require 200
and 31 measurements

Charging of mask during
FEEESUTEMIEnN]

CO-AFM, CD-5EM. and electron
holegraphy are patential long
rerin solutions

verfay

Meet Roadimap reguirements for
damascens pracesses and low «
materials

Crverocome issues with errors not
observed by Box-in-Box target
for phase shiflt imasks

Potential splutions include new
|.'l}|1i|:iL| FEbEAEU T el
technalogy, SEM, and scanning
capaciiance microscopy.

Irvest igate new target Structures.

Ndask famage Placemesns

Feed-forward corrections for process
imtuced shifts fram pellicle and
mermbrane masks

Meeting sub- 100 nm requirements
for precision

Interferametry and Maire scale
HEASUTEIMents

GBI — R~y 7 199 F)
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R AVFZ VT FT74CBITAETI T Ial —ary O ICE TALEHIE B O R FE
BERIZONTEEDT-HDTHS,

KEY AREAS SLASAARY O NEEDS FOTENTIAL S LTINS
Resisr Madeling Predictive quantitative models, polyimer Establish mechanism-based models Trom
surface interactions. coating and baking basic studies on model materials
processes. silylation. edge roughness, Exicnd models to emerging materiala

E-beam, X-ray, and ELIV resisis,
physically correct models for diffusion in
chemically amplified resists.

Dewvelop methedolegy For calibrating madels
o praduction toaling

Validate madels om 20 and 30 profiles

Orical System Modeling Monunilorimity over field, resolution Strategics and engines for transparaent
enhancements, and interactions with application of process and tool dependent
pprical system nonidealities, global OFC and PPC
application of OPC* and PPC** 1o 107 Engineering workbench TCAD*** wols for
features, phatsimask nonidealities, pptical system level consideration of
substrate reflections resolution enhancements and device

patternfiranslfer contesxt

Simulation of mask writing nonidealities and
their impact an printing

Calibration of simulators with profile SERst
and sratistical merrology

130 rt and Bepond Image guality, overlay, throughput, and Full system simulation of lithography toals
patterning/transfer in advanced with emphasis on balancing tradecffs in
lithography sysiems based on ELY, performance limiters such &s resolution
X-ray, E-beam and maskless approaches throughput, nonidealities in masks and
pattern dependence, streas and edge mechanical and electrical components,
roughreess in dissolution materials inhsmogeneities and transport

elfects in rosists

Simulation-based assessment of out-of-the
box approsches to maskless lichagraphy

TEAL and Metraology Implications of processing physics at the IO Integration of TCAD with [C CADY
system design level, knowledge of Integration of TCAD simulation with
manufact Llfll'lﬂ tolerames in 5-|:I!I!II.I|H|.||'|H parBMensr exiract iom and seatistical
process design. technologist friendly metrolagy of CIMS

taals, accurate interpretation of optical

Standard ineer kbwerich-beasied
monitors, scanning probes and SEls HANCALE ENgINeEring wark ienciriass

simulation environments
Maodeling of aptical monitoring and SEM
MeAsUrements

* (PO —aprical proxindty correction #* PRC—process proxiimity correction
b TEAL—revhmology computer aided design I SEM—scanning efecinor i
1 CAD—corpiiter af.:ffuf degigi F O —comprirer fntegrared ranufaciiring

F 44 VT TTLIBITDBETI T EVI a2 =g Nl T AN EEIR
B L OVE P 3R e 4l
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