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ERD: Emerging Research Devices #FEZRT/\1 X

ERM: Emerging Research Materials #riEZT4 ¥l

EUV: Extreme Ultra Violet

FEP: Front End Process (ITRSOEDABTEHD)

High-k: EFEXR(LFEXRDIEFELTKEFEIZEM D) IEEIKE, MOSFETHD 7 —MEZIE
ITRS: Internatlonal Technology Roadmap for Semiconductors ERFEAFEMO—K< v

JEITA: #tFHEAN BFIHEHRBIMEZ S (Japan Electronics and Information Technology
Industries Association)

Low-k: {EEEBR(LFEXRDIEFTLLTKEE>1D) 1EZIE, L EERBEMRAEEIE

M1: Metal-1 &TE (1) DEEERRE

MEMS: Micro-Electro-Mechanical Systems

MPU: Micro Processor Unit ¥4-070tv4

NTR7§: National Technology Roadmap for Semiconductors KXE D SIANRE L F-F E XM O—F
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« PIDS: Process Integration, Devices and Structures (ITRSDE®D % &)

e SIA: Semiconductor Industry Association XKE}ERTEL

« STRJ: Semiconductor Technology Roadmap committee of Japan FEFEBEMO—FYyTEME
8%, JEITAYERKTE FEABWEEST DEMEER
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ITRS 2011EfRDERERE. STRIDWG SR

1. Executive Summary
2. System Drivers=ssssssssssssasssssasanssssnnnnnnnns WG1 &t
3. Designesressssrssasnraann s asasa s sar s WG1 &t
4. Test & Test EquUipment==ss==sssseeasusacannsnnnnnss WG2 Xk
5. Process Integration, Devices & Structures===========s WG6 PIDS
6. RF and A/MS Technologies for 3#eetess Communications*WG6 RF SWG
7. Micro-Electro-Mechanical Systems (MEMS) =====s=== WG6 MEMS SWG
8. Emerging Research Devices=====sssssssacnnannnanas WG12 ERD
9. Emerging Research Materials======sssssseacnaacnsn WG13 ERM
10. Front End Processes======s=ssssssusuacan. WG3 7O kI R70€X
11. Lithography==ss=secesesarecaaannnneccannnnnaaaans WG5 UYY45S5274—
12. InterconneCt === sssssssssssnsnsassnssnsnnnsnnnnns WG4 Eaﬁ
13. Factory Integration=ssssssssssssssaaaans WG8 27U )AL T L—3ay
14. Assembly & Packaging=======ssssssansennannnanns WG7 FEiE
15. Environment, Safety & Health====ssseesacnannaans WG9 ES&H
16. Yield Enhancement===ssssssssssssssnsnsnnsnnnnns WG11 5%@J:
17. Metrology === =ssssssassasncannannnnnnnnnnnnnnns WG14 ApQQs
18. Modeling & Simulation=====sssssssasas WG10 ETUVT /2alb—i3y
BF: ITRS2011FRDEDHFHKX-BIFER
RF: STRITEENMKRIEFDWorking Group
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BERIE LR (200948 B &201 14 B & ) H 35%) D
HEL: ITRS 2009 Edition / ITRS 2011 Edition

YEAR of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Flash Uncontacted Poly Si ¥z Pitch (nm)
2009 Edition 38 32 28 25 23 120 18 | 15.9
Flash Uncontacted Poly Si ¥ Pitch (nm) e —
2011 Edition N/A | NJA | 22 20 18 17 15 | 14.2
DRAM stagger-contacted Metal 1 (M1) ¥z Pitch
(nm) 2009 Edition 52 45 40 36 32 28 | ,25 | 22,5
DRAM stagger-contacted Metal 1 (M1) ¥z Pitch / <
(nm) 2011 Edition N/A | N/A 36 32 27 25 23 20

year of Production 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Flash Uncontacted Poly Si ¥z Pitch (nm)
2009 Edition 14.2 126 | 1131100 | 89 | 80 | 7.1 | 6.3
Flash Uncontacted Poly Si 2 Pitch (nm) / 1 l l l l
2011 Edition 13 119 | 109|100 89 | 80 | 80 | 8.0
DRAM stagger-contacted Metal 1 (M1) ¥z Pitch (nm)
2009 Edition 20.0 179 | 159|142 | 126 | 11.3 |,10.0 | 8.9
DRAM stagger-contacted Metal 1 (M1) %2 Pitch (nm)
2011 Edition 17.9 159 | 142|126 | 11.3 | 100 | 89 | 8.0
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Source: 2011 ITRS - Executive Summary Fig. ORTC3
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Transfer to PIDS/FEP | “Risk Start” Production

(96-72 mo.
Leadtime)

Production
Tool

(Ylruo|A/Sia)eMN) BWIN|OA

Companies
Reach
Product*

First
Technical Conference
Device Papers

First
Technical Conference
Circuits Papers
Up to ~12 yrs
Prior to Product

Upto~5yrs
Prior to Product

-48 -24 0 24
Months

Timing Example

High Volume Manufacturing (HVM)

Source: Semiconductor Industry Association. The International Technology Roadmap for
Semiconductors, 2011 edition. SEMATECH: Albany, NY, 2011. Based on Figure 2b, Executive Summary
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MOSKSU XD EE

* Metal
Gate-stack — Highk | = —
2012 material
Update 2nd generation nth generation
Note:
Leadership
company Channel 3 4
First Manu- material Si+ Stress : PIDSAcceleration - for 2012 ITRS Update : High-p I
facturing ¥ v,.. InGaAs; Ge
could set
more ~ I
Aggressive 4——— *
first Possible [ PIDS/FEP/Design
production Bulk Pull -in I HP/LOP/LSTP
target, Multi-gate Sub-Tean:nTransistor
since Structure. o,y (on bulk or SOI) I Modeling Work
S (electrostatic ‘ Underway for
fast t |) @ 2013 ITRS]
followers” contro . ! _> _> ———»
may trail .
1-3 years
Delay
\ PDSOI FDSOI
1 | | | | 1 | | | | 1 | | | | 1 [ [
2011 ITWG Table Timing: 2007 2010 2013 2016 15 2019 2021 2:'24
8nm
sanm 4snm 2009 32nm 22" 2012 2015 2018 1inm 2021
68nm 45nm 32nm 22nm 16nm Ch.
MPU/hpASIC “Node”: “45nm” “32nm” “22/20nm” “16/14nm” “11/10nm” “8/7nm”
2011ITRS MPU/hpASIC M1: 76nm 54nm 38nm 27nm 19nm 13nm
2011 ITRS hi-perf GLpr : 54nm 47nm 47nm 41lnm 35nm 31nm 28nm 20nm 14nm
2011 ITRS hi-perf GLph : 32nm 29nm 29nm 27nm 24nm 22nm 20nm 15nm 12nm
Source: 2011 ITRS - Executive Summary Fig5 .
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Figure LITH3A DRAM and MPU Potential Solutions

First Year of IC Production 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
DRAM ¥ pitch (nm) (contacted) 36 32 28 25 23 20 18 16 14 13 11 10.0 8.9 8.0 7.1 6.3
MPU/ASIC Metal 1 1/2 pitch (nm) 38 32 27 24 21 19 17 15 13 12 11 9.5 8.4 7.5 6.7 6.0
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Figure LITH3B Flash Potential Solutions
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More Moore & More than Moore

e More Moore

— Geometrical Scaling: ¥/ (<TED) R5—1)2 9

— Equivalent Scaling:  ZF{fipd (E$e0) X7—1)>9

— Design Equivalent Scaling: %52 &4 Sl A0%HR1E
e More than Moore

— T LEMMIE DAL NS HIE

— SiP(System in Package) #ffi[C kS EEDF VT DETFIL
e Beyond CMQOS

— 1) CMOSHEITIZ A1 B #F i
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More Moore, More than Moore, and Beyond CMOS®

More than Moore: Diversification
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Baseline CMOS: CPU, Memory, Logic

16 nm

Source: 2011 ITRS - Executive Summary Fig. 5
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Evolution of Extended CMQOS

Existing technologies

Elements

SOWD P3apuaixj——»

New technologies

Beyond CMOS

Source: ERD-WG/JEITA in Japan

) — > year
Source: 2011 ITRS - Emerging Research Devices, Fig. ERD1
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Source: 2011 ITRS - Executive Summary Fig. 6
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