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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Barrier lowering

4) 2D capacitor model
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ID vs. VDS (long channel)
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ID vs. VDS (short channel) 
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see Taur and Ning, pp. 154-158

2) high output conductance

gd =
!ID

!VDS



Lundstrom EE-612 F06 5

VT roll-off 
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stronger short channel effects
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severe short channel effects
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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Charge sharing model

4) Barrier lowering viewpoint

5) 2D capacitor model
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2D Poisson equation
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2D Poisson equation (ii)

1) Long channel MOSFET below threshold:

!2"

!x2
>>

!2"

!y2

gradual channel  approximation:

Qi (y) = !CG VG !VT ! mV (y)[ ]



Lundstrom EE-612 F06 12

2D Poisson equation (iii)

1) Short channel MOSFET below threshold:
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2D Poisson equation (iii)

alternatively:
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2D potential contours
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2D potential contours (VG = VFB)
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2D potential contours (long channel)
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2D potential contours (short channel)
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(See Fig. 3.18 of Taur and Ning)
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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Charge sharing model

4) Barrier lowering viewpoint

5) 2D capacitor model

6) Geometric scale length

7) Discussion
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charge sharing model
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charge sharing model (ii)
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charge sharing model (ii)
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charge sharing model (iii)
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S/D extensions

charge sharing model (iii)
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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Barrier lowering

4) 2D capacitor model
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barrier lowering
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barrier lowering (ii)
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barrier lowering (iii)
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barrier lowering (iv)
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punchthrough
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punchthrough (ii)
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punchthrough (iii)
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punchthrough (iv)
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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Barrier lowering

4) 2D capacitor model
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2D capacitor model
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2D capacitor model (V = 0)

! S C
DB

C
SB

CD +COX

Q

!
S
=
Q

C"

C! = CG
+ C

SB
+ C

DB
+ C

D



Lundstrom EE-612 F06 36

2D capacitor model (Q = 0)
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2D capacitor model (general solution)
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2D capacitor model (general solution)
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2D capacitor model and S
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2D capacitor model and S
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1) Consequences of 2D electrostatics

2) 2D Poisson equation

3) Barrier lowering

4) 2D capacitor model


