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Non-Classical CMOS

Non-Classical CMOS provides a path to scaling CMOS to the end of 
Roadmap using new transistor structural designs and new materials.

Scaling challenges:
- Increasing saturation current while reducing the power supply
- Controlling leakage currents and short-channel effects
- Control of device parameters across the chip and from chip to chip

Two major approaches
- New materials: improve carrier transport properties
- New transistor structures: improve the electrostatics of MOSFETs

2003 ITRS
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- Suppression of Short Channel Effect
Stronger gate control
Gate should be as close to the leakage path as possible. 

- Small S factor S ~ 60 (Cox+Cd)/Cox

Ultra-thin-body FD SOI MOSFETs promising.
(Small SCE and Small S factor at the same time)
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Biaxial Strain
- Global strain in Si/SiGe
- Mobility enhanced both in
electron and hole

Uniaxial Strain
- Local strain 
during process

- SiN liner
- Embedded SiGe in S/D

S. Takagi, 2003 IEDM.

NMOS   PMOS   
T. Ghani, 2003 IEDM.

Strained Si
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Nano CMOS Evolution 

Improved carrier transport

Short channel effect

Parameter control
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T. Hiramoto, VLSI Tech. Symp., Short Course, 2004.
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1.3 nm

Courtesy: Dr. Awano (Fujitsu) and Dr. Baba (NEC)

Applications: FETs
Interconnects

Nanowires and Nanotubes
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Q1 Bulk or planar SOI, and when?
Q2 FinFET or tri-gate, and when?
Q3 Global strain, local strain, or other techniques, and 

when?
Q4 For High-performance or low-power applications?
Q5 Si nanowire, carbon nanotube FET, or other new 

devices, and when?

Questions
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