








ITANIUM MICROPROCESSOR
( 410 Million Transistors  374 mm2 0.13µm   1.5 GHz )
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14 nm Gate Length CMOS
(IEDM’2002, S.27.1, p.639)



Evolution of Device Structure

- Ideal sub-threshold slope - Low off current
(~ 60 mV/dec at room temperature) - Good short-channel effect control

- High current drive - Non-sensitive to parameter 
fluctuation

Targets

Bulk Si PD SOI FD SOI SOI with 
ultra-thin body



6 nm Gate Length UTB SOI PMOS
(IEDM’2002, S.10.6, p.267)



Issues for UTB SOI CMOS
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• SCE control     TSOI~1/3Lmin

• Parasitic S/D resistance

• Quantum confinement effect
-Vth increase

• Body thickness fluctuation
-Vth increase
-Mobility degradation
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Quasi-planar SOI FinFET

• Relaxed constraint on channel thickness
• Relaxed constraint on EOT
• Improved SCE control
• Compatible with modern manufacturing 

steps 

• Formation and control of fine Si fins
• Formation and control of sidewall spacer
• Parasitic S/D resistance
• Vth adjustment

Advantages Issues



10 nm Gate Length FinFET
(IEDM’2002, S.10.2, p.251)



10 nm Gate Length FinFET
(IEDM’2002, S.10.2, p.251)



Major Issues for Device Scaling 

• Leakage Currents
- Tunneling currents from gate to channel,

body to drain, and source to drain
- Thermally generated subthreshold channel current

• Fluctuation effects
- Line edge roughness
- Film thickness control ( channel and gate dielectric )
- Dopant distribution

• Power Consumption
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Power Density Will Get Even Worse
(Andrew S. Grove, Luncheon Talk in IEDM’02)



Which can replace Si CMOS?

Targets:
Lower cost

Less power consumption
Higher performance DNA IC

Single electron 
transistor (SET)

Spintronics

Carbon Nanotube 
(CNT)

Molecular Devices

Nanoelectronic Devices Options



• Feature size < 10 nm

• High energy conversion efficiency

• High speed

• Room temperature operation 

• Good stability, uniformity and reliability

Requirements for
Nanotechnology Options





The Ultimate MOS Transistor
(Y. Taur, in short course program of IEDM’01)

4 nm thick 
undoped Si

High-k dielectric
with EOT = 0.5 nm

The Ultimate MOS Transistor
(Y. Taur, in short course program of IEDM’01)
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10 nm

Self-aligned metal
gates with tunable 
work functions for 
threshold control

4 nm thick 
undoped Si

High-k dielectric
with EOT = 0.5 nm

Tapered source-drain 
fan-out for reduction of electrical 
and thermal resistance without high 
overlap capacitance

(ITRS’2001, 2016, 25 nm-node, physical gate length for MPU: 9 nm) 












