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2.1.1 SEERRDETE 2007 ITRS Interconnect Contents @.

Scope °
Difficult Challenges
Technology Requirements
Potential Solutions °
Dielectric Potential Solutions
Barrier Potential Solutions
Conductor Potential Solutions
Nucleation Potential Solutions
Planarization Potential Solutions
e Etch Potential Solutions
Interconnect Surface Preparation
Passive Devices
e Introduction
e MIM Capacitors
e Inductors

Systems and Performance Issues

e Interconnect Performance

e System Level Integration Needs
New Interconnect Concepts and Radical Solutions
Introduction
Interconnects Beyond the Metal/Dielectric System
Different Signaling Methods
Innovative Design and Package Options
3D ICs
Different Physics for Signal Propagation
CMOS-compatible Optical Interconnects
RF/Microwave Interconnects
Guided Terahertz Waves and Plasmons
Carbon Nanotubes

e Radical Solutions
Cross-cut Challenges

e Interconnect and Design and Modeling and
Simulation

2007 ITRS Interconnect Appendix
References

e Resistors °
Reliability

e Introduction

e Cu Metallization °

e Ultra Low-K Materials °

e Ultra low-k (Porous low-K)

e Cu/low-K Materials and Processes

e Modeling and Simulation

e Future Reliability Directions
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2.1.1 SEERLDOZETE 2009 ITRS Interconnect Chapter Outline €ILID

1. INTRODUCTION AND SCOPE 5. RELIABILITY AND PERFORMANCE
2. INTERCONNECT ARCHITECTURES DISCUSSION A Re“ab”'ty
A. iProdulf:gglizrivers and Interconnect Roadmap Progression 2 Ih,rl‘é{‘a’ﬁggg'lgﬂ reliabilty
. r— ] Electromigration
I memol\r/ly TR iv.  Stress migration
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Iv. ~Interconnect approacnes vi.  Time dependent dielectric breakdown
B. Interconnect Architectures vii.  Impact of LER and via misalignment on dielectric reliability
:I gaDsi?\}:rISZCiré:Cst Architectures vii.  Reliability assessment, modeling and simulation
. iX. Future challenges and directions
3. INTERCONNECT CHALLENGES AND B. Interconnect Performance
REQUIREMENTS :I IS?;L%CIIL;)Crtg%ggation
g' 'I?Iefgf]ﬂfjﬁ)hqa\l/lel:\?gglsjlrements iii. Power consumption
. iv. System level performance
4. PROCESS MODULES POTENTIAL SOLUTIONS | 6. EMERGING INTERCONNECT SOLUTIONS
A. Introduction A. Overview
B. Dielectric Potential Solutions B. Cu Extensions
i. Pre-metal dielectric (PMD) Cu Replacements
ii. Cofr;ventiol?al low-k ILD i Metal silicides
iii.  Diffusion barrier ;
. - . . . ii. Silver
C" 2;‘?82;)% barrier dielectric i Metallic phonon engineering
: R . . iv. Metallic geometric resonance
g. garrc;er fotgntlaltsolllgtlms Japan-TWG R i 8. APPENDICES
. onductor Potential Solutions _ vi. Graphene nanoribbons A. Passive Devices
E. Nucleation Potential Solutions (STR'J WG4) vii.  Optical Interconnects i Capacitors
F. Etch/ Strip/Clean Potential Solutions viii.  Superconductors i Inductors
i. Plasma process control Native Device Interconnects i Resistors
i IPI.?:sma tr_lardv%/arte controls :I g?\zgrw'res B. Dielectrics
p)  Misnon st i Cnmows G CSossonyora
G. Planarization Potential Solution iv.  Graphene nanoribbons anc .2
3 Dielectric CMP V. Spin based interconnects Definitions
ii.  Conductor CMP 7. CROSSCUT CHALLENGES 9. REFERENCES
iii. Equipment
iv.  Consumables SNV EEDHICOLNTE
H. Through-Si-Via (TSV), 3D Stacking Technolo = g
\ SR g Y | STRIEBEEHSALEM | )
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2.1.2 ITRS2009 Interconnect Notable Changes @1

m 3D and air gaps moved out of emerging sections
- 3D&air-gapldRALICLE AR & F B
m| Dielectric : k4 1lyear-shift
- FU/A9—/—FEAHEB IR T2007EEIS1FESTH
e New range for bulk k

e Air gaps expected to be solution for k,,, <2.0

m Barriers and nucleation layers are a critical challenge
- MHLICEBIERBEKRICTRERRRRAY
m J. .. current limits are width dependent - a new concern
- WHLICE A ERHIREERT HHICEE
m New Interconnect 3D TSV roadmap tables

m Introduction of a new Emerging Interconnect Properties
m First principle consideration of interconnects properties

— CNT, graphene, nanowires etc.
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ITRS2009 Low-k Roadmap Update (Final Version) @ [EI:I:N&'%]
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ITRS2009: Air-gapB ARt [(exmeeacwns| G
Approaches

Creation of air gaps with non-conformal deposition -
Removal of sacrificial materials after multi-level interconnects -
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