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ITRS (International Technology Roadmap for Semiconductors, [EFS-E{AH i —R<7)d, BN, H

A, HE, B CKEOHR 5 BOBMAZ AR O —R <y 7 Ei#nL T, TORMFEEELDTH D
ThbH, HARTIT, AEFEN B REMEE R S RITA) P8R n— R~ 7 B % 5 25 (STRJ)
INREINTIY ., ZOHTOHREMFIRE FIL ITRS OIS TG, R i 2 it
(X276 ITRS 1 2 RIS 1 EEOR—ATREUGET IR (Edition) 24K L . DO FF T, dGETIR(EGT
Wy DIl LD T-E RN AT DI LTI TUND, 2006 FH LG TIREVER T 55 CTdhD, 2006 40 12 H
4L 12 A5 HD2 ARENZHIZD ITRS OEESZHEEITRS Public Conference BRfESIL, NAZMEE T HEE
BT MEA LA S R TR E L, ITRS 2006 Update D4 IV =7 ETABISIL TS, ITRS £721% STRI
DY =7 YA NN,

http://www.itrs.net/

http:/strjjeita.elisasp.net/strj/

1-1-2 SR L R

ITRS 2006 Update DFSAI LR RiZ, ITRS 2005 FERROMHIM LI R EFIC T, ZER 3700, Rk
RZ5 728, DRAM, NAND #1755 2 A MPU/ASIC 728 0uyy 78IRS N—T
Fx, ENENIIRTHIEEL,

AEPERHAGAE 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 2012 | 2013
DRAM Metal 1 ~—7 £ F (nm) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 /~—7 £ F (nm) 90 78 68 59 52 45 40 36 32
Flash A€ Y poly-Si /»—7 £~ F (am) 76 64 57 51 45 40 36 32 28
MPU U Y757 4 =D — M (nm) 54 48 42 38 34 30 27 24 21
MPU #8895 — bR (am) 32 28 25 23 20 18 16 14 13
PRI 2014 2015 2016 2017 2018 2019 2020
DRAM Metal 1 ~—7 £ F (nm) 28 25 22 20 18 16 14
MPU/ASIC  Metal | /~\—7 £ > F (nm) 28 25 22 20 18 16 14
Flash A€ poly-Si /=7t F (nm) 25 23 20 18 16 14 13
MPU U Y757 ¢ =D — M (nm) 19 17 15 13 12 1 9
MPU #E)5"— Mg (um) 11 10 9 8 7 6 6

XI55 1-1 ITRS 2005 EROTHMERL >R (ITRS 2005 @ Table B %5 | ) ZO #4513 ITRS 2006 Update Tl
YL VA AN
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P17 1-1 L1312 1R T892, DRAM O/ N—7EF 13 2004 400 90nm AR LT 3 22812 0.7 fi%
D= AT EAHET 2L L TUD, NAND 7 T3 2 AR ORI DU T, 2004 40D 90nm 2 i
LLT, 2006 AEETIE, 24T 0.7 f50-— AT, 2006 LA IE 3 45T 0.7 f5D— A THihL T b EL
TVD,

MPU/ASIC 72X Ou o JHEFERIK DT 27 /1 — J—RIFFRMCOW T, FAEO T LAV — R0 58 55
TELNTODELO (U, (B 7 ) —RJEFESZ LT D) BNVEETO ITRS DIEFEE B2~ T2, [l
FHELT /=R EWOERHZM > T2z I ELE 52TV, Thyy 27 /—R 10 65nm, 45nm, 32nm |3,
ITRS 2005 DFETIE, #EAA, 2005 4F, 2007 4F, 2009 4EITHY 3%, ITRS 2005 LAKE, [77 /00— /—R | &
WIS HERIDRNZEIC U, [aYy 2 ) — R EOIRFIPERS D L2 HIRL 5,

M#E1-2 DT 7 /0y —H ANV (TTFAL =3 0.7 fFICRDETITH DO L L TERSIL T
%o BrAROB L AMAMED LITHIESIND)E R TWODIIT TIER,

2005 (’05-°20) ITRS Technology Trends DRAM M1 Half-Pitch : 3-year cycle

Year of 2001 2003 2005 | 2006 2008 (2009 2012 2015 2018 2020
Producti 2000 2002
oduction | 2° o 2004 2007 010 2013 2016 2019
Technology 151 107 80| 71 57 | s0 4
- Contacted | 180 130 90 65 45 32 22 16
M1 H-P (nm)
2-Year Technology Cycle
{[‘98-’04] 3-Year Technology Cycle
/
2005 ITRS Flash Poly Half-Pitch Technology: 2.0-year cycle until 1yr ahead of DRAM @65nm/’06
Year of 2001 2003 2005 2008 2010 2013 2016 2019 (2020
Producti 2000 2002
oduction | < o 2004 2006 2009 2012 2015 018
Technology - 151 107 76 57 | s0 13
Uncontacted 180 130 90 65 45 32 22 16
Poly H-P (nm)
2-Year Technology Cycle [’98-°06
{ car Technology Cyele [ : 3-Year Technology Cycle
2005 ITRS MPU M1 Half-Pitch echnology: 2.5-year cycle; then equal DRAM @45nm/2010
Year of 2001 2002 | 2003 | 2004 2006 | 2007 | 2008 | 2009 2012 2015 2018 2020
Production 010 2013 2016 2019

Technology 157 | 136 | 119 | 103 78 | 68 | 59 14

- Contacted '\ % 45 32 22 16 '\
/TIH-P(n

3'2'“1{‘ ~  3-Year Technology Cycl

Cycle] / =Y ear 1echnno Ogy yC (]

Note: Fastev introduction of half-poly pitch from Flash is expected; Boubling of transistors every 2 years from MPU/ASIC is”expected

[XIZ%1-2 ITRS 2005, ITRS 2006 Update (ZLAH6H LR
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DRAM 2 Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 2 Pitch

FLASH Poly Silicon % Pitch
= Flash Poly Pitch/2

= MPU/ASIC M1 Pitch/2 Poly
Metal Pitch
Pitch |
le—>
< <
X

X

X

%_/
- 8-16 Lines
Typical DRAM/MPU/ASIC Typical flash
Stagger-contacted Metal Bit Line Un-contacted Poly

MF 1-3 ~N—TEYTFDERE

N=TEYTIIRER 1-3 DIINTERSAILTND, LLRTOEFE TlL, DRAM & MPU/ASIC O/ ~x—7EYF D
TEFENE 25T TTRS 2005 LARE, M# CRIBROEFRA I ZLE LT, NAND 7T a AEVIZES
WL BATLANTO poly-Si DT —RERDO/N—TE FREETHY | Zivk/ —T7E v TFOEFRELI,

X5 14 1 RTENC, JeAT 2 AEOABEREN A FE 1 HEEBA AL T, AERBFEL ERL TQ)D,
ZHUFIERDEFRLFL THD,

ITRS DAFEDFRIFAEFERAATA—ZTIERRL TUD, Bt R REERER IR BHRE D 7= 21T, A= PER
BEAELARTC B ED 7= ORGEILE N MELL 70D, 7o, EPEFIIAED 2 AFFEEERID, il -8 k%
FEIAIE OB RN L TRESIUILOHDSM, 2T ITRS OFEEFETHLOTIH R, Zbitk
DEFLFIL THD,

Production Ramp-Up Model and Technology Cycle Timing

100M
Development Production "
10m | ‘)
= 20K _
= =
MT o
s {x 2
= v )
9-“1100K ¥ Alpha | Beta | Production 2
o Tool | Tool Tool 1200 =
210K-IIIIIIIIIIIIIIII F o
S First rst Two {20 E
Companies 3
1K F Conf. Reaching >
Papers Production 12
1 1
-24 -12 0 12 24
Months

X3 1-4 APERRARTFDOERR
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1-1-3 V757 4—

ITRS 2006 Update TlE, /~N—7E>»F 23 45nm & 32nm D A TREDHONDY Y 7 T7 4 —GAfi DY AN ZE T L
7eo MHEARES B — BRI Z AT, 1193nm RIZELAN I ETEUV ] TERZRD, 5 B2 2 1193nm %
REAf Al 7 —EH AN —= 7 | ELELT, (M3 1-5 2)

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

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

| |
[ _DRAMHalf-pitch ]

193 nm
65 | 193 nm immersion with
water

SN
N . | |

I
| [ Flash Halfipitch |
I
I

45 nm immersion r;?:‘: \\\\\\ 3 3

EUV
P9 193 nm immersion double patterning Narrow | \‘\\j\\\

193 nm immersion with other fluids and lens materials

i
ML2, Imprint !
| ‘
\
EUV ! |

SNANNNNANN

78 Innovative 193 nm immersion
ML2, imprint, innovative technology

Il [nnovative technology \

Innovative EUV, ML2, imprint

I Rescarch Required I Development Underway [ | Qualification/Pre-Production  [N\"\J Continuous Improvement

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

F 1-5 VY7 T7 0=l K, PR a L H,

1-1-44 7 bR 7 a2l PIDS

ITRS 2005 £FhfiiClx MPU/ASIC 728 Duy Z8EFERIFKIZ351T 5 High k 77— MRS ARERZ 2008
LU TUZ3, 2006 FFSGThRCIE, mitERE (HP: High Performance) F &AKE){E#E /7 (LOP: Low Operating
Power) FIZ DWW CEARHAZ 2 FELH 2010 L L7, KAK /XA J)(LSTP: Low STandby Power) D
EONRFIE 2008 A CEEL TRV, (K5 1-6 25 )

ITRS 2006 Update 73ABRSHLZ#4. 2007 45 1 A 12725 T, Intel & IBM %3 High-k 7" — M4 2007 4
D5 2008 FZONT TEALT D8V T LAV —R%72UT2, ITRS O 2007 £ CZOHZ EHFIMITHOU
TlE, A% D ITRS OO Ciliima D 720,

MOS 7P AZIZBIL T, 2008 FLARE, EEOREEDMHFES D ATRerED @<, B rto Ik > Tl
USSR SIA L FEL TS, ZORINAE / STL L R AEND SECEBIL CUVD, /3T LR RE N E X
JFIXITRS 2005 TR TILZAY, ITRS 2006 Update ThZ i ABKEEL T, 72721, mEREH T,
SERZEZ IO SOI N7 P AKX DE N 2 AR LHC 2010 AL L7z (MR 1-7T25 ),
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( High-k/Metal G A B 47 FD-SOI @ HP )

HP/LOP: 20084 = 20104~ 20084 = 20104~
LSTP :20084F = 2008FEMEE

First Year of “Volume Production”
El}lﬁl}l o |2DP5| I2IJ|1IJI I212l|15I

-

2020
L1 L1

Strained Si (HI Lp)

] 2006 PIDS Changes: Delay
High k Gate Projected Date of
Dielectric I Deployment of Key
Metal Gate Innovations by 2 years for
Electrode i HP and LOP, not LSTP.
! Driven by concerns about
Multiple Gate deployment
MOSFET i

Driver: @E\ = High F_erf:::_rmance -(I__F' = Lm!v Fc_:wer
_ Applications \__/ Applications

[XFZ 1-6 MOSK7> P AZ OFHIEAMT OB AR, FEEE (HP: High Performance) H & K#EIERE /7 (LOP:
Low Operating Power) /122U T High-k 7" — MifxlEe 48 7 — NEROE AR A 2 FELE 2010 4L
U7z, ARAK 731 (LSTP) FHOE AR I A 2L,

Year In 2005( 2006] 2007 2008] 2009201012011 2012] 2013] 2014{2015(2016( 2017 |2018] 2019] 2020
Productlon
Physical Lgate
(High nm 32| 28 25 22 201 18] 16| 14 13| 11| 10 9 a8 Fi 6 5
Performance)
Planar Bulk >
CMoOSs
Delay |
UTB FD SOI [ = | 2006 ITRS >
DG or
: P
Multiple-Gate

Multiple parallel paths reflects most likely scenario:

«Some companies will extend planar bulk CMOS as long as
possible

«Others will switch to FDSOI and/or multiple gate earlier
«Initial deployment of FDSOI is delayed in 2006 ITRS

«Ultimate MOSFET is multiple gate

« Similar multiple paths for low-power logic

XI55 1-7 PERE (High Performance) MOSFET D1 —R < 7128115/ 3FL )L A(parallel paths), 55422
ZIED SOL T P AL DF N2 2 FFELET 2010 L7,
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318(R) 9:45-17:20 PEEEHRm—Fvy7ERERES| F—5
FITRS 2006 Update iZ 755 %D LSI HAitD 7 HE]

9:45-9:50 BHEOEE FN FHE (STRIZEEE: HY)
9:50-9:55 SKREZHRE A —BF K (RAPEES BT RECR R 2HE)

9:55-10:25 International Roadmap Committee (IRC) [TTRS 2006 UpdateDHf%E )
AN FFE (STRIZER: HE)
Session 1
10:25-10:50  Process-Integration and Device Structures (PIDS) WG [2006 4 Update DNZEE 20074ERK
(2} C —High-k/Metal-G DFEARFHIREL— | HH KA (WG6 V—4: MEX)

10:50 - 11:15 Emerging Research Devices (ERD) WG [HT82E 7 /N A —More Than Moore &
Beyond CMOS D&z Ji— | A BES (WGI12 U—4: BEUK)

11:15-11:25 Emerging Research Materials (ERM) WG iR EL —ERM OAa—7 LiE#E) 5Et—)
SEEP i (WGI13U—4: & 1)

11:25-11:40 Session 1 EEEILE

<Br> (11:40-13:00)

[X# 1-8a 3/8 D STRI V—2rvay 7 -7 ur 5 (1/2)
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H NEK (REKT)
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Session 2
15:20-15:45  F2E WG PRy —U AN OB —7 U2V IO/ NEE - mERE LA
SiP £t —] FH 572 (WGT U—F: L3P RT7/my)
15:45-16:10 777NALT7L—ar WG [AEFEMIIELNE S REEhR T30 vt —k 4R 300mm
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16:10 - 16:35 ES&H WG [EREEMHIN D LS8R TIGORRG — A% OREET )V — T 77
a7k —) Kbk Mz (WG9 ZE: NEC =L7hr=2X)
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MFEUE Y, SWG I BN BeFEAET B E Ol SF W EE (TF ¥R R IiARh=2X)
17:00-17:20 Session 2 BEEEE

X 1-8b 3/8 O STRIV—2ay 77T (22)

3/9(4) 9:45-17:00 [EfEE o —N~oyERZES] B 5
[ITRS 2006 Update (2375510 LSI EHD T ]

Session 3

9:45-10:10 Front-End Processes (FEP) WG #2804 —Hi7 o A g Lo Akat—
b ¥ (WG3V—4%: NEC =L-/hn=/2x)

10:10-10:35  Fd#R WG [STRI-WGABLA) HE — A LOTEBEE Beyond Cu/Low-k DJEZE— |
i S (WG4 BR: v RT7 /)

10:35-11:00 VY7574 WG a2 EUVAN? —k1:0.25 DEEZFDEZ HDh— |
PN B (WG V—4": &1iH)

11:00-11:220 ApmET—/WECC WG [EHRARA AT O LN NIE —H7 70 DHEA E R EfFR TR —
RS — (WG Y7V —4": &)

['WECC OBUREAH —WECC n—R~y 7 AAMOLFE— | #EE(WG11EE: B
11:20-11:40 Session 3 BEHiEEE
<BA> (11:40-13:00)

R/ NE B
13:00-14:00 #RHFMENFEE 25K [TTRS under the Increasing Complexity —In Search of a

“Global Brain”— | WIS 2 K (—HERE)

<fREE> (14:00-14:20)

X# 19a 3/9 D STRI V—2rvay 7 -7 ar 5 (1/2)



D) susmmn—rvyTuMEESs TR 18 FEHE

Session 4
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ZJ MR (WG11Y—%': NECTLZhr=/X)
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