U777 4

B

2005 LU, Sl N—T T ORfi/ R — REHERFT H72DI2IE, BIEED S Y 7T 7 o Hiffia t B LAE
T DI DOFEEMRETATL T, VYT T7 4 JORRIFIN e o T L XD TREHESNA R Y 75
T A RIS T A ENESREND, RIRL A% WS ArF(193 nm)) Y757 4 DIEIRICEBUWN T, HL
WA O BRI Z T B R HATRED RS U COD03, FEFIZHER A7 R RE O H AR O FRR 3
BLINDET TR REa AL, o AR, v RA7a R BIOUEE LT 20D CoO(Cost of
Owership)% & AT2 T 7 AANARHINZ T DI ENEETHD, WV T T7 4 DPLRER AR Y 757 13
WrDBAFEIIZIZ NS D 7B BIT DES BN ETHD,

o FHOUIE

o L IUAMIEIE BB E

o wAJHUE ~RIBIEILE | BIURE

e  CD(Critical Dimension)flliE, EAHI har—/L BIOKMBRAED =D OFHHIEEE

AREENIV Y 7T 7 4D K §E 72 B 47 7 (Difficult Challenges) . £ 7 225K | 38 L OVig T 5 & 4l (Potential
Solutions) & HfElZ 3% 15 FERlDOr—RN~y 7 Z 74325, BITAKRFETIX, V7771 ITWG (International
technology working group[ [E BEHilfV —%> 7 7 v —7"]) &, 8% &t. FEP(Front End Processing), ESH
(Environment, Safety, and Health[BR$%, 22Vt BSLOMERE]) . A0 B HIE, 7V 7 BLON =L
—3ar D% TWG LDIaATy MEBIL TN ZNEDH DDV ZRLTZ,

R RETS BT VYT 4O TEERERIZILL T OB TH5,

o (D = h—/)L—#FHENDLL D/ F—0 DRESTIEFICHIES AV ENHD, CD I ho—)b
IE BT — VRN, T NET = — N TS NA TN DD, CD v ha— /UL t)7e 7
DA MERELEIRMERE . SOICEDFERLL TORA IR IEREZ S DT DI BT D,

o  HERAH(Overlay)—)7e R EVE R T D720, T XTOLEATCTET V7N FO IR LML
ETRD IO ED DD,

o KIEHIE— I 2 F— NI T RTOBFTTIELIFEL . RO E— NI E AL D THIAEET
REThWN, VT TT747avRAZBNT, Fiolly = — NS —=T A 2V MFE T HZEI TSN,

o (EaAMEE LIVAN BIOAZOAANE, CD avbr—/L, HREE BIOKGHIE A~
RO ESNARIL, IR E VRSN AMENR DD, TANET/NIT DD, VT TT 4D
TRIFTEAETEWEE TEITENLZE, v AZIITEDE T LDV =— "DFE NI HINDHZ L,
I SHEME D S BT = NN CERAZ LM TN B D,

T NARAERER T DAY DZENEND NS == T BT BT, V757 47 v AT EFERE O
BOEE O FH/5 a2 EH D, —ENZIX, DeEb Mg eim) Y777 1@ e B35 7T 4
HNVETHD, ZNSITHET DS, 7 —NE, N PREEMR(T— V=R R AN ~DaL B,
ZLTC, B BB DRME THD, o, WO TEEMRELEE T HR—IVE, NIV AFDTF ¥RV DA
A AN ISR Y 7T 7 A EEPMEDNDZEL DD, SHITHHLT A AREE TN DD D77 15
IV LB L IR B3 LIV, BITE, UV I T7 4 TR TII~ AV EL D AN EE L -t - A&
DHENEERELERE D 30—40%% HOLH, ZOFIGITZTnF 7Ry 7 A 1C B EOTFE, T Mo
PARICHRIRTFT D, TL T, CoO BT ANV I TT7 45t T av A4 7L a2 E Rl 50I1CL

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



XUITHWDILD, 7EEATANEI RIS | V=—BT0, TaB AL AV FdTF v T HIe VO AT
FSALD, WUV T FTTADARNTYT = — L~V TCOBRE A CERILINS, UV F74D CoO,
DENT 2— LUV TOESE ] (PWLE: per wafer level exposed)lZ 2L FD 5|

ERLTED,

CoO Sensitivity (Impact to $/GWLE to input parameter)

7
—e— Throughput (WPH)
——Litho Cell Cost
6+--Vy----""""""""""""""""""""-"-"- —4— Mask Cost 1
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m - —&—Product Yield w/ rework
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&
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£
S 21 :
Q A
- ”&ﬁ\
| H N 0 ] n, ":\"-’\E-- :.=.—-—.-i-i-=$l
1 — i — — =-=-%‘=5-'_0!6!.!
0 T T T
0 0.5 1 15 2
Normalized Input Variation
Figure 66 Plot of Normalized Cost of Ownership as a Function of

Several Normalized Input Variables

Cpwle =(Ce+ Cl+ Cf+ Cc+ CrQrw Nc )/ Ng + Cm / Nwm

ZZT:

Cpwle =7 = — LUK B TZD DAL

Ce=fZ ., LY ARa—h, BLONRZ—U T RT7 7BRIEO—FHT-0 DI ANIMMERT, AT F A B&

AV A= EETr)

Cl=Af#

Cf=0Y— )L — LA —ADAE /I E

Ce =fhiDTHRERMOE (=T 2P, L—PF A4 — %)

Cr=LANEH

Qrw=" =— \BEDL VAN

Ne =L P ANBHLIZY = — K

Tnet=1EBRDALERRE /)= D ALEREE 77 * 1) FH 2

Ng =7 ==L~ COFEN: B SAE(GWLE: good wafers levels exposed)
=[Tnet YL dt, Y, =DV 7' F74DHRL | =]

Cm=vAZDAAL

Nwm =~ A7 D FEENT = —
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Ce 1IA VAN NVEHE G T EE DM LR ED, ZOIANIMEAGE CREEH 5 F2008)%
B ZPEITEI Y TH, FERRTIL, 5, CoO [ZREHET HDIX, Ce, Tnet, Cm & Nwm ThD, Figure
66 ITIEHEENTZ CoO MINBDELDEFRIZL > TEIEDDINERLIZLD TS,  AEVDO RN
SEHREL, WEEFE T (Tet)e~ A7 HT- D DTS AL (NWM)AZ AU DN TR D,

~v AL 7 a = APEEDTHID AN, SV 7T T T BPEDT=D D AA L AN — L T LT
i, SHIT 45mm N—TEyFHRETHEDLNLZERHIFFSN TS, KV VT T7 1 DG
Rayleigh 2 CRURENAIDBEIHTIZES THIFREND, ZOIH7R BN R TG TX D/ N—7
By T RIIRKTHZ LN

R=k 1

ZIZT A BN R NA 1XBI 0 Cnsingy THZHND, niE, LA — LU ANEAOBYE | ek BEoL
RFEA VIARNDI LR DD BITR TH D, aplTZERNEZEF THREINDG A, LU ANLREALIZED
HRRDERADE3DOAE T D, KTV AMERE, 2EiEa fa—/L LTIV D NG — T mAa
F— U ZE S TEICREL TR ERAER TH D, ZZ Th/IVN—TE Y F IV NS7e~HEDT AL R 2 — b iR
BT IHZEEFERL TERL, V7 I77 4 OMBEIIR I TWD 22— O i/ NElRg, 37058
H— BT ThDH,

T A= AALT—FIIT T A= DAL, BEEBOFEAS LA T AN T LV AMDCDEA LS, £
L CENRRELHIRT D, BT — NV RNO— L CTEINDT 4 — I AFFREE, F7213H AR (DOF:
depth of focus)iZ LA FC/REND ',

A

N
nsin — Sin —SsSmnao
[

DOF =k 2]

ZZT.n=1 THY, NA<0.8 Tl DOF IFLL F&725,

DOF ~ k, Lz 3]
NA
EHK2 LR3I, i, TR RE— P AR BROVRE = TBRITEAF L T0vD,  LIchio T, Y
VT FT7 4D RIE, KB R JOEWB D EE ROV AT AL K0/NS72k T, JOEEOEL v IZ—
VEKT HZETH D, ArF(193nm)CArFikiR, 3L UNEUV(Extreme Ultraviolet)z o 2 7 AT
LTIV T 7 A DR E L DOFD 27—V 713 [ 1]— [3]12UHED,

FSRDIVTATIIVIEDY Y 757 28T D FBEHIN THOFET DT 77 7 ARBI(OAL off-axis
illumination), f\Z#H3 7 k=22 (PSM: phase shifting mask). 3T F4# IE(OPC: optical proximity correction)’s
E DORBHEHAN(RET: Resolution Enhancement Technique)?® ArF(193nm)#& 5 AT A2 TH 5| &1l
DTS, RET IR, 1 NA AL L P ABGEDRIRAY Y 7T 7 A DIEAR DT D ZRSI TN, Fhk
BBV AR AL = — IR T 7o THRIRIES ) Y T T 7 4 iR T 5 F B L TREIS LD,
Table 74 |2V 7T 7 4 ZALIRET 2O VSIS RET EFHEDO T AR T, RISHK ER A2 OPC &
RET DOFEENR IO INFEEIC /2> TS,

! Burn Lin, “The k3 coefficient in nonparaxial A/NA scaling equations for resolution, depth of focus, and immersion
lithography,” Journal of Microlithography, Microfabrication and Microsystems 1(1), 7-12, April 2002.
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32nm N—TEyFEENLRITRTTHERIL, BEOUTEEITRIRIR, SRR R BEOKD
FRIVVESTHROLVANBBRFESIRWIRY | ArF VY777 4 DRENZBA TN, 32nm N—TEvFLEh
DIBRIZHRIL  MRIRVY 777 4 &3k n 3 5T DRIDA T L ald, 2 e LD~ AT B — %05 HT
ETHD, LInLRins, ZOFIEIREOHEM IV ZA TR IR, v—R~y 72 ETET 7
WIZIE, EUV, ¥ A7 L A(ML2: Maskless Lithography), > 7"V MO X572kt 2757 ¢+(NGL:
next-generation lithography) AT D BHFE A I E O MELTHTHAD, WYY 7T 7 1l TH LS KiE/ 2 A
VT TANT YT OWEGE W BEE S DT80 | LR DI E NSRRI S ) 2 — g LU TRIET
LMD,

Table 74 Various Techniques for Achieving Desired CD Control and
Overlay with Optical Projection Lithography

MPU M1 con
MPU M1 contacted 210 nm 160 nm 120 nm 90 nm 65nm 45nm
' pitch
k1 Range [A] 0.51-0.64 0.48-0.52 0.47-0.53 0.40-0.43 0.31-0.40 0.28-0.31
. . - Allow OPC and . . .
Design rules Minor restriction PSM, SRAF Litho friendly design rules
Contact locations,
.. . library cells
Restrlcltlt(?ns Minimum pitch, spacing and linewidth olztecn};aatliﬁl checked for OPC | Features on grid?, Restricted feature set?
(cumulative) compatibility and
printability
Model-based OPC
with vector
Model-based Model-based smul;;tlc_vn, SRAF’
Masks Rule-based OPC, Opé’ i/I-BaS;C Model-based OPC w /SRAF on critical | OPC with vector po Wtj“ on
. .. MBOPC for gate, . ( ) layers, verification of entire corrected simulation, corrections,
(Optlcal proximity custom OPC for on critical layers, layout with simulation SRAF, ValjlathIl‘ of OPC
correction) memory cells SRAF on gate polarization intensity by
layer . location in
corrections S
circuit?,
magnification
increase?
. APSM, hiT
APSM, hiT g
(Gate and M1 layer <PSM and EPSM APSM, EPSM EPSM. dual EPSM, double
mask type) and hiT EPSM . exposure with 2x
dipole? .
larger pitch
(Compeimsloges EPSM APSM, EPSM, HiT PSM
mask type)
Resist Custom by layer type
Thickness <500 nm <400 nm <350 nm <280 nm <225nm <160 nm
Substrate ARC ARC, hard masks ARC, hard masks, top coats
Etch Post development resist width reduction
Selection based on aberrations, . .
Tool automated NA/Sigma control Aberration monitoring
. Custom Custom
Conventional, . . L. . N
.. Off-axis Custom illumination, illumination,
(Illumination) annular a Quadrupole a L L L
s illumination illumination polarization polarization
illumination T .o
optimization optimization
Cross wafer dose .
(Dose control) T — Dose adjustment across the wafer and along scan
Automated process control with
(Pl(‘;)cesslcontrol @ O::Sf;ifg; Automated process control with downloaded offsets downloaded offsets, metrology
and overlay) p integrated in lithography cell
MBOPC—model based optical proximity correction cPSM—complementary PSM APSM—alternating PSM
EPSM—embedded PSM HiT—high transmission ~ ARC—antireflection coating SRAF—sub-resolution assist features
Table 74 D¥E:

[A] JUV T TTAEINTHRY Y 7T 7 4 DME S CODERUE,
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PR A

/N7 F OffE Nk T DT OITEIT b EELVY 10 OKFEEZ R BT S % Table 75 1R T,
~ AJBUERE S L~ AT AANDEERIL, UV T T T 4 DA DRIBICEE CHOMGEINIES T DHENHD,
PLaTOFEEA e — R~y 7 ONLE, F512 MPU OF —MEE (RARTZyT), BLOMEW k1 V7 T7 4128
% MEEF(mask error enhancement factor)[EDNNDT=8, < A7 DfhE= M — L )NRFICBHE R FREE L T
D ERoTET, 20X, 1997 FFOr—R <y 2B T 70 nm AT 4 5~ AZIZRUANE T A2 C
9nm, 2L FVNE—/LC 14nm OCDALM2—/LRBRIFL Tz, ZAUTKL, 2005 FR TIXENLE
2.6nm & 3.0 nm L7257, ZAUTR AR ArF DO~ A7 7 v ADHFFEBE R BB H D DI %L, #3472 OPC
EPSMABIED N~ A DVERUTKRIL | v A7 BB L 7 e ARE ) NS T2 7260 Thh D, RIatiliE, CD=
=Ll — (T E R O#EL X iﬁﬁﬁ: CRIBIZHAL THY., LoMBED E\ v~ 27 RIELE E DB 5
DB LIINTND, Jotin~ A7 DRGSR DEUT D72, ZNOOEEE Y 7T Ay Ed £ @ oL 5%
EZPRTHZEDRRNEEIT/ 2> TS, ﬁ%’ﬂaﬁﬁl'ﬂa(ESD electrostatic dlscharge) LRV AZHEEIT RO MRS
ThHoTMN, vARINZ— P AZXDME/ N LD TOIAFAST-RIEIC D e TSNS, 28 DT = — §Z
HAZ B TERE DO HEREW) 13~ AV \ IS DR R K it IR 7o > TE T,

INETIX, 5X, BEON0X DOV AZERE VLIV TETZN, FERER> TNDEAX DI AIFERTIL
AIVERDREE N T AL E T 2= EOFBENT 4 — VR I KIZTED, Lol WSO D RN
VAIEFRERELTDHEOIERDIKSILTND, VAT OIANIEME RET B— e S ND X
VRIR ST D KIBIZ @L< > TERY,, JOKREREROVAZIL 4X A7 00720 L7250 LAV (GR
B v AT LD — SHEINRENC O~ AT RGERR G I8 DT20]) s RIAFEILTD NA>0.9 KR
VT TT74TOD NA>LO TIEL L AORESEBFENBINKREL 2D GREE: v AV ERERELTHILE T
VADRESHNSKTED), AT —VHRE LGB O A PEMITE LGRS T2) | KO/hSRiZt 7 4
— LR AXTHIY BONAL—T Y MEFO NG LIV, SHIT 4 X v AZITBITH~ AZEED TED
W RLFERREIC > TRY, £DT2~ A7 Z i T T HINAR S LD, SHEDED 0.5 {5025 2
el BmEEDO—HE TE(Transverse Electric){f@ /3415, TN TOGRT CEETH—2 L7267
Wb ZORNDEEIIN — X EDOEEL THND, N—T =2 v ATV XY R 27D X700
it~ A0 H G5V 7 =TI, JOBEMECEL W ERKTE T VW RLEEIND TH A, HA&IZIiE
Y AIEIEI L DIRIEBIBUCL o T UL 4 (B RE I~ AVERERFTT 200 LiVey, A7 A
e Razxhe FIFHMIch, @O~ A ERIZE S TBEAT 41— NV R YA XN 72D ATy TF 7
FPIRLECEHIDNNC, RFtSNL T v 7 HECETEET L THA),

CD = ha— )L ~DERZ R T 572D, RET 0 F — 3R~ OHilfR, 51 APC(automated process
control)7¥ Table 74 |Z/REILHID! Lﬂ%b‘%ﬂé WV TT7 4 Do ESe~DYRRE EBU T HI2OITIE, 3%
7R EAZRBNT, IR HEDOD )22 b CD ’Z{@J%fﬁ'j(éﬁ%)_&%i<@ﬁ%‘§‘é\_<‘:7blbgf%é
ZDZ &1 DFM(design for manufacturing)b —#xIZ LS EONAHZETHSD, DFM I TEXGTHEIC lﬁlﬂﬁnﬂ#@ﬁ%_
EIZBWTHRLEI XD XA Z ES T, S6IT IC G 7 m v A% &b @V OB L i/ N AN TR 2720
W bS5, HHIIIRGHEE 3RS T n e R BIT 5T R COWEN /LT k%@ﬁﬁ/\ﬁ‘ﬁ@%ﬂﬁ%ﬁ
> TEIEZ b CEDDH LIV, bRl ~L T, B ITE ICB W TEREDO RVWT A7 7Y
Y EERT DI, ST TT7 1 2y F U7 BEU CMP 7Bt ADY 2l —aid,
LAT UK E TGO O EITROEESNT WD — T ARy MR EDINT v 7 Il i~ 2 DI ff
ﬂ%éﬂoo%éo ZNBDY 4= AR DB T~ A7 LT = — 0 CD HlERE IR D, 7+—h

FBCTT AN R — L TIIL T — I AR MO T T AR E 2 e RIC T D IO i b &g, 5
??Lf:‘74’~77\ﬂ‘\°‘y]\%KUDﬁZiﬁfﬂi/\°5’~‘/F[Egﬂ%fﬁ@ﬁﬁﬂﬁ’@ﬂfﬂﬂé%Lélé:ﬁi‘ﬂz\gf“%%% LT, ZhbDy
A= ARy NILAT U MERLRE T v BT DT =LV T ORRLISND, VA= AR MDY T =
TNZE W&V DYEL AT T IA~DT 4 =Ry 7 D HENEIE EDA Y774 YIZL > TRIMA)ICHEL

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



DHILTND, DFM Y — /L EZDOHEINIE, T x— T 77 T A7 O /NI L, #1720 % 2K T
57’; \—TTK \..72}?5(&)%90 DFM \—-Bgﬁélﬂ_é[/b\l\ﬁiﬁ lﬂﬂ-l‘@i%#%ﬁg@\_k

U7 T 7 A B LR E DS — = 7 % W REIZ T AT LT L > TR OBEESH 720 D K E 723 AN
Iz 2 2 TETDS, IAREPEEFIEFE (RODE ZILETOEREL ~IUICHERF T 22 &3V LW KR 272> T
AYR vx&k)y&“??ﬁ%%’F’aﬁ?‘é:n%m%%ﬁcib’tﬁﬁwﬁ‘?74@ﬁiﬁ%ﬂ“ﬁ‘éwﬁ‘574f‘%E&%
ThD, VYT T7 4% SHITIEA T AT DI EEITROWRIZ R D N TEv 3 F— Bl E T
v F T EE AT HH LWL D AN %}:ﬂ”é FOBEHE R~ AT PELRE I, D~ A7 DAERUZIFHTLL
TS RSNz~ A7 QUGS E LA RIS LSS THAD, 450mm 72— "N~OBATIZB WU E
DAT—=VRREFONT 7 [REVE A —F— T 47 my/ ) Oa—T 1 7 HNC BT SN NETHD, Z
NHDOWRITSO/2 0% E Ha v BEET 5 Th A,

MPU (2857 —hCD A ha— /L ~DERITVY 7T 7 4 D7 ar A3 ha— Uk DA FENL
Br B2 5, ZHUIZL R bov7  LUAMEEN BLUOANRn RN EEND, FRZEREEE CD O
HOT R a— VI EERETHS, TatAar ha— )L OFEARLIRAANNT Y N B BFED
] 523K S DK D B A @ B 7 2 00 XA fE T ld eV, LY ARD LER(Line Edge
Roughness)| 37— OHIEHIEHL 2 ARDRY ~—FRE D RESIT/2 > TEIIOEEITRD 2 2H D, Kt
RIV T T741%, BAEEN N E TR SN Z D72 NTFEIZE SN TSI | 7T
EERBR\NE LB T 57259, ZHHOEEIIBIR T 5721 Tl AN RITEN - RIED D DOIF
TEME LB R A T T LA R T DTN DD,

IRV 757 4 DEAIT S DOF LG L -5 LT, A BPi . FITIRHEE LI, SHITiX
VA7 ABFE TRAET D\ T N AR D72 T ZEDBMETH D, WIRHRILY =—~ BIZFEDHZEHHY |
FIUIAT ALV EFIEE T, FIL P ANARIZ RSOy 7 23— Mt EOFIES B CThH D, AtFIRIRVY 757
4% A5 nmN— 7y F RIS E THIXEIT T 720 121F, KD EWESTR (>1.44) LCaF, o1 3%
CLS6O)IVEWEITROL L XM EIRLETHD, ZIHOMEH, IRV V7T 7 (BB~ A B
BIRRICHKTT DT N TOEREM =T M E B D,

EUV VY7 7741 32 nm ~—7 >y F D5 GEICE S TE 45 nm ~—7 By F DL HGE D
NHETRESILTND, EUVIY Y T7 413 13.5 nm O RA T2 L7 5 Ch o, ZoWETIET
TOMBFCIEFIZRIIAREZNTZD | AT RIIT N TP I TSNS, FOKE8EIE
13.5 nm CHREPREED DD ZBIENT—T 42 7 S5 TCND, EUV UV T T7 458 N T 57280 D Ee il
HIN—RILDT T RTA % Table 75 (RS TND, ZIITIILL FORMED DT HIV TS5 ARG LD
~NAITZ PADIER T ae A @i )30 —@ BUV MREEI T RO EF b, BBDL TR B
FROGYEEIE, 13.5mm HETOEWEEGLE OO ORINEO R EREL BT, +0/h&7%
LWR(Line Width Roughness)& EREDL AR, BLANY I VL ATOYAIORGE, i, EUV YT

LTIV T4 LIRMENDT-0 , BRAE OO0 RN SN DL EN S,

FE(Longer Term)IZ3RWCid, RS, Kk, CD 22 ha— Wk 57 0 AB~D RN T ok
Aarvba—/L LUARNRAFE, v AVBARIC T A E A SB[ EE T Th A, AL RY T T ¢
IMEHINDEG AT, Y ATREIZBITDHZ A to T —FX—ARENT =— DX A to T —H— AR
ICESZ ONDLZELITRAD AT VNI T TTADT T —hGREVE: IV T T T 4 TO~ATITH
WL, V= EORE = LRIDRE S EER 20, %@ﬁfﬁé IF XL VT ThD, LYAMAER D
RODYBEVETHAD, WRIRVY T TT 1% DI BTV AN LD @O JEPTEEA
WELLIRDTEAD,  FRE ARSI S = — MAEHZAE éé’b’Cb % PFAS(perfluoroalkyl sulfonate){t: &4
REED LOT 22T T 7ebrevy, JEHEREDS/ NSTEDD, BOHEED BT 72 FIED IR OERD  {b5
HANE LS A NDERIES T B L AN BT AR/ N— T B FEHIRRT 2058 LIV, 7. 7ok

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



ELZ AN oA RS i HERIEE S NS72 LWR 2§ DL D AMAERL B L 72 A9,

Table 75

Lithography Difficult Challenges

Difficult Challenges > 32 nm

Summary of Issues

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

Registration, CD, and defect control for masks

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

Understanding polarization effects at the mask and effects of mask topography on imaging and
optimizing mask structures to compensate for these effects

Eliminating formation of progressive defects and haze during exposure

Determining optimal mask magnification ratio for <45 nm half pitch patterning with 193 nm
radiation and developing methods, such as stitching, to compensate for the potential use of
smaller exposure fields

Development of defect free 1x templates

Cost control and return on investment

Achieving constant/improved ratio of exposure related tool cost to throughput over time

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

Sufficient lifetime for exposure tool technologies

Resources for developing multiple technologies at the same time

ROI for small volume products

Stages, overlay systems and resist coating equipment development for wafers with 450 mm
diameter

Process control

Processes to control gate CDs to <4 nm 3¢

New and improved alignment and overlay control methods independent of technology option to
<11 nm 3c overlay error

Controlling LER, CD changes induced by metrology, and defects < 50 nm in size

Greater accuracy of resist simulation models

Accuracy of OPC and OPC verification, especially in presence of polarization effects

Control of and correction for flare in exposure tool, especially for EUV lithography

Lithography friendly design and design for manufacturing (DFM)

Immersion lithography

Control of defects caused in immersion environment, including bubbles and staining

Resist chemistry compatibility with fluid or topcoat and development of topcoats

Resists with index of refraction > 1.8

Fluid with refractive index > 1.65 meeting viscosity, absorption, and fluid recycling
requirements

Lens materials with refractive index >1.65 meeting absorption and birefringence requirements
for lens designs

EUV lithography

Low defect mask blanks, including defect inspection with < 30 nm sensitivity and blank repair

Source power > 115 W at intermediate focus, acceptable utility requirements through increased
conversion efficiency and sufficient lifetime of collector optics and source components

Resist with <3 nm 36 LWR, < 10 mJem’ sensitivity and <40 nm %5 pitch resolution

Fabrication of optics with < 0.10 nm rms figure error and < 10% intrinsic flare

Controlling optics contamination to achieve > five-year lifetime

Protection of masks from defects without pellicles

Mix and match with optical lithography
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Table 75 Lithography Difficult Challenges (continued)

Difficult Challenges < 32 nm Summary of Issues
Mask fabrication Defect-free masks, especially for 1x masks for imprint and EUVL mask blanks free of printable
defects

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning,
repair), especially for 1x masks

Mask process control methods and yield enhancement

Protection of EUV masks and imprint templates from defects without pellicles

Phase shifting masks for EUV

Metrology and defect inspection Resolution and precision for critical dimension measurement down to 6 nm, including line width
roughness metrology for 0.8 nm 3¢

Metrology for achieving < 2.8 nm 3o overlay error

Defect inspection on patterned wafers for defects < 30 nm, especially for maskless lithography

Die-to-database inspection of wafer patterns written with maskless lithography

Cost control and return on investment Achieving constant/improved ratio of exposure-related tool cost to throughput

Development of cost-effective optical and post-optical masks

Achieving ROI for industry with sufficient lifetimes for exposure tool technologies and ROI for
small volume products

Gate CD control improvements and process control Development of processes to control gate CD < 1.3 nm 3¢ with < 1.5 nm 3 line width

roughness

Development of new and improved alignment and overlay control methods independent of
technology option to achieve < 2.8 nm 3coverlay error, especially for imprint lithography

Process control and design for low k; optical lithography

Resist materials Resist and antireflection coating materials composed of alternatives to PFAS compounds

Limits of chemically amplified resist sensitivity for <32 nm half pitch due to acid diffusion
length

Materials with improved dimensional and LWR control

U757 =TIV ITAT A B
V757 ta—R<y 7 OBEEBIILLTFOT—7 )V CEHRIIND:

o UVITT7 4K (Table 76a & b)
e L TUARER(Table 77a, b, 33X ¢)
o TAJHYIR(Table 78a-f)

MPU O/NS727 — (T F U 7 )W mT T ERiI A e b7 me Aas ha— )L D72 O B iR E A4
AT, CD ZREROFFRME + 10% CHIET 52 L3V I W EREE 20> T T2, BIEE 702y hOFI Tl ~5
2N, B—R=y 7 TOMPU D5 —MMED CD v b — /L ~DEERIT + 10%7)65 + 12%IFED bz, £z, avX
JRR—/LE MPU D7 —NIBIF DL VAN Ty F RO RE— RO ZEFRIE: =y F AT A b REShTz, Bl
B DLV AN NIV 7 U N D2 8T, DA TR RTREM S E< 7o TD, LA — U B RELSH
T HZENE, VT TT4T B RRIZBWTRER T TR UA L RS TE, CD v M — VEAHETED, £
7oy LSI 8 A— T — %, P — =0 T a SO EBLRTRRIC T A7 0 GV — VA AR LL D25 b, Ahrry 4132
NoDVI 7T 74TV RV T AL — VBT 5 L CEERERIZRI-37°55, F7-. LER &£ LWR D%
F-PERE~DECEEDSHAME I BN DI 725728 Abna Y g I - O DOfEZ IEAEIZEHAICEA I I BEENS
VERHD, LWR OFE B E A7 a7 7 A VORI BT 5, KERZEME RIS T2
LWR (17 /A ZDFEMEGEIR D L CThIL AR —NEDEBID RN 725, ZOEENL, N7V AX DY — 7 i
RIS AE 2 DRTL P AZ DA —RDIEHDEERD | ICNERTOXAIL 7 IO )RR L7025, 2 H 7 NR—
VO TIE=y F o 7D BT NR— N O~FEITV Y 777 4% DL VAN HELVIBIT/NEL 725, 2k
MPU D7 —ReEIfTHD, 2003 FNOBUGES LTy T L T HRDAL B INR— L D/SAT AP KES I,
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Table 76a &£ b A& DZ L,

Bl 2 — BEELED ba— L /NE72 LWR, T U UERXMEMEEZ A 357 U ARBRS S
BB D, TERSHENR LD/ NS D728 . K&/~ —IZFREE DO RESIZRY L ARD T (L ZY
TN B A ThHh A, Table 77a-c RO L,

YA SOERIZTVT A TVIEIZKT HH D ThHDH, AP X EIT i) 7ol (ERIT 52 L
WEEZHLIND, TRTOWMARY 7 F7 (NGLYH ~ A7 13N F~v A7 LB I > TEY, 5120V o
NGL it ~_RU 7 )V 25 Z LT TE7AR, NGL ~ A7 DEERITIER) Y 7T 7 4 DF NS E RE RN EA2 -~ T
WHDT, St~ AT BUV VA7 BLUOA TV R T T —NZOW T2 ORPHBEINIZ(ZE
}L Table 78a & b, Table 78¢ & d. Table 78¢ & f), EUV &AL TV hDERE TR —F B H DRI H~ AT
(2N TR B R S F AT IR E DB DI DWW CELIR S TND, A7V MIWK ODTER-ENR H DD
T, ZZ TR LS T o 7V — M T LT R IR 2 i L S D 8D 8851 T /A7 U (UV-NIL)
ODEQ‘?%i&&)U@Zo F72. EUV <AV I3 T h e — L3, ET“Z@D IHIZV AT DR

\ZBAT Dk 2 72/ RT A— 2 DERPINZ LI TND, BUV v ARZ T T 7 AT, /N é&ﬂ’é%ﬁénm\t
W BTV E SR a7 e 2O BN MLELSND, AT )/I\H%T/7 L —MZXY=— ETo
FEARERICSHEDEEH MM LB THLA, CD, (2 — il BLOKaz = ha—/L 450030558
BUTMOEATTD 4 X =27 J0 1/16 /&, LITE X, ZIHDO A7 DR BRAEITEHL N THAS, EUV
SRAIRA LTV T T —MNIUIRU IV ME R TERW26 | R i, BCEE CofHOMIC
R0~ ALY ZARTHET DI O DFFRIENBFE /T ANSNALER DD, ZIHD Flp>7c NGL v A7 EK
1~ A7 CREICEE /2 > QDY AT DA ERZEFT 500 T e LAE LS E 5L ARSI,

CD = h— /Lt HRGEOFFREITER THZENRLHLUNER THD, BERAEFAMEIL, @A
B TAEYEIBRAVEAT-DIZ LI o7, Ly ADEIZLA RN ERFED BRI | —IEE
Rl == DI DI VT A IV EEREEAHT DTSN L LIV, 74— R\ 77 —F
THT—ROW T DOFIEN, T RIEE AT /(AT ERTN)NZES THR— S NDUERH S, FE
IO IRN—TEDMH IEET L& T LTY XA e TS 72D BBk 7L — 2T —2% CIM 3 AT A
DLETHD, HE o AHE(APC)~DERIZ-OV Tl Factory Integration &2 1A% hO i CREMIZiHE
RSN
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Table 76a Lithography Technology Requirements—Near-term Years
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
DRAM and Flash
DRAM ¥ pitch (hm) 80 70
Flash ¥ pitch (nm) (un-contacted poly) 76 64
Contact in resist (nm) 94 79
Contact after etch (nm) 85 72
Overlay [A] (3 sigma) (nm) £ 13
CD control (3 sigma) (nm) [B] 8.8 74
MPU
MPU/ASIC Metal 1 (M1) ¥ pitch (nm) 920 78
MPU gate in resist (nm) 54 48
MPU physical gate length (nm) * 32 28
Contact in resist (nm) 111 97
Contact after etch (nm) 101 88
Gate CD control (3 sigma) (nm) [B] ** 33 29
MPU/ASIC Metal 1 (M1) ¥ pitch (nm) 920 78
Chip size (mm?)
Maximum exposure field height (mm) 26 26 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33 33 33
;\rllnanflzr;wum field area printed by exposure tool 858 858 858 858 858 858 858 858 858
Number of mask levels MPU 33 33 33 35 35 35 35 35 35
Number of mask levels DRAM 24 24 24 24 24 26 26 26 26
Wafer size (diameter, mm) 300 300 300 300 300 300 300 450 450

*MPU WY — NEDOBAEE T —I1T KD DT —F 7 7 )L—7& OTRC I L > TRIESI-,
*e A% 3 EEMNC BT DIREOFIS . FRRFITENSIL TRV, BET D2 L2057 20 DO TIERU,

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known
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Table 76b Lithography Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥z pitch (nm) (contacted) 28 25 22 20 18 16 14
DRAM and Flash

DRAM ¥ pitch (nm)

Flash ¥ pitch (nm) (un-contacted poly)

Contact in resist (nm)

Contact after etch (nm)

Overlay [A] (3 sigma) (nm)

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

MPU

MPU/ASIC Metal 1 (M1) ¥ pitch (nm)
MPU gate in resist (nm)

MPU physical gate length (nm) *

Contact in resist (nm)

Contact after etch (nm)
Gate CD control (3 sigma) (nm) [B]
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)

Chip size (mmz)

Maximum exposure field height (mm) 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33
Maximum field area printed by exposure tool (mmz) 858 858 858 858 858 858 858
Number of mask levels MPU 37 37 39 39 39 39 39
Number of mask levels DRAM 26 26 26 26 26 26 26
Wafer size (diameter, mm) 450 450 450 450 450 450 450

* MPU #3857 — MEDOEBEE 1T — 13\ K20 DT—F 77 )L—F L OTRC IZ&»> TIRESNT-,

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known -

Table 76a and b D

[A] Overlay (nm) —Overlay |37 =— DHHPLHRAL N TERSNIZ X &Y HADRTMNVETHD, FRRORFERL
& Pl, ZAUTKHIET D EAQGDOE D/ F— (LU ANDZELHD)DNLE P2 & 5E overlay I3 O=P1-P2 TH-x b b,
O L X &Y HMDENEND RIS TRII, ZOEITT = ~—~ EOIERERED 3 {5 CRISND,

[B] CD control (nm)— 9 ~XTD/F— BT TOREIHRE B R H~72 CD OFH, T XTOVY 777 4128 DRA
(VAT | RGERTR N FAHIE, BEEEE . BLOL U ANIE D D)L DR 2L 22 MR SR (B 20 E, Bt 1—
VRIS, T2 — AR O = — ], SHIZey MNEO )& & T8,
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Table 77a Resist Requirements—Near-term Years
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
Flash ¥ pitch (nm) (un-contacted poly) 76 64 57 51 45 40 36 32 28
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 920 78 68 59 52 45 40 36 32
MPU physical gate length (nm) [after etch] 32 28 25 23 20 18 16 14 13
MPU gate in resist length (nm) 53 47 42 38 33 30 27 24 21
Resist Characteristics *
Eﬁ'zgm‘:g:s(;‘fg”;:g;':)s Iﬁ;gate resolution and gate 33 29 23 21 19 ‘ 17 15 13
Resist thickness (nm, single layer) *** 150-265 | 125-225 | 110-200 80145 | 70130 60 115 55 100
PEB temperature sensitivity (nm/C) 2 175 175 15 15 15 ‘ 15 15 1
Backside particle density (panicles/cmz) 0.57 0.57 0.28
rl?qiglg S:Jer:r?é:ﬁt[:gg;czi r(]qu)ameter. lithography and 160 120 120
Defects in spin-coated resist films (#/sz) t 0.01 0.01 0.01
Minimum defect size in spin-coated resist films (nm) 50 45 40
Defects in patterned resist films, gates, contacts, etc.
( #/sz) 0.05 0.04 0.04
Minimum defect size in patterned resist (nm) 50 45 40
e o

T A% 3 ERICBITDIREDHIS) . FRRRITIO TRV, BET 52 L2 15T 500 TiEau,

Table 77b Resist Requirements—Long-term Years
Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥z pitch (nm) (contacted) 28 25 22 20 18 16 14
Flash %2 pitch (nm) (un-contacted poly) 25 23 20 18 16 14 13
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU physical gate length (nm) [after etch] 11 10 9 8 7 6
MPU gate in resist length (nm) 19 17 15 13 12 1

Resist Characteristics *

sigma) **

Resist meets requirements for gate resolution and gate CD control (nm, 3

Resist thickness (nm, single layer) ***

PEB temperature sensitivity (hm/C)

Backside particle density (particles/cmz)

Back surface particle diameter: lithography and measurement tools (nm)

Defects in spin-coated resist filmst (#/cmz)

0.01

Minimum defect size in spin-coated resist films (nm)

Defects in patterned resist films, gates, contacts, etc. (#/cmz) J 0.01

Minimum defect size in patterned resist (nm)

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

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4
Manufacturable solutions are NOT known
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Table 77a & b /4

TR DZ M
* LU ANEEIRIOL CANEE T —7 V(B —N T b,

ol FRAGEE L — MR = P — VA R ST D A3 7RG B | BRI HIEEI M SO TR 2 L O AR R

STWDPERT,

ol LU ARDESIIT AT R 2.0:1 255 3.5:1 ORI THDBIL, /37— OEIEEIZLOHIRS NS, .

ook FRAR FE A AF

wrkkk LWR AT 0.5 um'25 1/(2¥*MPU Y% Pitch)F COZE M OIEHE RS 36 THZHND,

T FEAER 721X SEM D /A RZAHIELT-AMBIX DD ZOHEEIE TR D HILD, FUMEILH DX 2 pim LA EDOEX

DT=>7T, 4nm LA FORETRIES LS,

T LOAMERORMBEIIE L AR— 72 E O I, PERAIRIGE LT FTREZR K BEC L SR PRI A A TS

HUVAME EOKRaEX RIS D,

fthD 2

NOT ATV ANERH T 4T VAN T $5— 2 DF FE AR ORI ARAT T D,

LU AMEDOWIEIRIE 902 75@*&%5

BNZZEMETS 1300 8 BRSNS,

o F U MIEFARY —ER 132 25 L (PHOST: poly hydroxystyrene) 0 5f< 72 TR B2,

] VO ARNDFIBEEAT ST AR FTREZRFRIED > TR B2,

] TIVRTIRBREEARPNCREICE ENLEWITHUKTH D, 7)) —  RBRECIIINOOWEIRE%

000pptM | ZHfERFI &,

] Metal A < 5ppb

LU RO FEC2 RN SN2 B A8 (molecules/cm?sec), 193 nmiE CHEE 26 L Tl <lel2, EUVEE:

EZRTLTlE<Sel3 NERSIND, EPLICK T DfEIZ S RXET D,

[ LY XD FEHT 2 SN 5SiEER 5% E R (molecules/cm’sec), 193 nmiEHEEIIHRIL Tid <le8.
EUVE MBI XL Tld<Sel3 NELRESND, BB — IR AT S %R ET D,

;==8CEEE

oo
HH'EI_‘

Table 77¢c Resist Sensitivities

Exposure Technology Sensitivity
248 nm 10-50 mJ/ cm®
193 nm 20-50 mJ/ cm”
Extreme Ultraviolet at 13.5 nm 5-15mJ/ cm®
High Voltage Electron Beam (50-100 kV) **** 5-10 uC/ cm’
Low Voltage Electron Beam (1-2 kV) **** 0.2-1.0 uC/ cm2

e fRAGIELC (AT
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Table 78a Optical Mask Requirements—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
DRAM/Flash CD control (3 sigma) (nm) 8.8 74 6.6 5.9 53 47 42 37 3.3
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU gate in resist (nm) 54 48 42 38 34 30 27 24 21
MPU physical gate length (nm) 32 28 25 23 20 18 16 14 13
Gate CD control (3 sigma) (nm) [B] 3.3 29 2.6 2.3 21 19 1.7 15 13
Overlay (3 sigma) (nm) 15 13 11 10 9 8 7 6 6
Contact after etch (nm) 85 72 64 57 51 45 40 36 32
Mask magnification [B] 4 4 4
Mask nominal image size (nm) [C] 214 191 170
Mask minimum primary feature size [D] 150 133 119
Mask sub-resolution feature size (nm) opaque [E] 107 95 85
Image placement (nm, multipoint) [F] 9 8 =
CD uniformity allocation to mask (assumption) 04 04 04
MEEF isolated lines, binary or attenuated phase shift 14 14
mask [G]

CD unifqrmity (nm, 3 sigma) isolated_ lines (MPU 33 34

gates), binary or attenuated phase shift mask [H] *
MEEF dense lines, binary or attenuated phase shift 2 2
mask [G]

C_D unif(_)rmity (nm, 3 sigma) dense Ii_nes (DRAM half 71 6.0

pitch), binary or attenuated phase shift mask [J]
MEF contacts [G] 3 3

CD uniformity (nm, 3 sigma), contact/vias [K] * 4.7 4.0
Linearity (nm) [L] 13 11
CD mean to target (nm) [M] 6.4 5.6
Defect size (nm) [N] * 64 56
Blank flatness (nm, peak-valley) [O] 500 500
Data volume (GB) [P] 260 328 413 520 655 825 1040 1310 1651
Mask design grid (nm) [Q] 4 2 2 2 2 2 2 2 2
gt:gzgze& i?l:/la :gzgsg_"l]sswn mean deviation from 5 4 4 4 4 4 4 4 4
,[Ogt]enuated PSM transmission uniformity (+% of target) 4 4 4 4 4 4 4 4 4

iati +
Qett;rr:éz;ltfg] PSM phase mean deviation from 180° (+ 3 3 3 3 3 3 3 3 3
Alternating PSM phase mean deviation from nominal 9 15 15
phase angle target (+ degree) [S]
Alternating PSM phase uniformity (+ degree) [T] 2 o E
Mask materials and substrates Absorber/attenuator on fused silica
Pellicle for optical masks for exposure wavelengths down to 193 nm,
including masks for 193 nm immersion.

*O% 3AEMNCBITAIREOBIG . FRRFITEASIL TRV, ST A2 L2057 25 O Tidauy,

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known

Manufacturable solutions are NOT known
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Table 78b Optical Mask Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ pitch (nm) (contacted) 28 25 22 20 18 16 14
DRAM/Flash CD control (3 sigma) (nm) 3.0 2.6 2.3 21 19 17 15
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU gate in resist (nm) 19 17 15 13 12 11 9
MPU physical gate length (nm) 11 10 9 8 7 6

Gate CD control (3 sigma) (nm) [B] 12 1.0 0.9 0.8 0.7 0.7 0.6
Overlay (3 sigma) (nm) 5 5 4 4 3 3 3
Contact after etch (nm) 28 25 23 20 18 16 14
Mask magnification [B] 4 4 4 4 4 4 4

Mask nominal image size (nm) [C]

Mask minimum primary feature size [D]

Mask sub-resolution feature size (nm) opaque [E]

Image placement (nm, multipoint) [F]

CD uniformity allocation to mask (assumption)

MEEF isolated lines, binary or attenuated phase shift mask

2.2 2.2 22 22 22 22 22
[C]

CD uniformity (nm, 3 sigma) isolated lines (MPU gates),

binary or attenuated phase shift mask [H] e S . L : : U

MEEF dense lines, binary or attenuated phase shift mask [G] 2.2 2.2 22 22 22 2.2 2.2

CD uniformity (nm, 3 sigma) dense lines (DRAM half

pitch), binary or attenuated phase shift mask [J] : .
MEF contacts [G] 4 4 4 4 4 4 4
CD uniformity (nm, 3 sigma), contact/vias [K] 0.9 0.8 0 0 0.6
Linearity (nm) [L] 4 4.0 9 6
CD mean to target (nm) [M] 0 8 6 4
Defect size (nm) [N] * 0 8 6 4
Blank flatness (nm, peak-valley) [O] 0 0 00 00
Data volume (GB) [P] 2080 2621 3302 4160 4 6604 8320
Mask design grid (nm) [Q] 2 2 2
Attenuated PSM transmission mean deviation from target 4 4 4 i " . .
(£ % of target) [R]
Attenuated PSM transmission uniformity (+ % of target) [R] 4 4 4 / 4 4 4
Attenuated PSM phase mean deviation from 180° (+ degree)
Is] 3 3 3
Alternating PSM phase mean deviation from nominal phase
angle target (+ degree) [S]
Alternating PSM phase uniformity (+ degree) [T]
Mask materials and substrates Absorber/attenuator on fused silica

Pellicle for optical masks for exposure wavelengths down to 193 nm,
including masks for 193 nm immersion.

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known !
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Table 78aand b /%

[A] Wafer Minimum Line Size—7 =/~ EDf/N P ANRE, BR/SA T A TEAHD N IHEBES 7B (— AP
VEINZHU B S AL, BRI — M) =T VT 1 2B KT 5),

[B]  Magnification — & EHEDHE/IMEEE,

[C] Mask Nominal Image Size — 7=/~ ED /N ANMIE L [F15% CRE G EEE O/ IME R AT T=H 0,

[D] Mask Minimum Primary Feature Size—OPC 72NE &4z~ A7 - CHMBONLERSEE & R KA HHE S A - RFI CER S
SNDE Nk,

[E] Mask Sub-Resolution Feature Size— 7 AN N—DIHNI~V AT EIZHVERES IR VHIE,

[F] Image Placement— % 77 ff5 3 G824 BRUO CEFRS VD BABIE 11 B0 /R E— U DL E T IV A DR RKAEX 8%
UWNEY), ZOEIFARV I NSRBI IEE D AT — U ~DW A5 THARDNEAG R EA D 1D,

[G] V= ECOMIERZEIL~ AV ECORMERRZIZIERAFIL . MEEF(Mask Error Enchancement Factor)3% 0
eSS L7275, MEEF 1358% 1 JOKREWZ, 7o ECOMMEL) — A Helf 35 A IR RiEY) — 4~ 27
[ZHLRLU TV,

[H] CD Uniformity — [flh—>ClasEE R~ A7 ECHRELSICWDIZIRER YO~ AY ETOEBEDOHED 30, /3
AFTV—<AI7D X, Y EINIHR T2,

[1] CD Uniformity— [Alh—2 ClR~1EE2FFH~ A7 ETEHEESILTWODIRE O~ A7 ETOERBEOED 36, 1
P T E— (A~ AT D X, Y KOOSOy T 5Fio 2 — ATl T 5,

[J] CD Uniformity — [flh— CRISEZ R D~ A7 ECHBEESITODIEIRER S D~ A2 ETCOEEEOHED 30, /3
FV—=~ATHHNIN—T =NV AZD XY K OEHOE T 2 F o2 — A5,

[K] CD Uniformity —~ A% OBy FHlFID NG T 2 7 MEFED V- HIROD 36 534,

[L] Linearity—~ A7 ECRIUN -V DRRLT WAL A AR5 — T BB A AEO PR ERR D D
KA, 32— P ARDFPHEL TG L7\ R/ NDT L AR RE = BT 2N ED /N FD 312 5 R a8 7=
PARXETHEEND,

[M] CD Mean to Target—JIE L7-AMED VENEE T AL A XD RFE, —DDOHAXEN— TSNS, D3I
TEAE- AR E 2

[N] Defect Size —~ A7 Kfalix 7"V MUz RHTHRES D00 DV T 10% L EDO~HEE LA 52 5 Did b~ A7 ED
BEE) B— vy IIRSND VA DRI AR IT5Z S HRICB W TIEEIN TLEI & RIS D /A XD
K Badd D\ NERE K BaD RSO FHARE L TRSI TS, BE5-SHD 180°DAFH KBl X2 Z CRSNIZAED 70%/ NS0,

[O] Blank Flatness— 77 hRAIX 6 A>T~ A7 777 HJLER 140 mmx 140 mm OFE T T NO B KA — e/ Ml
nm B TRSIND, 77V MARADERITE RSN DL NE DI KT D IR TR T T 5,

[P] Data Volume— /% — AERIEE DT +—~ v TILAT —I6 L TSNS KIEERET — 2 D7 7 A NP A

Ay
[Q] Mask Design Grid— 7 =—/NIEIFHT VAU AIEREF UL O,

[R] Transmission — WUUADHNTWNRWS AT T T 7123 B/ N—T b= NS 7 hOBIBFHE T, % TRSALD,

[S] Phase—~AZ ED 2 ;L CTONIEEFAEDEN (NABFE) T, ETRSND, FEMEIT~AY EOZLOFED /o —
TR TEHOITAABD T L L TRO LD,

[T] Alt PSM ~ A2 ORLFAY)— M3 2hiEIE T OIS D F R AHRAZE TRSD,
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Table 78c EUVL Mask Requirements—Near-term Years

Year of Production 2008 2009 2010 2011 2012 2013
DRAM ¥z pitch (nm) (contacted) 57 50 45 40 36 32
Flash ¥ pitch (nm) (un-contacted poly) 51 45 40 36 32 28
DRAM/Flash CD control (3 sigma) (nm) 59 5.3 4.7 4.2 3.7 33
MPU/ASIC Metal 1 (M1) ¥z pitch (nm)(contacted) 59 52 45 40 36 32
MPU gate in resist (nm) 38 34 30 27 24 21
MPU physical gate length (nm) 23 20 18 16 14 13
Gate CD control (3 sigma) (nm) [B] 2.3 21 19 17 15 13
Overlay 10 9 8 7 6 6
Contact after etch (nm) 57 51 45 40 36 32
Generic Mask Requirements
Mask magnification [B] 4 4 4 4 4 4
Mask nominal image size (nm) [C] 151 135 0 0 9 8
Mask minimum primary feature size [D] 06 94 84 6 9
Image placement (nm, multipoint) [E] 6 4 4.8 4 8 4
CD uniformity (nm, 3 sigma) [F]

Isolated lines (MPU gates) 4 0 4 9

Dense lines DRAM (half pitch) 8.2 7.3 6.5 5.8 5.2 4.6

Contact/vias 7.6 6.8 48 4 8 4
Linearity (nm) [G] 8 6 6.8 6 4.9
CD mean to target (nm) [H] 4.6 4.0 6 8 6
Defect size (nm) [I] 46 40 6 8 6
Data volume (GB) [J] 655 825 1040 1310 1651 2080
Mask design grid (nm) [K] 2 2 2 2 2 2
EUVL-specific Mask Requirements

Substrate defect size (nm) [L] 31
Peak reflectivity uniformity (% 3 sigma absolute) 0.69% 0.58% 0.47% 0.42% 0.37% 0.33%

Reflected centroid wavelength uniformity (nm 3

sigma) [M] 0.08 0.07 0.06

0.05 0.05

0.62

Absorber sidewall angle tolerance (+ degrees) [P]

20

Absorber LER (3 sigma nm) [N]

Mask substrate flatness (nm peak-to-valley) [O] 36

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known !
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Table 78d EUVL Mask Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ pitch (nm) (contacted) 28 25 22 20 18 16 14
Flash ¥ pitch (nm) (un-contacted poly) 25 23 20 18 16 14 13
DRAM/Flash CD control (3 sigma) (nm) 3.0 2.6 2.3 21 19 17 15
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU gate in resist (nm) 19 17 15 13 12 11
MPU physical gate length (nm) 11 10 9 8 7 6 6
Gate CD control (3 sigma) (nm) [B] 12 10 0.9 0.8 0.7 0.7 0.6
Overlay 5 5 4 4 3 3 3
Contact after etch (nm) 28 25 23 20 18 16 14
Generic Mask Requirements
Mask magnification [B] 4 4 4 4 4 4 4
Mask nominal image size (nm) [C] 6 6 60 4 48 4 8
Mask minimum primary feature size [D] 4 4 0 6
Image placement (nm, multipoint) [E] 0 4 9
CD Uniformity (nm, 3 sigma) [F]
Isolated lines (MPU gates) 0 0.9
Dense lines DRAM (half pitch) 4 9 6
Contact/vias 0 8 6 4
Linearity (nm) [G] 4 8 0 4
CD mean to target (nm) [H] 0 8 6 4
Defect size (nm) [I] 0 8 6 4
Data volume (GB) [J] 2621 3302 4160 4 6604 8320 048
Mask design grid (nm) [K] 2 2 2 | 1 1 1 1
EUVL-specific Mask Requirements
Substrate defect size (nm) [L] 27 25 23 22 20 18
Peak reflectivity uniformity (% 3 sigma absolute) 0.26% 0.23% 0.21% 0.19% 0.17% 0.15%
Reflected centroid wavelength uniformity (nm 3
sigma) [M]
Absorber sidewall angle tolerance (+ degrees) [P]
Absorber LER (3 sigma nm) [N]
Mask substrate flatness (nm peak-to-valley) [O]

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known !

Table 78c & d D2

EUVL HO~AZ I IAREMESERM B Boabi HICZ @A AL % D Bl 2 — &R,

[A] Wafer Minimum Line Size—7=—/~ ED /NP AMRIE, B/ 3A 7 A TET DO TREB S A7 SRiE(— %
VISR B E AL, BRI — ) =T VT 1 28 % T %),

[B] Magnification— Z&EAEDAE/ IME 3R,

[C] Mask Nominal Image Size — 7 =—/~_ED /N P AMNRMEL [FIFE CRLEEON IMER N 2007250,

[D] Mask Minimum Primary Feature Size—OPC 73 FHS 472~ A7 | CHRUMBOALERSFE L R Bad fili S 72 Rl CiR B
ok INHE,

[E] Image Placement— 25 172 {E 338752 TR CERSNADEABIE 1) DD/ 32— OALE T A D KMEX 55
VT YD),

[F] CD Uniformity — [flh—2 ClRIS{EAFFH~ A7 ECEHELSITODIZIRER O~ A7 ETOFEEEOHED 30, X,
Y BROSEOE S F 2SI R OEERIE 5, —/Ud LT ES AT~ 22 FomfE BB T
WD, Fh BRI D70 —RIT TR L TS, SR (AR — 7 AR (A 1)

[G] Linearity —~ A7 ECRICM—2 D RIRDT WAL A RO — 2T BB DD EEEAFED D
K, " — P AXDOHEHFAELL TG LR/ IND T VAN RE —2 BT 2N EO /NS T O 32 G224 T 7o
PARXETHEEND,
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[H] CD Mean to Target—HIELIZRIED EHHEL T AL P AR DI RGFE, —DDPAREN—NZHHIID, D]
TEATE- B REAE)/ E$
[1] Defect Size—~AZKMalL7 Vo NUTZRHZEZBEE DD DN 10% L, EO~HEELE 52 500D~ A7 ED
a5, B— R~y FNRSND Y AZ DRI A R T4 4 AR B W TR ESN TLED & TRISIVD i/ N A XD
KIado B\ NERE R aD EFEO - AREL ORSITND,
[J] Data Volume — 7 A% —AX ¥ UAHEEEE D7 +—~v 8T 1 LAT —IZH L TSNS R KIFTERET —Z D7 71/
PAZ,
[K] Mask Design Grid— 7 =/ \NZBIT DT A G AT AT ERE R LIZH D,
[L] Substrate Defect Size — FEH:A A—NZFFAR TE/RWBMBEO L LA 52 DIRK L7105, Hf ETEREED FIZdH5 Kb
D/ NEPE (RYAF L BERE — XD . B O KBITEES A A— L ONAHRRZEDRR L7220 | BHAA—TITFFET
XIP NIV E 52 B IND AT T T R ME T2 D,
[M] ~ A7 EOF L ROEBE | FEOCEE I ROMWRITR T o~ A7 DR RO AEG G T,
[N] Line edge roughness (LER)— 71> Ty T7 RAUL, NZ—2 D FID, A7 e/ NHELD/ NS ZE BRI T M
o 36 TEFRSID,
[O] Mask Substrate Flatness — #2 /35 E DL~ 7 b 27 WS CHRIIES A THAI 50D 5 mm D7 LSS UL
S H RN AR EERAZE (nm- peak-to-valley) . “FHLEERR S IR RIR A0 e N7 DA DO R ZEE L CTESR
D, ZOWHHFEELRITEM O KA, EH L CORSZISE S D,

[P] VAR +— N AOFFRIEITL— =LY T T Y D EEOLE TRIAD FHEEICST L Tl S5,
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Table 78e Imprint Template Requirements—Near-term Years
Year of Production 2008 2009 2010 2011 2012 2013
DRAM ¥z pitch (nm) (contacted) 57 50 45 40 36 32
Flash ¥ pitch (nm) (un-contacted poly) 51 45 40 36 32 28
DRAM/Flash CD control (3 sigma) (nm) 59 5.3 4.7 4.2 3.7 33
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 59 52 45 40 36 32
MPU gate in resist (nm) 38 34 30 27 24 21
MPU physical gate length (nm) 23 20 18 16 14 13
Overlay (3 sigma) (nm) 59 53 47 4.2 3.7 3.3
Gate CD control (3 sigma) (nm) 23 21 19 17 15 13
Contact after etch (nm) 67 58 51 45 40 36
Generic Mask Requirements
Magnification [B]

Mask nominal image size (nm) [C]

Image placement (nm, multipoint) [D]

CD Uniformity (nm, 3 sigma) [E]

Isolated lines (MPU gates)

Dense lines DRAM/Flash (half pitch)

Contact/vias
Linearity (nm) [F]
CD mean to target (nm) [G]
Data volume (GB) [H] 295 372 469 591 745 938
Mask design grid (nm) [I] 1 1 1 1 1 1
UV-NIL-specific Mask Requirements
Defect size impacting CD (nm) X, y [J] 4 4.0 6 8
Defect size impacting CD (nm) z [K] 10.1 9.0 8.0 71 6.4 5.7
Mask substrate flatness (nm peak-to-valley) [L] 298 252 192 180 153 126
Trench depth, mean (nm) [M] 75-119 | 67-104 60-90 53-81 47-72 42-64
Etch depth uniformity (nm) [N] 3859 | 3452 | 3.0-45 2740 24-3.6 21-32
Trench wall angle (degrees) [O] 87.0
Trench width roughness (nm, 3 sigma) [P] 22
Corner radius, bottom of feature (nm) [Q] 6.3
Corner radius, top of feature (nm) [R] 1.6
Trench bottom surface roughness (nm, 3 sigma) [S] 7.6
Template absorption [T] <2%
Near surface defect (nm) [U] Biil 40 36
Defect size, patterned template (nm) [V] 20

Defect density  (#/cm?) [W]

Dual Damascene overlay: metal/via (nm, 3 sigma) [X]

25

0.03 0.01

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are NOT known

Manufacturable solutions are known
Interim solutions are known
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Table 78f

Imprint Template Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ pitch (nm) (contacted) 28 25 22 20 18 16 14
Flash ¥ pitch (nm) (un-contacted poly) 25 23 20 18 16 14 13
DRAM/Flash CD control (3 sigma) (nm) 3.0 2.6 2.3 21 19 17 15
MPU/ASIC Metal 1 (M1) ¥ pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU gate in resist (nm) 19 17 15 13 12 11

MPU physical gate length (nm) 11 10 9 8 7 6 6
Overlay (3 sigma) (nm) 3.0 2.6 2.3 21 19 17 15
Gate CD control (3 sigma) (nm) 12 10 0.9 0.8 0.7 0.7 0.6
Contact after etch (nm) 32 28 25 23 20 18 16
Generic Mask Requirements

Magnification [B]

Mask nominal image size (nm) [C]

Image placement (nm, multipoint) [D]

CD Uniformity (nm, 3 sigma) [E]

Isolated lines (MPU gates)

Dense lines DRAM/Flash (half pitch)

Contact/vias

Linearity (nm) [F]

CD mean to target (nm) [G]

Data volume (GB) [H] 1182 1489 1876 2364 2978 3752 4728
Mask design grid (nm) [I] 1 1 1 1 1 1 1
UV-NIL-specific Mask Requirements

Defect size impacting CD (nm) X, y [J] 0 8 6 4

Defect size impacting CD (nm) z [K] 51 4 4.0 6 8

Mask substrate flatness (nm peak-to-valley) [L] 110 88 72 56 4 6 9
Trench depth, mean (nm) [M] 37-57 33-51 3045 2641 23-36 21-32 18-29
Etch depth uniformity (nm) [N] 9-2.8 0.9-1.4
Trench wall angle (degrees) [O] 88.5 88.7 88.8 88.9 89.1 89.2 89.2
Trench width roughness (nm, 3 sigma) [P] 0 0.9 0.8 0 0.6 0
Corner radius, bottom of feature (nm) [Q] 32 8 0 8 6
Corner radius, top of feature (nm) [R] 0.8 0 0.6 0.6 0 0.4 0.4
Trench bottom surface roughness (nm, 3 sigma) [S] 38 34 3.0 2.7 24 21 19
Template absorption [T] <2% <2% <2% <2% <2% <2% <2%

Near surface defect (nm) [U]

Defect size, patterned template (nm) [V]

Defect density  (#/cm?) [W]

Dual Damascene overlay: metal/via (nm, 3 sigma) [X]

0.01

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known
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Table 78¢ &t D/E:

[A] Wafer Minimum Feature Size—7 =/~ ED /N ANRIE, B/ 34T ATEH DO B S 7B (— %)
VAN TE S AL, BRI —PEE) =7 VT 1 %8 KT D),

[B] Magnification—#& XA OHE/ M5, N:1,

[C] Mask Nominal Image Size—~ AZifi/IMEZa0NT T2 ==/~ LDV P AND g/ WA X LR,

[D] M7 mD bR, R 1S3 T 280 FUML B OBH IO KO AL 53 (X or Y),

[E] CD Uniformity—IrAlh—>ClRI-HEAFFH~AY ECTHEESN TODIRE DO~ A7 ETOERBEOHED 36, X,
Y BROSHEOEyF ook OBERICHE 5, A—d LT MESHFRE ST~ A7 FOREE SR
TN5, ROFHEALDT-, B— Ry A NN—[TRIOHALZ ) —~<TA XTI, sqrt () —sqrt (¥ —77" > MEE)

[F] Linearity—~ A2 ECRUM—2 DRI DT AL ARD /35— T HIEEIC KT DREED AL REED 7D
R, 788 — P A RDFFAL L TG L2\ ND T S AR SZ— L ST N DR/ N—T 6T D 355K %
7oA XETREEND,

[G] CD Mean to Target—IE L7 AMED VENEER G A RED R KRFE, —D>DOHAXEN— TSNS, DGIE
- FUASE) B,

[H] BUROZAXEmEEE % =55 O— 8 2t A IEEMED TARR K7 +— VR IZHRHIST 5,

[ ~AEREET T = —~ EOREGFT VYR,

[J] Defect Size (nm) x, y— ~AZKI@IT7 Vo MUIZRATHE B SN D00 DU NE 10% L EO~HEZ LA -2 Db o~
A7 LD T, ARy T IORSND Y AT DR A R TEL G AR B W TR S TL E & FHIS VA /)
A XD K fado DI KD HIFED F AR E L ORSIL TN,

[K] Defect Size (nm) z—~ A2 KIaE 7V MUTZRHZERBE D) DT 10% L, EOHEE b E -2 58595~ A
7 EOREESH, iRy IORSNADY AT DRI ARITZZ L IARIZB W TEES N TLE EFRIS VA R/
AZXDHRMad> DN TG KD HEFED T REL TREI TN D,

[L] 64T AFERDONAA—TT 4—/LR 110mm A TD7Zv R FA (nm peak-to-valley) , 77 MR AILIRERI)7 275 AF
JE DY) fEE TR ED,

[M] Trench depth mean—7" A7 ML 2: 1 ITRRGE, 1BV MEVTHA G % D7 — MR T, @V MEIL MPU/ASIC ON—TE
T TRED,

[N] Trench depth uniformity in nm—hL > FIRED 5%\ ZF%IE,

[O] Trench wall angle in degrees— J&L VAN TBATTYT /AT A% 5%LL FIZT D7D B2 g/ Ny 4— )b
A, Ty F AT LEE LAY ORI 10:1 Z{E, S5 AT OT AT MNET 1.5 DOIEED LI 2 £72%,

[P] Trench width roughness (nm, 3 sigma)—L<"Ar® LWR E[FIC,

[Q] Corner radius, bottom of feature— S-FIL/R (R h—2 AL T VRN TEHETHY, ZOMHEITZEH7: CD 22 fa—/Ld
72D R Ty F TA T VMBI ORI LAA T2 TRS Z RO H(CD D 12.5%), S-FIL (X H h—2 ATV M7 atE AT
ITEETRUY,

[R] Corner radius, top of feature—E 4172 CD =1 ha—/LD7=DIZ S-FIL (FA h—2 AL 7V N7 et A CTEHEE(CD O
3%), BEFTHTO" 7T 42 7 ERICINTEES S, SFILR (RPh—2 A7V N7 B ATIREETIEARN,

[S] VIR FHLLUIN—R YR D A0~ AN RICIDARGTERSIZED I U FIEDTATRA,

[T] 6.3 mm/EEARKD 365 nm (x5t TDWINDEIE (%), B, BUZLDEA T NRIZ, FEE DAV —T v N iR
DI-OITMERIEE,

[U] AEEDD 200nm OIFESETIZHLHRKKMEA X,

[V] Defect size, patterned template—f# % D7 > 7L — M1 B KBt A A (nm)

W] EHEZDOT 7L —hD lemSHY) D KKEHL,

[X] 3D 7 7L — R CORRERE &N ST E T IR— KT BT SRR O A,

FRGSR B

IVT 4 VI WSS ESCIRDY Y 757 4\ AT TR R iz figure 67 (R, Hffid~7varo
NEZE VA 2 DA Z O HAR TR B/ fR L/ 5 FIRENMEEZ L TRY, Sl o4 7 v ar Hilio ]
REMED B i\, IRSAVIEIRFN A DDV Y I I T4 Al DT X TCOAL 77 —4EiE  ~ A7 LUAMNED
— 1 IZ ORI YEG 235K TUORITIUEZRB720, AtFUY 757 4 IIDRAM® 65 nm/N—7E v F £ Tt
BN THHEIREESND, EUV, ML2, BLOM 7V MNE 45 nm/N—7 By TIN5 Al REMED S 573,
BEOHL 2 mmN—TE Y TF TORLGERDTHAD, e FEREETIL, 2T v fgo\g—=
7 CIFAIF(193 nm)JU Y 777 4 3KrF(248 nm)) Y 757 A (2Bl TfRAo o 72, JDEEVY 15TnmD EEE R O fif
RT 2RV 7I77 4130130 N A LT/ N ETRIINTND, IRIZV Y777 (I m BTy XkpkLe
BRI RIIZ RO BRI ENCA 2L 32 nmN— T F ETHIY T T7 4 OFIRE AT 5030 LR, 28
DRAININE =530 BRIDIR/IVN—TE T D 2 5O /N—T T 2RO~ AT T 2 [BIZ3T TE
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TAHMIELED SN TND, ETRGITE LIV AR EE DT TA AN ENT-725 KD
V757 41XDRAM® 32 nm/N—7 ' F DY E Tl RN LN D, /\F—2 % 2 KD~ AT\ T2 oy E|
TAZDDYTNT 2T ORIREDBMETHY . IHIZZOFENMEDOREE LV ZM THANE LR H D,

RAMEYY 7 Z7 4HiAiTiZ DRAM @ 45 nm /~—7EwF HLUTZ L FICH 3 2R R Th 5,
AIREME DDA E LT, DY —a I3V 7 T7 4 DIEIER2 ik L LT EUV, ~AZL A, B
KON TV NIV T T 4%280F 7=, EUV IZ 32n0m & 22 nm /~N— 7y F IR U rIREME D O & e S
WD, YAZV AUV T T7 41X, BIRIZRB T e MAE T =o T e ik, NIV UAZBARE, EL
T, D EORE @I ERERASIC)AFEIZHE A S CWD, 20 ALK TE5ThA ), &
2= "N BB A7 OEEAT O T L — 7 2V — 13 R EIRRTHE A L TR D RTREMERHY | < A
JHARELL, SLIZTARNDOHPRE AT VI A LEREE L0, BUE, 7ahZ A7 L EOR&EIZT
T2~ RV 2V T 57 A1 GEEEBEI 0 I ANT T =7 T ¢ 7 A R IGE L ML2 DS ODIAT-DI213 %
SOBEERFEIIRBEDIER SN2 IUIR B2, ATV NIV T TT4120%, IANTT =77 7 T2 fifk
REIRDATREMEDS DI R RELLORBE (1 X 7o 7L — MBI L Z N #ES . Kia, 7 7L —ho#
i, BLOA =S A1) PRSI TND, FIBUEARR KA EL ThIT O TN ik, DRAM @
16 nm/N—7 " F DERE - ENTEENEINTIAME Cli7el, FFi 2B OBR N LETHD,

ZLOEMFIEDH DL DT FEERIZB W UIEEO I LR A L T TANT 7T v (B
BEE, LUARN, w27 BLOANRY A FRBRRE T & BITITRA DD, FEERNEOEERE KT
OB CHRL T2 00— L7238 HS IRTAR DA T as ZRE0iATx 1 DB LT 2 DO LB
WFETIZRRITIEN T HOMETHD, SEUNDY Y T T7 4DE AL, DRAM32 nm /~—7EwT LIFEIZ
BOWTHL—T7 OIEAIZ S [ &S EEFL T B TR EER D HAMN ER ST E X DT DRE /ST
HAL TN TEHD, ZIUIII T T T4 DAL TTANT I T Yo RESE ST, FEHELDOTZDITKE/RV Y —R
LT HTHAY, THHDOBAFaANITENIEE, ~ 27 BILUBEIOE H CEINS AR T U572
U,
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2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
; ;
[ _DRAM Halfpitch ]
193 nm
65 | 193 nm immersion with N\
water
[ Flash Half-pitch |
45
32 0] 0 a
0] e 0]
22 ovative 19 ersio .
0
0 ete olo \ |
N
| |
‘
| |
| ‘
16 ovative technolo e ‘
ovative optio \\
!
‘
‘ ‘ ‘ ‘ ‘ ‘ ! |

Bl Research Required [ Development Underway [ | Qualification/Pre-Production Y Continuous Improvement

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

Notes: RET and lithography friendly design rules will be used with all optical lithography solutions, including with
immersion; therefore, they are not explicitly noted.

Figure 67 Lithography Exposure Tool Potential Solutions

IR k= — X TR AR TR

AE T, Lithography, ESH, Factory Integration, Yield Enhancement, Metrology, Modeling and Simulation,
Device and Circuit performance 334U Emerging Research Devices and Materials %25 L7z 27 227 M=
—RB L OB A D,

RiE, 2. BIOMEEE (ESH)

WALFEWE G £ D Perfluoroalkyl sulfonates(PFAS)Dfk# 72k I B 2 i Diami L. DOV RIT
(2725 T, BIB IO iS4 EHT. ESH ICBD AR EA 2 COD ATRENED B D LEiRS N
TWDHEMED E LT, FTLWEATOBE AL, RS L ORI T 2AMMAIITE BSHDIL TR RS
FOMEEE ORI % LSRN ERL COVET, [RIERIZ, EUV VY7 T 74D EWAL—T e 38357
DIZELRSND IR AR T D720 D 2O O R Z BESE 2 TGO e L B A o/ MZ T 572
DIZ, EUV JEROFNZNRIT, RIS BB THD, F71Z, EUV ORI LU SO HN 2R
T =D MED 7D, SEIRDBLE (wall-plug) D3, FISNAZEN N TH D, V7774 THOLI
LIRS OB LU OB L, HlE O L BREITIERGRO BEhO AR Tk L 72T HuE7en
720, BRI E B L OH B E DAY — =2 7 — VLR HIIRE) ~DV o 7 IZBIL T, B
B 2B I OMEREOFEZ SR TIZEN,
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T5#iA (FACTORY |NTEGRATION)

W7 o ARIEIE MR AT 01 @ T a e ARIEBE L. TN T T DY TR —TE
WTARAIR Th D, FERIC, ZHHDRE ‘i“@'@%ﬁf T ANTBNTETETEHEEIIRS>TNDN, ¥
ATBMEDT=DDZEINLDA L T VAT —ald, SIFERAL TR, To— T 77 ) — e —FA—
AL OfEER) E)OD%”EES'E%:%IJH%*réw%T AR Ao WMDY AT ay xR EED
TeDDT =2 RV 7% BEMET 572D BRIOMR R EZBIR L E LT, BELOSOROBEMFEL
TWET, 5 H, Y=— 777 &SNS SECS/IGEM D L7 BEAEOEHED ~ 27 SUNELEE A 75~ D
FERDS, & T — DA SR T HTL X,

V757 42V OREIL NI ~DA B —T = — R BIT AT = — N — T DEREED T~ DI F AL
FRFHOCR)HONFI/N—a— R —F =242t RETHVET, K 0B RAETY 2— VAR5 1R
R =N "TOXR LT AT ML, TR AD AEBEDT 2= D, T—F T e T — DB D7D 1 B R
SHLET, CD, VVJE(Litho stack)DIEE, BAE7 077 AL A —S—L A KB@E@J YA A -~ ek
BEBLNYz— VEHEDOOESH D NIZ L LD RTA—=FDOF A% A HEIZ T DN O DOHEE
(Integrated) FHHIE Y = — /LI, [FIERIZ, HEERESIVE T, NIo 7 ERT /R —/AF v —%, e A%
671@@?\1*[33?)61/\i%*ﬁ@t/*f*-@k/ufﬁﬁfﬁ ZXoThidgkSNo T — 2 &2 LN FRETHS

HEOHDER A,

Y 7 D EF-DHH R BEOWL OO AIZEBW T, B#ET 5 —Ry =7 OB R TRO L0 H LI
m\ﬂﬁ@gkéiﬁ I3, RIREL LEJ@Z)M/&@%/1—/1/@7u~@~’$£$%75ﬁ573\ BLO, O FHHIY
VIV TR a— RIS HDHWT, IBIRSN T L Uy MR A U IO E RS T T DR
AT AZETHOET, EBITIE, FARN I Y 22—/ ZB W T, [A—0ay ORIz B N TEx = —

NZ LYy MRA U M 2 TR CEAZENEEL, BREEICB WX, V7 N7 BEE
(Dose). £ fi(Focus). HANTil) B LA —/N—L A D ASJ/RT A=K %7 2 — T EITRANMIES TEHT
RETHD, iHlIEY2—NLDOF VT —rar AexyI 7L —rar BN~y F o703, VoL
— 7RO REIAB R TITONDRETHD,

#BEvE_E (Y1ELD ENHANCEMENT)

B KBGO AR, W T ORI LG NSRBI - T, BB B, FER PRI /58T
BIND, RAEEEIL, BE LAY —ROERICEET 580, 3 T HkA LS D, FEETF RO KIakk
AT, WEE, FRERELE TR IGHEN RO BN KB N EEH L QDL ET EL AR — a3 TET
W, EBIZ, ML2 ZHWAT=29121E, U =—/ D Die-to-Database Mi£r 23, 725 AMETHD,

HRERVIR LD R R R 2 fe/IME T 5728012 DEM DO FEEEANEBISILTERY, SHRLBAFEN 2SN DM
ERHVES, IHIT, RFTHRL P AOTEMINHI DR ME, B2, w27 FIZIB TR R DI RD
B/ MU LS TR DI RIbZ 1557012, FRHKH 77 FHEYHAMCO)DFIIENEE THDH, V7 T77 412
BHi9-% AMC il ERAEIL, Yield Enhancement D FAZ IR T2, ~RUZ/VEL T, EUV v A7 5
FOA TV T T — e RIBIEENARDT- O D~ AT « RV 7 SRR, BRARE L CEER RO E
ETHH T,

| (METROLOGY)

V757 B DR R E | fEREL TAELAKIE A XDJINT, 7z — e~ 27O FHRIEEI I HK
HEU#t T 5, BEF CD FHIEEE ORI, o L HEATZHANT RO Z I ERIZ I TND 20%E W DFEEFT
NHEFEICA L0, FEEIZIE, FHHHWNIEMOEEZE)NOROIEE D H/enT | ER O~
F LB EEEL TEEND, Vo— " BIOR~ZZD CD Hitiid, 3D FHllO=— XA B ~_ERL TN
% [ETO CD FHAID 728 DIFERIZR R IE CD-SEM,, A3 X AN —  SPM(EAR 7 10— 7 W)
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WEEN TG, BEZRERIEL, LWR HIE T, LWR ORIEREIL, BEHEICE RSN DB D L0/IEN
(BU)EFCF, LWR JIEZFa#{L 9572012, TS AMERE~D LWR O&EIRENT, — 8 RPRMiES
NHVEINHYET,

FEROEA AR I A — N =V AFHAR F- 8k 2D 1T £ 77, AT — A= D — TR LD T /A A
EERAT-OICLY AR I d— S — L AHIEZBER L COET, kO A— " —L o SRS I A 7
BILOOPC ~ A7 DI - TRAET L HEMNH L ETDOA— /=LA - =T — [T L 720,

VY757 (RO, IO RO 757 (S KOS e s 2 AV ES, VYT
= A FHAEITESR IS L OBTER IR, FIBECZ DR h CRENTOET,

FT YT 2l —3a (MODELING AND SIMULATION)

EFFTVT L2l —rarpbOV R — NI, BRIV ATV 7T T 4 DR E B | ZIEIX L, Fii-7e vkt
RUV T Z7 45l fIr 3 D7 DI THD, VT T7 4B H o —var Y — DT 7 r—g
AT VT TT A AR Tl T D~ 7 AT 2 )L SRR D BB ER 72 FLfi )5 K ER 43 O R
WEFTCND, VI T TT 4 A AT T T T V7572012, 2600 HIFREIZ R L L, 251
72l Ral—al =L TOAL T VAT =2 (FAT B RLET, FIZ, T A AL X RSED
Lol —Tar EORIOBRER) I BRSO T T 7 4+ 32— a NI TH D, T A ABUED
X, LIXLIEE, 2= —DRERLIZ, &L, 22— —DNHE L7 0 AifERIC Lo THEABNIZT U H A
EHERNCOET VT HERLUET, VT TT 4 A A=V TERROFFIL, BT T VITHRAFL T
LI, VU ARN T a e ZAOWERR 7R AR, FRC, ALTFEEIER L AR, F AU ETRIT R
LTy, LYV ARET U, A SRRt DO C, EBRT — X TOT 4T 4 7 BLUF Y7
—LarEERT D,

WG o — T a T A EEAR BRI, IR B L ORI~ 27 | JEEARA 2L X
2L UANB IO Tl WO AT T WAL THRET) Th b, IEIZRHMELIZ T LTV X LB L O
VAT —a Nt RV T T 4% RFUCHELEED BBV HID, l/RIH(OAT), Nk 7 a5
DI~ AT TR B LN OPC LWV o 72 N w7 2O BN HD ET, VOIS FAEEO AN HDT
UL, FTETEEIIRY, 22— arOF CEIEICHbR T U2 Et A, ~A27 EOBLIONY =
— N EORKGOEET, FTFTEEI 2> TRY, Em KO HEIH T 2072 2L —a BN
FoRENET,

Ral—iar - ul I A%, EUV Y77 4D DEEEIT—2 kDL L ADEE A T~
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