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mobility
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ionized impurity scattering (silicon)
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µII  temperature dependence (silicon)
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lattice scattering (silicon)
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field-dependent mobility (silicon)
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field-dependent mobility (ii)
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mobility in an inversion layer
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effective mobility
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effective normal field
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effective normal field
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effective normal field (ii)
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effective normal field (ii)
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effective normal field (ii)
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transport in bulk Si
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dominant scattering processes:
(low-field, room temperature)

-acoustic phonons (ADP)
-ionized impurities (II)
-intervalley phonons (IV)

under low (and modest) fields:
    -6 equivalent ellipsoids
    -n/6 electrons in each one
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transport in Si inversion layers

is different from transport in bulk Si…..
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transport in Si inversion layers
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-suppressed intersubband scatteringX
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surface mobility

V
D

V
S

V
B

V
G

source drain

µeff =
1

µL

+
1

µII

+
1

µSR

!

"#
$

%&

'1

Si : SiO2 interface is rough!

(possibly charges too)



Lundstrom EE-612 F06 22

effective  mobility vs. field

µeff

E
x
or V

G

µ
II

µ
SR

µ
L

1)  screening

2)  electron
confinement

3)  proximity to
the surface



Lundstrom EE-612 F06 23

surface roughness scattering
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from Jing Wang, et al., Appl. Phys. Lett., Aug. 2005, 

surface roughness scattering (ii)
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‘universal’ mobility
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measuring µeff
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measuring µeff (ii)
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universal mobility for electrons

S. Takagi, A. Toriumi, M. Iwase, and H. Tango, IEEE Trans. Electron Dev.,
41, pp. 2357-2362, 1994
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universal mobility for holes

S. Takagi, A. Toriumi, M. Iwase, and H. Tango, IEEE Trans. Electron Dev.,
41, pp. 2357-2362, 1994
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the tyranny of the effective mobility*

Eeff =
!OX

!Si tOX
(VG +VT ) 2 + EG 2q "# B[ ]

each technology generation, device scaling increases NA,
decreases tox   --> Eeff  increases and mobility decreases

mobility decreases each technology generation, unless we
can find ‘new’ materials with higher mobilities (e.g. strained
silicon).

(* Dimitri Antoniadis at MIT describes the issue this way.)
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