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5 ITRS
1992 SIA: Semiconductor Industry Association
NTRS: National Technology Roadmap for Semiconductors
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ITRS (Revision) 1999 2001 2003 2000
2002 2004 Update
ITRS (Technology Nodes) IC
2005 DRAM(Dynamic Random Access
Memory) 3 1 4
70 90 DRAM
Half Pitch 3 0.7
30% 0.7
Die Size
(Silicon Cycle)
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ERD ERM: Emerging Research Materials
sub-chapter

ITRS
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ITRS 2005
ITRS 2005
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(INTRODUCTION)
(Overview)
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Table A
(feature )
24 2
Table A IC

Improvement Trends for 1ICs Enabled by Feature Scaling

(TREND) (EXAMPLE)
/
(Integration Level) (Components/chip, Moore’s Law)
(Cost) (Cost per function)
GHz
(Speed) (Microprocessor clock rate, GHz)
(Power) (Laptop or cell phone battery life)
(Compactness) (Small and light-weight products)

(Functionality) , (Nonvolatile memory, imager)

20

International
Technology Roadmap for Semiconductors, ITRS
ITRS 15
ITRS
ITRS

1992 SIA: Semiconductor Industry Association Roadmap

Microelectronics
25% 29%
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Precompetitive Environment
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Roadmap Content

ITRS [ ]

ITRS

(Manufacturable solutions exist, and are being optimized)

(Manufacturable solutions are known)

(Interim solutions are known)
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3
4
ITRS Red
Brick Wall
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1.
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(Overview) ITRS
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OTRC , Overall Roadmap Technology Characteristics
OTRC
ITRS 2005 450mm 2012
450mm
working groups
ITRS
Manufacturing solutions ITRS
ITRS
ITRS ITRS
Technology Characteristics
International Roadmap Committee, IRC
ORTC Overall Roadmap Technology Characteristics
International Technology Working Group, ITWG
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Flash Products,
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ITWG OTRC Tablela Table1b
ITRG
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Table B ITRS Table Structure—Key Lithography-related Characteristics by Product

Near-term Years

YEAR OF PRODUCTION 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

DRAM stagger-contacted Metal 1 (M1) %Pitch
(nm)

80 70 65 57 50 45 40 36 32

MPU/ASIC stagger-contacted Metal 1 (M1)%2
90 78 68 59 52 45 40 36 32

Pitch (nm)

Flash Uncontacted Poly Si ¥ Pitch (nm) 76 64 57 51 45 40 36 32 28
MPU Printed Gate Length (nm) 54 48 42 38 34 30 27 24 21
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13

Long-term Years

YEAR OF PRODUCTION 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

DRAM stagger-contacted Metal 1 (M1) %Pitch (nm) | 28 25 22 20 18 16 14

MPU/ASIC stagger-contacted Metal 1 (M1) % Pitch
28 25 22 20 18 16 14

(nm)
Flash Uncontacted Poly Si ¥ Pitch (hm) 25 23 20 18 16 14 13
MPU Printed Gate Length (nm) 19 17 15 13 12 1 9
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
OTRC
Year of Introduction Year of Production
Glossary
Technology Pacing
ITRS IC

Technology Node hpXX
DRAM(Dynamic Random Access Memory )

DRAM
DRAM ITRS

MPU/ASIC
[MOS ]
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ITRS
ITRS
IC
ITRS 2005
Technology Node
DRAM M1( )
IC ITRS
Technology Node
ITRS
M1
ITRS 2005 M1
Fig.2
1 D
B DgiﬁMM/thl'th.rt' o FLASH Poly Silicon ¥ Pitch
- etal FIte = Flash Poly Pitch/2
MPU/ASIC M1 ¥ Pitch
= MPU/ASIC M1 Pitch/2 Poly
Metal Pitch
Pitch [e—]
l—>
X< <
‘—/_/
- 8-16 Lines
Typical DRAM/MPU/ASIC Typical flash
Stagger-contacted Metal Bit Line Un-contacted Poly

Figure 2 2005 Definition of Pitches
ITRS Meaning of ITRS Time of Introduction
ORTC Overall Roadmap Technology Characteristics
- - - ITRS

Time of Introduction Year of
Production Fig. 3
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Production Ramp-Up Model and Technology Cycle Timing

100M
Development Production
10M
= 20K _
= =
o L [
M
= K =
= %)
BT | Alpha | Beta | Production o
o Tool | Tool Tool 200 g
gloK-IIIIIIIIIIIIIIII FlrStTWO g
o . N
> First \ Companies 120 2
1K F Conf. Reaching >
Papers Production 12
1 1 1 1
-24 -12 0 12 24
Months
Figure 3 A Typical Production ““Ramp”” Curve
ITRS “ ”
12 24
Fig. 3 Time zero (0) 2
WSPM (wafer-start-per-month, /) 20 WSPM
9 12 6 / 6 /
6M  / 300mm 140mm? 430 / 2
430 / 70% 430 / =<2  WSPM > 70%
SICAS 2005 (2005 SICAS Industry Manufacturing Technology Capacity Update)
ITRS
DRAM MPU ASIC
Fig.4
MOS
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10
W.P.C.= Total Worldwide Wafer Production Capacity (Relative Vaiue* Source: SICAS™

—_ WPC WPC WPC WPC WPC WPC WPC WPC WPC |:|>l].?pm
c — — — — — — — — —
=
—
< = 0.704pm
g | L T =
o 1TFEs 1 1
== ]
% EE Dn.u}.apm
= Su g E
o 28 5 s g &
o E; g 1 3 5 5 |:||].3-|].2|.|n‘l
© aE 7 g
S 01):38
2 5

[l
8 3 Dn.z.n.mpm
[T

[] =2003/04 ITRS DRAM Contacted M1 Half-Pitch Actual
. = 2005 ITRS DRAM Contacted M1 Half-Pitch Target

| T I I I T T o 6-12m
S—lo ogal-Year Cycle | « : 2-Year Cycle |— | »e MI—S——»
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 .<l].12um

Source: 2005 ITRS - Exec. Summary Figx Year

A4

*MNofe: The wafer production capacity data are plotted from the SICAS* 40 dala for sach year, except 20 data for 2005,
The area ofeach of the production capacity bars corresponds fo the relafive share of the Tola! MOSIC production
starf gilicon area for that rangeof the fealure size (y-axis). Dafa iz based upon capacify I1F fully ufilized.

Figure4  Technology Cycle Timing Compared to Actual Wafer Production Technology Capacity Distribution

ITRS DRAM M1
ITRS TWG( )
2003 2005 DRAM M1
2 2 0.71 1998 0.25nm
2004 90nm ITRS Cycle 1//2
2 ITRS 2005 2007
65 DRAM 2020 DRAM M1 3
0.71 2020 ITRS 2005
Roadmap Horizon Horizon( )
2020
CMOS
1 20-30%
20-30%
2 3
ITRS Grand Challenges
! SIA Semiconductor Industry Association ~ SICAS (Semiconductor Industry Capacity Supply
Statistics) SICAS MOS 90%
SIA
SIA http://www.sia-online.org/pre_stat.cfm
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Roadmap Scope

2001 ITRS
Horizon
9nm

15
CMOS
Non-planar CMOS
CMOS

Spintronics

SoC (System-on-Chip

CMOS
CMOS

CMOS SoC

SoC SiP
(nano-electronics)

ITRS 2005

CMOS IC

2001

17 Introduc

CMOS Complementary Metal-Oxide-Silicon

tion

MOSFET Metal Oxide Semiconductor Field Effect Transistor

CMOS

CMOS

nano-thermomechanics

CMOS

ITRS

CMOS

CMOS

)

power consumption( )
RF(

SoC  SiP(Sytem in Package
CMOS
SiP
CMOS

nano-biology

75%

Micro-Electromechanical Systems MEMS
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More than Moore: Diversification

Sensors . .
>

O
S .g’ | ing with I
S S 130nm nteracting with people
= - and environment
N >
Ei 2 90nm Non-digital content
«© Q System-in-package
c =
s nD: 65nm
é O Information
S & 45nm Processing
S| Q9 .
o g 32nm Digital conten_t
Fo) ° System-on-chip
= c (SoC)

T 22nm

(] .

@ .

m .

\%
g
Beyond CMOS
Figure 5 Moore’s Law and More
Position on Potential Solutions
ITRS
ITRS

ITRS
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ITRS 2005 2005 ITRS Special Topics

Wireless Technology

ITRS Scope ITRS 2003
Wireless Technology
AMS(analog and mixed-signal )
RF, Radio Frequency In-v PIDS(Process Integration,
Devices, and Structures ) ITRS 2003
ITRS 2005

Emerging Research Devices

ITRS 200
ERD, Emerging Research Devices PIDS
2001 ITRS 2005 ERD
Emerging Research Materials
ITRS ERD
ERD PIDS FEP Front End Process
CMOS non-classical CMOS devices
CMOS CMOS
Phase-Change-Memory, PC-RAM DRAM(Floating-Body DRAM)

Emerging Research Materials

ERD
passivation
ERD
Technology Working Group, TWG Emerging Research Materials, ERM
ERM ITRS2005 ]JERD ERM

sub-chapter
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