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outline

1) Review of ballistic MOSFET
2) Fermi Dirac Statistics
3) The quasi-ballistic MOSFET
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filling states at the top-of-the-barrier
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filling states at the top-of-the-barrier (ii)
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filling states in the channel
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the ballistic MOSFET IV
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key features

1)

2)

3)

Loy =WCv; (VGS — VT)
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velocity vs. “field” for a ballistic MOSFET
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comparison to simulation
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outline

1) Review of the ballistic MOSFET
2) Fermi-Dirac statistics
3) The quasi-ballistic MOSFET
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need degenerate carrier statistics
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degenerate carrier statistics

e — —— C ﬂ(nFl) Ney = (EF - Ec )/kBT
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degenerate injection velocity
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degenerate |-V

[1 ~ 1M =gV s /kBT)/ﬁ/z(nm)]
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]D = WCGﬁT (VGS - VT )

(1)

Co (VG - VT) = [ﬁ)(nm) + FoMp = qVs /kBT)] (3)

(assumes 1 subband occupied and parabolic bands)
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degenerate |-V
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outline

1) Review of the ballistic MOSFET
2) Fermi-Dirac statistics
3) The quasi-ballistic MOSFET
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comparison with experiment
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Chau et al, IEDM Technical Digest,
2000, pp 45 -48

MOSFETs operate at = 50% of their ballistic limit
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between ballistic and diffusive

I, =WC, (Vs -V, )(v(0))

1) ballistic
(1 _ e_qVDS /kBT)
<U(O)> = Uy (1 N e_quS/kBT)
2) diffusive

—qVps kT
_€QDS B

<U(O)> = (Deﬂ"/[)gi N quDS/kBT;
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between ballistic and diffusive
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scattering in a MOSFE
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between ballistic and diffusive (low V)

1) ballistic:

2) quasi-ballistic:

3) diffusive:
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between ballistic and diffusive (high V)
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diffusive limit (high V)

I, =WC, (VG -V )<U(O)>

(V(0)) = (k,T 1 q) 1, | £

kT /q

I, =WC (VGS -V )lueﬁ‘ =WC, (VGS -V )lueﬁEy (0)

E (0)= (VGS -V )/2L (long channel theory)

|14

2
I, = ZCGtueﬁ‘ (Vc;s - VT) (long channel result)
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what is missing?

I, =WC, (VGS -V; )<U(O)>
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summary

1) Easy to calculate /-V assuming drift transport
2) Easy to calculate /-V assuming ballistic transport

3) Easy to understand the physics of transport between
ballistic and diffusive regimes (the quasi-ballistic
region)

4) Hard to calculate the /-V characteristic in the quasi-
ballistic regime (where MOSFETs operate today).

K. Natori, JAP, 76, 4879, 1994. Lundstrom EE-612 FO8 26



