Simplitied All-Region
Models
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Linearizing the Depletion Region Charge

"The "complete" all-region model of 4 terminal MOS is ver
accurate, but is too complicated for some applications such as 0,
transient response calculation. ==

*It is clear from the development presented that the origin of
these terms is the square root in the expression for Qg in

following equation:

Qp = —Y Cox/ Vs
=This equation is plotted in following figure

=Since the slope of the plot in following figure does not vary
much, it is reasonable to attempt to approximate it with first
two terms of Taylor expansion around a convenient
expansion point such as Y,
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Linearizing ...

"Defining a

14

N
= V\/E + (@ — 1)(Ws — YPge)

a=1+

cax
“Now from our pasl’;equations
j T @B ds(x) = —Chy [Nw_se + (@ — 1) (Pse — )] (WsL — ¥so)
T QIB (l/)SL) i Qj’B (l/)SO) o _C(;x(a - 1) (l/)SL l/)so)

1/) l/)sL

=Subsequently:

IDSI == %HC(;x [(VGB i VFB B 1/)se Sy 1/)se) ta (lpse LE %)] (l/)SL LR l/)SO)
W
Ipsz = T.uccl)xaqu(l/)sL — Ps0)
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Linearizing ...

*Channel end potentials are calculated before.

*In this situation the inversion layer charge become:
Q1 = —Cox(Vgg — Ve — ¥s) — Qp = —Cox (Vo — Vi — Yse — ¥/ Wse — @ (Y5 — Pse))
=Qur discussion so far has been in terms of an arbitrary expansion point ..

=Several choices for 1), have been proposed in the literature.

*Next discussion in about choosing Y.
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Body-Referenced Simplified All-Region

Models

=First choice:

wse uly wsm = ¢SO ;lpsL

Y

"Note that i, is the midpoint of the potential, not the physical midpoint ofCJf’*

the channel.

*The resulting value of a:
Y

2 l/}sm
=The corresponding equations for Qg, Ipsq and Ips, become:

_QIB = C(I)x[y\/ Ysm + (@ — 1) (s — lpsm)]
IDS] == %/f‘céx[(VGB - VFB B l/)sm Ay lpsm)] (wsL . lpso)

W 14
'ﬂSZ = T.ucoxamng(l/)sL == l/)SO)

a=a,=1+
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Body-Referenced Simplified ...

“Note that g, and a,, change when 1),; changes.

=As introduced before, the quantity Cpx (Vo — Veg — Psm — ¥/ Psm ) is the magnitude of the
inversion charge (per unit area).

*Thus, Ipgq (drift current) can be interpreted as follows: the "vertical" field caused by the
applied voltage VGB induces a conducting channel to form underneath the gate, with an
"effective" charge as above, and the "lateral" field caused by 5, — 4o causes current to
flow through this conducting channel.
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Body-Referenced Simplified ...

=Although square-root terms are still present in
equations, the expressions are analytically and
computationally simpler than before and
numerically more stable to evaluate; yet, they are
essentially indistinguishable in terms of accuracy. s
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Source-Referenced Simplitied All-
Region Models

*If Y5 = P4 by substituting to our general equation

W
IDSN o= Tﬂcéx [(VGB _VFB —1/150 ot V\/%)(IIJSL R 1/)50) _,% (ll)sL — l/)so)zl

wo 05
Ipsz = T.ucoxaqu(l/)sL = l/}so) i
)4 1
a=a;=1+
2\/ l/)so
3 > ¥,
2 i!;_s'() 'J’_s'L .
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Charge Formulation of Simplified All-
Region Models

=As it is shown Qg is change linearly 2 Q; can be also assumed to change linearly as:
Q1 = —Cox(Vop — Vig — ¥5) — Qp = —Cox (Vg — Vip — Wse — YA/ Wse — (s — Pse))
=For such approximations, the corresponding inversion charge Q; for a fixed Vg also varies linearly with 1.

=This approximation for Q; is more accurate than the one for Qg, as Q; already contained a dominant linear
term to begin with.
dQ;

— aC!
dl/)s a ox

"Based on past driven equation now we have:

I id (jlpSL( Qpdps( )> id QI,L( Qr) = dQ; L Q15 — Qif
=—u — x) | =—u —QD —=dQ; | = —u——— Q15 —
DS1 L < 1 S L QIIO I a Cox I L acox 10 IL

W 4 !
Ipsz = T#QbT (Qr. — Qo)
Yse = PYsq
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