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Nanomaterials

Lecture 13: Nanoscale CMOS
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Processor Power(watts) - Active & Leakage

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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G. Marcyk, “High performance non-planar tri-gate transistor architecture,” Sept. 17, 2002.

Silicon-on-Insulator (SOI) Technology
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(7) Operating speed

Speed is limited by charging time (i.e., RC time constant).

Low-k minimizes C and copper minimizes R for
interconnects.

Transistor speed is limited by carrier mobility

Carrier mobility is enhanced by intentionally introducing 
strain into the channel.

Limitations of CMOS at the Nanoscale
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T. Ghani, et al., “A 90nm High Volume Manufacturing Logic Technology Featuring 
Novel 45nm Gate Length Strained Silicon CMOS Transistors,” International 
Electron Devices Meeting, December 9, 2003.

Transistor Strain Technologies
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T. Ghani, et al., “A 90nm High Volume Manufacturing Logic Technology Featuring 
Novel 45nm Gate Length Strained Silicon CMOS Transistors,” International 
Electron Devices Meeting, December 9, 2003.

Embedded geometry +
compressive source/drain =
Large uniaxial compressive strain

PMOS Strain Technology: Enhancing Hole
Mobility Through Uniaxial Compressive Strain
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Strained PMOS Process Flow

T. Ghani, et al., “A 90nm High Volume Manufacturing Logic Technology Featuring 
Novel 45nm Gate Length Strained Silicon CMOS Transistors,” International 
Electron Devices Meeting, December 9, 2003.
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T. Ghani, et al., “A 90nm High Volume Manufacturing Logic Technology Featuring 
Novel 45nm Gate Length Strained Silicon CMOS Transistors,” International 
Electron Devices Meeting, December 9, 2003.

Highly tensile silicon nitride 
capping film

NMOS Strain Technology: Enhancing Electron
Mobility Through Uniaxial Tensile Strain
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(8) Cost

Revenues increase by 16%/year

Factory cost increases by 19%/year

Plus, advanced lithographies (e-beam, ion beam, X-ray, EUV)
are currently more expensive than DUV lithography

Costs are expected to rise more quickly than revenues in 
the future

Limitations of CMOS at the Nanoscale
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“Moore’s Law” for CMOS Economics
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Lithography Tool Cost [$]

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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Worldwide Semiconductor Revenues

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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Average Transistor Price by Year

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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New Materials and Devices Structures 
Extending Transistor Scaling

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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“Intel’s High-k/Metal Gate Announcement,” November 5, 2003.

Start Dates for New Materials
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Tri-Gate Transistor Structure

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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G. Marcyk, “High performance non-planar tri-gate transistor architecture,” Sept. 17, 2002.

Fabricated Tri-Gate Transistor
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G. Marcyk, “High performance non-planar tri-gate transistor architecture,” Sept. 17, 2002.

Complete Depletion of Tri-Gate Transistor



Department of Materials Science and Engineering, Northwestern University

G. Marcyk, “High performance non-planar tri-gate transistor architecture,” Sept. 17, 2002.

Multi-Channel Tri-Gate Transistors
Enable More Drive Current
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Technology Generations to Come

“No Exponential is Forever … but We Can Delay ‘Forever’,”
Gordon E. Moore, International Solid State Circuits Conference, Feb. 10, 2003.
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G. Marcyk, “High performance non-planar tri-gate transistor architecture,” Sept. 17, 2002.

Complete Depletion of Tri-Gate Transistor
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G. D. Hutcheson, Scientific American, April, 2004, p. 76.

Semiconductor Industry Roadmap
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