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[11.1- MODELING OF CMOSANALOG CIRCUITS

Objective

1. Hand calculations and design of analog CMOS circuits.
2. Efficiently and accurately ssimulate analog CMOS circuits.

Large Signal M odel

The large signal model is nonlinear and is used to solve for the dc
values of the device currents given the device voltages.

The large signal models for SPICE:
Basic drain current models -
1. Level 1 - Shichman-Hodges (VT, K', VY, A, @, and NsyB)

2. Level 2 - Geometry-based analytical model. Takes into account
second-order effects (varying channel charge, short-channel, weak
inversion, varying surface mobility, etc.)

3. Level 3 - Semi-empirical short-channel model

4. Level 4- BSIM model. Based on automatically generated
parameters from a process characterization. Good weak-strong
inversion transition.

Basic model auxilliary parameters include capacitance [Meyer and
Ward-Dutton (charge-conservative)], bulk resistances, depletion regions,
efc..

Small Signal M od€l

Based on the linearization of any of the above large signal models.

Simulator Software

SPICE2 - Generic SPICE available from UC Berkeley (FORTRAN)
SPICES - Generic SPICE available from UC Berkeley (C)
*SPICE* - Every other SPICE simulator!
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Transconductance Characteristicsof NMOSwhen Vpg=0.1V
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Output Characteristicsof NMOSfor Vgs=2VT

vps=0V:
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Output Characteristicsof NMOSwhen vps=4VT

VGs=VT:
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Output Characteristics of an n-channel MOSFET

Page [11.1-5

2.0 Output Characteristics of an-channel MOSFET
'MODEL MN1K 100 NMOS VTO=1 KP=200U LAMBDA=0.01
DCVDS01005VGS151 sy
—
MOSFET1 2 100 MN1K 100 | YGSTIVY
PRINT DC ID(MOSFET1)
VGS10
1.5FvDs20
PROBE
END
ip (MA)
Ves=4V
1.0
O. 5 \VI (Jb_ 3\‘/
VGS:2V
0 Vo1V
0 2 6 8 10

Transconductance Char acteristics of an n-channel MOSFET

vps (V)

2.0 1 1 1 —
Transconductance Characteristics of an-channel MOSFET VDS =8V
.MODEL MN1K100 NMOSVTO=1 KP=200U LAMBDA=0.01 VDc:6|V
.DCVGS0505VvDS282 = |
MOSFET12 100 MN1K100 Vpe=4V

15 | .PRINT DC ID(MOSFET1) -
VGS10
VDS20

ip (MA) | £R2°F
: Vps=2V
1.0
0.5
0 /
0 1 2 3 4

ves(V)
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SIMPLIFIED SAH MODEL DERIVATION
Model-

Derivation-
 Let the charge per unit areain the channel inversion layer be
Qi(Y) =Cpy[Ves — V(Y) = V1] (coulombs/cm?)

» Define sheet conductivity of theinversion layer per square as

_ [©m2 OcoulombsO_amps =~ 1
05 = HoQ(Y) Hv-s EE cn2 o volt T Q/s.
o Ohm's Law for current in asheet is
Js=IWD =0gky = Osg% .
Rewriting Ohm's Law gives,
ip ipdy
V=Gew W= HoQ(Y)W
where dv is the voltage drop aong the channel in the direction of y.
Rewriting as
ip dy = WoQj (y)dv

and integrating along the channel for O to L gives

L VDS VDS
[ipdy = [WHoQiy)dv = [WHoCox[Ves=V(y)-V] dv
0 0 0

After integrating and evaluating the limits
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ILLUSTRATION OF THE SAH EQUATION

Plotting the Sah equation asip vs. vpsresultsin -

ip
A Vps=Vgs- VT

~€—Non-Sat Region Saturation Region——»

Increasing
values of vgs

AN

Definevpg(sat) =vgs— VT

Reqions of Operation of the MOS Transistor

1.) Cutoff Region:

iD =0, VGS—VT<O
(Ignores subthreshold currents)

2.) Non-saturation Region

. p-COXW
ip =—5; — 2(ves - V1) - vbshvps, 0<Vvpg<vgs— V1

3.) Saturation Region

: HCox
Ip = %VGS VT) E 0 <VGS VT<VDS
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SAH MODEL ADJUSTMENT TO INCLUDE EFFECTS OF VpsON VT

From the previous derivation:

L VDS VDS
[ipdy = [ WuoQi(y)dy = [ WuoCox[VGs — v(y) - VTldv
0 0 0

Assume that the threshld voltage varies across the channel in the following

way:
VT1(y) = VT +Av(y)

where VT is the value of the threshold voltage at the source end of the

channel.

Integrating the above gives,

. WpC v2(y)fPS
o =102 QuasVive) - (1) 50

or

Wl.loCox 0 V2D
Hves-VT)vps - (1+4) ﬁ

To find vpg(sat), set the derivative of ip with respect to vps equal to zero
and solve for vps = vpg(sat) to get,

vVes— VT
Vps(Sa) =R

Therefore, in the saturation region, the drain current is

. _ WnoCox 2
I = 3@+n)L Ve~ VTE
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EFFECTS OF BACK GATE (BULK-SOURCE)

Bulk-Source (vBs) influence on the transconductance characteristics-

'D Decreasing values
A of bulk-source voltage

.

VBS:0

Vps= Vgs- VT

= VGS

Vio V1 V2 Vg3

In general, the simple model incorporates the bulk effect into VT by the
following empirically developed equation-

V1vgg =VTo+ v N2l + ves - y\/2lr
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EFFECTS OF THE BACK GATE - CONTINUED

[llustration-
Vsgo=0V:

Vsgo=0V Gate Drain
- + o
il

Source

== "5

P Substrate/Bulk

Vsp2 > VsBi:
Vg2 Gate Drain

- | + o
I|'|

Source

Bulk

P Substrate/Bulk
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SAH MODEL INCLUDING CHANNEL LENGTH MODULATION

N-channel reference convention:

D

i[iT +\

G$—| N—_gB VDs

VGs !VBy

Non-saturation-

Wl,loCox [ VDS2D
Hves - VT)VDs — 5 H

Saturation-

Wu Cox vDs(sat)2[]
i %VGS VT)vps(sat) - —5— (1 +AvDs)

iD=

WUoCox

(Vs —VT) 2 (1 +AvDg)
where:
Ho = zero field mobility (cm2/volt-sec)
Cox = gate oxide capacitance per unit area (F/cm2)
A\ = channel-length modulation parameter (volts-1)
VT = Vo +yR/2ler + ves| - V2lerl3
V710 = zero bias threshold voltage

y = bulk threshold parameter (voltsl/2)
2|qx| = strong inversion surface potential (volts)
When solving for p-channel devices, negate all voltages and use the n-

channel model with p-channel parameters and negate the current. Also
negate V1o of the p device.
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OUTPUT CHARACTERISTICSOF THE MOSTRANSISTOR

A Vps = Ves- VT
10b-— Ves-VT  _ 1.0
' Non-Sat : . Ves - VT
Region Saturation Region——»
| VesVT _ 867
0751 f - ‘ — Vo - VT
Channel modulation effects
‘ VesVT _
‘ AW 0.707
o5l - —— ¥ Veso-Vr
| VesVT _¢5
V4 Vex -Vt
0.25 ‘ VGS'VT -0
1 Cutoff Region / Veso- VT
O ! L 1 1 1 VDS
0 0.5 1.0 1.5 2.0 25  Veso- V1
Notation:

W O W
B= KT = (HoCod T

Note:
MoCox = K’
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GRAPHICAL INTERPRETATION OF A
Assume the MOS is transistor is saturated-

. HCoxW
Oip =2—|_X (ves = V1) (1 + AvDs)

Defineip(0) =ip whenvps=0V.

. HCoxW
0ip(0) = % (ves - VT)?
Now,

or
1

Vps =13 1 i -
DS~ Rip (OHP A
Matching withy = mx + b gives

or

Ves3

7 V
— e

Vesi

» VDS

Page I11.1-13
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SPICE LEVEL 1 MODEL PARAMETERSFOR A TYPICAL
BULK CMOS PROCESS (0.8pm)

Typical Parameter
Model Parar.net.er Value Units
Parameter Description NMOS PMOS
VT0 [ThresholdVoltageforVps= 0V 0.75x0.15 -0.85+0.15 Volts
K' Transconductance Parameter 110+10% 50+10% HA/V2Z
(sat.)
y Bulk Threshold Parameter 0.4 0.57 W
A Channel Length Modulation 004 (L=Lum) 10.05(L=1pm)|
©=29F |Surface potentia at strong 0.7 0.8 Volts
inversion

These values are based on a 0.8 pum silicon-gate bulk CMOS n-well process.
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WEAK INVERSION MODEL (Simple)

1
i
ip (MA) E
1
Weak E
Jr 1000.0 [ inversion 1
D region ) Strong
1000 L i inversion
i region
100 L i
i
1.0 H
0 v, 0 Vi Vo v,

This model is appropriate for hand calculations but it does not accommodate
a smooth transition into the strong-inversion region.

. W
Iip U Ipo exp FnWE

The transition point where this relationship is valid occurs at approximately

Vgs < V-|-+n§

Weak-M oderate-Strong | nversion Approximation

Moderate
inversion region

v
ip (nA)
Weak
1000.0 | inversion
region Strong
1000 | ! inversion
region
100 L
1.0

GS
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INTRINSIC CAPACITORSOF THE MOSFET
Types of MOS Capacitors
1. Depletion capacitance (CBD and CBS)

2. Gate capacitances (CGS, CGD, and CGB)

Figure 3.2-4 Large-signal, charge-storage capacitors of the MOS device.
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Depletion Capacitors

Bulk-drain pn junction -

(FO)gs

Page [11.2-2

Capacitance
approximation
for strong for-
ward bias

<+—Reverse Bias———»le—

CeD0ABD

CeD

VBD[]

¢BO

[

where,

3 andCps =

i

’VBD

Forward @B
Bias

—>

CB0 ABS

VBS]MJ

@BO

ABD (ABs) = area of the bulk-drain (bulk-source)

@B = bulk junction potential (barrier potential)

MJ = bulk junction grading coefficient ( 0.33< MJ < 0.5)

For strong forward bias, approximate the behavior by the tangent to the

above Cgp or Cgscurve at vgp or vgsegqual to (FC)-¢B.

CBDOABD

Cep = (1+FC)1+MJ

and
CB0ABS

CeD = (1+FC)1+MJ

%L — (1+MJ)FC + FC

1

- (I+MJ)FC + FC

[

'VBDII
> .
jj_[(pa 1, veo (FC)-¢B

i
, vBs> (FC)-¢B

!

(]
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Bottom & Sidewall Approximations

Polysilicon gate

Drain bottom = ABCD
Drain sidewall = ABFE + BCGF + DCGH + ADHE

(CI)(AX) (CISW)(PX)
Cgx = v = vex < (FC)(PB)
BX J VBX JS\N
EL B é%ﬂ EL PB | @A
and
() [ vBx(]
CBx = (1- FO)I*M 1 - (1+MJI)FC+MJ 50
O V,
N (1(53;13/;2933)% 1 - (1+MISWFC + == (MJS/\/)D,
VBX 2 (FC)(PB)
where

AX = area of the source (X = ) or drain (X = D)

PX = perimeter of the source (X = §) or drain (X = D)
CJSW = zero-bias, bulk-source/drain sidewall capacitance
MJISW = bulk-source/drain sidewall grading coefficient
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Overlap Capacitance

ak Oxide encroachment
| _I I I '} _I T a1
: ' Actud X f ! T
| ! L (L) X Mask ! Actua
I
E o |1 eow W (Wey)
X — ] — X l 1
I I
o ___ I Y I SR N A
Gate
Source-gate overlap Drain-gate overlap
capacitance C4 (C)) capacitance Cgp, (C,)

— Yo
FOX o = _ FOX

Bulk

C1 = C3 O(LD)(Weff) Cox = (CGXO)Weit
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Gate to Bulk Overlap Capacitance

, Overlap , ,Overlap ,

1 |————1

Cs ' Gate . ’ Cs
FOX K( Source/Drain \2 FOX

Bulk

On a per-transistor basis, thisis generally quite small

Channel Capacitance

Co = Weff (L — 2LD)Cox = Weff(Leff)Cox

Drain and source portions depend upon operating condition of transistor.
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MOSFET Gate Capacitance Summary:

Capacitance

C,+2C,
2
C+3G

1
G+ 35

C,Cy Cas Cap Cep
2C5 _____________ \ Ces
° Non- vV,
< Off > < Saturation > =< - > VGs
Saturation
Vr Vos*Vr
ip
Vge- VT
Non-Sat
Region
Saturation
Region

VDS = constant

Page [11.2-6
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Cis CeD-ad Cep

Off
CiB = Co + 2Cg = Cox(Weff) (Leff) + CGBO(Lgff)

Cgs= C1 O Cox(LD)(Weff) = CGSO(Weff)

CcD = C3 O Cox(LD)(Weff) = CGDO(Wef)
Saturation
CgB = 2C5 = CGBO (Lgff)

Ces= Cp + (23)Co = Cox(LD + 0.67Lgff )(Weff)
= CGSO(Weff) + 0.67Cox(Weff)(Leff)

CgD = C3 O Cox(LD)(Weff) = CGDO(Weff)
Nonsatur ated
Cgp = 2C5 = CGBO (Lgff)

Cis= Cq +0.5Co = Cox(LD + 0.5Lgff)(Weff)
= (CGO + 0.5CoxLeff) Wesf
Cgp = C3 + 0.5Co = Cox(LD + 0.5L¢ff)(Weff)

= (CGDO + 0.5CoxlLeff) Weff
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Small-Signal Model for the MOS Transistor

DO

3"
de

I\
::' * ‘:- inrD
Coa e
| [ i
1€ \/\/\f%d
g.Vv Yas
m'gs N
G C * H InD _o B
ICE;S OrmbsVbs (S
1§ YWW
* ::' ian Cbs
| [
I\
| [
I\
Cyo % s

SO

Figure3.3-1 Small-signal model of the MOS transistor.

dlgp . _
Opd = = (at the quiescent point) LJO
and
dlgs . .
Ops = = (at the quiescent point) (10
The channel conductances, g, Imps and gys are defined as
dlp . .
Om =~ (at the quiescent point)
dlp _ _
Ombs = = (at the quiescent point)
Vs
and
dlp

Ods = = (at the quiescent point)
0Vpg
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Saturation Region

Om =\ RKWIL)[ Ipl(1+ A Vpg) OnKWIL)[Ip|

Ombs = :_5 D% (]
Vg Vr9VseO

dolp -oal
Noting that =D —D, we get

_ 14
Smbs = Om 5 21 ] + V) V2

=N9m

Relationships of the Small Signal Model Parameter s upon the DC Values of Voltage
and Current in the Saturation Region.

Small Signal DC Current DC Current and DC Voltage
Model Parameters Voltage

0(2K' IpWIL)Y2 2K W
9m (2K TpWL) - 0=—(VGs-V1)

1/2
Ombs 0 . Zy(z"f\/;’) - ¥ (B(Vgs V1)
(219 | +VsB) 2CIgF |+ VsB)

Ods OAlp 0 0
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Nonsaturation region
0lg

=—=p03V
Om Nas B Vps

dlp BWDs

g b = =
M5 0Ves  2(2l¢k |+ Vgp)!2

and
dds = B(Ves = V1 = Vps)

Page [11.3-3

Relationships of the Small-Signal Model Parameter s upon the DC Values of Voltage
and Current in the Nonsaturation Region.

DC Voltage and/or Current

Small Signal
Model Parameters Dependence
Om =BVDs
Yrmbs __ByVbs
2(2l¢r | +VsB)12
Yds =B(VGs ~VT ~VDs)

Noise
i = T— @I (A
o= Hrp )
i = T—@f (A9
nrS DrS 0

and

—> BKT g, (1+0n) .\

'nD=
n 0 3

A (A2)



Allen and Holberg - CMOS Analog Circuit Design Pagelll.4-1

SPICE Level 3Mode

The large-signal model of the MOS device previously discussed neglects many important
second-order effects. Most of these second-order effects are due to narrow or short

channel dimensions (less than about 3um). We shall also consider the effects of
temperature upon the parameters of the MOS large signal model.
Wefirst consider second-order effects due to small geometries. When vgis greater than

V1, the drain current for a small device can be given as

Drain Current

0 O+f,0d 0O
ips=BETA Ngs—Vr =~ (55— oedVoe (1)
BETA = KP% = UgCOX VI\_/—sz‘; )
Leif =L — 2(LD) 3)
Wegs = W — 2(WD) (4)
Vpe = Min(vpg , Vpg (sat)) (5)
GAMMA [,

fy =

iy + 6
" 4(PHI +vgg)!/? ©

Note that PHI is the SPICE model term for the quantity 2¢. Also be aware that PHI is
always positive in SPICE regardless of the transistor type (p- or n-channel).

_DELTA TT&i

f 7
N Wesr 2[TOX ()
12
x BLD+weD wp 20 DB
f=1-—-5 - 00 -——0 (8)
Lettg % O %ﬁWPDD i g
wp = xd (PHI + vgg )12 (9)
0 2@ 2
xd 0 (10)

-3
@ CNSUB[
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O mwpQ mvpﬁD
we = X;i [K; + K (11)
] 5 1 2?[!‘ gﬂm

k1 =0.0631353, kp =0.08013292, k3 =0.01110777

Threshold Voltage

[ETAB.15*°H 1o
Vr= V- Sips + GAMMA [T PHI +vgg)! + f(PHI +vgg)  (12)

E Cox Les;f U
Vpi = Vg + PHI (13)
or
Vp; = VTO - GAMMA [/PHI (14)

Saturation Voltage

V.=V

_ Vg™ VT

Vsat 1 + fb (15)
’ ) 1/2
VDS(Sat) =Vsat ¥ Vo ~ @sat + VCE (16)
VMAX [L
Ve = — T eff a7
Hs

If VMAX isnot given, then vpq(sat) = vy

Effective Mobility

U0

M = 1+ THETA when VMAX =0 (18)
(Vgs = V)
K
Heff = m when VMAX > 0; otherwise g = Hg (19)
1+—
Ve

Channe€l-Length Modulation

When VMAX =0
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12
AL = xd HKAPPA (vpg - vDS(sat))é (20)
when VMAX >0

d/Z

ep kd 2 [fep [xd 2 2 O
AL=-———+ > + KAPPA [kd < Qvpg — VDs(Sat))D (21)

where

Ve (Ve + Vpg(sat))

ep = 22
P Leff VDs (sat) (22)
. ips

Ine = 21
DS™1-AL (21)

Weak | nversion Model (Level 3)

In the SPICE Level 3 model, the transition point from the region of strong inversion to
the weak inversion characteristic of the MOS device is designated as v, and is greater

than V. v, isgiven by
Von = Vq + fast 1)
where

kTD . qINFS  GAMMA [ (PHI + veg)t2 + fy (PHI + VSB)S

fast = ?E“ COX 2(PHT +vgg) 5 (2)

NFS is a parameter used in the evaluation of v,, and can be extracted from
measurements. The drain current in the weak inversion region, vgg less than vy , is given
as

Vgs - VonU

ips = ipg (Von + Vpg : Vgg)el fast [ ©)

where ipg is given as (from Eq. (1), Sec. 3.4 with vgg replaced with vg,)

_ 0 O+f0 O
ips = BETAN, = Vi~ 55 Vo Voe (4)
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Typical Model Parameters Suitable for SPICE Simulations Using Level-3 M odel
(Extended Model). These Values Are Based upon a 0.8um Si-Gate Bulk CMOS n-

Well Process

Parameter Parameter Typical Parameter Value

Symbol Description N-Channel P-Channel Units

VTO  Threshold 07015  -0.7+0.15 v

uo mobility 660 210 cmi/V-s

DELTA Narrow-width threshold 2.4 1.25 0
adjust factor

ETA Static-feedback threshold 0.1 0.1 ]
adjust factor

KAPPA Saturation field factor in 0.15 25 w
channel-length modulation

THETA Mobility degradation factor 0.1 0.1 v

NSUB  Substrate doping 3x1016 6x1016 cm-3

TOX Oxide thickness 140 140 A

XJ Mettallurgical junction 0.2 0.2 um
depth

LD Lateral diffusion 0.016 0.015 um

NFS Parameter for weak 7x1011 6x1011 cm-2
inversion modeling

CGSO 220x 10712 220x 1012  F/m

CGDO 220x 10712 220 x 10712 F/m

CGBO 700 x 1012 700 x 10712 F/m

cJ 770x 106 560 x 1076 F/m?2

CIsw 380x 1012 350x 1012  F/m

MJ 0.5 0.5

MJISW 0.38 0.35

NFS Parameter for weak 7x1011 6x1011 cm-2

inversion modeling
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Temperature Dependence

The temperature-dependent variables in the models devel oped so far include the: Fermi
potential, PHI, EG, bulk junction potential of the source-bulk and drain-bulk junctions,
PB, the reverse currents of the pn junctions, |, and the dependence of mobility upon
temperature. The temperature dependence of most of these variables isfound in the
equations given previously or from well-known expressions. The dependence of mobility
upon temperature is given as

EX
UO(T) = UO(To) E-—EP

where BEX is the temperature exponent for mobility and is typically -1.5.

KT

Viherm(T) = T
452 T2 O
EG(T)=1.16-7.02[10™" O { |
T + 1108.001

L0, ES(T) __EGM [
Er0D vtherm(To)  Vtherm(T)O

PHI(T) = PHI(To) [H—D Vinerm(T) [B

PHI(T) - PHI(T EG(To) - EG(T
Vpi (T) = vp; (To) + ()2 (To) , (0)2 ()

VTO(T) = v, (T) + GAMMA B\PHI(T) B

INSUB[
(i (T) O

I _ .0 1 m
ni(T) = 1.45 (1016 ad [bxp&e -1 % HH
I Tol 0 0 U Ditherm(Tg) 0O

For drain and source junction diodes, the following relationships apply.

PHI(T): 2 Wtherm In

T I n, _EG(To) EG(T) O
PB(T) = PB 2-H- On -
(M) [H'ED Vtherm(T)EB Toot Vtherm(To) Vtherm(T)%

_Is(To) 0O EG(Tg)  EG(T) nl
(M ==} therm(To)  Vtherm(T) * DnHO%

where N is diode emission coefficient. The nominal temperature, T, is 300 K.
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SPICE Simulation of MOS Circuits
Minimum required terms for atransistor instance follows:

M13670NCHW=100U L=1U

“M,” tells SPICE that the instance is an MOS transistor (just like “R” tells
SPICE that an instance is a resistor). The “1” makes this instance unique
(different from M2, M99, etc.)

The four numbers following”M1” specify the nets (or nodes) to which the
drain, gate, source, and substrate (bulk) are connected. These nets have a
specific order as indicated below:

M<number> <DRAIN> <GATE> <SOURCE> <BULK> ...

Following the net numbers, is the model name governing the character of the
particular instance. In the example given above, the model nameis“NCH.”
There must be amodel description of “NCH.”

The transistor width and length are specified for the instance by the
“W=100U" and “L=1U" expressions.

The default units for width and length are meters so the “U” following the
number 100 is amultiplier of 10-6. [Recall that the following multipliers

can be used in SPICE: M, U, N, P, F, for 10-3, 10-6, 10-9, 10-12, 10-15,
respectively.]

Additional information can be specified for each instance. Some of these are

Drain area and periphery (AD and PD) ~ calc depl cap and leakage
Source area and periphery (ASand PS) ~ calc depl cap and leakage
Drain and source resistance in squares (NRD and NRS)

Multiplier designating how many devices arein paralel (M)

Initial conditions (for initial transient analysis)

The number of squares of resistance in the drain and source (NRD and NRS)
are used to calculate the drain and source resistance for the transistor.
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Geometric Multiplier: M

To apply the “unit-matching” principle, use the geometric multiplier feature
rather than scale W/L.

This:
M. 3 2 1 0 NCH W20U L=1U
IS not the same as this:
ML 3 2 1 0 NCH WF10U L=1U M=2
The following dual instantiation is equivalent to using a multiplier

MA 3 2 1 0 NCH W10U L=1U
MB 3 2 1 0 NCH W10U L=1U

@ (b)
(8)M13210NCH W=20U L=1U. (b) M13210NCH W=10U L=1U M=L1.
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MODEL Description

A SPICE simulation file for an MOS circuit is incomplete without a
description of the model to be used to characterize the MOS transistors used
in the circuit. A model is described by placing alinein the simulation file
using the following format.

. MODEL <MODEL NAME> <MCDEL TYPE> <MODEL PARAMETERS>

MODEL NAME e.g., “NCH”
MODEL TYPE either “PMOS” or “NMOS.”

MODEL PARAMETERS :
LEVEL=1 VTO=1 KP=50U GAMNVA=0. 5 LAMBDA=0. 01

SPICE can calculate what you do not specify

Y ou must specify the following

« surface state density, NSS, in cm-2
e oxidethickness, TOX, in meters

« surface mobility, UO, in cm2/V-s,
« substrate doping, NSUB, in cm3

The equations used to calcul ate the electrical parameters are
q(NSs) (2q Cksj INSUB OPHI)Y2

VTO = g - + PHI
(£0/ TOX) (0x/ TOX)
_ Eox
KP = UO ==&

(2 Cksi CNSUB)L/2
(£04/ TOX)

GAMMA =

and
2kT . [INSUB[
PHI = 52 —InF—]
B2 5 Ing

LAMBDA is not calculated from the process parameters for the LEVEL 1 model.
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Other parameters:

IS: Reverse current of the drain-bulk or source-bulk junctionsin Amps

JS: Reverse-current density in A/m2
JS requires the specification of AS and AD on the model line. If ISis

specified, it overrides JS. The default value of 1S isusualy 10-14 A,

RD: Drain ohmic resistance in ohms

RS: Source ohmic resistance in onms
RSH: Sheet resistance in ohms/square. RSH is overridden if RD or
RS are entered. To use RSH, the values of NRD and NRS must be
entered on the model line.

The drain-bulk and source-bulk depletion capacitors
CJ Bulk bottom plate junction capacitance
MJ. Bottom plate junction grading coefficient
CJSW: Bulk sidewall junction capacitance
MJSW: Sidewall junction grading coefficient

If CJisentered asamodel parameter it overrides the calculation of CJusing NSUB,
otherwise, CJis calculated using NSUB.

If CBD and CBS are entered, these values override CJ and NSUB calculations.

In order for CJto result in an actual circuit capacitance, the transistor instance must
include AD and AS.

In order for CISW to result in an actual circuit capacitance, the transistor instance must
include PD and PS.

CGSO: Gate-Source overlap capacitance (at zero bias)
CGDO:  Gate-Drain overlap capacitance (at zero bias)

AF: Flicker noise exponent
KF: Flicker noise coefficient

TPG: Indicatestype of gate material relative to the substrate
TPG=1 > gate material is opposite of the substrate
TPG=-1 > gate material is the same as the substrate
TPG=0 > gate materia isauminum

XQC: Channel charge flag and fraction of channel charge attributed to the drain



