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Part 1
Core Model

1 General Comments

This document contains a summary of the new surface-potential-based model SP [1]-
[20]. To simplify the presentation we exclude some minor details of the model im-

plementation.

The main features of SP are as follows.
e SP is surface-potential-based

e Surface potential is computed via extremely accurate non-iterative approximation
valid in all regions of operation (including accumulation). There are no iteration

loops anywhere in the program implementation.

e SP includes an engineering model of the bias dependence for the lateral field gra-

dient, which traditionally is either neglected or is assumed to be bias-independent.

e Intrinsic charge model is based on the drain current model. Accumulation region

[trans|capacitances are modeled physically.

e SP automatically satisfies benchmark tests including Gummel symmetry test. In

order to accomplish this we use symmetric linearization of the bulk charge [7] [15].
e Gm/Id ratio is modeled correctly.
e SP includes all major short-channel effects.

e SPv.32 has 113 model parameters.

This summary describes the core model consisting of drain current and intrinsic
charges. The extrinsic charge models, as well as noise and substrate current models

are being developed right now and are not included.

In addition to the model summary this document includes a brief derivation of

a simple model for the lateral gradient factor (Appendix A) and some simulation
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results (Section [13).
Terminology.

Local model parameters: appear in the model formulation below. Some of
them must be scaled with the device geometry. They are sufficient for representing
device characteristics of a single transistor. SP core model contains 28 local param-

eters which are listed in |Appendix D| and are denoted by bold script.

Global model parameters: these include those of the local parameters which
do not scale with geometry and the scaling parameters which are used to introduce
the geometry dependence of the remaining local parameters. SP core model global

parameters are listed in Appendix E.
Note that some parameters are both local and global (e.g. MUO) and that only
local parameters are used in the model formulation. This simplifies both the model

description and the parameter extraction procedure.

The scaling equations are given in |Appendix F.



2 Structure of the Core Model (Order of Compu-

tations)

e Compute fixed combinations of the model parameters
e Perform voltage conditioning

e Terminal flip (if Vg5 < 0)

e Vi, Viq clamping to assure Vs < ¢y, Vg < 5

e Compute lateral gradient factor

e Compute surface potential ¢4, (at the source end of the channel) and related

variables
e Compute effective drain-source voltage
o Compute ¢, ¢sa = dss + &
e Compute mid-point surface potential ¢,, and related variables
e Introduce QM and polysilicon depletion corrections
e Evaluate drain current

e Compute intrinsic charges



3 Bias-Independent Variables

Thermal voltage
V; = kg TABS/q

Oxide capacitance
COX = £0X / TOX

Effective doping

Nsub = NSUB <1 + LPKT)

Lm

Body factor

v = +/2qe;Nsub/Cox

Normalized body factor

G=v/VVi

Bulk potential
¢y = Vi In(Nsub/n;)

Constant for computing effective vertical field

EeffO = 1078 : C(OX/gsi

Variable used to introduce polysilicon depletion effect

kp = 202V, /qe NP

Variable used to introduce quantum-mechanical corrections

¢, = 16.1QMC(TOX? - 10 - V; - TABS) '/3



4 Additional Notations

Surface Potentials

Os = surface potential
Dss = surface potential at the source end of the channel
Dsqg = surface potential at the drain end of the channel

¢ - Qbsd - ¢ss

Normalized surface potentials

z=¢s/V;
Ts = P55/ Vi
Ta = ¢sa/ Vi
¢ =9/Vi

Normalized gate bias
zg = Vop = Vi) /Vi

Functions )
MINA(a,b,c) = E[a—i—b— (a—b)2+c ]
1
MAXA(a,b,c) = §[a+b+ Vi(a—1b)?+c]
av
ola,c,7) = —
12 + ;C(; — CL)
where
v=a-+c
and ) )
a T 2

(11)

(12)

(13)

(14)

(19)

(20)



5 Lateral Gradient Factor [1]

Traditionally, lateral gradient factor

f=1

Esi <82¢s 82¢s) (21)

~ ¢NSUB \ 9y2 02?2

is either set to be 1 (gradual-channel approximation) or assumed to be bias-independent.
In SP, we include the reduction of the lateral field gradient (i.e. the increase of f )

with the surface potential via semi-empirical equation

f = fo(1+ Bsgy) (22)

where

Fo
1+ BiVipx + (CeViasx + AfVipea ) (1 + DF - C¢Vygy + EF - AVipy1)

Vise = 1/ V2 +0.01 — 0.1 (24)

Vipx: = MAXA Vi, 0,107%) (25)

fo +0.01 (23)

1
Vebx = Vap + §(Vds — Vasx) (26)

The essential features of this expressions are (i) linear f(¢;) dependence and
(ii) decrease of f with Vg5 and Vis. A simple model leading to (22) is presented in
Appendix Al

The functional form of Vj, is motivated by the smoothing functions introduced

in MOS9 and subsequently used in other compact models. Introduction of variables

of B
(@), &

This condition is imposed in order to satisfy the Gummel symmetry test. For the

Vise and Vi, assures

same reason surface potential ¢ = xV; corresponds to the imref splitting ¢,, = Vi,
rather than to ¢, = V. A more subtle point is that ¢ is computed with less
precision than surface potentials ¢4, and ¢s. Indeed, evaluations of ¢, and ¢
requires that f be known (see [Appendix B)). In contrast, ¢ has to be evaluated

before f is computed. It turns out that the following simple approximation for z is
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sufficient to account for the increase of f (i.e. the reduction of 9?¢,/dy?) with the

gate drive.

Tr= +o 4 o T
F= 1-B,G?1— B,G®
where

B; = (fo — 0.01)B¢V,

7’/f = MINA(ZL‘SUW, ZINS() + 3, 5)

2
xgc

Toubf = Gy 2]
Tye + 3G o+ G [ B + foge + ()]
90 = MAXA(z,,0,50)
Zo = (205 + Vipa) / Vi
T =& —ny +In(ay/G?)

ay = (zge — 15)* — G*(fo + Buy)

¢y = 2(xge — ny) + G*(fo + 2Byyy)

(28)

(29)

(30)

(31)



6 Surface Potential ¢ (at the Source End of the
Channel) and Related Variables

In Appendix B, we present an approximate analytical solution for the surface po-

tential in the form

xr = Q(ngy ¢n) (37>

where the normalized imref splitting

O = (Fp = F)/q (38)

In particular

s = 0(Vyp, Vip) (39)

In the process of computing surface potential, the following variables are computed

as well:
E, = exp(—xy) (40)
Ay = A/ (Es) (41)
D, = (E;' — E, — 22,) A (42)
where )
Ans = ? eXp(_xns) (43)
and

In the code, the evaluation of g, A, and A, is carefully ordered to avoid over /underflow

problems.

After evaluating surface potential x5 , one computes normalized inversion charge

at the source
GAV;D,

T 2y + G5,

Sy = /Py (46)

8
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Po=x,—1+E, (47)

Tys = Gy \/m (48)
and
Gy =GV f (49)
Note that while z,, = z, — x5, using (45) reduces the numerical noise for V,, close
to V.

Series resistance

Ru(1+RB - V)

R, = 50
' 1+ R\, (50)
Series resistance factor
p=MUO(Cox/L)R: V1 (51)
Effective vertical field
Eeff = EeﬁO(qb + nu‘/l) (52)
= V.G S (53)
where 7, = 1/2 for n-channel and 1/3 for p channel MOSFET’s.
Effective mobility at the source end of the channel [11]
MUO -
[ = (54)
1—|—(,LLEE )9MU+CS V1+qb2 +p
The variable
He = (1 + Xcor : V;b:c)/(l + 0-2Xcor : %bz) (55)

where the term (14 Xcor - Vipe) introduces non-universality essential for devices with
significant Coulomb scattering. The denominator assures that u, does not exceed 5

for extreme (and unphysical) Vg, that may occur during SPICE convergence process.

Note: V; and ug are “temporary variables”. Eventually these will be changed to
assure the symmetry of the model. Also, p = 0 if external model of series resistance
is used.



7 Effective Drain-Source Voltage

“Saturation voltage”

¢sat (Qbsat - 2asatv;€)
GZAV?

Vdsat = (bsat - V;f In 1+

where .
Qsat = Lgs + EG?

In particular

20092
Go + 2+ / (Po + $2)? — 3.96¢02
ViG2A,S0

oat + \/agat ~ G2A,S0

(bsat =

G2 =

Vo+ L4 Yol + 670)
Ve 4+ Vado(1 — do) + 003

%
Yo + GV,

2V,
2
1+4L56+\/1+%+(f—v2€>

Vo= Wi/as) + V4

®o = o

do

Yo =

saL
v, = et
Ihs

VSAT
1 + Ksm * Wsat

100V (1 + STX - Vi)
100 + V(1 4+ STX - Vi,

Usat =

Wsat =

and

Gs(1— Ej)

s=1
Q + 25.

Effective drain-source voltage
Vds
[1 -+ (Vds/‘/dsat)ax]l/ax

Vdse -

10



8 Surface Potential ¢sq (at the Drain End of the
Channel) and Related Variables

Surface potential at the drain end of the channel ¢5q = 24V} where [compare to Eq.
(39) above]
g = 0V, Vo + Viise) (69)

However, as a matter of convenience we use the above equation only when

Ty > Tgoz = G\/ fgg([fgg — ].) (70)

where
J23 = fo + Bixas (71)

and

(72)

- (0 + V) / Vi, forVy, >0
i (¢ +0.5Vy)/V;, forVy <0

For z, < 493 , it is more efficient to compute x, then determine normalized drain-
source surface potential difference ¢ = ¢/V; and finally compute x4 = z; + ¢. An

approximate analytical solution for ¢ in the region z, < x93 is given in Appendix C.

In the process of computing surface potential x4 , the following variables are

computed as well:

Ey = exp(—wq) (73)
Dy= (E;' — Eg— 224)Ang (74)
where )
JAVEIE= ? exp(—Znq) (75)
Tnd = (2¢b + V;b + ‘/dse)/‘/;t (76)
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9 Mid-Point Surface Potential ¢,, and Related Vari-

ables

Midpoint (subscript “m”) is defined as corresponding to a surface potential

¢m - %((ﬁss + ¢sd) (77)

The following variables are used

1
Ty = 5(1‘8 + xq) (78)
E,, = /E.,E, (79)
1 1 2
D,, = —-=(Ds+ D o E, — = R0
(D, + d)+890< G?) (50)
P,=xz,—1+FE, (81)
:Egm:Gf\/ D,,+ P, (82)
and
S =+/P, (83)
Normalized inversion charge
G2V,D,,
= (34)
Tgm + Gme
Linearization coeflicient G (1 > )
=1 A Tm
a 25 (85)
Series resistance Ru(1+RB - Vi)
R _ t1 * Vsbx 86
¢ 1+ R,V (86)
Series resistance factor
p=MUO(Cox/L)RV,, (87)

12



Effective vertical field
Eett = Eegio(q + 1, Vin) (88)

v = ‘/thSm (89)
where 7, = 1/2 for n-channel and 1/3 for p channel MOSFETs.

Effective mobility

MUO -
Hom, = P (90)
1+ (g - Eeg)™V + CS—osz +qb)2 +p

13



10 Quantum-Mechanical Corrections [4]

In SP quantum-mechanical (QM) correction are introduced based on the method
described in [4]. The difference is that in [4] we have only considered the most com-
mon case ¢ > 3V; which is of interest for the charge-sheet models. The equations
given below are conditioned for a wide voltage range. Furthermore, we develop QM
corrections directly for z,,, = ¢,,/V; and ¢ = (¢sq — ¢s5)/V;. This is preferable to
correcting ¢gs and ¢g4, especially in the case when ¢ is a small difference of two
larger variables. In what follows superscript “(0)” refers to variables uncorrected for

QM effects.

For z, > 0 (i.e. for Vi, > Vp)

Ty, = xﬁ,‘? + ugm (91)
and _
o= g0 FnlD ) (92)
d+ kmDaQM
where
qQm
Unns = 93
oM pom — QQM/ Pom ( )
Ae/g = gQMPAGQ (95)
Ae, = qqng,? (96)
DY
g - __—_m 97
T DO 4 Y o
PoM = 2Tgm + ch [1 — E,(S) + Dqu))aQM] (98)
2Ae’
=1 g 99
CLQM + 3-Tgm ( )
km = exp (agaruqar — Ae,) (100)

14



D= D, + D (101)
2
do =1— EY + 224,/ G} (102)
d=dy+ (EQ —2/G%) ugu (103)
For z, <0 ,
Ty = 29 — gﬁ%ﬁ”—% (104)

There is no correction for . This form is introduced to eliminate the singularity
or unphysical behavior near Vi, = Vy,. Coefficients 0.04 and 3 are not affected by
model parameters and are fixed. In addition to correcting ¢,, and z,,, QM effects
are introduced into

Dy, = kp, D (105)

and variables P,,, x,,, , which are given by expressions (81) and (82) above but with
T, corrected for QM effects.
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11 Polysilicon Depletion [2]

In SP polysilicon depletion is described essentially using the technique of [2]. The
equations are conditioned to provide smooth device characrteristics for a wide volt-
age range but at present the poly effects are only included for vy > Vi, The
normalized poly surface potential at midpoint

2

R
o m 106
l’p P 1 + np_l ( )
where k, is given by eq. (8) in section [3/ and
~1/2
mp = [1+ kyall)] (107)

7

In this section superscript “(0)” indicates that the variable is not corrected for
poly depletion effect. As in section [10, poly corrections are introduced into z,, =
Om/ Vi and @ = (¢psq — ¢ss)/ Vi rather than into ¢s and ¢y directly. The corrected

midpoint surface potential is

T = 20 4w, (108)
where
q
Pop—aq/p (109)
p=2[z) —ap,] +G7[1 - EY + DY (110)
and
4= Tpm [Tpm — 23] (111)

The correction to normalized surface potential difference ¢ is as follows

_ 112
d+k,D (112)

=

2

where dp is given by (102) with a different meaning of “(0)” as explained above,

d=1-EY - 2n,2.,/G} (113)

k= exp(uy) (114)
and D is given by (101).

16



In addition to changing the surface potentials, poly correction affects the lin-
earization of inversion charge and intrinsic charges. The expressions in sections 12
and 13 include these corrections. The case of no poly effect can be recovered by
setting 1, = 1. While physically this corresponds to NP — oo , in SP eliminating
poly effects is formally prescribed by setting NP=0 in the parameter file.

17



12 Drain Current Computation

Velocity saturation factor Ly

V; = Lusat/lflm (115)
VSAT
- YORT 1
Haat 1 + Ksmwsat ( 6)

100V,,,(1 + STX - Vi)
100 + Vi (1 4+ STX - Vi)

This form assures that wy,; < 100 and us,; > 0.3VSAT during SPICE convergence
process when V,,, can be unphysically high.

(117)

Wsat =

¢
= — 118
¢+ Guele (118)
OPfim
Lsat = QSM (119)
Usat
Channel length modulation factor Leopas
LC’LM = 5Lq2d ln[l + CLM3 - (‘/ds - ¢)] (120)
Drain current WCox (Vin + Vi)
Hm, OX\Vm avy
I, = 121
I Lred + Lsat ( )
where the inversion charge linearization (including polysilicon depletion effect)
Gi(1—E,)
= A S— A 122
and the “reduced channel length”
L
(123)

Lre T
T 14 Loru/L

18



13 Intrinsic Charges [2,10,17]

All charges are normalized to Cy,; (see Appendix F)
Gate charge

QG:xng}—l—% (%—1+TL>
where
VinJa+ 'V,
" 1+ Luat/Lred
and

rp = Lred/L

Inversion layer charge

Q1] =ri(Vin + a¢®/12H) + Qcrm

QCLM = (1 — T'L)(Vm — O50é¢)

Drain charge (computed using Ward-Dutton partition)
Lo apl, o 1(oY\

= Vn—— |1—-—=—- | =

@pl 2“{ 6 [ °H 5 (2H

Source charge

} +5Qeun(1 + 1)

|Qs| = Q1] = |@p]

Bulk charge
Q5| = Qc — Q1]

19
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Part IT
Extrinsic Model

14 General Comments

This document summarizes the extrinsic SP model, which at present includes over-
lap charges, gate current, substrate current, and noise sources models. The main

features of the SP extrinsic model are as follows:

e The surface potential in the overlap regions is evaluated using a newly devel-

oped streamlined analytical approximation.

e The physical modelling of the overlap charge is enabled by the availability of

the surface potential in the overlap regions.
e Gate current model is physically based.

e A new formulation of the substrate current is developed to achieve the asymp-
totically correct behavior in the subthreshold region without using smoothing

functions.

e The description of parameters, variables, and other notations in the summary

of the intrinsic model is not repeated in this document.

20



15 Bias-Independent Variables

Overlap capacitance
Cozov = €0x/ TOXOV

Overlap body factor
Yov = V 2q55iNOV/Coxov

Normalized overlap body factor

Gov == ’Yov/\/vt

Tunnelling current density constant (in A/m?)

_ gmok} TABS?

J
0 2m2h3

2
=1.082 x 10" x (TABS)

300

Channel tunnelling current density exponential constant (dimensionless)
B = 2TOX (2qmoxs)""* /h = 6.831 x 10°TOX /x5
Overlap tunnelling current density exponential constant (dimensionless)
Byy = 2TOXOV (2gmox5)"? /h = 6.831 x 10°TOXOV /x5
Auxiliary variable of gate current model
ay = Eg/ (2q) + ¢

In (136) and (137), the Si/SiOy conduction band offset, x5 = 3.13V.

16 Additional Notations

¢s0v surface potential in the source overlap region

daov surface potential in the drain overlap region

Voam = Vg — Vb — ¢, oxide voltage in the potential mid-point
Vozovs = Vgs — @sop 0xide voltage in the source overlap region

Vozovd = Vgd — @do» 0xide voltage in the drain overlap region

21
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17 Streamlined Surface Potential Approximation

[19]

The availability of the surface potential in the overlap regions is essential to the

physical modelling of the charge and gate current components. In this section, a

streamlined analytical approximation of the surface potential is presented. It ex-

cludes the effects of minority carriers and consequently is even simpler and more

efficient than the one employed in the channel region.

In what follows,

E=14 Go/V?2

and

Tmargin = 10_76

For ‘xg| S xmargin
x=1xy/§

For 24 < —Zmargin, Proceed in the following steps,

Yo = —14
2= 1.25y,/¢
n=(1/2) {z +10—[(2—6)*+ 64]1/2}
0= gy~ + GO+ 1)
c=2(y,—n) — G2,
7= —n+log (a/G;,)
Yo =1+ o (a,c, 1)

Ay = exp(yo)

22
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(140)

(141)

(142)

(143)

(144)

(145)

(146)

(147)

(148)

(149)



p=2(ys —yo) + Goy (Do — 1)

q=(yy—y0)° + G2, (yo — Ao + 1)

2q
p+ VP —2q(2— G2,A)

T=—Yo—

For x4 > Zmargin, compute
1 = 1.25

Tp =11+ Gov\/exp (—x1) + 21— 1

T = (xg/@ [1 + (5351 — «Tgl) /xgl]

E =exp (—7)
w=1—-F
20 = T+ G2y/2 = Gy (1t + G2 /4 — )
Ay = exp(—o)
p=2(zg —m) + G2, (1 — Ay)
q=(xy— x0)2 —G? (zo+ A1 —1)

2q
p+/P*—2¢(2 -G A)

T =X+

(150)

(151)

(152)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

In the code, the evaluation of Ag and A, is carefully ordered to avoid over/underflow

problems.

23



18 Extrinsic Charge Model

The source and drain overlap regions are modelled as MOS capacitors. [12]

The charge of the source overlap region
Qsov = W - LOV - Coxon (Vs — dsov) (163)
The charge of the drain overlap region
Qaov = W - LOV - Coxoy (Vea — ddov) (164)
The charge of the bulk overlap region
Qrov = L - CGBO - Vy, (165)

Inner fringe charge correction [16]

AQc = —AQs — AQp (166)
AQg = TFKJ - W (1 + IFCJIVy,)(IFVBI + Vg, — ¢ )V/? (167)
AQp =IFKJ - W(1 +IFCJIVy,)(IFVBI + Vyp, — sq)*/? (168)
Outer fringe charge
Qofs =W.CF- ‘/gs (169)
Qota = W - CF - Vi (170)

The terminal charges are given by

Qc = QY + Quo + Quov + AQG + Qots + Qora + Qvov (171)
Qs = QY — Quoe + AQs — Quss (172)

Qb = QY — Quaov + AQp — Qota (173)

Q5 = Q% — Quov (174)

where superscript (i) indicates the value given by the intrinsic (“core”) SP model.

24



19 Gate Current Model [18]

The tunnelling gate current of MOSFET is physically modeled. The total gate

current (/,) is given by,
Ig = ch + Igsov + Igdov

Channel contribution

]gc - ]gcozgc

[gco = WLJgC
Upern GC3 - Uy,
Jge = JoFsexp {B [—GCl + <GC2 + —
XB XB

Usern = /' V2, + 1076

(175)

(176)

(177)

(178)

(179)

Here, Fj is the supply function describing the difference of the population of carriers

across the oxide in the mid-potential point, given by

1+ Agi :|
1+ Agiexp (—Vgs/Vi)

Fszln[

AS’i = €exXp [(¢ss — Op — ‘/:r: + wt> /‘/t]
Yy = MINA (0, Vo, + D, 0.05)

D =GCO0-V,

sinh(z)

ige = (1 —0) -

+ bcosh(x)

r = ¢/ (2ug)

b:uo/H

up = x5/ [GC2 + 2GC3 - (Upym/x5)]

25
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Source-drain partition

The partition of the gate current in the channel area into the source and drain
is essential for the MOSFET compact modelling, which is accomplished in SP using
the symmetrical linearization method.
The drain portion is given by

Ljeq = Ijeotged (188)

sinh(x)

Tged = % — Bysinh(z) — A, [coth(x) — 1} (189)

xZ

Ag=(1-3b+30%) /2 (190)

B,=b(1-0)/2 (191)
and the source portion is given by

Toes = Ige — Igeq (192)
The Eqgs. (184) and (189) are written in a form that shows that there are no singu-

larity at x = 0. Their implementation in the code is simpler and more efficient.

Source overlap region contribution

Lysoo = W -LOV - Jy0, (193)

i = s { B [0+ U2 (oo 4 S8 U} 1 (10
XB XB

UOJ»’OUS = ‘/;2:1301}5 + 10_6 (195)

The supply function, Fj,,s, describing the difference of the population of carriers

across the oxide in the source overlap region, given by

1+ ASiovs
Fsovs =1 196
" 1+ A.S'iovs €xp <_‘/gs/‘/t) ( )
ASim)s = exp [(30 + ¢sov + 7pfovs) /V;f] (197)
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¢t0vs = MINA (07 ‘/oxovs + GCO - ‘/;57 005) (198)

Drain overlap region contribution

Lygos = W - LOV - g0, (199)

onov GC3- onov
Jodov = Jo Fsovd €XD {BM [—GCl + d (GC2 + —d)} } (200)
XB XB

_ 2
Uo:covd - 1%

oxovd

+10-6 (201)

The supply function, Fj,,4, describing the difference of the population of carriers

across the oxide in the drain overlap region, given by

1 + ASiovd :|
Foppa = In 202
¢ |:1 + ASiovd exXp (_‘/gd/‘/t) ( )
ASiovd = exXp [(30 + gbdav + 77Z)tovd) /V;] (203)
Uiova = MINA (0, Vozova + GCO - V4, 0.05) (204)

By setting SW_IGATE # 1, gate current model is turned off.
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20 Substrate Current Model [13]

The substrate current of MOSFET due to impact ionization is given by

Iy =ay - exp [—ay/ (Vs — azd)] - 14 (205)

a; = ITA1 + TTA1L - A (206)

as = ITA2 [1 + ay (\/m - \/Tqﬁbﬂ (207)
a3 = ITA3 + ITASL - Ay (208)

ay = IIA4 + TTA4L - Ap (209)

21 Total Terminal Currents

The effects of I, and I, on the gate, source, drain and body components are as
follows

[G = ]gc + ]gsov + [gdov (210)
Is = I — (1 = IIPARTITION) I, — I,0.S,(24) — Lyson (211)
Ip =1 + Iy — IpeaSy(24) — Iydon (212)
Ig = IV —IIPARTITION - I, — I,. [1 — S,(z,)] (213)
where éi), Ig) and Ig) are terminal currents produced by the intrinsic (“core”) SP
model and
Sy(zg) = = (14— (214)
Ty) = = —L
2 N

The computation of the impact ionization current can be turned off by setting
parameter SW_IMPACT=0 (default) and turned on by setting SW_IMPACT=1.
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22 Noise [15,16]

Channel thermal noise

4kp - TABS
Slg N L?"ed

crit
Qinv = WLCoac (QI - QCLM)

Ecrit = VSAT/Mm

Flicker noise

If SW_FLICKER=0 (default)

S, (f) = S, (drift) + S (diff)
d d d

. Oongtld,um

S, (drift) =
2 (drift) O yrn L2, fNEF
{INOIC - (V,, —2-V,) + B* —u,Vi] &
+ (A*=2B* -V, +3-NOIC-V?) In(q:/q-)}
. Coaz¢21d,um
diff) = —=2

2t = S e

[(NOIC + u,) apmp + (B* — 2- NOIC - V) In (¢ /q_)]

l,yFN _ 1010 [m—1:|

G
Ve = 1+ ——
& ( + T + 10—6)

A*=NOIA - ¢*/C2,

B*=NOIB - ¢/C,,

'In BSIM3 model, ypn = 10® m™!, whereas in BSIM4, vy = 10'° m~!.
NOIAgp = NOIAggns = 10°2NOIARsivs
NOIBgp = NOIBgsnvis = 102NOIBggvs3
NOICsp = NOICgsivs = 10°NOICEsv3
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(216)

(217)

(218)

(219)

(220)

(221)

(222)

(223)

(224)



u, = (A* — B*V, + NOIC - V) /(g+q-) (225)

¢ =Vit+ Vi —ano (227>
If SW_FLICKER is set to 1 then
KF - g2,
Szg - C,, W L fNEF (228)
Series resistances thermal noise
SRD = 4kT/rdrain (229)
SRS = 4kT/rsource (230)
Sk = 4KT /1 gate (231)
where
Tarain = RSH - NRD (232)
Tsource = RSH - NRS (233)
Wor
ate = RGSH———— 234
Teat Lon - NF (234)

Channel induced gate noise

TABS - 16kpm? f2WCo, L3 q o 1 H HH'
Sz = DVDZ- re — ¢ —
15 Lt H3 sz~ O \ a0 T Tam 12
(235)
where
r_ Vm/a - ‘/that/Lred (236)
1 + Lsat/Lred
Crosscorrelation coefficient
TABS - 8k fW CoxLyreqa [ Ho ?
Srr, = — 237
lola = J H? 12 144H (237)
S
c= (238)

Voo
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Appendix A Simple Model of the Lateral Gradi-

ent Factor

We present a motivation behind (22) in Section /5.

Assuming position independent

Esi 82 ¢s

=1 Al
/ gNSUB 0y? (A1)
is equivalent to a parabolic f(y) dependence
¢s = aly — y0)° + ¢y (A2)
where a, yy and ¢ are functions of the terminal voltages and
2egia
o feeld A
/ gNSUB (A3)
With reference to boundary conditions
¢s5(0) = Vi + Vi (A4)
one finds
S Vds %s
=—=|2 24/1 A
a=z (2 1+ (A6)
where
§= Vs + Vi — ¢y (A7)

In view of the approximate nature of this analysis it is appropriate to linearize a(Vys)
dependence by neglecting Vs under the square root in (A6). This preserves correct
form for both Vs = 0 and for Vs >> &. Then from (A3)

8€5i V:is
e (Y Vi — by A
f qNsubL2 ( b+ ‘/E) ¢f + 4 ) ( 8)
This is equivalent to (22) with
868i V;is
— 1 (Vi + Vs A
fo QNsubL2 (Vb + ‘/b + 4 ) ( 9)
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and 8V
EsiVi

FoBf = —— A10

ot qlV’subL2 ( )

A simple derivation presented here ignores the f( W) dependence [8825;5 term is dropped

in (A1)] and predicts a rather simple f(L) dependence. This necessitates the intro-
duction of empirical factors in section 5. In addition, variables x¢, Vi, and Vi,
were introduced to satisfy the Gummel symmetry test. However, the main feature
of (A8) which is a linear f(¢y) dependence is quite physical and is implemented in
SP. The decrease of f with Vs and Vy, predicted by (A9) is linear and may result
in negative f for large Vs and V. Hence the function form of fj is changed to (23)

in order to assure fy > 0 for arbitrary large terminal voltages.
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Appendix B Analytical Approximation for the Sur-
face Potential [2,19]

The results presented here extend our earlier work to arbitrary V.
In what follows o
f
=1+ =L B1
e=1+L (B1)

Tgo3 and x93 are given by equations (70) and (72) in Section 8.

For |z, < Tmargin

r=1x4/¢ (B2)

For 2, < —Zmargin, proceed in the following steps

Yg = —4 (B3)

2 =1.25y,/¢ (B4)

n=(1/2){z+ 10— [(z — 6)* + 64]"/?} (B5)
a=(y, —n)*+GHn+1) (B6)

c=2(y, —n) — G} (B7)

T =—n+In(a/G?) (B8)

yo =1n+ola,c,7) (BY)

Ay = exp(yo) (B10)

Ay =1/, (B11)

p=2(yg — o) + G[Ao — 1+ An(2 — Ag — Ay)] (B12)
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q=(Yg—y0)> + GHyo — Do+ 1+ A (A — Ay — 2y)]

2q
p+/P? —2¢{2 = G3A¢ + An(A1 — Ag)]}

= —Yo —

For @margin < T4 < T423 compute

T = (2g/E)[1 + wg(Exas — Tg23) /]93]

E = exp(—=)
w=1-E-A (B~ E-27)
T = T4+ G3/2 — Gy(zy + G} /4 — w)'/?
Ay = exp(xg)
Ay =1/A

P = Q(xg — J?()) + G2[1 — Al + An(Ao + Al - 2)]
!

q=(z,—10)% — ch[xg + A — 14+ Ap(Ag — Ay — 210)]

2q
P+ \/p2 —2q{2 — G3[A; + A (Ag — A)]}

T =X+

(B13)

(B14)

(B15)

(B16)

(B17)

(B18)

(B19)

(B20)

(B21)

(B22)

(B23)

Finally, for z, > 43 (B19)-(B23) remain unchanged,but instead of (B18) z, is

computed as follows:

Toup = Ty + G?/Q — Gylxy + G?/Zl = 1)1/2

n = MINA(zgup, x,, + 0.5+ 2.5f5,5)
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a=(zy—n)—Gm+ G}
¢ =2(zg —n) + G}
=2, — 1+ In(a/G?)

ro =n+o(a,c,7)
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Appendix C Evaluation of ¢ = ¢,;— ¢, for z, < 3

We use normalized variable ¢ = ¢/V; which satisfies equation

902 - 2xgs¢ = G?J((p)
where

Jo= @+ Efe?—1)+ Aps [E; (ke — 1)
—FEy(ke% — 1) = 2x4(k — 1) — 2ky]

E is given by (40) and
k = exp(_‘/dse/‘/t)

Variables F, A, and D, used below are defined in section 6.

The approximate solution of (C1)) which we use for z, < x93 is given by

¢ =2q/ (p +Vp? - 4€q>

where

q=G3(1—Fk)D,

p =214+ G {1l — E; + k[As + Ang(E, — 2)]}

and
E=1-— 0.5ch [Es + k;AnS(E;l — Es)]

(C1)

(C4)

(C5)

(C6)

(C7)

Equation (C4) is used for z, < zg3 but remains accurate well above x,3. Hence

the problem of matching (C4) with expression ¢ = ¢sq — ¢ss used for x, > x93 does

not arise.
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Appendix D Core Model Local Parameters

Effective channel dimensions: L, W

Oxide thickness: TOX

Channel doping: Ngup

Flat-band voltage: Vg,

Mobility model: MUO, ug, Omu, CS, Xeor
Saturation velocity model: ugat, Gpg, Ksm, STX
Lateral field gradient parameters: Fq, A¢, Bg, Ce, DF, EF
Channel-length modulation: CLM3, Lg24q
Series resistance model: R, Rg, RB
Triode-saturation transition parameter: ax
Polysilicon gate doping: NP

Quantum correction magnitude: QMC

Subthreshold slope parameter: ¢T
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Appendix E Core Model Global Parameters

Parameters TOX, DF, EF, MU0, CS, CLM3, STX, NP, QMC and RB are
both local and global. They are described in Appendix D above.

Geometry (channel length): DLO, DLL, DLW

Geometry (channel width): DW0, DWL, DWW, DWP

Flat-band voltage: FBO, FB1, FB2

Reverse short-channel effect: FB3, FB4, FB5, FB6, FB7

Substrate doping: NSUB, LPKT, NPKT, YPKT, VNSUB, NSLP
Mobility: MU1, MU1W, MU2, MU3, NUO, NUL, NUW
Saturation velocity, including gate bias dependence: VSAT, STO0, ST1
Triode to saturation transition: AS0O, ASL, SO

Velocity field relation: GHO, GH1, GH2, GH3, GH4

Lateral Gradient Factor: FL1, FL2, AF0, AFL, BFL, CF0, CFL, KL, KW
Channel-length modulation: CLMO0, CLM1, CLM2, GDL

Series resistance: R0, R1, R2, R3, R4, R5, R6

subthreshold slope (scaling of interface state density): ITL
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Appendix F Scaling Equations

The drawn channel dimensions are denoted as Lpr, Wpr (in m) or as Lppgum,

Wprum (in gm). The minimum device dimensions for a given technology are

Lrpr, Wrer (in m) or Lrgrum, Wrerum (in pm).

Effective channel length in um

Lym = Lpgum — DLO — DLL - A, — DLW - By

where ) .
A= -
LREF,Mm LDR,um
1 1
Bw

WREF,um WDR,Mm

Effective channel length in m
L=10"°L,n,

Effective channel width in pm

W#m - WDR,um - DWO - DWL . AL - DWW . BW - DWP . AL . BW

Effective channel width in m
W =10"W,,,

Total oxide capacitance
Cost = Cop (L +107°-DLQ) (W +107° - DWQ)

Flat-band voltage (which in SP includes reverse short-channel effect if any)

FB1 FB2
Vo =FBO+ —+ —— + AV
fb + W + Wim + AVgse
AV, (1 n FB3 n FB4) FB5 FB6 FB7
RSE — )
Wum W;%m LDR,um L%R,ym L?)DR,um
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Drift velocity local parameters

Kim =STO0 + ST1 - By

Gpe = (GHO +

Woim L?

+
Lym L2,

Local parameters for the lateral field gradient

FL1 FL2

Lym L2,

AFL

2
L2,

FOZ]_—

Bf = min{

Cr = (CFO + C];L) (1 +KL - ﬂ) Crw
Lum Lum

1
1+ KW/W,,

BFL 1-F,
L2, "Fo +0.01

and

Crw

Mobility model parameter

MU1W
i = MU1 (1 + —)

Wym

M
Oy = MU2 (1 + U3)

um

Mobility model parameter (correction for "non-universality” )

NUL

um

Xeor = NUO +

(1+NUW - W)

Bias-independent part of the series resistance
Ri1=RO+R1-A;,+R2-By +R3- A, By
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pm ' pm

(F10)

(F11)

(F12)

(F13)

(F14)

(F15)

(F16)

(F17)

(F18)

(F19)

(F20)



Constant used to describe gate bias dependence of the series resistance

R, =R4+R5- A, +R6-W,, (F21)

Triode-saturation transition variable

ASO

- F22
1+ ASL/L,, (F22)

ax

Characteristic length of the quasi-2D theory

Lg2a = (1 + GDL - L,,,,)(CLMO + CLM1 - A, + CLM2 - By)/2 - 10-7¢,;/Cox
(F23)

Subthreshold slope parameter

T, ITL
TABS 12,

cT =1+ (F24)
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Appendix G Ranges of SP Parameters

In what follows Lopampe(Wepamp) is @ minimum drawn channel length (width) for a
particular parameter set. Lepanvp and Wepamp are selected by users before extract-
ing model parameters and can be set as minimum channel length for a modelled
process or below that if extrapolation to smaller geometries is intended. Reducing
Lopamp or Wepamp narrows down the allowed range of some parameters.

Default values
Lepame = 0.18 -107%m (G1)

Waoramp = 0.6 - 107 %m (G2)

The following notations are used in the tables below.

1 1

Amr = - + 10710 (G3)
LCLAMP,,um LREF,/J,T)’L

1 1
By = — + 10710 G4
Werampum  WREF um (G4)

where

Leramp um = 10% - Lopane (G5)
Weramp um = 10° - Wepame (G6)
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Table 1: Process parameters group

Parameter | Unit | Description Default MIN MAX
ITL pm? | Interface states 0 0 2PE Ly anip um
scaling factor
LPKT um | Pocket length 0 —%PLLCLAMRW 9LcramP,um
NP em ™3 | Polysilicon 1022 | max(3 - 10',80/TOX?) none
doping (See Note?)
NSUB | em™2 | Substrate dop- | 5-10'7 101° 5-10'8
ing
QMC None | QM correction 0 0 min (0.6, 3 - 102°.
factor TOX/NSUB)
TOX m | Oxide thickness | 4-107° 1079 21077

At present, P, = 0.2.

2Setting NP=0 or NP > 102®m~3 turns off polysilicon depletion effect.
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Table 2: Effective geometry group
Parameter | Unit Description Default MIN MAX

DLO pm | Channel length 0
offset

Channel length
DLL pm? | adjustment (L) 0 See Note *
DLW | um? | Channel length 0
adjustment (W)
DWO pm | Channel width 0
offset
DWL pm? | Channel width 0
adjustment (L)
DWW | ym? | Channel width 0 See Note 4
adjustment (W)
DWP pm? | Channel width 0

perimeter factor

DLQ um | Decoupling pa- 0 —L,m/2 | none
rameter

DWQ um | Decoupling pa- 0 —W,m/2 | none
rameter

3Instead of limiting the values of DLO, DLL and DLW, SP sets the channel length offset as
DL, =DL0+DLL- A, + DLW - By, (G7)
and the effective channel length (in pm) as
Ly = max{Lpr,ym — DLum, PLLcrLamp,um } (G8)
4Instead of limiting parameter values of DW0, DWL, DWW and DWP, SP sets the channel
width offset as
DW,m = DWO+DWL- A, + DWW - By, + DWP - A; - By (G9)
and the effective channel length (in pm) as
Wm = max{Wpr, um — DWm, PwWceramp,um } (G10)

At present, Py = 1/4.
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Table 3: Mobility group

Parameter | Unit Description Default MIN MAX
MUO | cm?/Vs | Low-field mobility 500 0.01 10
NUO V-1 | Non-universality factor 0 0 1
NUL wm Non-universality — fac- 0
tor(L)
NUW pm~—t | Non-universality — fac- 0 See Note
tor(W)
MU1 m/V | Magnitude of the verti- | 0.5 0 5-10TOX
cal field dependence
MU1W wm Scaling parameter (W) 0 —0.9Pyw Werampum | 0.9Pw Werampum
MU2 None | Sharpness of the verti- 1.5 0 3
cal field dependence
MU3 wm Scaling parameter(W) 0 —0.9Pw Werampum | 0.9Pw Werampum
CS None | Coulomb scattering 0 0 10

SInstead of limiting NUO, NUL and NUW, SP sets

Xecor = maX{Xcora 0}
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Table 4: Series resistance group

Parameter Unit Description Default MIN MAX
Fixed component of
RO Q-m series resistance 2-1073
R1 Q-m - pum | Scaling factor(L) 0 See Note ©
R2 Q-m-pm | Scaling factor(W) 0
R3 Q- m - um? | Scaling factor(L,W) 0
R4 V! Gate bias dependence 0 0 None
Scaling factor(L) for R4
R5 pm/V gate bias dependence 0.02 —%R4LCLAMP,#m 24,
Scaling factor(W) for
R6 pm/V gate bias dependence 0 See Note ”
RB V! Back bias factor 0 0 1.0
SInstead of limiting the values of RO, R1, R2 and R3, SP sets
Rtl:maX{R0+R1'AL-"-Rz-Bw-l—Rg'AL'Bw,O} (G12)
"Instead of limiting the values of R6, SP sets
Rg = max{Ry4 + Rs - A + Rg - Wy, 0} (G13)
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Table 5: Velocity saturation group

Parameter | Unit | Description Default | MIN MAX
VSAT m/s | Saturation velocity 80,000 | 50,000 | 150,000
Gate bias dependence
STO V™! | of saturation velocity 0 0 0.3
Adjustment of STl | STk
ST1 pum/V | saturation velocity (W) 0 See Note ©
Back bias dependence
STX V™1 | of saturation velocity 0 0 1
Grotjohn/Hofflinger
GHO None | (GH)factor 0.5 0.05 5
GH Scaling parameter
GH1 pm | (L7 0
GH Scaling parameter
GH2 pm? | (L72) 0 See Note *
GH Scaling parameter
GH3 pm? | (L2W) 0
GH Scaling parameter
GH4 pm?* | (L72W™?) 0
Transition from triode
ASO None | to saturation 12 6 100
Scaling factor(L) for
ASL None | triode-saturation 0.6 See Note 19
transition
SO None | Vgsat adjustment 0.98 0.9 0.99
8
ST1pmin = — min{(0.3 — STO)/Byny, STO - WeLAMP,jum } (G14)
ST Linax = min{(0.3 — STO)Weramp. yum, STO/ By} (G15)

9nstead of limiting the values of GH1, GH2, GH3 and GH4, SP forces Gyt to be in the
range [0.05, 5]:

(G16)

GH1 GH2 GH3 GH4
Gpr = min {B,max [0.05, (GHO + > (1 ) } }

+ + +
Lim = L2, Wim Lz Wi,
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Table 6: Flat-band voltage group

Parameter | Unit | Description Default
Vi, for long wide devices
FBO V (L, W — o0) -1
FB1 V-um | Scaling parameter (W™1) 0
FB2 V-um? | Scaling parameter (W™2) 0
FB3 pm | RSE parameter (W) 0
FB4 pm? | RSE parameter (W™?) 0
FB5 V-um | RSE parameter (L") 0
FB6 V-um? | RSE parameter (L™?) 0
FB7 | V.um?® | RSE parameter (L°) 0

There are no limits on flat-band voltage parameters.

OTnstead of limiting the values of ASL, SP forces a, to be in the range [2,20];

ay = min{20, max{2, ax}}

20

(G17)



Table 7: Lateral gradient factor group

Parameter | Unit | Description Default MIN MAX

Scaling parameter

FL1 pm for Fo 0.1
Scaling parameter See Note 11

FL2 pm? | for Fg 0.01
Scaling parameter

AFO V| for Ag 0.004 0 10
Scaling parameter

AFL pm?/V | for Ag 0 —AFO-P,—%[%LAI\/HD#m 10
Scaling parameter

BFL pm?/V | for B 0.015 0 10
Scaling parameter

CF0 V' | for Ct 0.0005 0 10
Scaling parameter

CFL pm?/V | for Cg 0.01 | -CFO0-P7LEyanpyum | 10
Scaling parameter

KL pm? | for Crw 0 -KLO (See Note *2) | KL0
Scaling parameter

KW pam for Crw 0 —0.9Pyw Weramp, um 10
Sharpness of f(Vgs)

DF None | dependence 0 0 3
Sharpness of f(Vg,)

EF None | dependence 0 0 3

OTnstead of limiting the values of FL1 and FL2, SP forces Fg to be in the range [0.001, 1]:

Fy = min{1, max{0.001,Fo}} (G18)
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Table 8: Channel length modulation group

Parameter | Unit | Description Default MIN MAX
CLMO None | Lg2q parameter 0.1 0 none
Lg24 scaling
CLM1 pm | parameter(L) 0 —2CLMO-Lepamp um | min{10, CLMO/2A,,, }
Lg24 scaling
CLM2 pm | parameter(W) 0 —2CLMO-Wepamp o | min{10, CLMO/2B,,,, }
Logarithm
CLM3 V! | dependence 10 0 1000
factor
Scaling
GDL | um™! | parameter(L) 0 0 0.9
HTnstead of limiting the values of GDS1 and GDS2, SP forces
avadsx <1;§ . vang1> >0 (G19)
12
KLO = min{3.6 L1, anp im» 0-9LCLAMP,jim /Amr } (G20)
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Appendix H Temperature dependence (—55° to
150°)

SP uses up to 13 temperature coefficients
Flat-band voltage: TK_VFB0, TK_VFBL, TK_VFBW, TK_VFBP.

Mobility: TK_ MU0, TK MUW, TK_MUL, TK MUP, TK MU1, TK_THM,
TK_CS.

Saturation velocity: TK_VS, TK_AS.

Coefficients TK_VFBL, TK_VFBW,  TK VFBP, TK MUL, TK_MUP and

TK_AS are expected to be zero for mature processes.

The temperature dependence of bulk and surface potentials is not adjusted and
is obtained essentially from the first principles. The temperature dependence of the
flat-band voltage, mobility and saturation velocity is as follows. In these equations

T,, is nominal temperature and

AT =TABS - T, (H1)
Flat-band voltage
kg AT TK VFBL TK_ VFBW TK VFBP
Vi, = Vi (Ty)+ B <TKVFB + + + )
q L;un Wum W,umLum
(H2)
Mobility
T, "0 q
M =M T
U0 = MU0, ) (H3)
AT (TK MUL TK MUW TK MUP
=TK_MUO H4
w0 " T, < Lym " Wim " Wom Lym ) (H4)
T TK_THM
0mu - Omu(Tn) (TABS) (H5)
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1 + TK_MU1 exp(AT/20)
1+ TK_-MU1

T, \™
Xcor - Xcor(Tn) (TABS)

pe = pe(T,)

T TK_CS
CS = CS(T},) (TA%S)

Saturation velocity

VSAT = VSAT(T,)(1 + TK_VS - AT)

1+ TK_AS/W,m

G = Gnr(Tn) (TK_AS/W,,,) exp(AT/20)

(H6)

(H7)

(H8)

(H9)

(H10)

The default values and ranges for temperature coefficients are given in the table

below.
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Table 9: Temperature coefficients

Parameter Unit Description Default MIN MAX
TK_VFBO None Vi, (T') parameter 0 None None
Vi (T') scaling
TK_VFBL pm parameter (L) 0 None None
Vi (1) scaling
TK_VFBW pm parameter(W) 0 None None
Vi (T) scaling
TK_VFBP pm? parameter(LW) 0 None None
MUO(T)
TK_MUO None parameter 1.5
MUO(T) scaling
TK_MUL pm parameter(L) 0 See Note 1
MUO(T) scaling
TK_MUW pm parameter(W) 0
MUO(T) scaling
TK_MUP pum? parameter(LW) 0
TK MU1 None ur(T) parameter 0 0 0.1
TK_THM None Omu (T) parameter 0 -5 5
TK_CS None CS(T) parameter 0 -5 5
TK_VS K™! VSAT(T) parameter 0 -0.005 | 0.005
TK_AS pwm A4 (T) parameter 0 0 0.1

BInstead of limiting TK_MUO, TK_MUL, TK_MUW and TK_MUP, SP sets

AT (TKMUL TK MUW TK MUP
n,0 = min {5, max {—5, TK_MUO + < )] }

T\ Lom Woam o LonWom
(H11)

95




Appendix I Extrinsic Model Parameters

Table 10: Overlap Charge Parameters

Parameter | Unit Description Default MIN MAX
TOXOV m Overlap oxide thickness TOX 107° 2 x 1077
NOV cm ™3 Overlap doping 5-10% 10'8 5-10%

LOV m Overlap length 0 0 Lciamp
IFKJ C/V1/2 | Fringe capacitance parameter 0 0 None
IFCJ 1/Vv Fringe capacitance parameter 0 0 None

IFVBI Vv Built in potential 1.2 1.12 (See Note'?) 2
CF F/m Out fringe capacitance 0 none
per unit width
CGBO F/m Bulk overlap capacitance 0 none
per unit length

Table 11: Gate Current Parameters

Parameter | Unit Description Default | MIN | MAX
GCO none | Tunnelling energy adjustment 0 -10 10
GC1 none Gate current overall level 1 0 10

GC25 | none log Iyate — V, slope 1 0 10
GC3 none log Izate — V,, curvature 0 -2 2

14Tn addition SP uses soft clamping to assure

IFVBI + Vg, — ¢5s > 1073 (I1)

15Tn SP code if GC3 < 0, then eq. (187) is modified as follows:

up = xB/ (GC2 +2GC3 - z,) (12)

2g = MINA (Usem/x5, —GC2/2GC3,1071?) (I3)
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Table 12:

Impact ITonization Substrate Current Parameters

Parameter Unit Description Default | MIN | MAX
I1A1 none Substrate current parameter 1 0 20
1TA2 \Y Substrate current parameter 10 1 20
ITA3 none Substrate current parameter 0.5 0.1 1.0
ITA4 V12 Substrate current parameter 0 0 1
ITA1L m Substrate current 0 -1 1
scaling parameter
ITA3L m Substrate current 0 -1 1
scaling parameter
ITA4L pm V2 Substrate current 0 -1 1
scaling parameter
ITPARTITION none Partition parameter 1 0 1
Table 13: Noise Parameters
Parameter Unit Description Default | MIN | MAX
NDELTA none Thermal noise parameter 0 0 10
NOIA m3V-iC! Flicker noise parameter 3x10%2| 0
NOIB m~'ViCc! Flicker noise parameter 4%x10" | 0 | none
NOIC mV~'C™! Flicker noise parameter 0 0
NEF none Flicker noise parameter 1 0 2
DVDZ none Channel-induced gate noise parameter 1 0 10
KF A NEF-1y—1 Legacy flicker noise parameter 0 0 | none
Table 14: Series Resistances Parameters
Parameter Unit Description Default | MIN | MAX
RSH )/square | Source-drain sheet resistance 0 0
RGSH | Q/square Gate sheet resistance 0 0
NRS none Number of squares in source 0 0 none
NRD none Number of squares in drain 0 0
NF none Number of fingers 1 1
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Table 15: Extrinsic Model Switches

Switch Description Default

=1 use BSIM extrinsic charge model;

SW_BSIMQOV # 1 use SP extrinsic charge model 0
=1 turn on gate current computation;

SW_IGATE # 1 turn off gate current computation 0

=1 turn on impact ionization current computation;
SW_IMPACT | # 1 turn off impact ionization current computation 0
=1 include additional source and drain nodes;
SW_RSRD # 1 collapse additional source and drain nodes 0
=1 include additional gate node;

SW_RG # 1 collapse additional gate node 0
=1 use g,,-based flicker noise model;

SW_FLICKER # 1 use NOI model 0
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