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Gradual Channel Approximation

* This model is due to Shockley.

» Assumption: The electric field variation in the direction
parallel to the SC/oxide interface is much smaller than the
electric field variation in the direction perpendicular to the
interface.
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* Recall the expressions for the threshold voltage for real MOS
capacitor:

Gate voltage:: Vi =20, +Ci\/2qNAks€O(2¢F )+Veg

0OX

Flat— band voltage: Vig = a@Ms ((;? gm Ym ((:?m
» Beyond the point that determines the onset of strong inversi-
on ($=2¢.), any excess charge on the gate balanced with
excess charge in the semiconductor, is given by:

Qs = Qg +Qn) =Ciot Vg ~Vr) - Qn = ~Cox Vs V7 )~ Qg
Qg =Qg(9s)-Qg(2¢)
* Based on how we consider Qg, we have:
(A) Square-law theory: Qg =0
(B) Bulk-charge theory: Qg#0
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* The charge on the gate is completely balanced by Q(x), i.€:

Qn (X) = =Ciet |V —Vr =V (¥)]

Square Law Theory

* Total current density in the channel:

dn
Jn = anp, F(x) + an& —anH,— =

dx

%/_J

negligible
Note: Total current densty approxi mately egual to the
electron current densit
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* Integrating the current density, we obtain drain current |:

W Ye(X) av
Io==Tdz | o ~an(x (e, |
0o 0 X
av Ye (%)
=W [an(x, Y)Hn(x y)dy
dX 0 High-resolution transmission electron
micrograph of the interface

-Qn (X)uef‘f between Si and SiO,
dV (Goodnick et al., Phys. Rev. B 32, p. 8171, 1985)

= -Qn (X)Ilefde*

= CoxWt gif [VG -Vr _V(X)] ZV
T X

Effective electron mobility, in
which interface-roughness is
taken into account.
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» The role of interface-roughness on the low-field electron

mobility: Phonon
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Mobility Scattering Mechanisms

Scattering Mechanisms
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Mobility Measurement
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Effective mobility

Lgp
ZC:ox (VGS - VT )

Het = 9o =

Field-effect mobility

— Lgm d D
ZC:oxVDS

Hee Im =

WGS

Saturation Mobility
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Mobility modeling is normally divided into:

» Low-field mobility models (bulk materials and inversion
layers)

» High-field mobility models

Bulk mobility:

1. Characterization of |, as a function of doping and lattice

scattering

2. Characterization of v, as a function of lattice

temperature

3. Describing the transition between the low-field and the

saturation velocity region

Inversion layers:

1. Characterization of surface-roughness scattering

2. Description of the carrier-carrier scattering

3. Quantum-mechanical size-quantization effect
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(A) Low-field models for bulk materials

Phonon scattering:
- Simple power-law dependence of the temperature
- Sah et al. model:
acoustic + optical and intervalley phonons combined via
Mathiessen'’s rule

lonized impurity scattering:
- Conwell-Weiskopf model
- Brooks-Herring model

Combined phonon and ionized impurity scattering:
- Dorkel and Leturg model:
temperature-dependent phonon scattering + ionized impurity
scattering + carrier-carrier interactions
- Caughey and Thomas model:
temperature independent phonon scattering + ionized impurity
scattering
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- Sharfetter-Gummel model:
phonon scattering + ionized impurity scattering (parameterized
expression — does not use the Mathiessen’s rule)

- Arora model:

similar to Caughey and Thomas, but with temperature dependent
phonon scattering

Carrier-carrier scattering
- modified Dorkel and Leturg model

Neutral impurity scattering:
- Li and Thurber model:
mobility component due to neutral impurity scattering is combined
with the mobility due to lattice, ionized impurity and carrier-carrier
scattering via the Mathiessen'’s rule
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(B) Field-dependent mobility

The field-dependent mobility model provides smooth transition
between low-field and high-field behavior

_ Ho
H(E) = ,7WB  B=1forelectrons
" ,uOEJ B = 2 for holes

Vaat

V., IS modeled as a temperature-dependent quantity:

7
Vet (T) = 2.4x10 cm/s

1+ O.8exp(TL)
600
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(C) Inversion layer mobility models

- CVT model:
combines acoustic phonon, non-polar optical phonon and surface-
roughness scattering (as an inverse square dependence of the
perpendicular electric field) via Mathiessen’s rule

- Yamaguchi model:
- low-field part combines lattice, ionized impurity and surface-roughness
scattering
- there is also a parametric dependence on the in-plane field (high-field
component)

- Shirahata model:
- uses Klaassen'’s low-field mobility model
- takes into account screening effects into the inversion layer
- has improved perpendicular field dependence for thin gate oxides

- Tasch model:
the best model for modeling the mobility in MOS inversion layers; uses
universal mobility behavior




