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I-V formulation
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effect of a reverse bias
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effect of a reverse bias

Gated doped or p-MOS with adjacent n+ region
a)  gate biased at flat-band
b)  gate biased in inversion

A. Grove, Physics of Semiconductor Devices, 1967.
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effect of a reverse bias

Gated doped or p-MOS with adjacent, reverse-biased  n+ region
a)  gate biased at flat-band
b)  gate biased in depletion
b)  gate biased in inversion

A. Grove, Physics of Semiconductor Devices, 1967.
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the MOSFET

VGVS = 0 VD > 0
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Fn increasingly negative from source to drain
(reverse bias increases from source to drain)
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the MOSFET

2D e-band diagram for an n-MOSFET

a)  device

b)  equilibrium (flat band)

c)  equilibrium (ψS > 0)

d)  non-equilibrium with VG and VD >0 applied

SM. Sze, Physics of Semiconductor Devices, 1981
and Pao and Sah.
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ψS vs. y in a MOSFET
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variation of bulk charge
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square law theory
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I-V formulation
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local VT along the channel

no reverse bias:

VT = VFB + 2! B + 2q" SiNA(2! B) COX

with reverse bias:

!VT (y) = VFB + 2" B +V(y) + 2q#SiNA 2" B +V(y)( ) COX

bulk charge
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VT of the MOSFET

!VT (y) = VFB + 2" B +V (y) + 2q#SiNA 2" B +V (y)( ) COX

VT for  the MOSFET:

( 0) 2 2 (2 )T T FB B Si A B OXV V y V q N C! " !#= = = + +
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IV relation

I D = !
W
L
µeff Qi V( )
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Insert (2) in (1) and integrate, find eqn. (3.18) of Taur and Ning,
but 3/2 powers are inconvenient.

(See Pierret, for a more extended discussion of the bulk
charge theory.)
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I-V formulation
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local VT along the channel

no reverse bias:

VT =VFB + 2! B + 2q" SiNA (2! B ) COX

with reverse bias:

!VT (y) = VFB + 2" B +V (y) + 2q#SiNA 2" B +V (y)( ) COX

bulk charge
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IV relation
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Insert (2) in (1) and integrate, find eqn. (3.18) of Taur and Ning,
but 3/2 powers are inconvenient.

(See Pierret, for a more extended discussion of the bulk
charge theory.)
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approximate QD

QD (V ) = ! 2q"SiNA (2# B +V )
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IV relation
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(See Pierret, for a more extended discussion of the bulk
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approximate QD

Qi (V) = ! CG VG ! VFB ! 2" B ! V +
QD (2" B)
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meaning of m
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in practice:



Lundstrom EE-612 F06 24

IV relation
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pinch-off
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meaning of m
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beyond pinch-off, VDS > VDSAT

VG VD0

x

y

V x( ) = VGS !VT( ) m

channel is pinched-off near the drain
but current still flows.
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IV summary
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linear region (low VDS)

I
D

VDS small

V
GS

ID = µeffCG
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actual

subthreshold
conduction

V
T

mobility degradation
at high VGS

slope gives mobility

intercept gives VT
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saturated region (high VDS)
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MOSFET IV approaches

ID = !
W

L
µeff Qi V( )

0
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1) “exact”  (Pao-Sah or Pierret-Shields)
see p. 117 Taur and Ning

2) Square Law

3) Bulk Charge

4) Simplified Bulk Charge Qi (V) = ! CG VG ! VT ! mV)[ ]

Qi (V) = ! CG VG ! VT ! V)[ ]

Qi (V ) = ! CG VG ! VFB ! 2" B ! V !
2q#SiNA 2" B +V( )
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physics of drain current saturation

Increasing  VDS

X (nm)  --->
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1) Low VDS:

Ey !VDS L

Qi (V) ! " CG VG " VT[ ]

Qi (L) = ! CG VG ! VT ! V(L)[ ] <Qi (0)

Ey(L) > Ey(0)

2) Larger VDS:

E
y
(L) >> E

y
(0)

Qi (L) ! 0

3) Larger VDS:
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For a more detailed examination of  MOSFET I-V theory, see: J.R. Brews,
“A Charge Sheet Model of the MOSFET,” Solid-State Electronics, Vol. 21,
pp. 345-355, 1978.


