—High-k & —

2006 3 10

Selete

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP 1



(1)2005
ITRS2005

(2)

High-k &

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP 2



FEP WG <

#
Surf. Prep. WG
NEC
Selete
SEAJ
1t
SEAJ

= Start. Mat. WG
Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP



2005
ITRS2005
Stacked DRAM FeRAM PIDS
FEP
450mm Position Paper
10
450mm

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP 4



Starting Materials

ITRS2005
Emerging Materials Sub-chapter text
Si/Diamond, Si/SiC, Si/AlOx, Si
S, , ., CN
SoC ,

2007 2010 2013 2016 20|19

Materials Selection cz\| ‘ . ‘ ‘
IDefect !
en meered%\\ \\I\\\\\\\\\\\\\

Emerging Materlals
Various device process alternatives

. |
o sm\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\*

Bonded, SIMOX, SOl

450mm Wafer [

T T
Il Research Development Qualification R Improvement
Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP




450mm

450mm

Si

16.6Kg

17.8kg

107.2kg

60kg

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP 6



FRONT END STRI
Surface Preparation

ITRS2005
Si

Neertem Longtem

Year of RodLdion Ab | 206 | 207 | 28 | 20 | 2000 | 211 | 2002 | 203 | 2004 | 2005 | 206 | 207 | 218 | 2019 | 2D

Ws | Slianles(Qperdeirgsep | 08 | Q7 04 04 04 04 04
s | Slienlos@prdenirgssp | 08 | 07 Q2 02 02 02 02 02
Ws | Oicclos(Aperdesrigsep | 08 | Q7 04 04 04 04 04 --

Is | Odcklos(Aperdenirgssp | 08 | Q7 02 02 02 Q2

Is | Alonsdevaamais 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG3 FEP 7



FRONT END ETCH

ITRS2005 CD
CD
CD
Litho/Etch
Industry survey
CD(8c)  Etch 35% Litho.18% ITRS2003
Red Bri k Wall 2007
ITRS2005 2003 2005
Gate CD —+10% =+12%
Resist CD 1 1.2
Litho/Etch 80720 75/25
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Doping and Junctions
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Stacked-Capacitor DRAM mw
Changes in 2005

Year of Production| 04 O5{06 | 07| 08/09 |10 |11 (12 |13 |14 |15 (16 |17 | 18| 19| 20
Cell size factor a

2003200417Rs | 8.0 [7.5] 7] 7] 6] 6]/ 6] 6] 6] 6] 6]6 GM
2005 ITRS 8/ 8/8|/6|/6/6/6/6|/6|/6/6/6/6/6|/6]6]

Dielectric constant
2005 ITRS 22 40| 50| 50| 50| 50| 50| 60| 60| 60| 80| 80| 80|100|100{100/100

Capacitor dielectric material — potential solutions

2003/2004 ITRS |aLo/TAO|ALC

TAO ALO /TAO /others new material
| | | | | | I I I |
I | I .I I ! ] I I ] I !
2005 ITRS Al, O, HfO,, Ta,0., TiO, uItra—hlgh-k, new materials, strontium-based,
Ta,04 | | perovskites
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Flash Memory
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ITRS2005

2006

. 2
Feature size

. 30uC/cm?
2010 3D

. FeRAM

Year of Production 2005 2006 2007 2008

Feature size (um) [A] -0.13 0.11 0.1 0.09

Cell area factor: a [D] i 34 34 30 30

?ga]pacnor active area (Hm-) 0.32 0.23 0.158 0.128

ﬁ_'a:p active area/footprint ratio 1 1 1 1

Capacitor structure [J] stack stack stack stack

Minimum switching charge

density (uC/cm?) at Vo, [M] 11.4 14.2 19 22
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1. ITRS2005 ( )
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1.High-k/ 2008
ITRS2003 ITRS2005
Enhanced mobility 2004 2004
High-k (Low power) 2006 2008
High-k (MPU) 2007 2008 {12008
Metal gate 2007 2008
FD-SOI 2008 2008 /
1. Enhanced mobility
2. CV/I (17%/year — 14%/year)
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2.

m Metal gate

Bulk: 0.2eV
FD-SOI: Ei#x0.15eV(HP) Midgap (LOP) Ei=#x0.1leV LSTP)
Multi-gate: Midgap (HP LOP) Ei#%0.1eV LSTP)

m Bulk LSTP

Year of Production 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
DRAM %2 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
Physical gate length low standby power (LSTP) 65 53 45 37 32 28 25 23 20
Vdd:Power supply voltage (V) 12 |12 ] 12 | 11|11 ] 11 1 1 1

Equivalent physical oxide thickness for bulk low
standby power T ,, (nm) for 1.5E20-doped poly-Si

[A, AL, A2] 2.1 2 1.9
Equivalent physical oxide thickness for bulk low
standby power T ., (nm) for metal gate [A, Al,
Gate dielectric leakage at 100°C for bulk (A/cm ?)

LSTP [B, B1, B2 SE- K|ep AP WIZod 2.7E-02 3.1E-02 3.6E-02 4.8E-02 7.3E-02 1.1E-01
Metal gate work function for bulk LSTP |E, -

f.l(eV)[S <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
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High-k

merits/demerits of HfO2, nitrided HfO2, Hf-silicates,
and HfSION (my interpretation - pseudo-ternary alloy)

HfO2

dielectric

nitrided

'merits'

"only good thing about

high-k's are their high
values of k” Bob Wallace

none, that | know ofl!

'demerits’

nanocrystalline-intrinsic
defects: O-vacancies &
grain boundary traps

Hf nitride - metal
trivalent Hf - defect

Hf

G. Lucovsky (2" International Workshop on Advanced Gate Stack Technology, 2005)

HfSION HfO,
- HfSION:
- HfOzl

silicates

‘HfSiON’

non-crystalline as-
deposited, but

if done right* - a viable
3rd generation sclution!

*ternary alloy, with high
SisN4 content - stable to
at least 1100°C

inherent network
disruption - chemical
phase separation

k ~8-10, but
with high CB offset
enough for
EOT to ~ 0.7-0.8 nm

CMOS

(HFSION
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High-k ™
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Fully silicided gate
(FUS P ND Silicidation ~ ( NISI)
H _Poly-Si [ ) /
o /
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FUSI )
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(V.Misra , Topical Research Conference
on Reliability, 2003)
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m Hf High-k Ready
- . HFSION or HfO,
- EOT<0.9nm =SI0, 90%
- Vth (Fermi level pinning)
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