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« ERD: Emerging Research Devices

« ERM: Emerging Research Materials

« EUV: Extreme Ultra Violet

« FEP: Front End Process (ITRS

» High-k: k

 ITRS: International Technology Roadmap for Semiconductors

 JEITA: Japan Electronics and Information
Technology Industries Association
 Low-k: k

e M1l: Metal-1
« MPU: Micro Processor Unit
« NTRS: National Technology Roadmap for Semiconductors SIA

 PIDS: Process Integration, Devices and Structures (ITRS
« SIA: Semiconductor Industry Association
« STRJ: Semiconductor Technology Roadmap committee of Japan JEITA
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2005 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 Y2 Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 %2 Pitch

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

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

— _J

8-16 Lines
Typical DRAM/MPU/ASIC Typical flash
Metal Bit Line Un-contacted Poly
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2006 (705-"20) ITRS Technology Trends DRAM M1 Halt-Pitch : 3-year cycle = aj unchanged |

Vear of 2001 2003 2005 (2006 2008 |2009 2012 2015 2018 2020
Production | 2000 2002
ctial pvs| 2004 2007 2010 2013 2016 2019
Technology 151 107 80| 71 57 | 50 14
- Contacted | 180 130 90 65 45 32 22 16
M1 H-P (nm)
2-Year Technology Cycle
{[‘98"04] 3-Year Technology Cycle
/
2005 ITRS Flash Poly Half-Pitch Technology: 2.0-year cycle until 1yr ahead of DRAM @65nm/’06
Vear of 2001 2003 2005 2008 2010 2013 2016 2019 (2020
Production | 2000 2002
ctial ol 2004 2006 2009 2012 2015 2018
Technology - 151 107 76 57 50 13
Uncontacted| 180 130 90 65 45 32 22 16
Poly H-P (nm

§Year Technology Cycle [98-706 3-Year Technology Cycle >
10

2605 ITRS MPU M1 Half-Pitch echnology: 2.5-year cycle; then equal DRAM @45nm/

Vear of 2001|2002 | 2003 | 2004 2006 | 2007 | 2008 | 2009 2012 2015 2018 2020
Production 2010 2013 2016 2019
Techno|ogy 157 136 119 103 78 68 59 52 14
- Contacted 45 32 22 16

///'1 H-P (nN) '\ '\

3-2-Yr N
7 phvi / 3-Year Technology Cycle
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Potential Solutions 2005 Edition

Innovative EUV, imprint, ML2

options

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
o o [ DRAM Halfpitch ] | o o
193 0m NN 1 - -
65 | 193 nm immersion with \ S: : : : : : : i
water ’ ! ! ! ! ! ! !
i | "~ Flash Ha f-pitch‘ | i i i
Narrow S | / 3 3 3 3
45 options ‘\h\\\\\\\\\\\\\\\\ i i i i i
EUV P . P
193 nm immersion with other fluids and lens material Narrow S N | i i
32 Innovative 193 nm immersion with water options “ ! ! !
Imprint, ML2 i i i i
_l--‘ L ]
| |
/8l Innovative 193 nm immersion g@\\\\\\\\\\\\\\\\ i
Imprint, ML2, innovative technology | | ! i
16 Innovative technology Narrow ‘ ‘ ‘ %

Bl Rescarch Required

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

[ Development Underway [___] Qualification/Pre-Production

N Continuous Improvement




Potential Solutions 2006 Update

STRI

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
| 4snm
. - #193i/H20

193 nm

65 | 193 nm immersion with
water

Narrow
45 options
EUV
32 193 nm immersion double patterning Narrow

193 nm immersion with other fluids and lens materials options
ML2, Imprint

EUV
28l |nnovative 193 nm immersion
ML2, imprint, innovative technology

I nnovative technology
Innovative EUV, ML2, imprint

*193i with other fluids

«193i double patterning
EUV, ML2 -

R R N

. *EUV
*193i double patterning

print
NNl
Wl 22/16nm

*No dramatic changes

*ML2, Im

Narrow < — |
options !
|
|
|
|
|
|
|

N

*193i with other fluids and lens materials

«Change order of ML2, Imprint
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STRI

Double Patterning Requirements

~ Marketing Real world overlay  Real world CD control

A A

« Mask table entries (for performance)

— Image placement for double patterning (~70% of single
exposure value)

— Difference in CD mean-to-target for two masks used as a
double patterning set
 Resist table entries (for yield)

— Defects in spin-coated resist films for double patterning
(50% of single exposure value)

— Backside particle density for double patterning (50% of
single exposure value)
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FEP/PIDS: 2006 High k/IM-G
High-k/Metal G )& A B5 43 FD-SOI @ HP )
HP/LOP: 20084 = 20104~ 20084 = 20104~
9 LSTP : 20084 = 2008 MDFF )
First Year of “Volume Production”
2|:}IE}[":‘ | | l Izljll::I5 | | | IEE}I“1 U l l | | 2{:ll'I 5 | | l l 2|:}I;E[}
. . iy : :
S‘tramed St @ 2006 PIDS Changes: Delay
High k Gate Projected Date of
Dielectric : I Deployment of Key
: Innovations by 2 years for
M;tj;tf:;z | HP and LOP, not LSTP.
Driven by concerns about
Fully Depleted SOI feasibility of '08
Multiple Gate deployment
MOSFET i :
Others = ===== : >

Driver: @;\\ = High F.erfu.rmanne {L_FD = me.' F':_:wer
_/ Applications “__/ Applications
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2006

High k/M-G

Intrinsic Transistor Delay,
T=CVIl
(lower delay = higher speed)

Impact of Hi-K
& MG delay

Another impact of
Hi-k & MG delay:
significant
increase in SCEs

Reduced lon

HP Target:
17%/yr. historical rate

oo ——T T ]

2005 2007 2009 2041 243 205 20T 2019

T alandar Yaar
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STRI

2006 HP Multi parallel Paths
Year In 2005| 2006 2007 2008 2009'2&1& 2011120121 2013] 2014 2015|2016 2017|2018| 2019] 2020
Production
Physlcal Lgate
(High nm 32| 28 25 22 200 18] 16] 14 131 11} 10 9 8 i 6 5
Performance)
Planar Bulk
CMOS
| Delay
UTB FD SOI 2006 ITRS
DG or I
Multiple-Gate

Multiple parallel paths reflects most likely scenario:

- Some companies will extend planar bulk CMOS as long as
possible

+ Others will switch to FDSOI and/or multiple gate earlier
«Initial deployment of FDSOI is delayed in 2006 ITRS

« Ultimate MOSFET is multiple gate

« Similar multiple paths for low-power logic

STRJ 2006 7
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2006
. White Paper

— Title: “The next step in Assembly and Packaging: System
Level Integration”

— Objectives of this white paper
« Catalyze additional SiP chapter for 2007 ITRS issue
» Identify needs and gaps
» |dentify new technology trends for future SiP

— Introduction & Motivation

 The basic elements generic to all SiP System level integration
applications will be defined

 Examples will be used from various application areas to show
how the basic elements are incorporated into these
applications
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Emerging Research Materials (ERM )

e ITRS WG (Working Group ERD

ERM

— ERD (Emerging Research Devices)

— WG

CNTs & Nanoparticles Devices, Interconnect, Package, FEP, Litho
Macromolecules Litho, FEP, Packages, Devices

Directed Self Assembly Litho, Interconnects, FEP, ERD

Hetero-structures & Interfaces ERD, Interconnects, FEP, Package
ESH

STRJ WG13 (Working Group 13 ERD

ITRS 2006 Update

ITRS 2007 Edition
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More Moore( )  More than Moore @D

Moore’s Law & More

More than Moore: Diversification >

Sensors . .
P>

(&]
c| 2 —
o S 130nm Interacting Wlth people
= - and environment
N >
) 2 90nm Non-digital content
© 9 Z) System-in-package
c =
s E): 65nm
L) @) Information
o) . 45nm Processing
o 0p]
=| O ital
© L§> 32nm Digita content
o System-on-chip

)

T 22nm

(7] .

© .

m .

\%

Beyond CMOS
ITRS 2005 Edition
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Market Drivers for Technology Roadmé@)

Technologies

Memory
CMOS HP |
CMOS LP
RF/AMS
Power 0. €C N YoooonlC Yoo & Yo N Ve ff N
Analog/HV ..e2...........CYoikl Noiii O ).
Sensors
actuators Bl Qe Qs Qs s
System in fofl ) V(Y Yol P ;
Package : 5
Data Proc. Communication Consumer Auto- |ndustrial Medical
Office Wireline Wireless Portable Stationary motive
Markets
Legend:
More Moore O More than Moore @ mixed Bubble size
(scaling) (non-scaling) = driver impact
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More than Moore 6WG
2007
Assy & Packaging
— System integration white paper
— Passive integration
e Design
— Extension of roadmap / system drivers (example
Automotive HV power, Sensors)

— System on Chip / network on Chip
 PIDS / Design

— extending MASTAR to system level
e Interconnect

— Optical

— Passive integration
 RF Wireless
— Passive integration
ERD Emerging Research Devices)

ITRS IRC Meeting 2006 7
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URL STRJ

e [TRS
— http://www.itrs.net/ http://public.itrs.net/

— ITRS 2006 Update, 2005 Edition ITRS

o« JEITA
— http://strj-jeita.elisasp.net/strj/index.htm

— ITRS 2005
— ITRS
- STRJ

Work in Progress - Do not publish STRJ WS: March 8, 2007, IRC 18


http://www.itrs.net/

	ITRS 2006　Ｕｐｄａｔｅの概要
	主要略語一覧（アルファベット順）
	ITRS 2006 Update の主要トピックスとITRS 2007 Edition
	Potential Solutions 2005 Edition
	Potential Solutions
	Double Patterning Requirements
	FEP/PIDS:　2006年版アップデート　High k/M-G 見直し
	2006年版アップデート　High k/M-G 導入遅れの影響
	2006年版アップデート　HPのMulti parallel Pathsの見直し
	アセンブリとパッケージ　2006年のトピックス
	Emerging Research Materials (ERM、新探究材料)
	More Moore(微細化) と　More than Moore（多様化）
	Market Drivers for Technology Roadmap
	More than Moore（多様化）の各論について下記6WGと議論（2007年版へ反映）

