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Hi-K Metal Gate

Strained Silicon

3D Transistors

65 nm 45 nm 32 nm 22 nm 14 nm 10 nm 7 nm90 nm

Enabling new devices with higher 
functionality and complexity while 

controlling power, cost, and size

Predictable Silicon Track Record
Executing to
Moore’s Law



Leading Edge Process Technology
Transistor Performance/ Generation
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Higher Transistor Performance (Switching Speed)

14nm

Mobile Always-on Circuits

Client Computing

Mobile Computing

Server Computing



Moore’s Law Virtuous Circle:  Enabling HPC   



Innovation Pipeline to Continue Moore’s Law
Shared risk/reward with ecosystem partners

Source:  Intel

Invest in the right 
technologies

2 YEARS

Choose the 
right partners

Agile & affordable 
supply chain

Enable high value 
user experience

Research Pathfinding Development Manufacturing

Risk

$ Per Year

Engage Here ….To Get Here

Development Cycles



DOE History of Demonstrating Litho Capability
POC essential for 

disruptive technologies



The Challenges of EUV
Resists

Patterning requirements...
Resolution – On track
LWR/Dose – Need high power

Outgassing- Testing issues slow development
IDM TPT requirements
Scanner outgassing requirements

Tool
Source

Availability
Power

Scanner Hardware
- On track

Reticle
Defectivity

Killer defect impact >> wafer process defect impact – need pellicle
Mitigation strategies

Reticle inspection – A-PI late, sources for A-PI, AIMS, A-BI are inadequate
Patterned wafer inspection – not a substitute for A-PI or pellicle in HVM
Alternative strategies

EUV HVM implementation depends on satisfactory progress on all 
these fronts!

- Critical
- Critical

As graded by M. Phillips for 2014 
SPIE AL

Originally from Sivakumar, 2013 International Workshop on EUV Lithography

SPIE Advanced Lithography 9776-1,  22 February 2016, San Jose, CaliforniaBritt Turkot/ Intel



CXRO Provides Unique EUV Capability to Intel

MET

sharp.lbl.gov
met.lbl.gov
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Going Forward – Collaboration Opportunities

• Enable EUV extension

• Complete LBNL MET 0.5NA tool upgrade including lens and body + 
related hardware

• Continue to expand SHARP tool capability

• Enable early learning in

• Metrology

• Nanomaterials characterization

• Functional imaging
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