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Landauer approach to transport
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ballistic MOSFET (MB)
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transmission
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scattering: linear region
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example

For a reasonable carrier mobility and a state-of-the-
art channel length of 22 nm (2012), what is T?

L ~200 cm?®/V-s

LA, T 4o 0.3

“ = 20k, T/9) L+ 2,

A, =9 nNm
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ballistic MOSFET (MB)
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on-current and transmission
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ballistic MOSFET (MB)
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recall: ETSOI MOSFET

L. =40 nm

: | | ! piin papistic = 0-2

- UFSII:'..;;‘!.;:;-;JM | lon! 1 eapissic = 0-6
E W, =02V  SI MOSFETSs deliver > one-half of
T SPPTTTTEY the ballistic on-current. (Similar for
o the past 15 years.)

L « MOSFETs operate closer to the
Y T ballistic limit under high Vo,
I"llll_l.';'. |II.I.|

A. Majumdar, Z. B. Ren, S. J. Koester, and W. Haensch, "Undoped-Body Extremely Thin SOI
MOSFETs With Back Gates," IEEE Transactions on Electron Devices, 56, pp. 2270-2276, 20009.

1Bevice characterization and simulationl':umr%té%rrp Ea%%%% Yang Liu, Purdue, 2010.
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transmission under low and high Vg
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scattering under high Vg
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operation near the “ballistic limit”

13
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To = 4
Ay + 1

Operation near the ballistic
limit current just means that
Ty, =2 1, it does not imply

that there is little scattering.



IS mobillity relevant at the nanoscale?
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mobility is related to
the near-eq. MFP

backscattering in the
critical region is also
controlled by the near-
eq. MFP.

mobility determines
the on-current

but the MFP near the
drain is very short.
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/ =
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connection to traditional model: linear
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connection to traditional model: linear region
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connection to traditional model: saturation

/D = WL, Wsat(\/GS_ ‘/7')

n

i
lo= e, )0t v) T
0

I, =W |:5T T (D:-/f):| Cinv (VGS _VT)

how do we interpret this result?
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current transmission in a MOSFET
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VS model for the MOSFET
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a more physical VS model for a MOSFET

1)
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wrap-up

1) Scattering reduces the MOSFET current.

2) For small Vs, the effective of scattering is stronger than
for high V.

3) In the end, the expressions for |, look remarkably similar
to the traditional expressions, but with parameters that
are more physical at the nanoscale.
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references

For more discussion of scattering in nanoscale MOSFETSs, see:

Mark Lundstrom and Jing Guo, Nanoscale Transistors: Physics,
Modeling, and Simulation, Springer, New York, 2006.
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