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mobility
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u(N,)

ilonized impurity scattering (silicon)
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u, temperature dependence (silicon)
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u(T)

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

Lundstrom EE-612 FO6

13



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

< Km:ler low (and modest) fieb

Si conduction -6 equivalent ellipsoids

band -n/6 electrons in each one
-1
. 2 4
C=/ -+ *\ = 0.26m,
k 6m, 6m, )

dominant scattering processes:
(low-field, room temperature)

-acoustic phonons (ADP)
-ionized impurities (ll)
\ -intervalley phonons (IV)

Lundstrom EE-612 FO6 18




transport in Si inversion layers

is different from transport in bulk Si

Si conduction
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transport in Si inversion layers

< .
_ _ / expectations: \
Si conduction
band y _ _ _
> n/3 carriers in unprimed subbands
-lighter conductivity m*
: x

m,. ~0.19m,
X

m, =0.9m,

' =0.19m, -suppressed intersubband scattering

-enhanced intra subband phonon

Qattering /
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surface mobility
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Meﬁ

effective mobility vs. field
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surface roughness scattering
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Electron Energy [eV]

surface roughness scattering (ii)
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from Jing Wang, et al., Appl. Phys. Lett., Aug. 2005,
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Meﬁ”

‘'universal’ mobility

electrons:
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measuring u.g
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measuring uq(ii)

slope ~ mobility
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universal mobility for electrons
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universal mobility for holes

1 1 1 I 1 I I ' I

N, (em™)

O 39x10%
10° = . ® 20x10"% —
. 16
i $9900, 77K o 7.2><1o7
- o ....O m 3.0x10
o o ‘S a 77%107

—
b
S
e
,
L
L
’
.
5
.
’
L
’
.
’
’
’
.
.
¢
¢
e
'O
e
”
B
B
.
¢
.
"
b ”
”
-
" ‘s
. 4 -
'0
¢
,
-
#
-
.
.
.
¢
¢
,
”
-
#

Effective mobility (cm?/V -s)

20 1 1 | 1 e
0.1 |

Effective field (MV/cm)

S. Takagi, A. Toriumi, M. lwase, and H. Tango, IEEE Trans. Electron Deuv.,

41, pp. 2357-2362, 1994
Lundstrom EE-612 FO6 30



outline

1) Review of mobility

2) Effective mobility

3) Physics of the effective mobility
4) Measuring effective mobility

5) Discussion

Lundstrom EE-612 FO6

31



the tyranny of the effective mobility*

E,=—2%[(V, +V,)/2+Eg/2q -]

SSi tOX

each technology generation, device scaling increases N,
decreases t,, --> E_g 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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