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A COMPACT MOSFET MODEL FOR CIRCUIT SIMULATION
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Abgraci - This paper presests & physically besed moge] for the MOS transictor suitable for design =nd

ﬂwmmﬁﬁd’-‘u*d&mnﬂ_-ﬁ

by smpir-piece funchions of the mversion charge demsities 31 sonree and drain. A wrw compact
for sateratior & presensted Severzl emsmpies of slectrical simuistions compaTe the

MOSFET models meluded m CIrcur STnuistors can be classified o the foliowmg tires cawgones [1]°
cal models, @mbic lookup models and empmical models Pracncaliy all the models I corem use @
cal moges:

MOSFET anaivica: mogeis are based of SIhc the regions) approach of surface potemual formuiatons.

equations [2]. Modeis hased on the repiona) approsch pse differemt ==t of egantions to describe

‘howsver they demand the sojution of an mmphicst equanion for the surisce potential. Semi-
sis ke the sk OF becOmINg neltne- scaiatee nor Sumed for SEnStica) AnAVSS

“ﬂawmwzz—q All the jarpe sipnel characteristics {currents
' ‘e small signal parameters ({Tans conductances and (wrans capaciiances) are giver by smgie-

with mfmne omder of commury (C= functions) for all reprons of operation Owr model
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mu-‘“md‘h_ﬁ-ﬂ—:m-ﬁwdm
parameters |t 15 aiso charpe-conserving and nac exphcn cquations for @5 16 TENSCADBCRERCES

in Section 2 The fondemensis of our mode! are presented and the Impiementation m & CIFCUT STMUET
i= described in Sections 3 and 4. In Section 5 we presem! some exampiec of simulation 10 compare e sV

periommances of our mode], SPICES, EKV and BSIMGYS modeis.

2. FUNDAMENTALS

The fundamental assumption of our mode! 1 the finear dependence of the mversion charge densmy Q)

om the surface pownsial ¢, [2. 6], for a given gate-to-bulk voliage (Vo)
oQ; =nC_4,

where C_ 1 the Oxide CApacEance per Umit res 2nd ¢ 1s the siope factor, shightiy dependent on the gate
Eguation (1) heas aliowsd the model in [2] 1o be fully formuimed m 1omms of the 3
densitess ar tive source { Q; ) and dram { Qf, ) chennei ents.

The relanonship berwesn the mverson charge densty and the temmmal voltage 1 4]

N g_ﬂ
v, = *1[£=*T JH_Q"

uﬁu\-’mkﬁ“uﬂkh;—iﬁuq"iﬁ;—ﬂ:—” ;

and &, 1= the thermal voltags.

Equation (2) cannot be sohved amslytically for Q', but @t can be approxmated by

expression 4]
T vt
- La :
ol -lf ) 1+H-)H!+t"‘l]
with kiu)= I—-.%_ﬁ
o e o e
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i FVMODEL
3.1. Short and narrow coamnel effects

The dram curren: of 8 MOS tansistor, if velocity ssturation is not considered oo be written as

Iy =TV, Vo) —T(V,, V) 5)

where all potentizis are refered to the bulk 2]
For 2 long and wide mansisior the pinch-off voltage is only 2 function of V,, but for short and narmow
channel devices V, becomes 2 fimcuion of V,, V, 2nd V,, To maimain the symmetry of equation (6), V, s

modeied s

Va VeV V)= V,[VG,V!}“‘%“'V ™
Thus formulation s very useful 1o incinge the second prder slectrostanc effects of the termmal vohapes when
caiculuting the charge densities & the source and drin ends To caleuinte 'y, V, = Voand V=V, and for Q'
caicolation Vy = Vpyand V, =V,

VeV, V) B given by

-

| ot '4\5

= Wee =¥V + + - -
et B "’

where §, is 2 firng parameter and s value is sbow Twice the Fermi potenual (2§, ), Vyp is the Shreshoild voltage
m eguilibrium. and y' is fhe body factor y = the body factor of 2 wide, ione-channe! device. The shon and
marrow channe] =ffects due o charps sharmng arc meinded n v’ m 2 similer way as m [5). The paameter ©
accoumss for the drain mduced baer lowermg (DIBL) [7] and is proporiensl 1o 117,

32 Mobility reducnion (4]
The mobility reducton e 1o the vertica! ficld 5 modeicd by

= ®)

:‘mﬁ—‘ :&w.
fd-:p.sﬁemhuﬂl]r \mnﬁpﬂ-ﬁﬂd’nﬁ.WhRﬁann
{”d‘-&u
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33 Velority ssturation
Tine cffect of velooy ssnranon m our mode] is based on the cxpression [6] below:

oy=— (1)
12
Ve x
The substivnon of both the approxsmarion (1) and (10) mio the differentinl eguaton of the dam

corrent jeads, afier imegretion along the chanpel ™ [4]

_‘Q,;!'\
§ C'l._ p’:—-ﬂ'l'\ im J q;?‘
Q.
0
W .‘\
Y
Qi = Qi ~2.Cia#. . %
Qu=aCo i = a3
Vi 15 The sEmuTaETiOn welociy.

3.4 Sswration voltage

‘The maxonum currem that can flow m the channe] nocars when velocity 15 satursted
Iy =—"‘vh‘Q'.
Eguaung squauons (1 1) and (14) aliows 10 calculse the vaiue of Q' winch corresponds 10 Ssuration

T T 1
. , Qi —aCin#,) _(Qu 5o ]’
Qimar Q;f-f-'ht'ﬂ.il—“l S j

U s car De aporoximated by
RO ! [i'ftﬂ e
Lqm“x.,.&xn'('-ﬁt_,)
Vpsssr s caloulsted from (2).

For the curemt W sElurate proper?y the dram 30 source voliage shouid be

‘bv mesns of equenan (17) [EB].
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Vo =5, -5} —7-;"’:-1 an
wnere £ = %{v_ +{145Vomas] as)

s 15 & fiting perameter sgual 1 001
In the calcuisnon of (', the volmee V), is ropinced dy
Ny =N =2 (™

35 Channel iepgth moduistion [5, 7]
The chanme! iength moduishon s modeled by

- (Vs — Vis)
AL=31, :T 20
. Ex X,
with Le= s en
li-mF_n,u;stm of silicon_ and x; 15 e pmonon depth.
The cquivasen channc) izagtr 15 given b
L =LAl o

4 CHARGE EQUATIONS AND CAPACTTANCES

Mipdek thet do no! conserve charpr pensrse critical emrors for the snsivsic and design of some
;ﬁ-ﬁmd--m“ﬂ_ﬂ_—inn—:
E:_-—'iknt-edn—i-m-ﬁ‘—diﬂ-pﬂkﬂhﬂihh

i P_umihnﬁﬂ-p_humﬁ;ﬂ.-p_m--—i-

! r—
_ = @ | ==l
QG --".L..c-{(: e w]—.-q, @)
i Q=00 oo
(6Q+12Q, Q4407 Q,4Q° nCox4
=W + n
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®W=0-C ae
‘where e IVETSION Charps IS
29040, Q.07 ]
Q= i'_.l._{s Q. Q. - 1{?“1) on

Tiee dervatyves of the chargr dorsities mre grven by

W _ Oga,
—“ni =n.Cox > %)

5 RESULTS
The resubs shown i figures | © 3 comespond 10 the s | 0 3 sugpested in [10] © evsiame the
gualiry of 2 model They show tha: our mode! = continuors from weakc 10 STong mversion and Tepresens wel
the modermr inversion rogion. the plot of the mtio g /I, versus V. presenss fhe cxpecied simpe No |
discomtinuities are observed in g, (figam 3).
Figure 4 snows the § independes’ {trams Iapeciancss Al the curves arc continuous anc vary smoothly.
Tmumﬁ_;_-._-qnmm.uma“ﬁg

anc BSIME3 from T-Spice!12]. The first te=t is performed i the charge pumping i shown i Sga 5,
where 2 5V puise tram s apphed 10 the gate and the volepes &t draw and sowrce wre moss—Ted. "
conserves charpe the vollage &t the dran (somree) shouid rse and remrn o 2ero for cach inpat
Shows the simuistion resuis. Our model and BSIM3Y3 give correct remls while EKV and SPICES prow
meoorrect results. The sccond tex: has been performed in the sample-hold circait shown in figare 7.1

the resuls given by SPICES and EKV arc not conseston, #s can be seon m figare 8.

& CONCLUSIONS
4 compac: MOSFET mads’ for cocun symuimtior was presemed. Sz
ShOWEC IBE" the DroPOSEC MooE] Emams the s of commmurm gnd agrec well
e DC chemactesuc: The sznuisnon of bOft & ChaTpe DUTPING and & sampie-noid
mode: . s well asBSIM3v3 conserves charge, whik e SPICES and EXV modeis ¢
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SMASH smmuistor
me B
an) Ve Ve -
- A
T 2
j - Vo
Al e
- W=l v w =
T } e
BE w 1] aL Y] k14 nr

togtia)

IO

T

EKV model —
(@) ®)

ﬂl—ﬂf_-_h S capacuances svaiisbie in EKV and those of onr modei
ces I our mode! that arc not modeled i EKV. The simuisnons were done i SMASH
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Fig. 5 - Cherge pumping corcan for chargs conservation test
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Fig.E - Simubation of the sempie-haid (2) our model, {b) BSIM3v3, () EKV, {d) SPICE:
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