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Wafer Flatness
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High-k aw

High-k TiO2 Ta205 BST STO  Zr Hf HfO2
HfSIO HfAIO
High-k trap-assist tunneling trapping lon /
Vit
65nm HfSION HfAIO
LSTP
LOP Vit
metal gate
HP poly-Si/SiON - metal gate/high-k
45nm (HfSION) (HfAIO) HfO2 (ZrO2) (La )
LSTP poly-Si metal gate
LOP HP metal gate Dual metal + Si sub., single
metal + SOI
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ITRS 2004 Update

CD

20% etch: 80% litho — 25% etch: 75% litho

Year of Production

2003

2004

2005

2006

2007

2008

2009

New: MPU Printed Gate Length (nm)

75

62

53

47

42

37

8

MPU Physical Gate Length (nm)

45

37

32

28

25

22

20

New: Trim Reduction ()

New: Etch Tolerance

2.25

1.85

1.60

1.40

1.25

1.10

1.00

New: Etch Tolerance/Trim Amount

New: Lith Tolerance

7.5%

3.90

7.4%

3.20

7.6%

2.77

7.4%

2.42

7.4%

2.17

7.3%

1.91

7.7%

1.73

Backside Particle

—
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ITRS 2004 Update: SRl

Stacked Capacitor DRAM

StackDRAM (72b) 2011 2014 2017

2 Hp45,32,22 72a

Table 72b DRAM Stacked Capacitor Films Technology Requirements—Long-term

Year of Production 2010 | 2011 | 2012|2013 | 2014 | 2015|2016 | 2017 | 2018
Technology Node hpa5 hp32 hp22
DRAM % Pitch (nm) 45 40 35 | 32 28 25 | 22 20 18
Cell size factor a LS : 2 : : g
IS 6 6 5
, ) was | 0.012 0.007 | 0.006 0004 (0003  [EONOIHN
Cell size (im ") B 0.010 0.005
_ ) WAS | 0.004
Storage node size (um °) IS 0.003
teq@25fF (nm) V\I/gs 2 07
HAC diameter (um) WAS | 0.05 0.04 | 0.04 0.03 | 0.03 0.02
IS 0.05 0.03 0.02

2005
Cell size factor a
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ITRS 2004 Update: FeRAM ™

2005 0.13- 0.15pm
2011 2014 2017

“Demonstrator”
Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
WAS [DRAM ¥ Pitch (nm) 100 90 80 70 65 57 50
WAS Demonstration Sample Density (standard
memory) [A] 32Mb 64Mb 128Mb 256Mb 256Mb 512Mb 512Mb
IS
WAS Feature Size (um): F1 (standard memory)
B] 0.25 0.18 0.13 0.12 0.11 0.1
IS
WAS Feature Size (um): F2 (embedded
memory) [C] 0.18 0.13 0.11 0.1 0.09 0.08
IS
WAS | Access time (ns) [D] 55 40 30 30 0 0
IS
WAS| Cycle time (ns) [E] 80 70 50 50
IS
WAS| Cell area factor a (standard memory) [F] 15 15 12 12 12 0 0
IS
WAS | cell size (um 2) (standard memory) [G] 0.938 0.486 0.203 0.203 0.173 0.121 0.1
IS 0.270
WAS Total cell area (mm 2) for standard
memory [H] 3.93 8.15 6.8 13.61 23.19 32.48 53.69
IS 31.46 32.61 36.24 54.44 46.39 64.96
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2004 How can we share the pain?
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300mm 450mm

450mm

ITRS 2012 hp35
- 2005 2006
AMHS

2004 2005 2006 |1H'.I" 2008 2009 | 2010 2011 2012
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Figure 1. Proposed 450mm Wafer Transition Timeline.

J. Pettinato et al.
(ISSM2004)
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Starting Materials
update
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2005

e Starting materials
1. 450mm

— US starting materials sub TWG

= SSi
2. 1mm Edge Exclusion

L 1y

3. Wafer Edge Shape

— (SFOR) (ERO:
Edge Roll-Off)
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(US Starting materials Feb.3-4, 2005)

o Starting materials .

* White paper _

Global Economic Symposium
B Micro 2005 Jan. and April
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STRI

e : #1 94.7 San Francisco
Silicon Wafer Summit

Secretariat: SEMI 300mm
— US/Europe Task Force #2 94.11
— Asia Task Force '99 - 2000
Secretariat: SEMI Japan  — EJAJ] 43 054 G
— Japan Working Group — JEIDA -+ eneva
— Korea Working Group _ JSNM
— Taiwan Working Group - SEAJ #44 9512
— o Rl #5 96.7 San Francisco
SEMI Standard | ~~—
—Silicon Wafer Committee
SEMI North America - SEMATECH 1300
SEMI Japan JEIDA Selete
SEMI Europe
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STRI

4 () () )\
PERCENT DECREASE IN COST FOR PRODUCTION ON LARGE WAFERS
ASSUMPTIONS: 200mm | 300mm| 350mmj 400mm
0% - Tool Throughput(Litho, Metro, II, Test) | 1X 0.6X | 05X |0.4x
c  -5%- Tool Cfapital Cost 1X 15X | 1.75x |2.0x
= Tool Size 1X 1.25X | 1.35X | 1.5X
S -10% T Wafer Price (Bulk) $100 | $450 | $700 |$1,100
N Watfer Price ($/cm2) $0.32 $0.64 $0.73 $0.88
L 5% AN
2
= -20% T
© C of silicon
@ -25%+ st persacmoi® g
"g B 200mm 300mm
& i Epi Wafer Price | $175-$200 | $475 - $575
X 359 | Price ($/cm2) $0.71 $0.83
| +17%
-40% i i |
200 300 350 400
' ' Water Size (mm) SEMATECH
\ AU ES\POWERPNTI ARGEWER W_SUAMIT N2Q
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Fig. -6 Price Comparison between 200mm and 150mm wafers
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STRI

ITRS 2004 update and 2005 survey in progress
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ITRS 2004 update and 2005 survey in progress
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. update

— 450mm white book
»

»

1mm Edge Exclusion
Edge Roll-off
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1. 300mm
300mm

300mm

2. 450mm
450mm

3.
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300mm
1994 7 1 Silicon Wafer Summit
1996 2 () Selete
1997 12 13001 Selete
'98,99,’00,’02
2001 3 150nmLogic

2001 12 ? TSMC 130nm
2001 12 Infineon 170nm/256MDRAM
2002 2 Intel 130nm 6 Cu MPU
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1995-6

FEP
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- 13001 Selete :
VL/I H Selete
r A 2002.3
200mm|300mm
Plasma Etch (SiO2) 30 30 &)
Plasma Etch (Poly-Si) 40 40 O
Plasma Etch (Metal) 36 36
RTP 1000 10s 60 60 o
Thermal Oxide 5nm 33 33 )
LP-TEOS (300nm) 29 26 o
|/l As 180keV, 2el2 180 170 o
|/l B 10keV, 3elb 120 o
|/l P 600keV, 1el13 170
158 158 o
KrF 75 60
PVD 37 37
CVD-W (400nm) 90 90

“Selete HP
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Atomic Layer Deposition

— Depo./Purge =

(Kim, ALD2004)
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2. 450mm

ALD
4. 450mm
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