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A: Starting Material B: Isolation

C: Well Doping D: Channel Surface (Preparation)

E: Channel Doping and Channel Strain F: Gate Stack (Including Flash) and Spacer

G: Extension Junction and Halo H: Contacting Source/Drain Junction

I: Elevated Junction and Contacts J: DRAM Stack/Trench Cap. & FeRAM Storage

Figure FEPI Front End Process Chapter Scope

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:. 2007



2 7oy bz R7akER

FEP (ZRIH L2\ O DFH-EIT, Z0n— R~y 7 OO FETHEY LIPS C\%, FEP OISR
(ORI DIAMET NAADPERE - HHED TN, [T RS T T —Tay | TR BROEE
(PIDS: Process Integration, Devices, and Structures)] DEF\IREFLTUND, 1RWRL T3 CMP (1L
HFPE: Chemical Mechanical Polish) DRFZEEHIHIL, BUArOBEZ AL EE T 5720, B (Interconnect)) D
FRSIN TS, FEP S 53 B 23 B4~ 2 Bk FHIH I, [HRE VW | (Yield Enhancement) |, T3+
(Metrology) |, 1B&E%. 224, f&RE(Environment, Safety, & Health)|, &7 V7 & al—at (Modeling &
Simulation) | DFTFLIRZIVTUND, FEP 7780 58K TIGA~DOEAMTIERIZ 7 7 7 NIA T 71— ay
(Factory Integration)] DE CTHEIRIIL TS,

N 72 FH AR (DIFFICULT CHALLENGES)

Tu b R A0 EE R EANERE(GRAND CHALLENGES) —
T SAZDHHUE I EHZHIFRENDRARA~D T B b R B AD RS

HEERPESET . MOSFET 7 /A AGPAME 3522 T FEL L C, 2—7 O¥EHI(Moore’s Law) T
DRIV TWDIEIZ, ZIVETITHIBIDZ2WNEE DAFEBORERET A ZRREO R EA2ZHRL TE-,
ZHUIBHERNHT NI T T 7 4 F o~ A7 7 R P AMEHS KOS > T 7 7 aE RO B3 I2 &
DEED DI TETZENZ D, ZNHDOX DD THER 7 a v AFNOMERIZEY 2N E TR 17ET
HPETEDIDNT2 T2 b, Z2BERLMNIC, 7ar b R 7 v AOFEIEE £l £ /2L
720 BHMES T2 T A RIMERRERIRS NI D Lo TD, ZORBETH - EH B E/ 2T LI, BRI
TV RE L B DI B CH DAy A BRI LORY Y 3 DSR2 B O BR A
IV, ARG A LI I T L O B O AN LB 2 T2 LW RETHD, T/ A ADHHIL
PIEHZHIBRES DR AL > TUND,

T SAZDIAM D BHIHIFRS I TERY, SVar T — b Es THARR 7L —F 8 CMOS @
FER B ZCATY D AN — VRS G TeIFEAE T R TOT7u h U ROME =y N av AT 722
ERERESNAIONT ol EBIT, T—TF R UL CMOS 13EAELINIZH BNV 500D,
FEREL T, 2k &E -T2 MOSFET X°7° L — 5422272 SOI(FDSOL: fully depleted silicon-on-insulator) 7
INARRN =T Y I NMEEDFFOT 2T VT —h, VT T — T NAAD IS REET AR E o7
CMOS il A= 9 i a L2 AU R b ey, fRT /SA A2DU Tl emerging research devices O
TEMKT D, KD MOSFET EE72 8L T /314 A%, FDSOI 23 2010 4512, ~/LF47—R8 2011 4E124E
PEIDEASND HIAR THD, ZIHDIES ERFMEIEFHEE DAL T 7L —2a AT 2 F v L PR,
Table FEP1 |Z#ED 7= 7 vy b R 7 b 200 [N e i i o 1.0 T —~ T b,

MEMESEIZ LD T A AAMEO I MOSFET D47 —hAZ v 7B Wb I CREETHHLDT
0%, ZZIZ, Si0y Vb EWEEEREFF ORI LV — MBI RIS LB SIS, ZOFRIE, 2005 FIZHEL
T 5L RIS —ME 65nm LL D MOSFET (ZBJ# L T, ITRS1999 DHTHLNIEAL T2, ZDfH
(2, 65nm 7 — A ERIS 22— = FHARBIEL . ZHubiE 2001 RSV, S EERs —R
MM EH X DIEREE L DBBNE IR T v 1/ UERIZ XY | high-k DMEEZRIREHAN SEED LTe o Ty
7273, 2008 AEIZIE, SeimHiiiae 389 DT NA AA— BT high-k 7 —MIEIOEFEEDRBIASND TH A,
BEHE R L BT v RV REHIET D701 55 KRS T DM BEOHHT v RV EORI IS5 [ &k x
TRAREREN] EASETCWTHA), RIS, THARANT =T TI7as A X bl R—7 RUTY
LD —MNIREAT DL Z I, T ETRIEE 2> TS, ZHHIC, 2008 4EI21E, JeimBdiie E42
TINAAA—=T1L, BURD CMOS Hli D L THHT 27 VR —T MR 27— e b7 B A Fr
DT aT VANV —NIEEHZ TAEL T EBIRENA,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



A=V N sl Ny = B o SR

SIEHEE T U AZMERED A LA HELED DT DIZIE, 1ERD CMOS 7 /3 A A% 7L —FRD5ER7EZ
T IR A a1 ) T3 T T IRA A _%%?ﬁx‘(b W LBEINDHD, ZDT=DITIE, 73V Si Foblia B
I SOl Fofl & 7 W7 — N UL~ VT — T A RIZEEHAZ DTN DD, ZOREFRD CMOS 2>5HHTi7-
2T ISAASNDOEFINT LT R TOHIE L O X TOF 7 HiliE T CRIFHC IS DD TiEe<,
o IR BRI B A LB HENALZ LI UK THA) — L R 72T S A%
PRI 2 MA~BLHE TIHLHIUX, 5T, ST HEIR OSBRI hE ANLBES L H D, ZOZ8T
Thermal/Thin Filmd/Doping } U Etching Fr DS D Table FEP4 235\ VT, 2010 4E 5 2015 4ED i
HNZ BT DIRRRDAEIL T RIS TOD RITHISL TS,

B ELOB AL TR R — 7 LA DTEEACIE T2 T v Lo P i SN D, FER TS
HO®WEME(EFED PN #6%2 ZRSNDMHIMEIZINZ T, 2<® high-k S B FFSZEIHIRDO7-H1Z, B
— /U hOTEHABIZ R DY —~ /L 3T = Nthermal budget)lZHi7=72filf0% 5% T D RIREMED B D, BEDY
FTUAO—FIEL T, ZIHD high-k FEPEIOE AIZL-T, CMOS 7' BB ALRORFHIL ERAL X7
Bz hiaau,

AEVSECIL, high-k S EHE, A% v 7 e OV T DRAM Ol TSI TS, DRAM DA 7%
¥/ 2Tl MIM(metal-insulator-metal i1&E 23 B S AL TE8Y, 2010 FFETITIIR U FF v/ 3248 MIM
W1E~BATT 5, £72. high-k BFEHE, 2010 FFETIZIL, Flash AEY DRV V= [z (interpoly
dielectric)lZ, 2013 FFETIZIE, b R/U %5 (tunnel dielectric) |24 EEEZILD THA), FeRAM 2OV T,

SR AT R @ZI»W)XH///Hﬂiﬂ@ﬁﬁéﬂéﬂﬂﬁ“(?ﬁ%ﬂjé‘ﬂ’béf%éﬁ TNDHDRE & IR R i
DA AN — LT DT DI IR E /R N2 HANRRE D D5, INZ T, FHZEEAEY (PCM)T 731 AL 2010
FECIFEA kSN L LW SND,

ARG =TT =T VT V53T, SOL B D L5723 v Va FRITE LA D0, 1 TV e
DTRISID, INZ T, kA R OE A FH i B LS T EIIF S LD, Ziubid IC G 7 mt A
BETAT7ATHIEI/2DD, 1IC DA% F s TETeL, A Bb @it T 5281278, 20X T
FREEIL, — BRI FEP (A /I N B2 BT L7 a v AT —F% 7V F ¥ INE B LD, £z, Zon
—RF=y 7 OWBINICHEBLT 5 PRSNAEEDN SRR T v LoDk, R 450mm V= oD 4
BUIRDHZETH D, ZDIHRT =— " KABAUIT KT DT P AZEEMERED ] RIZEE DU RS
(R T AR REME ) ESHERF SN D ZEDVRIBEN TS, LU, R EHT A% 5.2 720 . non-CMOS
ONEBEETe L7, WibhidD More than Moore” D7 7 1 —F | L EENITHLR Uit T 5, B2, I0AEREEMD
IV 300mm fab DIBRE2EI TS, ITRSIZZNSDUW DD T 7 0 —F JFiENEFEERICE D IO A
VI N B2 DI FERANIRETL T, b L, IIER AR = — 2T 52 LM EEE 2 UT, V= —
NI OB SN2 ANINZ A CTHI CHLDOMNE IR ETH D, ZOHM L7 )a
7207, SOL 72D7), FIE VAL PEEIR DG AR ThH D, ZAUL, fRIR L7020 2 HRFHAR OFHA I
HET 3%0 JESHY727 = — N QRO ZSEIZIESIT IR, 450mm DDV FEM T 2012 R8T /3 A PE
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Table FEPI Front End Processes Difficult Challenges

Difficult Challenges > 22 nm

Summary of Issues

Starting Materials

1.5 mm edge exclusion
FDSOI Si and buried oxide thickness control
SOI defectivity levels

Full production of 450 mm wafer size

Surface Preparation

Critical surface particle size below 28 nm not measurable on wafer

Ability to achieve clean surfaces while controlling material loss and surface damage

Thermal/Thin
Films/Doping/Etch

Introduction of high-k/metal gate into high performance (HP) and low operating/low standby power (LOP/LSTP) and
equivalent oxide thickness (EOT) scaling below 0.8 nm

Increasing device performance with strain engineering and applying it to FDSOI and multi-gate technologies

Scaling extension junction depths below 10 nm while achieving high dopant activation

Achieving manufacturable interfacial contact resistivities below 107 Q-cm? to meet parasitic series resistance requirements
Si thickness and control for FDSOI and Multi-gate

Gate critical dimension control for physical gate length <20 nm

Introduction of new channel materials with high interface quality and low processing thermal budget

DRAM

Improvement of oxide etching capability for high aspect ratio (>40) storage node formation in stack capacitor and for oxide
hardmask for high aspect ration trench capacitor.

Improvement of Si etching capability for high A/R (>90) trench capacitor formation.
Continued scaling of stacked and trench capacitor dielectric Teq below 0.5 nm

Continued scaling of physcial dielectric thickness (tphys) while maintaining high dielectric constant (>90) and low leakage
current of dielectric

Non-volatile Memory

Scaling of IPD Teq to <6A  for NAND and NOR
Scaling of tunnel oxide thickness to <8A for NOR
Scaling of STI fill aspect ratio to >9 starting for NAND
PCM material conformality of >90%

PCM minimum operating temperature of 125°C

PCM resistivity change and reset current density
Integration and scaling of FeRAM ferroelectric materials
Continued scaling of FERAM cell structure

Difficult Challenges <

22 nm Summary of Issues
1.5 mm edge exclusion
. . FDSOI Si and buried oxide thickness control
Starting Materials

SOI defectivity
Surface particles

Surface Preparation

Surface particles not measurable
Ability to achieve clean surfaces while controlling material loss and surface damage
Metrology of surfaces that may be horizontally or vertically oriented relative to the chip surface

Achievement of statistically significant characterization of surfaces and interfaces that may be horizontally or vertically oriented
relative to the chip surface

Achievement and maintenance of structural, chemical, and contamination control of surfaces and interfaces that may be
horizontally or vertically oriented relative to the chip surface

Continued scaling of HP multigate device in all aspects:  EOT, junctions, mobility enhancement, new channel materials,
parasitic series resistance, contact silicidation.

Thermal/Thin
Films/Doping/Etch Continued EOT scaling below 0.7 nm with appropriate metal gates
Gate CD Control
DRAM Continued scaling of capacitor structures for both stacked and trench type as well as continued scaling of dielectric thickness

Non-volatile Memory

Floating gate Flash technology considered unscalable beyond 22 nm—new Flash NVM technology will be required
Continued scaling of phase change memory technology
Continued scaling of FERAM technology
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EHEINAY = — NZBAL T, Vo — " A= R ET 2804 THIL 72 DO Th D, ZHHDERITETOY
= NIHET DT A—ZTT Tl | TEXA R /L B I SO U — NZEA 7R/ STA—=ZH 5 A TS,
TEBELLLS) KM B, AT Ty bR A Ty P BRIMEIRD JH727 = — A f 72 A AN T 512
FEEENR DD, FhaaD 5| EIFEZD®%ROM Tt ABIT 50 = — BhEI AR L[EERIC, Zhb Ok
BELLU T, S - JE 2ROPEREL MLEERE S 23805, 2 C. ITRS2005 Wi CEASNI- KD iEa kil T
F9, FET2a BLO 2b [TRENT/STA—=ZOENANIL T, Vo — " A— DR FEBLCELEFLELTZDIZ
Nz, FHARE RS Ui CEDERL TV, Kb FHEETOER 12, DRAM BXOEMERE MPU O )%
Figure (ZFLEL CTUWD, AT, HIESHERED NA/X=V 7LD, FL 7 aATlEEICER T2
ettty s,

¥ ==\ —ITRS DA —FITHENTZT NAAIKIL T, ZNETDOAS =T A 7~ T U7 D)=
VHMIE, CZ (Czochralski) {EDFEME Y = — N FETZ X T E XX T v /LT = — PR IS8T T/, SOI
(silicon-on-insulator) ™7 = — N i Bl TG R EREL TODH, S5l Y = — Fo T o5 oy L
7 =/ MIEEASFURRTZ D720, SOI T — %, vy T A 20 mEE b, &S b, ~/LvF57—h
DIITRRFRIR T /A AMEIE BT HMEREM BICE o T, RERTFEOSH L EET ARSI TS
B bd, L, ERRREEELZERT D120, Vo= e T NART e A 7 TE570 5725
REVIEELET, BAICE-TL, SOl TT NA AT ADMFLLERSND, LIZ08> T, Vz— il
FDOBPUIMERBIZ KT T 5T v 7 HT- 0 O FHITIERUKAEL TRV, HZU = —  Mili#g721F T2 X To
AANEEBET NEThD,

DRAM DI T RAATIL, —RAIIEZARD CZ S5V =— DB WS TS, KEEEET
A BERBIOSEEY F'FﬂJ:UDf:&’)L:1ﬁ9/f/7/f/1‘ﬁ§k@${$€’ﬁi T5H7=81Z, “erystal originated pits”
(COP) ZARIRL 7= CZ 85T =— " DERINEE- TN, EMERED Y v 7 TR A TIL, V7 b T —lifRe
FToF T T I1728 DT NSARER M EZ RKELIRD G TELOT, (CZ Bifiy = — L5 L EfliR) —
B LT = — "D FHWLILTWD, 7T 7y 7 IHNEIL Tl BV R T 558 (STI: shallow trench
isolation) DFI T T 7 FMHPEER T UER — B 7 HIEICE - T bITRE KR ER Tz,
INA T, 553 SOLIEH DX AT DEERER Y v 7 T ARSI TE T,

T ==V z— X, REDN COP 7V —DVar = — Eigftd 540 FBEL T 1990 FRAET-CTH
BHE NS, BIFE, 2L DORIIT SARMEREINTND, T=—V 713 EiE C/kFE (EE 200mm L
F)YWT NI DEBLLPDOTRIAR TITHOIL T D, COP LN HES - CZ AEIEICE > THRIRETH
%o ZZCRUTEAR —T 4 7 =T VT /LD Table IZBWTUE, 7 =—/b 7 =— E“RGEHIEIS A7 (defect
engineered) CZ 7= — "%, LT8R CZ Vo — EUTREEL . —XFFEDIR B T/RIA—F—Bfna "L
NN

ZINHDEERT x— T, BEOLESEE I E DIV T 728, Table FEP2a & 2b |2 CZ S5l =—/N,
R DINZ TR XX v /L B LN SOL U = — P EEE SIS, A —T 4 7 <T VT LD

FE : FEP2b O TRBHZH BT —T L,
2 GRYE ¢ IEERCCER T B 2L TV = Metrology information ~® Y > 7 (3HIBR L 7=,
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INFGA=B—DfE — 72— BERAEERIT, FAED KT A—F =T L TR T > 7 OBRE VK T3
1%% 272V 7EIZL Th D, Table HOfEIL, FREL TWODDOIT TIIAR W, HaHIZRAEY — K€
TNAPOLEERE RS TS, ZIHDET /LiE, CD(Critical Dimension)—Z4U/< DRAM D/ /N—7EyF
(TRDOLENMMNR) — EYMEEE N VRE—E R Ty A XD IR OEM T A—2—%
EEL WD, BHENAEOZ 4T, HAHHEITE, RO O THY, BRI TWODET L ORIfES
R TP MFEELI LI 2 SO, 77— Migd tﬂ%@%ﬂ%ﬁ (EOT) LM B2 F ¥ ANV RIS T S A= L L Y
(272D T NAAHEDEPRIZE ST, ZHDET VR —AMEIZKIS T HDIFFEF I AR EL BREE
VBT DGRV HDIEAD, E DT | BRAFEZ T 52 & TROIVD T AR & IR S D BEfR A7
ACHAEET DL, WYt A LET VO ARR DV RINDZ L2705,

EFNRR — BT NA_R—AD G A—ZBRIE 7 = — NS TR ER O/ 3T A—ZEDSFYFI LS
WAL M TIIV VR, 28T A—ZED /R F T, 2 FREOFEH AR OL BB S5, EE
DEH7237 2A—ZEIE, FYAED MBI L TR L. RSB IERGAT TR T IENTED,
BN TRERDRTA—ZDME (FIZIZTARNT TV IRA, /=T )V, REASRBIREE) X, SHEOEH
AT HZENTED, BVAZ T/ ST A—ZDIED S EITIERSARTNHED, BRI, FExt
FRYEDNEL, A D _EIRF AN R OEE 5L, BT T VO EFET 40 FERILLEO 1C BEEDRRBRIZH )
DOOT AN N EE TR TN,

FPEHE K O AE EVIK T OBAEN R BRI AY —T 4 7T U T VR OB VIK T34 1C #iiE
BEVIKTO 1%% 2720002, REOFERERAAE EVIR FZ2EHIVIRD TH A, FFED KL HHEY
RIE, (1) 73T A=A TR ED R R Gl YR VET LV TRRIESILTND) 1T, (2) FD /3T A—F %
o = — DOENE (EER S ER S I L > TRESNTWD) N T-b D& ST 5212k
THELILD, ZORHl 7 5% VUL, ;J\irﬂ REZRT = — AR D AR TET HZENTELEAD,
A AR DN ERT D721, T — " A— T DT AN TSRS, v ha—L
S, IC 22— HF DOERITHEES T DTN &)Zoo ZNOOHEAEENRTAHAZIENTELETIL., O AW

IZEEDNWTR T Y U A I DB VET VR HOGILTEY | K/ T A—FEIZIXZE D /RTA—=2 TR
zfﬁ%w 99%\ 272D L7 RN E B THNDI LT/ D, IDIT, ED/TA—HIZ L HBEVERBMO
IRTA—BN X DBV RIIIKRE R B A B 2 70 W RET D, S5V 2 DL, KIEIZEDBRED~D R
RN IR TR LD ZEHARE T D, sHIIED 224707 — 2 3G 0 AU, ZORRERIZEE- S RGE

DOFFHILDFRAEREIL, AR AT/ 3T A= AR ISR EFIETHONLRIEEH F0 LD
WZEDVREND THAD,
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Table FEP2a Starting Materials Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ¥ Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
1 it
MPU/ASIC Metal 1 (M1) % Pitch 68 59 52 5 0 36 2 28 25
(nm)(contacted)
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
DRAM Total Chip Area (mm?) 93 74 59 93 74 59 93 74 59
DRAM Active Transistor Area (mm?) 29.6 231 18.2 29.1 231 18.3 29.1 231 18.3
MPU High-Performance Total Chip Area(mm?) 310 246 195 310 246 195 310 246 195
MPUHigZh-Pe;formanceActive Transistor 317 251 200 317 251 200 317 251 200
Area(mnr)
General Characteristics * (99% Chip Yield)
Maximum Substrate Diameter
(mm)—High-volume Production (>20K 300 300 300 300 300 450 450 450 450
wafer starts per month)**
Edge exclusion (mm) 2 2 2 2 2
Front surface particle size (nm), latex sphere >65 >65 >65 >65 >65

equivalent (A)

Particles (cm-2)

<0.32 <0.30 <0.30 £0.15 £0.15

@

Particles (#/wf) <218 <209 <205 <105 <105
Site flatness (nm), SFQR 26mm x 8 mm Site <
Size <65 <57 <50 <45 <40
Nanotopography, p-v, 2 mm dia. analysis area <16 <14 <13 <11 <10

Epitaxial Wafer * (99% Chip Yield)

Large structural epi defects (DRAM) (cm ?)

o <0011 | (0014 | [<0.017| | <0011 | | <0014 | | <0017 | | <0.011 | | <0.014 | | 0.017
Large structural epi defects (MPU) (cm %) (B) | <0.003 <0.004 | | <0.005 <0.003 <0.004 <0.005 <0.003 <0.004 <0.005
(sg)‘a” structural epi defects (ORAM) (em™) | ¢ 055 | | <0,027 | |<0.034| | <0022 | | <0.027 | | <0.034 | | <0.022 | | 0.027 | | <0.034
Small structural epi defects (MPU) (cm?) (C) | <0.006 | | <0.008 | |<0.010| | 0.006 | | <0.008 | | <0.010 | | <0.006 | | <0.008 | | <0.010

Silicon-On-Insulator Wafer* (99% Chip Yield)

®

Edge exclusion (mm) *** 2 2 2 2 2
Starting silicon layer thickness

(Partially Depleted) (tolerance + 5%, 3c) (nm)| 48-83 44-76 40-60 37-55 34-50
D)

Starting silicon layer thickness

(Fully Depleted) (tolerance + 5%, 36) (nm) 15-28 1417

Buried oxide (BOX) thickness
(Fully Depleted) (tolerance = 5%, 35) (nm)
)

26-44 24-40

Dyasor, Large area SOI wafer defects
(DRAM) (em ) (G)

Dyasor, Large area SOI wafer defects (MPU)
(em?) (G)

Dsasol, Small area SOI wafer defects
(DRAM) (cm ) (H)

Dsasor, Small area SOI wafer defects (MPU)
(em™®) (H)

<0.011 <0.014 @ <0.017 <0.011 <0.014 <0.011

<0.003 <0.004 @ <0.005 @ <0.003 <0.004 <0.003

<0170 £0.218 | | =0.276 £0.173 £0.218 £0.274 I £0.173

<0.159 £0.200 | | =0.252 <0.159 <0.200 <0.252 I £0.159
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Table FEP2b Starting Materials Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM : Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6 6 5 4
DRAM Total Chip Area (mm?) 93 74 59 93 74 59 93
DRAM Active Transistor Area (mm?) 29.1 231 18.3 29.1 231 183 29.1
MPU High-Performance Total Chip Area(mm’) 310 246 195 310 246 195 310
MPU High-Performance Active Transistor Area(mm’) 317 251 20.0 317 25.1 20.0 31.7
General Characteristics * (99% Chip Yield)
om0k vt e et e 450 450 450 450 450 450 450
Edge exclusion (mm)

Front surface particle size (nm), latex sphere equivalent (A)

Particles (cm-2)

Particles (#/wf)

Site flatness (nm), SFQR 26mm x 8 mm Site Size

Nanotopography, p-v, 2 mm dia. analysis area (I)

Epitaxial Wafer * (99% Chip Yield)

Large structural epi defects (DRAM) (cm ™) (B) <0.011 <0.014 <0.017 <0.011 <0.014 <0.017 <0.011
Large structural epi defects (MPU) (cm ) (B) <0.003 <0.004 <0.005 <0.003 <0.004 <0.005 <0.003
Small structural epi defects (DRAM) (cm™) (C) <0.022 <0.027 <0.034 <0.022 <0.027 <0.034 <£0.022
Small structural epi defects (MPU) (cm™) (C) <0.006 <0.008 <0.010 <0.006 <0.008 <0.010 <0.006

Silicon-On-Insulator Wafer* (99% Chip Yield)

Edge exclusion (mm) ***

Starting silicon layer thickness

(Partially Depleted) (tolerance + 5%, 35) (nm) (D) 2382

Starting silicon layer thickness
(Fully Depleted) (tolerance + 5%, 35) (nm) (E)

Buried oxide (BOX) thickness

(Fully Depleted) (tolerance + 5%, 3c) (nm) (F) 14-22

Dyasor, Large area SOI wafer defects (DRAM) (cm 2) (G) <0.011

Dyasol, Large area SOI wafer defects (MPU) (cm’z) (€)] <0.003

Dsasor, Small area SOT wafer defects (DRAM) (cm 2) (H) <0.173

Dsasor, Small area SOI wafer defects (MPU) (cm™) (H) <0.159

1213 I 1213 I 1213 I 1112

22-30 21-28 19-26 18-24

I 11-12 I 1112 I

8-14 8-12

18-23

12-20 10-18 10-16

<0.014 £0.017 <0.011 <0.014 £0.017

<0.004 <0.005 <0.003 <0.004 <0.005

£0.218 <0.274 £0.173 £0.218 £0.274

<0.200 £0.252 £0.159 <0.200 <0.252

17-21

1112

6-12

<0.011

<0.003

£0.173

£0.159

Meaning and Color Coding of Left Box

Meaning and Color Coding of Right Box

Technology Requirements Value and Supplier
Manufacturing Capability by Color

Metrology Readiness Capability by Color

Manutacturable solutions exist, and are being optimized

Manufacturable solutions exist, and are being optimized

Manuftacturable solutions are known

Manufacturable solutions are known

Interim solutions are known

Interim solutions are known

Manufacturable solutions are NOT known Manufacturable solutions are NOT known
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Table FEP2a & FEP2b (2% 515

[A] V== "REDSR—=T 47NV ARX Ay (ZFERBNTE RNV AR THD, Ve — "REDFBEIZ2D/ =T 4 7 A X dc
IXKJF, [K=1] THEDOEND (ZZTFIEDRAM @ 12 ¥y F THY, FEEDOHMIARIZIBIT 20 = — Rl S—T 1 7V AR
DIECfEDID),

PR—=T 7 VEEITR A TREAESND,

n=nc*(dn/dc)’

ZZC ne (H#F O Maly OBBORHRTNHRDIZEDTHY | {Y = exp [(DpRp) Al ZORUITHIND Al THNT V7 HRIT A
=2.5¥F T+(1-aF T/Agip)Aatip*0.18, a 1% DRAM “£/L7 724 — (Table FEPSa, b ) | T 13557 2 BN T 1 Fo T BT=h Dk
TP AEEEINT T IO N,

[B] REZ2TEREER I 1E 9% 500 TET LS, Y = exp(-Diap Riap Aap)’ TESID, 22T Rpap=1 THY', Agyp 15 DRAM
HDNLENERE MPU 7281 ZIS 0 TR 7 5% VWD,

[C] NS HERE REEC1E 99% A0 TET AESAL, Y = exp(-Dsp Rsp Aqup)’ THSAVD, 22T Rg=0.5 THY, Adup IX DRAM 5%
UWNEEIMERE MPU 228U T M4 72 0% VWD, AF—T 12 77 U7 /L Cliii#ED DRAM HifEdH 5\ L EPERE MPU @ MPU ifii
Ex FHOCEERT D,

[D] SV DT NAREDOEALER (PD: Partially Depleted D355 1% MPU ##7 —hMED 2 fFTH LIS (L PidHME +

25%), BEEOLV DI, U FLOREMA AL T, Ve — NEREEOY = — OB 57 7 25 D0 T
~ AT ADIFE (%) D REZ ) —MEDIEEL L TS, T AL AEGE TR TOI Y BOBD EEEL ., T ADRKIERIC
10nm (L > P DN ~20nm (Lo PO R) MR TANBE AL —T 4 7= T VT A ELTD SHEREL TND, 2009 LA IR )

LELLHIEISNDLEE 2, SiEL P Oy ME- i KEOEHHE 10nm ZMNZ FebDEAX—T 42 7~ T VT N ELTO SiERIZL
T2,

[E] SV DT SARBORHKMIE (FD: Fully Depleted D354 14, 2010~2011 4Tk MPU ¥ —RED 035 f5THZ O,

2012 4ELIBE TIXMPU R — RED 0.3 {5 THZBND LU I I3HiME+25%) . BAEEOL i, T o— L ORE [ R
WL, U= NEWNREE DY = — N FNEEIZ T 57 T 2D o NE~ AT ADRZE (%) DK EEE)—EOEEEL TD, 7

ANAZGE T TOII AL EOWDEBZEL ., SiEREL P ORy/IME- RREDO L HHY 100m 2N T2bDEAS—T 4 7~ T VT

SLELTO SiREIZL TV,

[F] FDSOI (Zxt9°% BOX(Buried Oxide)DJEX13, MPU ##7 — Mz D 2 {5 TH-2HD,

[G] kﬁ%@ SOI j_\)lg(é (LASOI defect) li 99%‘(:6?11//”25“\ Y= exp(-DLASOI RLASOI Achjp)3 Ti‘%éﬂ\ DLASOI =LASOI ﬁ(ﬁ@@%};ﬂj\
Ryasor =1.0 (BUHRFRUTORAHEE).LASOL KHalZid, KARLTZ Siand/or BOX or L& KA E £NLTZH,

[H] /INEiFED SO K (SASOI defect) I 99% TET /AL, Y = exp(-Dsasor Rsasor Acuip)’ TZEAL, Dsasor = SASOI KKADFAE
Rgasor =0.2 GABES CORFHET), SASOL KIfEHEL TIE, COP, &S UHAK, by 7 Va JEHO /T Si02 Bi7al iVaEhns,
B0 SASOI KL EHGELHIE (LLS: Localized Light Scattering)” ¢ Th#fiHT& S,

[T E£E 2mm OFEIED P-V (Peak-to-Valley) LV Mil, P-V DR AMEILREREZ TCIZ F/4 EL7=(F I3 DRAM @ 172 B> F),

CoO(Cost of Ownership) —Z%< D/ 3T A—FZ~DOFFE ATREEN FHUEA R ORFUZITSNTNDLD T, U x
—NA—=J1l 1C A—=IE, ZAIUAREZ e B A L AN RIS T D L EDBIZBLRL ~ L 2R D 72D | 23]
TEZENETN/0D, IC B,/ KIGET IV DOIHIe D E A IR LI CTH D, LNLRAD, b E
P2 i3, FHARRA ECER RSO THEVE e m B OV =— " & CoO Z Hela il 52 & Tlidzes |
E IC ARV Z R THRAFH TV DR D ERAARIC R L THEGE A1 TH 28 Th b, ZZTEDFIZH
FoL, AF—T 4 7= T VT NORERIRERAARL S —T 4 7 MABYRELR AR L, REAFORIZHD
A7 — MR D BRATRE LR MEIZ 72> T 5 (Table FEP3a & 3b 2 R) . AU, 7 — RGeS 7280 IC
E TR CTHELNARARDOBRELIHR 50% (FEH D Fe BRETIX 95%DHEHHHD) ZEL THESL TV

3w Maly, H.T. Heineken, and F. Agricola, “A Simple New Yield Model,” Semiconductor International, No. 7, 1994, 148-154.

* BR¥E: Large structural epi defects 13777 AR FHH T 1 p m IO KRE7APA X,

5 3 RpaplE LAD OFLL—F,

6 SR : Small structural epi defects 13777 AR FHBLT 1 p m L FOVA R,

7 Y. Omura, S. Nakashima, K. Izumi, and T. Ishii, “0.1mm-Gate, Ultrathin-Film CMOS Devices Using SIMOX Substrate with 80-nm-Thick
Buried Oxide Layer,” IEDM Tech. Digest, 1991, 675-678.

8 W. P Maszara, R. Dockerty, C.FH. Gondran and PK. Vasudev. “SOI Materials for Mainstream CMOS Technology,”
in: ”Silicon-on-Insulator Technology and Devices VIIL” S. Cristoloveanu, P.L.F. Hemment, K. Izumi and S. Wilson, eds., PV 97-23, The
Electrochemical Society Proceeding Series, Pennington, NJ, 1997, 15-26.

° H. Aga, M. Nakano and K. Mitani. “Study of HF Defects in Thin Bonded SOI Dependent on Original Wafers,” Extended Abstracts of the
1998 International Conference on Solid State Devices and Materials, Hiroshima, Japan (1998), 304-305.
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D THD, IC A= —NHERSNDY = — N REDOLFHIEE CBUKYE vs BKME) | IO = —F
YITET=—FHEOHELER, (REEOILELE L, ZO%RD MY/ S —T 47NV 2—FH K
SRR A KT ZEB L CTRL, FFED /T A—2 (AL A7 T bR A ITH LT, 100%Y =—
NREOH N ERIET DT MBS NZ0O T CoO OEEM DR TETZ, ZOTT /UL, 100%R4
B EHEL 72 S TG BITEOHER CALD RN BT v 72 G A TT NAAT BRI AL TLEIZEICLAE
TERIZLB AT L CL IC A= OHARIZ 100%PRAET DD LB IIHIRY 2 N A—H DIAANEBEZL
T2 ZOFEEEIT—I 2 —RNE, ZZTUZENTWDIDNNZ, AFAEEZRD T, IC A—DiE, V=— Mifk
LRELOHAR BTN — R A 7 D302 T T D E N TED,

D= NG RA=HDEIRN — 02— N FE O ) EEE DN E BB L CHD, IR T L
R—ZADEFENTRND THIE D737 A—4 (% Table FEP2a 331 O FEP2b (ZIHFC#E S TR, (LE2R K
TR, AR RPN G D, ZIHD KB, a@&4’7 DTz —NIHRLTHE AR
HLOTHDHNN, FEZHER SO TIX\ O Si & FIC B AL Dl %@AE@%%Z%ﬁS‘%@?Héh‘é BTG
Yui, Uz —  MREE RO TR KU IRKIT T 5729, Table FEP2a 35X O FEP2b [ JId & AL TV VR,

WIS = — ~OE C, AL RS KO BRI RHE DOt )52 18] EL CQOD 72Dy = — N H D
IR=T 4V IACOIEE TN B D, MHESIVTZETIT, ~ 7 m7piGie0w = — MR OIS H 5 55 1 T8
i35, 2078 B D7) — AL BLE S VTG T 7o s BB N BRI D, LU,
Starting Materials IC Users Survey (2o E, B/ N—T AL DT ANT T R ADOHIE, ERFTIE
72N 7=sb 4 A0 ITRS2007 | iﬂfw‘o&b\ 7285, WV AEMEAER (B 2K, SN 2T B R
{ Iﬁﬂ%/*‘/v>%%ﬁ£§ﬁ@ﬁéﬂﬁ@%g BT D AREMENHY | BEAL 200mm LA EOEHRER )7L Si = —
ANEGE VR T EHMED 2,

U= —BH CH O BB BRHEXY = — NRTT7 ¢ — s Kbt RK R CTH D, 7x— N7
T7 4= ERJEREBUZ > THARNT Ty hR A, REY AL RA, FINRTT7 4—HDHNNT R~V A/H
TTRANGFATEDFA 720 = — R 7TV — %l T 5, B THDO Y ANT TV RA, F I NRTT7
AT BB = — PR AT A—HLEZ BN TEY, 20 ITRS TE LT 5, BHONRTT7 1—1,
BT, e \EF vy ZOFEAER O A REMEDBLES, STV E B SN Lz, L, ZOMBAEHZE &
(b BHAM T EE 3 UTEREE> TR D T, AR T Table c:&i:®/<?x~§?%é.‘&>ﬂ\m Y, T
RO = — N ERIE BEFVERRILO STV ar T o — R LU TR B S TE, LITLIEE
edge roll-off (ERO)E S 041, FHE R KE /3O = — R E Ty 707 7L (R vﬂﬁ’i’ﬁ’
TR NI ERESR) OO RIREIR A8 FE 5 101 DU TR T BN B b3 Dk & 7 M35, AT
FEEIZ DWW TOHERAE D R TR WO TREROEAR AT X59% ERO BhiaffEl LA STV Veuy,

&R IalE, COP /3 vr~A7aT 47 =27 (BMD) D X7k E K ek & te, COP il 512X

(Zigam LT, e BERN OIS RIERRIR LI MNAIC BMD Z il C& %, £z T, B
f@'?‘/\4'11& 1%, IVRIR CROERERI OB AV V2GS DT AL N I 7y B 7 DT D
J£ BMD ZAEDIATeDIZITHL TR, ZOFER, BIE DT 27 DT> D BMD IIKAFL TWD T 7Y
r—a Tk, VA T I = F T g L O W THEE TR W e T AL END D,

MDA —FT 4 T =T VT AR T HERIT, Belp oty o — I AT\ RT DRFED T E K TET,
B = — B > CTRIESN DD T /3 A (DRAM D IH70) 1 3FEFN IR INEIRAT T TR0y MUK
THAIEFATDT —H IR TND, TEXF T /LT 2— R SOl = — X Z OO R KEAV I L

MRS, — T, TEAFRL LT 2 — R0 SOI 7 = — I TR KK (> 1 um ST _EER) o/
R B (<1 pm) DD, TEHFX T /LT = — NIIEFEE KO 2O 72 BRIl FE T A 7o ftidn R b & Fopi &
D7 —F 4 7 VAR O KR KFaI ARV, = §7ﬂe/ww7r—/\%ﬁ9k% B EV R RIZT D
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NCZNSD Rz 220 UL 57200, o0 D R aI SOLE A Db D Th 5, HEEEVITHTL TIEK
TG K Ba e RO BELET, SOI JEDRARE SOV/BOX FHEHD KAKMAN G E5, ZHHDKRKKMaIETF 7
%Eﬂiw (CE R T HLHMIS I, L —RNO% 100%E72> TN, e B Um g BT A—4 D)

ORI TaL) D COP, wIE U ARDHD NIRRT Si0, B L5 72/ NRKGIET 7 SA AMREICZ AUTE
Ej@cﬁﬂiﬂ%ﬁim HELLINTEY, D720\, FFREEILIV/ NS L — NSO CEHRESN T
Wb, ZIHDKIEE TR, A RXE RN | MR EFERE R D DL —F ERH DT Z OMOFEAGEE E X
HEZLAEVERE TH D, BRI AR SGES U T T8, MRRETEIRGIR IA T 370 EETH D,
ZDIHDT, FREIKMEORIELES T ) 2 = — I B CBRIBEA A B =Ty L o P Thb
et 5,

77— MEAL TG o D #3288 £ ALK O R /ST A— AR LR R B0 DA RO E
ez ¥ TN FLRES NV TE T, 2 2ITHITLD R IEE E (Do) 13T AR D7 S A RITKRL TR E D R E
ELTTRHRMICEE DN CTE T, L)L, EOT<2nm DT A AIKIL TULZ D/ 8T A— 57 IHITOT A RDHR
B EOCHEREDFRIEI 17259, 16> T, BRIEH &L C, Table FEP2a & FEP2b (ZIE & FAL TV a0, LvL,
high-k 7" — NERRIFEAE A SR 7Y B L OVR AN — N VR 5 {0328 Eéh‘ér@c% XA —T 4T
~ T VT IAEGE DERITEDDDG AN EZ T2 (RO EEAS])

SOl U = — DOl FE R AR T D, AR TENET 20 FRIE SR L, SOl 23§51 72
ST, BT == NBDONNITE XX Ty LT = — il T 5D LRI URE /1% Fi> TiIvawy, Si & BOX &
MHD LB I D TFUWZhHEIL, fﬁﬁ‘?::~/\%°:£t HX LX) 2= NZHART 2SO EIEE D
B AEWNAEZ TLEN, — R /EIJ;”ﬁiEjm b5, D7t 10nm KVIEWFRES U= B ISk
L, FalrBissshis&st ”%{EZE;’E BT, O ETORBIESNIEFE I/ NINO T, T
R LI LD REES AR T 201 _1&“10_&753‘67\#07‘:0 K% 72 SOI KKfahr7 2V —Zxf 4 Dk
Fie DXAT DKo% T 2 — b D083 — M7 BT R MBS T VR BET 5, 25
DkE % 72 RIGIX R THRRICER, KEX, THAAABE I T2 7R Tlde, Z07dlz, 8o
7L —he72 s, ZHUTINZ T AL CWAUar @ase iy T 7 U CLEIZEZRET 7= 2R
DTNy T 7 BREZR DT, FEFIZHNRE Y=g SOl UV — OFT ab— M=y F

713D CIREECH D, FEREE TR —2 T I R THHEHE T 5D SOI MED AWM E oM 15 K
BEMETHD, FiZIZ, flix OELR Y AEEFHmRE (EHPNC LT 2B AIKIES Si:Ge FHAK, FH
Fe7p R 77 R AT S & 30 Bl & E AU BT 5 K@) 1T Y eSS N B ELShD (v —V I~ T
VT IVESIR),

SOI 7 =— DJEJEL¥]—147)3 Table FEP2a & FEP2b (285, ZIVHDT =— NI LTI, MES O IR #iFH
IRIC T 7V — 2 A3 S RHPH7: Si 7 A AR LD AR LI (BOX) BA LE LT 5, #O)Dx°
D IFIZED SO1 Y = — BUE L, ZO#IPHD SOI 77V /r— a NHG ATREZ AL PE S 7o T, B IS Eh T A 1Y
&t 2L/ NSO IEFLBEI S B INSE2 —fili5 | S8RV ELDY Si g I > TN D D% FR 7‘ X
ek SOI LRIUEHEIE CThHEA SOI(sSONE ., HDOLAIZIX, B A TS, BAI VI TH - LFHMIC
@$®I7*//777/7/1/E'”C L OILTUND, ZD Table 302422 RU(PD)EERZEZ fFIJ(FD)“7‘/\/|)7<

R AR O3 B TH S, PD EAEIE 2020 Eif@%bf&;érﬁ 2012 4EEEITIZEBROT 7V A7
— NIV T T — T AR THLHE TSNS, KENITIE, ZNHD PD EIZ~ /LT 7 —hT /A AD
TR EL—HEL TD, EFRNOEEREORGERILE —FES T 572012, 2010 FLLFTO FD EOfEI
Table FEP2a /> BHIBRL T D,

10 SRy kill raterkill ratio (XA MO % B AR E I BT B DI,
"R R Y,
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R R —Figure FEP2 |3b EE/RAY —T 7~ T VT VED VAR | R E CE 7 R RE7R R
WaTRmL, ZNODOFRRROBARE R EEPERITOXAIL 7728777, Table FEP2a & FEP2b (Z—E(L T,
Figure FEP2 (%, 300mm &2\ NEZ LA ED K AT =— TIEL NS e Seli DRAM & EPERE MPU D EER
BTV D, LAL, 90nm FAfF AR LIE T 200mm & =— ORI THOITRY, MFERT7 TV bR A
T INRT T7 4 — KIEZ R T DT DI M S DS ML ChHZEE R T 5, ZOXAT DT x—N
OHEEIZ X ==Y T T — b — P — (LB E BT/ D,

2007 2010 2013 2016 2019 2022

| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRALII 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 1lnm

300mm LEADING EDGE

Materials Selection Note: Although singular solutions are desirable, segmentation within

today's industry remains a reality. This is driven by a variety of
technological and economical factors wihch are likely to continue in the
future. Therefore, Materials Selection and Wafer Diameter have multiple
scenarlos shown to eX|st S|multaneously

.
Emerglng Materials (stralned materials /
layers, high resistivity, etc.)
Various Device Process Alternatives
(Device Strain Engineering, etc.)

SOl includes: \ \ \ \

o Bonded wafers
e SIMOX wafers SOl
e Selective SOI areas

within the IC chip

Defect engineered (DE)
CZ wafers include:

e P/P+ and P/P++epi
o P/P-epi

e Annealed wafers
e Slow pull / slow cool

Double-sided
Polish

_

Site Flatness New Technology (includes CMP; Orientation
New New Technology Dependent etch; Localized Etch; Localized
Technology Dep.+CMP or blanket etch; Blanket layer +

CMP or blanket etch)

EE Research Required I Development Underway [_1 Qualification/Pre-Production SN Continuous Improvement

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

Figure FEP2 Starting Materials Potential Solutions

BRI — PRI 72 — (25303 D — KRBl CZ & SOL T =— ~, MM A7 DEIRL
KI77)?*v@/232W*~7ﬁ7/XWﬁW:J@ﬂ&f#é|w%i3XF &Wﬁ77jﬁ~/a/_@
DI, BEIIERRICBUR T 7V r— a2, Figure FEP2 IZEWTHAHINNT, FRRIRIGERIIT /0K
L. ZDZE] iﬁizéj/~?« X ARE A -5,
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T~e— T YTV —ITRS O BREE7- 372D J7iEE BT DM B ORI, =~v— 0
~TUT v, OIFRIF V3 3RO RIZE S THRD TEETHYHHIT D, ITRS2007 1Z1F, =v—T 7~
FUVT D =HODOWME T — DN ESIV TS 1 1) BVE FRARIR . 2) BB S KRR 3) S AT LA
T TR, RO~ A a Ly a =g AT TN — g OBE BRI (A5 . BRI O i)
EITEICIRE CE L~y — U 7T U T A OFITIR D L8t D ThHDH 2V F o X ATEUR, SiO, &
DEMGEEE O S B O . B2 1T ALO; (T/L3F) AV T ZE LS Ua Zffi~7- SOL, BRI REI%
L7ZHHIINAZ T, RO~ A7axL 7ha =g A AT NIV ar KO RERBEEL R OIS —F
YR LT A, T RABEEOHKEHNE Lo~ — 0 7<= T VT IV OERRIERIC I, B A
ay TN~ =T A (BRENL, HDVIE, BATVD) E—R T ) Fa—T 80855, Bz, H5
LWOVEREMEZ Y972 CMOS #ER 7 — 7 7 F 2 T IS AAAT e 2o b F e m~ — U I~ T U T VO EH G
7253, miEFE VA iRV ar EOE Iy IR AT DAL T T DRRERFGAT T D, Tk
D~Ar7aTL 7 a=7 AME L T BRI R D BT e R R A E RIS 7259 1 nE D,
INbT~— =TT VDR Y7 AT, A 50 ITRS2007 Table FEP2a & FEP2b (ZRff7Z LAk Fid 9
DITITAEED D720, Ll ZVHD Ry 7 AT RSFORE T O THAIL, ITRS AF—T 47 ~<T VT
NF—LDT~r =TT VT WINEB S LFE I ERESRZ a2 74 i D7D T2,

U — NERE —AEPEMHI RO, ERZIEY = — RO EIZ L o TSRS TE Tz, ERDE
RIRBEF BRI IR A L 72 R 200mm 736 300 mm ~DRA T E 7=, ZOXH7ZREE AN, R S A fE
FASTREAIZIIHL T, ZOBERICED KREAERIGE 8 FESE -, Ziud, BEIZ, 300 mm 2°5
450 mm ~OBATHAIL TITEL CWD, AT T DT 2 — AR TR DD AT =71V Si V=
— NPEAE” B R ARG AIREN N ERN TR H DR 2 7203, MELEEID 2012 FHC KO LA EERK
T DAY 2— )L EFUTFA YL I TUD, 450mm )3 = — B2 B3 A A B R EE S,
450mm s g NN LT T TAFTES,

PART T YRR A —300mm V= — NS EIRY S 2|78 2 ETHA N7 Ty MR A TRERE & SEFUIARE I
BSOSV, ZOMARLHEARD TR HE L IC A—H—0 45nm 370 DOEA AR DO ER A=+ & PSS,
Z OB LD 5 |5 de# T, Figure FEP2 SAHET F AN Tl SAL CWOD IR DA ST LN T Ty R AW
BRI A B ANDZ LI 25D, L, IRV 7T 4 — 13 FEBRD T T s R ABERICKRE 2 A 730 e
B2 503 HI7R N,

AL

T b RORELEA~OHITER T, HAf7 AT —RHICE TEL CE, 7 /WL, BRI
FEREEATIZIT 72 ITRS FHEZEI T HICLS T ZUT A NI —T g VNV R NS R E G AT T,
AR ED R E SNV CE T, FEREL T BrLUWERAYZ2ET VO RZIZED | 7 — e O BRI 4
ZLTAHLEUITIE, LTSy — U i a ORI LA T 7L — a g, B
LUEE LW ARSI, 7ar b ROFREAERCX LT, HrLWERE 857259,
CMP (ZBITH BV T R—=ZAOATV—fEH, BV i —RA/RL A HE#% /L SiGe DfFE ., HLV S+
XU EE IR —REASIZL CANDBRERR ) MEHZ A 5.2 5 HO Y VINSTp R —T 1 7 VR
£ BT AT 3 BT NE, BRSO E L CHLR OB A ER T2 Th A9,

FEAFEDOH AT E K% Table FEP3a & UN FEP3b (i, LVZES DI AT FHBEF /1170, Table
FEP3a O HZ AR D N kit & 40T D, HE _—2OFER)S 45nm K OY 32nm OFAFHAIZ T
ITESNDHEFN TECNODERIC R Z D0, 7 b ROREHUFLO = — X & E e b 5%, FEko s —
Mifafass, 77— N, E-ENOORHEICBEIEL 27 — X OAREIZLY, MEEZ & OFT D, AZNVT —I
BreEN DA T 7V —a GHRIERTIEIRERE CTh o, Ll 7 a7 /L A%V CMOS 7 /A A TS
ALDAZ AL, T /A AR L 72N L~ UL CE T, RITV PRS2 T U7 6720,
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U — KB IOEE EOMRLHRE, FTETHLOWL L THEBSN OS5, G iE=y
F L TMBIASDHE A= DI S =T 4 7 VL~V OHFIEN, REE ek Rirsinnd, RT3, 4=
B ENIEADN S —T A 7 VO R R MG L2 R TE T D7Dt 5, 7 — KA X7
TATINTLN—T 7 VBRI, FA ARSI UE T D, FHEE7R 5 A X003 B/, #NL e s A
YART, BT /UL, FTLWDET WL, HEE 30nm KD/ S—T 47T —H R EDOT-DIZFIE
DR, TNDFEROET VN, SR EVEREJVETELL, B E M Ea—R R~y 7 O BEMEZRGRET 5
7=V, 2BEZEVA] L TWG (ZE > TERENDTH A,

FESLHNZ VT 4TIV T2 =T 4 7 VEI L, DRAM B4 HEARELTEY, 1 Fv712->& DRAM O/ N—7
EoF . BVEM, 1 Ty BODT 7 ar i (F T e k) L TF v T I A RO L > TEEL T
Tz, RIHUEE Sub-TWG T —LDEEIL, T /A AA—I—ZEs THEHSIND IV T A TNV I/ 3—TFT 47 )V
LAV T 5 HETEBL TUIRD7R, — B R/ MRL AL DNERS ISR HIE, Ay 713 HT D%
L TEIIL TIEWNF 720, FlashD i/ NHEDS, DRAM X0 2 EITL QDB ZEND, FffieEL L To
DRAM DO AN EHRA FICHIEFLIEETHETHD,

HEEANNNV T T REGEN—=T 47 JAZOWTE, B ~OZBITIER L, IVRUERICHHES LT
%o BUTE, 7= — 3 ECTy V TORMERIN T D720 OB R FGER— A THRSILTEY, EH12£<
DHRICEET DT =203 b TSHTLDITT THD, LALLM s, Bl N—7 127/ T/ LR
FLWEEIERET, JAET — 40BN, ZTL AL DET /UL, Vo — ERHOBEYERF S—T 4 7LD
YA R EZAE O DFNTERY Y, =T A 7N ARIED WS —T A 7V DR GIIRA Y
(ZBIL TRIEHIIRS IV TS, ZALDDRI Y DR RIRE B % 52 DR EITRECTT(50 /0
YEOREN) 2B NFZ OV TIEBESITND, HRDHIAICHOWTET —7 /HEREZ SO L,

2007 4FIT, FEAFHD Sub-TWG F—AlT, S 7 at 23— 2072 B Pk 2 5 | R 310 Tl
RN EERAR LT, vV HERRUCL S THOWSNA T T EZRT Y 7T L0 99%D ARV, 99.99999% 0D H54
D (WD Oppm MUETHDHEFRC BENHEEHOT 7V /r— a7z WL TR O T, 7
—RIEH, ZHEDOHOT-DICIEF IR E /2P AR Z/2 > TOBH (AU 10 457210 edim CMOS %185
BEMELIRY) . ZOBREVIC A T-OIZ IR L7l F iuid b s m s o Bkikix, R, B\
Toho> T, B—Rvy 7 DII5) FOTT CRIBEEDFGRDT-DITEZ LEE L TWD, ZiUuL, FkD ITRS
W CHRIRS LD RERE CTdH D,

IN—=T AT NABEIF— 3 OFIET, #EER7e A A—T % Ball 355 T, B uEE SV a o K
ZRINTT BN K0PS5 TH A, BRbiEL s Va a A0 R, KimLEEOn—R~y 7 TL
DRI T AT DB THEL Dz 5 XL &z, 7L —F I CMOS 7 /XA A TOZDOERIZL, 7 —h
BV O TRRIZIB W TR IR D, 77— TR ~DOERIX, —RICHEEREOLIILTUV R, L,
T\ AME1EHY MUGFETs (Multigate field effect transistors) & FinFETs (ZH#E{b T 55T, £DOERIT, FRZE
EF 2038 DD BN, 7 —MEVE TR T AIEEWVIDIL, A= RY Y= g Ll b H
W FHWT, ZEEBIDOT v T /Pl a AT > T RO FINE TIH > T, TR = — 7% VT2 B —E
HORERTITZR, VA LUIEDZAOBEIL, =7 AT v a FaA SNz, 2ThT —ME, 7o
AT T D~ AT Pl TRSEOM A G OE TRMSNIELL TREINTHWD, ZOTREIL, 2405
EAETHRIRDTHAD, 2B TAARIA T\ E ST — by F U T OYFI IR ES B2 DTEAIL .
USJ (Ultra shallow junction) 727 7 A /L& 7/ SA AUKIFET HT2AH9D30, DRAM 7 /A AT — by
BOVEFITOT D 4 BILDRVA, VAT LA+ F w7 (SOC)RF &7l T /3A A1, 2~3 fED7 —h
FEENHDTEAIL, AONBIRT 4 M VANDVT — 7% G070 ELTh, 12 UL EOL VANIBEEEIZ 725
1259, ZMHDT SAAX, FEDNZ, 7T— 7 NIARSIVTND | MBI ADEIZ LB 725, o 7L A
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Y —DFELZOIEIL US] D7 077V & TORREL TRFASNOM B AD BT T, RESFEE
T 7259,

HEOIA I A LIS O i CA BN HERE T 20 b LW EWIREIL - T, 2010 FETD SOL DE AL,
T AR—T YRV =2 RUADEBUT, BBIGROFFERL VT EZ KT b LR, 2, #F
REBBEL~IVICK LT, EORRITEEE RITTNIRTEHAL TR, ZL T, 2HLO 7T —7 L TRliE
IWCZhenole, ZUT A TINIRN—T 4T VARy T DRRIZ, PIDS F— AL TR ROV TWAERIT, BLAT
Da—R2y 7 ORI THERIL, 77 /00— L TEHL T, fFESRL IV ~DERN TV /)
0 — O CHNT A S XN EWSERIL 7R E D 72 ST,

FOSAAN, HEFEIZ L D7 — Mg B . BT v RIVE TR T DI D Z% )L Si, SiGe %54

WCYEDRRD TRY, FmEHET, £ F T EEIT/2>TE T, high-k 77— NI Rk ERTIC iR LS LL
T SN R EMLEETD0HLIVR, EZAR, ZEXF /L STl LIEO MRz LE LT D,
FEALEEN high-k ARIEATIZATOERIL, B2 0L, HEROBRLIFC RV THELDE | R —R o L
FEMED MBI DT A, high-k 7 — NGB I BRI E N EL AR5 FIC k> T B 2
R AERAERME DS LIV, EOmeL~ LT ZELR— AT TEDHNT, Tt 2%
WU CTET LSO LER DD, BITEIIRIEHAEEM CHD, 7 —MNERNE ., =T 7 %I, high-k
HolxiR e 48 7 — MBS D H AP A B XA F 2T UE b7, 2T, AL LR L, CD %k, #L
T&E&BT —hOaAL LT 7 2 AEBASHL B FT0VD, HLV MPU <° DRAM A EHT, FEH I2E iR
W7y F Lo T REE T TR ADO MBI A IR T T A, Fo, ZNHITAEL ESH 2L CEAINA
FAUEZRB7e 0,

A= e — 7SO B L2 R S RSN R CERICEDRbN D FEN TEARNEN)—
RPN D, 1o T, T—T N AT ERULT- U A — S —~—7 D7 DIE H I, 2007 HFDra—
K=o AIZBOTHIBREI TV, FIUThH, T AT Mk E a2 i St A5 TP oMEOFEL
7po>TUNA,
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Table FEP3a Front End Surface Preparation Technology Requirements—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 2011 2012 2013 2014 2015 Driver
DRAM > Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25 D"
MPU/ASIC Metal 1 (M1) Y Pitch (nm)(contacted) 68 59 52 45 40 36 32 28 25 M
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10 M
Wafer diameter (mm) 300 | 300 | 300 300 300 450 450 450 450 D% M
Wafer edge exclusion (mm) 2 2 2 2 2 1.5 1.5 1.5 1.5 DM
Front surface particles

Killer defect density, DR, (#/cm?) [A] 0.11 | 014 | 017 | 0.11 0.14 0.17 0.11 0.14 0.17 D%
Critical particle diameter, d. (nm) [B] 325 | 283 | 25.0 | 225 | 20.0 17.9 15.9 14.2 12.6 DY
Critical particle count, D, (#/wafer) [C] 754 | 75.4 D
I
2:;3\]; ;:rr;fe[l](i:? particles: lithography and measurement tools 200 | 200 | 200 200 200 200 NA NA NA DY
Back surface particle diameter: all other tools (um) [D] 016 | 0.16 | 0.14 | 0.14 0.14 0.14 NA NA NA D7
Back surface particles: all other tools (#/wafer) [E] 200 | 200 | 200 | 200 200 200 NA NA NA D%
Critical GOI surface metals (10'° atoms/cm?) [F] 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 MPU
Critical other surface metals (10'° atoms/cm?) [F] 1 1 1 1 1 1 1 1 1 MPU
Mobile ions (10" atoms/cm?) [G] 2 2 2 2 2 2 2 2 2 MPU
Surface carbon (10 atoms/cm?) [H] 1.2 1 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Surface oxygen (10" atoms/cn?) [I] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 D% M
Surface roughness LVGX, RMS (A) [1] 4 4 4 2 2 2 2 2 2
S;??Sgng:ﬂlﬁi&@:&lﬁgmon blankettestwafers | 45 | 12 | 12 | 09 | 09 | 09 | 06 | *06 | ¢06 | M
s;lr“f]gS“g:a’;"ifgf@lg;fgg:;g%‘;tc’l/a;nk:lt(fzs[f]”afers 05 | 04 | 04 | 903 | 03| #03 | e02 | 02 | #02 | w

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 FEP3b Front End Surface Preparation Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022 Driver
DRAM ¥: Pitch (nm) (contacted) 22 20 18 16 14 13 11 D7
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 22 20 18 16 14 13 11 M
MPU Physical Gate Length (nm) 9 8 7 6 6 5 4 M

Wafer diameter (mm) 450 450 450 450 450 450 450 DM
Wafer edge exclusion (mm) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 DM
Front surface particles

Killer defect density, DR, (#/cm?) [A] 0.11 0.14 0.17 0.11 0.14 0.17 0.11 D%
Critical particle diameter, d. (nm) [B] 1.3 10.0 8.9 8.0 71 6.3 5.6 D

Critical particle count, D, (#/wafer) [C] D

Back surface particle diameter: lithography and measurement tools (um) [D] NA NA NA NA NA NA NA D%

Back surface particles: lithography and measurement tools (#/wafer) [E] NA NA NA NA NA NA NA D%
Back surface particle diameter:  all other tools (um) [D] NA NA NA NA NA NA NA D"
Back surface particles: all other tools (#/wafer) [E] NA NA NA NA NA NA NA D
Critical GOI surface metals (10" atoms/cm?) [F] 0.5 0.5 0.5 0.5 0.5 0.5 0.5 MPU
Critical other surface metals (10'° atoms/cm?) [F] 1 1 1 1 1 1 1 MPU
Mobile ions (10" atoms/cm?) [G] 2 2 2 2 2 2 2 MPU
Surface carbon (10" atoms/cm?) [H] 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Surface oxygen (10" atoms/cn?) [I] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 DM
Surface roughness LVGX, RMS (A) [J] 2 2 2 2 2 2 2

ftieliflearlidA OMXiEiIE]loss (A) on polysilicon blanket test wafers per LDD clean 0.6 0.6 06 0.6 0.6 0.6 0.6 v

Silicon and oxide loss (A) on polysilicon blanket test wafers per LDD clean
step—Microprocessor/SoC/Analog [L]

¢0.2 ¢0.2 *0.2 ¢0.2 ¢0.2 ¢0.2 0.2 M

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | €

Manufacturable solutions are NOT known _
Table FEP3a & FEP3b (2532118

[A] ¥T7— KM, 7S AABREED 99%DIHTE Y=0.99=exp[-DpRpAct] D HREID, Aer 1 3FERNT 7 HifE, D, ITKMeH
. Ry IFOLDDRIENT NAAR BA S ST he R A KT KX T —7 774 —%759, DpRy DRI =— EDOT RA2FT—
RIHHEEZ T, Rp 13/ S—T 47NV DRESRONG, 7 8—T AT IVDEGy T/ 3A ALA T I NOFEME ST ZA O ERN AR D, Tk
I IVTA TN =T AN d, BRBADE IR —=T 4 7 VTR L TH, Ry 1T 02 LARESHL7Z, DRAM D541,
A2 5P TH(1-aF T/ Aghip) *0.6 Achip T ZZC F 1T/ ORI AKX a lT oV EHE T 724 — TI3F 7 47200 DRAM £ (b7
YOREE) | Acip IZ DRAM T 7 A X ThHDH, MPU DAL, Aa=aT(GLY T, 22T GL 137 — MR THD, AT~ Ot
REFNTIGR T2 T=0T D728 | DpRp LT & AT HEITIRGZ20 N,

[B] #8810 ECIE oV T AN S =T 4 I NAR de 1T, AL DAN—TEF D 1/2 LT Yield Enhancement TEZHSND, b2
B OIERIIABARIRE L TODTe | d XTI S—T 4 I NARE B X H_ETHD,

[C] ZVT A BN/ S—=T A INARTOREIRETO/X—T A7 KL T, FT7—T 774 —Rp 8 0.2 THHEFEL THOD—RIAVREI
TWB, Ziute—R<o 7 ORi N —Va TIELNIZARE THHN, HBANHZN T —2OFEFID B I L TOHED TE
ZHNB, 7 8—=T 4 7V =— N E[Rp*3.14159%(7 = — /R — o PESIME) 22 L CEESND, ZUT AN —T 4
NAFARDIN—T IV T == D3, BAVZBIE LA XD/ S—F 4 I N = — NG D700, RSN LU
WDEFY, : Dyemae=Deitica™ (esitica datternate) - 2L HHSAUIZAEIZZEERIZ DRAM Bl 41225695, UL, T8 ZAA— T —I2 &> Tl
&N, VT ATV =T 4 I N~ ZRUSKHIGT D IECERN T _RE TR, — RN~V REER S5, TOfE
W%, 727/a —OZA THEANT 2T,

[DIE[E] FaEAR R TR E T AIEBARTT NS0T — 213503 (FL T, fFED Table Tid, ZNHDETI/VERAE
NDHLAIVR, ) | R a2 AL CHES I DEE =T 4 7V RESITEL T ERANTOEEITBL TR,
FERLLLCL IO 27 MEEED  BITEOBER TR (F D7 ay kR 7 it R 88\ O BEfhlEEE L CTVB, ) <00
KROT TV T IRV T TT A DU SN TND, VT T 74 TRRIZEBW T, BEA—T A7 BTz — N RE CEAEE T HL
TVT ATV HEEA R SR T IR I, TAA AR T E KRB 52 DI S IV CE T, LU, EDk
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2007 2010 2013
| 2008 2009 | 2011 2012 |

2014 2015

2016
I

2017 2018 |

2019 2022
2020 2021 |

DRAM 1/2 Pitch

65nm 45nm 32nm

22nm

16nm 11nm

Interface control for deposited
high-x dielectrics, epitaxial Si,
and SiGe/strained Si

Improved ex-situ passivation

Integration surface preparation®

Chemically compatible high-k
removal after gate definition

Dry/wet combination cleans
Wet chemical cleans
Dry chemical cleans

Alternative integration schemes

Removal of small particles
without etch of underlying or
surrounding material and without
structural damage
Advanced non-damaging batch
megasonics
Non-damaging megasonic single
wafer techniques

Aerosol techniques (cryogenic, fluid)

Advanced surfactants and
formulations

Nozzle-based particle removal
techniques

Pulsed pressure or vacuum
techniques

Specialized edge and back surface
cleaning

Photoresist and residue removal

with low material loss

-silicon substrate loss for shallow

source drain

-silicon oxidation

-fluorocarbon based residue
Advanced downstream plasma

processing

Combined dry and wet cleaning
Aerosol techniques (cryogenic, fluid)

Advanced all-wet cleaning
New plasma processing chemical
forumlations

New plasma processing source
techology

--!!!!!!!!§§§§§§§§§§§§§§§§§§§

I Research Required [ Development Underway [ | Qualification/Pre-Production

RS continuous Improvement

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

a) Integrated Surface Preparation techniques include various techniques that can be coupled to the deposition chamber and allow

processing to continue with minimal exposure to the atmosphere. This includes, but is not limited to, UV-based cleaning, gas phase

techniques, and single wafer wet techniques.

Figure FEP3

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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2007 2010 2013 2016 2019 2022

| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm
; ; ; ; ; ; ; ; ‘ ‘ ‘

Rinsing and drying hydrophobic/
hydrophilic and combination
structures and films

Cleaning, rinsing, and drying high
aspect ratio structures (e.g.,
deep trenches, cylindrical
capacitors)

-wetting structures
-contaminant removal
-stiction-free liquid removal

Alcohol-based batch drying

Surface tension gradient single wafer
drying

New low surface tension gradient
fluids

Low-volume, environmentally friendly
fluids

Advanced surfactants

Advanced non-damaging
megasonics

Gas phase cleaning

Supercritical fluids

EE Research Required M Development Underway [_1 Qualification/Pre-Production S Continuous Improvement

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

Figure FEP3 Front End Surface Preparation Potential Solutions (continued)
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ABR2, wINT = RNT UV AB DI IR NNT A AEEOEADMEES D TH A, IRD 5~7 R
BUIDHZDOXI 0BT &7 A AEEDO ZIRILENIL, BIFEA~OPERD 27207 R CTE D&
WAEFEHIRER G T HEVIES ETITBHI O/ NS ES PRk A MB35, ZOINHITR B LD REH]
IZBWTIE, TS AEEOBIRE NS EH DD, FEERNICB W TR 2T B gRASb 28I
725, —ERDT INAARA—TTII/ N7 CMOS TT 7 Loy T I A =N T oD HDIZHRT L, F3LLASD A
— 1 CIEERAEAEERIS LD FDSOI 0~ /L F 47— M- T K Z&I272 5, Table FEP4a & FEP4b (2, #4
A R, =7 BIORTy T T ICDONTOEREERLTZ,
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DB B ERMEHT LY 2008 AFIZITHIFFESI QD [RICARITIZZEZ AL B AS L7 — N
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Table FEP4a Thermal, Thin Film, Doping and Etching Technology Requirements—Near-term Years
Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
MPU/ASIC Metal 1 (M1) ¥: Pitch (nm)(contacted) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Equivalent physical oxide thickness for bulk MPU/ASIC 1
Tox (nm) for 1E20-doped poly-Si [A, A1, A2]

Equivalent physical oxide thickness for bulk MPU/ASIC 11 0
T (nm) for 1.5E20-doped poly-Si [A, A1, A2] i
Equivalent physical oxide thickness for bulk MPU/ASIC 12 0 0 0.4
Tox (nm) for 3E20-doped poly-Si [A, A1, A2] i
Equivalent physical oxide thickness for bulk MPU/ASIC 0.9 0.75 0 0 0
T,x (nm) for metal gate [A, Al, A2] i i >
Gate dielectric leakage at 100 °C (A/cm’) bulk
high-performance [B, B, B2 8.0E+02| 8.7E+02 | 1.0E+03 0 0 0
Metal gate work function for bulk MPU/ASIC  |E,,— <
0.2 <0.2 0 0 0
Ml (V) [C]
. . 3 .
[Cg]"””el doping concentration (cnr”), for bulk design |4 gg 418 3. 7E+18 | 4.1E+18 | 5.4E+18 | 6.6E+18 | 8.4E+18
Bulk/FDSOI/DG — Long channel electron mobility 18 18 1.8 o 5 o . .
enhancement factor due to strain for MPU/ASIC [E] ) ) i i C X ; X X
Drain extension X; (nm) for bulk MPU/ASIC [F] 12.5 11 10 9 8 7
Maximum allowable pa}.’asitic series resistance for bulk 200 200 200 30 a0 30
NMOS MPU/ASIC x width ((Q2—um) from PIDS [G]
Maximum drain extension sheet resistance for bulk
MPU/ASIC (NMOS) (5q) [G] 650 740 810 900 1015 1160
Extension lateral abruptness for bulk MPU/ASIC
(nm/decade) [H] 25 23 2.0 1.8 1.6 1.4
Contact X; (nm) for bulk MPU/ASIC [1] 27.5 25.3 22 19.8 17.6 15.4
Allowable junction leakage for bulk MPU/ASIC (uA/pm)| 0.34 0.71 0.7 0.64 0.74 0.68
Sidewall spacer thickness (nm) for bulk MPU/ASIC [J] 27.5 25.3
?}[{c}ximum silicon consumption for bulk MPU/ASIC (nm) 138 12.7 99 8.8 77 ‘
Silicide thickness for bulk MPU/ASIC (nm) [L] 17 15 13 12 1 ‘
Contact silicide sheet R for bulk MPU/ASIC ((Ysq) [M] 9.6 10.5 121 13.5 15.1 ‘
Contact maximum resistivity for bulk MPU/ASIC 1.2E-07 | 1.0E-07 | 9.2E-08 [RAT BRI L
@) [N]
STI depth bulk (nm) [O] 353 339 335 331 323 316
Trench width at top (nm) [P] 65 57 50 45 40 35
Trench sidewall angle (degrees) [O)} >87.4 >87.6 >87.9 >88.1 >88.2 >88.4
Trench fill aspect ratio — bulk [R] 6.0 6.5 7.2 9 6 9
Equivalent physical oxide thickness for FDSOI 0.7 06 0 0 0 0
MPU/ASIC T, (nm) for metal gate [A, Al, A2] i
Gate dielectric leakage at 100°C (4/cm’) FDSOI y
high-performance [B, Bl, B2] LB : . . : JE+0
Metal gate work function for FDSOI MPU/ASIC ¢, — o o o o o
E, (eV) NMOS/PMOS [S] +0.15 +0.15 +0.15 +0.15 +0.15 +0.15
Saturation velocity enhancement factor MPU/ASIC [T] 1 11 1.1 1.1
Si thickness FDSOI (nm) from PIDS [T]
Maximum allowable parasitic series resistance for a0 - - 0 0 0
FDSOI NMOS MPU/ASIC x width ((Q2—um) [G] i i i
Maximum drain extension sheet resistance for FDSOI
MPU/ASIC (NMOS) ($25q) [G] 730 770 890 1000 1150 1250
Spacer thickness, FDSOI elevated contact [J] 9.9 8.8 7.7 7.2
Thickness of FDSOI elevated junction (nm) [U} 18 16 14 13
Maximum silicon consumption for FDSOI MPU/ASIC 18 16 14 13
(nm) [K]
Silicide thickness for FDSOI MPU/ASIC (nm) [L] 22 19 17 16
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Table FEP4a Thermal, Thin Film, Doping and Etching Technology Requirements—Near-term Years
Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Contact silicide sheet Rfor FDSOI MPU/ASIC (£2sq) 74 8.3 95 10.2
Y r § . .
Contact maximum resistivity for FDSOI MPU/ASIC 08 08 aE_08 0 E-08 08
©@cnd) [N] 8 8 SE-08 SE-08 8 8
Trench fill aspect ratio— FDSOI [V] 0.6 0.6 0.6 0.6 0.6 0.6
Equivalent physical oxide thickness for multi-gate 08 07 06 06 06
MPU/ASIC T, (nm) for metal gate [4, A1, A2] i :
Gate dielectric leakage at 100°C (nA/um) muti-gate
high-performance [B, Bl, B2] i . > . DOE+0
Metal gate work function for multi-gate MPU/ASIC [S] midgap | midgap dgap dgap dgap
Si thickness for multi-gate (nm) from PIDS [U] 9 8 6 6
Maximum allowable parasitic series resistance for - - 0 0 0
multi-gate NMOS MPU/ASIC x width ((Q—um) [G] i i
Maximum drain extension sheet resistance for multi-gate
MPUIASIC (NMOS) (25q) [G] 425 475 535 615 670
Spacer thickness, multi-gate elevated contact [J] 8.8 7.7 7.2 6.1 5.5
Thickness of multi-gate elevated junction (nm) [T] 16 14 13 11 10
Maximum silicon consumption for multi-gate
MPU/ASIC (nm) [K] 16 14 13 ;
Silicide thickness for multi-gate MPU/ASIC (nm) [L] 19 17 16
Contact silicide sheet R for multi-gate MPU/ASIC
8.3 9.5 10.2
($2sq) [M]
Contact maximum resistivity for multi-gate MPU/ASIC 0 0 08 0 0
@cnd) IN] 8 8 8 8 SE-08
Physical gate length low operating power (LOP) (nm) 32 28 25 23 20 18 16 14 13
Equivalent physical oxide thickness for bulk low
operating power T, (nm) for 1.5E20-doped poly-Si [A, 1.2 0.8 0 0.6 0 0
Al A2]
Equivalent physical oxide thickness for bulk low
operating power T, (nm) for metal gate [4, Al, A2] U g e B 15
. . 5 2
Gate dielectric leakage at 100°C for bulk (A/cm”) LOP 7.8E+01| 8.9E+01 | 1.0E+02 | 1.1E+02 | 1.3E+02 | 1.4E+02
[B, Bl, B2]
Metal gate work function for bulk low operating power <
0.2 <0.2 <0.2 <0.2 <0.2
|Ec,v — ¢n| (eV) [S]
Allowable junction leakage for bulk LSTP (pA/um) 10 10 10 10 16 21
Equivalent physical oxide thickness for FDSOI low
operating power T, (nm) for metal gate [4, Al, A2] e L 0'8 15 25
Gate dielectric leakage at 100°C for FDSOI (A/cnt’)
LOP [B, BI, B2] 1.3E+02 | 1.4E+02 | 1.6E+02 | 1.8E+02 | 1.9E+02
Metal gate work function for FDSOI and multi-gate LOP mi . ; . n
dga| midga midga midga midga
/5] gap gap gap gap gap
Equivalent physical oxide thickness for multi-gate low
operating power T, (nm) for metal gate [A, Al, A2] = R U e o
Gate dielectric leakage at 100°C for multi-gate (A/cnt’)
LOP [B, BI, B2] 1.3E+02 | 1.4E+02 | 1.6E+02 | 1.8E+02 | 1.9E+02
Physical gate length low standby power (LSTP) (nm) 45 37 32 28 25 23 20 18 16
Equivalent physical oxide thickness for bulk low standby
power T, (nm) for 1.5E20-doped poly-Si [4, A1, A2] 19 = e U Uk 28 i/
Equivalent physical oxide thickness for bulk low standby
power T, (nm) for metal gate [A, A1, A2] 1.6 1.5 14 13 1.2 1.1
. N . 0, N 2
Gate dielectric leakage at 100°C for bulk (A/ent) LSTP | g 72 0 | 8 1E-02 | 9.4E-02 | 1.1E-01 | 1.2E-01 | 1.3E-01 | 1.5E-01
/B, Bl, B2]
Metal gate work function for bulk LSTP  |E.,— ¢.| (eV) <02 <0.2 <02 <0.2 <02 <0.2
/sy b } b } b b
Equivalent physical oxide thickness for FDSOI low 13 12 14 14
standby power T, (nm) for metal gate [A, Al, A2] i i ' '
Gate dielectric leakage at 100°C for FDSOI (A/cnt’) y
LSTP B, BI, B2 1.3E-01 | 1.5E-01 | 1.7E-01 | 1.9E-01
Metal gate work function for FDSOI and multi-gate +0.1 +041 % %
LSTP ¢, — E; (eV) NMOS/PMOS [S] =4 =4 = EE
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Table FEP4a Thermal, Thin Film, Doping and Etching Technology Requirements—Near-term Years
Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Equivalent physical oxide thickness for multi-gate low 14 13 12 11
standby power T, (nm) for metal gate [A, Al, A2] i i i i
Gate dielectric leakage at 100°C for multi-gate (A/cm’)

LSTP /B, BI, B2)] 1.3E-01 | 1.5E-01 | 1.7E-01 | 1.9E-01
Thickness control EOT (% 30) [W] <t4 <+4 <t4

Poly-Si or metal gate electrode thickness (approximate) 50 46 40

(nm) [X]

Gate etch bias (nm) [Y] 17 15 14
| Lewe 30 variation (nm) [Z] 3 2.76 2.4

Total maximum allowable lithography 3o (nm) [AA] 2.60 2.39 2.08

Total maximum allowable etch 3o (nm), including 15 1.38 1.2

photoresist trim and gate etch [AA] i i i

Resist trim maximum allowable 3o (nm) [AB] 0.87 0.8 0.69

Gate etch maximum allowable 3o (nm) [AB] 1.22 1.13 0.98 L I

CD bias between dense and isolated lines [AC] . S15% <15% <15% <15% <15% <15% <15% <15% <15%
Minimum measurable gate dielectric remaining (post

gate etch clean) [AD] >0 >0 >0 >0 >0 >0 >0 >0 >0
Profile control (side wall angle) [AE] 90 90 90 90 90 90 90 90 90
Allowable threshold voltage variation from charge in

diclectric (mV) [AF] 1" 9.5 10 10 10 9 9 9 8.5
?‘Clr’n"_g;’jlé]"”’e’f“""“l charge in high-icgate stack 1.54E+11|1.54E+11|1.41E+11|1.62E+11| 1.76E+11| 1.67E+11| 2.00E+11| 2.00E+11
Allowable bulk charge in high-x gate stack (cm’) [AH] 5.50E+17|5.50E+17|5.42E+17|6.74E+17|8.02E+17|7.58E+17 |8.90E+17 |8.90E+17
Allowable bulk charge in high-x gate stack (ppm) [AH] 25.0 25.0 24.7 30.6 36.5 34.4 40.5 40.5
Allowable critical metal impurity level in high-k

diclectric (ppm) [Al] 25 25 2.5 31 3.6 34 41 41
Allowable critical metal impurity level in high-x 22 25 25 25 3.1 3.6 34 41 41

dielectric (ppm) [AJ]

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are NOT known

Manufacturable solutions are known

Interim solutions are known |4
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Table FEP4b Thermal, Thin Film, Doping and Etching Technology Requirements—Long-term Years

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2015 2016 2017 2018 2019 2020 2021 2022 |Driver

MPU/ASIC Metal I (M1) % Pitch (nm)(contacted) 25 22 20 18 16 14 13 11 |MPU

MPU Physical Gate Length (nm) 10 9 8 7 6.3 5.6 5.0 45 |MPU

Bulk/FDSOI/DG — Long channel electron mobility
enhancement factor for MPU/ASIC [E]

Equivalent physical oxide thickness for multi-gate MPU/ASIC
T (nm) for metal gate [A, Al, A2]

Gate dielectric leakage at 100°C (nA/um) muti-gate
High-performance [B, Bl, B2]

1.8 1.8 ‘ 1.8 1.8 ‘ 1.8 1.8 1.8 R\ PU/ASIC

MPU/ASIC
Multigate
MPU/ASIC
Multigate

0.6 0.55 ‘ 0.55 0.55 ‘ 0.5 0.5 0.5 0.5

2.0E+03 2.2E+03‘2.5E+03 2.9E+03‘3.3E+03 3.3E+03 4.0E+03 4.4E+03

Metal gate work function for multi-gate MPU/ASIC [S] %Zggigc
Si thickness for multi-gate (nm) [T]
Maximum allowable parasitic series resistance for multi-gate MPU/ASIC
NMOS MPU/ASIC x width ((€2—um) from PIDS [G] Multigate
Maximum drain extension sheet resistance for multi-gate MPU/ASIC
MPU/ASIC (NMOS) (25q) [G] 670 745 890 960 1060 1150 1250 1340 Multigate
Spacer thickness, multi-gate elevated contact [J] 5.5 5 4.4 3.9 3.5 341 2.8 25 %ZZ;‘Z?ZC
Thickness of multi-gate elevated junction (nm) [U] 10 9 8 7 6.3 5.6 5.0 4.5 %Zgéigc
Maximum silicon consumption for multi-gate mpu/asic (nm) MPU/ASIC
/K] ) ) ) ) Multigate
g

Silicide thickness for multi-gate MPU/ASIC (nm) [L] AA{[ZZ?;{C
Contact silicide sheet R, for multi-gate MPU/ASIC (Ysq) [M] MPU/ASIC
Contact maximum resistivity for multi-gate MPU/ASIC MPU/ASIC
(©2cni’) [N] Multigate
Physical gate length low operating power (LOP) (nm) 13 1 10 9 8 7 6.3 56 |LOP
Equivalent physical oxide thickness for FDSOI low operating 0.8 0.7 LOP

ower T, (nm) for metal gate [A, A1, A2] i i FDSOI
Gate dielectric leakage at 100 °C for FDSOI (A/cm’) LOP [B, LOP
BI, B2 1.9E+02 (2.3E+02

Metal gate work function for FDSOI and multi-gate LOP [S] | midgap | midgap | midgap | midgap | midgap | midgap [Wil{sETORMITlET]

Equivalent physical oxide thickness for multi-gate low
operating power T,. (nm) for metal gate[A, Al, A2]
Gate dielectric leakage at 100°C for multi-gate (A/cm’) LOP

0.8 0.8 0.7 0.7 0.7 0.7

1.9E+02|2.3E+02|2.5E+02 | 2.8E+02 | 3.1E+02 | 3.6E+02 [ 1= PR ] = 1 7

/B, Bl, B2]

Physical gate length low standby power (LSTP) (nm) 16 14 13 11 10 9 8 7 LSTP

Equivalent physical oxide thickness for FDSOI low standby 1 0.9 0.8 LSTP
ower T, (nm) for metal gate [A, A1, A2] i i FDSOI

Gate dielectric leakage at 100°C for FDSOI (A/cm’) LSTP [B, LSTP

Bl, B2 1.9E-01 | 2.1E-01 | 2.3E-01 FDSOI

Metal gate work function for FDSOI and multi-gate LSTP | Ei

— 4 | (V)| NMOS/PMOS [S] 0.1 0.1 0.1 10.1 0.1 0.1 0.1 0.1 |LSTP

Equivalent physical oxide thickness for multi-gate low standby LSTP
\power T, (nm) for metal gate [4, A1, A2] L . L Le - - L — Multigate

- - S - ¥
Gate diclectric leakage at 100°C for multi-gate (A/ent) LSTP | 4 g 04 | 2 4E-01 | 2.3E-01 | 2.7E-01 | 3.0E-01 | 3.3E-01 | 3.8E-01 | 4.3E-01 |15
[B, Bl, B2] Multigate
Thickness control EOT (% 30) [W] <#4 <+4 MPU/ASIC

Poly-Si or Metal Gate electrode thickness (approximate) (nm)

MPU/ASIC
29

Gate etch bias (nm) [Y] : ¥ H H MPU/ASIC

Leue 3o variation (nm) [Z]

Total maximum allowable lithography 3o (nm) [AA] d J 4 5 4 4 ! 4 MPU/ASIC
Tz?tal maximum allowable etch 3o (nm), including photoresist ! : ! ' ! ! ! ! MPU/ASIC
trim and gate etch [AA]

Resist trim maximum allowable 3o (nm) [AB] b b b b b b : . MPU/ASIC
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Table FEP4b Thermal, Thin Film, Doping and Etching Technology Requirements—Long-term Years

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2015 2016 2017 2018 2019 2020 2021 2022 |Driver
Gate etch maximum allowable 3o (nm) [AB] MPU/ASIC
CD bias between dense and isolated lines [AC] 15% | S15% | <15% | <15% | <15% | <15% | <15% | <15% |MPU/ASIC
Minimum measurable gate dielectric remaining (post gate etch >0 >0 >0 >0 >0 >0 >0 50 |MPUMASIC
clean) [AD]

Profile control (side wall angle- degrees) [AE] 920 90 920 90 920 90 920 90 |MPU/ASIC
Allowable threshold voltage variation from charge in dielectric 85 8 8 8 75 75 7 7 1STP

(mY) [AF]
Allowable interfacial charge in high-k gate stack (cm?)[AG] |1.8E+11|1.9E+11|2.2E+11|1.7E+11 |1.8E+11|1.8E+11 |1.9E+11|1.9E+11 |LSTP

Allowable bulk charge in high-« gate stack (cm™) [AH] 9.2E+17|1.1E+18|1.3E+18|8.6E+17 |1.0E+18|1.0E+18|1.2E+18 | 1.2E+18 | LSTP
Allowable bulk charge in high-k gate stack (ppm) [AH] M7 48.4 61.3 39.2 45.4 454 53.6 53.6 |[LSTP
Allowable critical metal impurity level in high-x dielectric 4.2 4.8 6.1 3.9 45 45 5.4 54 |LSTP
(ppm) [Al]

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4€

Manufacturable solutions are NOT known -

Table FEP4a & FEP4b (254 5737R

[A] ZOEFIE, ZDHATO F REYWERENE L CHARSL BB RA RN HERIED EIHRES D B R L TND, ZD/NTA—H
WL (R T R) S B2 2 ) D R A MTIEL T2 R RO BEXWIIEZBL THRLIL NS, EOT Si3Ba0 EXASMIREE, 3
T B 7B (CET: Capacitance Equivalent Thickness)id, 4 _]‘(TOJ INZNDZEZ VD FF5-L R AT 02 SR KD
TIChHDHZLCE DB NRDHE 552G A TOD, KVFE BOT MEICBL L, V2R 7 7 b SR T —2 2 — N Tk
FRSALTUND, EOT OfflE, PIDS DFETRIINTWAERINRT /A AT A—F(CET)PHEETZIN TS, TIVEN O HAR
WZBITFDT v RO, R—E 7 REE TR EDIMDZ — I A=A — NEZ (DTN MASTER 0Z DT Il —
B HVTELE DTN,

[Al] EOT DAfEIES7 —RNEROW L DO L ORSI TS, ZS1E, AR BRI O TIEEIRE O R oAl
WSS 1x10%%em® (B8R —E22), 1.5x10%%em’ GEHF DOBA). 3x10%%ecm’® FEMRAIRN — 2 2)YDBE . Z L TAZLZ — R v
7256 T D, BEREDELL T, Poly BMROZEZ JBEIX 1.5E20 T 0.4nm, 3E20 T 0.3nm THD, o T, AU UaroR—E
7% 1E20 75 3E20 ~HERT & FFAZILS EOT 13 0.2nm #8195, [FERIC, A2V —ROG-EITIE 1.5E20 DIREORY V24T
K9 0.4nm JEVY BEOT 23MEX A2 E10705, high-k/iARY V= SEISIEERE RS ORSENH DT | L DRZEIIAZVT — e
high-k FEFEIEDE A LRIRED B D NTENLLRITEALTZNWEE X TDERLID,

[A2] ENENOHATIARUICIIT D53 T . MR — 2 B, M EEMED R AT 5000 & B EL TRD LI,
ZOVFVATIE, 3 2O TOHKMHP, LOP %L C LSTPIIA L TR b7 FRZ UIR (T — 7 &ifAs Si02 ™ 1/30 &S T
WD) THEBITRPECR AR T2 Hid k72, 965 7C, high-k #fREASLEEL722, high-k HEFIEEARY Va7 —NZBd 2 B
FEHID FEFEOMHD LU VR F51Z 0.7nm LL_EO EOT(Z< 14 SiON-HfSiON ;ﬁ‘a)fjjﬁ*ﬁk%‘{iﬁﬁ)f 1AL 5> TV VD, 0.70m LA
TTARNG — N BT DI AT high-k #HEETIL, BEO BB 2 BEFEPELIL TR | JRtalipo
TW5,

[B] 7" —hN)—Z%Eiti 100°C THRES I, NV PAZOERITEIT 20T AL v a/V R — 7 &R O B E»HEEHENT-H O THD,
Zhbi, HP, LOP, LSTP 2% L CEALZE4L 200nA/ e m, SnA/ 1 m, 300pA/ u m THD, T 7 AADY—7EfitlL PIDS OEDORT v
D7 a - -High Performance and Low Power Technology Requirements- CEIRIZIS1T B4 7 D) — V& ARV —7 L7 —R)—2
ZERIMLTCH D) ELTHIESIV TN D, FHTRHIOFERITH L T, EF v BRI TEBEOA 7Y — 7 &3 B EZ B2 T
LEIN, 7 =N —ZEROANy 7 FIn—F <~y 7 OEFERITHESTHEMED —E ThoHEL TEEHIN TV D,

[Bl] WitV — N —2%, R — N — 2%y — NE TEI STl TET ML TWD, LNLRDE, 7 — ) — 2713k
D 3 DDOV—I o DOEFTHHIEER T RETHD: 1) 7 — Y —AF—N\Fy T kO — A — DDV —2 | 2)F v /v
RO _EOF v N EF—RDORIDY—27 BEO 3) 7 —b-RL A A — Ty T BRI BT D7 —heRL A DDV —2, ZIHd 3

15 SR HEEAR TR BT ZIFEIR LT,
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DD DENENDKREZTT —b, V—A, BIORL AL DONAT ALK TFT D, V=V EFAEDOA53171E, EOT O il
SUTRERLT-TF v RS — bbb 58 A UTQUANT L 3ol —a LI BT SV TG, ( SHEDE = Vv—/
GEAFIHIT RN DT — 22— PEL T T B TES) b RVERE I, FRLT-F v RV e7 — b DRI LA LY
— DRI TIEDINTEL 2D TH A Z LTSN AERETHD, LI T, INHDY a2l —vaid, 7 —MEGHOA4— 1Ty
TR R N TR B ISR BNV — ARBARN —2)DIREEER R L CVD, B LIEN ) — 7 OHARE T3 L& TOMEIZA L5,
BITEORRBRCIL, Fol b Fes( tﬂ%@) ﬁ'-ém IR EIRL D B 12 30 5KV, Fal LS 7R LR CY — 7 B DA 7 M3
7o IUE A& D, W2 RICEE SR, HE 5% high-k OV — 27 BRI LIELVK 6 HHEW, fE->C, high-k B3 — 27 &t
DERMEATH = I ThiuTEAaL72D, ~jif (FER A2 THERSITODIIIZEOT A3 0.70m LLF Tl high-k IR CTRE
NTWBDT, ZDIH72ENEIFIED ) — 7 Eifitb IRl 72> TN,

[B2] EHEINI2 V=N —I BN, Fo7 D EOT R TCOT HRARAIKFRMELE NN — N — I B3R RO R AT D E
BT T EBITTHD, /T —~ 3=V AL TUE, A CEDOEAI72 /T — L UL BT D20 DT —F 7 S50 Vit &4
BT A AD L7530 — BB Bz ISP A A2 E NN ELL 2D TH A,

[l #— @Fﬁff)ﬁ%a%zi PIDS DT NAAREKFHIIESEDTH D, 7SIV T T SAATI, BBOL R LT+ R L OR—E 7
eI ey EIE R RAL LA 7 BRI AT I T A AOBEEEE2ar e — 35, [FRHD, F—E 713 8T v b
fﬁ%&%ﬁf TH R 5.2 DT R LS B 75T D, PIDS DT /A ARG T, (EFHBIEIE Be 75)6 0.1eV FIBLW Bv

5 0.1eV _HIAZENZ NMOS & PMOS I[ZRiE ThDHEL TS, Table TR5N COBIEEREO LIS, V= mR
R 0.2eV N THD, T 73 ADBHEBEDZFARPHE IO B EHITIRDED T, 7 — O H ORISR HHLEL Th,
R DL OIT 10mV 3 0 ANIZHIFEIS D B 5D,

[D] 73L7 CMOS T3 ADT=D DT RV —E L 71X, PIDS T/ 8A AFRFHIIE SN TS, R—EU 7 BT, 7 — N A OES
RPEATRSEED T v VRIS B72012, RIFHCRGE(E T A ERNTETHDL, T XY RV —E U IR ELebiEREL T,
T VRN T D03, T R E DR FER R — 7 EROBE KON —R 4712725, Table T, W HUTHKL T
LI L LIS RONRFAMEZ RL TV, 5x10%em’ LLEDOF ¥ RN =80 7 BB AT OV T, AR R
I RN — 7 BIROBE RN SRSINDT-0, B EAL L,

[E] »LZ/FDSOIDG FBAIZEDET v RNVETBENEOM LETHY, NMOS 2B 5ETBEEOLY —/EDm EE2RLTH
2.

[F] PIDS » 3V 7 /3 A AFEFHI LD 5% DEIFH T) G- 2 DIz T ¥ RV (T AT v al A IZBT D Xj THY, WE —MNED 0.5 7%
Lipo QB FERTF v NV EDEERED, HONIIRELTDIENTEDLII 2, HIZIEA T By hAR—P =L LRI AT
2 DAL ST R8T A ARG Lo TR AT L a R E TR CELINCT HIEN ML 5T D, NMOS &
PMOS O#EAETHESITIFIC TH D,

[G] NMOS T /3 A AZKIT BFFASNA A LB IIFIO B AT, FREZER AL T 5I912, PIDS DT A ARG OLIRESIA,
PMOS OFFAEHUEL. NMOS ED 2.2 5L TD, ZOEFREIUL, LU TIZET D000 0> TS,  (TIAT L arDRalks
IZ Lo TS ND) IRDN0IEHT, BREEHL FL AL o 2T a SO — MR, ZL Cau 27 MEHICh D, RLAv I AT
Tar L —MEFIORAEIL, HEICBITDHEERR—E L 7 EE 2 X 10%em’® LT, Gaussian A& Ry 7 AR —E 7 F a7 7 AL
D —MEHO I L > TET LS TN, (V27 7171 T DopingModels &7~ LEf1/m10—22—Pa210 h—21 bl
TOEEEGU T AER A -3 720 . R A AT ars—MNEGUIL, 2027 MEHE (RIS %) #6480
T RIES AR TRl LM BT D, 1272 L0 LI AR T T M EESEDTHY, L7z > TEDRERLLTRD
BN —NMEFHEIE, HAREL TEDNLONRSSZDLY,

[H] T v RV RUNIE DI I AT v a A OB AO 2RI BT 28R THYY, Z R A0Zlksix, AT HT 3
HHREEN T DDITHYS L TRY, FHEF M OBEAEID 60%E L TS, TIAT UL a #EATHRSIT0.5%Lgate 72D T, FEH DS
WEMEL, 0.1 — MR (hm)&72 D, EDII7eA T 7L —al B BIR T DM O TE, hitp://public.itrs.net DA & EHZFLHAS
b5,

(0] = ZINIROBEERSIL, SV T AL T, (233%DHHAEELR) BES —NED L1 fFIC Lo TRO TS, NMOS &
PMOS D7 DEEATRSIZFRIC ThHD,

[J] AR—VRE (R 1. SV T ANAADZ AT MERTRS, 77205 1.1 X Lgate LRIUAEE LTz, ZD% 413, “Response Surface
Based Optimization of 0.1 pm PMOSFETs with Ultra-Thin Oxide Dielectrics™? |Z3fli& N 7= A C &> TREL TS, FDSOI
LT =T NRAAD AR —HVIEIZONTIL, TGO, 37205 055X Lgate L7, (V> r&hizV—22—b Doping
Models M, )

K] »SVITANARADT YA OWE L, 2 27 MEGIRS D5y LT, JOIPRICKBIT 258228 Z %1, HOWIY LT —hT
PNARTIL, IHIMLEERD BT, SV ARDESE | U ARE 3 O RH N T v 1V &7 — NSRS O FUH - — S
b, ZOREREL T OEE B, SN AV O EEELe D,

10 GRYE: 7 AR (UT) THRFES Lot SIMOS Mz et 4Lz CV 2 3alb—4,

ORI HEEIR CRRIT BT 2 AR U T2,

B BRI SRR TR DT 21 BIBR LT,

Y Y. Taur, “25 nm CMOS Design Considerations,” IEDM 1998, Technical Digest, IEEE, December 1998, 789—792.

2 A. Srivastava and C.M.Osburn, “Response Surface Based Optimization of 0.1 pm PMOSFETs with Ultra-Thin Oxide Dielectrics,” SPIE
Proc., Vol. 3506, 1998, 253.
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[L] 7SI T RALAIZBO UL, YA RESIIVar OB B SN TRY, 2v 27 N COV—7EROBERZRET D72, a2
Z7R Xj O 12 (FRINE) EL TS, HEADEN R DS ET 5 LI TR THD, I mR2 e HF 1 BIUO~ATFF— T
INARTIL, BTN RS _BIFTetfiiilrel . DU ARESI TS — M 7 RV R O Lo S == 27 NERH oY=
VOB BPORTESIND, T SNIVNETF o DE AT ARTIL, VI ARDESITIHESNAT I HRFELD, =y L'/
VY ARTI, SV ARESITIEE SNV D 2.22/1.84 \ZFEY 75, NiSi 25 ZEAAEL T —7 W EREI T D, T U
ARDEZED 15nm LVHFEWGEAVL, Si OHERLT I ARD—MEFLEIHT, B 2R TnD, (Vo r7EitizV—23—b Doping
Models =/, )

M] 2 Z 7MUY AR — ML, NiSi OPERTHS 16 1 Q-cm ZEL TB,

[N] Va2 AP ARDIKROFEESUL, PIDS IZ&Eo TROONIZTI AT o a BT a2 7 MEFIEL TEI S Thniz,
MOSFET DY —Z/RLALOEEHLEL TRASNAENDREAIIN TS, TI/RT U a AL, (Table DHFO—D>DITEL

TRENTWD) I AT L ian e —MEFL . 2/ AT a A DREEDETROOND, 2T AT L a HBEDRES

LI AN — DRI AT L al A DPERVE R L, I Z T ORNEE DYER0 %S WAl 725, BT RIOIERDI,
SHADIEAD 0.6 L LT, SHICHEICBW L, " P RE O Z I D EROTEND ST E~DESIZ, MPUNN—7EYF D2
& CThHDHELTND, ZNBDEIZNT VAR DAL 2 I RS EDDEEITIT, WYNAEET20E S5, (http:/public.itrs.net 0>
7 —273—N, Doping Models 22, ) 2= 27 MEFUERBHA CEDLIRKRDETHHZ LITHERBBLETHD, 27 MEHLEN 5 X

108Qem? LFOBAITITE/MTARL, £2 1X107 Qem? U EOBAITITB/UT AL L, 227 MEFER, LAY Ty 2AT sy
T—MEHL, BLORV AL I RT U va OREF MO TIRSIE, FARTUS D=2V &L TOERENZ 7280 | [RIRFHZ i
b 20BN B5,

[0] 7SI TOR L FRSIL, 2 Z I NERTRIEY =V DZEZ J8iEE B LT DI T2, B EH IS 2003 4R CTOfE% 400nm
LEREL bz,

[P] H/NORL U FEIE MPU N—TEwF L LTz,
[Q] R TF DRI 7 OFED NS PL FIZIEH S haneL,
[R] YA DEXI MPU N—TEF DN 3L FARO N FERSEMA TobDE LT,

[S] FDSOL BEWS VT F = T SARTIL, 7 — b FREN T A ADOBIEET AR 5 L ER TH D, > T, midgap fHED
EALVEE) THD, DT A AZA T LTRSS E HOWRIMERF 22 8. 2 LTS I U SR oo fidE %
HNTT 2L, EVHTF U T Table 1TE0RSHTND, AEFEIHY NMOS, PMOS £ UKL T midgap 725+ 0.15 eV
(LSTP Ti-+ 0.1 eVYDHEITED B 2 Fif LB — N3 5.2 DD, IR AMEZeE W <0230 A& T, NMOS & PMOS 1ZxfL
CHL— midgap fEH A FF DL O THEDI TG DOREHID, 7 SIVT T NARDS —NERIZBIL T, (353503 10mV B o)
Carha— L ENHLENRHD,

[T] FDSOI &~ /LT = FARAAILHBITH VA BET, HF v ghifiaar ha— L3572 0 PIDS IZ8DT /A AD @ KIC
FEASNTUND, R TR BB LS /I L DESITEV B ELAZ LN TAEENDN, Bk iIRESOTFAFET 10%Th
%, FDSOI EED'ADEE, V3 HAR DT —7 /W(7—7 /L FEP2a & FEP2b)H CrRESNIZM B I LISV THRD T D,
E5%DIEEET, PIDS T /A ARIZE S TE10%DFFAAE CTESRSI QORI ESIZar ha— L ENAHELTWD, F-Z2 T,
YL e R TOEIDIESSEAANLAANZEEFHEEL TS, <A TFF— DT X TOIVIVBEEDEUIRELZN, 2
RS FART A —/L | BIROT ¥ VB DOFIIA B T RSN T VRN &2l D,

[U] FDSOIL, BELO~/LTF 7 —NMNIBIFETL X—T 4y RESOESIE, WP - NREFRILELTZ, ZOFET LOFTIL, A5 THD
FFEREE T RTBRUYPAROFR TIHBESNDZEEL TWD, ZOMEOTEET, SV ARDT—MEFE, 6/ —NEOFAER
FEEDMDIN — AT & it T 2T LN TED,

[V] RTS8 FDSOI DJESIZEHELNEL TV,

[W] EOT (%95 301 4%EWVOEFAMEIT, “Modeling of Manufacturing Sensitivity and of Statistically Based Process Control
Requirements for 0.18 micron NMOS device”? (23S TUD, T —a—RNTHEFHEEFIL L TWD — A2 OIFES R,

[X] 7= NEBOIESIIYET —MRD 2 5Lz, BT —NIET AR T 225, ZOMRIELL ThRrY —07 AT Mo
HRELTZH4, JES2S 40nm LU FEHEA, 25nm LU R 3R ELLT,

[Y] M TR EESN TS — MRy T L 7% DT — MO EETERSND,

[Z] #87 —bE3 0 X5 XTIV 2 EORAUME, V= [, BLOOy MEL X2 &G R COTUE L7 o A E5 & %4
T D, UV T TT7 A DOEBZNRD IS 70 AT NEHDELHEHE DRI D CD AT AD I ey T L T EB DX/ E IR T
WB, X5 2EDOEFHT, BAEAV7HED 12%LL FIZ7255512b5, 160D MOS #iEIXZ OO FEE L T B, ek
1L H2D MOS b7 P ARG 2 1E, Vertical MOS b7 o P AT /2B HAT IR VBT, ZRODOFHEMENITIZ AL T
B9, T —HNIV VAR — = TREDV Y 757 DREFEEZBICAIVTRIRSIL, LU AR N7 8 —h oy F O FITHA
Uiz T U7 DFRFEL R bS5,

[AA] VI STADTRITZHOE ¢ 41T VI I 5Ty T L T T ZDIEH X2 4= 2I1T55% 0 2, 0 3/4 [ZHIRELD, U

2L C.M. Osburn, J.Y. Tsai and J. Sun, “Metal Silicides: Active Elements of ULSI Contacts,” J. Electronic Mater., Vol. 25(11), 1996, 1725.
22 P, Zeitzoff and A. Tasch, “Modeling of Manufacturing Sensitivity and of Statistically Based Process Control Requirements for 0.18 micron
NMOS device,” Characterization and Metrology for ULSI Technology: 1998 International Conference, D.G. Seiler, et al. eds., 73.
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VT TT 4T T DT T RADPKREHINIMNLL TOTC, TP B TDIELDENIY T T 7 4Ty F L T DIELOEXDOEFHTHD
LREEND, ZOZEIE, VI ANDRBETARDBEEREED 7 07 7 A N F5h | SHEORABE Ty F L 7 T a b AT A D8 T4
THIELEEIND, AFED Etch Supplemental file 23 (http://public.itrs.net) ,

[AB] LI AR 7 L — oy F o 7 T re AR T, FNEN2 DT o ZADIESHX, o 13INER THILE
L7z NIRU T e — by TF L TSR TIELDED 13 1ZL AR ZIZEI YT, YD 23 2y F 7 7ravAEV YT
Do

[AC] 15%DE#E CD OFIV 4TI Etch, Lithography, 35X U Metrology 72HDHIEEZ LA RO ET2H D THD,

[AD] 7 —hZyFHOIEGF L7 0 AE R THHDFEEME D -S> TODDITE K THD, HIFO AN HET L MR
720 LT — MR S S BRI B> TRDVIRD D (2008 4F), 177 DHEHR IHERRIED TR B D D ZARFE T S kiR L 78
STV BIERIET DRE IR LET,

[AE] 7077 A MImyF L FRAEO E-LER THHS LIV W AR AR EZER), TRELT 07 7A /L O IR~ HER TR
HThd, RMMNIITy Y T7 RADT SARREE IE T BT B UTERHHEEHIT, JIEELRD TRLERHS,

Gate error produced @ 89 degrees = 3.5 nm

Gate
Length:
% error = 5.4 6.6 7.8 9.4 10.9 1.7 14

65nm 53nm 45nm 37nm 32nm 30nm 25nm

89

+“—>

Error Gate Length

[AF] LEVMEBILEORFFRIELOEX(ATVV)IL PIDS IZL > TEFRSAL TN T, BIRELED 3%E LT, Fifidy V2 IAFET 5 high-k
B O BRI LD FFEIT A ATVV O 1/3 L LT, ZZ CORUZAEIL LSTP R 0D Tihd, LSTP ATl EOT 2MEL ., FFRSh
DEMATK L TUXER DL VS TH D,

[AG] & TOBEMIL SIHEFIESR I ZHDLIE T D, T7205, 7L/ BAHE2< SiOyhighk SIS BERIIFTELRNBDELT,

[AH] )5 — 2B L 72 B — D (high-K)MERRIE, i) HEab TSR Si0, D 4 1%, ZE LT, 7 VIL7 D% ppm (TR 351247
ST, high-k #EAET O 4B 751 Si0, o Si LFEIL, §72005 2.2 x 10%em’® E LTz,

[AI] high-k FOERN (ENTYT) D 90%IIAFREF>TODIEADKIEZLLED T, 10%ILEB ML DELTZ, FDIH7248:
JBEELCLATI I FAESLD, a) Ti, Sc, Nd, V. Ta, Nb Z2EF ¥y 7 F IV R VX —HEGLD d-ET2H> TODER AR, b)
high-k JVZLD d-F 75 F5> TODEB SR, o) Cu, Ag, Ag, d) high-k @B OHEHTERINLA,

HFEMOMISRIL, @i E D7 — MBI Z VLT 2 L0 7 BRI (L E M S AL OB 2 L) E1F
TEMEZ A4 AW R IR 10, BHIEIZITS20)2H T A B OB ENSLETH D, HE ~_—AD
RS MTEAT THARE)E A, £ L C =R b~ DB IN WV FEE 725 T D, Si0, ISR EHT
R BRI BAF/ R R UEN L T v 2L OB I AAER 272D IR IV Si0, 7> SiON
DT ¥ RV RE TEZLEEMETHHENIZETHD, 2O i I LR LIEB R BEE O K E2HE X,
high-k #afxlEZ 2 LIZL bbb AF] mAEE L8> TLE), XX vV RS ET-FERICID
ZORHEEEPEBRT HZEILTEDLN, EE AWTR TIET v VB ENE OB E iR E O S B 23 5
K& SNDHLL DARIRFRBED RS AL TN D,

L FEHE high-k 4@ A4 D EES 720D O-Si-0 FE A5 R EEIE. 4 H | 0.4nm SV )AL
AR EE DA =V IR A S T2 6, 7o, Sk R Bk — NERME D ] C 5 SO A e/ MR
fil 2207 m R AR T DRI IR R 23228 2L TF — MEMRD SR BIEK
DO/ A b T D720 @Y e BN LB LA D L ARSI N D, iz, BEESIENEE S — Mo Eix
300mm<PEALLL EDO K AT =D Vil 2R D7D AR ThDH, AA L FEART T~y F o
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T T o ZAGF RG-S — MY — = 2R AL OB, BRI, V— 2 BN 7 — Mk
RN PARIF T D708~ BELIR D,

BOPRELEL T, 7 — N — 7 OHRR AT EE R FIA D W 5417 3 3h BRI ED BN ZHT HND,
NHDTERE KT H7-012, high-k MokxlFIIEE T CEBEN RV Z AT < ZOREEEE SN
1eV LA T, 4-5eV DS R 3’\'?/7 AL TWRITIUT B0, ST, A& 72 275 FERIL, Frenkle-Poole
co RV T %L, 5> PBTI (positive bias temperature instability) <° NBTI (negative bias temperature
instability) (Z%TLCH078 Vt ZEME 52 H72012% ¥V T DT 7B I TR CELRRE DL~ T
TR, FARIT, 77— MR RS, 77— MR BT — MEMBO R — S N LS Th I P22 DF
¥ AN TGS D ZE DN AR LR LEREZ A L CUVRITAUE7R B,

—NEMRE £/ A B DA = 7T 5 FE B HRERE THY | AR BHUR, BLUCMOS 1k
_iﬁ”ému P, 7 —NEBOF L MERIBHI R T D EE/ R /ST A—FTh D, RV Va7 —hDSH
I DA =V T ITIROBRIZEDHIRES D, a) R—/ U ROIEHALD @O BN T-EL THENTLEIR—X
YIDZEZAL, b) T MERBEDOR — S MEEERIT . ¢) NMOS & PMOS 7/ A A 5253 o= B4
FEIEDS B72NZ 828D high-k HEfRIE_EORY )2 RO IS Al A,

&R — e & RO RIS LTI NIDNIEHE TR DR e N END, — Bl T 5,
Bl D7 — NEMRO L F B i%n%n@?%%%v?7 Vo — Nl E s TR DL ZEN DD, 7ILTD
NMOS & PMOS £ BUW TSR B B E., BRENEEFT A LT v 1L B S WD B D i
BoPEWELTZHT, L, 528ZEZ D SOI #1047 —hE 1, D7 2 AL ~UL PRIy Ry
TDEE meV L NIET D 2 SOMFHEEE AT 57 — M HWAZET, HE AL TED, R AR,
IR ) &I, H— Ry R vy NOHEFREEAE A T 27 — M AL LD ZEb B35, L
723> C AL FEBBORE N AT RE 2 7 — AKX 7V AT M, FICEE Th D, (L HEBME — IS T RE
LT B AT BRRNZDIT, DN — M&ﬁ(%@%%ﬂ%k%&zv)ybiaz\gktcéo INHDUAT
AZBWT, fEFEBRORESFEEZRE TS LT, 012, sl VA RS 7=(FUSL: Fully
Silicided, TOSI: Totally Silicided)” —FEMUZ mVWEI LN T EDHILTND, ZNHIE, IYRF vy 7 bEE
meV UUNOHFRIE A TR 32 @B ICITfiEE 72095708, U Ry VORIV EE L7205 FRITII AR
XThD, RAEMNIIREE SN — NERPLELR D THAD), ZOWE TR0 —MEFEBEEE 15572
DO FHEEMEDI, high-k FEA~OEEO M AVZIHLN—2 107 — o —MEGE T, S61237 —h
INTAREGTTDHIDITE 2 DENAVSID,

RV DOAT =V TR WO IEF IR EE 2P, 7r b ROMEE 7 a2 2D BRI I 1T D%
W1 EFIH T 52 L% SRRV T v RABEIE DR | Ths, B 1L EALOBEI I T 585
FERREI N LD ST TENVER 572D, NMOS & PMOS & Tl 7 G HaHIN 20 BB H 5720
SRR TEME 70D, TERD T TR A BERL TR, 7 —NEAR, LU AR) TS iudze
SIRWMSRER R R FTRIS 125551975, F7-. Si & SiGe DEA TN FN R HIEE T 5281 k> T/ a—
IR NEFHIETHIENTE, MNATOT H Si(FE21E., Ge)E% ., SOI FEtk _EITERTHZEH A[HETH D,
IBIT, ISR BRI D FIZ(SiGe J?X%A)tﬁ%“é:%f%é ELOBENEZ Eb DTz
[ZPMOS F1D 50 ZHERD<110> 718 Tldzad <100> 5 N> TER T2 Eb s g, 22T
OFRERIX, H 2 ORFFTMIB IO, 7 a— 7RG DR R /\?’”6 ETHY ., FISTE DD RN BB L
A _EEFENENZ 7248512 T NMOS,PMOS Diili 7123\ CTRENE M) LR AFOIDEIZL . SHITHEMK
O AW IR ZHE Z 72 IO (RFTAND) LR U2 breuy,

T W BREN B A HERF 9572012 ISR Dy 28 2 e 5e 42222 D SO #E-1-L[FIEEIZ, /317 CMOS 3
FAZX L THT v RV B 2 ) X A7 OHANE RN ETHS, NMOS 123 L TREFIS L2 Si-Ge
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EOOF 7 Si R° PMOS (2% 95T % Si-Ge OO # Si 7¢L FEFEH7- Si Ty VORI HIX, Z0H
W& R T D7D DT LD — T +07e 7 m e 2RO FE b I R Th b, OO A LS BEIEE,
BlZIE, OF BT v FE S highk MEDNBEASNDRNIRE(EL L TR ELERDTH A, K
THRITET LN TWDIERE R F TNV = FHFHE 2, OFT BV F Y b BEE L L5 T
H59,

EREN T v Lo U fE | high-k #ERRIE, Br7—NEMRE CMOS [ZREA AT LD Z & TAmRD TR
REREOPETHD, ZNHZLOBEMMEHZZ DA DE T HMEWER UL, 7 —MER % D@ H
DEEEEILIRY A 7 )V LWL LR, 2V RN WD Z B2 ko THEG BVILERIR FE 4 KR ZHHI 327>,
7= RAE e R TR DN 2 RS 7o R 7 e B AR B L 70D, ZHDORIEL T EH#LS —1
EINT =R TANT TR AN DD, ZHIODRIATELEL ML | IANDOIEREFRE | Dy OFR T IERELF M
(A B2 DATREML 3D, Z DfE R, TER0D CMOS 7t AD A AL &2 MR D720 1C % K7R%s
IR DITND,

TBEAAS—HIBIE, H OSSO — ARV AL DR — XU MEETZ R DT D 721F Tl 77—k, Y
—R/RL AL DB T DT DIV TS, SHITIE, TV AT v a R OEARNIITA 7By
A=Y S, ZHUZE S TN =T B EBZI T D2 LD UIRD DR ETER T DI EN ]
BEE/2D, 7 —hE—R /R A Da A2 MiELZ NG Z 7N ol D7D HW LA T AT,
RIBEAA—H DER M AR AT T D, (ABERAAS— T IER, HEREIR LIRSV OER b, HEREZE LI,
BLOZENLOEA A GO I S TERSI WD, ZOREROMIEET 1 A%, IBEAR—%
W7t AOB A HENEHELARD, T R—T YRV — R/ R A AFIER VB L2 B (2010 AEEHEE) £TIE
DI EBMEDIND, 5ERZEZ R SO FE T LT, 7 — MERIED IO 722w MERIE L e MR A 5
TEERABENLE Th D, o, ZNOITFERBLEIHRTIA i/ MRIZE D 5 Xt iud
72720, WER — R 20nm LR Tl =L _"—Ty Ras#7 Mgz A E LT IR e 4 v L)
LRIV ARF B ATIEEND L B ORI 7 a A LD B VIR TS 2 KMz 36 E L2972 %,
LRI LA LR LV BUMREA B CH 203, high-k HafkEEE OFRMEN < SEH AIREZRHIEEA
AR—P& L, BT D720 DO FEIRDAGENMIETH D,

Fio. TRV BERLERRIZ, BB N o F 281D 72D I B CH LS HERSIC K B RS Uiz
T, MO CEETH D, ZOFMOEMLITIBNT, R FIRED HZEREN T AT LD K E W
BRI MEEESNDEN)Z LR, by T ER LD T —F—ED TR FIEIRC B A O HLD IA 2 D Y —PEA
ROEERIRTHDLIEEZERL TS, WO T BEEE ORI W TEMELREIR O b 7 b 5y
1%, — IS — MERRIED R SCHERRRT D/ N R LSRR LI D 7 i =y T 7 IS D, &7
—NZ, ZOza—F—TBRRITIH > TBRS I, & BT R @ K i /0 & 2< > TLE), ZOHEK
VX AR R L NS BN BT L OMED VRN NT L D AZ N LI " T D AZ LA H B S CNVDHEE
ZDTENTED, ZOZEN 1d/Vg FEIZBIT A S RORE T T AL v a VR — %555, (6> T,
STI b F AR —F— 3l % | 4B B LIEOHERERT OB LI > TR BID, ZOa—F—D
HE SRR T D8, TFAENTLVAZD Vit SEEIIL, 20 ‘T8NNSR D, LnLenin, Hibnrat
ADSEASIRWRY | DA =V 73R R OB 2L T2 57,

Bt DISMEREIEIR D 7 ¢ — VB LIR D2 IR EE AU N, Sl E T DT DAL DR A o 5T
ERETIDT, FERLALEBRDOKREELE -, ZD7 4 — VB UIEO % IR E A WIHEIET D, 1o T,
BN HEIE L LB ICA T — A F T 358 HEWTFIE T 4 — VBB DO R iIBH A — Y 7 Sis,
ZORER, HEFER OB BTE S HNZITRENS N D 281725, ZORRUIED#Z IR, 7 Rk
EECIRPERR LSO, CMP 7" B2 A7 ERIEI ST D HERERR WO “BE S TR L, DT
FIZB W TR bS b7 a e ARG OBRIICERLND,
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B R — 7T AER O BT, A T a7 7 A NNOHES DRIBIEHERF T 528 BIW
R— U RO ENNEHALEEBL T 528 MEOTMEWEZ M) L8528, 2L TR FHRHEICEDAZNOLDR
A2 ThDH, BV FEBL KT DR R O v —R <71, Figure FEP4 [TREHTND,
O BFEMR, high-k 7 — MR, 487 —R 2L T, 307 CMOS (2R3 8O 28 E 1T, BPFEETIZ2
FEOT T ARGEEFEN M LSNHOREEHERFIHTHY , RHHLNT — I 2AZy 7B BRI A D
FCIFEFRNTIEREDOEFHEIET — 2PN EL/2 57 L1320 ThH D, ZIUTREF TIZ/Zo72 1 4£T
I T BIR b E Eb bl ek SR A B2 T2,
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2007 2010 2013 2016 2019 2022

| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

GATE DIELECTRIC
Oxynitride

Hf -based high « (optimization
control, stability)

Group Il (or RE) high « (La,
etc.)

Ternary oxides (LaAlO,,
SITiO,, etc.)

Epitaxial dielectrics

Tools and methods for
dielectrics (CVD, ALD, PVD;
inorganic and organic sources)

INTERFACE LAYER FOR GATE
DIELECTRIC

Nitrided Oxide

No SiO, interfacial oxide

GATE ELECTRODES
Poly Si or Poly Si-Ge (laser
annealing, amorphization, non-
equilibrium dopant activation,
etc.)

Dual band-edge metals (Ta,
Ru, Ir, M,Si,N,, etc.)

Dual near midgap metals
(FUSI, TOSI, Silicides, etc.)

Midgap metals (TiN, alloys,
silicides, etc.)

Workfunction tuning (doping,
I/1, high « capping, alloys,
phases, grain orientation,
alloys and layers, etc.)

Tools and methods for
electrodes (CVD, ALD, PVD;
clustered with dielectric;
inorganic and organic sources)

R R R

N
T
|
|
|
|
|

:

\

- Lol Ll ]

I Research Required [ Development Underway [ | Qualification/Pre-Production

RS continuous Improvement

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

Figure FEP4

Thermal/Thin Films Potential Solutions
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11lnm
; ; ; ; ; ; ; ‘ ; ;

NEW DEVICE STRUCTURES
FOR ELECTRODES AND
GATES

FDSOI

FINFET. G onte. omagogate e

vertical transistors, etc.)

HIGH MOBILITY CHANNEL

ot e
SEe ey 19 o5t

SHALLOW TRENCH
ISOLATION

Trench fill (high aspect ratio fill,

and NF,-assisted deposition))

I Research Required I Development Underway [ Qualification/Pre-Production SN Continuous Improvement

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

Figure FEP4 Thermal/Thin Films Potential Solutions (continued)

F—E> 2 BEH

7L CMOS T 73 ADARHRINIR A=V 713 BBHEHT LN T S ZREED S R BUE DI HIT <
HEASINDZIET, T ETEHLL R TUNND, /27T CMOS T SAASOBATIRIAIL T A AA—T
— ORI TR DZENR TSI, LIeD3 > TR S TeT NART —F 7 I F ¥ I3 DRIHIET DI85, &
D IIZDOWTIE PIDS OEDHFCREMIZEmSILTRY, mMEREN 7 VAXIZEAL TR LU F DT /A A
VAP HEESIL TS

2007 05 2012 H-— 73 L7z MOSFET Tl Fo#ERN23ns

fez b — MO farE il

high-k 77— NEENEE A V7 — e DAS THEIED | 2008 FAZIITHEA

TLR—T gy Rar a2y Mk

2010 4ED D 2015 - — L _R—TyRar I MEEE A5, B—7 —hD5sEa%EZ SOl 7'b—F—-
FOSA A

2011 4F205 2020 4F— T 2T VB DWNEY AT —bDFERZEZ T3 A, HlZ 1T FINFET,

IR R ARRRRE — 2009 EABLT-FEF 2D CMOS Fou P AZ DR —E 7 D=5 O K #7234l
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AEIL, 1) high-k/ A V7 — NER D BRED G ~DEN ;2) FTF ¥ RV NROFIEI L E R V—R KA
Y DIIAT YA I COET ETERLRDBEETES(~10nm)DIEL, ZDEX HAEERT DD LIFIFD
RN —MEHU(~500 Q/sq) DIERK, =F AT Lal bF Y RV DA BT HRIRRN— 7 =7
Trvar = DA — =Ty T EO R LA RIRHCFEBR T DM EN DD, ;3) BT v VR A R ME
L. ¥V BEEA R REL 20D, LEVMEEBEEARE T D200 T Y RVEKTOR—E 77 a7 7 A
VORI 14) L, EIEEE TN —E LV SNV — AR A AR A~ DI 2 7 DR, 15) 75y
T ahb WL — =T == L DI AR T == L2235 highk MPEIES VA F L F
RNV EDNAZFENEY — 7y M- 3 157 RGeS & FE R T~ D BT,

F7- 5 (Near Term) TlddhDH73 2009 AELARRIS, FE/AHATRBIL NT v as il | LE - TL5,
TV TN EE A —U 7 L, high- kI AZ N =KD A 7% W ZELTH, 7L—F 00757 R
AADTY AT ay T, T ETHET Y ROV E G C&7elied, TDIIRT TV oy TR r—)
T OMBVEEFRINT 272012, 7 L—F D)L CMOS 1%, /2773710 CMOS, 3725 FDSOI I (E.
72T — BT L T-Z T N — R~ VT — R T RA R CEZ o> T, TNHD S 7T TIVT 3
AADFEBUZT, FBD TV SO FRRCT L X —T o R 27 OB L& & de, Fil- e Bl
DRI LELL 727,

EFHRHL, #RCa 2O NEPUL, T A ADRr =V 75BN L TETCNDLN, ZOEEMETSSITHL
TVD, FHRIVENAT =) TENTHT /S AD WL IHFE—ETHFHT DD T, T3 ADOEHTHIE
E—EDFEELRD, LNLENSAL ZINE— VD RES IV TT—T f—DRKESD TR —I TS
NAHDT, AT MEFUTFE AT A RIS 2D Z L CRIRICHR T2, T 73 2R A R 358012,
BT NMEFEREL T 5x10° Q-cm® ML BE LR B CH S 2010 4EETIT, AV, 8RR BT HIE
TR — B T N L 0D RIATR T Dy T 2T IVAZ LA AT NE 2013 FEETITHNETH DT80, b7
MR 272D O— @ ORFFEN EE OREE 72> T,

V=R R AT AT vay — F—F—/317 CMOS Tl BF v 2V RA I 57012,
R A AT o ay, Frrn, ~"a— BLORTFy Ly VOR—E U 7 PNIEFICEER T ae AL
S>TND, b AT AT iar DR —E U7 &1 ARG A TELO2T D700 #2ATRS AT
DVEMEND, TELIET ERDZENLELN, MR ERHIRLIeAT AEADTRLF — R —R | Z Dk
RLELCTOIEMEZ R —/ S NRE DY —ZfEIL, PIDS (ZLDN—2 /L DEIHEHLO 15%E NI AT g
VHEFIHERH AR T AL > TUND, T2 TR — U hOYEBI TG CEAFREE (T bbiGtE biE 7Ty
T aBhDHWNI U ANIDL—H =T =)L FITERH T 2R L REIC L D)EL TS,

2SI 7L —F—MOSFET 1238V T, FEABEEZD RS0 D) BEATRSIIHE ST M ~DOIEHuRS I L
THY, ZOHOMITMILEL BEOTF ¥ RIS DOYEHIA TN TRLSEEET D, LIZi > THRLT v RV %)
RITRSH OB TRSICHBHRL TRY, F2RL A I AT U al ARPUTR — 7R E LR 5 18 0
RS LTRBIRL TD,

THETIIFIC, TRk (T7b bRy I ATA 7)) BT R OA BET ¥ RNV IR ESTEELW
ESNTU, 2T, VAT i a R—E 0 7 DOF ¥ RVFEIRASOILH AR HZENTE | RIRA %
T 272D NI H— R = T OBEMADIENTEZILIZLD, LDLRNRG, T —V v =7 Ok
LU T, MO CRIBREAIILEVMEEB LD — /A7 2SS DL SEANABIZR2DITE- T, T72
DHR—E 7 DMEENEOKEL72DI1240E- T, DIBL (drain induced barrier lowering) | X HiFHIZHE KT 52 &M

B ZHETIC—#hEDIS O L F v RT3 5284 BRIEL T, in-situ F—7 B OBIRHERI S Z A LS TR,
ZAVTRBRICAA AEAET ==V 7 DEZHZ 72> TND, T R/VEEI COISIEN, AR OT-D DR -7 BL 0=
BT A BHOIEAR % R i b9~ D2 E R FT Al e in > Tund,
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BTN 2 o TETZ, TORIREL T, T/ 3R Z il D720 O RUIBRS DI/ NOEAFET D
Z&iied,

BERIZIE, VY — AT AT U var OFERERGUL, b QIR M A 1TV T v NOEREIRiE L
Bl Jﬂ%ﬂé*ﬁﬁﬁ@%ﬂlﬂé ICRURIEL CTEESND, LOLARRS, EEEIIOMOB x> LI ZELTH
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

DRAM 1/2 Pitch

65nm 45nm 32nm 22nm 16nm 11nm

DEVICE STRUCTURES
Extended Planar

Fully-depleted SOI
Dual- and multi-gate

Conventional planar channel/
contact

Re-engineer junction, channel
doping with compatible contact
for strain/SiGe

High aspect ratio doping for 3D
and multi-gate structures
(plasma, angled implant, other)

CHANNEL ENGINEERING
Uniform, super-steep
retrograde, halo, etc.

Super-steep retrograde/steep
halo

In-situ-doped, uniform and
selective strained layers

Alternate profiles for 3D and
multi-gate

DEFECT ENGINEERING

Defect and surface engineering
and model development for
doping

SHALLOW JUNCTION ION
DOPING

Align annealing roadmap with
high-k, metal-gate materials

Ultra low energy (beamline) ion
implantation

Plasma doping

Energetic molecular & cluster
beams

OTHER DOPING

Solid/gas phase doping,
MBD/ALE

< .
- -

\

-
-

-l .
[l I

Y

[ Ay

===

e Jo o J
| AN

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

This legend indicates the time dur

ing which research, development, and qualification/pre-production should be taking place for the solution.

Figure FEPS Doping Potential Solutions
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| 2008 2000 | oous o1z | ooma zo15 | o017 2018 | 2020 202 |
Spike (~1 s) anneal

IN-SITU DOPED JUNCTIONS

Strained, SiGe junctions &\\\\\\\\\\\\\\\\\\\\\\\\\\\\&
Srained) A AN

conmers o .

LOW RESISTANCE CONTACTS]

Metastable doping at contacts &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Dual metal/silicide contacts -&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\N
T

Selectively-deposited metal

I Rescarch Required [ Development Underway [ Qualification/Pre-Production SN Continuous Improvement

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

Figure FEPS Doping Potential Solutions (continued)
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2 A. Agarwal and M. Kushner, “Plasma Atomic Layer Etching,” 33rd IEEE International Conference on Plasma Science, p. 469, (2006).

3 T, Wallow, A. Acheta, Y. Ma, A. Pawloski, S. Bell, B. Ward, C. Tabery, B. La Fontaine, R.-H. Kim, S. McGowan and H. J. Levinson,
“Line-edge roughness in 193-nm resists: lithographic aspects and etch transfer”, Advances in Resist Materials and Processing Technology
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2007 2010 2013 2016 2019 2022

| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm
i i i i i i i i i i

MULTIFREQUENCY & HDP
(ICP)
lon density/anisotropy/
uniformity control

Multizone gas feed

Multizone temp control -E&\T\\\\\—\\\\\\\\T\\\\\—\\\\\\\T\\\g\\\\g\\\g\\-\\\\% }
Multizone power coupling -M\\\m\\\m\\\w

OTHER ETCH SOURCES

esonancer [ AL

beamy e _=k\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ‘
Pulsed plasma --E&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Atomic layer etching k\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\@

HIGH « DIELECTRICS

High  removal
METAL GATES
RESIST TRIM
HM TRIM

STRAINED SILICON

celeove tosiigide | AN I T T

I Research Required [ Development Underway [ | Qualification/Pre-Production S Continuous Improvement

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

Figure FEP6 Front End Etch Processing Potential Solutions

DRAM 2% 78l% %/ &

DRAM F /S ZEIE, Fp /ST A QN v ST H B~ OFTEHRE A LW BB B R LT
%, Table FEP5 (Z DRAM DARE 73 /33 ZI 5§ DA E KA 7R, DRAM D& /L3 A X135l k23
HHHNTIY, 65nm Fffi A8 TIL 6F* (F : I T.~TE (feature size) ) D& /VIEFE AR L TV 5, Table
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Ot sallm ez ST 7L — MG 8BS LT, Ry, RuO,, Pt, IrO,, SrRuO; 728 DHFF LY
& B BRI E 72D,

DRAM A& 7% ¢ /3 Z ORI T 1B H IR BARRKIEIE (Te) DA —V 71285, high-k
MEFCHZ HIO,, Z10,, Tay,0s 13 T2 80nmDRAM DO EEIZHES LTS, UL, b Dk kB
IXLLFFE D 50 LL T THD, 45nm BT HACLABED T (25192 B R A 2 9-DISIX L B 80 LA
ET&H% TiO,. STO (Strontium Titan Oxide) . BST (Barium Strontium Titan Oxide) 72 & DF L ik B A K
BIOBR P EEL2 5, Ml O i ER L) — I BRA R DRI D, EEEOMZE (T, 2 #<3 5
ZHIIIERICNEE R LD — D THD, —HKIZIE, BST DEH72 high-k M EO EIRE 2L 9L Dk
BRITFA L, V=27 BIRITIEINT D, ZOZET Ty OWEBALICIZT—EDRANHY, V@V ER
ZREOM BN, Tog 295 — 7 CIREWERE Ty THORT IR RS2 EERL TS, KD
high-k B ED7200121%, BV AL —TF Y M Ri D7 a2 858 7217 C7e< ALD X° CVD T L 7= 7 A1 — 4
DBAFLMLEETHD,

JRLN Teqg DA =V 7 2R D12 X v /3 U Z TR T ke 2 7 n B ABA RO L ETH D,
WT ARTMED AN —2 /=R a ATREL T DI LIy T VI RE D EBERR, 3D Fv/ S 2 HEiE %
EDBAN = ) —=RNCT Vo P v T BB Z S W R EE DO B 7 e e AR~ O E L, &
FAERKIEDIE I (Tog) Z WAL T2 L LA DR E PRI TH D,

DRAM %ZIE#HL7- SoC ([ZERSNDH T aB AR, A'V/mY v O IZID B p 5 TLD, 1R
DRAM DF¥ /3 2R BEA~DERIZILH DRAM 1ZEITITHELLRWEE 2 51D, SoC (ZB1T DN EE
FRED—DX, v X7 M= R ThD, —f%IZ, DRAM Oz X7 R—WigESE, [ ory s
ELE AT ATEL MR/ T AT N LA K ZBE T D72 O R — VR B LR TS D572, 22D,
ARy 7 LR URRRE Yy T2 BB D2 LMWL 70D, L2 > T, vYy 72 EE 72 SoC T,
LB TIDT AR AR ST 5720 B/VEFEDOIE RKIZEDF v /XU X @3S M2 5728 O TIRNB
P75 TLD, — 7, DRAM Z X7 SoC Tld, DRAM O —/VEIZIGUT-a Yy OFRE YT %
BELZRT TG, ZOoa 27 e T OB A fRERT 5720 121%, SoC TIEIHIZWL 2D
L —7 2= R BS,
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Table FEP5a DRAM Stacked Capacitor Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ¥ Pitch (nm) [A] 65 57 50 45 40 36 32 28 25
Cell size factor a [B] 6 6 6 6 6 6 6 6 6
C . 2 0.025 0.019 0.015 0.012 0.0096 0.0077 0.0061 0.0048 0.0048

ell size (p’) [C] =013x0195 | =011x047 | =0.10x0.15 | =0.090x0.14 | =0.080x0.12 | =0.071x0.11 | =0.064x0.96 |=0.057x0.085|=0.051x0.076

Storage node size (unr’) [D] —0.05x0.13 | 0057011 | =0.05130.10 | =0.045¢0.090 | =0.040w0.000 [[03EXD O] =0.02¢0/068|=0.032¢0.004| =0.025x0.051
Capacitor structure P c'y“nqel\;nm P C'y"nqi:llm 1P c'y"nqel\;um 1P c'y"nqel\;um P C'y"nqi:llm P Ey""ld'en;uM Pen?uenital Pen').'ﬁi“' Pel\';'uel\?l‘al
\teq at 25fF (nm) [G] 1.15 0.9 0.8 0.6 0.5 0.3 0.3
Dielectric constant 40 43 49 65 78
SN height (um) 1.4 13 1.9 1.6 1.5 13 1.1 1.3 1.4
Cylinder factor [E] 1.5 1.5 1 1 1 1 1 1 1
Roughness factor 1 1 1 1 1 1 1 1 1
Total capacitor area (um’) 0.83 0.65 0.58 0.43 0.36 0.29 0.22
Structural coefficient [F] 33.3 34.3 38.6 36.2 37.7 37.6 35.6
tohy- at 25fF (nm) [H] 11.8 10.0 10.0 10.0 10.0 10.0 10.0
A/R of SN [T] 21.6 220 38.3 354 374 36.9 35.0
A/R of SN (OUT) for cell plate deposition [1] 33.8 33.8 63.8 63.8 74.7 83.0 93.4
HAC diameter (um) [J] 0.08 0.07 0.06 0.05 0.05 0.04 0.04
Total interlevel insulator and metal thickness
except SN (um) [K] 0.78 0.75 0.73 0.7 0.68 0.66 0.63
HAC depth (um) [L] 22 20 26 23 22 20 1.8 1.9 20
HAC AR 28.0 29.3 441 425 435 49.7 43.8 63.1 67.7
Veapacitor (Volts) 1.3 1.2 1.1 1.1 1.1 11 1.1 1 0.9
Retention time (ms) [M] 64 64 64 64 64 64 64 64 64
Leak current (fA/cell) [N] 0.76 0.70 0.64 0.64 0.64 0.64 0.64 0.59 0.53
Leak current density (nA/cnt’) 91.5 107.9 111.3 148.4 178.0 222.6 296.7 269.8 242.8
Deposition temperature (degree C) ~500 ~500 ~500 ~500 ~500 ~500 ~500 ~500 ~500
Film anneal temperature (degree C) ~750 ~750 <750 <750 ~650 ~650 ~650 <650 <650
Word line Ry (Ohm/sq.) 2 2 2 2 2 2 2 2 2

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 FEP5b DRAM Stacked Capacitor Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM ¥ Pitch (nm) [A] 22 20 18 16 14 13 11
Cell size factor a [B] 6 6 6 6 6 6 6
Cell size () [C] IPVEARIIN | 04050.060| 0,050,054 =0, 0520 048] =0. 0260 042|=0.026x0.030| 0,022,033
Storage node size (,umz) D] " 0%201 N 0.0008 N 0.00064 N 0.00051 N 0.0004 N 0.0003 N 0.0002

EUPX (7] =0.020x0.040 =0.018x0.036 =0.016x0.032 =0.014x0.028 =0.013x0.026 =0.011x0.022

Capacitor structure Pelcilcla;tal Pelcilcla;tal Pelcilcla;tal Pelcilcla;tal Pelcilcla;tal Pelcilcla;tal Pelcilcla;tal
\teq at 25fF (nm) [G] 0.3 0.3 0.3 0.25 0.2 0.15 0.1
Dielectric constant
SN height (um)

Cylinder factor [E]
Roughness factor

Total capacitor area (pmz )
Structural coefficient [F]

toiy- at 25fF (nm) [H]
A/R of SN [1]
A/R of SN (OUT) for cell plate deposition [I]
HAC diameter (um) [J]

Total interlevel insulator and metal thickness

except SN (um) [K] 0.57 0.55 0.53 0.51 0.49 0.47 0.45
HAC depth (um) [L] 2.2 24 25 24 2.2 1.9 1.5
HAC A/R 73.6 117.7 126.8 119.5 110.5 92.9 154.3

0.7 0.6 0.6 0.6 0.6 0.5 0.5

Vcagacitor (Volts)
Retention time (ms) [M] 64 64 64 64 64 64 64

Leak current (fA/cell) [N] 0.41 0.35 0.35 0.35 0.35 0.29 0.29
Leak current density (nA/cnt’) 188.8 161.9 161.9 194.2 2428 269.8 404.7
Deposition temperature (degree C) ~500 ~500 ~500 ~500 ~500 ~500 ~500
Film anneal temperature (degree C) <650 <650 <650 <650 <650 <650 <650
Word line Ry (Ohm/sq.) 2 2 2 2 2 2 2
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | €
Manufacturable solutions are NOT known _
Table FEP5a & FEP5b DVEMR
[A] 2005 Overall Roadmap Technology Characteristics, Table la and b Cellarea 4
E
[Bla= (/Y ARV (F: HINNTHE)
[C] BAHY AL =a*F* (BL D4 =2F) SN F
o .. E
[D]SN #A X =(a/2-1)*F* (SN 45 =F)
[B] SV —HEEIC L0 Y S HHFED 1.5 fHIZHRT 5
[F] SC = (v /XU XHalEFE) / (Cell size)
Notes[C] & [D] Cell

[G] teq = 3.9%E0*(3 v~ S ZHAHI )/ 25F

[H] t phy. = teq*Er/3.9 BBV AMEASIAITIE.  tphy. =(teq-1)*Er/3.9
[TJA/R of SN=(SN 51X) / F

[J]A/R of SN (OUT) = (SN &)/ (F - 2* t phy.)

[K]HAC #& = 1.2*F (HAC : High Aspect Contact : 157 A~<7h=L 27 K)

[L] 180nm FHAiF A1 AIEA 1.05 pm SARELTZ (ARAET 10%D7E)
[MJHAC & =SN @& + JE MRS 4R ORIRIE

[N]DRAM U5 >3 a2%4 2 (PIDS)

[O] (B HBRAHFC*VAAR)() T av ZA b ¥ <=—0) (HIRF=30% leak, ~—3">=100)

Note [1] A/R of SN (OUT)
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

DRAM M1

1 pitch (nm) 65 45 32 22 16 11

Top Electrode TiN Ru, RuO,, Pt, IrO,, SrRuO...
Capacitor Dielectric Material | HfO,, ZrO,, Ta,05 TiO,, STO, BST...
Bottom Electrode TiN Ru, RuO,, Pt, IrO,, SrRuO...

Figure FEP7 DRAM Stacked Capacitor Potential Solutions

DRAM hL o FRlSy /R34

Table FEP6a & FEP6b |Z DRAM hL-> T3¢/ ST H TR AHEANE R Z R T, ZTITRSNIZF v S U245
=D BIEEIT 507215 5 LB R FFRFEZ IR T D720 I TH D, T A UEEICEA LIZE v
FTAVEEOWWINCLY  BILOBFEITLLFIO ITRS B—R~y 7 TRENT-H DL/ NI TAHZENARETH
%, 2009 FDOHDIZIL BN DR EIT 25(F ITERESILTNVDN, ZHUIAS I lX v /U 2 Dra—R <y 7L
—FHL WD, T2, B A XL SF i AL EL T,

Metal 1 (bitline) D/ ~—7t">F 75 75nm L7205 HAE T, b F R v o ZOFFEMRMERE L TIEE
FeD AR AV HALD, 90nm HEARDAAED S22 2 R I KBTI E ES Tz, HHESDD
IR T2 a7 7 ANV FOCDRMIN T HifffE b L o T Em O MR T AT L0 v R 2 D5
DRI TS,

48-58nm A TIE, HESION 728 D high-k M E2MEASND THAD, ZHHDOM Bl @7 AT DR
CFNTHDIATeT- 812, ALD (Atomic Layer Deposition) 235FI|FHE4157249, 58nm HAIZIBWTIE, B
W4 B A BT A2 EMA LRI TEY, ZHIVETD SIS (Semiconductor-Insulator-Semiconductor) F#iE 7
© MIS (Metal-Insulator-Semiconductor) fig& ~EF AN HEA T, EEEMmREL T, BAREL TOME
T RDIRNB R EA LT — R A TERORETI BRI B T D, BALHITIT MIM /U ZD3WZHE TR
AN

R T HAT I Lo CERS BRI SR | N T2 18 T AT LD v SO S N R BLS T D, 48nm it
RIZBNTIL, TSN — L ORI EDOFE B R TF DT AT ML (R F RSy F o T DR
T EEONETE|STAE) 73~80:1 (ZETHRT 5, JOIHIZ L — 2B WWTE, SHIZT AT R ELAR
HZENTRIND, BNV TUTDRE DA —) T\ DA i3 5728, 58nm A TIL 3D /LT
VYRR DOBADBHIFINTND,

40nm HACLCARE, BrUWERBEIRA RS EASIL, X1 S0 X ~OBULELE N HIRE D, - T
2005 AR — R~ 7 CRENT- LB A7 Teq (equivalent oxide thickness) DAL FIHEE 72D, FiEH:
ELT, R FOT AT R LT 90nm LA 32nm HHCECTRICIZERTZND,

25nm HEARLIRE Teq (3 0.7nm LA FICHIR T 52 &M ELL T2 A9, ZORINZE DF /325 — ] high-k #1
B — I BIREASTEME D SAEAH T2 L COBNTEZ T -0 LA, L3>, 25nm KOV LAE D i
RIZBWTE, M7 a2 AOBRFRITINZ THLW AT B Do v 7 Ny ML D,

DRAM JR#T 7V — a AR L TR v/ SO AN EE I ZHEDIA FND ML T v S H Hiflia VLD

L. DRAM EATLALODy ZERROBEFEEIRICBZENE L2 CESIZTED),, Fi, TAST O E,
RN BT NR— VBRI HZ LN TE D,
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Table FEP6a DRAM Trench Capacitor Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ¥ pitch “F” (nm) 65 57 50 45 40 36 32 28 25
Cell size factor “a” [A] 8 8 8 8 8 8 8 8 8
Cell size (Iumz) [B] 0.045 0.028 0.018 0.016 | 0.0128 | 0.0104 | 0.0082 | 0.0063 | 0.0050
Trench structure bottled | bottled | bottled | bottled | bottled | bottled | bottled | bottled | bottled
Trench bottle circumference (nm) [C] 549 483 399 374 333 300 266 233 208
Trench etch depth (um) [D] 6.8 6.0 5.8 5.6 5.0 4.5 4.0 3.7 34
Bottled trench depth (um) [E] 6.0 53 5.1 49 4.3 3.8 33 341 2.8
Storage node size (,umz) [F] 3.3 26 20 1.8 14 1.1 0.9 0.7 0.6
Trench surface area enhancement factor (HSG) [G] 1.2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cell capacitance (fF) [H] 35.0 30.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
teq at Cs (nm) [1] 3.9 35 2.8 25 2.0
Trench top opening (nm) [J] 98 81 70 63 56
Trench etch aspect ratio [K] 70 74 83 89 89
e — oe | oe | e | on | o

Table FEP6b DRAM Trench Capacitor Technology Requirements—Long-term Years
Year of Production 2006 | 2017 | 2018 2019 2020 2021 2022
DRAM Y pitch “F” (nm) 22 20 18 16 14 13 1
Cell size factor “a” [A] 8 8 8 8 8 8 8

Cell size (,umz) [B]

0.0016 |

0.0014 |

Trench top opening (nm) [J]

Trench etch aspect ratio [K]

Capacitor structure

Cup
MIM

Cup
MIM

Cup
MIM

Manufacturable solutions exist, and are being optimized

Tables FEP6a and FEP6b D7IR:

[A]a= (/LA X)F2 (F equals DRAM half pitch)

[BI LA AR =a*F2

[C] RerFRML JHPHE = 4%(2.83 - ridge)*F

[D] hLrF =y F RS (um)
[E] RT3 U X DRSS

[F] AhL =Y ) —=RDOHAX
circumference]*(bottled trench depth)

[G] HSG (2L D AR — ) — R DK

[H] B/ D% =Cs

[1] teq = 3.9*E0*(storage node surface area)/Cs
0] =oF o THORN - F 7T PO AX

= (trench bottle

Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known

107 1

Cup
MIM

7

Cup
MIM

*

Trench structure bottled | bottled | bottled | bottled | bottled | bottled | bottled
Trench bottle circumference (nm) [C] 183 166 150 133 116 108 92
Trench etch depth (um) [D] 3.0 28 2.6 24 23 22 21
Bottled trench depth (um) [E] 25 23 21 1.9 1.8 17 1.6
Storage node size (,umz) [F] 0.5 0.4 0.3 0.3 0.2 0.2 0.1
Trench surface area enhancement factor (HSG) [G] 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cell capacitance (fF) [H] 25 0 25.0 25 0 25 0 25 0 25.0 25 0
teq at Cs (nm) [1] ‘ 0.5 ‘ ‘

Cup
MIM

Trench bottle
cross-section

N

ya

(<> <
72N

S
>

Active
area

A
| W=2.8F%
AN

2F

[ <

>

' |

4F

o N
> <
N N

T

Bottled
trench depth

)

Tr

ench etch

depth

[K] v FxyF L7 DT AXTR = (trench etch depth)/(trench top opening)
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Table FEP7 {%, NOR & NAND 773/ a AEY D ERFEINHIERZ FLH TS, b HERREITE/VH
O NZBHRL TD, (PIDS DR HAFEIENEATY D HAFFIIER Table 2R, ) Z L TREREL T,
AEVENAENT S ETEELRD 2 SOMEIETH LN U3 E Poly-Poly AR D I5E 2 5
EFBZETHHN, — I TAEY IO BMRRFFRFESC ZRITHEZ PRAET D435, NAND 77y =2
Tl R NN HED ERIL, ATV 'ILDON—TE v F T D, Figure FEPS DHIIRTLII2, B b
AANTKILTHATICAER RV OWiZ Rzl 2 JEH ORI (U —RIA) D=7y F Th b,

top view of 2 memory cells

LIS

Figure FEPS Minimum Feature Size of NAND Flash Memory

—Ji NOR 77y 2T, B/MINT HEDOEFRIIAAEEE T THO TS /BED B2 5720 fli T
IZ72\ N, Figure FEP9 OB T/RT 5912, NOR 77w 2 TlELL FO X7/ NI L-HED EFRMN AV HILD,
2 g BRI (U—R742) AT 2 A2 ED AT BV ON—TE T
T —RIA AT H N iz & O)g HARY > V=2 OfiE
B/ NDI BTN AR

<+— Metall— <+— Metall——

top view pf 2|memory cells

vl
/ active \
area

+«——cell pitch ——

Figure FEP9 Minimum Feature Size of NOR Flash Memory
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R RV L, AT BRI D70 I L L7221 AuUE 725720, — 77, Poly-Poly [E1#
TR O IL, I — el — NEEM O AL RE —EECTHIRED Y TV 7 R
ag HHEFFT DT DICEE CTH D, By 7 V7 HERITEY | Poly-Poly RIHEEIEED B LR LR tﬂ%
JE LV I — N> 7V T RS E I 52 L CHESND, b RV LR A A — ) 757k
7Ty 2 ARV ES TEERED —>THY | JEFL T DIEE RAFZ /2 DB PREF R L IR L3 51 ik
Rttt B2 EZADNEERAEZ RIFHCREEL 2 U e S,

\ZBAL TRl — N 7 U ZTHIFED 52243, NOR & NAND 77 =Dl 55T 45~40nm
ﬁfﬁﬁﬁ%iﬂﬁﬁiﬁ&bﬁﬁﬂ b92, —ODEEN &7 iRl 7 — R(Poly DA — AN/ NS Bl Bl
IROREETIL, IS — M Poly2)7? Polyl OIEIEEZHEH = LA TE2< /2%, Polyl & Polyl OHERIEEZHS
Poly2 LD TV T DR EITFEFREL T a gDHLERD . fEEL T Poly-Poly Mz IRE DAL,
BURMNEOHITHRLR D, ZO¥RPA Figure FEP10 [Z7R 9,

10-15 nm
EOT

5-6 nm
EOT

Figure FEPI0 Flash Memory Interpoly Dielectric Thickness Scaling at 45 nm

BIED Poly-Poly EIERAIED AL, BEZALIRA JEIZL TR, B MR LR (EOT) /i3
TR A TR CERUND m5<TT EEEDILD, LIZH > TZOEEME T high-k A BB A MLELT
HAHY, ARDVIZHIE — ML T, @Iy 7V 7 miEE MR D8 LR — MECR YT U &
VX2 D BT IR B I E R IR R £ 72D, ZOBLRG 45~40nm HAFF AL, fektiEE AL
REIED IS L DTN BRSO i i CHaké 72 H T AD,

73/‘/:;%)@%”@?%3@ . STIER OB LIcd D, X 1 (V—RFA2 H1f Figure FEP9) OFHIML
DREBEEDT=DIZIL, STI R v FOESEGGEL TS DR T T AT MO, STI ER LD
wﬁ\iwﬁxn%fr_ﬁk&éo (Figure FEP11, FEP12) 77 v 2 AEVIZEIT D HDOFREOHEEL ik 3R o nlEME:
% Figure FEP13 |Z7”7,
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A

Figure FEPI11 Schematics of STI Isolation Trenches

T AT RT B/A TEFRSND, ESITS VA NO R T HREE ) RN OFREEHEFEE O ES O H & A TVVD, B A
W/ NINTHEICEE S &, 35 B 3R ol S0 Ik E T2,

20.0
- 15.0
o —e— Best case NOR
- 10.0 Sf.:: —o— Worst case NOR
::’;/./ Best Case NAND
M 5.0 Worst case NAND
T T T 0.0
80 60 40 20 0
F (nm)

Figure FEPI2 Evolution of the STI Aspect Ratio for Flash Memories with the Minimum Feature Size

BT AT LD R F kT DA B LD BESD A Fr S\ ) B FREI CE H LC\ND, S B TERLIC
B 2B NIRRT, STI JERRIC 1T B —~ A =y MR ORIED B 1T 515, Chip W THEARS
(AEVT L A% VO [BlE) STI hL o FAREDHINLAN, STV T7 T T4 STUEIZB W CGRELS LT
Do
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Table FEP7 FLASH Non-volatile Memory Technology Requirements

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
NAND Flash poly ¥ Pitch (nm) [A] 51 45 40 36 32 28 25 22 20 19 18
NOR Flash —F (nm) [A] 65 57 50 45 40 35 32 28 25 22 20
Flash NOR tunnel oxide thickness
(EOT-nm) [B] 8.5-9.5 | 8.59.5 | 8.5-9.5 89 89 89 7-8 7-8 7-8 7-8 7-8
Flash NOR tunnel dielectric material [C] Oxide Oxide Oxide Oxide Oxide Oxide H%’L{K H%’L{K H%’L{K H%’L{K H%’L{K
Flash NAND tunnel oxide thickness
(EOT-nm) [B] 7-8 7-8 67 67 67 67 67 67 67 67 67
Flash program/erase window minimum DVT
SLOMLC (V) D] 1.5/24 | 1.5/24 | 1.5124 | 1.5/24 | 1.5/2.4 | 1.5/24 | 1.5124 | 1.5/24 | 1.5/2.4 | 1.5/24 | 1.512.4
Flash erase/program time degradation < < <
Lua/to at constant V [E]
Flash NOR interpoly dielectric thickness
(EOT-nm) [F] 13-15 | 1315 | 13-15
Flash NAND interpoly dielectric thickness ¢ 51
(EOT-nm) [F] 10-13 | 1013 2
Flash NAND Int ly Dielectric Material N N . " . . . . .
i G‘}S nierpoly Lretectric Materia ONO ONO ﬁgﬁ{( ﬁgﬁ{( High« | Highk | High« | High< | High< | High< | High«
Flash interpoly dielectric thickness control
EOT (% 35 [ﬁ] <5 <t5 <5 <5 <5 <5 <5 <5 <5 <5 <5

Flash interpoly dielectric T,,.of formation t

>57<5" (°C) [1] 750/900 | 750/900 | 750/900 | 650/800 | 650/800 | 650/800 | 600/700 | 600/700 | 600/700 | 600/700 | 600/700

Flash interpoly dielectric conformality on

floating gate EOT,u/ EOT e [J] >0.98 >0.98 >0.98 >0.98 >0.98 >0.98 >0.98 >0.98 >0.98 >0.98 >0.98
mi max

Tunnel / Interpoly max leakage current (4)
at 2 V for 10 years data retention [K]
Flash NAND STI Filling Aspect 6.3-79 | 6888 | 7.599 |8.1-10.9 12.417.9 12.9-18.8
Ratio(min-max) [L]

Flash NAND STI Filling Technology [M] HDP/CVD | HDP/SOD | HDP/SOD | HDP/SOD SOD SOD

Flash NOR STI Filling Aspect 3643 | 3949 | 43-56 | 4662 | 50-7.0 | 54-7.8 | 5887 | 6.510.0 | 7.3-11.6 | 7.8-12.7 FREEL]
Ratio(min-max) [L]

5E-25 | 5E-25 | 5E-25 |2.50E-25|2.50E-25|2.50E-25|1.30E-25|1.30E-25|1.30E-25 |6.00E-26 |6.00E-26

10-141 11.5-16.4 13.5-19.8 14.2-21.0

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _

TableFEP7 |24 21

[ADBEIZIBNTT Ty a7 AL, CMOS ([ZHAR TR ChooTo 3, bITRZOERIUTER, 4 TIENAND 77y =l
WAL D FE A FEEL T D, ZOMEA ARG THOLILS FAEEHIEL D,

[B] R, VTt al OfEE 51 &SRO DIEVES T, HE/ESAALERGHIATITEN TEHIZE DI
HOREETHD, b AV Tnm LU R TYT v a ATkt 5 AR A5 | S 3 CTh A,

[C] VU= bise high-k APEIOFAZ AL, FERICHETES LD b FVIRILIEO TS L | AT T/ A ZADFEALIRFHRFED R
AEDELRIZED,

[D] ¥—t /Sl W(SLC/MLONIKR T 57 00T MBI /AT DR/ IMEE I BB AT DOl KAEE DR,
[E] HE/7 7T NETFMIEELBET T2, EXALAEEEBERBROR KT T7=15 07 1l Z LR 041k,

[F]Poly-Poly s T T a AARAET DD H7REEST, B Oy 7V 7 A RE— IR DL+ EE Gl )
FULZRDIRN, VT2 a3 Poly-Poly RilifiigIEa 20—V 795 L CO TR HEBEETHD,

[G] high-k A2 —RUL, A% —RVD EOT ZAERL , VT ar itk at87e) 2 Lial oV 7 e #ERF 52 88 T& D,
(HIEM72h 7V 7 VT o s a R D B i MR 2 ARl C & D IR
[ RN BAUIRE T S A A A BT 720, R (5 43 LA L) | R (5 43 BAVY) DB D i KIRLEE,

W72 AT T Ay IV T v a Rt RAE S D72 ICHEETHY | Rl — MUBEDS TR KA SIS — TR G ShD
LBy TV T e EDBILD,

(K10 £EfE T —ZUT s ar ZARaEd BT D RLiEZIEL Poly-Poly RHEBIEA TN DR — 2 Eif, B ET 0T F T HE
VRS — e —2V LU, RERITHAN IR LI DT Z 2 E B LU CGGHREL TD, 20 0T — R ERRIET D5 A1T.
V—7 B RO BEEIIEF OMED 50%E725,

[LPEDIAT e L F DES SRRSO, /ML, RLAL LU ARDZRNE R D NOR, S KX S O NAND Tho, b vF D
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L, VVay EOREIROES L VA b T OBRS E e, BIFEORES M -HETSTHME 17,18 122ESWT05, 2L TREROR
R, BWEEEDS A —V 7 &5 NOR TR N BWEETEDOAT—U 7 OEEL D NAND Tlids Uz b FOffE
PMTOIIRNZEIZIEDN TS, L FORSIFEAR ORI HETH S,

[M]SOD (RE" AU Al £ 3R E T T AT P D &L FITSETH B,

2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11lnm

FLASH TUNNEL DIELECTRIC
Nitrided oxide

Oxynitride / high-x stack

FLASH INTERPOLY
DIELECTRIC

ONO (Oxide-Nitride-Oxide)

Oxynitride / high-x stack

FLASH STI FILLING
TECHNOLOGY

High density plasma

CvD

Spin-On-Dielectric

FLASH GATE ELECTRODE

Poly-Si / Metal
Metal } |

I Resecarch Required [ Development Underway [ Qualification/Pre-Production S Continuous Improvement

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

Figure FEPI3 Flash Non-Volatile Memory Floating Gate Potential Solutions

Fy =2 PIVET T TTya XY T —

NOR 77>z, NAND 77w =2 805D bRk D 72D 21E, Ankiy7e 7 v —7 1 77— Ml
IZRDODFT LN OBIRE NN TIH D, —f%IIZ, NAND 77w 2B/ H~_T, NOR 7Ty 2t /L D
TIH, BEAM AR DREEN LD SN E 2 HD, LU, NAND 77w 2, NOR 77wy 261 E
LLTINAF LB DIaAN—= N OB T D, D FNAND 7732 NOR 77y 2b$12,
T —RIA/ 7 CHOT7a—T 42747 —hk £ ONO (Oxide-Nitride-Oxide) #E#x D IEIEIZ LD poly-poly D
PR EDIRFUCE R L TWD, Fr— hove s 28D 77 /av—F, Va2 S LIE high-k #s
FEHPICEZ DN T v — V& FELE LT, AR OFREA R 3 HZ LD ATREE R D AT T D,
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Fy¥— MBI HIRCEDERT R AT —U0
Ta—7 77— NEOTF O,
A —7 U7 — (FInFET #38& C i iTHE)
IREARNT TV —ar DA T I —ar RS,
o RIBAVIED SR 72 R Bal 2 5 5B D R,
HEITSSXITHF,

T — "o 7 HANC T Dm0 R8RS L - PRI X
7 —=hBAUIED 1TV T LA DR,
o T RPRRE 7 — R high-k 7 0y L LAY —RNUZE TH D,
=T 7 a D — N I ZNEAS IV — NI EDOT-DIE LT EEH D,
P ADV TR OT — AR FFRE IR O T v — 2 D412 8D,

ENODOHERI TR T DR DAEF, N7 ZkPEE high-k 7y 7 LA — LA V7 — NERROF]R
HEE DT8OO EH/RFEAMFREIIALIISI, Trv—Y Mo 7 HINIEELRT OB~ T
Loob5b,

FHZEA L AEY (PCM: PHASE CHANGE MEMORY)

FIZEALAED (PCM) HifiTid, Va7 FARBBO AL FFHEIZEE SN TCOHO T, 2% CMOS 7't
ASDOMEIA LT 7V —ar ISE Rk 72D, P CILIERI GRS L QOB H— A&7 T
724, IEW BB E L A ERMEATYORIE S | 22 CIEEBL LD /VEIWESLES IV QDI TO AL S
NIHIN ChDEAIT LN TED,

HNAT T ARG EOERH, WEFEEZ B EL T M EHREDOEBETH L), R HERER
FITIZ PCM B U, ATEHRHIRR (b — 2 — L T AR BT — 2 AN — U LRHEN D) LI T /A 2
(F72 P 22) TSNS,

Figure FEP14, FEP15, FEP16 |2, fiZ L& 5| & § AN a &7 MO E ER SN D FHEE R T,
BRSNS, LIZ3- T, AR PCM /LI, IT/IR #i&EE7e s, 77V r—3 gy b7 at ARSI TR (7
LT, Moo RZ T —RFORIT IS, BEEAT) T, LIVFERe AL AT TN pnp AR —T
NIRRT MDA T — v a Bl CRBEND, ¥ 05 AR AEY T, MU RS
IEnF /L MOS THY, ZZTOIVKRE/2 BNV A XX, /T B AT ANY 3 L2 585 CMOS 1285
TEAWELD,

B N FARFVIETRICIE SV AETHY, 7ELT 7 ALHRER O 7 &b RIR TR E THD IR FHEE 15, R
Ho LB IERA R THHDIL GeSbTe 7342 CTHY, LIZLIE GST LLTHIHENS (GeTe & Sb2Te3 LD Tdh2) Ll 2 o3k T D,
¥ S Lai and T.Lowrey, “OUM — A 180nm NVM cell element technology for stand alone and embedded applications”, [EDM Tech. Dig.,
2001.

39 F. Pellizzer et al., “Novel utrench Phase-Change Memory Cell for Embedded and Stand-Alone Non-Volatile Memory Applications,” Symp.
on VLSI Tech., pp. 18-19, 2004.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



7=V N= ol Ny = & O SV |

Amorphous Crystallir]e

53 P e e
. R

| AT
- ISR TR
= SO R

High resistivity Low resistivity

Figure FEP14 Amorphous / Poly-crystal Phases of a Chalcogenide Alloy, usually GeSh,Tes (GST)

GST

heater

GST

heater

Figure FEP15 Resistance Change of GST

Tempfrature
T b Reset (amorphization)
T Set (crystallization)
x b

Time

Figure FEPI6 Set/Reset Thermal Cycles to Change the Crystal Phase of the GST Material
and to Write/Erase the PCM

F— BRI T DA T L —a0E, CMOS Zat 2D 7us ha RSy 72 RED TS
%o [HMlZR | AR AR (b bbe—4—) LNV a P AR RO T IEIL R/ 25 TH A, ZDIERIT,
TaB AOBEHES, BUROMERE, BVEEE, 27— 7 O RIHEMEIC T D AR BRI D, T — DD AT HE
PEL THRESN WD T 7 a—F 1%, RV T AR T TV arZyhe—2—Lar#7heh
NP FARIZBREL CVBALAEERREFIHL, MEWEZ R, VY NERE D S5, 7 Prefic i
12B7 T a—FITEOHED e R — 2 — L V3 AR BRI L T2 [~ A 7a kL T EME RN DI D A 7

31 A. Pirovano et al., “Scaling analysis of phase-change memory technology”, IEDM Tech. Dig., p.699-702, 2003.
32 S J.Ahn et al., “Highly manufacturable high density Phase Change Memeory of 64Mb and beyond”, 2004 IEDM, 37.3, pp. 911-914.
33 S.J.Ahn et al., “Highly reliable 50nm contact cell technology for 256Mb PRAM”, Dig. of 2005 Symp. on VLSI Tech., p.98, 2005.
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(CEoTe—F =L N F AR LD OBEE R EFT Do v A7 T 2397 VY Hfioe—2—
JRIEIZE S TERTEDHOT, BAMERRITRIREL T RIZICR WD HEE AR CE QD #7 M
EIIET DL TRIEL T HIENTED,

PCM 2B 7 rOEWAREME . BEFRAL T 7L —2a BERLIET HICNWBICh )b b4 Y
PR TR D ZEDBMETH D, ¥ PLblS, Ivar F AN &4k io7- PCM B/UED AT 7L
—Iar, SElE CMOS HAffEDWNL, PCM Hli DRtz H{bS 5 L7707 n) T MBI A 7528124
KILBIIDERIVTCND, AT 7 L—2a ISR 72 PCM BV EL THEIRIEE D RSV TD, L LS R
HNCEZIABRBFTIVD 2 KEW, 22T BIENZT A AEL T, 2ROEEEE DL GBI Z L
STUVVD, PCM 73 ADEX AL E R ARHS 572010, Wvar F AR et o Foh?3 azy
MEIE, b LT AT MR—UIZBLIAD DY 5 OO TEBRESNTND, ERT AT 7%, v
P FARED 2 SOFDOMEZT D, I RIROEFAE 2N DT 77 47 B EERNIIT 5L DO TH D,
TR, BT NR— TN F AR RV DA R SERIZEACIAD T EEE D &, EEIAL L)
50% KIS NAZENFHIS IV TUVD, ELZOREED T IVREIL, ~f27rh T PCM B/UEEIZ 30
T, EBXIALETEA 180nm 1A T 450uA. 90nm T 350 1 A ZRELBRIT D2 LM FERES -, % 50nm =%
IR COEZALEG260uA 1T, 5ERICPHCIAD A EE Va7 FARO CVD HERIZ XV EERL LT, ¥ Zh
BORERI: PCM B AAEEOBUWEDFERIL, FEHITE T AT MO AT IAOHE G B R+ 52 L1270,
TV AR B O R72BR 1T, B UEED R RO T 2 25,

RERT VAR DEREE X Z D121, PCM HAFIXIER 17K B TR O F ORI T — 2 &%
a2t THD, T —XRFRHT, s OB OIS, MO IESEFI DO HHLOHE I Z L0 il
FREHLD, GST DUty M/UIZEIT D, oA UTeT — 2R FRfE R Tl 85°C T 10 FLL LA TERY, il DR
FRMEARV OB AT THD, P Zoflix, RAERBMTIZHLSR, LhL, mik COBE (=L
ZIXEENET TV — a0 ) OBERIZITEASL TR, I RREHEE OUENLETH D, ZOWEIT =
(SEI NV AT T AR BB LD TH A,

PCM HHFOME 18 DR 0D — 1%, FE AT ETHEDHRO LS RN 7 EE iz [ TS
BHZETHD, BODDFHICTIE, EEHZEEE 10”735 102 [FIEHRESI TG, TDII7RHIGHI 2 R
I%, N2 FARGEOARERIZRMTEL FRICBW MPBEHZB EALZ PCM LD ZEEMEDMEN TNDHZ &I
k2, ZOH T, BEMIT AL OFTH 600°CLLEDFEIRE 1A/ 1 m® 22 DETREEOBE AN 225
FHDES T D, b—— MO EERERAFEL, MR OM, ZEL TWODLERIZKH
LCTHA2V 7 D, BRIEIUEHMERFT 52 Tha, I ROBHUED LI, PCM BV OEEZD T/
KEFEDITART AL RFECTELER, BItE, FHEHX B OERITH T2 PCM L OrYy 7 OIREER
HB2550DTh5,

EGRBL D2 EMED BRAEIL ., Fe Ky NEE E ORI BRI BRI 5, T ClolESnTna Lo
(., B2 T 7 M b ORE T, Uy MR B I3 b 7 7 7 2 — Il TN 2 & E 2 6
%, PRI —R~o 7 CIE LRI N RIS LD, P OBz D0 E LW ah g, be—
—k Rt ar AR ee—5—O St T A LRI 7 AR A6, BRI L D BLR OB E N
BT DI85, BEMDEREHERILIZ) 2, e—2— DD 72)>T, PCM 7 7S A ZADHGH LD

3 F. Pellizzer et al., “A 90nm Phase-Change Memory Technology for Stand-Alone Non-Volatile Memory Applications”, Symp. on VLSI
Tech., pp. 122-123, 2006.

3§ Kangetal., “A0.10m 1.8V 256Mb 66MHz Synchronous Burst PRAM”, ISSCC Tech. Dig., pp. 140-141, 2006.

3% Y. N. Hwang et al., “Writing Current Reduction for High-density Phase-change RAM* IEDM Tech. Dig., 2003

37 J.1. Lee et al., “Highly Scalable Phase Change Memory with CVD GeSbTe for sub 50nm Generation”, Symp. on VLSI Tech., pp. 102-103,
2007.

¥ K. Kim and S.-J. Ahn, “Reliability investigations for manufacturable high density PRAM,” in Proc. IRPS, pp. 157-162, 2005.

¥ A. Pirovano et al., “Reliability study of Phase-Change Nonvolatile Memories,” IEEE TDMR 4 (3) 2004.
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TR AU DI, KIS BBh R3S s, PCM Hi o bn—RK <7 1%, E&Hz
[ DTSR EFSRAAR DN — R 747 & JoR CE A EE MR EHO B ERICE L CT)D,

Table FEPSa Phase Change Memory (PCM) Technology Requirements—Near-term Years

Grey cells indicate the requirements projected for years before it reaches volume production.

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
PCM Y Pitch (nm) (contacted) 65 57 50

Phase change material min. conformality (%) [A] 30 60 70

PCRAM phase change material minimum operating

temperature (°C) [B] e L L

Heater max resistivity change during reset cycle and after 5 5 5

1E12 cycles (%)

Maximum Reset Current Density (A/pm’) 0.3-0.8 | 0.3-0.8 | 0.3-0.8

Table FEP8b Phase Change Memory (PCM) Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
PCM % Pitch (nm) (contacted) 22 20 18 16 14 12 10
Phase change material min. conformality (%) [A] 90 90 90 90 ‘

PCRAM phase change material minimum operating temperature (°C) [B] 125 125 125 125 125 ‘

Heater max resistivity change during reset cycle and afier 1E12 cycles (%) 1 1 1 1 1 ‘

Maximum Reset Current Density (A/pm’) 0513 0513 0513 0513 0513 ‘ 0.5-1.3

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known
Manufacturable solutions are NOT known

TableFEP8a & b [Z%f 35 1ER
[A] ~AZER2F PCM ORI B TRI%, B R ks, 253536 0 4142 45
[B] PCM OENMERFLIE, il 10 40T — 2RO FFE Sk b s, 4 #

[C] b—#—Di AHHTZAAIZ, PIDS @ Table “Non-volatile Memory Technology Requirements” | Zdh % X AL - & B
gD BROHIS, 07 P

[D] SAFEMRELEDOERIT, PCM DYy (A EDIEFHELRIENHO) TRDOLND, EIfEEIT PCM B OEEETHD
FEHLZ [FHL ’%ﬁ%ﬁ“éc‘:% Z 5B, HEOEIX PIDS @ Table “Non-volatile Memory Technology Requirements”3EE#4% [R5
HRIC B POICEMSh TS, Y

3875 & (X AE ) (FERAM: FERROELECTRIC RANDOM ACCESS MEMORY)

FeRAM (FRAM EHIEE095) 13 ITRS2001 (ZH 7~ 12fHH Nz 5 -6 D T, FEP 38X PIDS, 77 /1
=X N —T D INC L DR TH D, FeRAM THERE~DELRKAE ] Table FEP9a & FEP9b (2 5&
DTHY ., ZIUL 2007 FEIZ1To72 FeRAM Bl A—H ~DOFHEIC ST UG TS,

JESEYIZIT, FeRAM [T H-EAAEY TG - L BIRRENTND, O LnLARns, ik B IS iErE

“ Y H.Ha et al., “An edge Contact Type Cell for Phase Change RAM Featuring Very Low Power Consumption”, VLSI Symp. 2003.

41 B. J. Choi et al., “Cyclic PECVD of Ge2Sb2Te5 Films Using Metallorganic Sources™, J. of the Electrochemical Society, 154, 2007.

#2 R.-Y. Kim et al., “Structural properties of Ge2Sb2Te5 thin films by metal organic chemical vapor deposition for phase change memory
applications”, Appl. Phys. Lett., 89, 102107, 2006.

#J. Lee et al., “GeSbTe deposition for the PRAM application”, Applied Surface Science, 2006.

* A. L. Lacaita et al., "Electrothermal and Phase Change Dynamics in Chalcogenide-Based Materials", 2004 [EDM, 37.3, pp. 911-914.

# 8. Lai, "Current Status of Phase Change Memory and Its Future", 2003 IEDM, pp. 255-258.

4 J.L. Moll and Y. Tarui, IEEE Trans. Electron Devices, ED10, 338, 1963.
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IZHIFRDNHY , X/ SUHTERR N LN 20D | BLURE AU CIE AT A RITILA DRAM @ 1000 730 1 FRETLY
720, TS EARIREESIZNZ ., [T — 77V r—a | NVRIIL CWAD T, FEHAREITEEA TR,
FeRAM 3, 72 FE7e<IT04L CODIREH BRSO BT REUKFTHD T, ZZTOTFHNFEEIL TH
HOFREHERANCIR DI DE5720, ZAVTHARE, FiTD 7 M SRR S D~ EFREIZ B 2 BRI A7
BlaR"T7280, ZOr—R~y 713 2007 H05 2022 FEFTEID - TS,

BEEEITHED ea— [~ e

2001 4F FeRAM 1 —R <> 7 ARSI TLLE, 2001-2006 450D FeRAM ~D ZsREEFE LSRRI HES
<HDOTHoT2, FeRAM IZXF T 55 CO EMZR BRI Th 72720 Th D, ZDFER, F2TOHE
WAL BPE ST /A AVERED RN RE AR TN E U UV, ZHERE T 5728 2007 AEFERROHAREIL. 3
DODRIRHRETDEREAT 120 FH—DHHEL FeRAM HEA— T DR —L_R—VIZHHHAETH D, 6
TOHMETREEA— D~ THD, = OHUEL DRAM THEN.SNZEFIZ AV, b—R~<y 7 o
T )DL, D7l Eb A E 10,000 T 7 OBLER T o725 T 2 4RI EE S EVIE D TH S,

MIXED SINNAL ZEEMT /7%

INFETIRAZEHNZ, FeRAM 77 /0 OHERE L, Flash 2 DRAM D XH72 55 ATV IZHF L CTHRL T
%o ZOTEEENIFLEL TUWDY, FeRAM HligEA— A1 Table FEP9a (259" X912, 0.13um 77/ CTD Sk
CMOS EA%Z)L | JEN—TEYF A 0.18um 77 /1D FeRAM & fli~7-F /A A& BRFE LT, Seii CMOS &
FHAL LN —VEAEFILT. FeRAM OFAADHITLD FeRAM 777 —ar A2 52 EA RSN C
V%, Table FEP9a |Z{X DRAM &[R]U A fii > TS 2007 F-ORGELDT2DIZ | 0.13um 727 /o A To
INTSHEZRLUTOD, INTESHER 3 2 0.7 512720 TRRL TWDAS, ZOfEIL, OISz AEY
LR T, oD ELTe_R—ATHEA TUVD,

VAR

HAED TR AAEEIT 1 oL U AKX o302 (1T-10) B Ch D, ZIUTERE T — X DHELH L%
PRAET D72 DI E T o7 2T-2C B Vb &b o7z, LU G, EHELOB/IAEIEEHIZT /SA A
RIS TS ZEN ATRE Tl B, /SO SRS BIL TU, SR/ S S DA R T
SR, RN N p T, BHDAS NS 3 WIE (B3D) DR/ 3 5 ~ DA E ORI T
B EHRIET A0, BRI 2016 FEICHBLT AL TSNS, v/ S HZFEEDEW OV TT Table
FEP9a & FEPOb (D&~ AIZ L Thhs, ikt sl v 8o RSO I T S0 LT 72 5 — I
2013-2015 42 16 £72Y, T DEBHHN LD EA TOLTETHD,

T B DZY

BUEHFERIE O 0% B MBS EHIS AL TOD 23, BLRE S CIIR ER e EHIIZ > E0 L7220, ¥ Bl
THELE > TODHENT 2 28D, PZT. BIH Po(Zr,Ti)O; & SBT. A% SrBi,Ta,00 Téhd, SBT I Pt &
FESEmE WA MmN T T — 7 7)Ao R L, PUESR (Eo) b/ NSO O TIREBEFEEMEIZ AT
Wb, (77T 4= EIAEIF /U H THDIEL T — 2 EXMRZ 2T DL, AR SO b I LEER
D), PZT 1N HFESH TV DAA T2 7 E Al Qsw D3KEL, 3D A RHETICESR2 oA — 7%
IPOBRMCEE LD, ELOLDOMEEBIZT SAARO T 0t AT 7 L — 2230 B3 5l REED B
0. ZOZENT RARBIFDOLIT L2 o5 TND,

PZT &L SBT IOt HE/RRREIE, KFRIEHY IR RBITER T 2L SN T IRE D% kA i)
THIL BELILT —H Ot EZLENT HIE, THUST —2RFFTh D, FeRAM ZIE#HT 556170
TR ADYEPLETH D, Bk BRIRE LT 72D OmiRIRR T =— VIS, M7 =— /L0

DI Wouters, 28, International Conference on Solid State Devices and Materials, 2003.
¥ 1.S. Cross, Y. Horii, N. Mizuta, S. Watanabe and T. Eshita, Jpn. J. Appl. Phys. 41 (2002) 698.
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A= =S N = s O S 1 |

NDOKFRNERET HZENEETHD, 722213, AlOx =° TiN 2VKEANUTEEL THWWSS, £7-, 0,
K> StRuOs(SRO)YD LHZEFEMFR X, s8FHEARE S UGESNDTD, LIXLIE PZT OF v/ U X &R
ML THOW SN,

WERI7E55 (PVD) X° Sol-Gel V5% & T e{b 2R 1EE (CSD) 13, BB IAIRIERRICBIED - Eb KBS T
WHEHETHD, LU, 27—V 7 %Ak LTI 7<IZIX, Table FEP17 OFLHEIZHHERIZ, MOCVD %
DHHERT T TSy O BWEREEIZBITL QOB B S, LU E SV MOCVD % W F5E

[ZXAUE, (111) BB PZT BHIAL T2 7 Ea KRELT DD TH ThHERESH D, ¥
ﬂ‘r)v/\/&af@i;’c T T U NIV AU RO RIAE M E SO UI2N T8 | Ty /S HEROD =y T
TIZBWTIE, RIE ([ZEDPERD RS TN D, ZDTeD AN X ZED M TR HWBI TS DY, CD
(Critical Dimension) DHENZBEFNHY | A —V> 7 BEELL 72D, /3 X OAABE G FE 2 T DT D
BTy T 7 T 2O REE SR Ao S,

PZT & SBT i, LIXUIXENLDOERFHEA UGET D702 Az AL CTHWGIS, 722X X PZTIC
*FL La, SBT IZXL Nb T D, D HIIE, V—7% {;m@i‘fﬂfﬁﬂ TUT 2T AFENIA L TV MR D S
% TR I DIE AL SO o) - Téh D, PZT & SBT (25, A8k Eloo—o1% BLT, £7-
I3 (Bi,La)sTis00 ThD, ! FOEHMEISEATTS 2 SOMEIOTEITHS, © E5HIT BiFeOy(BFO) H3HTLU
AR ERE LCHE B 24250 T D, BFO 13 150uC/em?” LA _ED F R 225875 B A At o, 77 BFO IZ k&7
IR TRT N, FNIVENWAAS Y TF o T EEE2 LD ZOTD B OV T, IREEEEIZEIS T 5
72012, IVERAL T, HLUXSSOLWR =T OUEHERH L LA EHL TD, EDIRORHESITHFD%E
ST ELTRETHDDO T, JHEORIIDE | 2O 72 N EEThHLHE DI,

BRIPNRA > F o o D IZFEY

B/ INAA T 7 EBAHTIRDIHNZL T RAEL 72, FeRAM OB AT 7 13 HARR)IZ DRAM ERICEK
iEL, ITRS 1999 @ DRAM OF —&% WV CE Y MEDIE SEEAFIRLIZ, ITRS 1999 OF —Z(FF v/ 3
KA Cs INFEATHARIZES 5T 251F/cell DFEFE—E T, B MR ED 0.18 1 m HARERZ 320fF THD, =
DT —HLELICE Y MREEN F? (22T F I3/ HETH) I 2L ETHIE2EY., A
Vbitline DFFREINATEEE72D, A Viigine (3 140mV THY . ZOMENEAHFAHAUZEE DS T2 27 7 RIS
IIMBEEE T De A Viigine (140mV) & Chigine ZHNT DT LIV T/ NAA YT L T B INEHID,

PLETRO BN/ INAA T 7 B i e FBIR O HN S 720 D AA »F o 7 & QSW (30 1 Clem?
EARGE) TEIDZEIZEY, LBy SO HEREP SO, ZOMENF v/ N X DB EREEIORENG S
1%, 3 RIL(BD) DF /XU AN HSNAZ LD, ZDiEmmN D 3D Fr/3U X 2016 FFETITHEE
%6

Table FEP9a & FEP9b |Z7~k9" FeRAM (2B 2 FRIIE. LLEDIEEFHREIZEE SV TS, TIRVEE 1T
FLUNE H Tl 2016 FICEND ZNBDOEEZY HREAIZIE, % TR EDH DD 720 B SR O BB
MBS A2 LD R h HE ThHh D,

Y. Horii, Y. Hikosaka, A. Ttoh, K. Matsuura, M. Kurasawa, G. Komuro, K. Maruyama, T. Eshita and S. Kashiwagi, 539, IEDM, 2002.
0 B. H. Park, B. S. Kang, S.D. Bu, T. W. Noh, J. Lee, and W. Jo, 682, Nature, 1999.

! K. Y. Yun, D. Ricinschi, T. Kanashima, M. Noda and M. Okuyama, Jpn. J. Appl. Phys. 43(2004)L647.

2 A. Nitayama, Y. Kohyama, and K. Hieda, 355, IEDM, 1998.
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T2 TR

SRAM <° DRAM D XH72fti> RAM ZE &2 HI21E, Hidr ZEZ DMK T DT T 27 A8 107
B INEETHD, ZOMEEHERT D7D, WERIIRE T W DN T AN EE DW= E B2 R RIN T
DIERER 72T ANFIENMBEL SN TNV, T T 270 ARBRIC LD BT v/ S 2B THHICD
WTDWKDDDET JWE TR A BILD DN, 1tk TRRE TR DX v/ 3 2% WAz D0 TOHE
ITFEEA LR,

I FeRAM 13# 0 Edit: Lt AME 25D EEPROM <2 FLASH AEVDEXHZ L1 T, IC A—R2fE A
FEEHIAEDINIZL T, X270 HIRIE FeRAM i K& 72 RIREMEZFLD TUND,

770 a ARV DO ATIREDBEIFITHEIL, 4 CTIXLA DRAM LZEHELWVD, HOWNTEETHI51C
I2oTeE VO FRIZIZBERSTONDN, ZIUIKEBEDO RNERMEAT VKT DTS O RN H 72 Hild
ZolmZETHD, FeRAM b2 OFR A 7= 9 AIHEMERBY  FERINC B — DD T Ty 2 | L7eigs, iR
DIFFEEDS FeRAM BFSIZBRISIHZ L% RWVITHIFFLTZ VY,

Table FEPYa FeRAM Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
FeRAM technology — F (nm)[A] 180 180 180 150 150 150 130 130 130
r e};% cel s [‘g]e“f"“‘” a 2 2 22 20 20 20 16 16 16
FeRAM cell size ( ﬂmz )[C] 0.713 0.713 0.713 0.450 0.450 0.450 0.270 0.270 0.270
FeRAM cell structure [D] 2T2C 1TIC 1T1C 1T1C 1TIC 1T1C 1T1C 1T1C 1T1C
FeRAM capacitor structure [E) stack stack stack stack stack stack stack stack stack
FeRAM capacitor footprint (umz ) [F] 0.330 0.330 0.330 0.199 0.199 0.199 0.106 0.106 0.106
FeRAM capacitor active area (,um2 ) [G] 0.330 0.330 0.330 0.199 0.199 0.199 0.106 0.106 0.106
FeRAM cap active area/footprint ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ferro capacitor voltage (V) [1] 1.50 1.50 1.50 1.20 1.20 1.20 1.20 1.20 1.20
FeRAM minimum switching charge density

(,uC/cmZ) 0] 13.5 13.5 13.5 19.9 19.9 19.9 34.0 34.0 34.0
FeRAM endurance (read/write cycles) [K] 1.0E+14 | 1E+14 1E+14 1E+14 1E+14 1E+14 1E+15 1E+15 1E+15
FeRAM nonvolatile data retention 10 10 10 10 10 10 10 10 10
(vears) [L] Years Years Years Years Years Years Years Years Years
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Table FEP9b FeRAM Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
FeRAM technology — F (nm) [A] 90 90 90 65 65 65 65
FeRAM cell size — area factor a  in multiples of F2 [B] 14 14 14 12 12 ‘ 12 ‘ 12
FeRAM celsze ) [C] | 0413 | 0113 | 0413 | 0051 | 0051 | 0051 | 0051
FeRAM cell structure [D] 1T1C 1T1C 1T1C 1T1C 1T1C ‘ 1T1C ‘ 1T1C
FeRAM capacitor structure [E] 3D 3D 3D 3D 3D 3D 3D
FeRAM capacitor fooiprint (um’) [F] | 0041 | 0041 | 0041 NIRRT \ 0.016 \ 0.016
FeRAM capacitor active area (lumz) [G] 0.100 0.100 0.100 0.069 0.069 0.069 0.069
FeRAM cap active area/footprint ratio K X X mmmm

Ferro capacitor voltage (V) [1] d d d 0670 | 070 | 070 | 0.70 |

FeRAM minimum switching charge density (,uC/cmz) [J]
FeRAM endurance (read/write cycles) [K]

FeRAM nonvolatile data retention (vears) [L]

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known
Manufacturable solutions are NOT known

Table FEP9a & 9b 1Z%Fd 578
[A] &/ NTETFE, BUERBPETROHETERSND,
[B] A A R=axF

Ferro. Film

[C] {(BEAYAR) 12— (Fx/ 80 F—AR—2) ) LUE, 22 THF Y /8 H—AN— R Plug (stack)
=1.5%F,

[D] BAMREIINZ ., EARLEDHIFES L TUD, ) Chain-FeRAM

[E] %2 M, 3D MO B e
[F13D (I T AAAEEEAE LT,

[G]3D F/ SV 2RI 2BAH, ZThEINE 1 Th2, Storage Node Ph;m-r‘ﬂm
[1] Vop=Bh{EfETE, (XEEBIEN I, 2003 FOTD 0.18 pm DH> 7L (SBT) TIL 1.1V (3D)

THD,

0] 1ZUDIT 1 B B0DEINAA v F o 7 i % Vbitline*Cbitline T7FE, =2 TlE AVbitline=140 mV  Cbitline =F*> DRAM &
FICARIE, AZ o IHEEDSA . ZOMEEF v/ S X HRE TR, i/ NAA T 7 B R e,

3D HEEDE AL 30 £975,
[K] 100 MHz*10years=3E+16 , SRAM <° DRAM &5 5720121% 1E15 BT T 27 ADWEL,
[L] FARIIEAFT D, 85°C 1T IC I—RDAyIhb,

A E—Tx—HAITWG D&

7u bR IMDT A —IA TTWG EELDBEEKAPIREZ AL TS, ZRHDFERED
I%. PIDS L(BHOFREL)RXGT ITWG &EBIZIAT 5, 7 —h EOT &U—2ZR ATV ESHE THD, ZbD
ITWG EDFFEITIZNNTY | A TRS & — MEFIOEAMTE RO T A A IE I Lo TS D H R 22
KA DNZEGRR AR RS TWD, ZIHOREEOEII L, — A2 e N — R A 712> TGERSINLD,
FEP, PIDS, it V7 77 4RIOIKFEZE N, 7 — DA =V T DH T/ 7 — 2D CD #FFAMEIC
HAEFLTUD, ITRS2005 23HERD CD FFAMED 10%035 12%(ZAEFISZIZh 354, CD it
HEOEETHD, ZOHFEZNTE-, BURTRISIS T —MNED A —V 0 7S &7l - HIWTL T, ITRS
DEFRIR CTIHFEEZITH TH A9, £72, FInFET D~ )L F 47— hTo D RE D XH 7tk 1T E- T
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MOSFET D7 /SA AT A—=Z D7 N-—RA7IZBAL T, PIDS XL DiEimn oL TSN,
DA, FeDREFH e R IMEE T IV ERGET DT DA E ITWG LO#GR1 & FLD, b
LN | X EER ITWG Db D THY | £ Tl FEP OREELT — LA N — 3Bl O K
T RLER RO B D BT SR CAR SR A O BT | AR 172 3R A4 T > T D,

FERDOFERRKFEF DB

SEFEEEHIA G N T D72 DITIT R HANTREA iR U2 iU o3, BIENCIE, Ko aukEr/e
TINAR% CMOS EFEE L THERER Mt T BN B D125, FidsRFE T(ERD)IGRLIESR - LinBlE 1
DM S 25 A TEY, ZNONEEEH Th D MIHRERAIEREZ TRk L T CMOS SRt A LT iU e b7
W, BrRFLIESE 7O ZL LR T DOV ONINERD T — D IREED A HSTEY | BIfE FEP O
0—Rvy 7D B ATV 2a— VA TELTHA), ZNHIF IR TV D, JDEH
DFRRFBFDELIT, LT ASAZMEEEHL T, FLW T AT Y 2 — L EfA OBHESZ T IA
T THAY, ZNHDT NARFBEROIAE 2D THY, 16K T NAADRNEIEZDZAI 71T EFR
SN oT-, ZEIT ERD B THEasShTVD,

FrERRELER T

o HUfENITHGEIS IR L pEEE
o HFFEM FET

° ba—X/7 L Fba—R

o AFUAEY

o HETFEIR

o TFT/AI=Jiv
o BRI

o It
FriEKindER T

o IRREMEIRREA QCA(Quantum Cellular Automata)% 7 1 ¢)
o  FET AVATUar—1 ok

e FETAVAT L vary—Fxx/L-UFL—AA

o LR L

o (BT QCAZTETr)

o HETIIVRH(SET)

° A NI AHS

INBDT SAADOF T, F /I —bB, SET BLOGEBR /LT SA ARTDNIZLDOHAFT 57 0k
AaAEATHIENTEDN, BEOEMANRFT SN fa a2 LT 57259, 1 Kookt /T =—
7T IUAXRENK, EARSLEE S AT R LW m AR LW — S T e A LTS
17259, RV —T INA AR 1T RA AL, CMOS E HHMEDH IR T v AL GO H D3 27 N ks
BT D250, DT SARL, CMOS 7' BRE BHMEDHHINTT DI H R F L2 L EETHA
ERM BB N 57259,

1 ROCHEIEIT, B, M, (AR L OTT MZ T 72D ISR LSz it CVD 7t 2 e gis

5, Fio. 1| RITHEEISBIRICR — 22 758 LW o 20K ia s 27 M R AL a2
M7 B AL T 574D, T /U4 YIE, R— XU bDOAA AT HIAHESRL TRV — DD Tk
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LWl B L 72, BT high-k 77— MEZIFED Si <° SiGe X° Ge DEELD HALHNBET DR HA R
T DO DT2AD, —R T ) F a—TIIBAFLR NI LW —E 7 T o 22 8L, F7-,
BT — N e — MRS L &V ME LA HH 3 572 OIS BE L2 57259,

iR AE Y LIRFE IR FET AEVIT, HLVVRIERE OB LWy F U7 Palfra LT 573
R M BB AT 57259, ZROOMEHIZLO5E mii THIELR2 T IR0\ a6 &R iR
LM THY, 2 27 OTERER TR LI HERR T o0 b Livan,

EREENTNL 2D RTD VL I- V EEE(ATESL N CERY, CMOS EDFEA D7=8 FEP | M 2B L
OB AEMEIZE AT, OO FITIA LTI —ar B EE TS SiGe TTEZT SAATEIESN T
WD, 2L DO EE LI peak/valley D 1V He>5 KB A2 GO EHCraiRU e AUEZe bz, iz,
Si X SiGe ~~—A RTD Db LV MEW 1T, BIDORHE e A T 7L —2ar O EAE S T7-59 CMOS &7
—NMIHETDILETHD,

AL NT D AR T EERTTH LOTEND CMOS ~Dft B & MBELL 457249 LT ZRUTET LA
MEREZ MBI T v ADOBMESE L5 Th ), ZHHDT AR TS D LA GHROAE H/RV A, Z
DOHIZIE GaMnAs <° GeMn DI IRBEMEAA BB B2 B YL D RE N 3 5 B R~ DAL U E AL B
FILTUWD,

R B R T D7 B RS DL~ BikPERMEDIL, CMOS 77 b7 4+ —AZHASNAIC
e T T B2 5D ZAUTHFHTLWEE, = F 7 7 o 2B IO LRI T B a2 7
DT & BT 57259,

JaR7y NDER

FEP LEHAIE DR o hOFRE

FEP FHHIIZ., BrLV ViR 7 ot 2 A E O S8 A B L 7o BRI A Ut T, JEREE
ORI TIE, /IS N—T 4 7 VORI TH LT TD, fEfE L DB AV (sSONDEH 70T
LWERIZERIT BN D L L 1, FENRAE DY — RO E T HEMESZ N2 5, high-k AMEFNAFEIZ A-T=
DT, MufglEE A% V7 —  OREEHAIE, B BEC A O D7 mEAa b — L& R T&
HINTI2 BRI BN, FILWF — BRSO ZRPEHIINZ T AEDOFH B A E A FEIGEASNDZ L3
FESINTCND, AR 4—/ VAL JER, ~HERIEENL, FinFET O X572 8 iSE CRE Th kT 5, X7
FHIIBESIIE. HTL high-k A% 7 DE A ESTHIL T DL ER DD,

FEP L5V 7 & 3al—atDIaRly hOiRRE

BB /773710 CMOS DENIT FEP OHAFFREICEVFHEILCD, ZIUTET V7 &2
—3 3> (Modeling and Simulation)|Z S EX FAR B R A 7257, KT, KDRXEMEHIHIRINAD T A AR
— V7 ORI, $PEHEE K5 OF TV VIR TRV MEN D, ZIUTIZEVDITEL B
DEFENTWDDT, JSNEEHRDOET V7 OEEMHIIET FTRELRSTND, EITH LT SART
—X T 7T XL, ZTNHDT A 2 BLE(F 2 TEROVER LT T 2D b7 R EART v T DI 2
L—3artEBEL LB BIER T A AL 2L — 2 ar DO RERERAZ LEELT 5, /T 57 3 2~Es
)T L—TF T =% T 7 F DM I L T(ELIT SOI T /31 R), R DN OB O BN 57
WIZREL2 D, ZNHOZRIX, WERRRRE T SARAET VITHE TN E ENRT UG, T atEAD
INIIXNIT NAADEILBHMCIZET T EEL2>TEY, —WHIZADHNIL, 2005 Fiin—R~v7
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COVITFTT4ETyF U T ONGTYRIRBEOFAS ThH—, ol —aIfmhT N AARTF v 7~
DZDEINTY X OEBE TN T HZECEHBRT 228N TE, £, LT uE7es720 0, high-k iz
2008 FEETIZEATHMENDHHDT, BT V7 TELET BLENDIC OV THEUNFLR CE 7 iUt
7257, RO, 7 mIEH SN RL A I AT v a O AIT E B Th kT TERY,
ET VN ED ARIIME SN 7 B RO EE R B (I 21X, 7 =— /L DOR— /U " UK D X
JEEN )2 XXV D LT HEEHIC, BB 2l — L a ik o TENLZ G & b+ A2 S E
Thd, ZORFKIT, F—/ U NEFERMEDHAERZFI AL TROEWERZFEB T 222 BE T
Kgry =TV T E B TH S, B2, LWR (Line Width Roughness) & LER Z&Tr CD DK,
LWR & LER Z &5 T 20T OFEIT— AN B GRE CHY . FEBRD 7 1% e/ MET 5701213
<D CD T % 52 Db DO HINOH S LB B/ TA—FERFET Dol —2a VAT EN TV E
FLU,

FEP LERIE - K2 L DI/uR Ty OFRE
BFEIREHN DWW TIIERBE - 2242 - fdF¥(Environment, Safety, and Health)DFA S L HLMLFWE
DBR — A EFREHIIR Table W2V 7 D&,

i i

ITRS2007 @ FEP T, fafii7e A r—V 7 %8 2 Chikioe 3 AR O AL D7D |2, HflrifeE s
R 2 1 Lo EV EFFEL LD E LT, IROFFORIZ, 7ur hom R 7 AL, MOSFET O —hA%
72 DRAM DAR —TF% /80 H T3 2 ARYD AN —F NA R ERE R 12T ) r—a.0C
high-k FEFCEEE D &\ T /A ARG H LT R 5 e & OF B OGRS AZ LB LT 5 ThH A,
INBOFHLMFEHININZ T, FInFET D X728 LT S A A N BRYERE AT 72 T 72 DB ASND T
HAHH, ATV DTG R, SOIZ AT R B RO AT T U R LI DA
BB L O LA BRI HTHAD, AT ZNEDT SAADZEIL, SOI DIH7RFERA~DERS
RD 5~T FLANDELE 450mm HAR D B2 2R IR SE TV D,

7NV T CMOS DIEAIING )2 7T TINIRT SA ZREE~D AU, T X TCOT 7V —rar B4~
TOHEARA— T[RRI Z D T B b, TeLA, FEFIC S B EIRH BRI SIS
BB —BDA—TIWIEN ) 7T NIRRT IS ASDIATH D D — 7T D A—T1 05 )L 7 i D Ak
MEBRERETH— LWV TUA RS, FEP F—AIZDOLFUFNE I ThHHEEL, 7T TL
CMOS ZHEAN T DDA NME), FT-, 5882222 SOl o~ /LT —bD X7 T /A A~ D
BATICEO RSO NDDE R~ W N AD R R LT,

IHIZ, FEP F—AlF, high-k #EFIED LS 728 BHENTR CD = F L7 D577 v AHAOF LR T
ANR=LLT, 7T a2 ARV T IV r—a ORI RKIZIER LTS, 77y 2 ARV TGO 21
KIZE->T, ZNBDOT ASAAHOMEIL 7 a2 2N LD OFEABARICB W CTHULGREE /25 TH A,

#7025 ITRS HAfT —F 7 7 —T(TWG)HDRE IR 11 ZE D3 A4 R UAF D EATBEEE 2L CThg
IR RO 5 ETHD, 2L, a3 2 127> CFEP, PIDS, V7' 77 4B LUK/ —7 T
B — R NRONARTY X ORI OV CH R e T A28l Lo THGRES e, ZOaTR L —a ik
>, BIHEE =y TF AT ARBO T 7 MR TV Oy, BELOLHHEESNZL0H 0T IR
R RNTYX TT NAAGRFHNELE T DN TEDENSTZBROIHFEED | fERAIZ ITRS D

PRI PRI TR D T /1B LT,
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WSO DENZDTe > TERE M Tz, ZOXH7efkin7e TWG OaZhL — a AXHICA % EE
BECIE A L ChARR R Z 7o 5 E T TEEICR D5 TH A,
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