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Abstract - This paper presents an accurate and
exphicit MOSFET mode! vahd i all regions of]
in order to achieve 2 proper prediction of device
behavior. The surface potcntial is formulated as 2
funcnon of termimal voltages winch. m compunction
with Brews model. results m an exphicn MOSFET

model

1 - intreduction

The MOS technology has proven 1o be well sumed
for the mmplemenmntion of mixed analog-digial
compuenional efficiency of MOSFET models
Anaiviical MOSFET models valid in all regsons of
opcration have been developed in which the
MOSFET characteristics are expressed in terms of
surface poientals &t source and dram channel ends
[1] To obtain these potentials ome should soive an
mmphcit eguation by 2n fterative procedure [1]. The
compiexity and waste of time thus mvolved preven:
such models from being appised in computer zided
OcsIgn Drograms
In wwn CAD models based on 1the usual lmear
dependence of the mversion layer charge on the gate
voltage do not describe adequately the MOSFET
behavior [2. 3], mainly in the so-called "moderate”
inversion region These modeis fail in predicumg
specific Tequitements of analog circuits design such
as small-signal paremelers and large  sgnal
s . ) H
models require the nurogucnon of seveml empmical
paramerers (4. 5]
In this paper we derive @ very accuraie explici
mi’*mm{mIm
besed on a precise model of the scriconductor
capacitence per umit area (secton 1) The
charactersstics of the imtrinsic long-channe! MOSFET
in terms of surface potentials &t source and dramn
ends are revised in sections IV and V. Concludmg
remarks arc given m section VI

0 - Approzimstion of the Semiconductor
Capacitance

The expressions thar foliow are relzted © the »
chanmel MOS mansisior

The model presemied in tins paper is based on an
explicit formulstion of the semiconductor
capacitance per umit avea, C., @t imversion This
capacitance is 2 function of the surface potential &,
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where 'V,

is the guasi Fermi potential of the
minority carmiers, &, is the thermal vokage, @; is the
Fermi potential, C,, is the oxide capacitance per uri
area and ¥ is the body effect factor

The semiconductor charge demsny Qy and the
depletion charge density Qy, are given by [1]

Q) = CLyybs =9 %% g
Qp =—Coy o 2b)

Substiluting egas {2) into cqn (1), one obuains

QF - Q5 + 240
20.0Qc)

According 10 the charge-sheet approximation. Q' -
Qx is the inversion layer charge demsity Q) C. is.
tnus. expressed by the compact formule

Ei( Q). i
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C, . the mversion and depietion capacitances per umt
area respecnvely

From (4), accordmg to physical behevior, C, tends 10
ﬁm-qmm-ﬂ{k is much
gu!u'ullg Otherwise, C, = aimost egual
W3, Vi, 10 weak mversion

A wadely used hneer approcamanion of the mversion
charge densiTy &l SITORE MVErsion 15
Qi =—Ci(Vas - V1), a2

where Vgg is the gate-bulk wvolage Vi is the
threshold voltage grven by

and gy = 2¢; + V. Fig 1 shows that eqn (5 .a) leads
tv a significant m of the mversion
charge, =ven for hugh gate voltages In omder 1o
compensare for ts overesimation, we have
negiected Q /Q I egn {4) Furthermore, we have
approxmmated the term comespondmg to  the
depletion capacilance per Unit ETe: Dy ms vaiue at
threshold-
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An expiicit and very simpie formule of C. is thus
obmmed-
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Expression (7) is an improved version of an accurate
model denved i [6] that aliows 10 detonmne the
harmomc distortion in MOS gate capacitors at strong
" )

Fig 2 shows that egn (7) is very precse &t least up 10
C. = 10C,, . The precision in the approxamation of
eqn.(7), for values of C. grester than 10C, hes
iirtle effect n the accurmte determmanon of the
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the surface potential for Ve > Vi
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N 1 and E?‘——_-ﬂ & V=V, (12)

in weak nversion the ciassical cxpression of the
surface potential

%:“Fﬂ-vr for VmEVT, {13.a)

has been nsed m this peper.

Here, Vi s the pmch-off voitage [7]. defined as the
vaine of Vg &t which the transistor s i the mit of
weak inversion for 8 given Vs

2
2
v,,={1}vm—vm+1:—%] -2¢; (13b)

F

Egns(11) and (13) provide & continuous iransition
from weak to suong mversion as well =5 from
conducnon to saturation for both ¢ (fig 3) and ms

By mwmlong im0 account that E%T =mn, the
N
expressions below are obtamed for the denvarives of
#s with respect to Vg and Vg
h’\'mf‘rﬂr
s _ : (142)
Nes .. Y
22¢:+V,
s _, (141)
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For Vg >V

In refs [1], [8] and [9] the DC and AC pammesers
are computed in terms of the surface potentials &t
source and cmam eafs snd their denvanves
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IV - Drain Current and Total Charges

Accordmg to [1] the dram current s grven by

1n=m:.%[¢\f—vm)s—§¢s’-

where $g and §g; arc the surface potentials at source
and drain respectively, u is the camner mobility, W is
the channel wadth and 1 = the channe! iength

For 2 general charge sheet model the tozal mversion
layer charge (), is calculated in [1] from

Q-?{ f PE J‘;m} 0o

where the inversion charge densny Q; is given W
terms of the surface potennal by

Q; =—Cin (Vs — Ve —#5 - 785 ) amn

From egn (17), we obtain

o] 18
avsc'[ ZK] o

A change of vanasble im the second megral of
egn (16) leads 1o
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Similarly, the total depleton charge Qp can be

evaipared from
Qs=":r(—mh+ m}
[y Qg
(20)

which becomes sfier 2 change of vansble m the
second miegTal

(Ve — Ve sV 4*;5: 7 ;(\ R, Y g Vﬂ:s VK}’I
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The substitution of egns (11) and (13) imo egns
(15), (22) and (23) allows us 1o express the doamn
crreni (fig4) and the 1omal charges as exphci
fimctions of terminal voltages.
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V - Small Signal Farsmeters
Accondmg to [1], the gate and bulk transcomduc-

are caiculsted by difforemtisting ogn(15) The
foliowng results are obtamed

W
l--nr[f-{h—h'l%%{i-_}—%qx(w]

(248)

w
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(240)
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where mw-%mr«%[“ﬁ:}
)

and Vg, Ve and Ve are the gae-to-source, bulk-

@5 $g, and ther denvanives are expiicn fimcnions of
the terminal voltages (egns (11) and (13)). Therefore,
gll the MOSFET mirmsc small signs| parameters
ilinstrated figs (5) sad (6), become scourme
explicit functions of the terminal volmges.
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