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nanoscale MOSFETs 2009

gate
electrode

gate oxide channel
2 SION~ 1.1 nm ~ 30 nm


Presenter
Presentation Notes
this is what it’s all about…… making transistors smaller and smaller and keeping Moore’s Law going
2) How does a small transistor work?

2) Can they be simply understood?



off-equilibrium transport nanoscale MOSFETs
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D. Frank, S. Laux, and M. Fischetti, Int. Electron Dev. Mtg., Dec., 1992.
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nanoscale transistors
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A. W. Ghosh, et al., Nano Lett., 4, 565, 2004.

Mark Lundstrom



NEGF simulation
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NEGF Resource page: http://nanohub.org/topics/negf
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guantum transport in nanoscale MOSFETs
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M. Luisier and G. Klimeck, Purdue, 2009.



Datta’s generic model
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S. Datta: “Nanoelectronics: A Beginning Introduction”
http://nanohub.org/resources/6580

S. Datta: “Fundamentals of Nanoelectronics”
http://nanohub.org/resources/5346/



MOSFETSs are barrier controlled devices

1) “Well-tempered MOSFET” 2) “bottleneck” for current
Q/(O)z CG(VG_VT) /<< L
E
(4)
T =~
(A)+1

4) Additional increases in Vg v
drop near the drain and
have a small effect on

M. Lundstrom, IEEE EDL, 18, 361,

1997.
A. Khakifirooz, O. M. Nayfeh, D. A.Antoniadis, IEEE TED, 56, pp. 1674-1680, 2009.



physics of nanoscale MOSFETs

3) The on-current is controlled by the ballistic
injection velocity - not the high-field, bulk
! ps saturation velocity.

2) The channel
resistance has a
lower limit - no
matter how high
the mobility is.

4) Channel velocity saturates near the
source, not at the drain end.

Vos

1) Transistor-like I-V characteristics are a result
of electrostatics.



objectives of the lecture

1)

2)

3)
4)
°)
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Describe a simple, physical picture of the nanoscale
MOSFET (complement, not supplement simulations).

Discuss ballistic limits and velocity saturation in
nanotransistors.

Compare to experimental results for Si and IlI-V FETs
|dentify ultimate limits for transistors

Discuss current research issues
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finally....

Nanoscale MOSFETSs are true nanoelectronic devices. Understanding
them as nanodevices is a starting point for developing a sound and
very general understanding of electronic devices at the nanoscale.

Semiconductor Electronics Education Committee
R.B. Adler, et al., 1960-1967

“SEEC was a triumph of engineering science, with a substantial, lasting

impact... The approaches are still used in EE education throughout the world...”
-John Guttag and Paul Penfield, MIT



INn this seminar....

| hope to convey some important concepts about nanoscale MOSFETs
but more importantly to encourage listeners to think about electronic
devices in a new way.

An extensive set of instructional materials is
available online.

Google “Electronics from the Bottom Up”
or

ITunesU - “Beyond Campus — nanoHUB.org
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