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- Difficult Challenges
- Technology Requirement
- Potential Solutions
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Technology Distribution in Actual Production
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Technology Node

1999 2001
(nm)

100 = 130 x 0.7 ®» 91 = 90
70 = 90 x 0.7 ® 64 = 65
50 = 65 X 0.7 = 45 = 45
35 = 45 X 0.7 ® 31 = 32
25 = 32 x 07 ®» 22 & 22
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Half Pitch

Metal Poly
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FEP Grand Challenges

Gate Stack Canacitor

] ./ Trench
_ Source / Drai
Isolation - Extension -

B Wells

Starting Material

Near Term (2001-2007)
Enhancing Performance
= New Gate Stack and Materials :
. Oxynitride gate dielectric / high performance MOSFETs
. High k gate stack / low operating and low standby power MOSFETs

» CMOS Integration of New Memory Materials and Processes :
. High k DRAM capacitor

. MIM capacitor structures

Long Term (2008-2016)

Cost-effective Manufacturing

» Starting Materials alternate beyond 300 mm :
. Productivity enhancement

Internatiofidl BEMBlogy Roadmap for Semiconductors @I

Jan 15, 2002 Tokyo, Japan, T. Fukushima




Interconnect Grand Challenges

Typical Chip Cross Section
Near Term (2001-2007)
«——reaon  Enhancing Performance

J Wire R = Introduction of New Materials :
| | TR . High Conductivity and High k Dielectric

¥ia

ciobal 4| | |+ ditunon = Integration of New Processes and
! Structures :
[ . High Complexity
|— —_— Copper
: *_uundunlu:'m
we  Long Term (2008-2016)
mamedlain ) —— Enhancing Performance
= ldentify Solutions which address Global
— | Wiring Scaling:
Losn . Pre-matal . Beyond Copper and Low k
_‘,..--"'"hhv:lrh:
- — e L . Material Innovation to accelerate Design,

- contact plug
i

Package and Interconnect
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Assembly & PKG Grand Challenges

Near Term (2001-2007)

Chip I Cost-effective Manufacturing
m Coordinated Design Tools and
Simulators :
Package :L « Mix Signal Co-design and Simulation

. Transient Thermal Analysis Tool

. Thermal Mechanical Analysis Tool

[QFP] BGA SGA - Electrical Analysns Tool
\ 080000 Power Disturbs

Tl EMI
I High Frequency / Current and

EeS=

Printed Wiring Boar

Lower Voltage Switching
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System Drivers Chapter

1999
m SOC AMS (analog/mixed-signa) DRAM MPU ASIC

2001

(1) Portable and Wireless (2) Broadband
(3) Internet Switching (4) Mass Storage
(5) Consumer (6) Computer

(7) Automotive

(a) SOC : Multi-technology, High performance, Low cost, Low power
(b) AMS : Low-noise amplifier, Power amplifier, VCO, ADC
(c) MPU : high-volume custom
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Emerging Research Devices Section

1999
m Beyond CMOS / Novel Devices

\

Non-Classical CMOS

2001
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Emerging Research Technologies

Non-Classical CMOS
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Near Future >
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FERAM

Capacitor Structure

1.00E+06
4
100E+05 DRAM //.6 z
1.00E+04 —4 u
512M ilGE Storage Node Plate Plate
1.00E+03 i
Ferro. Film |
1.00E+02 Plate
FeRAM S. Node S. Node
1.00E+01 ‘/_r |
j Plug Plug
1.00E+00 T P
1.00E-01 anar Stack 3D
2000 2005 2010 2015 2020
2001 2002 2003 2004 2005 2006 2007 2010 2013 2016
T. Node (nm) 130 115 100 90 80 70 65 45 32 22
DRAM (bit) 512M 1G 2G 4G 8G 32G 64G
FeRAM (bit) 1M 4M 16M 64M 64M 128M | 256M 1G 4G 16G
Access time (ns) 80 65 55 40 12 10
Capacitor planar | planar | stack | stack 3D 3D
T2Cor1T1C 2T2C 1T1C 1T1C 1T1C 1T1C 1T1C
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Half Pitch
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MPU Gate Length

90nm

100

2-year Cycle| 65nm

Technology Node - DRAM Half-Pitch (nm)
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Gate Dielectrics / EOT nm (High-K)

Year 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2010 | 2011 | 2013 | 2014 | 2016
T. Node (nm) 130 115 100 90 80 70 65 70 45 32 22
1999
EOT MPU 1.5-1.9 {1.5-1.9 [1.5-1.9 [1.2-1.5 [EN=N
(nm)
= MPU /HP-ASIC 2007
2001
MPU/ASIC | 1.3-16 |1.2-1.5 |1.1-1.6
EOT LOP 2.0-24 |1.8-2.2 | 1.6-2.0
(nm) LSTP 2.4-2.8 [2.2-2.6 | 2.0-2.4
DRAM 5 4.5 4.1

LSTP 2005
lg<lpA/um, EOT=1.8nm

High-k
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Effective Dielectric Constant (Low-K)

Year 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2010 | 2011 | 2013 | 2014 | 2016
T. Node (nm) 130 115 100 90 80 70 65 70 45 32 22
1999
K MPU 2.7-3.5(2.7-35(2.2-2.7 |2.2-2.7

DRAM 4.1 3.0-4.1 | 3.0- 3.0-4.1 | 2.5-3.0 2.5-3.0 2.0-2.5
2001
« MPU/ASIC <2.7 <2.7 <2.7 <2.4 <2.4 <2.4

DRAM 4.1 3.0-4.1|13.0-4.1 |13.0-4.1 |3.0-4.1 [2.6-3.1 [2.6-3.1 2.3-2.7 2.3-2.7
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Lithography
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Lithography Potential Solutions

Node 130 90 65 45 32 22 nm

I2000I 01|02|03|04|05I 06I 07|08|09|10| 11|12|13| 14|15 I2016I

i sy .
| Ar(193nm)
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Design / Test / Assembly & PKG

m Design

m Jest

DFT ITRS99

m Assembly and Packaging

Passive
Component)
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FI/YE

m Factory Integration

°
Wafer Mfg. Chip Mfg. Product Mfg.
FEOL - Probe/Test — Packaging
BEOL Singulation Test
< 1999 >
< 2001 >

m Yield Enhancement (_ Yield Detection)
[

Defect Detection and Characterization
Yield Learning
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WW Semiconductor Industry Trends
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Total Economy Model

c
: Wafer Chip Product || 3
> > » S
Design Mfg Mfg Mfg =
2
«Design FEP eProbe/ Test <Ass. PKG
e|nterconnect eTest
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System Drivers Chapter

Emerqging Research Devices Section
<Non-Classical CMOS

DRAM half pitch

2001 3 (90Nm@2004, 65nm@2007, 32nm@2010)
MPU / ASIC-HP half pitch
2 2004 DRAM LP-ASIC MPU
MPU / ASIC-HP
«2005 2
High-Kk
e STP-ASIC 2005 MPU/HP-ASIC 2007
L ow-k
65Nnm

Total Economy Model
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