) smuumo—rvyTEMEAS TR 18 FEHE

5% WG3 FEP(Zul b= R7atR)
51 1XL®Iz

WG3 (Front End Process; FEP) /N — 4 % £ i iHE/% | Starting Materials, Surface Preparation,
Thermal/Thin Film, Doping, Front End Etch 2\ )72 AKX O BT AL Stacked DRAM, Trench
DRAM, Non-Volatile Memory (Flash), Phase Change Random Access Memory (PCRAM), Ferroelectric Random
Access Memory (FeRAM) 728 D AEVER) N2> TUD, 2006 FEEEDOTEEIEL T, 1) ITRS2005 ORIE S
& ITRS2006 Update -~ 2) ITTRS2007 (2 7= BRRFRA 21 T-77,

Starting Materials Tl 450mm 7 =— OEARINEE /27—~ ThD, 2006 F DRGSO 1SMI
(International SEMATECH Manufacturing Initiative) (ZF> TU\AHD T, ISMI 450mm Pj DAL 73—THY US
Starting Materials subTWG @ Co-chair T3 M.Goldstein FeZ47X 450mm 7 =— DTV %1757, Biff
BREHIEREL 2250, 2007 AR IO <O OB RMiE T3 T8 ChOZENIEN /o7,

Thermal/Thin Film D EE727—~1 3 High-k/Metal Gate DEARHITIH5, ITRS2006 Update Tl PIDS (55
8B MM T-7=7 7 —MIHES\ T, High-k/Metal Gate 35 AFRED 2 55060 (FREIL) A3k E-T=, 2007 4
(Z7257C, 2 #1525 [High-k/Metal Gate > 2007 £E5EFIL] LW DBRFERA Y., ITRS2007 T High-k/Metal
Gate BRI BRI 70D,

Doping| 3, ZOERIAH PHEATRES, & —MEFL, RIEPEDIHIZ, MOSFETZEL/e ThHIRIE RIRETHD
DRMENHEA A AEAA VT =— /L KB ATREM A R 9 FE RO QDT ZIETHEGAIE
135 2 BT T EI T D, TTRS2005 Tl 77— MEkxiEmD Y b, High-k D ANEED 7=
A, SD-ExtensioniiDHEATRS DL EL /2572, 20064 2US FEPMDCo-chairlZ72-57-R. Jammy7s [727 1
27 1HE THEFEOMOSFETIZ#EH T DI IRV LEI 2> T ] UV RTETEEE L, 20065 LA RO EHZE
IR T —~ otz ZORBE LA ST T, 20064FESTR] WG3D i T —~ U THEGHANE Y RS,
S ND A BT HE T WG TH it S dama 772,

AEUMEHZBIL T, ITRS2006 Update CIEIREZRZEH I8/ 7=, 2007 £E1E, FeRAM (2 S0 5572 HiffL
YL LR OTEEE' >, ERD TWG (55 15 =2H8) 75 PIDS TWG (28 -7= /0773 F1/1 CMOS BEEHA 4%
UV B AREFREN VDR,

5-2 Starting materials

52-1 450mm ¥V =—/MRFVNEESERIRY = — BHEFIRE S TO 450mm 7 — RET

2005 FEIZIE 450mm V= — MRE INEEESDEIITIEEIL , BRZHEEA L., STR] V—2 vy T
WAL, 2006 FE Tl ZORESTREI)D SV SO HANRREAS K AR = — AN P R B &

' RBEBAEA BN L DL, HATNEH DM THFELRD2NO TR OIS L3t
? ITRS 1L bDE—R <y 7 THHDIZHL T, BRI THICE AR B D0,

76



DD smpksmo—rwoTSMEAS TH 18 FERE

(EHZER) CHRELIZICE Eo7o03, KK 5-3 1T J97e, EBRFRITHID A =T = — Bl a 42537
HIENTET, BAAL, FEERORHITHDTEAIN, 450mm ZEEEEE LT, 7= — I ZE0IAT o Fp L
LT V=&, ESEEREDNE, Fifi (Vo — 3K, B, =) (BT S, 2y F ey POk
EVANAENHDLN, AN =N 2= L TEB LT UL D72 R ED i, 7o — NELAMIB T
300mm E[RICELTZ, /o TITDONTE, Sy T L ALK HAD3, ZAURFEROEmEL T, Yl IHED
I T FRA RIS DL T, WEFERE L2 I0IZ, [ESOEELIIN R (R5R 5-1) DM 800 um LA EE7eD .
JEDIZ AL DL 825 1 mFREETind, LSI 7 e A TOBS I, 7— NEAB L OVESEAEMANEE AL 7L,
450mm 7 = —/NEARD HER L IIRDIRN e AR LT, HEIZIDEEA T, BIR 52 (TR 2912, 450mm
7 —/NTIL 775 wm 5T 687 um, 825 1 m /T 606 1 m E72VEIAT 300mm @ 134 10 m 5 KIEZHEINT5, ¥
T N\FRUT =R T 7 8 TR CEOFFANE DDA L D72 D IIRHILR[RELARE LT, £ T Dk,
450mm A=AV =—~\DIEXE, BT 300mm 7 = — E[RIUDETEVERE, 775 pm+o, £785, Vz—rN
DFEFUZDWTIE, HETHLIN, ERHOINIY = — RO T — 2 0F T L0V | fam CE/RD» >
77

900

\.

- 100
200
300
400

500
600

Wafer Thickness (um)
e 3 8
o o o
\
\
N \~
x\
\
&)
Sag (um)

500 7 —e— 300mm 775um
/ 700 —o— 450mm 775um
/ soo| = S
400 —— oo
V4 ool N T e
300 1000— ‘ ‘ ‘ : : : : :
60 70 8090100 200 300 400 500 -200 -100 0 100 200
Wafer Diameter (mm) Radial Position (mm)
BIE 5-1 T=— NEORR, W7 7y h X 52 JESOED 450mm 7 =— EAE 4
C. MR TERTEL, SRS 3 IR T KA T OE (Rfim) & 300mm ™7
AT AT T, T/ NDEE R,

5-2-2 Starting materials subTWG T® 450mm V= —/ &5}

HAD JEITA BEthlRET AV A1 ISMI Ot ti s 5& , i DA AlE—HL THY, 450mm BT
WIIARESECTH L, BEEBIRI D A =NV = — N ORI E £ RO D, ZOHE b EER DX = —
NETHD, ZOAtE, BT 300mm ¥ = — A5 SR TINOEV OB O TH S, ISMI #2530, BT 300mm
7= NEDD 50 p mEEZ 72 825 pm T, ZOHMIE, V=— " EFHAL T ETORDM S0 p mEBELI-E
V), JEITA @ 775 u m+aCa=>50 u m £§57—A T D, IEOY =—/~NER U RIIHERI CHARH7 AR
(ZZ L3, 200mm 735 300mm (A TL72EE 213 50 p m B2 572D C, BT 300mm 7 =—/NEF T A 50 4
m [ TEBOUOHIGE 52 5956 LR, ISMI BV ) e AT 2l —ar L TEY, IFEMUBRIREDLL 1%
A T H B ERISINZLE A HRIZEDEEA O RAMEEL T D, i a8 T E TR TEDNIT DN TITH
TZRFEEH IR DS, JESHME T & BT 9203 = — BRI | Ve — a3 AN, ST BRELR
FHURNTF72, T — A DOERFU DWW TIBEL 2T IUT DWW ESEE U TR0, bl Eo

3 T AT ARY L T AR 2 NEFES,
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FEamIL UL,

12 A2 ISMI OeTV 7% LT, FEARIIZIL, starting materials subTWG CTOigime R0 THHH3, ISMI D
450mm BWFAAIHRIAA D) T2, 300 7 T4 Lk 450mm (25T 7 3 AT ARSI CETU 72l
Z &, 450mm B TR ARIAE CHLHZ L, TN A— T —D 450mm BHFEFATED ROI 232 E% ISMI 2%
PR QB ZE, Ra—L—1a TSN T 450mm N RYL T T AR B AR T2 N B Z AR R
R et U JESERRL CE 2l nsbon Tz,

2007 4E 3 A SEMI LKA #—RAZ N a5 2 — NFEEA BT ISMI 350 450mm 2~ KU
T AN = PSRN VS DT ERRS ALY 7 4 — AFER D AGESHL, 450mm 7 = — NS DD T O
DIEFE ST, RV T AT 2 — NRITFRO ISMIAEETH D,

rhi JEITA ISMI 300mm
AHME () B (N E AHME ()
& Z(mm) 450(+0.20) 450(+0.20) 300(£0.20)
E&(um) 775+a 825(+20) 775(x20)
TTV(um) 10 10
Warp(um) 100 100
75w bR R (um)
IyPRIK TBD SEMIT/4 T JL—k | SEMIT/4 T FL—k
HEEx—o BIT/vF BIT/vF CGED IIF
EEELS $Bm GE3) B BE(JO0X08)
r9T—/\ID T7(;X2) A/NR—HDETIR—Y
BRERE FyT U591 FvF., 95voiL
REHFE

1. L—YAEY—IIEATay
F2: FPAITF=aA)yIDIEA T Iy
3 TyTigERMA LT

X% 5-3 JEITA K ONISMI CTHEL7Z 450mm AH =00 = — O FREEEL T 300mmSEMI £i4&, 450mm
HIEDZEMRX A=A = — NIV TEH S ChftiaeL TRV, 77y hR AR F B EIT Y =
— NEREE LU TEBETHH)S, SEMIMI 3 9 O = — HUETE HIZIZ A TUVRU Y,

5-3 Surface Preparation

2006 FEFERf—R~ 7 OREILIRELED IS T SOV T, W — 2 —~ — 7 DRIV Th D,
. FERELROT —7 AT A ) o T,

U —F—v =%, BT ar I ANV DEREI AR THET 272 Fo 7 RICEnbh ity 55
T\ AR AR BDFEAEL TLEIT0 | FAITHOED FTER Y, DFED 1 DY H—F—~—71% 1% DF
YTHFEBET DL U BT 1 AHELTIIGAICRB O T i KPR EA R TLED, o T, UA—4—
Y —NE V=BT BrLW D IEEEZRD) | ZNAVRSITU VD,

FIA L INZ T FREAER O HATFRE XX 54 | TRSIUTUND, 2006 FEEERROZEH L, [X3R 55 1 RT
IOV, BEESRTEEOEAMBRRED 2 FRELINT-F THD, TNLUINIEFREL Th-o7, Foshiicou
T, B IVZFEBHFE DD AL TUDAS, ARl B8R AEEOBFEDS, 2007 475 2009 F~BATT 55
(27T DS, REREH R THD,
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2007 2010 2013 2016 2019
20052006 | 2008 2009 |2011 2012 3014 2015 2p17 2018 2020 2021

DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

Interface control for deposited high-k
dielectric, 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

ZhZ 77

Dry chemical cleans
Alternative integration schemes

Removal of small particles without etch
of underlying or surrounding material
and without structural damage
Advanced non-damaging megasonics

I I 22 0 722 2 N - 1 - N

Aerosol techniques (cryogenic, fluid)
Advanced surfactants
Superecritical fluids
Cleaning and drying high aspect ratio
structures (e.g. deep trenches,
cylindrical capacitors)
- wetting structures
- contaminant removal
- stiction-free liquid removal
Alcohol-based drying
Advanced surfactants
Advanced non-damaging megasonics
Displacement fluids
Supercritical fluids
Gas phase cleaning

B Research Required S Development Underway [ Qualification/Pre-Production  E=55 Continuous Improvement
This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

(432 54 FKiEROA T 1fiE, TTRS2005(WAS)

2007 2010 2013 2016 2019
20052006 | 2008 2009 |2011 2012 2014 2015 2017 2018 2020 2021

Cleaning and drying high aspect ratio i i
structures (e.g. deep trenches, .
cylindrical capacitors) Co
- wetting structures E E
- contaminant removal Lo
- stiction-free liquid removal .

0

Alcohol-based drying i SRR
Advanced surfactants -
Advanced non-damaging megasonics
Displacement fluids
Gas phase cleaning
Superecritical fluids

B Research Required B8 Development Underway [ Qualification/Pre-Production =5 Continuous Improvement
This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

X 5-5 KIS A T, TTRS2006 (IS)
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54 Thermal/Thin Film
54-1 High-k 7" —M@EFiE

CMOS T /3 A AD7— NI L, DA — 1 Z R Cheb IR 238D — 21> CE T, 77— it
FREOD (BESU) T Ll 3ok b ERE M) 2 FE8 T A7 DITIIAR A RIREFZ TH LD Th D, LLIRNG,
FLRSND SIO, HUEFIE(EOT)I X Inm & FEIDHREFTREL T | HERD SION 7" — M CldiEszh L)
— BRI A — NN DOR R ZEEPRIT AP TEIR N8 | WEERIE )Y EOT (3 ks a]
RE7e ik s E(High-k)7" — MERIE L 225 TLD,

ZDIH 7D Highk 7 — MERIEOFZRU LANEA D), TTRS2006 Update Tl High-k 47— Mo
FER RIS RUES7-, TTRS2005 Tl TTRS2003 (ZHEAT 1 AFELERISHL 2008 AEFRALEUGETSIIZA,
ITRS2006 Update TIEIHIZHERASAIL, MPU 38X OV LOP [All 21344 2010 4FE A LSH7z, LSTP [\l 2008
FEEULEZEFITZ, (BFR 5-6) High-k 77— Mk oD PR R E TRV A s RSG5
DHHH, FERMERFA LRS-t el LT RG2S @ High-k &7 — MNERIE H RO ARARIIERSC
72 AE D Vih filfEl7aE TR~ EFRED - TR, 58481 Si0, X° SiON [ ZiE X #1452 High-k 7 — MGk
HIROFERIZITHI U DIRFEE B2 L EIARBEHRREN 2T DD,

High-k 7" — NI kT2 PEREERIA H OFZ24T 70U, 1) EOT = 1.0nm OJE G/ —R — 28 i3 Sio,
(THEART3~AMTER Y, 2) EEFREESF>10 (RIIIZIZ>20) | 3) SIO 2L 2 v U T BENEE, 4) R RZ DL
EVMHE Vth Z OV IEKETHIEITELZE, 5) SiO, LIAEDIRITL DX, 6) FREDZE M- FFEUE, 7) 10 FFFRE
ERAECED RN, 708 THD, BT, Poly-Si 27— NEMIEHIHEIZIL, 1000°CLLEDHEEL R —
PN NDGHR T E P CEDZENMEN 0D, Highk D\ NE High-k A% 7 Ot LCTld, S ERL)3 Sio,
TRV AR &R R aAY DIR N 7o BT HILA,

Year of

. . ITRS2005 ITRS2006 Update
introduction

2008 High-k for MPU
Metal Gate N

High-k for Low Powerq High-k for LSTP
N

High-k for LOP
2010 High-k for MPU
Metal Gate

[XI5 5-6 High-k 7" — MNkalsids UKL —NIkF% TTRS2006 Update 0028 5 A

FRROEROLL AT Highk MBI LT, Bali Ol HE A U SRS CE T, HERIA KL L Ol
DXGUNTT2 > TNDDIE T HO,, HION, HfSiO, HfSION Thd, ZOH T, FllDFEFEOUE T
HfO, & HISION D378 80%LL 2156 AFIFEZD 2 SOMBHIESILTE -, HISION J5i Ikrhlc 253548 A
T HZEIZED 1000°CLL EDIHBWENSHI, 16D CMOS 7' AL DA MENIEF I BAFCHHIED R
ORI TdD, HRO, 1% HISION (ZHAFFEBRNENZENREL A R TC, ZOFER, A7 —V 7 AR
725, it HO,, HfSION OFEX IR TIE, EOT<0.9nm @ Poly-Si %7 —hA% 7 TU—7 it SiO, 12+
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SITAR VR S, M1H D EOT JiF LEERI 6L T 072 MEREDME DI TS, 2, v U 7 s
(ZBAL T Si0, D 90%FREEDEARESIVTNEY BENEICRIL TR MBI TCEEI T | OB R IHIZE T
HD, FIWMEFEIED B2 T —2b S od 5,

Hf 5% High-k 77— NERIEO I R OFRREIL, Poly-Si 7 —R~72 U 2X D Vih 73 Si0, 527 — N EE IS
FULNEN) FTTHD, FHZ PMOS @ Vth 23 0.6V LLEEE Y, ZOBIGH IV o2 [Fermi level pinning | SFFEAL
b TIHD, Fermi level pinning D AH=A AZBHLTIE Poly-Si/HfO, > Si-Hf FEAITHEIAT5HDELT
2003 £ED VLSI L R NCHRAINS A SIS, F7-., High-k AP OFESEZE AR AL TIUCHED BB Y
T IVHIRRSN TS, HE 5% High-k 7' —MEA V=R 2220 Vih ABBIZREL Tl SiN v 7,
NI B—=F X RNV =T SDUNTT v BAAAENRE DFENPRESILCND, FTo, Fali Tl Highk 7 —
NifREE 7 — NEEARE O SRS EEELGEIRESAL T, ZOBLED G HE R I La Dt
TR RPN HE SRS OHERIA 5T 2 7B 72 8 MRS QD

54-2 AZ)V7—h

7 —NEREHZBEIL COREROA 7 —U ZIZBAL TREWTF YL V3D, 1EKD Poly-Si 7 —NIxL T
37— N2 AL QOKLEERBY ., Poly-Si HOR—E L 7R RS QUi iudiabian, Ln
U720, EREECANHIIS R — 8 7 &40 Poly-Si FERROTEMA VAR 37— NIRRT U = H A~ DAl
YR (GREHT) DBLED ST BRE L2 5,

FREDIHIRTRANNZ 72758 Poly-Si 77— MNEMRA 5 | EHeE L T EITEEITHLDN, 7 — MEZ R
AR (Z2x T ) Z5e 2T 2 FBEL T AV —NEOBRANLEEND, A7 — TR
LTI, MEIOBGATR D ISR E B 2 HD, LU G, MPEHIFSEERSE B Ttk 2 72p Bl it b
TWDH, nMOS L0 pMOS [ 2k Dkt T 72 a2 ADMELIL T Vel RIS REIRS LD,

ZOIH 7RIS F T, ITRS2006 Update ClEAZ /L7 —hOSEAY IO ZS XA, TTRS2005 Tl 2008 47
Th-o7-REA3, TTRS2006 Update Tl 2010 FHZSEE0 47z (KI5R 5-6) . High-k 27— INERRIROD L A RFHZS B L
BT, FEP IR REMRET R ThHD,

AB N — NEMO TR O ERAEIL, 7 /A AFESEMHP, LOP, LSTP)ff, SHIZT /A AMEIE(/ IV
FD-SOI, Multi-gate)fl SHESIL T VD, ZHHEITL 22— at NI BAERT LT PIDS SRSz

* S. Inumiya et. al., A thermally-stable sub-0.9nm EOT TaSix/HfSiON gate stack with high electron mobility for gate-first
fabrication of hp45 LOP devices, [IEDM Tech. Dig. p.27 (2005).

> R. Jammy, Front end of line manufacturing technology, IEDM short course (2005).

6 C.Hobbs et. al., Fermi Level Pinning at the PolySi/Metal Oxide Interface, Symposium on VLSI Technology, p.9
(2003).

7 K. Shiraishi et. al., Physics in Fermi Level Pinning at the PolySi/Hf-based High-k Oxide Interface, Symposium on
VLSI Technology, p.108 (2004).

¥ H.N. Alshareef et. al., Thermally Stable N-Metal Gate MOSFETs Using La-Incorporated HfSiO Dielectric,
Symposium on VLSI Technology, p.10 (2006).

? X. P. Wang et. al., Dual Metal Gates with Band-Edge Work Functions on Novel HfL.aO High-k Gate Dielectric,
Symposium on VLSI Technology, p.12 (2006).

1S, C. Song et. al., Highly Manufacturable 45nm LSTP CMOSFETs Using Novel Dual High-k and Dual Metal Gate
CMOS Integration, Symposium on VLSI Technology, p.16 (2006).
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DR PEREERAE A3 i R A kD | A R ER D BRNIISHREE L I2b O Th D, (T
RITEEDOS T —EDAFRIHE LT=D1L, HkDIZT AN — M R LI SV ELE T 72h O
ToD, ) SNT T IRAAZBNTUL, 2N Ry P AL LEECHY . NMOS/PMOS TV E L) gy
il F-Hr DD 0.2eV ANOREIDSLEELZ2) WD DT 2.7 )V AR V7 — N FEBLT AL 85, FD-SOI
& Multi-gate F72 P AX | ZERESNAEFRIIIS Vs O/ Ry 7 DIRE FRAFTOEE 725,

PLEDIHNTUTHORE 107528581230 High-k/ A% V47— NERi% FAV 27— R A 32 DO FRAEET
BHELI—HEVIEZAFETHRIEN, ZO7 A A MR EFMEOMEA SR I TlH T, 5eadE ki
97 2= R\ TFFEL TR DNFEETHD, 2O FEO I, 2007 FE9JEEIC High-k/ A% /W47 — Bz
N =R D % T SZR D T T A3 2 #EpBR S, ZHUSHRO, RO — R~y LI A T
B UGETOEENEED D 2dD,

5-5. Doping
551 F—EU 7 EIOMESITEE%

ITRS (2T DR —E L T HIRONGE SIS ZRDTD | ITFFDOR— R~y 7 CR—E U 75T D EERAENE D
I TODE T, TR 57 ITRLIZODIE, extension (SDE)DHEATRSDERIEDEETH D,
ITRS19997°51TRS2003 £ TIFT — RO 2V NI EE R RONDHH DD | TRSIZEIL TIIREAZE I 378
W, LLZRAS ITRS2005 Tl #EADESICEIL CTESRIED BRI LS D 7> TS, ZOZEH T,
ITRS2005 “C High-k #faoE A RHHA 2008 4RI AZEIL LIZBRIC, 7/ A A ERED M) EA R LIl T
DIZHTIIBDDHN, DO FIT, THIET OERNEE DO FEBLRTEEMED H ARSI~ T LRS- Z e DD,

50 —O- ITRS'99 1
A —+ ITRS'01,°03
£ 40 & —— [TRS'05 1
Y0 130nm node
X 30
4a
paud
S 20
0
&)
10
0

100 80 60 40 20 0
HPOWEE7 — bz (nm)

[X|3 5-7 ITRS Update (285, SDE BEATESITR HERIEDZNE
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L2sL72738 TTRS2005 YRR REDZDFEFAN, 20D 1 FETRESE LT, 2006 4L, ITRS (28U THEEsy
HYRUGE T DFAZIHTZY | £ DBENTEAAN I TZLRAEIZBIL TORO—FBOBEDIATLE LD HIHEA
ThD, FEEER—E L 7L COROLEIT D -7-b DD, notes 12T, TBIZFEH2T A AMEER B2 D
ZeDMENEE | FNETDIAATE FIELAS 2007 FEOBIE CTESIL TS | &), ITRS2005 DFCl ZH IS
RIFHZEZFRD DI 7GR DB IS,

ZHUIR—E T LV HARZ I T, SEBUB DIEEL  FFlE M) AT HERIAR I TEDH DD, FRRZZ
DOYERUBE ML X115 MOSFET (23 YT, SEBUB D A& TR L= 6 & <RIt a7 » A V& SEEIL . R
T HZEDMED TREECHAHZ LN, BD GRS AEREE 2 HID,

TR bEDIHNREEDO T, EOIH T a7 7 A NV EHTHESETERRL QK ZED, BLER) DT A
ADEMERE IR I CThHAIM TG D28, R—E L 7 HHfc B Wz ECTLL RICEEI 2> TE T
l/ \50

SBITE ITRS 12BN T T, R—E 7 HAROHEME I IS VAR ETEENTERY, BUKER 57 IRL-E
g BUWESE BT A2 LT A A EAE L CD T Ty, MOSFET h—#/L &L CoMgREm %
FHF A0 D /D 3L TR —E UV HAIHEZ AV ERH D,

FZTWG3 ELTIE 2006 FEEED FERRERE-EL L TR —E 7 HAE B _FF . WG3 A3 — BLUNR—F
T EZRBRICHE D > QD T &2 IO T U I BRI A A1 T o7, LUT . LR DX —47 ok
i, R—E 7 e T =L T AR L VR, ST AREBARROZ U HON T, TSR R A0,

5-5-2 BEA~DERELZDFIRFTREM:, BL OBk

V= RUA L EIDBERIZ I T, TV AT L a ATRS(X) M O — A RLA AEERSMRE N v
AL FEAARB UK, $26Y — 7 B, #28R BB EICHH RSN D, FHIITAE, SION JROESA 7 — N
TR O LREEL 22> QDT | NT2 VAR 7 — MEEERFE(CV) DI e /2 T v LV RIZiR
BRI DI AT v al HATRSIE. xj ~ 03 Lg (Lg 7 —NERE)EIEFITESHESN TS, £, 7 a7
TANDZIEZIZEAL T, [Steepness (nm/dec.)37" —NEMED 0.11 5] LV OR—Rvy 7 D HEEBBITTHE,
Bz X SDE/chJBEELS 2 HIFREOSE, 30 nm FRED S —NEME CIZ T v/ VR OIIl XL 2 &
DEGERETED, A7 07 7 A ATEMER TAR SREAFL QDT EITIALEIHILTEY, Steepness 1]
DT DIZIHEHA LR D —~< LY = "OARJS WI T 5703, Spike annealing FEATOEALIRE, BEEAZR)
ROBDFHEITH LGS TCODEILE XK THD, EZTER, A7 By MART A — L HAC
Halo EIRAMRASIL, I AT L al AA R ICHTET 228 TRF v AL 2RI RISV TOD8, Tk
IO RBFIE THD, SHIT Halo HAITCIE, 7 —MEEIZHL TR AV B EDHRINIKELI2 D728
Sub-threshold slope <> Drain induced barrier lowering (DIBL)DZ L&D Z E MR 4TI D, AT Halo HAF Cl,
PR OREIMEE KR L OBA R BSOS — V7 BIMOERNREIND, BIZ X, #25Y— 7 BIROHE
LRI, poly-Si edge %5378 99%, ESHIRLITAS < 1%, STIedge ik < 1%FEE THDHEDFEN DD, 51T,
poly-Si edge il CIIIESERAFMED72\  Gate-induced drain leak (GIDL)EEFAS KA THY, FHZ LSTP T/ 31 A
THRARETHD, ZOIINZ, V—A - FUA VIO S TERIZEAL TS E iz VT

" 'W. J. Taylor et. al., Junction specifications for the 45 nm node, IWIT, p.62 (2006).
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Steepness [71]_EERESBEFIEANE BT HIENROLILTND,

ESITITAE, NI P AZORHE TS L TR, i CRMMIR SRR X 12X D T2 Bk
INTEBPEESTND, UL, ZOIH 7R RIEIRRE NTY OFHiil BT A STk b o iEa Btz A
WNTNDT28 | MBI TRT Y VRSB EE 720 | RN T YN T A LIIBRABE TED,
ZI T AEIES O EEARL 7oA A AEABITORE LA R AR B a - =y A7 o La s DdE
AL FERRFIOIRIBI LSR5, SHIT, NIRRT Y LT 0 2GR OB 8T 528
DRHHIVTND,

I, R P AFFARBUCBL T, T VB A DRI E D S B bR 3T v A L0 E)
FERIET D085, TIAT L a SERO T UL, MU DU AZ DA ARHID 3%RETHY, T551%
INENEEBZ GNATEND, BERTRS(FT Y V)L TARBUBREIEE T ZBIL T, n/pMOSFET EAVEN DT
DA BRMEREDBLED DR — R~y TR DB D, ATz 2007 FECOKIELSGTIRIZIE, 2
DL BLR ORI LB ThHHEE 2 B,

UBARBIAZHRIL TUE, Y — R KA U AERE OB TN 32 FA GRS — R - R LA L fEl O #2
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2 HH BAF2 T AERPUED SO0 TOD 28, IHIREI T NiSi R kI C koA ) — 7 i ) figs
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Symposium on VLSI Technology, p.156 (2006).
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—HBFATL, FROWTHUCH RS LR MERUE DIERU 1EE L T, T RVEEIBIC AN AZF SN DT E
% HiEL T, pMOSFET OV —A/RLA AT in-situ AN R —"7| SiGe J@4 HOIAT e F1EDSHOWGILTUD,
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16, Zaima, O. Nakatsuka, A. Sakai, J. Murota, and Y. Yasuda, Interfacial reaction and electrical properties in Ni/Si and
Ni/SiGe(C) contacts, Appl. Surf. Sci. 224, pp. 215-221 (2004).
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&7 NMEHE ARG A HY  n BB IO p A= 27 NG 25 L Clray e — RS O
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(5 5-8 AFES U ARDa 27 MEHEE, n L0 p B Si fLi50E
(BT DASHIIIEE T, T 24 2E20em™ 35108 1E20 e,
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WEFECTHDHZ ELFHES T, ITRS TR TIELRAEZ 03 e > TLES T8O DD, LINLZRRBR—E 7|
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T, SFESF o=y N AR USRI AU TSN D Z LM, FERMN i~ ae A R4
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5-6 Stacked DRAM

Year of
. 2005 2006 | 2007 | 2008 | 2009 | 2010 2011 2012
_Production

DRAM M1'-
pitch (nm)

Dielectric | 40 | 50 50 | 50 | 50 D 50 | 60 | 60
—

80 70 65 57 50 45 40 36

__constant

Capacitor
WAS Dielectri AlLO,, HfO ,, Ta ,0,

Ultrahigh k,
Ta,0,,TO, 9N

Capacitor | AlLO

23

Ultrahigh k,
IS | Dielectric | T2.0.

new materials

[X|7% 59 Stacked DRAM A JJfED LK, WAS |3 ITRS2005, IS (& ITRS2006,

ITRS2005 T/ U 2R END RIEL A T4, HIO2 BB J1fRD— > L CH AT, EDERIZ,
MBI DA A EFBERDIA S DIA T IVEL T, ZhUE, B— Ry 7 07 —7
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5-7 Ferroelectric Random Access Memory(FeRAM)
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fHfET—R R~y 7 LD FOEBNZET NS,

1. 22— —[REICLDHMTHLT-D, FEOFEHIEH DALV,

2. HiGHZHOETRARIZY 2V 7L TRY, ZOFERICTHEEIin— R~y 7L TREN

3. BRI L THLN, T DA CHfE Jiko CODEEDZEL Y,

FeRAM OFOHEIL STRJ PIDS 73 FeRAM A— I —I|KHALT= 7 L7 —hOFEFIIE SN D TH D,
ITRS2006 -7 77 —MRIZIT 5170285 MU, Fifah & A+ B BiFeO;, BFOYA FRIZNNZ 72Z&Thd, 2005
FERROOIE A GBI T 30uClem’ Tdho72, BFO Z VAT Y/ SU 22k~ BT R 100pClem’ & Al HES
L7z, PLED#EERICEE S ETENZ FeRAM OIS F ORI 5-10 1257,

ITRS2007 A2 Al CORRAL L TlX. STRJ PIDS & FEP D&~ —Z FeRAM DOkGHIFTIAD 2T BN 5,
FTYIRDZ L2030, AT 2 48D A PE 1 JTEE D EEE D ATV CTH#EHSN A RETHD, LT 2 #1

DOHELELDOFED FIFHMEZ TUND, 2005 FERROZFIZ AT 2 #HOBFEEFAL ~L 3 A ELCOAD T, 2007 i)
DROFFEENMI 72Dl b,

ADD

Although BFO exhibits a large polarization, it also requires a higher switching voltage which means that the film
needs to be thinner or possibly doped to accommodate low voltage operation. Since the ferroelectric properties of each
material have improved in recent years, it essential to master the material processing conditions for the ferroelectric

material.
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WAS
Year of First Product
) 2005 | 2006 | 2007 [ 2008 [2009(2010{2011|2012]2013{2014|2015({2016|2017{2018(2019]2020
Shipment
Ferroelectric Materials PZT, SBT PZT, SBT, New Materials
N PVD, CSD,
Deposition Methods MOCVD, New Methods
MOCVD
CSD — Chemical Solution Deposition
PZT —P(Zr, Ti)Os
SBT — SI'BizTazOg
IS
Year of First Product
) 2005 | 2006 | 2007 2008 |2009(2010{2011|2012({2013|2014{2015(2016{2017(2018]2019(2020
Shipment
PZT, SBT, New Materials
Ferroelectric Materials | PZT, SBT
(BFO)
» PVD, CSD,
Deposition Methods MOCVD, New Methods
MOCVD

PZT — Pb (Zr, TO;
SBT — SI'BizTazOg
BFO — BiFeO;

CSD — Chemical Solution Deposition

[X|# 5-10 FeRAM m—R~~7" (ITRS2005 MDZEFE i5)
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FEP WG 2006 41, 1) ITRS2005 ORI sdhHE TTRS2006 Update ~D Kk, 2) STRJ M ETFEIEL T
U =—/ KA, Highk /AZV7 — N, SV ARZETRABEG BN, FeRAM OBhAIC DU THLRFRA
1107,

AN T, FRCY =— K OE b, High-k /A% V07— N, GBI BIL TIE, BURFRA S H
Z PN CREHIL 72, 2006 AEFEIA T 7 BUIRFHATZ R CL €, ITRS2007 % JVBLEANEIT T~ | Sl
LCPLOHE0THD,

A
A DRI T TR0 75 2\ S S 725 U, Vi =L,

=V@INZ/As T ArEm
20064 7HSH FeRAM #fif7 FEFREAR (A M ERs)
8H9H 7 =—/ ® Edge Roll Off A MEA (& 1)
9H12H  Highk Metal Hff J=EARUR (NEC)
Z High-k " Metal Hff7 AR (V=)
9H21H  AHEAHN BIHPER L2727 /ay)
I Silicide Ffft AR )
11 H15H  Doping £/f7 Aiihts ZF5 K (SEN)
I Silicide £i7 FIEHLR (4 BT
12A7H  ISMI® 450mm Project Michael Goldstein X (Intel)
20074 124 H  Schottky-SD Hff7 HEE R RE)

91





