Lecture : 7

Limits for Si MOSFETs
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Other MOSFET LIMITS

* Performance limit (last time)

Size limit (last time)
— Estimate based on quantum principles (this lecture)

Device and Material Limits (this time)
— Minimum L, based on short channel effects
— Minimum Lg,1e based on S/D tunneling

In general how one should look at a new device
— Performance limit
— Lgate minimum typically based on SCE or S/D tunneling
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Agaln What Limit Minimum LGATE
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Planar MOSFET and Short Channel Effects

Substrate
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Minimum T, Sets Minimum L ¢
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Minimum LGATE for Planar CMOS ~ 25 nm
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What happens if Loare = 20 Ty ?
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Change Device Structure to 2 Gates

X Top Gate High-K Oxide
7 /
Source Undoped Drain

Bottom Gate
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5-10nm Double Gate MOSFETS Possible
to these devices?
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Other Limits: Source to Drain Tunneling
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Limits devices at ~ 10nm

Percentage of S/D tunneling in OF F-current [%]
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Other limits: Dopant fluctuations

(b)

Fig. 3. Effect of small numbers of charged impurities on the form
of the depleted layer in a pn junction. {a) Number of dopant atoms
per cube is large and (b) approaching one,
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# Finite # of Dopant Atoms
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Device SCE limits the planar MOSFET at ~

— Much larger L1 limit then any quantum limits

But limit is only for a planar MOSFET and does
not consider high k gates.

Multi gates MOSFETSs

— Changes SCE relationship and allows for <10nm
devices

At 10nm direct source-to-drain tunneling limits
present

Limit for a Si charge controlled device is thus
~10nm
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