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AN STRI

HE#: ITRS 2009 Exec. Summary Table B

YEAR of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Flash Uncontacted Poly Si ¥z Pitch (nm) 38 32 28 25 23 20 18 | 15.9

DRAM stagger-contacted Metal 1 (M1) ¥2 Pitch (nm) | 52 45 40 36 32 28 25 | 22.5

MPU/ASIC stagger-contacted Metal 1 (M1) ¥z Pitch

(nm) 54 45 38 32 27 24 21 | 18.9
MPU Printed Gate Length (nm) 47 41 35 31 28 25 22 | 19.8
MPU Physical Gate Length (nm) 29 27 24 22 20 18 17 | 15.3
year of Production 2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Flash Uncontacted Poly Si %2 Pitch (nm) 14.2 126 | 11.3|100| 89 | 80 | 71 | 6.3

DRAM stagger-contacted Metal 1 (M1) ¥z Pitch (nm) | 20.0 179 | 159|142 | 126 | 11.3 | 10.0 | 8.9

MPU/ASIC stagger-contacted Metal 1 (M1) ¥z Pitch

(nm) 16.9 150 [ 134|119 (106 | 95 | 84 | 75
MPU Printed Gate Length (nm) 17.7 157 | 140 | 125 | 11.1 | 9.9 8.8 7.9
MPU Physical Gate Length (nm) 14.0 128 | 11.7 |10.7| 9.7 | 89 | 81 | 74
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BHIE LR (20094E R E20104EPIDS Survey LD
H#: |TRS 2009 Exec. Summary Table B
ITRS Public Conference, 2010

YEAR of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Flash Uncontacted Poly Si %2 Pitch (nm)
2009 Edition 38 32 28 = 25 23 | ,20 18 | 15.9
Flash Uncontacted Poly Si %2 Pitch (nm) ,/ 7 l
2010 PIDS Survey N/A 26 24 22 20 19 18 16
DRAM stagger-contacted Metal 1 (M1) %2 Pitch
(nm) 2009 Edition 52 45 40 36 32 28 | ,25 | 22,5
DRAM stagger-contacted Metal 1 (M1) % Pitch /
(nm) 2010 PIDS Survey N/A 42 36 31 28 25 24 21

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

Flash Uncontacted Poly Si %2 Pitch (nm)
2009 Edition 14.2 126 | 113|100 89 | 80 | 71 | 6.3
Flash Uncontacted Poly Si ¥z Pitch (nm) l I T 1
2010 PIDS Survey 14 13 12 11 9 8 8 8
DRAM stagger-contacted Metal 1 (M1) %2 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) /
2010 PIDS Survey 18 16 14 13 12 10 9 8
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2010 ITRS Summary Figure 2
Figure 2 ORTC Table 1 Graphical Trends (including overlay of PIDS update proposals for 2011 ITRS effort)

2009 ITRS - Technology Trends

1000 1
m 2009 ITRS Flash %2 Pitch (nm) (un-contacted
T~k Poly) - [2-yr cycle to 2010; then 3-yr cycle]
A 2009 ITRS DRAM % Pitch (nm) (contacted)
100 [2.5yr cycle '00-'10, then 3-yr cycle]
o
é’, 2012: PIDS DRAM 4f2 Design Factor bits/cell push-out
5 —
] ) . ~ 2019: PIDS Flash 4 bits/cell push-out
5 |
c |
m I
: . g o
10 - !
PIDS Flash Projection = A
~2-yr pull-in : ~=. | Memory
26nm Poly half-pitch to 2010 (2 co’s); PIDS DRAM Projection I PIDS 2011
Then ~4-yr cycle to 2020/10nm; ~1-yr pull-in :
Then 3-year cycle to 2022/8nm;Then flat 42nm M1 to 2010 (2 co’s); | PI’OpOS&lS
| Then 3-yr cycle to 2024/8nm; I
|
| T
|
| |
:4— Near-Term | l
' ' |
1

1995 2000 2005 2010 2015 2020 2025
Year of Production 2009 ITRS: 2009-2024

Source: 2009 ITRS - Executive Summary Fig 7a
Work in Progress - Do not publish STRJ WS: March 4, 2011, IRC




2010 ITRS Summary Figure 3
Figure 3 ORTC Table 1 Graphical Trends (including overlay of 2009 industry logic “nodes”
and ITRS trends for comparison)
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2010 ITRS Summary Figure 5a

Figure 5a DRAM and Flash Memory Half Pitch Trends
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2010 ITRS Summary Figure 5b
Figure 5b  MPU/high-performance ASIC Half Pitch and Gate Length Trends
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2010 ITRS Summary Figure 6

Figure 6

2009 ITRS Product Function Size Trends:

MPU Logic Gate Size (4-transistor); Memory Cell Size [SRAM (6-transistor); Flash (SLC and MLC),
and DRAM (transistor + capacitor)]
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More Moore & More than Moore

e More Moore

— Geometrical Scaling: ¥/ (<TED) R5—1)2 9
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— Design Equivalent Scaling: %52 &4 Sl A0%HR1E
e More than Moore
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2010 ITRS Summary Figure 4

Figure 4  The Concept of Moore’s Law and More

More than Moore: Diversification
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Evolution of Extended CMQOS

Existing technologies

Elements
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New technologies

Beyond CMOS

Source: ERD-WG/JEITA in Japan
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Beyond CMOS®#: Graphene Electronics: STR)_

Conventional & Non-conventional
Conventional Devices

Band gap engineered Graphene quantum dot
FET Graphene nanoribbons

bottern oate

Graphene
Graphene Veselago lense Graphene Spintronics pseudospintronics:
Son et al. Nature (07)

P. Kim — Columbia U.
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STRIZ
Nobel Prize In Phy3|cs 2010

Photo: Sergeom, Photo: University of Manchester,
Wikimedia Commons UK
Andre Geim Konstantin Novoselov

The Nobel Prize in Physics 2010 was awarded jointly to Andre
Geim and Konstantin Novoselov "for groundbreaking
experiments regarding the two-dimensional material
graphene*

Source: http://nobelprize.org/nobel_prizes/physics/laureates/2010/
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