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54%
RELEE /AR
KSIA (#&F) 20%
TSIA (B5) 8%
19%
ZD i
Fiqx  |magmpn | TERRS x 2 BORF/EH | (R g
B)
ESIA (Ex) 38 5 25 68
JEITA(BZR) 141 42 22 10 7 222
KSIA (& H) 32 11 5 9 7 64
TSIA(-é.‘;’E) 88 17 14 13 29 161
SIA(CKE) 146 91 36 24 12 4 313
INET 445 166 102 56 26 33 828
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§ 12 ITWGs: Design to Modeling & Simulation
' - Scope
- Difficult Challenges
- Technology Requirement
- Potential Solutions

- System Drivers
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Difficult Challenges

Grand Challenges

I ntroduction
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Technology Node Timing
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Technology Distribution in Actual Production
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SOURCE: SICAS Yano Res. Institute & SIRIJ
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Technology Node

1999k 2001k
(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 07 ®» 31 = 32
25 = 332 x 0.7 & 22 = 22
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Half Pitch

M etal Poly
Pitch Pitch

DRAM MPU/ASIC
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FEP Grand Challenges

Gate Stack Capacitor
Stack / Trench

_ Source/ Drain
Isolzﬂon - Extension -

S wells

Starting M aterial

Near Term (2001-2007)

Enhancing Performance
m New Gate Stack and Materials:

. Oxynitride gate dielectric / high performance MOSFETSs

. High k gate stack / low operating and low standby power MOSFETSs
m CMOSIntegration of New Memory Materials and Processes :

. High k DRAM capacitor

. MIM capacitor structures

L ong Term (2008-2016)
Cost-effective Manufacturing
m Starting Materials alternate beyond 300 mm
. Productivity enhancement
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| nter connect Grand Challenges

Typical Chip Cross Section

Near Term (2001-2007)
+—mumien — Fnhancing Per formance

Wirs S Dieectrie m Introduction of New Materials:
- Fhmop tay . High Conductivity and High k Dielectric
Global | S— 4 i m Integration of New Processes and
Structures:
[ « High Complexity
T sl
1 corsliicles with
me  Long Term (2008-2016)
Inlarmgsiints Enhancing Performance
m | dentify Solutionswhich address Global
j I Wiring Scaling:
Local T B _.--'rmml . Beyond Copper and Low k
Tungstan . Material Innovation to accelerate Design,

e coniaet plug
r

Package and I nter connect
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Assembly & PKG Grand Challenges

Near Term (2001-2007)

Chip ] Cost-effective Manufacturing
m Coordinated Design Toolsand
Simulators:
Package J:- « Mix Signal Co-design and Simulation

« Transient Thermal Analysis Tool

« Thermal Mechanical Analysis Tool

« Electrical Analysis Tool

ik 0O Power Disturbs

O EMI

—High Frequency / Current and
L ower Voltage Switching
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System Drivers Chapter

19994F fifk
B SOC. AMS (analog/mixed- sgna) (ZE & LTED, FIZDRAM, MPU, ASIC

B HxDOmfED, Bt/ —FIiZiho> T, —RICHBINDLRE

20014 hfz ‘

B L LTSBIE. IR o7- 50, B R 2 oK
B RS A MO R EI MEZ O

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

(7) Automotive

B 5T A MNP RODE MK T DEER,/ B R 2R
(a) SOC : Multi- technology, High performance, Low cost, Low power
(b) AMS: Low-noise amplifier, Power amplifier, VGO, ADC

(c) MPU : high-volume custom
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Emerging Research Devices Section

19994Efifk
B Beyond CMOS/ Novel Devices
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« Non-Classical CMOS
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Emerqging Research Technologies

Non-Classical CMOS
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Memory Devices
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FERAM

Capacitor Structure

1.00E+06
1.00E+05 DRAM //.646
1.00E+04 — u
512vi 16G Storage Node Rlate Rate
1.00E+03 .
Ferro. Film ,—H—‘ -
1.00E+02 Plate
FeERAM S. Node S. Node
1.00E+01 /—r |
j Plug Plug
1.00E+00 M Pl
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
T2C or 1T1C 2T2C | 1T1C | 1TiC | 1T1C 1T1C 1T1C
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Half Pitch
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Y ear of Production
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MPU Gate L ength

1000

A 2001 MPU Printed Gate Length
< 2001 MPU Physical Gate Length

LP-ASIC : MPU®D 25}

—

Technology Node - DRAM Half-Pitch (nm)

90nm
100
/ 45nm
(19994EhK :
20054E) 39nm
13nm
10 9nm
1995 1998 2001 2004 2007 2010 2013 2016

Y ear of Production
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Gate Didlectrics/ 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
19994 iR
EOT MPU 1.5-1.9 |1.5-1.9 [1.5-1.9 | 1.2-1.5 [EM=N
(nm)
2001 £ hiR
MPU/ASIC | 1.3-16 [1.2-1.5 | 1.1-1.6 | 0.9-1.4 [oJ¥:25: 5 T o Jir A5 B~ 20000 W< 25 I |
EOT LOP 2.0-24 [1.8-2.2 | 1.6-2.0 | 1.4-1.8
(nm) LSTP 2.4-2.8 [ 2.2-2.6 | 2.0-2.4 | 1.8-2.2 [BW: 520 Tl BV 55 N0 A 25 Y-
DRAM 5 4.5 4.1 3.6
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Effective Dielectric Constant (L ow-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
19994E iRk

. MPU 2.7-3.5|2.7-35|2.2-2.7 |2.2-2.7
DRAM 41 |3.0-4.1 |3.0- 3.0-4.1 [ 2.5-3.0 2.5-3.0 2.0-2.5

20014EhR
« MPU/ASIC <2.7 <2.7 <2.7 <2.4 <2.4 <2.4
DRAM 4.1 3.0-4.1 |3.0-4.1 | 3.0-4.1 | 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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L ithography Potential Solutions

Node 130 90 65 45 32 22 nm
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Design / Test / Assembly & PKG
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B Assembly and Packaging
@ a—TFDIK
— MEMS, #7h=b b=/ T 4A7Y—} (Passive
Component)
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B Factory Integration
@ Ra—TDYILK

Wafer Mfg. Chip Mfg. Product Mfg.
FEOL - Probe/Test — Packaging
BEOL Singulation Test

< 19994 ki >
< 20014E i >

B Yield Enhancement ([H Defect Reduction)
@ Ra—T7DYILK

— Defect Detection and Char acterization
— Yield Learning

Infemaﬁnna] TEC]TIIIDIDQ‘!] Roa.clmap [m_* Semicuncluclnrs

WerlccirProaress, Don’t: Publish.. @JEITA. Allrights, reene15, 2002 Tokyo, Japan, T. Fukushima




WW Semiconductor Industry Trends

1000000
12% CAGR
100000 Revenue, M$ .~~~
16% CAGR 10% CAGR
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1000
100
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Svstem Drivers Chapter

TG A MEDBINBEAREIR O oHTE, K mFEICKRH DTSR, B R R 2-fh
Emerqging Resear ch Devices Section

<Non-Classical CMOS, F ATV T AR, Fral vl T AR T —%T I/ F ¥Ry

DRAM half pitch
« 20014E DL 34EH A 7 /L (90nm@2004, 65nm@2007, 32nm@2010)

MPU / ASIC-HP half pitch
@ 2MEH A7)V TR L E A . 20044E LIREIZDRAM E[RIT
MPU / ASIC-HPDO A —hE
«20054E £ C2EY A7V T, LP-ASICIZMPUD 24BN

High-k
=L STP-ASIC 1220054, MPU / HP-ASI CH 2200742 X0 E A D % B

L ow-K i 3R
YU 1E65nmE THESY
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