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Figure LITH1  Process Flows for Pitch Splitting (DE, DP), and Spacer Patterning
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Bl Resist Cost
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B Capital Cost /

Double Patterning

Cost of Ownership for 5000 wafers per mask

& ;
© @ ’9&6‘“\}@ & 9

Figure LITH2  Relative Cost of Ownership for the critical level of a 5000 wafer run device
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CD b — L ~DEREZER T 572012, RET /37— 35 ~DHI[R, é% APC(automated process
control) 232 LITHL IZRENDINTHOBND, VI T TT7 4 DESIRAPEEDT-DIE, %Gt 7t RZB N
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T, IBIRSHEODL T2y CD BEZ KIS EAZ LA IKERTHZENNLETHD, OO Tl
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LOXEEFESE, IHIZ IC fiE T o AN R/ N a AN Tl EMERE AR A7 O fc b & AT REIC D, 48
A I LR G TS 7 r e A %ﬂ“m(@%fﬁé’]fﬁaﬁ%% EZDREF AR D FN AR Rl & i
(B TEDHE LAV, bR~ Tl B IS LB W TR BWIA T IV VA Bl 5k
NZIpHO T, BBV T T T4 o F o7 BEY CMP et A0 I —Tavid, LA 7 U Ecllid
IEHOXTHRL BN T W =T AR RN EINT o T B AT RDLDIEH S ->2H5, Zh
DY A= AR NDPEFEIX Y A7 LT = — D CD B E IS iD, 74— IALBINTT AN —

T2V — I AR Y DT BB AR E 2 RIZT DI b sD, BRESIZY 4 — 7 AR NRO T
WiT A — R OB CRMES DI EN M THA), ZNHDT 4 — T ARy NIV AT 7 MNET ERLEIC
BIFDE=FV T OXGESND, ZNOT 4 —T AR DY TR = TN DET & -V OBV AT T~~~
=Ry 7OHENEIL EDA Y774 VIZE o THEBIIZHELED DIV CD, DFM Y — LD =
—N\T 7T TR AT OERET/INIL, IR E T AT O IR A RIZRDTH A, DFM (2R3 %5
LUWMEHRITRFOREEZB RO L,

Table LITH1 Various Techniques for Achieving Desired CD Control and Overlay with Optical Projection
Lithography

R 72 B AR —— R HR) < 22nm

FEHMIIE, V777 4130 <Ko0H 59 HORMARY Y 757 (NGL)D— 2>~ TL WK E R B D, i
B IERIZEUVTHY , LY AMSE, EUV~ A7 Z L TCoOIZ DWW TORBEA K LITH2bIZ 3, EUVORE
AT TR NT =N S BT T, KV TCo0, LU AR, ZLTAZKRMETHD, VOO L, 54
LU IS CHERES N CETZEUV DR E O B BN (28 58, JR/ ST — D EE A28 UL R IT24E T
DPP/SLPP~E I -77, EUVEZTTTE%OM/77®I¥’$3 e Z T T LS LV EEL B He A L b 7057
B, CoOOIZOWNTORRITE DL/, LU ANDFREIZIL, LEREFCHRE Y T TOFRN RO BRI Z LT T
BHZEEE A TND, HLIIHDE R A E R qﬁiﬁténéﬁb\& EUVIZI AR RN I ST BN TE A9,
~ AV O EIFIEF L RIRFIH 72T REZLOHLWE T L E AL TVD, v AZIELTEM(Low Thermal
Expansion Material: {XZMEZEA BN Eotl, HERFaZ2 @ BOH T, € L TRIL S Z — U WINUR DR B A A BT
Do T RDOBERZIINAHKIE T, 22nmN—T " F DV 757 (2B W TUIAET 180 FEE/-I1LE S 2.5-3.5nm
EINSWV(ERLITHSCD 28-29 17), HARLT T Z A R — U ISR SN AZNZH 2O A X E 3472
DDA TINT, BB D207 07T L0 TR TIEHLLOD, BRI TR,

FHi(Longer Term)iZB W\ Cid, R ADE, Kifa, CD 2 ha— WX 5 RN D*IZX:J/I\H—/I/ L
VARG, v AT BRI DI E A RIC B | ZEE 2T T AD, Y AZL AV T ST 4 hME RS ND Y
L. FATREIZRBITDHX A t0 T —H_X—ARENT=— DX A to ?~§N~x$ﬁﬁﬁlﬁ%@2%ﬂé:k
D SABEREND, A TVNIVTS5T DT F—hEREE NIV TT 4 TOSAZA Y 1E, T e—
N FEORE— L LRICKEERM TR0 FOERITITF v LoD 7 Thh, L UAMEIER D2 Dtk B % 1
CHAD, PEEEEED NS TEDD BCHERE D772 FIENTRORY | AL HEEL 2 A RO ER IR EL %
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Table LITH2A  Lithography Difficult Challenges >22nm

Difficult Challenges > 22 nm

Summary of Issues

Optical masks with features for resolution
enhancement and post-optical mask
fabrication

Equipment infrastructure (writers, inspection, metrology, cleaning, repair) for fabricating
masks with sub-resolution assist features

Registration, CD, and defect control for masks
Eliminating formation of progressive defects and haze during exposure

Understanding and achieving the specific signature and specifications for a Double
Patterned mask

Establishing a stable process so that signatures can be corrected.

Double patterning

Overlay of multiple exposures including mask image placement, mask-to-mask matching,
and CD control for edges defined by two separate exposures

Availability of software to split the pattern, apply OPC, and verify the quality of the split
while preserving critical features and maintaining no more than two exposures for
arbitrary designs

Availability of high productivity scanner, track, and process to maintain low cost-of-
ownership

Photoresists with independent exposure of multiple passes

Fab logistics and process control to enable low cycle time impact that efficient scheduling
of multiple exposure passes.

Cost control and return on investment

Achieving constant/improved ratio of exposure related tool cost to throughput over time
ROI for small volume products
Resources for developing multiple technologies at the same time

Cost-effective resolution enhanced optical masks and post-optical masks, and reducing
data volume

450 mm diameter wafer infrastructure

Process control

New and improved alignment and overlay control methods independent of technology
option to <5.7 nm 3c overlay error

Controlling LER, CD changes induced by metrology, and defects < 10 nm in size
Greater accuracy of resist simulation models
Accuracy of OPC and OPC verification, especially in presence of polarization effects

Lithography friendly design and design for manufacturing (DFM)
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Table LITHZ2B

VWIrso74 7

Lithography Difficult Challenges <22 nm

Difficult Challenges <22 nm

Summary of Issues

EUV lithography

Source power > 180 W at intermediate focus, acceptable utility requirements through increased
conversion efficiency and sufficient lifetime of collector optics and source components

Cost control and return on investment

Resist with < 1.5 nm 3s LWR, < 10 md/cm2 sensitivity and < 20 nm % pitch resolution

Fabrication of Zero Printing Defect Mask Blanks

Establishing the EUVL mask Blank infrastructure (Substrate defect inspection, actinic blank inspection)
Establishing the EUVL patterned mask infrastructure (Actinic mask inspection, EUV AIMs)

Controlling optics contamination to achieve > five-year lifetime

Protection of EUV masks from defects without pellicles

Fabrication of optics with < 0.10 nm rms figure error and < 7% intrinsic flare

Resist materials

Limits of chemically amplified resist sensitivity for < 22 nm half pitch due to acid diffusion length
Materials with improved dimensional and LWR control add (limits)

Resist and antireflection coating materials composed of alternatives to PFAS compounds

Low defects in resist materials (size < 10nm)

Line width roughness < 1.4nm 3 sigma

Mask fabrication

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning, repair)
Mask process control methods and yield enhancement

Cost control and return on investment

Cost control and return on
investment

Achieving constant/improved ratio of exposure-related tool cost to throughput
Development of cost-effective post-optical masks
Cost effective 450mm lithography systems

Achieving ROI for small volume products

193 nm Immersion Multilple
Patterning

Cost control and return on investment
Wafer processing to tighter overlay and CD controls

Mask fabrication to tighter specifications

Metrology and defect
inspection

Defect inspection on patterned wafers for defects < 20 nm

Resolution and precision for critical dimension measurement down to 6 nm, including line width
roughness metrology for 0.8 nm 3s

Metrology for achieving < 2.8 nm 3s wafer overlay error
Template inspection for 1X Imprint Patterned Masks
Phase shifting masks for EUV

Gate CD control

Development of processes to control gate CD < 1.5 nm 3s with < 1.4 nm 3s line width roughness
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Table LITHZ2B Lithography Difficult Challenges <22 nm

Difficult Challenges <22 nm Summary of Issues

improvements and process

trol Development of new and improved alignment and overlay control methods independent of technology
contro

option to achieve < 2.8 nm 3s overlay error, especially for imprint lithography

Wafer Throughput

Cost control and return on investment

) Die-to-database inspection of wafer patterns written with maskless lithography
Maskless Lithography
Pattern placement - including stiching

Controlling variability between beams in multibeam systems

Defect-free Imprint templates at 1X dimensions

Infrastructure for 1X technology Templates (key here is inspection!)
Template fabrication to tighter specifications

Protection of Imprint templates from defects without pellicles

) ) Mask Life time

Imprint Lithography
Throughput

Cost control and return on investment

Overlay

Process control methods to compensate for systematic CD and overlay errors

VI T 57 4 ETDER

V77— =y 7 DLEE BT T OT—7 )L TEHRISND:
- Lithography Technology Requirement (Table LITH3)

+Resist Requirements (Table LITH4a and b)

+Optical Mask Requirements (Table LITH5a-d)

+Maskless Technology Requirements (Table LITH6)

Table LITH3 Lithography Technology Requirements

# LITH 3 74—~k ORTC @ ITRS Technology Trend Target T/REAVCUNDIY T T 7 4 ~DEERDE
WERBRL TS, RITVI T T7 4 ~OBEREFHED TND3DDT NAAZAT :DRAM N—TE T (2
X7 NeETe), MPUIASIC OELHR N—7E > T Flash(m ¥ 7 b G 720 R)) D=7y FTRL TN D,
Flash 7/ \AAFN—T YT ZibIHED TEY, —F MPU I##EH) 7 —REE CD ZbiEHTW\5, Zihh
DOEATIE, N—TE Y FEEHFHAKGFL T CD v hm—/b v Z I A X ZLTEHAGDLEIZH L TER
TR DAN Y I ML T 5, FTIE ORTC OERNLOE(EEM)E, FipliaAXy 7 IZBE L =2 Do
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[EH DINTGA—=ZE IR ETHRE TS, FZ1E. DRAM @ CD =2 ha— L DRAM N—7E>F D
12%2VV 7T 7 4T L T THITT-R N = MOEIE T T2 D TH D,

FENZENDT IRARZATNZ, RKOONDHNN—T T EAETHOICL TR k1 ZEFRL TND, —iIZ
K173 0.28 ZW/NSIFIUT, X TN RE— = TR BEL T2 2 (N A), kLAY 0.13 JO/NSTFAUR, ¥ 7 8%
— = TR D DN MEE LR D (IR,

FO TEBIZIZ, ORTC DAMDFRINOZ DD T =— AR I R385, NA DAY 7RI D FTIIRR R
WZHE KA A 2R L, B S CE A O CIIWEAICE LR BN AR L TV,

MPU DT — MR (Ty T o 7 BN AT T BRI A My & e A b — L D72 O B iR
LRI, Ty F LT B DRAS 1 CD 2RO TR+ 12% CHIIT 520128~ KO RIE 2o T,
IO 12%I21E, 74— VRN D= N Tl By MO ZBAE TN TND, BURE DT A RO
INILBRES I L0 — ARG KON s TVD, LU AR ST — o KUk BT, U/ 5717 ak
AZBWTRERT T EATA LR ERTE CD 2 b — L 2 ETED, £, LSI BEA— D —T, /3%
— = R KD EB AR T BT bR — VA ETLL 2 b%, AMIOSAEZNBOY Y757 (7L R
RTPA LN —NEEFT D L CHEEREEE R 1259,

Table LITH4a  Resist Requirements

VUANT, @I — U B B RRIEa Fa— L /& LWR, 2L CTRIEANEIERWNZ 240G
FTAHINCEHBEINL TR, NZ— P A P NEL 2B O T, KfgE T/~ —IXL T ARD T )L
BTN BB R B 2 HBWLETT A REXITRDEA9, & Table LITH4a 25RO L,

F72. LER & LWR DFE T HRE~DO BN FEIZEIIND IO /05720, Ahaa U MER I3 2B O fEZ IEREIC
FHAICEL I BENDANEEDHD, LWR O FE B T, A7 a7 7 A VR R HUI 2S5,
KE7RZe WA GRE T IRZE M A EIR A e )BT D LWR 137 /A ADIEMEE_E DR P27
—MNEOEFBDFIN /2D, ZOEENT —7ER A NS 82 DRNTPAZ DAL —RDIEHSRIA L7
D IC DFAILTED RN /2D, T4 DlEE LER b E-, /NS —khD CDU =7 — Y xvh, £
LER/LWR Correlation Length |ZB84%2 45, LER/LWR @ CD ¥J— M ~D %531 it kDn—R <y 7 CTHER
SN T2 LER/ILWR O L0 BAE OB RICE D, 2 X NE—/V O T, =y F 7 %Dar
B NR—VDOHERIY T T 7 4t DLV ANHEID SO NS 725, ZHUTIE 58 L&D MPU O —Mig
DEFLFELTHD, & LITH3ZZ DL,

Table LITH4b Resist Sensitivities

~ 27 DERITIZVT 4 IV BITEFT LTS, WIHIDAEPE BT IRA D7 e B 2 S, MBI B2 L3
LV, JEFE~v AT ONT2OMDFK (£ LITH 5a & LITH 5b) IZ/RL, S o7 e “BBLAYDIV T T 4%E T
W5, TRTORMAYY 7 F77 4(NGL)H~AZ 1IN F~v A7 EH o> TEY SHIT0T o NGL s~V
INVEAEIZ LT TERRN, NGL A7 DESRIIN )V 7T 7 4 DENSEFERIN R > TNDBD T, EUV ~
ARG EA T VANT T L —NIR A DERDPHEINI(ENEIE LITH 5¢ & LITH5 d),

Table LITH5a  Optical Mask Requirements

CD v br— /L BRADEDOFFAERITER T BB H LW ER TH D, EREDETFARIT, m
RO CTAEVRIFEZVED DI L o7, LY ADEIZLDER G OERAEORELF/NRICT 57
0 B 2B BF T == OO IV T A VB EBES AT D20 HEN D E LIV, 74— RSy
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ILT =R 7T =KD G OFEN, T atRIEE (AT v/ AF v F LT oL TR — RSN DL TN
%o IERRIEAEDTRN—EH DR IEET N ET NAYZX LI - TUES D720 BE L 7L —2AU—2& CIM &
AT LRMFETHD, HENZ v A#EI(APC) ~DE R IZ-S\ T Factory Integration 22 D=L,

FZ Tl LITH (SR DIEARI 72T = — D FIR | Z DRIV AV [ERE~ AV EA OHARERL TS,
A% KD 52U function box ITREN TS, ZIHDORIIFIESEMAVSNTNDG, ~ 27D ERE DY
AOFHIIT =— N EERDGDOE/ Vv D 15%EL TS, ¥ A2 CD D%F 5137 =— N CD ¥)— DY
T RO 40%ELTND, [EA OMEERIL, BRI 2 — 2 Z TR T 52 L2k D MEEF Thb,

Table LITH5b  Double Patterning Requirements

BT NINE == T DRIFADITGENEHL, WD DT = — DO ERITKHEE . MOV T TFT7 4 ~DER
(BT 43 EI-MPU BLHERD/N— T F- DX T )L — = 7 ~DER L Flash DANR—H % —=27) ThA,
UV T FGT4~BRITENENOT 0B ALV RS, ©F EIDOERIT MPU BLFRDO N—TE > FIZFEDWN
TWD, FEARWZLATHREL TE, TAV EAR—RDM Y 12%D~H M E T2 2L ThDH, AN—R|THE
PE DR EBNSNTTAMBAKGF T DD, 12%DERRE 7= 2Ll IF TN RE— = TIZB A ER S
DR OHAREREE TS, SOI2, ERAEDOHAEEHRDTE T KRELST D702, TAVMRIT RS2 i L<
HIE T2 ER DD, BICBNWT, ZHUIF TN RS == T DTA ML, MPU 7 — R T A EHIEIS NS
NREAFETHIE SN2 TUIRDRNEVD ZEZ B IR T 5, ZOHARE X FF TN EDH L~V AZERRIT T T
IREND, VCE T DX TN NE == T DO ATFEGALE L, S 7 NV~ A7 DERAEDELDE 20 RS
TEEL N, 65T, EDIIRFRIRAIEICB N TS, v A7 — v A7 OERG DR O GIEh—2/L Dy
SYEFRFE R 2w hD 20% T/ TIHRBRV Y,

ANR—=P NI == T O == /HERENTY =y MIBWThH, 7 EANR—AEEIT 12%0D [ 1EAARE
W T BERSHD, IHRITEIESNIZZ LISV TS, a7 Xy 7 OTA U EHIEE MPU &7 —h7 AT
1TONDZETESNTND, TAUEITEIR D BEE AT I DL, DD AR—AD 534 DSt AL — A~}
EAEIT 12%DAN—AEFRZE N b A LaT7 Xy T ANR—ADSHERZEIUKAFT D, Ty~ A
ZICBITLENPEDOEOMAERIL, B LT Z = OSFERIEOH & TAR—ZADH Uy hO Ty P8 E )
NDMBEIND | HEHESIL TG, ZHUTL I N — =0 7 DERAEDEHREFRIL TH D,

K~ A7 DFEIE 9nm O DRAM N—TEy FETIERSNIZAS, 2017 4200 23nm LIFED DRAM /~N—7E
TSR L THIIED IR RIIARTZNZ20,

Table LITH5c  EUV Mask Requirements

7% LITH 5¢ (2 EUV v AZDERZRT, WL OO ERITFE~v A7 LA T, W<O0E EUV v A2 [H
HCThHo, HBOER(HELERADEEIR)TEDOEREF U HIETHBIN TS, KL XLV KEW20D,
MEEF D23 L0/ s, EHA DTAAZH B RINIRSIALDTe LA, RUTFELIORSIL NS, ZOZEIZED
EUV O~HED RZ—=  F 13~ A7 DB B I TND, _RZ— U RO BRI~ A7 LA ThHD
D3, AT7—=V IR EICL AR TR DR LVRE THHZ LA R TS, EUV w27 TIEEDE ki
T OPC 237 7osh, EUV ~ AV IZM BT — X B~ A0 Kb b7,

BUV~RZ[EA OERIZITIAR 7T 7 AR B, FARECR 3 AEEA FE | LWRZL Cv A7 EHEE S T,
T TP ARMEDTANTEFHT LA ST, 1T 2 e ISR RLE RO F M D K Ba (W A S P& L) 038 5 & Z 123
A AN R MBI I SN TS, VARG (B SICED)Z DALY A XD R A F o723 . ZHUTE M
HTHD, ZOHARIINAEZE 180 EXREDOH AR THY, EUVIKET~AZD 3InmDESTHD, BFEIZFEEH D
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Y| fAARD ZfEDOREIDGGE | NiAAZ 90 BEDO K g SHERMaDIRIK L2 %, EUVIAEFEIZIEIRDITHE Y,
ZOHREL B ORI S QU FE AH 01 12

SN R OA T T 7 ARSI ARG D RAZE DRI LD 720 EUV~ A DO E
AR IEH IR L, S OfAERR L, ~ A7 2 — R NED THHIONZ, FHENT = — DO ERA
ORI Y THRARAET 27201055, EITT ORI L > T RO ITEMEN D03 Hin e
W, AUV A7 OIEEHEERE S S L~ A7 D EEOEARZ 2L TV Th | v A7 BRI D& X
IR — L INIELU M B EL B SN A LW S T 2 — U B IE D2 B NS A 1

EUV ~ A7 7T 7 AT, INST RIab RSN T LW 3 B S KM 7 e A BASE 23 L H L
b, EUV 717’334’/7)/1\7*/71/—1\ IIAUZDME I TEIRWNad | BRE, Pt B E TofE
HORBNZ RGO~ A ZARTET DT DFFPRIEDB TSIV, TANSNAMENH D, ZIHD -7 NGL
VAV BRIV F~ AT CREICHE L 72 » CNA Y RT Da RS FERZFEMTALDL D LAERLIE AL T
o,

Table LITH5d  Imprint Template Requirements

AT VNIV ONDTERER DD, ZOFRITITEEIMZ IS TT T l/—%%{%f;bh«ﬁzﬁ%@(héﬁékb\9
IR T /A TV B (UV—NIL)@%E}?%:/TL’CE%& ATV T T — N = — ETOI LR
C~HEORm MBS MLETHDHH, CD, /NF— B, isot(ﬁkKl’éfz:r‘/m~/m“zouz\%75§é?>5ﬁﬁfami{m®
FITCo AX <220 116 /NS0, v A7 DHERRITNF~ A7 LRICE TSI TWDER, 5 ThoHT-
DL > TND, T — DOER NPT = — N HEEED 10%E L THEEE~ A7 TS ND T2 _zm)@v
A7 DR R T, HRAEHOELH LW, v AZE AT AERE DY EORTRILIIIZZITS
N5,

Table LITH6 Maskless Technology Requirements

VATV ADERITT = — \OBEREFIRETHD, BHOEREL L, 7 —F BB NHFEYATD N ThHD
ZEET VY RY AR T~ AT D 14 THHIETHD, ZIHT X TOERIZHOVWTIL ITRS DR NN—Tar
TlLtEa—17%,

PR SR ABA

IVT A B NVE WSS ICRDOV Y 757 A\ Z AT TR R 2 X LITH3 (2T, #idfi4 7T ar o
NE VIAE 2 DT ASZ DO PAR T B 2R L 72D A REMEE R L TRV, S HIF D=4 7 > ar Hiffr o w§E
PER D B RSN E DNV T T T 4R OT X TOAL 7T —4EE v A7 L UAMNE O —
1L DRI UG 23 E > CUORITIUZ B2, 193nm R DOWRIR Y Y757 413 DRAM @ 45 nm /~—7
V' FETHROEN THD, UL, ZIUTEMe S v 7 VBTN EbN DR D /—R &5, 45nm LLF
TV INEEND KL N 0.3 %2 FRID, X T NRE == TROANR—Y—H T )R — = T DN DD
RENHWBIATEA), Flash AEVIFRE YT 225 LT, 2010 4EI1Z 32nm /N—TE T ~LENTND,
45nm S —R DV T T 7 G TR LD N—T By T HRR T DA —H—TEEZH T D, 2013 FFETIZ
Flash, MPU & DRAM X, Z#LZ 40 22nm, 32nm /—RIZX L CAR——F T )G —= TnA L 75D HE
i 2358 T LI=5 EUV DEH7259, ML2 A 7V MNEZ ORI D flREMILE2 508, b AN RO E
W R I ZI 72 B2 EH Th D,

22nm N—7 B F LUE CREBIE U7 193nm eV Y 7T 7 4 ORI E L7, 193nm 5 NA AT /38— D N—
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T F OfELT KL 28 0.28 T 20nm /N— 7B F NEH LD,

RANKIY 7 Z7 45371 F DRAM @ 22 nm ~—7E T HLUTE L IS T2 R ch D, Wl
BEMEDH AT E LT I D HIE AN, UV 7T 7 4 DEAERI 2% MkE L LT EUV, v A7 A B O
VIVRNIVTTT 0 T T, HDBEL CORVMADIHEE 2 HE EUV IZ 22 nm & 16 nm /~—7E T
IZX LD ATREME N E W E R RE&ND, ATV AV T T T 418, T abZAC 7 A O=yF R, vy
AL BRA%E LT BOREE R ERE RIS (ASIC) A PE I A SN CVA, O AFIHZ LK T&EAT
bA9, EAN—T BB T AT DEER DO T L — 7 20— KE R/ SGH AL TR B REVED B
0, SAVEARELL, SBIZTARNY AT NEA NEMEZST26T, BUE, 7ah A7 UL EOH&IZmiTT=~
ARIVAII T T T XTIV T 7 HEE D BB 5503, TANHEO RO HFERELEIZ ML2 BSAWDILLTZ01Z
3. < OEERFITHIRRBEDMER SN2 T IR 25700, AT VRN T TT7 X ARNH RO BRI &
RATREMERH DI, LX T T L—h, K. T 7L —rDFH . BIOA— =L A2 NS, fif
R RELLOREPIRS A TND, ZOEATIT, BRI B IRR IR D Z B S = AT 4T T
LD =T I hia RO L9ThsD, ZOHIMTE-, EFEMEO R #ESZ BRI LT <3570
RS FU TR B L T N — 2 E AL RO,

BAEMRIURIEM L L CTHIT B TODNTOHEE DRAM @ 16 nm /~N—7 By F DO BER A 7232 EM
TEDNEIMNITIAMETIIZL EFHZ2 IO RNV TH D, ZNHDH T G D4y F-HEE 1Y
VT T 4 KOB7 e R — A X EFIEINEZ 4R35 DSA 1T 1854 7 v ar EE 2 Hivs,

ZLDEMTFEHDITHD DB, FEEFITB O TUIER DA KL CRERAL T TANT 7T v (B3
B, VYRR, v A7 BLOARY )& R T & SIIIBRANGHD, FEERNECEER L KR
DG THR LT a— V725D, IR R DA T S a2k 0iA A, 1 DB LT 2 DO HEAT 0 2 B &
TICFERRITIEN T DM THD, FUNDY Y7 Z7 4 DE AT, DRAM22 nm /~—"7E T LIEIZIU T
Hh— T OiEAIZ S| &t & BT 5720 OFAT A ESR S MESITIG 2 D720 DR EIR TG E A LT THDH, &
UV T TT 4 DAL TTANT I TF ¥ RESEALSHE, BEDTZOIZRER) Y — A MEETHTHAD, Z
NOOBFETANIFTENEEE  ~ 27 BLOREIOE A TR S 2T iE e b,
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First Year of IC Production 2009 ] 2010 | 2011 ] 2012 | 2013 ] 2014 | 2015 ] 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM ¥: pitch (nm) (contacted) 52 45 40 36 32 28 25 23 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)(f) 38 32 28 25 23 20 18 16 14 13 11 10 89 8.0

MPU / DRAM time line

45 1193 nm immersion with water

32 1193 nm Immersion Double Pattern Narrow
EUV (DRAM/ MPU) Opiems l\ \<______
2 :Ifgsynm Immersion Double / Multiple \
Pattern .
ML2 LA e
Imprint

No proven optical solution below this line
16 |JEUV
Innovative 193nm immersion Multiple
Pattern

ML2

Imprint

Directed Self Assembly

Interference Lithography

Narrow Option}

Flash Time Line

11 |EuV

ML2

Imprint

Directed Self Assembly
Interference Lithography

Narrow Option

<a._________ @@

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

Development Underway -
Qualification / Pre-Production -
Continuous Improvement W////////%

Figure LITH3  Lithography Exposure Tool Potential Solutions

IORT b= R AR RE AR R

ARFECIE, Lithography, ESH, Factory Integration, Yield Enhancement, Metrology. Modeling and Simulation,
device and circuit performance %3 T Emerging Research Devices & Emerging Research Materials 2l & L7-27 1
I M= — RIS LOFIR SR i A AR 55,

BRE, 4, BXUOMEE (ESH)

WMV 2 E £5 Perfluoroalkyl sulfonates(PFAS)Dfkfse BO7afd FIC B 2 i Diimic B\ ¢, £k
KO AN ST B ESHIZEE T i BEZ 10X TOD RTREMED D, SV ZERSNT, Bk
OB AN, FEEERS L OBREEI X T A AMAIFZE LIFHI TV BB XSO L O, Loz e
ZERLTWA, [FEEIC, EUV VY57 4D @A — Ty N BT A7 1B 1 TR A FBh &
BI280 O TGO #% & 8 D &2 /N T 572012, EUV RIRO BB R O KALN L ETH D, FiiZ,
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EUV 74k O34T LU S O AN EE 7230 — D g/ IMED 728012, PR OBLE (wall-plug) 2 =2 A3
HWINAZENKETHD, V7 F77 4 THOBIAEFEIR SO B LOBEEOEE L, 77EE 0L LR
BICEREROVEDVEZ R > TREB LTI D, AiEHRERB LB E DRI ) —=2 7
— V(LR LI PRFR) ~DV 7B L T, BB - A2 B L OO EE B ROZ L,

T35#iA (FACTORY INTEGRATION)

W7 e Aa ha— LEHERFT 572012, @ ER T ntRas ha— VEENIET =— T 7T DY ITA
H—IZBWTRA R THD, BRI, ZNSDRE NI~ AZHUERIE (G ANTBWTETETREE T 2> T
Do V=T 77N —F — b A= a ORERNLO LB R AR T 200 v A7 ERUIZA T R TH A, W
KOO~ AT Y2y 1E, RRE AEIEDTZD DT —H R 7% BB T 572012 B BIO R K % B
LTz, BEMLOIORDEE D FEL TNVD, 5 H, Vo— 777 TS5 SECS/IGEM L o7 BE(F 3
YD~ AT BEEIEE AL 7T ~OE N, BERRZOKE X ET5TLL,

BTV AT 22— VAR T D EMIRT = — N\ NToX L TV AT AT, T AD ALEBE DT = — D,
U —X% 7 7a—Oi R DT IZE RS DH, CD, VY E(Litho stack) DR, BIE 7 m7 7A/L, EHifhHE,
KRG E YA 2 T~ 7 R A B LN = — N E O DL DB HONEIZ L E DT A— 2 DFEH % 7] BE
(2T DL DD E (Integrated) 5 HUE S = —/ /LIE, [FERICHELRES LTS, TR A2 i# 45720 Fov
EART o /R— [ A T E AT O NS DI D —IC ks ChRtdk S =T — 4 &35
ZEMARE CHLNETHD, HFY 7 D ETZHH R, BLOWK D0 DGEITEE NN—RT =7 OB E/R L
B TRDDDE LI MBLO B R FIH L, i@ O FHA Y TV 7 7T g it 5720 DT 7 O Bie HE
Va— N Ta—E T ALl T RENT (BAVTIRIRENT) LU By MRA LV IA~D ERE ST
FORERER R & T e, SHITIE, ARV IEY 2—/LIZB W T, [Al—0uy O FIZB N TEZT = —
T, FEBEOE T 4 — AR I, @ty MRA U N 2 THBI CELIENEEL, FLIEEIC
BWTIL, Y7 =7 D3 S & (Dose)., £ mi(Focus), HARNTil) I LA — =L AD A SJ/RTA—=EF% T = —
NZLIZRANMIE S THF T RETH D, T 2— L DOF Y7L —ar, HExFyI 7L —larBLO
<o F TR VBV DAN—T DO REILBRIEL TITONAREITHD,

A EV W _E (YIELD ENHANCEMENT)

B RGOV AZXDBNF RO R LG/ NSRBIz Eb 70 SR E0 ) B E B H iR 72
ETAREIND, A EEE XEE LA — RO ERIZEET AL, FTETHERE LIS, TR0 K
AT, ARG TR IGHEI RO BAD R HRE T = — R COEEFEFESIL TR, UV
F7 4D BAR Y OFIECHREE 0 T SN CND, EBHIZ, ML2 ZHWA720121%, 7=—/ D Die-
to-Database fR 73, 72 SA VB THDH,

VRO RERIR R 2/ IMET 5729012 DFM OEENEFSITWOAD, SERABRNNLETH
%o TR0 D ARNDIE AN O Fe/ IMEEFE NP D~ A7 FIZFRAE T AR R R oD RR ORI L0 8
FVEERKRICTHI20IZ, FHK T FE9(AMC)D il BB Ch D, V7T 7 4ZBE 3% AMC filfElo
FRAEIT Yield Enhancement D&EAZROZL, ~_UZVEEL T EUV v~ A7 BLUOA TV N7 L —Re R
Mt AR DToO DV AT N RY 7 R RIRE L THEZRFEMHRED FE T > T D,
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I (METROLOGY)

V77 o Hiifi O mE e R L FEREL TAELDRTE YA X DWE, Uz — A7 OFHAIRE I HRER
UelT %, BEfFD CD FHAPEE ORI, /DB MEIN TS 20%EW DI b A 2 HAR ISk 3 2k
JEFRBE R AT L0, BEIIE, BHH 0T EH O ELEE) LKL EE D5 EEM O
<o F U THEEBELTEEND, Va— "BLO~AZD CD #ffix, 3D FHUlDO=—XIZAE T _EELT
WD, EEZRERIT, LWR JHIETY, LWR OREREE X, #RIERE XD BV TC7, LWR HIE % i b
T B0, T S3AAMERE~D LWR O &7 2803 — g B<BESNAMERHVET,

FERDO BRI A — S =L AFHG DT £ T, AR —A— D —IIHEDT A AHRE V%
FEDTDIC T HAEI2 A — N — LA A ZESR L TOES, IEROA— =L AT AMEE T, LT 7R X
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