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1)

2)

3)

4)

7/15 2009 ITRS ORTC Pre-Summary

ORTC Model Completed and delivered to TWGs for San Francisco TWG
Interdependency Preparation

1) MPU Model completed based upon Design TWG model proposals
2) Dimensional trend “Node” “Score Card” updated to include Foundry positioning

3) Memory Chip Size and density models complete based on Brussels proposal
presentation by PIDS

4)  “Frozen” ORTC tables delivered to the TWGs for their preparation work
MPU M1

1)  2yr cycle trend through 2013

2) Cross-over DRAM M1 2010/45nm

3) Plus Smaller 60f2 Design TWG SRAM 6t cell Design Factor

4)  Plus Smaller 175f2 still proposed Logic Gate 4t Design Factor

DRAM M1

1) Unchanged from 2007/08 ITRS

2) However, new 4f2 Design factor begins 2011
Flash Un-contacted Poly — extend 2yr cycle trend to 2010/32nm (1-year
pull-in); then 3yr cycle

1) Inserted 3bits/cell MLC 2009-11; and

2) Delayed 4bits/cell until 2012
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5)
6)

7)

8)

9)

7/15 2009 ITRS ORTC Pre-Summary (cont.)

MPU GLpr — 1-yr delay; Low operating and standby line items track
changes

MPU GLph — 1-yr delay; Low operating and standby line items track
changes
MPU Functions/Chip and Chip Size Models

1) Utilized Design TWG Model for Chip Size and Density Model trends — tied to
technology cycle timing trends and updated cell design factors

2) High Performance MPU Transistors/chip crosses DRAM bits/chip in 2009 at
2Bt/2Ghits!

3) ORTC line item added to deal with OverHead (OH) area model changes to
deal with non-active area

DRAM Bits/Chip and Chip Size Model
1)  1-yr push-out, 3yr generation “Moore’s Law” doubling cycle;
2)  smaller Chip Sizes (<60mm2) with 4f2 design factor included
Flash Bits/Chip and Chip Size Model
1)  1-yr pull-in; 2yr generation “Moore’s Law” doubling cycle;
2) growing Chip Sizes after return to 3-year technology cycle

3) PIDS Scenario option proposal (for 2010 Update work): “mix and match” 2yr
and 3yr doubling cycles across SLC and MLC products

10) New IRC 450mm Position: 32nm Pilot lines/2012; 22nm Production/2014
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2007 ITRS Executive Summary Fig 5
[2009 —

Moore’s Law & More Unchanged]
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[2009 — Unchanged]
2007/08 ITRS “Moore’s Law and More”
Alternative Definition Graphic

Baseline RE HV Passives Sensors, Bio-chips,
CMOS Memory Power Actuators  Fluidics

“More Moore”

“More than Moore”

Computing & Sense, interact,

Data Storage Empower

@Source: ITRS, European Nanoelectronics Initiative Advisory Council (ENIAC) s
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[2009 — Unchanged]
2008 ITRS “Beyond CMOS” Definition Graphic

Baseline Ultimately Functionally Nanowire  Ferromagnetic Spin Logic
CMOS Scaled CMOS Enhanced CMOS Electronics Logic Devices Devices

Multiple gate MOSFETS New State Variable

Channel Replacement Materials New Devices _
New Data Representation

New Data Processing
Algorithms

Low Dimensional Materials Channels

“More Moore” “Beyond CMOS”

Computing and Data Storage Beyond CMOS

Source: Emerging Research Device Working Group
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2007/08 - PIDS/FEP - Simplified Transistor Roadmap

[Examples of “Equivalent Scaling” from ITRS PIDS/FEP TWGs] — Update in 2009

> gate stack

Need PIDS/FEP Model
w Timing Relationship Update;
Plus ERD/ERM is Updating
Long-Term Proposals
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Flg 3 2009 — Updated (no Parts/Month scale); and add ERD/ERM Research and PIDS Transfer *

Production Ramp-up Model and Technology| Cycle Timing

Development Production 200K
= 20K ©
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S © -
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= Tool § Tool Tool
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@rce: 2005 ITRS - Exec. Summary Fig 3 Mo nth S o
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2007 Definition of the Half Pitch — 2008 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 4 Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 Y Pitch

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

Poly = MPUJ/ASIC M1 Pitch/2
Pitch Metal
l—| Pitch

e

- _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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nanometers (1e-9)
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2008 ITRS Update - Technology Trends vs Actuals and Survey & Jeff Butterbaugh/FEP
. . . . . GLphys Actuals
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Nanometers (1e-9)

2009 ITRS - Technology Trends
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2009 ITRS - Technology Trends
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2009 ITRS - Technology Trends
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2009 ITRS - Technology Trends
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Nanometers (1e-9)

O

2009 ITRS - Technology Trends
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2009 ITRS - Technology Trends
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2009 ITRS - Technology Trends
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Industry MPU [also Hi-Performance (hp) ASIC] “Node™ Alignment W/ITRS

DRAM Density ‘Equiv. Scaling” 81| 8 J[ 6 ][ 4 _i. TBD i, TBD i TBD ]
Flash Density MLC “Equiv. Scaling”. | [16/11/8/5.5/42: 2bfcell || 2.0 2bjcell _ |[1.5f 3brcell ! 1.04bicell T TBD 1 I TBD 11 TBD |
MPU Perform/Power “Equiv. Scaling”: Copper | | _Strain | | HIKIMG | Lr__-_r_BD___I Lr__I_BD___l Lr__I_BD___I Lr__-_r_BD___l

Dimensional Half Pitch Scaling (EOT not shown): | Past €> Future | Note: TSMC uses “40nm”(no HiK/MG) and “28nm” (SiON Lo-K

27 Gate Hi-K) As their “node labels” and actual M1 ****
0 74 12
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*T'\L"Jf‘ofza?ghr [*Node”] 1180r.1130r‘r901.r651.r451u4o éé"‘f'éé"Ele"' :}}:iuﬂni 8.0 561 4.0

+extrapolation m -'_2755' I180' I1@7'- 90 MPU & hp ASIC

EETimes, 3 @! @@ Same ~actual targets;
Xbit TSMC**** @ Odd, Even “node” yrs
+extrapolation

| WAS DRAM (unch.) ||'TRS wiwas] [L80 Il

[WAS mPUI& hp Asic)] | 2008 ITRs Contacted MPU M1| e éy'r'éy'c'tir'u' 10, then 3y & [| 52 ‘:='45'=| 40113615323 281125132231 20 ! _1_8_" 163 14! _1§_" 11:: 10118.9!

A St S P s
| IS MPU/(& hp ASIC) II 2009 ITRS Proposal MPU ML} [2yr Cyc thru 13, then 3yr] & § 94 II.45:|F38"32 127, _2_4_"_2_1_"19"_1_7_"_1_5_::13"_1_2_"_1_1_::9 58,4117 5]

I e A

[ 1S wmPu/@& hp AsIiC) | I 2009 ITRS Proposal MPU GLpr: I [3yr Cycle >'10] _ a7 ':'
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| 1S ™MPU/& hp ASIC) | | 2009 ITRS Proposal MPU GLph: | . [3.8yr Cycle >’'09] =§29 '|' 27 24"22: 20 :' 18 " 17 "15-I 14'I 13 ::12-I 11"9 7"8 9-'8 1117, 4' 6

I WAS Flash I I 2008 ITRS Proposal Flash Po|y: II [Syr Cyc|e >’08] I _4_0_:|:_§_6 |E32 -|_2_8_=|_2_5_||- 22 -|_2_0__||_1_8_|- 16 -|_1_4_||_1_3_|- 11 -|_1_0_||_8_9_|18 0-|7 1||1-§_3::

gyt q*' ______ oy
| IS Flash | I 2009 ITRS Proposal Flash Poly: || [2yr Cyc thru '10, then 3yr] | _3_8_"' 32y 28_"2_5:: _2:"_29_"_1_8_"16"_1_4_"_1_3_:: 11"_19_"5_3_9::8 0"__1_"(_3_?3':5.-.6..5

*Notes: 1) DRAM industry “Node” typically = Contacted M1 half-pitch***; I 01 é013 .
2) Flash “Node” typically = Uncontacted Poly half-pitch, which Jsnrh 3_F2nm ~1.5yr pull-in of the
Is approx. elqui(\j/alfent (i.e.,using sarge lithography technology) "Hl:gF" |2nd| M1 function size
to a 2-year lead of DRAM contacted M1 DRAM. w N : . —
3) Litho TWG estimates Flash driving Lithography since 2007. IYear I'Hlngf-:' and denSIty dr_lver ==
4) At 2-year behind the Flash Uncontacted-Poly, the 2012/32nm Ll Yean ~3—4yr puII—ln of
Contacted M1 MPU/hp-ASIC will be a co-driver of Lithography, (MPU Ml Function Size
and will lead DRAM M1 by 1 year. qum$ .
e —————— And Density
**M‘ark B(.)hr el .3/5{,08’ : ***However, Inoue-san presentation has Samsung : |t0 a] Tlmlng due tO Square
#19 :!'re_m_mstor [half] PItCh and |Using “40nm-class” announcement in 2009 (52nm?), 3 -year . -
#5 “Minimum Feature Size” [l-—————————————— - Cycld) relationship
* http: //|nte| im. edgesune net/2008/123085/IM2008_Bohr.pdf | 18
KN <—| 2009 ITRS: 2009-2024 I—’
*TSMC “Nodes” Articles @: Work in Progress — Do ~wotTruomsT™

NP AEXDIHaRS ComMeWsIOeNaISpIaVIR00B80930205529 TSMC_Unveils 32nm_28nm_Process_Technologies Roadmap.html ; http://www.eetimes.com/news/semi/showArticle.jhtml?articlelD=177100620



http://www.xbitlabs.com/news/other/display/20080930205529_TSMC_Unveils_32nm_28nm_Process_Technologies_Roadmap.html
http://www.eetimes.com/news/semi/showArticle.jhtml?articleID=177100620

Fiaure 10 ITRS Product Functions per Chip

[ MIT “Moore’s Law” Article:
http://www.technologyreview.com/computing/21901/?a=f ] [2007/08 ITRS “WAS”]

Functions per Chip
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http://www.technologyreview.com/computing/21901/?a=f

2009 ITRS - Functions/chip
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INTERMATIONAL SEMATECH

Development & Technology Intercept Targets I S MI
fﬂr 4 SUmm MANUFALTURING INITIATIVE
| |

Earhy 450mm Equipment
Development target

Early developrnent of
Silicon & Bquip. test beds,
interaperability and

;’;”m:l'_g'l;;;"damg — Conzortilm Program >
developmernt. 7
TestWafer  Equipment Demonstrations Equipment CIP 7~
Generation o
T T
450mm Test Wifar Gererstion snd Productiviy enhancements + upgrading
to new node

M pha/Beta Tool demonstraions, plus
Automation standards Werfication. Tools
do not support full-flow in the Consortia
Demonstration. Unit process capable.

IC maker target for initial
production ramp up

Target for IC-Maker Pilot-
lines Tools

Afull Flow) set of post Beta production
capable process and metrotools &
Auatomation systems capable of mestingthe
technology node targets.

(1 (1

;EC'ZE‘:L‘:;?; i, —  3Znm Metal1 half-pitch 22nm Metal1 half-pitch
pgli-ln‘tg capable tools capable tools
2008 2009 2010 2011 2012 2013 2014 2015

Hote: Detailed technology goals will be defined by individual company business requirements

[1]: Referance i OR&h stagger-contacted hdetal 1 half-pitch in nanometers
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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. — “May 2008”/ “Oct 2008 ISMI symposium”/Dec’08 ISMI
450mm Transition Program Status Update for ITRS IRC, Seoul, Korea

ITRS IRC Position 7/13/09:

1) Wafer diameter should not be tied to technology generations.

2) The Public IST(Intel, Samsung, TSMC)/ISMI 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.

3) The ITRS/IRC expects manufacturing tools to be available between
2012 to 2014 for pilot lines; with possible production manufacturing ramp
from 2014-2016 and beyond.
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450mm Production Ramp-up Model
Development — Production )

Consortium Pilot Line Manufacturing
/
) /
c Alpha | | Beta Tools for 22nm (extendable /
: - to 16nm) M1 half-

>
o Tool Tool Pilot line pitch capable tools
> /

Beta [Production
32nm (extendable to 22nm) M1
half-pitch capable Beta tools by Tool Tool

end of 2011

7’

—’ll |
2010 2011 2012

Source: 2009 ITRS IRC Meeting, years
7/14/09; interpretation of 2008 ISMI Timinggress _ Do Not Publish!




2009 ITRS IRC 450mm Timing Update
“The Bottom Line”

Table ORTC-3 Lithographic-Field and Wafer Size Trends

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014
ADD Flash % Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23
IS 54 45 38 32 28 25 23 20
WAS DRAM ¥ Pitch (nm) (contacted) 68 59 52 45 40 36 32 28
| IS 68 59 52 45 40 36 32 28
WAS MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28
IS 6 64 54 45 38 32 27 24
ADD MPU Printed Gate Length (GLpr) (nm) t1 54 47 41 35 31 28 25 22
IS 54 47 a7 41 35 31 28 25
WAS MPU Physical Gate Length (GLph) (nm) 32 29 27 24 22 20 18 17
| IS 32 29 29 27 24 22 20 18
WAS Lithography Field Size
E
WAS Maximum Lithography Field Size—area (mm Z) 858 858 858 858 858 858 858 858
| IS 858 858 858 858 858 858 858 858
WAS Maximum Lithography Field Size—length (mm) 33 33 33 33 33 33 33 33
| IS 33 33 33 33 33 33 33 33
WAS Maximum Lithography Field Size—width (mm) 26 26 26 26 26 26 26 26
| IS 26 26 26 26 26 26 26 26
Maximum Substrate Diameter (mm)—High-volume
WAS Production (>20K parts starts per month)
S P F=———
WAS Bulk or epitaxial or SOl wafer 300 300 300 300 300, 450 450 450
| 1S 300 300 300 300 300N 300 300 450 m P/*
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1)

2)

3)

4)

7/15 2009 ITRS ORTC Pre-Summary

ORTC Model Completed and delivered to TWGs for San Francisco TWG
Interdependency Preparation

1) MPU Model completed based upon Design TWG model proposals
2) Dimensional trend “Node” “Score Card” updated to include Foundry positioning

3) Memory Chip Size and density models complete based on Brussels proposal
presentation by PIDS

4)  “Frozen” ORTC tables delivered to the TWGs for their preparation work
MPU M1

1)  2yr cycle trend through 2013

2) Cross-over DRAM M1 2010/45nm

3) Plus Smaller 60f2 Design TWG SRAM 6t cell Design Factor

4)  Plus Smaller 175f2 still proposed Logic Gate 4t Design Factor

DRAM M1

1) Unchanged from 2007/08 ITRS

2) However, new 4f2 Design factor begins 2011
Flash Un-contacted Poly — extend 2yr cycle trend to 2010/32nm (1-year
pull-in); then 3yr cycle

1) Inserted 3bits/cell MLC 2009-11; and

2) Delayed 4bits/cell until 2012

26
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5)
6)

7)

8)

9)

7/15 2009 ITRS ORTC Pre-Summary (cont.)

MPU GLpr — 1-yr delay; Low operating and standby line items track
changes

MPU GLph — 1-yr delay; Low operating and standby line items track
changes
MPU Functions/Chip and Chip Size Models

1) Utilized Design TWG Model for Chip Size and Density Model trends — tied to
technology cycle timing trends and updated cell design factors

2) High Performance MPU Transistors/chip crosses DRAM bits/chip in 2009 at
2Bt/2Ghits!

3) ORTC line item added to deal with OverHead (OH) area model changes to
deal with non-active area

DRAM Bits/Chip and Chip Size Model
1)  1-yr push-out, 3yr generation “Moore’s Law” doubling cycle;
2)  smaller Chip Sizes (<60mm2) with 4f2 design factor included
Flash Bits/Chip and Chip Size Model
1)  1-yr pull-in; 2yr generation “Moore’s Law” doubling cycle;
2) growing Chip Sizes after return to 3-year technology cycle

3) PIDS Scenario option proposal (for 2010 Update work): “mix and match” 2yr
and 3yr doubling cycles across SLC and MLC products

10) New IRC 450mm Position: 32nm Pilot lines/2012; 22nm Production/2014

27
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Backup

e 2009 ITRS/ORTC Technology Trend tables
e Frequency Targets (Unch. From 2008)
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2009
ITRS

Table ORTC-1 ITRS Technology Trend Targets

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
WAS  [Flash % Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
IS 54 45 38 32 28 25 23 20 18
WAS  |[DRAM % Pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25
IS 68 59 52 45 40 36 32 28 25
WAS  [MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
IS 76 64 54 45 38 32 27 24 21
WAS  [MPU Printed Gate Length (GLpr) (nm) 11 54 47 41 35 31 28 25 22 20
IS 54 47 47 41 35 31 28 25 22
WAS  [MPU Physical Gate Length (GLph) (nm) 32 29 27 24 22 20 18 17 15
IS 32 29 29 27 24 22 20 18 17

Table ORTC-1 ITRS Technology Trend Targets

Year of Production 2016 2017 2018 2019 2020 2021 2022 2023 2024
WAS  [Flash % Pitch (nm) (un-contacted Poly)(f) 17.9 15.9 14.2 12.6 11.3 10.0 8.9 8.0 71
IS 15.9 14.2 12.6 11.3 10.0 8.9 8.0 7.1 6.3
WAS  |DRAM % Pitch (nm) (contacted) 22.5 20.0 17.9 15.9 14.2 12.6 113 10.0 89
IS 225 20.0 17.9 15.9 14.2 12.6 113 10.0 8.9
WAS  |[MPU/ASIC Metal 1 (M1) % Pitch (nm) 225 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
IS 18.9 16.9 15.0 13.4 11.9 10.6 9.5 8.4 7.5
WAS  [MPU Printed Gate Length (GLpr) (nm) 1 17.7 15.7 14.0 125 111 9.9 8.8 79 7.0
IS 19.8 17.7 15.7 14.0 12.5 111 9.9 8.8 7.9
WAS  [MPU Physical Gate Length (GLph) (nm) 14.0 12.8 11.7 10.7 9.7 8.9 8.1 74 6.8
153 14.0 12.8 117 10.7 9.7 8.9 8.1 7.4
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Table ORTC-1 ITRS Technology Trend Targets

2009
ITRS Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
WAS Flash %2 Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
I IS 54 45 38 32 28 25 23 20 18
WAS  |DRAM % Pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25
I IS 68 59 52 45 40 36 32 28 25
WAS MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 68 59 52 45 40 36 32 28 25
I IS 76 64 54 45 38 32 27 24 21
WAS  |MPU Printed Gate Length (GLpr) (nm) Tt 54 47 41 35 31 28 25 22 20
I IS 54 47 47 41 35 31 28 25 22
WAS MPU Physical Gate Length (GLph) (nm) 32 29 27 24 22 20 18 17 15
I IS 32 29 29 27 24 22 20 18 17
WAS ASIC/Low Operating Power Printed Gate Length (nm) 1 64 54 47 41 35 31 25 22 20
I IS 64 54 54 47 41 35 31 25 22
WAS ASIC/Low Operating Power Physical Gate Length (nm) 38 32 29 27 24 22 18 17 15
I IS 38 32 32 29 27 24 22 18 17
WAS ASIC/Low Standby Power Physical Gate Length (nm) 45 38 32 29 27 22 18 17 15
I IS 45 38 38 32 29 27 22 18 17
WAS  |MPU Etch Ratio GLpr/GLph (nm) 1.6818 1.6039 1.5296 1.4588 1.4237 1.3895 1.3561 1.3235 1.2917
I IS 1.6818 1.6039 1.6039 1.5296 1.4588 1.4237 1.3895 1.3561 1.3235
Table ORTC-1 ITRS Technology Trend Targets
Year of Production 2016 2017 2018 2019 2020 2021 2022 2023 2024
WAS Flash % Pitch (nm) (un-contacted Poly)(f) 17.9 15.9 14.2 12.6 11.3 10.0 8.9 8.0 7.1
I IS 15.9 14.2 12.6 11.3 10.0 8.9 8.0 7.1 6.3
WAS DRAM % Pitch (nm) (contacted) 225 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
I IS 225 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
WAS MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 225 20.0 17.9 15.9 14.2 12.6 11.3 10.0 8.9
I IS 18.9 16.9 15.0 13.4 11.9 10.6 9.5 8.4 7.5
WAS  |MPU Printed Gate Length (GLpr) (nm) T1 17.7 15.7 14.0 12.5 11.1 9.9 8.8 7.9 7.0
| IS 19.8 17.7 15.7 14.0 12.5 11.1 9.9 8.8 7.9
WAS MPU Physical Gate Length (GLph) (nm) 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4 6.8
I IS 15.3 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4
WAS ASIC/Low Operating Power Printed Gate Length (nm) 171 17.7 15.7 14.0 12.5 111 9.9 8.8 7.9 7.0
I IS 19.8 17.7 15.7 14.0 12.5 11.1 9.9 8.8 7.9
WAS ASIC/Low Operating Power Physical Gate Length (nm) 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4 6.8
| IS 15.3 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4
WAS ASIC/Low Standby Power Physical Gate Length (nm) 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4 6.8
| IS 15.3 14.0 12.8 11.7 10.7 9.7 8.9 8.1 7.4
WAS  |MPU Etch Ratio GLpr/GLph (nm) 1.2607 1.2304 1.2008 1.1720 1.1438 1.1163 1.0895 1.0609 1.0329
1.2917 1.2607 1.2304 1.2008 1.1720 1.1438 1.1163 1.0895 1.0633
30
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Performance and Power Management
Enabled by “Equivalent Scaling”
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