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Figure 1: M — MOSFET element: (a) n-channel enhancement-mode MOSFET; (b) p-
channel enhancement-mode MOSFET; (c) n-channel depletion-mode MOSFET; and (d)
p-channel depletion-mode MOSFET.

Form:

Mname NDrain NGate NSsource NBulk ModelName [L=Length] [W=Width]
+ [AD=DrainDiffusionArea] [AS=SourceDiffusionArea)

+ [PD=DrainPerimeter] [PS=SourcePerimeter]

+ [NRD=RelativeDrainResistivity] [NRS=RelativeSourceResistivity]

+ [OFF] [IC=Vps, Vas, VBS]

where

NDrain
NGate
NSource
NBulk
ModelName

L

is the drain node.

is the gate node.

is the source node.

is the bulk or substrate node.

is the model name.

is the channel lateral diffusion Length.

(Units: m; Optional; Symbol: L; The default is version dependent.
SPICE2G6 and SPICE3 Default: the length DEFL most recently specified in
a .OPTION statement which in-turn defaults to 100 pm (100U); PSpPIiCE
Default: the length L — length specified in model ModelName which in turn
defaults to the default length DEFL most recently specified in a .0PTION
statement which in-turn defaults to 100 gm (100U).)

is the channel lateral diffusion Width.

(Units: m; Optional; Symbol: W; The default is version dependent.
SPICE2G6 and SPICE3 Default: the width DEFW most recently specified in
a .0PTION statement which in-turn defaults to 100 pm (100U);

PSPICE Default: the width W — width specified in model ModelName which



AD

AS

PD

PS

NRD

NRS

NRG

NRB

OFF

IC

in turn defaults to the default width DEFW most recently specified in a
.OPTION statement which in-turn defaults to 100 pm (100U).)

is the area of the drain diffusion (DrainDiffusionArea). The default is DEFAD
most recently specified in a .0PTIONS statement.
(Units: m?; Optional; Default: DEFAD; Symbol: Ap)

is the area of the source diffusion (SourceDiffusionArea). The default is
DEFAS most recently specified in a .0PTIONS statement.
(Units: m?; Optional; Default: DEFAS; Symbol: Ag)

is the perimeter of the drain junction (DrainPerimeter).
(Units: m; Optional; Default: 0; Symbol: Pp)

is the perimeter of the source junction (SourcePerimeter).
(Units: m; Optional; Default: 0; symbol: Ps)

is the relative resistivity in squares of the drain region (RelativeDrainRe-
sistivity). The sheet resistance RSH specified in the model ModelName is
divided by this factor to obtain the parasitic drain resistance.

(Units: squares; Optional; Default: 0; Symbol: Ngp)

is the relative resistivity in squares of the source region (RelativeSourceRe-
sistivity). The sheet resistance RSH specified in the model ModelName is
divided by this factor to obtain the parasitic source resistance.

(Units: squares; Optional; Default: 0; Symbol: Ngg)

is the relative resistivity in squares of the gate region (RelativeGateResistiv-
ity). The sheet resistance RSH specified in the model ModelName is divided
by this factor to obtain the parasitic gate resistance.
(Units: squares; Optional; Default: 0; Symbol: Ngg)

is the relative resistivity in squares of the bulk (substrate) region (Rela-
tiveBulkResistivity). The sheet resistance RSH specified in the model Mod-
elName is divided by this factor to obtain the parasitic bulk resistance.
(Units: squares; Optional; Default: 0; Symbol: Ngg)

indicates an (optional) initial condition on the device for DC analysis. If
specified the DC operating point is calculated with the terminal voltages set
to zero. Once convergence is obtained, the program continues to iterate to
obtain the exact value of the terminal voltages. The OFF option is used to
enforce the solution to correspond to a desired state if the circuit has more
than one stable state.

is the optional initial condition specification. Using IC=Vpg, Vgs, Vas is
intended for use with the UIC option on the .TRAN line, when a transient
analysis is desired starting from other than the quiescent operating point.
Specification of the transient initial conditions using the .IC statement is



preferred and is more convenient.

Ezample:

M1 24 2 0 20 TYPE1

M31 2 17 6 10 MODM L=5U W=2U

M1 2 9 3 O MOD1 L=10U W=5U AD=100P AS=100P PD=40U PS=40U

Description:

The parameters of a MOSFET can be completely specified in the model ModelName. This
facilitates the use of standard transistors by using absolute quantities in the model. Alter-
natively scalable process parameters can be specified in the model ModelName and these
scaled by geometric parameters on the MOSFET element line. In SPICE2G6 and SPICE3
the width W can not be specified in the model statement. For these simulators absolute
device parameters must be specified in the model statement if parameters are not input on
the element line.

Model Type

NMOS
PMOS

Example
M1 551 1 PCH L=2.0U W=20U AD=136P AS=136P

.MODEL PCH PMOS LEVEL=2 VT0=-0.76 GAMMA=0.6 CGS0=3.35E-10
+ CGD0=3.35E-10 CJ=4.75E-4 MJ=0.4 TO0X=225E-10 NSUB=1.6E16
+ XJ=0.2E-6 LD=0 U0=139 UEXP=0 KF=5E-30 LAMBDA=0.02

NMOS Model N-CHANNEL MOSFET MODEL

PMOS Model P-CHANNEL MOSFET MODEL




Two groups of model parameters define the linear and nonlinear elements of the MOS-
FET models. One group defines absolute quantities and another group defines quantities
that are multiplied by scaling parameters related to area and dimension which are specified
on the element line. This enables the MOSFET element to be used in two ways. Using
the absolute quantities the characteristics of a device can be defined independent of the
parameters on the element line. Thus the model of a standard transistor, perhaps resident
in a library, can be used without user-knowledge required. Using the scalable quantities the
parameters of a fabrication process can be defined in the model statement and scaling pa-
rameters such as the lateral diffusion length (specified by L) and the lateral diffusion width
(specified by W), and the drain and source diffusion areas (specfified by AD and AS specified
on the element line). An example is the specification of the drain-bulk saturation current
Ipsar. This parameter can be specified by the absolute parameter Is specified by the IS
model keyword. It can also be determined as Is = Jg - Ap using the scalable parameter Jg
specified by the JS model keyword and Ap specified by the AD element keyword.

SPICE provides four MOSFET device models. The first three models, known as LEVELs
1, 2 and 3 differ in the formulation of the I-V characteristic. The fourth model, known as
the BSIM model, uses a completely different formulation utilizing extensive semiconductor
parameters. The parameter LEVEL specifies the model to be used:



LEVEL =1 — “Shichman-Hodges”, MOS1
This model was the first SPICE MOSFET model and was devel-
oped in 1968 [?]. It is an elementary model and has a limited scaling
capability. It is applicable to fairly large devices with gate lengths
greater than 4 pm. Its main attribute is that only a few parameters
need be specified and so it is good for preliminary analyses.

LEVEL = 2 —  MOS2

This is an analytical model which uses a combination of processing
parameters and geometry. The major development over the LEVEL
1 model is improved treatment of the capacitances due to the chan-
nel charge. [?,?,7?]. The model dates from 1980 and is applicable
for chanel lengths of 2 um and higher [?].

The LEVEL 2 model has convergence problems and is slower and
less accurate than the LEVEL 3 model.

LEVEL =3 —  MOS3
This is a semi-empirical model developed in 1980 [?]. It is also used
for gate lengths of 2 pm and more. The parameters of this model
are determined by experimental characterization and so it is more
accurate than the LEVEL 1 and 2 models that use the more indirect
process parameters.

LEVEL =14 —  BSIM or BSIM1
The BSIM model is an advanced empirical model which uses pro-
cess information and a larger number of parameters (more than 60)
to describe the operation of devices with gate lengths as short as
1 pm. It was developed in 1985 [?].

Other MOSFET models or LEVELS are available in various versions of SPICE. These LEVELs
are optimized for MOSFETSs fabricated in a particular foundary or provide a proprietary

edge for the advanced commercial SPICE programs. The reader interested in more advanced
MOSFET models is refered to [?].

LEVEL 1, 2 and 3 MOSFET models.
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Figure 2: Schematic of LEVEL 1, 2 and 3 MOSFET models. Vs, Vps, Vap, Vo, Vbp and
Vpg are voltages between the internal gate, drain, bulk and source terminals designated G,
D, B and C respectively.

The LEVEL 1, 2 and 3 models have much in common. These models evaluate the junction
depletion capacitances and parasitic resistances of a transistor in the same way. They differ
in the procedure used to evaluate the overlap capacitances (Cgp, Cas and Cep) and that
used to determine the current-voltage characteristics of the active region of a transistor. The
overlap capacitances model charge storage as nonlinear thin-oxide capacitance distributed
among the gate, source drain and bulk regions. These capacitances are important in describ-
ing the operation of MOSFETSs. The LEVEL 1, 2 and 3 models are intimately intertwined as
combinations of parameters can result in using equations from more than one model. The
LEVEL parameter resolves conflicts when there is more than one way to calculate the tran-
sistor characteristics with the parameters specified by the user. Antognetti and Massobrio
provide a comprehensive discussion of the development of the LEVEL 1, 2 and 3 models [?].

The parameters of the LEVEL 1, 2 and 3 models are given in table 1. Parameter extensions
for PSPICE are given in table 4. It is assumed that the model parameters were determined
or measured at the nominal temperature Txom (default 27°C') specified in the most recent
.OPTIONS statement preceeding the .MODEL statement. In PSPICE this is overwritten by
the T_MEASURED parameter. Most of the parameters have default values. Those parameters
that have INFERRED defaults are calculated from other parameters.

The MOSFET LEVEL 1,2 and 3 parameters fall into three categories: absolute device
parameters, scalable and process parameters and geometric parameters. In most cases the
absolute device parameters can be derived from the scalable and process parameters and the
geometry parameters. However, if specified, the values of the device parameters are used.



Table 1: MOSFET model keywords for LEVELs 1, 2, 3.

Name Description Units Default
AF flicker noise exponent (AF) | - 1
CBD zero-bias B-D junction capacitance (Cszp) | F 0
CBS zero-bias B-S junction capacitance (Chs) | F 0
CGBO gate-bulk overlap capacitance per meter of channel | F/m 0
length
(PARASITIC) (Capo)

CGDO gate-drain overlap capacitance per meter of channel | F/m 0
width
(PARASITIC) (Cepo)

CGSO gate-source overlap capacitance per meter of channel | F/m 0
width
(PARASITIC) (Caso)

CJ zero-bias bulk junction bottom capcitance per square F/m2 0
meter of junction area
(PARASITIC) (cy)

CJSW zero-bias bulk junction sidewall capacitance per meter | F/m 0
of junction perimeter
(PARASITIC) (Crsw)

DELTA width effect on threshold voltage (LEVEL=2 and | - 0
LEVEL=3) (6)

ETA static feedback (LEVEL=3 only) (n) | - INFERRED

The physical constants used in the model evaluation are

k Boltzmann’s constant 1.3806226 10~23 J/K

q electronic charge 1.602191810~ 1 C

€0 free space permittivity 8.85421487110~!2 F/m
€si permittivity of silicon 11.7¢q

€ox | permittivity of silicon dioxide 3.9¢9

T intrinsic concentration of silicon @ 300 K | 1.4510'6 m—3

Standard Calculations




Absolute temperatures (in kelvins, K) are used. The thermal voltage

kT
Vru(Tnom) = ZOM. (1)
The silicon bandgap energy
Eq(Tnom) =1 16—0000702M (2)
GRLENOM) T ' Trnom + 1108
The difference of the gate and bulk contact potentials
dMs = PGATE — PBULK- (3)
The gate contact potential
3.2 Tpa =0
3.25 NMOS & Tpg =1
GGATE = 3.254+ Eg NMOS & Tpg = -1 . (4)
3.25+ FEc PMOS & Tpg =1
3.25 PMOS & Tpg = —1
The potential drop across the oxide
Q0
dox o (5)
The contact potential of the bulk material
# | 325+ Eg if NMOS (6)
BULK ™9 3.25 if PMOS -
The equivalent gate oxide interface charge per unit area
Qb = qNss. (7)
The capacitance per unit area of the oxide is
cox
ChHy = ——. 8
bx = 72 ®

The effective length Lrpg of the channel is reduced by the amount X ;7 (= LD) of the lateral
diffusion at the source and drain regions:

LEFF =L — 2XJL (9)
Similarly the effective length Wgpp of the channel is reduced by the amount Wp (= WD) of
the lateral diffusion at the edges of the channel.

Wgrr =W — 2Wp (10)

K is limited: if the specified value of « is less than or equal to zero the following parameters
are set:

Kk = 0.2 (11)

A =0 (12)

Uc = 0 (13)
Ugxp = O (14)
Urra 0 (15)

Process Oriented Model




If omitted, device parameters are computed from process parameters using defaults if nec-
essary provided that both TOX = Tpx and NSUB = Np are specified. If either TOX or NSUB is
not specified then the critical device parameters must be specified. Which parameters are

critical depends on the model LEVEL.
If VTO is not specified in the model statement then it is evaluated as

VFB + YV 2¢B + 2¢B if NMOS

VT0 = Vro = { Vi — V205 + 265 if PMOS

where

VEB = dms — Pox

is the flat-band voltage. Otherwise if VTO is specified in the model statement

v _ [ Vio—7v205 + 20 if NMOS
B Vro +vV2¢p + 2¢p  if PMOS

If GAMMA is not specified in the model statement then

V2€s1qNp

GAMMA = v = Cr

If PHI is not specified in the model statement then

N,
PHI = 2(;53 = 2VTH In B

ng

(19)

(20)

and is limited to 0.1 if calculated. Ng = NSUB as supplied in the model statement and n;

at 300 K are used. If KP is not specified in the model statement then
KP=Kp = :U‘OCIOX

If UCRIT is not specified in the model statement then

€Si
UCRIT = Up =
Tox
2es;
Xyg=
qNB

is proportional to the depletion layer widths at the source and rdain regions.

Temperature Dependence

(21)

(22)

(23)
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Temperature effects are incorporated as follows where T' and Tnonm are absolute tempera-

tures in Kelvins (K).

Vrn = T
q
T p—
Is(T) = Ise<Eg(T) TNOoM EG(T))/VTH
T p—
Js(T) = Jse(Eg(T) o ~ Eo(T))Ven
_Tr
Jssw(T) = Js,sw6<Eg (T) TNOM EG(T)>/VTH
T T T
o5(T) = o Toom 3V In Tront + EG(TNOM)TNOM — Eq(T)
drsw(T) = disw TNZQM —3Vrln TNZ;M + EG(TNOM)TNOM — Ec(T)
205(T) = 2¢B — 3V In + Eq(Tnom — Eq(T)
TNom TNowm
Cpp(T) = Chp{l+ M;[0.0004(T — Txom) + (1 — ¢5(T)/ds)]}
Cps(T) = Cpg{l 4+ M;[0.0004T — Txom) + (1 — ds(T)/¢.)]}
Cy(T) = Cy{1+ M;[0.0004(T — Txom) + (1 — ¢ 15w (T)/drsw)]}
C]’SW(T) = C,],Sw{l + M{]ysw[0.0004(T —Tnowm) + (1 — ¢J(T)/¢J)]}
Kp(T) = Kp(Txom/T)*?
po(T) = po(Tnom/T)>?
2
E,(T) = 1.16—0.000702

Parasitic Resistances

T 4 1108
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The resistive parasitics Rs, Rg, Rp and Rp are treated in the same way for the LEVEL 1,
2 and 3 models. They may be specified as the absolute device parameters RS, RG, RD, and
RB or calculated from the sheet resistivity Rsg (= RSH) and area parameters Nrs (= NRS),
Ngre (= NRG), Ngp (= NRD) and Nrp (= NRB). As always the absolute device parameters
take precedence if they are specified. Otherwise

Rs = NgsRsu (39)
Re = NpggRsu (40)
Rp = NgrpRsu (41)
Rp = NgrpRsu (42)

Note that neither geometry parameters nor process parameters are required if the absolute
device resistances are specified. The parasitic resistance parameter dependencies are sum-
marized in figure 3. Leakage Currents

Current flows across the normally reverse biased source-bulk and drain-bulk junctions. The
bulk-source leakage current

Ips = Ipss (G(VBS/VTH> - 1) (43)
where
7 | Is if IS specified (44)
BSS = AgJs + PsJssw if IS not specified

The bulk-drain leakage current

Igp = Ipps (E(VBD/VTH) - 1) (45)
where
I | Is if IS specified (46)
BDS =\ ApJg+ PsJssw if IS not specified

The parameter dependencies of the parameters describing the leakage current in the LEVEL
1, 2 and 3 MOSFET models are summarized in figure 4.

PROCESS + GEOMETRY _ DEVICE
PARAMETERS PARAMETERS PARAMETERS
[ RSH Rsu | NRS Nrs RD Rp = f(Rsu, Nrp)
NRD Nrp RS Rs = f(Rsu, Nrs)
NRG Nra RG Rp = f(RSH,NRg)
NRB Ngp RB Rp = f(Rsu, NrB)

Figure 3: MOSFET LEVEL 1, 2 and 3 parasitic resistance parameter relationships.
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Depletion Capacitances

PROCESS

PARAMETERS

[ Js

Js‘

DEVICE
PARAMETERS

GEOMETRY
PARAMETERS
AD Ap
AS Ag
PD Pp
PS Ps

IS Ts =
f(J57JS,SW7AD7ASaPD;PS)

Figure 4: MOSFET leakage current parameter dependecies.
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Cps and Cgp are the depletion capacitances at the bulk-source and bulk-drain depletion
regions respectively. These depletion capacitances are calculated and used in the same way
in all three (LEVEL = 1, 2 and 3) models. Although they may be specified as absolute device
parameters they are strong functions of the voltages across the junction and are complex
functions of geometry and of semiconductor doping. As such they are usually calculated
from process parameters. They are the sum of component capacitances

Cps = Cgs.a + Cssw + Cps,r (47)
where the sidewall capacitance
Cpssw = PsC;swCass (48)
v —Mjsw
1— 8BS fi < F,

( ¢J,sw> or Vps < Feoy
Cgss = M v (49)

(1= Foy~ (1 Masw) (1= Fo(1-+ Mygw) + 2asVos )

for Vs > Foo s
(50)
the area capacitance
CpsCrsy  if CBS (= Cpg) is specified in the model

Cpsgn = (51)
AsC;Cpgy otherwise

7MJ
(1 - %) for Vps < Foo;
Cgsy = (52)

(1- Fc)i(l + Mj) (1 —Fo(l4+ M)+ %) for Vps > Fooy

and the transit time capacitance

Cps,tr = 7rGBs (53)

where the bulk-source conductance Gps = dlps/0Vps and Igg is defined in (43).
Cpp = Cgpaa +Cepsw (54)

where the sidewall capacitance

Cppsw = PpC;swCaps (55)

(1 = Vm?) e for Vap < Foo

bsw BD = FCv

C = 56
o (1 - Fe)~(1+ Mosw) (1_FC(1+MJ,SW)+W> "

for Vgp > Fc¢J

the area capacitance
CrpCepys 1 CBD (= Cfp) is specified in the model

Cepia = (58)
ApC;Cgpy otherwise

—-M
(1 B %) ’ for Vs < Fcoy
Cgpy = (59)

(l—Fc)_(1+MJ) (1—FC(1+MJ)+%) for VBD>F0¢J

and the transit time capacitance

Cps,tr = TrGBS (60)
‘XY}]QY‘Q fhﬂ ]’\11]1{_0(\11Y‘PD r‘nnr:|11r’faﬂr‘ﬂ r—;’r\n — ;)Tnh /fr)‘/"_\ﬁ QY\A rﬁﬁ ‘iQ AD‘RY\D(“I iY\ (AR\
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In the LEVEL 1 MOSFET model the depletion capacitances are piecewise linear. They
are calculated at the current operating point and then treated as linear. In the LEVEL 2 and
3 models they are treated as nonlinear. The depletion capacitance parameter dependencies
are summarized in figure 5.

LEVEL 1 I/V Characteristics

For the LEVEL 1 model the device parameters (other than capacitances and resistances)
are evaluated using Tox (TOX), po (U0), Nss (NSS and Np (NSUB) if they are not specified
in the .MODEL statement.

The LEVEL 1 current/voltage characteristics are evaluated after first determining the
mode (normal: Vpg > 0 or inverted: Vpg < 0) and the region (cutoff, linear or saturation)
of the current (Vpg, Vgg) operating point.

Normal Mode: (Vps > 0)

The regions are as follows:

cutoff region: Vas < Vi
linear region: Vas > Vr and Vpg < Vgs — Vrr
saturation region: Vgg > Vp and Vpg > Vgs — Vi

PROCESS 4 GEOMETRY N DEVICE

PARAMETERS PARAMETERS PARAMETERS

cJ c, AD Ap CBD Crp = f(Cy,Ap)
CISW Crsw AS As CBS Bs = f(Cy, As)
MJ M; PD Pp {Cps = f(Ps,Cpg,Crsw, T
MJSW Mjsw P8 Ps My, Mjsw, ¢, ssw, Fo)}
PB b {CBD =
PBSW bJ,SW f(Pp,Csp,Crsw,Tr

FC Fo My, Mysw, ¢, d5sw, Fc)}

Figure 5: MOSFET LEVEL 1, 2 and 3 junction depletion capacitance parameter relationships.



where the threshold voltage
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Ve — VeB + 205 +7V205 — Vs Vps > 2¢p (61)
T Vep + 2¢ VBs < 2¢p
Then
0 cutoff region
Ip = %%(1 + AVps)Vbs [2(Vgs — Vi) — Vps]  linear region (62)
Werr Kp

mT(l + AVbs) [Vas — VT]2

Inverted Mode: (Vps < 0)

saturation region

In the inverted mode the MOSFET I/V characteristics are evaluated as in the normal
mode (62) but with the drain and source subscripts interchanged. The relationships of
the parameters describing the 1/V characteristics for the LEVEL 1 model are summarized in

figure 6.
PROCESS n
PARAMETERS
NSUB Np
TOX Tox
NSS Nss
U0 Ho

GEOMETRY
PARAMETERS

Required

L
W w

Optional

LD X,
WD Wp

DEVICE
PARAMETERS
VTO
Vo = f(2¢BaN557TOX37)
KP Kp = f(mo, Tox)
LAMBDA A
PHI 2¢p = f(NB)
GAMMA ¥ = f(Tox,NB)
{Ip=f(W,L,Wp, X1,
VTOv KP; )‘7 2¢Bvly)}

Figure 6: LEVEL 1 I/V dependencies.
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LEVEL 1 Overlap Capacitances

. In the LEVEL 1 model the gate overlap capacitances Cgg, Cgp and Cgp are constant and
are calculated using the per unit width overlap capacitances Cgso (CGS0), Capo (CGDO)
and Cagpo (CGBD):

Cas = CgsoW (63)
Cep = CgpoW (64)

The overlap capacitance parameter dependencies are summarized in figure 7.

LEVEL 2 I/V Characteristics

The LEVEL 2 I/V characteristics are based on empirical fits resulting in a more accurate
description of the I/V response than obtained with the LEVEL 1 model. The LEVEL
2 current/voltage characteristics are evaluated after first determining the mode (normal:
Vbs > 0 or inverted: Vpg < 0) and the region (cutoff, linear or saturation) of the current
(Vbs, Vas) operating point.

Normal Mode: (Vps > 0)

The regions are as follows:

PROCESS + GEOMETRY N DEVICE
PARAMETERS PARAMETERS PARAMETERS
’ - ‘ Required Overlap Capacitances

W w CGSO Caso

Optional CGDO Cepo

WD Wpo CGBO CeBo

{Cas = f(Caso, W, Wp)}

{Cep = f(Capo, W, Wp)}

{CcB = f(Cgpo, W, Wp)}

Figure 7: MOSFET LEVEL 1 overlap capacitance parameter relationships.
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cutoff region: Ves < Vrp
weak inversion region: Vr < Vas < Von
linear region (strong inversion): Vas > Von and Vps < Vpg sar
saturation region (strong inversion): Vggs > Von and Vpg > Vpgsar
where
Vr = Vip + 7errXs (66)
Vr Nps =0
Vo { Vr + Vraz, Nrs # 0 (67)
Emirm B
V2¢p — Vps Ves <0
where N
Tn =1+ Fn — yerrX1 — X2 Xs + WEFFLEFFqC,,iFS (69)
0x
n=1+Fn (70)
the effect of channel width on threshold voltage is modeled by
Vig = Vi + Fn (208 — VBs) (71)
and the flat band voltage, Vrg, is calculated using (17) or (18).
Vast = Vas — Von (72)
The factor describing the effect of channel width on threshold is
€50T
Fy=—2_— 73
N T AC)  Werr (73

The effective bulk threshold parameter is affected by charge in the drain and source depletion
regions. This is important for short channels. The factor describing short channel effects is

v 7<0or Ng <0
VEFF_{ v¥(1—=Fpp —Fsp) v >0and Ng >0 (74)
where the effect of depletion charge at the drain is described by
1 (V1+2XpXp—1) Vbs < Vbssar
Fpp = (75)

1 (/1+2XpXpsar — 1) LA])E](F“]F Vbs > Vps,sar

the effect of depletion charge at the source is described by

1 X
Fsp = (\/1 +2XpXg — 1) - (76)

EFF
and
V2¢p
Vbs < Vas
XB _ [1 + %(VBS - VDS)/(2¢B)] (77)
V205 +Vps — Vas Vbs < Vas
and for saturation
V2¢B
Vps,sat < Vs
1 _ ]
Xpsar = 1+ 5(Ves — Vbpssar)/(265)] (78)
V208 + Vpssar — Vas Vbs,sat = VBs
X is evaluated using (68) and Xp using (147).
—X%
—2 — Vg >0
2(2 (3/2)
X, = ( ¢B) (79)
1
e Vs <0

and

» L -r xr
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linear region

W, 3
Ip= Kp2 PP poFy) (VGS Vi — HVDS> Vg — o JBEE b (101)
Lyrr 2 2

weak inversion region

When Vg is slightly above Vi, Ip increases slowly over a few thermal voltages Vry in
exponential manner becoming Ip calculated for strong inversion. This effect is handled
empirically by defining two exponential which, as well as ensuring an exponential increase
in Ip, also ensure that the transconductance Gy (= 0Ip/9Vag) is continuous at Vgs =
Von-

Ipon {QG(VGS - VON)/(anTH) + LBQ(VGS - VON):| a>0
i ! (102)
ID,ONB(VGS —Von)/(znVru) 0 <0
where . 1
M,ON
=17 o8 103
( Ip.on anTH> (103)
0Ip,oN
Garon = 57 104
MON T " Vas (104)
Ip in (101) with Vas = Vox Vbs < Vps,sar
foon = (105)
Ip in (106) with Vgs = Von and Vps = Vpssar  Vps < Vpssar
saturation region
L
ID = L&ID,SAT (106)
EFF-Ap
. Werr - 3 e

The LEVEL 3 current-voltage parameter dependencies are summarized in figure 8.

LEVEL 2 Overlap Capacitances

In the LEVEL 2 model the gate overlap capacitances asre strong functions of voltage. Two
overlap capacitance models are available in PSpPicEthe Meyer model based on the model orig-
inally proposed by Meyer [?] and the Ward-Dutton model [?,?]. SPICE2G6and SPICE3use
just the Meyer model. The Meyer and Ward-Dutton models differ in the derivation of the
channel charge.

LEVEL 2 Meyer Model

This model is selected when the parameter XQC = Xg¢ is not specified or Xgc < 0.5.
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The voltage dependent thin-oxide capacitances are used only if Tpx is specified in the

model statement.

Four operating regions are defined in the Meyer model:

accumulation region: Vgg < Von — 2¢p

depletion region: Von — 205 < Vas < Von
saturation region: Von < Vas < Von + Vps
linear region: Ves > Vonx + Vps
where
_ Vi 4+ x,Vra if Npg = NFS specified
Von = { Vo if Nrg = NFS not specified (108)
Vr = Vro+7v {\/2053 - Vbs — \/2¢B] (109)
0% C
v, = 1+LFS8 L ~D (110)
Cox Cox
Clhy = 90X (111)
Tox
Cox = CpHxWerrLgrr (112)
i
Cp = ——>r (113)
2y/2¢p — Vps
CasoW accumulation region
%Cox (1 + %) + CasoWgrrr depletion region
Cag = %COX + CasoWerr saturation region
2
_ | Vs —Vps — Von : :
Cox {1 |:2(VGS —Von) = Vos + CasoWgrr linear region
(114)
CapoWerr accumulation region
CepoWerr depletion region
Cop = { CapoWerr , saturation region
_ Ves — Von : -
Cox {1 |:2(VGS Vo) —Vos 4+ CapoWEgrr linear region

Cox + CgpoLrrr
(VON - VGS)
2¢p

cBoLErr
CaoLEFr

Cox

LEVEL 2 Ward-Dutton Model PSPICE only

+ CepoLErr

(115)

accumulation region

depletion region (116)

saturation region
linear region



20

This model is selected when the parameter XQC is specified and less than 0.5. The charge
in the gate Q¢ and the substrate @ p is calculated and the difference of these is taken as
the channel charge QcuanngL- This charge is then partitioned and allocated between the
source as Qs and the drain @Qp as follows:

Qcuanner, = @p+ Qs (117)
®@p = X@QcQCcHANNEL (118)
(119)

so that Qs = (1 — Xgc)Qcuanner. This partitioning is somewhat arbitrary but produces
transient results that more closely match measurements than does the Meyer capacitance
model. However this is at the price of poorer convergence properties and sometimes error.
This is particularly so when Vpg is changing sign.

Two operating regions are defined in the Ward-Dutton model:

off region: Vgg < Vp
on region: Vgg > Vp

where
Vi = Vpo+vy [\/2¢B —Vps — \/2¢B} (120)
Cox = CoxWerrLirr (121)
CLy = 29X (122)
Tox
(123)
In the charge evaluations the following terms are used:
Vg = VUGB — V}I,ﬂB + 2¢p (124)
_ 2¢p —vBp vBD > 2¢B
o= { 0 vpp < 2¢p (125)
_ 20 —vBs vUBs > 2¢p
vs = { 0 vps < 2¢p (126)
VD Up < UDS,SAT
= ’ 127
e { UDS,SAT UD 2 UDS,SAT (127)
x5 = (vg+vs)\VvE + Vs) (128)
z6 = ((vh+vE)+vrvs) + VoEyis(vE + vs) (129)
D = UG(«/’UE‘FVUS)—’YEFF((UE+US)+\/UEw/’US)/1-5
—.5(/vg + vs)(vE + vs) (130)

where Vi is defined in (71) and Vpggar in (89).
off region



Qe =
Qs =
QCHANNEL =
on region
Qs = —verrCox
Qe = Cox

{ VEFFCOX(\/m —YeFF/2) vg >0

Coxva
Q¢
—(Qa +@QB)

vg <0

(vgﬁ((vE + vg) + \UE\/US) — 3VEFFT5 — ~4$6>
D

(vg ~ 5ugxs — AvErFTe — (v% +v3) + vEvs)(VUE + /v5)/3

where V5 is defined in (71). The overlap capacitances are then evaluated as

CepB
Casa
Caen
CepB
Csa
Cpan

D

Q¢ /9vp
8QG/6vs
Q¢ /Ovg
0Qp/0vp
0Qp/dvs
0Q B /0vg

)
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(131)

(132)
(133)

The LEVEL 2 overlap capacitance parameter dependencies are summarized in figure 9.

LEVEL 3 I/V Characteristics

The LEVEL 3 I/V characteristics are based on empirical fits resulting in a more accu-
rate description of the I/V response than obtained with the LEVEL 2 model. The LEVEL
3 current/voltage characteristics are evaluated after first determining the mode (normal:
Vps > 0 or inverted: Vpg < 0) and the region (cutoff, linear or saturation) of the current

(Vbs, Vas) operating point.
Normal Mode: (Vps > 0)

The regions are as follows:
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cutoff region: Vas < Vi
weak inversion region: Vr < Vgs < Von
linear region (strong inversion): Vas > Von and Vps < Vps sar
saturation region (strong inversion): Vggs > Von and Vpg > Vpssar
where
Vr =Vpg—0oVps + Fo (142)
the effect of short and narrow channel on threshold voltage
Fo =~Fsv\/2¢p — Vs + Fn(205 — VBs) (143)
and
% NFS =0
Von = { Vi + Vegz, NFS 40 (144)

The effect of the short channel is described by

X; (X +We |/ Wp XL
Fg=1-— 1-— — 145
o LEFF < X X;+Wp X ( )

where
Wp = Xp\/¢s—Vas (146)
€,
Xp = 147
P qNp (147)
W 154
We =Xy {0.0831353 +0.8013929—2 + 0.01110771)} (148)
X X
and 9
8.15~
oc=N——"=— (149)
CoxLipp
The effect of channel width on threshold is
€50
Fyn=———"— 150
The effective mobility due to modulation by the gate
ps = pola (151)
and the factor describing mobility modulation by the gate is
1
Fr= 152
¢ 1+0(VGSX *VT) ( )
where
Vas Vas < Von
¥/ = 153
asx { Von Vas = Von (153)
The drain-source saturation voltage
Va+ Ve —/V2+V2 W >0
Vbs.saT = A+ Ve At Vs MAX (154)
Vp VMax <0
where v v
GSX — VT
Vp=—"—7— 155
A 1+ Fp (155)
L
Vg = UMAX LEFF (156)
Hs
Vp = Vasx — Vir (157)
The body effect factor
vFs
Fg = + Fn 158
4 ops (158)
where
2¢p — Vps Vs <0
Sps = 208 Vis > 0 (159)
1+ $Vis/(265)

The velocity saturation factor is
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linear region

W, 1+ F
EEE b Fp Vasx — Vi — —= 2

Vbs| Vbs (162)
EFF

weak inversion region

When Vg is slightly above Vi, Ip increases slowly over a few thermal voltages Vry in
exponential manner becoming Ip calculated for strong inversion. This effect is handled
empirically by defining two exponential which, as well as ensuring an exponential increase
in Ip, also ensure that the transconductance Gp; (= 0Ip/0Vgs) is continuous at Vg =
Von-

Ip.ox [%e(VGs —Von)/(znVrH) 4 ﬁea(VGs - VON)} a>0
I - (163)
Ip onelVas = Von)/(@n V) a<0
where
G0N 1 )
a=11 — 164
< IpoNn  x,VTH (164
ol
Gumon = 835;1\] (165)
and
Ip in (162) with Vs = Von Vbs < Vpssar
Ipon = (166)

Ip in (167) with Vs = Von and Vps = Vpssar  Vbs < Vpssar
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saturation region

L
Ip = LﬂID,SAT (167)
EFF—Aj
Wi 1+ F;
Ipsar = Kp LEFF FoFp |:VGSX —Vr — b Vbs,sat| Vbs,sat (168)
EFF

The reduction in the channel length due to Vpg modulation is

A AIL AIL < %LEFF 169
E=Y Lgrr — LXEF A} > L Lpprp (169)

where the punch through approximation is used for A} > %LEFF;, In (169) the distance
that the depletion region at the drain extends into the channel is

A} = \/(EPQX%>2 + kX% (Vps — Vps,sat) — EP2X% (170)

and Ep— _ IDsar (171)
Gps,satLerr

Here Cpssar = 2IDSAT. (172)
’ OVps saT

The LEVEL 3 current-voltage parameter dependencies are summarized in figure 10.

LEVEL 3 Overlap Capacitances

In the LEVEL 3 model the gate overlap capacitances asre strong functions of voltage. Two
overlap capacitance models are available the Meyer model based on the model originally
proposed by Meyer [?] and the Ward-Dutton model [?,?]. These models differ in the deriva-
tion of the channel charge.

LEVEL 3 Meyer Model

. This model is selected when the parameter XQC = X is not specified or Xg¢ < 0.5.
The voltage dependent thin-oxide capacitances are used only if Tpx is specified in the
model statement.
Four operating regions are defined in the Meyer model:

accumulation region: Vgg < Von — 2¢B
depletion region: Von — 2¢p < Vas < Von
saturation region: Von < Vas < Vox + Vbs
linear region: Vas > Von + Vs
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where
Vi 4+ x,Vry  if Npg = NFS specified
V =
ON { Vr if Npg = NFS not specified (173)
Vr = V@o+~y {\/2@3 —Vps — \/29253} (174)
q¢Nrs | Cp
x, = 1
+ Cix + Cix (175)
Ol — €OX
0X Tox (176)
Cox = CoxWerrLerr (177)
Y
Cp = —— 178
2\/205 — Vas (178)
CesoW accumulation region
%COX (1 + %) + CasoWEFF depletion region
Cas =3 3Cox + CasoWerr saturation region
2
Vis — Vs — Ve . .
C 1— | Vas=Vps = Von
ox { {2(‘/(;8 Vo) - VDS} } + CasoWrgrr linear region
(179)
CepoWerr accumulation region
CepoWrrr depletion region
Cop = { CapoWerr , saturation region
Vas — V& . .
C 1— as — Von
0X { |:2(VGS “Von) — VDSj| } + CapoWrrr linear region
(180)
Cox + CepoLgrr accumulation region
Von — VGS) : :
Cop = Cox ( 05 + CapoLerr depletion region (181)
CapoLgrr saturation region
CaeBoLEFr linear region

LEVEL 3 Ward-Dutton Model
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This model is selected when the parameter XQC is specified and less than 0.5. The charge
in the gate Q¢ and the substrate @ p is calculated and the difference of these is taken as
the channel charge QcuanngL- This charge is then partitioned and allocated between the
source as Qs and the drain @Qp as follows:

QcuanneL = @p + Qs (182)
@p = XgcQcuanneL (183)
(184)

so that Qs = (1 — Xgc)Qcuanner. This partitioning is somewhat arbitrary but produces
transient results that more closely match measurements than does the Meyer capacitance
model. However this is at the price of poorer convergence properties and sometimes error.
This is particularly so when Vpg is changing sign. Two operating regions are defined in the
Ward-Dutton model:

off region: Vgg < V7.

on region:  Vgg > V.

where

leﬂ = wprx + Feo (185)
UBIX = VFB_UVDS (186)

Fe is defined in (143), o in (149) and Vpp is defined in (17) or (17). off region

2
vFsCox \/(755) + (vap — Vrp +2¢8) — %
Qo = vap > (Ve — 2¢B) (187)
Cox(vep — Vi +20B) var < (Vig — 265)
@5 = Qe (188)

on region
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Oc = Cox(Vas — Vrg) Vpsx =0 (189)
Cox(Vas —vpix — 3Vpsx + 2a) Vpsx #0
—CoxFc Vpsx =0
_ 190
@5 { —Cox(Fc + 3FpVpsx — xaFp) Vpsx #0 (190)
where )
1+ F
Tq = L+ Fp)Vpsy (191)
12Vasx — Vi — 5(14 FB)Vpsx
Qcuanner = —(Qc + Qp) (192)
where F'p is defined in (158), Vgsx in (153) and
Vbssar Vbs > Vpsar
V; = ’ ’ 193
bsx { Vbs Vbs < Vpsar (193)

The overlap capacitances are then evaluated as

Cepp = 0Qg/0vp (
Cesp = 0Qg/0vs (
Ceagp = 0Q¢/0va (
Cepp = 0Qp/0vp (197
Cpsp = 0Qp/0vs (
Cpegp = 0Qp/0vg (

The overlap capacitance parameter dependencies are summarized in figure 11.

BSIM1 (LEVEL 4) MOSFET models.

The parameters of the BSIM1 (LEVEL 4 model are all values obtained from process
characterization, and can be generated automatically. J. Pierret [?] describes a means of
generating a ‘process’ file, and the program Proc2Mod provided in the UC Berkeley standard
SPICE3 distribution converts this file into a sequence of .MODEL lines suitable for inclusion
in a SPICE circuit file. Parameters marked below with an * in the L/W column also have
corresponding parameters with a length and width dependency.

Unlike most other models the BSIM1 model is designed for use with a process characteri-
zation system that provides all the parameters, thus there are no defaults for the parameters,
and leaving one out is considered an error.

Table 5 continued: BSIM (LEVEL) 4 model keywords.
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Name Description Units Default L/W
K2 drain/source depletion charge sharing - REQUIRED *
coefficient (K2)
MJ grading coefficient of source-drain junc- | - REQUIRED
tion (MJ)
MJSW grading coefficient of source-drain junc- | - REQUIRED
tion sidewall (Mysw)
MUS mobility at zero substrate bias and at Vpg cm2/V25 REQUIRED *
= Vbp (1s)
MUZ zero-bias mobility (1z) | cm?/Vs REQUIRED
NO zero-bias subthreshold slope coefficient | - REQUIRED *
(N-zero) (No)
NB sensitivity of subthreshold slope to sub- | - REQUIRED *
strate bias
(PARASITIC) (NB)
ND sensitivity of subthreshold slope to drain | - REQUIRED *
bias (Np)
PB built in potential of source/ \Y, REQUIRED
drain junction ()
PBSW built in potential of source/ \Y, REQUIRED
drain juntion sidewall
(PARASITIC) (¢rsw)
PHI surface inversion potential (2¢5) | V REQUIRED *
RSH drain and source diffusion sheet resistance | {2-square | REQUIRED
(PARASITIC) (Rsn)
TEMP temperature at which parameters were | C REQUIRED
measured (7)
TOX gate oxide thickness (Tox) | pm REQUIRED
U0 zero-bias transverse-field mobility degra- | V™! REQUIRED *
dation coefficient (U-zero (Uo)
U1 zero-bias velocity saturation coefficient | um/V REQUIRED *
(th)
VDD measurement bias range (Vbp) | V REQUIRED
WDF source-drain junction default width m REQUIRED
(Woe)
VFB flat-band voltage (Ve) | V REQUIRED
X2E sensitivity of drain-induced barrier lower- | V7! REQUIRED
ing
effect to substrate bias (X2E)
X2MS sensitivity of mobility to substrate bias at |cm?/V?s | REQUIRED *
Vbs = Vbp (Xawms)

Table 5 continued: BSIM (LEVEL) 4 model keywords.
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Name Description Units Default L/W

X2MZ sensitivity of mobility to substrate bias at | cm?/V?s | REQUIRED *
Vps =0 (Xamz)

X200 sensitivity of transverse field mobility V2 REQUIRED *
degradation effect to substrate bias
(X2U-zero) (X2u0)

X2U01 sensitivity of velocity saturation effect to umV_2 REQUIRED *
substrate bias (Xau1)

X3E sensitivity of drain-induced barrier low- | V™! REQUIRED *
ering effect to drain bias at Vpg =
Vbp (X3)

X3MS sensitivity of mobility to drain bias at |cm?/V?s | REQUIRED *
Vbs= Vpbp (X3ms)

X3U1 sensitivity of velocity saturation effect on /LV_Z REQUIRED *
drain bias at Vps = Vpp (Xsu1)

XPART gate oxide capacitance charge partition | - REQUIRED
model flag (XparT)
XPART = 0: selects a 40:60 drain:source

charge partition
XPART = 1: selects a 0:100 drain:source
charge partition
Table 6 continued: BSIM (LEVEL) 4 model keywords, PSPICEextensions.
Name Description Units Default

JSSW bulk junction sidewall current per unit length A/m 0
(PARASITIC) (Js.sw)

RB bulk ohmic resistance Q 0
(PARASITIC) (RB)

RD drain ohmic resistance Q 0
(PARASITIC) (Rp)

RDS drain-source shunt resistance (Rps) | Q 0

RG gate ohmic resistance Q 0
(PARASITIC) (RB)

RS source ohmic resistance Q 0
(PARASITIC) (Rs)

TT bulk p-n transit time (rr) | s 0

W channel width (W) | m DEFL

AC Analysis
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. The AC analysis uses the model of figure 1 with the capacitor values evaluated at the DC

operating point with

_ 0Ips
Im = Wes
and o1
DS
R =
DS Vs

Noise Analysis

(200)

(201)

. The MOSFET noise model accounts for thermal noise generated in the parasitic resis-
tances and shot and flicker noise generated in the drain source current generator. The rms
(root-mean-square) values of thermal noise current generators shunting the four parasitic

resistance Rg, Rp, Rg and Rg are

I VAKT/Rp A/VHz
Inp = +/4kT/Rp A/VHz
Ing = V4kT/Rg A/vVHz
Is = \4kT/Rs A/VHz

(202)
(203)
(204)
(205)

The rms value of noise current generators in series with the drain-source current generator

o ) 1/2
In.ps = (I3nor.ps + IfLicker.ps)

2
IsyoT,ps = 4kTgm§ A/VHz A/VHz
KpIpr
IFLICKER,DS = T e— A/VHz

where the transconductance

_ 0Ip
Gm = Wes
is evaluated at the DC operating point, and
K 6L%FF631
CHANNEL = —Ff5,
dTox

(206)

(207)

(208)

(209)

(210)

Notes:

The actual element in FREEDA™is the M element. See M for full documentation.

Credits:
Name Affiliation Date Links
Nikhil Kriplani NC State University = Sept 2000

nmkripla@eos.ncsu.edu www.ncsu.edu



Table 2: MOSFET model keywords for LEVELs 1, 2, 3 continued.
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Name Description Units Default

FC coefficient for forward-bias depletion capacitance - 0.5
formula
(PARASITIC) (Fe)

GAMMA bulk threshold parameter ) % INFERRED

IS bulk junction saturation current A 10-H
(PARASITIC) (Is)

JS bulk junction saturation current per sq-meter of junc- A/m2 0
tion area
(PARASITIC) (Js)

KAPPA saturation field factor (LEVEL=3 only) (x) | - 0.2

KF flicker noise coefficient (Kr) | - 0

KP transconductance parameter (Kp) | A/V? 2.107°

LAMBDA channel-length modulation 1/V 0
(LEVEL=L1, 2 only) (N)

LD lateral diffusion (Xsz) [ m 0

LEVEL model index - 1

MJ bulk junction bottom grading coefficient - 0.5
(PARASITIC) (My)

MJISW bulk junction sidewall grading coefficient - 0.33
(PARASITIC) (Mysw)

NSUB substrate doping (Ng) | cm™3 INFERRED

NSS surface state density (Nss) | cm—2 INFERRED

NFS fast surface state density (Nes) | cm—2 0

NEFF total channel charge (fixed and mobile) coefficient | - 1
(LEVELZQ only) (NEFF)

PB bulk junction potential (65) | V 0.8
(This is the interface potential in the channel relative
to the source at threshold.)

PHI surface inversion potential (2¢5) | V 0.6

RD drain ohmic resistance Q 0
(PARASITIC) (Rp)

RS source ohmic resistance Q 0
(PARASITIC) (Rs)

RSH drain and source diffusion sheet resistance /square | 0
(PARASITIC) (RsH)

THETA mobility modulation (LEVEL=3 only) 0) | 1/V 0

TOX oxide thickness (Tox) | m -

Default for LEVEL 2 and 3 is 0.1 um.
If LEVEL 1 and TOX is omitted then the process ori-
ented model is not used.
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Table 3: MOSFET model keywords for LEVELs 1, 2, 3 continued.

Name Description Units Default
TPG type of gate material: (Trg) | - 1
1 — polysilicon, opposite type to substrate
—1 — polysilicon, same type as substrate
0 — aluminum gate
UCRIT critical field for mobility degradation (LEVEL=2 only) | V/cm 10%
(Uc)
UEXP critical field exponent in mobility - 0
degradation (LEVEL=2 only) (Uexp)
uo surface mobility (U-oh) (o) | cm?/V-s | 600
UTRA transverse field coefficient (mobility) (LEVEL = 1 and | - 0
3 only) (UTRA)
VMAX maximum drift velocity of carriers (Vmax) | m/s 0
VTO zero-bias threshold voltage \% 0
N-channel devices: positive for enhancement mode
and negative for depletion mode devices.
P-channel devices: negative for enhancement mode
and positive for depletion mode devices.
(VT-oh) (Vo)
XJ metallurgical junction depth (X5) | m 0
PROCESS GEOMETRY DEVICE
PARAMETERS PARAMETERS PARAMETERS
DELTA ) Required I/v
LAMBDA A L L VIO Vro = f(2ép, Nss, Tox)
NSS Nsg W w KP Kp = (/Lo,Tox)
NSUB Np Optional PHI 205 = f(NB)
PB ¢J LD XJL GAMMA Y= f(:u07 TOX7 NB)
TOX Tox WD Wp {Ip = f(W,L,Wp, XL,
UCRIT Uc Kp,2¢p, 10,7, Vro, ¢4
UEXP Urxp Vamax, X7, A, Uexp,Uc,0)}
VMAX Vamax
uo Ho
XJ X

Figure 8: MOSFET LEVEL 2 I/V parameter relationships.




Table 4: MOSFET model keywords for LEVELs 1, 2, 3; PSPICEextensions.
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Name Description Units Default
JSSW bulk p-n junction sidewall current per unit length A/m 0
(PARASITIC) (Js.sw)
L channel length (L) | m DEFL
N bulk p-n emission coefficient - 0
(PARASITIC) (V)
PBSW bulk p-n sidewall potential \% PB
(PARASITIC) (pssw)
RB bulk ohmic resistance Q 0
(PARASITIC) (RB)
RG gate ohmic resistance Q 0
(PARASITIC) (RB)
RDS drain-source shunt resistance (Rps) | © 00
T_ABS (Tass) | °C current
temp.
T_MEASURED °C TNOM
(TmEASURED)
T_REL_GLOBAL °C 0
(TreLcLoBAL)
T_REL_LOCAL °C 0
(TReL_LoCAL)
TT bulk p-n transit time (rr) | s 0
W channel width (W) [ m DEFW
WD lateral diffusion width (Wp) | m 0
XQcC fraction of channel charge attributable to drain in sat- | - 1

uration region

(Xqc)

If Xgc > 0.5 the Meyer Capacitance Model is used.
If Xoc < 0.5 the Ward-Dutton Capacitance Model is

used.
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PROCESS
PARAMETERS
CJ Cy
CISW  Cusw
MJ M,
MISW  Mysw
PB b
PBSW b7
FC b

GEOMETRY
PARAMETERS
AD Ap
AS Ag
PD Ap
PS Ag

DEVICE
PARAMETERS

Constant Overlap
Capacitances

CGSO Caso
CGDO Capo
CGBO CaBo

Figure 9: MOSFET LEVEL 2 overlap capacitance parameter relationships.

GEOMETRY
PARAMETERS

PROCESS
PARAMETERS
KAPPA K
NSS Nss
NSUB Np
PB o¥]
THETA 0
TOX Tox
U0 Ho
VMAX Vamax
XJ Xy

Required

L
W W

Optional

LD XL
WD Wp

DEVICE
PARAMETERS
IVAY
VIO Vro = f(265, Nss,Tox)
KP Kp=f (MO,TOX)
PHI 205 = f(Np)
GAMMA v = f(uo,Tox,NB)

{Ip=f(W,L,Wp, XL
Kp,2¢p,Np,Tox, o, 0
v, Viro, o7, Vaiax, X7, k,1)}

Figure 10: MOSFET LEVEL 3 I/V parameter relationships.

PROCESS
PARAMETERS
NSUB Np
cJ Cy
CISwW Crsw
MJ My
MJISwW Mjsw
PB b
PBSW 15w
FC Fe

GEOMETRY
PARAMETERS
AD Ap
AS Ag
PD Pp
PS Pg

DEVICE
PARAMETERS

Constant Overlap
Capacitances

CGSO Caso
CGDO Cepo
CGBO CaBo

Figure 11: MOSFET LEVEL 3 overlap capacitance parameter relationships.




Table 5: SPICE BSIM1 (level 4) parameters.
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Name Description Units Default L/W
CGBO gate-bulk overlap capacitance per meter | F/m REQUIRED
channel length
(PARASITIC) (Capo)
CGDO gate-drain overlap capacitance per meter | F/m REQUIRED
channel width
(PARASITIC) (Capo)
CGSO gate-source overlap capacitance per meter | F/m REQUIRED
channel width
(PARASITIC) (Caso)
cJ source-drain junction capacitance per unit | F/m? REQUIRED
area
(PARASITIC) ()
CJSwW source-drain junction sidewall capacitance | F/m REQUIRED
per unit length
(PARASITIC) (Crsw)
DL shortening of channel (Ar) | pm REQUIRED
DW narrowing of channel (Aw) | pm REQUIRED
DELL source-drain junction length m REQUIRED
reduction (DELL)
ETA zero-bias drain-induced barrier lowering | - REQUIRED *
coefficient (n)
Js source-drain junction current A/m? REQUIRED
density (Js)
K1 body effect coefficient (K1) Y REQUIRED *
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Table 6: SPICE BSIM1 (level 4) parameters, PSPICEextensions.

Name Description Units Default

AF flicker noise exponent (Ar) | - 1

CBD zero-bias B-D junction capacitance (Cszp) | F 0

CBS zero-bias B-S junction capacitance (Czs) | F 0

FC coefficient for forward-bias depletion capacitance - 0.5
formula (Fe)

IS bulk junction saturation current (Is) | A 1E-14

KF flicker noise coefficient (Kr) | - 0

L channel length (L) [ m DEFL

N bulk p-n emission coefficient - 0
(PARASITIC) (N)

PBSW bulk p-n sidewall potential \% PB
(PARASITIC) (¢ssw)




