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|-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 .

Lundstrom EE-612 FO6



effect of a reverse bias

\>

(a) (b) (c)

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 .



the MOSFET

F=F -qgV
F,=F =E, n » —4Vp

F, 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 (yg > 0)

d) non-equilibrium with V; and V >0 applied

£ (ev) SM. Sze, Physics of Semiconductor Devices, 1981
and Pao and Sah.

(d)

REGION



Ys VS. yina MOSFET

Ve =V, >0
Yy =2w3 Y =21/JB+VD
Op=—qN,W, = _\/2q8SiNA(2q}B) Q) = _\/zngiNA(zlpB +V5)

Lundstrom EE-612 FO6 9



variation of bulk charge

Ve =V, >0

y
depletion layer boundary l X
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square law theory

Vp need Q. (y) in the channel

]
MOS - C:

Qi = _CG(VG - VT)

J > MOSFET -

Q,(y) = _CG[VG -V - V()’)]
H—I
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|-V formulation

0,(y)=-C4(V, -V, (»))

N\
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local V;along the channel

no reverse bias:

V= Vi + 200, +/2qeN, 29 ) /Coy

with reverse bias:

Vi) = Vi + 20, + V() +2q2N, (29, + V() /Coy

bulk charge
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V- of the MOSFE

V() = Vg + 200, + V() + 265N, (200, + V() /Cox

V,for the MOSFET:

Vy = Vi (y=0) =V, + 20, +2qe N (20 ,) [C,y
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IV relation

W VDS
ID=_fMeﬁ{Qi<V)dV (1)

( 2ge N, (2y, + V()
Qi(y)=_CGLVG_VFB_2wB_V(y)_\/qgl éw i (y))J (2)

Insert (2) in (1) and integrate, find eqgn. (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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|-V formulation

0,(y)=-C4(V, -V, (»))
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local V;along the channel

no reverse bias:

V= Vi + 200, +/2qeN, 29 ) /Coy

with reverse bias:
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IV relation

W VDS
ID=_fMeﬁ{Qi<V)dV (1)

( 2ge N, (2y, + V()
Qi(y)=_CGLVG_VFB_2wB_V(y)_\/qgl éw i (y))J (2)

Insert (2) in (1) and integrate, find eqgn. (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 Q,

0,(V)=—2qe N, 2, +V)

A do,
V)= 0)+
QD( ) QD( ) dV -

0,(V) a0, __ &y __,.

i dv _W— = ~Cpom

0,(0) = _\/2qgsz'NA 2y p) DM
v
2 C

Q,(V)=-Cq (VG Vi =29, -V + 0 (2¥,) - M V\

k COX COX /J
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IV relation

W VDS
ID=_fMeﬁ{Qi<V)dV (1)

( 2ge N, (2y, + V()
Qi(y)=_CGLVG_VFB_2wB_V(y)_\/qgl éw i (y))J (2)

Insert (2) in (1) and integrate, find eqgn. (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 Qp

Q,(V)=-C, (VG ~Vig =29, -V +

Qi(V) = _CG (VG — VFB — 21/)3
N\

0,2%,) _Cpy )

 m=(1+Cpy /Coy)

P
0.(y)=-Cy(V, -V, —mV)

0).4 COX
+ QDész) _ V _ EDM V)
OXJ \ (0).4 j
Y
-V, —(1+C,), /Coy )V
N\
,
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meaning of m

m=(1+C,, /Coy)

‘body effect coefficient’
m=(1+3t,, /W, )

also:

V.=V, +Q2m-12y,

In practice:

l.1=m=<14

VG
lpS < Pl
C
Ay, = > AVg
COX + CDM
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0

P

VG
—

Vb

IV relation

w

Iy ===ty [alv]av
0
W'
I, = AueﬁfCfo[VG -V -
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0 Vg V,
|

P
.

pinch-off

0.(L)=~-C4|V, -V, —mV, |
when V, = (VG -V )/m,
then Q.(L)=0

E, >>E, GCA (fails!

2 W 1)
2
I, = MeﬁCG f l(VG - VT)VDS - EVDS

J
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beyond pinch-off, Vs > Vycar

V)=Vl Ly~ Ty (Vig = (Vs -

channel is pinched-off near the drain

Vp but current still flows.
\%
W DSAT
[, =—— O.
D L lueﬁ [ l[

Vl]av

v, )/m)

\_

4 W (Vo -V, ) A
I, = Au“eﬁ‘CG 27 o
Vee > Vo
Vs > (VGS -V; )/m

J
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W
1, = MeﬁCG E

IV summary

Visar =(VG _VT)/m

(VGS - VT )VDS
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linear region (low V)

W Vs small
o - MeﬁCG E(VG W )VDS actual
— VDS
R

CH

slope gives mobility mobility degradation

at high Vg
e v >
subthreshold Vi @
conduction intercept gives V;
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saturated region (high V)

W 2
Lpsar = AueﬁCG E(VGS - VT) / m VDS >VDSAT
A

V,s small

I \ 7
D , /7
/7
/7
/7
/7
/7
/7
/
V, Vs
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MOSFET |V approaches

4 )

W VDS
I, = _ftueﬁ le.(V)dV
0

- J

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

2) Square Law 0,(V)==Co[ Ve =V, = V)]

/ | +V))
3) Bulk Charge o.v)=-c, LVG SV -2y, -V - J2qu,Né(2wB V)
4) Simplified Bulk Charge 0.(V) = ~Cy[Vy =V, —mV)
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E.(eV) --->

--0.3

physics of drain current saturation

0.2 T T ; T !
0.1 : =
Increasing Vpg
5 . ]
1
1
-0.1 g o S
V" ;
-0.2 y g L
’ i :{:\}/\ ................
i NV AN
1 AN
| \“\ AN T T S
-04 \ ‘\‘\\
: \\‘“\“ e
-0.5 : y ¢ \\‘ {
1 LI T TS MR
0.6 : X
A L { D S
0.7 5
|
NnN{t—omoro b oo oo
-10 -5 0 )
X (nm) --->

1) Low Vpg:

0,(V)=~-C,|V,; -V, ]
Ey = VDS/L

2) Larger Vg

0.(L)=-C,|V, -V, —V(1)| < 0,(0)

E(L)> E,(0)

19 3) Larger Vpq:

Q,(L)=0
E (L)>>E (0)
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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.
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