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effective doping
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2D electrostatics ‘effectively’
lowers the channel doping 

density
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potential contours

Need:

tox << L,

xj < L,

WDM << L

p-Si
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ψ = 0
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charge sharing model
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Need:

xj < L,

WDM < xj
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capacitor model

y

ψ S
CDBCSB

COX

EC (y)

CD

m = CΣ COX

DIBL = CDB COX

S = 2.3m kBT q( )

Need: tOX << L
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screening
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screening
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ψ (r)

d2ψ
dx2 =

−ρ
εSi

=
q n − n0( )

εSi

ψ (r) =
q

4π εSi r
e−r /LD

n = n0e
qψ /kBT ≈ n0 (1+ qψ / kBT )

d2ψ
dx2 =

q2n0

εSikB T
ψ =

ψ
LD

2

d2ψ
dx2 −

ψ
LD

2 = 0
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geometric scaling length

p-Si

n+ n+

x

y
∂2ψ
∂x2 +

∂2ψ
∂y2 =

qNA

εSi

(belowVT )

‘convert’ this to a 1D equation
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geometric scaling length (ii)

∂2ψ
∂x2 +

∂2ψ
∂y2 =

qNA

εSi

EC

EV

x

E

x

ψ

ψ S

VG

∂2ψ
∂x2

1D:

=
qNA

εSi

∂2ψ
∂x2 ≈

VG −ψ S( )
Λ2

Λ = ?
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geometric scaling length (v)

ΛBULK ≈
εSi

εOX

WDMtOX

ΛSOI ≈
εSi

εOX

tSitOX < ΛBULK

ΛDG SOI ≈
εSi

2εOX

tSitOX < ΛSOI

ΛCYL < ΛDG SOI

see:
D.J. Frank, Y. Taur, and H.S.P. Wong, 
‘Generalized scale length for 2D Effects in 
MOSFETs,” IEEE EDL, 19, p. 385, 1998. 
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geometric scaling length (vii)

d2φ
dy2 −

φ
Λ2 = 0

φ(0)

φ(L)

φ(y) = Acosh(y / Λ)+ Bsinh(y / Λ)

Λ1

Λ2 > Λ1

L >> Λ (long channel)

L ≈ 1.5 − 2( )Λ (typical)
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analytical solutions

ΔVT ≈ 8 m −1( ) Vbi Vbi +VDS( )e−L /λ

λ = 2mWDM π

xj ≥WDM

S ≈
2.3mkBT

q
1+

11tox

WDM

e−L /λ⎛

⎝⎜
⎞

⎠⎟

See Taur and Ning, Appendix 6
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field lines

p-Si

n+ n+
ψ = Vbi

ψ = Vbi

ψ = 0
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field lines (bulk)

p-Si

n+ n+
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field lines (SOI)

p-Si

n+ n+
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field lines (SOI)

n+ n+

‘gate all around’

FINFET

tri-gate
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reverse short channel effect

VT

L

VT roll-off

‘reverse’ short 
channel effect

‘halos’

p-Si

n+ n+
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