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ITRS 2005

STRI

2005 ITRS Members by Region
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17%
USA (709)
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Taiwan (172)
13%

2005 ITRS Members by Affiliation
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Research
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University
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2005 ITRS Edition ST

1
1 Technology Node
2 DRAM, NAND Flash MPU/ASIC
3 NAND Flash
2
ArF EUV
F2 EPL PEL
3 FEP PIDS
1 “parallel path”
2 High-k 2008
3 450mm 2012
4 Emerging Research Devices (ERD )

Non Classical CMOS PIDS

5 More Moore More than Moore
More Moore More than Moore
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ITRS 2005 D

1. Executive Summary

Introduction

Grand Challenges

What is New for 2005 --- the Working Group Summaries
Overall Roadmap Technology Characteristics

Glossary

2 System Drivers

3 Design

4, Test and Test Equipment

5. Process Integration, Devices, and Structures
6

7

8

RF and Analog/Mixed-Signal Technologies for Wireless Communications
Emerging Research Devices
: Front End Processes

0. Lithography

10. Interconnect

11. Factory Integration

12. Assembly and Packaging

13. Environment, Safety, and Health

14.  Yield Enhancement

15. Metrology

16. Modeling and Simulation
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STRI

2003/2004 ITRS Definition of the Half Pitch - WAS
[DRAM half-pitch determines the 2003 ITRS “node”]

DRAM Y4 Pitch
= DRAM Metal Pitch/2

Metal
Pitch
le—

Typical DRAM
Metal Bit Line

MPU/ASIC Poly Silicon %2 Pitch
= MPU/ASIC Poly Pitch/2

Poly
Pitch

‘ ‘
Typical MPU/ASIC
Un-contacted Poly

MPU/ASIC M1 % Pitch
= MPU/ASIC M1 Pitch/2

Metal 1
(M1)
Pitch

f—

Typical MPU/ASIC
Contacted Metal 1

Source: 2003 ITRS - Exec. Summary Fig 4
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ITRS 2003
DRAM Technology Node
Table
Przzirci)ii;n [ﬁ] 2003 2004 2006 2007 2009 2010 2012 2013 2015 2016 2018
Technology | 150 hpod  hped  hpad  |hp3d hp2o
Node (nm)

2-Year Technology
Cycle [1998-2002actual]

/

3-Year Technology Cycle

Source: 2003 ITRS - Exec. Summary

* Cycle Time = one-half of the time to reach a technology trend reduction to 0.5x
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Half Pitch ITRS 2005) <

o
_ DgifAMM/ZtPI't;Q o FLASH Poly Silicon ¥ Pitch
- etal Fic = Flash Poly Pitch/2
MPU/ASIC M1 % Pitch
= MPU/ASIC M1 Pitch/2 Poly
Metal Pitch
Pitch [
l—
8-16 Lines
Typical DRAM/MPU/ASIC Typical flash
Metal Bit Line Un-contacted Poly
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ITRS 2005

2005 (*05-'20) ITRS Technology Trends DRAM M1 Half-Pitch : 3-vear cycle

DRAM, Flash, MPU

Table

Year of 2001 2003 2005 |2006 2008 12009 2012 2015 2018 2020
Production | 2000 2002
(Actual] [Actual 2004 2007 2010 2013 2016 2019
- Contacted | 180 130 90 65 45 32 22 16
M1 H-P (nm)

2-Year Technology Cycle
[‘98-704]

3-Year Technology Cycle

/

2005 ITRS Flash Poly Half-Pitch Technology: 2.0-year cycle until 1yr ahead of DRAM
@oonm/"Uo | 5001 2003 2005 b008 2010 2013 2016 2019 [2020
Production | 2000 2002

ctiel (el 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

{ZYear Technology Cycle ['98-°06

3-Year Technology Cycle

2005 ITRS MPU M1 Half-Pitch echnology: 2.5-year cycle; then equal DRAM @45nm/2010

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

L1 H-P (nN) N N
3-2-Yr ~
s o / 3-Year Technology Cycle

/




Cycle Timin®

Production Ramp-up Model and Technology Node

Development Production

= 10M =
= o
S =
= 1M o
Eﬁ 'dg Alpha ] Beta fProduction %
> Tool | Tool Tool S
g 10K EEEEEEEEEEEEEEEEEEEEEEEEEEETSRm FirSt TWO ;
S Compa.nles E

1K Reaching 9

Production
-24 -12 0 12 24
Source: 2003 ITRS - Exec. Summary Fig 2 Months
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ITRS STRI
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65

45

32

22

16

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
i i i | DRAM Half-pitch

193 nm
193 nm immersion
with water

Narrow -‘

options

[1] EUV [2] 193 nm immersion with other fluids
and lens material [3] Innovative 193 nm
immersion with water [4] Imprint, ML2

Innovative 193 nm immersion
Imprint, ML2, innovative technology

Innovative technology
Innovative EUV, imprint, ML2

Narrow
options

Narrow
options

Flash Half-pitch

—

Narrow
options

Il Research Required

I Development Underway [ Qualification/Pre-Production

N Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
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High-k 2008 STRIZ

LSTP: Low Standby Power

1.E+03 7 25

EOT, planar bulk

] Jg simulated fOr SION, planar bulk
1.E+02 ¢ // 7 i

1T 20
1.E+01 o *

: a *

A

’ - 15
1.E+00 1 |£OT’ UTB FD ,
] \

/

Jg (A/lcm
P
m
c
<
(v) L03

[>
[>
T '[:?_

1.E-02 -

J

g,limit i
\ EOT, DG 15

for SiON, planar bulk

1.E-03

High-k needed beyond this
crossover point

1 . E'04 T T T T T T T O
2005 2007 2009 2011 2013 2015 2017 2019

Calendar Year
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2005 ITRS: Low Power & High Performance (HP)@

Intrinsic Transistor Delay, Leakage Current
T =CV/|

(lower delay = higher speed)

(HP: standby power
dissipation issues)

10.00 -

E
2 3 /
§ 2 T 1E-03 LOP
O ‘\é§~ R f
L) ~N )
01011 HP Target: 1LE-04 |~ - LSTP Target:
1| 17%l/yr, historical rate 1T~ [dsdleak ~ 10 pA/um

1.E-05 &

1.E-06 ‘ ‘ ‘ ‘
2005 2007 2009 2011 2013 2015 2017 2019

0.01

2005 2007 2009 2011 2013 2015 2017 2019

Calendar Year Calendar year
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Multiple Parallel Paths High Performance Logic <

Year in
Production

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

Physical Lgate

(High nm 32| 28| 25| 22| 20{ 18| 16| 14| 13| 11| 10 9 8 7 6 5
Performance)

Planar Bulk

CMOS I

DG or
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
e Ultimate MOSFET is multiple gate
e Similar multiple paths for low-power logic
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Multiple Parallel Paths

LSTP

—Extend planar bulk as long as possible

—Implement FDSOI and MG in parallel

—Slowed Lg scaling for FDSOI in latter years

Work in Progress - Do not publish

Year in

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

Technology :

Generation |stpBs Istpd 5 1 Istp32 Istp22 Istp16

# of years since i

2005 0 i 2 &) 4 5 5 | 7 3 9 10 11 12 12 13 14 15

Physical Lgate (Low- :

Standby-Power) H

(Bulk & DG} nm 65 53 45 37 32 28 25 22 20 18 16 14 13 13 12 11 10

Physical Lgate (Low- :

Standby-Power) 1 12

(FD) nm : 22 20 18 17 16 15 15 14 13
! |
: o |

Planar Bulk ! !
| >
1 . I
| FDSOIl and MG in parallel |
[FDSOI = Fully Depleted, [MG = Multiple Gate
Ultra-thin Body SOI] (e.g., FINFET)]
*Approach
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MOS : 2008 @

The “CMQOS Change Crunch” Multiple, Big Changes Over Next 7 Years
First Year of “Volume Production”

2000 2005 2010 2015 2020
| | | | | | | | | | | | | | | | | | | |
Strained Si @@
High k Gate )
Dielectric
Metal Gate
Electrode

Fully Depleted SOI

Multiple Gate MOSFET

Others = ———— = +

Driver: @ = High Performance @ = Low Power
Applications Applications
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STRI
Wafer Size Conversion History

}47 9 yrs + 2yrs delay* 4+7 11 yrs + Qyrs delay 4+7 9 yrs + 0yrs delay 4>‘
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DRAM %2 Pitch
= DRAM Metal Pitch/2
MPU/ASIC M1 % Pitch
= MPU/ASIC M1 Pitch/2
Metal

Pitch
le—]

Typical DRAM/MPU/ASIC

Metal Bit Line

LS

Global '<

Intermediate <<

Passivation

Dielectric

-<— Etch Stop Layer

-<+—— Dielectric Capping Layer

Copper Conductor with

* Barrier/Nucleation Layer

>

Metal 1 —c=

“|<«— Pre-Metal Dielectric
' Tungsten Contact Plug

—>: :<— Metal 1 Pitch



Cu

Iside
4 Jwall

|grain
|boundary

Resistivity [uQ cm]

14 bulk resistivity

10 100 1000
Line width [nm]

Source: Infineon Technologies
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Low-k <

 Low k materials with k~2.7 are in manufacturing and
materials with k~2.4 will be developed in 2~3 years.

e Securing mechanical properties of the Ultra Low k
materials is a challenge.

c 1 <
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& @
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- >
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% D Hard
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c [

S 3

‘ ‘ Wax
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. | \STRIZ
Emerging Research Memory D
Remove SET
Memory from

2005 ERD

_ Phase Floating Nan_o- Single% ns_ulator
Present Day Baseline Chanae Bod floating Electfon | Resistance | Molecular
Technologies g . y Gate Memories* | Change Memories**
Memory DRAM o - e
Memory Memory
Storage
Mechanism
P [
T
— o

Engin le
Device NOR 1TDRAM | 1t Move to
Types DRAM Flash 20 eDRAM bal )

nan PIDS/FEP in

Availability 2004 2004 ~2006 ~2006 / />.2% ~2010 >2010
y /
Cell —~
1T1C 1T 1T1IR 1T 1T 1T1R 1T1IR
Elements
~J
Y
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Emerging Research Logic Devices

STRI

Replace with
Ferromagnetic
Logic
Device //’; -
@%
SIRCHIE NI N RO
FET | RSFQ™ 1D Resonant SET Molecular| QCA  [Spin transisto
structures Tunneling
\ Devices

—

N

Remove RSFQ
from 2005 ERD
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Remove E:QCA
from 2005 ERD
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More Moore( )  More than Moore @

Moore’s Law & More

More than Moore: Diversification

Sensors . .
P>
130nm ' Interacting Wlth people
' and environment
)

90nm Non-digital content

System-in-package

Information
Processing

A o))
al al
5 S
3 3

32nm Digital content
System-on-chip
(So0C)

More Moore: Miniaturization

22nm

Baseline CMOS: CPU, Memory, Logic

<- -

Beyond CMOS
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