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Lecture : 6Lecture : 6
Limits for Si Limits for Si MOSFETsMOSFETs
(Continued)(Continued)
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Other MOSFET LIMITSOther MOSFET LIMITS

• Performance limit (last time)
• Size limit

– Estimate based on quantum principles (this lecture)
– Estimate based on short channel effects
– Esitmate baded on band-to-band tunneling.
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Limit Results From High ILimit Results From High IOFFOFF
(Not a Good Switch)(Not a Good Switch)

Intrinsic Leakage in Low Power Deep Submicron CMOS  Ali Keshavarzi et. al.
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MOSFET Size MOSFET Size LimitTodayLimitToday:  A :  A 
Quantum Mechanical  EstimateQuantum Mechanical  Estimate
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Again, Simple Model for MOSFETAgain, Simple Model for MOSFET

Energy

Position
Charge or 
Electron

Many factors limit MOSFET size:  tunneling, drain contolling barrier

Zhirnov, Limits to Binary logic Switch Scaling
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Web wug.physics.uiuc.edu/courses/phys150/fall02/slides/lec22.pdf Very Good !
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Last time:  Simple Model for MOSFETLast time:  Simple Model for MOSFET

Energy

Position
Charge or 
Electron

What are some requirements that information is not lost?

Zhirnov, Limits to Binary logic Switch Scaling
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Quantum LimitQuantum Limit

Zhirnov, Limits to Binary logic Switch Scaling

Quantum mechanic allows 
for a very small switch.  
Other factors materials limits 
/ transistors electro-statics
WILL limit before this.
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What does this meanWhat does this mean

• Charge controlled switches as small as 1.5nm are 
possible.

• 23X smaller then state of the art MOSFET (35nm)
• Intepretation

– Much smaller size electronics possible
– Best case 18 years left for MOSFET scaling
– But material limits (Si) and device structure limits will 

occur first.


