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Technology Nodes 3
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2003 ITRS ORTC Table
2003 ITRS Technology Node (**2001/2002 ITRS ):

Near-Term Long Term Notes

2003 2004 2005 2006 2007 2008 2009 2010 2012 2013 2015 2016 2018 |**

hp90 hp65 hp45 hp32 hp22
DRAM Unchanged 100 90 80 70 65 57* 50* 45 35* 32 25% 22 18%
ORTC (optional - use by TWG Tables as needed):
NEW Logic M1: 120 107 95 85 76 67 60 54 42 38 30 27 21
MPU Pr.GL: 65 53 45 40 35 32* 28* 25 20* 18 15* 13 10*
MPU Ph GL: 45 37 32 28 25 22* 20* 18 14* 13 10* 9 7*
Pr. GL: Ph. GL:

*2001 ITRS “Near Term” “Long Term”

«** DRAM Half-Pitch Node 2001 , 2003 ITRS
2001 ITRS 10K /
Note: 2001 ITRS Logic Half-Pitch (HP) Un-contacted Logic Poly HP . 2003 ITRS
, Logic “Metal 1”7 (M1) “Local Wiring” Pitch/2 [120nm/2003, plus a 3-

year target cycle trend]



I TRS

Manufacturable Solutions Exist, and Are Being Optimized
Manufacturable Solutions are Known

Manufacturable Solutions are NOT Known

| nterim Solutions are Known

[New Slide]



Lithography

FHrst Year of IC Production 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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ML2 = Maskless Lithography EUV = Extreme Ultra Violet PEL = Proximity Electron Lithography
EPL = Electron Projection Lithography RET = Resolution Enhancement Technology



X-ray

Immersion lithography
65nmM 45nm

lon projection lithography
Imprint lithography



CD

Year of Production 2003 2004 2005 2006 2007 2008 2009
DRAM
DRAM %2 Pitch (hm) 100 90 80 70 65 57 50
Contact inresist (nm) 130 110 100 90 80 70
Contact after etch (nm) 115 100 90 80 70 65
Overlay 35 32 28 25 23
CD control (3 sigma) (nm) 12.2 11.0 9.8 8.6 8.0 7.0 6.1
MPU
MPU %2 Pitch (nm) (uncontacted gate)] 107 90 80 70 65 57 50
MPU gateinresist (nm) 65 53 45 40 35 32 30
MPU gate length after etch (nm) 45 37 32 28 25 22 20
Contact inresist (nm) 130 122 100 90 80 75 60
Contact after etch (nm) 120 107 95 85 76 67 60
Gate CD control (3 sigma) (nm) 4.0 3.3 2.9 2.5 2.2 2.0 1.8
Chip size (mmz)
Minimum field area 704 704 704 704 704 704 704




Process Integration & Front-end Processes
S MOSFET
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MOSFET ; 2008 - 2011
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MOSFET ; 2012 - 2018
» FinFET

Si
Metal Gates

Buried Oxide Layer




Year of Production 2663 2004 2005 2006 2007 2008 2009 Driver
MPU Physical Gate Length (nm) 45 37 ( 32) 28 25 22 20 MPU
Low Operating Power Physical Gate ~

Length (nm) 65 53 45 @ 32 28 25 Low Power
Low Standby Power Physical Gate Length -~

(nm) 75 65 53 45 37 32 28 LSTP
Equivalent Oxide Thickness for MPU/ASIC,

Tox (nm) 1.3 1.2 1.1 1.0

Gate Dielectric Leakage at 100°C (nA/um)

MPU/ASIC 100 170 170 170

Equivalent Oxide Thickness for Low

Operating Power Tox (hm) 1.6 1.5 1.4 1.3 Low Power
Gate Dielectric Leakage (nA/um) Low

Operating Power 0.33 1.0 1.0 Low Power
Equivalent Oxide Thickness for Low

Standby Power Tox (nm) 2.2 2.1 2.1

Gate Dielectric Leakage (pA/um) Low

Operating Power 3 3 5

EOT Thickness Control (%3c) <4 <4 <4 MPU/ASIC




Interconnect
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MPU HP Near Teem Years

YEAR 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
TECHNOLOGY NODE
DRAM Y2 PITCH (nm) 100 | 90 80 /0 65 57 50
Was | MPU/ASIC %2 PITcH (nm) 1071 90 | 80 | 70 | 65 | 57 | 50
Is |MPU/ASIC Y2 PiTCcH (nm) 120 | 107 | 95 85 76 67 60
1s | Number of metal levels 9 10 | 11 | 11 | 11 | 12 | 12
Is |Metal 1wiring pitch (nm) 240 | 214 | 190 | 170 | 152 | 134 | 120
/ Was | Interlevel metal insulator (minimum 30-(26-(26-]|2.6—
expected) —effective dielectric constant 36131131131

()
Is |Interlevel metal insulator (minimum 3.3-13.1-| 3.1-| 3.1-
expected) —effective dielectric constant 36 |1 361 36| 3.6
()
Was | Interlevel metal insulator (minimum <2.71<24|1<24|1<2.4
expected) —bulk dielectric constant (k)
Is |Interlevel metal insulator (minimum <3.0<2.7|<2.7\|<2.7
expected) —bulk dielectric constant (k)

/

k 2002
Cu - conformal barriers — resistivity

2.2 HQ-cm



Resistivity(u Q cm)

Ut BM

ured-Cu resistivity:

2 0.

Linewidth (nm)

3 0.4

p=0 (complete diffuse scattering)
p=1 (specular scattering)

p: fraction of electrons
having elastic collisions at wire surfaces

l
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Wireless RF and Analog/Mixed-Signal IC

Si

0.8 GHz 2 GHz 5 GHz 10 GHz 28 GHz 77 GHz 94 GHz

CDMA . P 802.11b/g 302.11a | WLAN | WLAN | RADAR | Detectic
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Radio | CDMA |Bluetooth UWB Landing




Emerging Research Devices
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An Example of Critical Assessment

N ~ 1 nm (2003
ITRS physical gatelength 2018 7nm)
N
~1x10°
gates/cm?
0 1TRS

CMOS
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