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/ We suggest a simple and versatile approach for a correct account of the differential conductance in saturation regime that provides a
monotonic decrease of the differential conductance from its maximum value to minimum positive or even negative value. We present all

equations also in normalized form, simplify ones analyzes and usage. Based on suggested approach we have developed ‘internal‘ (does
include source and drain resistance) MOSFET compact model and have incorporated one into EDA software Symica as Verilog-A

module. In addition, we have generalized equations of the improved model into the extrinsic compact model that accounts for the source
and drain series resistances analytically

Basics of MOSFET theory
1 Used notations: /" 2 Velocity saturation:
W - gate width; Vs~ gate-to-source voltage; We use the simplest approximation
s . c:ar;nel ler;g t:" 5 V, - drain-to-source voltage; for drift velocity vs electric field:
- thickness of the gate oxide;
&, - gate oxide dieleftric Vo~ threshold voltage; v(z) = pE(z), E(z) < Eg
permittivity; Ver = Vg - V,, - overdrive voltage; e Vs, E(z) > Es
@- the dimensionless saturation U =500 cm? V-s - electrons mobility in Si.
| parameter, related to substrate 107 6= olevER St locit
. bias voltage; ’ v =~ 107 cm/s - electrons saturation velocity .
i 2 = E =v,/p~ 20 kV/em - characteristic electric field .
3 Normalization: \_ Characteristic voltage: V;, = Eg x L =v,L/pu
I’un,it = Isat Gunit = 91L Vunri,t = [.s'a,t/glL N - _ _
’ 4 Regime before saturation: 5 Saturation regime:
‘ peor€oW ' Saturation current:
| MOSFET transconductance parameter: f=—"""— | 2
dL I BVf
sat —
Differential conductance qtz-fl__c_-_lf{:r_'_e_r_zt in linear regime: e
gL, = 6VGT = Junit Ui = 1 (YVGT : (k) — 1+k2+1
: s — 9 (k 2
o HE= T RS0, )
I =g1.Vps R k— oo, flk) =k |
Deviation from linear regime: Sik)
T 3| gar = f(k) —k
gL=91L = —Vos dy =y —1/2f(k) §| ) 7 || L
B § , e “t1 || k=0 Vo ar — 2
Il—IIL—é— DS ¢ U —’1»1L—’lr‘2/2f(k)§ o7 4+ & 5 w0} 62l s ’
-------------------------------- 4 / k=00, vgar = 1L | : L
6 Basic system of equations for MOSFET: 7 Approximation:
g — { 91, Vbps < Vsar "y _ [ 1-30, v<wvsar 3 | o ’ 1 ;
2710, Vpg> Vs, P 3 v>0 : = n T 9L 2y bl
) DS 2 VSAT | 0, 2> USAT : [Im + Im =+t i (vm+1) :
: il ] =0 y : : 1 :
= { 11, VDS < VSAT Z — () (1 2f(l.‘,)> 3 U ??SATE ] — [lLI.s'(Lt i = ;1 :
Isat; Vps 2 Vsar = 'USAT,E ( m . pm )# | ('U"" i 1);7 ;
A e . 1L sat ~ i
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