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3D: Three Dimensional Integration
ALD Atomic Layer Deposition
CNT: Carbon Nanotube

EM: Electromigration

Intermediate

Jmax:

Low-k:

RF: Radio Frequency

SM: Stress Migration
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(Speed) RC [s/mm?]
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2005

Assumptions

CuD.B height = 50nm
Hardmask height = NA
Via height = 150nm
Trench height = 170nm
MinimumL/S = 100nm

(keff=3.1-3.4 in ITRS2005)

Assumptions
CuD.B height = 50nm
Hardmask height = 50nm
Via height

= 150nm
Trench height = 170nm
Minimum L/S = 100nm

Assumptions
CuD.B height = 50nm

Hardmask height = 50nm
Via height = 150nm
Trench height = 170nm
MinimumL/S = 100nm

2007 (keff=2.7-3.0 in ITRS2005)

Assumptions

CuD.B height = 35nm
Hardmask height = NA
Via height = 112nm
Trench height = 126nm
MinimumL/S = 70nm

Assumptions

Cu D.B height = 35nm
Hardmask height = 40nm

Via height = 112nm
Trench height = 126nm
Minimum L/S = 70nm

\STRI

Assumptions

Kcupg = 90
K(Hardmask) = NA
Kvia) = 3.0
K(trench) = 30
K, 3.33

2009 (keff=2.5-2.8 in ITRS2005)

Assumptions

CuD.B height =30nm
Hardmask height = NA
Via height = 80nm
Trench height = 90nm
MinimumL/S = 50nm

Assumptions

Kcupsy =35
K(Hardmask) = NA
K(via) =24
Kirencny = 24
K, 264

Work in Progress

Assumptions

Kcupg =350
K(Hardmask) 4.1
Kia) =28
K(trench) = 28
Ky 3.35

Assumptions

CuD.B height = 30nm
Hardmask height = 35nm
Via height 80nm
Trench height 90nm

Minimum L/S = 50nm

Assumptions

Kcupsy =35
K(Hardmask) =27
Kiia) =23
K(trench) =23
K prigare-ste)= 3-9

e 2.80

Assumptions

Kicupg = 90
K(Hardmask) = 4.1
Kug = 27
K(trench) =238

o 332

Assumptions

CuD.B height = 30nm
Hardmask height = 35nm
Via height 80nm
Trench height 90nm
MinimumL/S = 50nm

Assumptions

Kicupsy =39
K(Hardmask) =27
K(wa) = 22
Kirencny = 23
Ky 2.62

- Do not publish

Assumptions

Kcupg =40
K(Hardmask) = NA
Ko = 27
K(trench) =27
K, 296

Assumptions

Kcupg = 4.0
K(Hardmask) =3.0
Kug = 25
K(trench) =25

K, 287

Aggressive Realistic
Low-k

Assumptions

Kcupg =40
K(Hardmask) =3.0
Kug = 24
K(trench) = 25
K, 2.83

2005.6.5 Interconnect TWG Meeting
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ITRS2006 ( ) STRI

Dynamic Power Metric

high-performance MPU
Dynamic power
(Optical, CNT, RF, etc.)
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TRS2006
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ITRS2006 ( ) STRI

P [W/GHz cm?]
=CV?2 a (1GHz) {e, (1cm?)/p}

C: V: ’ P-

a: average activity, e,: wiring efficiency
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ITRS2006 ( ) STRI

P [W/GHz cm?] =CV? a (1GHz) {e, (1 cm?)/p}
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Beyond Cu/Low-k

Emerging

2010

Cu/Low-k
RC

Potential Solution
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Emerging Interconne

- Air gaps
- Other conductors with better
resistivity at narrow linewidth

- Carbon nanotubes (CNT)

- RF/microwave

- Optical

- 3 Dimensional Integration

- Package Intermediated Interconnect
- Nanowires

- Terahertz photonics

- Molecules

- Spin conductors

- Superconductors

- Quantum Entanglement )
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C. ]D)

(a) DD Dry Etching (b) Cu Deposition

CVD Film: FSG/SIO Cu-CMP
SOD Film: SiLK™

iy B

SiCN Air—gap
(d) Wet Cleaning (e) SiCN Deposition
H; Annealing

|
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(f) CVD, SiO,-CMP

Air-gap
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CNT Via

Work in Progress - Do not publish

CNTs via
Bundle of MWNT

2000 nm

()
( ) Selete - MIRAI

STRJ WS: March 9, 2007, WG4 Interconnect

27



CNT Via 2
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(1) <

Inter-chip optical interconnect

LSI inter-chip
connection
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ITRS2005 Emerging STR)_

2007 2010 2013 2016 2019
J005 2006 | 2008 2000 | 2011 2012 | 2mi4 245 | o017 218 | 2000 20m
DRAM 172 Pitch E5nm A5mim 32mim 22nm 18mm
GLOBAL WIRING
ECD Cu

Design and signaling options
Package intermediated
interconnect

3D interconnects

RF/microwave interconnects

Optical interconnects

Radical solutions (spin,
nanotubes, etc.)

spin

nonotubes
molecular

cooled conductors

superconductors

Bl Research Required Qualification/Pre-Production
I Development Underway EEE Continuous Improvement
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- Cu/Low-k
Intermediate Global

Cu
Jmax
- ITRS2006

Low-k Bulk

Beyond Cu/low-k

- Cu/Low-k
Air Gap CNT Wireless

RC

W/GHz cm?

Emerging

- ITRS2007 More Moore Japan-TWG

- Emerging
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Roadmap
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