
Putting pieces together in the material space 
Considerations for integrating Cobalt 
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Increasing Interdependency within Semiconductor Ecosystem 

Significant overlap within the Semiconductor Ecosystem 

ÁIncreasing need to work together in this space 

ÁTargeted collaborations are key to advanced node challenges 

Customers Care About: 

ÁTechnology Performance 

ÁProcess Yield 

ÁDevice Cost 

Device 

 

 

Equipment Materials 

hǇǇƻǊǘǳƴƛǘȅ ǘƻ άǇǳǘ ǘƘŜ 
ǇƛŜŎŜǎ ǘƻƎŜǘƘŜǊέ ƛƴ ǘƘŜ 

materials space 

ÅMaterials, handling, 
sensing, and delivery 
components 

ÅEnabling new paradigms 
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Integrated Stack: Putting Materials Together to Enable Performance 

Understanding the integrated stack and material interactions 

enables tailored solutions that fit customer requirements  

 

Materials & Process 

Modules  

FEOL Process 

Modules  

MOL Process 

Modules  

BEOL Process 

Modules  

Process Integration  
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Changes in Metallization 

Device Scaling causing interconnect 

challenges 

 

üLine resistivity increasing due to Cu 

electron free mean path and film 

roughness 

üReliability issues due to Cu electro-

migration below 20 nm 

üHigh aspect ratio features causing yield 

issues 

Alternative interconnect metals 

 

üAl, Co and W are alternatives 

üdisplay better rho vs. Cu <20 nm 

üAl displays poor EM performance 

üCo displays better EM performance 

ücan be deposited by ALD, CVD 

ücan be integrated into device?  
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Introduction of Cobalt Drives a New Product Cycle  

Copper interconnect resistivity and reliability degrades as linewidth 
decreases ς new metallurgy needed 

 

Copper Interconnect 

Copper 
Interconnect 

TaN/Ta 
Barrier 

Cobalt 
barrier, 
via, cap 

Cobalt contact 

Broad Process Implications 

ALD/CVD precursors 

Precursor delivery systems 

Advanced gas filters 

Post CMP clean formulations 

Post Etch Clean formulations 

Cu and Co plating formulations 

Advanced filtration 

Advanced fluid handling 

IC Cross Section 
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Process Implications of Inflection Point Innovations 

Cobalt 

Entegris solutions enable technology inflection points in semiconductor processes 

Lithography 

Advanced 
Photoresist 
Packaging 

Filtration and 
Dispense 

Gas/Liquid 
Purification 

Etch 

Gas Filters 
and 

Diffusers 

Gas 
Purification 

Specialty 
Materials 

Deposition 

Copper 
Plating 

CVD and ALD 
Deposition 
Materials 

Gas Filtration 
and 

Purification 

Clean 

Formulated 
Cleans 

Filtration 

Fluid 
Handling 

Containers 

CMP 

Formulated 
Cleans 

Filtration 

CMP Cleaning 
Brushes 

Implant 

Safe Gas 
Delivery 
Systems 

Electrostatic 
Chucks 

Fab Facility 

Advanced 
FOUPs 

AMC 
Filtration 

Bulk 
Chemical 
Delivery 

Wafer 
Shippers 

Gas 
Purification 

Reticle Pods 
Specialty 
Materials 

Specialty 
Materials 

Formulated 
Cleans 

Pad 
Conditioners 

CVD and ALD 
Deposition 
Materials 

Gas Filtration  

Copper 
Plating 

Formulated 
Cleans 

Filtration 

Fluid 
Handling 

Containers 

Formulated 
Cleans 

Filtration 

CMP Cleaning 
Brushes 

Advanced 
FOUPs 

AMC 
Filtration 



 7 

Cobalt Deposition Overview 

Á Cobalt CVD has been demonstrated with: 

Á Cp2Co 

Á CpCo(CO)2 

Á Co(CO)3NO 

Á Co2(CO)8 

Á dicobalt hexacarbonyl tert-butylacetylene: ñCCTBAò a Co(0) compound 

Á Very few examples of Cobalt ALD 

Á Organometallic reagents and reducing agents (H, Hydrazine, Ammonia) 

Á Unclear whether these are true ALD or just pulsed CVD 

Á Customer experience has been that it is difficult to get C, O & N free films 

with published precursors 


