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Figure 7a 2009 ITRS - Technology Trends Memory
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Source: 2009 ITRS - Executive Summary Fig 7a
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Figure 7b 2009 ITRS - Technology Trends Logic
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2007 Definition of the Half Pitch - unchanged

[No single-product “node” designation; DRAM half-pitch still litho driver; however,
other product technology trends may be drivers on individual TWG tables]

DRAM %2 Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 Y2 Pitch

FLASH Poly Silicon ¥z Pitch
= Flash Poly Pitch/2

Poly = MPU/ASIC M1 Pitch/2
Pitch Metal
e—] Pitch

le——|

- _J

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

Source: 2005 ITRS - Exec. Summary Fig 2
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Industry MPU [also Hi-Performance (hp) ASIC] “Node”* Alignment w/l
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~ Mark Bohr 25 ""- Al i ': L o = (] S (o
Tutorial* [ '180'.“30"'901’* 651‘@ @@ 5 ey &0/ 1561 20!

E@. /-'\’)? Gate Hi-K) As their “node labels” and actual M1 ****
0 ' (
[ Year | [99) -.-’4-' [o7]: si 09' %Ei 1115125 13-;‘14'| 1531651171 118!5 108120} 12115201 231 124 - 25

+extrapolation IM 03 255,214 '180'-'127'- 54 5 38 |E__ _4_:',_2_1_. MPU & hp ASIC
EETimes, ‘@' @@@ | Same ~actual targets;
Xbit TSMC**** | Odd, Even “node” yrs
+extrapolation @ ! e — . -
[WAS oram oy ] [mRs v was] fisg | ' |_32_:|i s22: :}65 :}1- 7.9
[WAS MPU/(& hp ASIC) | | 2008 ITRs Contacted MPU Mll 2 [2.5yr Cyc thru '10, then 3yr] 521'I'45.:| 14011 36‘ 32':. 281':r_2_5_"_g_2_"_2_0_" _133_':}§_:' _1_4_"}§_"_}_1_:' 10!18.9! 7_-_9_.5
I—I o s e e e R I T T T P T P e £
I IS MPU/(& hp ASIC) I 2009 ITRS Proposal MPU M1 [2yr Cyc thru '13, then 3yr] = _54 s 45 ::_38 |:32 27 '_24 ) i_21 |:'19.::_17 ¥ 15 9 13 -I_l_z_ll_l_l_ll.g. _5_:'53_4"?_5_' Q]:E
[Ewruamass | [mnrermeveU o] oy Croes10). §47 ".%:1. "_??_5?_':§.1.1.?§."_2§>_"_2_2_':?'53.':"_1}5_::'_1'_6_':.1'.53.':"_1'_{::'_1'_2'_':?'.'9.':@3'_%“'_7'_%' 15
e RSty ey .
[TismpPui@E hp ASIC) ]| 2009 ITRS Proposal MPU GLph:lE__[_?a_.{iy_r_c_:y_(:_lt_a_?lqgl__ 29 '|' 27 _Ir24"22: 20:|I 18'I 17 H 15-I 14" 13 H 12-'_1_1_"9_7_"_8__9_:@_1_"7_4' 68.'
e gttt
[ waswiash ] [o008 we Pioosa Fash Poly: ] [Ty cyete o 401736 "-'32-'_233_;'_25_"-.@.2-'_2_0_"_1_8_'-.;9-'_1_4_"}ﬁ_':4;.:'_19_"§_9_':&2 Q71463
[ IS Flash 2009 ITRS Proposal Flash Poly: | [z cyethru 10, hen 3y |y 38 £ 32 2 12811251 22'5 1201718111631 1411131311+ 10118.9138.0:17.1116.3}5 65
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Source: ITRS Public Conference, July 2009
Work in Progress - Do not publish STRJ WS: March 5, 2010, IRC 10




STR)
More Moore & More than Moore
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2007 ITRS Executive Summary Fig 4 STRL
Moore's Law & More v'New work

In 2009
Traditional o Functional Diversification (More than Moore
ORTENOTERE N o o esshed ) Conne) [Noente
? S ctuators v More than Moor¢
=5 — > | “White Paper”
|5 S 130nm Interacting with people v More Commenta
= - and environment
slo2 In ITWG Chapters
§ = 2 90nm Non-digital content
" g% System-in-package
o Il = 65nm (SiP)
\2/ o 8-) Information
? T 5 45nm Processing
=100
TL== Digital content
5 =0 32nm System-on-chip
Lo (SoC)
T 22nm
New in 2009 @ . —
v v SIP “White Paper”
to ORTC Models — Iite Faper

v Equivalent Scal www.itrs.net/papers.htir

Roadmap Timing
Synchronized with v’ Research and PIDS transfer timing clarified

Beyond CMOS

New in 2009:

PIDS.and FEP v Work underway to identify next storage element

Source: 2009 ITRS - WhxaecBtbgeeSsinmaayy Fig 1

Work in Progress - Do not publish Publish: STRJ WS: March 5, 2010, IRC 12




ERD/ERM Long-Range R&D and PIDS Transfer Timing Model Technology Cycle TGy n
[Example: [lI-V MOSFET High-mobility Channel Replacement Materials] New

for 2009
200K

Research Development Produ

Transfer to

PIDS/FEP Alphal Bet
(96-72mo pha beta
Leadtime) Tool | Tool

First First | 20
Tech. Conf. Tech. Contf.
Device Papers Circuits Papers
Up to ~12yrs Up to ~ 5yrs 2

Prior to Product Prior to Product /

-96 -2 -48 -24 0 24
I11/V Hi-u gate Months

Example:  [BhEI 2013 2015 2017 2019 2021

Source: 2009 ITRS - Executive Summary Fig 2b
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Evolution of Extended CMQOS

Existing technologies

Elements

SOWD P3apuaixj——»

New technologies

Beyond CMOS

Source: ERD-WG/JEITA in Japan

> year
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sp? Carbon: 0-Dim. to 3-Dim.
(RERF sp?ERBMENEDHEE: ORTHDIRTHT)

Atomic orbital sp?

0D 1D 2D 3D

Fullerenes (Cgg)| Carbon Nanotubes Graphene Graphite
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2009 ITRS 450mm Update

[from Public ORTC San Francisco SEMICON, July, 2009]

ITRS IRC 2009 Position (Source 2009 Executive summary; 450mm Special Topic):

“....Intel, Samsung, and TSMC (IST) announced in May’08 that they will work together with suppliers,
other semiconductor players and ISMI to develop 450mm with a goal of a pilot line in 2012. Full
production may be 2-3 years after that[1]. This Public announcement and assessment may be subject
to revision based on future statements; but it is the statement of record by these three companies and
ISMI, as of the date of writing of the ITRS 2009 edition

The timing of the production ramp of 450 mm facilities (versus early pilot line capability) depends not
only on the mastering of all technical issues, associated with this transition to a new diameter, but also
on the preparedness of the industry. To assess the likelihood of that timing, the whole value chain
must therefore be examined...”

“...Furthermore, and new in the 2009 ITRS, a 450mm Production Ramp-up Model Graphic has been
provided (Figure 2c) to clarify the special dual “S-curve” timing required when a new wafer

generation is being introduced [modeled after the experience with the 300mm wafer generation ramp
on two succeeding technology cycles in the 2001-2003 (180nm-130nm M1) timeframe]....”

[1] Source: “May 2008/ “Oct 2008 ISMI symposium”/Dec’08 ISMI 450mm Transition Program Status
Update for ITRS IRC, Seoul, Korea [and also at SEMICON Japan]
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New for 2009 |

450mm Production Ramp-up Model

[ 2009 Figure 2c A Typical Wafer Generation Pilot Line and Production “Ramp” Curve ]

Development

Consortium Pilot Line Manufacturing

Alpha || Beta Tools for 22nm (extendable
to 16nm) M1 half-

Tool Tool Pilot line pitch capable tools

Volume

32nm (extendable to 22nm) = :
M1 half-pitch capable Beta / Beta |Production

tools by end of 2011

|__ PilotLine Ramp__ >

Years

Source: 2009 ITRS - Executive Summary Fig 2c
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