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PSpice Lite 9.2 is one of the OrCAD family of products, from Cadence
Design Systems, Inc., offering a complete suite of electronicdesign
tools. It is free and includes limited versions of OrCAD
Capture, for schematic capture, PSpice for analog circuit simulation
and Pspice A/D for mixed analog and digital circuit simulation.

PSpice Lite 9.2 is limited to 64 nodes, 10 transistors, two operational

amplifiers and 65 primitive digital devices. See page 35 (xxxv) of the
PSpice Users Guide.

LT SPICE — is a free SPICE simulator with schematic capture from
Linear Technology. It is quite similar to PSpice Lite but is not limited
In the number of devices or nodes. Linear Technology (LT) is one of
the industry leaders in analog and digital integrated circuits. Linear
Technology provides a complete set of SPICE models for LT
components.
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MOSFET Device models used by SPICE (Simulation Program for
Integrated Circuit Engineering) simulators can be divided into three
classes: First Generation Models (Level 1, Level 2, Level 3 Models),
Second Generation Models (BISM, HSPICE Level 28, BSIM2) and
Third Generation Models (BSIM3, Level 7, Level 8, Level 49, etc.)
The newer generations can do a better job with short channel effects,
local stress, transistors operating in the sub-threshold region, gate
leakage (tunneling), noise calculations, temperature variations and
the equations used are better with respect to convergence during
circuit simulation.

In general first generation models are recommended for MOSFETS
with gate lengths of 10um or more. If not specified most SPICE
MOSFET Models default to level=1 (Shichman and Hodges)
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where ID is a dependent current source usingthe equations on the
next page
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the next pages
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‘SPICE LEVEL-1 EQUATIONS FOR UO, VTO AND COX"

MObI | Ity (p‘max'p'min) Eiffmeter 5Azgenic gg%sphorous BAchArfg
' = .+ mx 1417 1414 470.5
(cm2/V-s) K= H min N 9.68X10°6  9.20X10°6  2.23X10°17
{1+ (N/N)} ’ ' ' '
Threshold Voltage: _
+/- VTO = ®ms - q NSS/Cox’+/ -2[®F] +/-2 (g€o€rsi NSUB [DF])%%/Cox’
nmos/pmos

[OF] = (KT/q ) In (NSUB/ni) where ni = 1.45E10 and KT/g = 0.026

Absolute value

: PHI =2 [DF
Gate Capacitance [PF]
per unit area Cox’ | Cox’= €rox €0/TOX=3.9 €0/TOX

where  €rsi=11.7 and Er ox 22212351%12 F/m or 8.8eE-14F/cm




Mobility (cm?/ V sec)

 MOBILTYMODEL |

1600

1388 _ ™~ electrons

1000

800 \

600 \

AN

400 — <

00 holes \H\\\
0 & 2o A S
N NV NN N N
S S8 ¥ N g S

Total Impurity Concentration (cm)

Electron and hole mobilities
in silicon at 300 K as
functions of the total dopant
concentration (N). The
values plotted are the results
of the curve fitting
measurements from several
sources. The mobility curves
can be generated using the
equation below with the
parameters shown:

U(N) = U it

(umax'umin)

{1+ (N/N..)*}




Flat-band Voltage Veg = ¢ms - Qi - 1 X p(x) dx
C,OX C,OX 0 XOX
p-type substrate n-type substrate
(n-channel) (p-channel) Qgs= 0 N
Bulk Potential : ¢p=-KT/q In(NA/n) dn=+KT/g In(Np/n)
Work Function: dms=dm - ( X+ Eg/l2q + [dp]) | dms= dm - ( X + Eg/2q - [n])

Difference

Maximum Depletion Width: \/ 4 Es[¢y] /4 Es[h,]
(W max) gNa— \ qNa-

Threshold Voltage: VT =Vgg+ 2[¢p] , 1 \] 2 &s g Na ( 2[¢p]+Vsh)
p-type substrate ’

Threshold Voltage: VT =Vig- 2[bn] . \] 2 Es q Nd ( 2[¢n]*+Vbs)
n-type substrate C
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_ BACKBIASINGEFFECTS-GAMMA |

Body Effect coefficient GAMMA or vy :

- Vsb +
Vd
| 1 V=0 Vgg=1V Vb Vs |
* v_=2V _—
SB
p
1
- 2q8
y C. \/ si "N sub
V1o . SS
Vi =@y —Q—+2¢F+Y

€0 =8.8eE-14F/cm g=1.6E-19



The threshold voltage can be adjusted with an ion implant. If total
Implant dose is shallow (within W,,,.,) then the change in Vtis:

+/- AVt = g Dose*/Cox’

_ _ where Dose* is the dose that is added to the Si
Boron gives + shift Cox’ Is gate oxide capacitance/cm?

Phosphorous gives - shift Cox’ = goer [ Xox

Vs

Maximum Depletion Width:
Wdmax = \/ 4 Es[Pp]
qN P




Channel Length Modulation
Parameter A

A = Slope/ Idsat

_S V(g vd
N
Il |
) e
— JL-AL, Vd2

IDsat = UW Cox’ (Vg-Vt)2 (1+ AVds)
21

Saturation Region

ID = UW Cox’ (Vg-Vt-Vy/2)Vq (1+ LVds)
L

Non Saturation Region

NMOS
+1ds - -
Slope __, Saturation Region
+4
+\V(gs
|dsat +3
+2
vdl  Vvd2 *Vds
NMOS Transistor

DC Model, A is the channel length modulation
parameter and is different for each channel
length, L. Typical value might be 0.02
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L= 2u

W = 8u

Ad = 8u x10u = 80p

As =Ad =80p

Pd = 8u+10u+8u+10u = 36u
Ps = Pd = 36u

Nrs=1

Nrd=1

NMOS 2/8
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MOSFETS are four terminal devices (Drain, Gate, Source and
Substrate). L and W are channel length and width in meters, Ad and As
are area of drain and source in square meters. If not specified default
values are used. (see next page) Perimeter of Drain and source(PD and
PS) in meters Is used to calculate drain and source side wall
capacitance. If PD and PS are not given the default is zero. NRD and
NRS are multiplied by the drain and source sheet resistance to give
series resistance RD and RS. The default value for NRD and NRS is
one.
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_ MOSFETDEFINITION-LTSPICE |

For example:

* SPICE Input File

* MOSFET names start with M.... M2 is the name for the MOSFET below and its drain, gate, source
* and substrate is connected to nodes 3,2,0,0 respectively. The model name is RITSUBN?7.

* The parameters/attributes is everything after that.

M2 3200 RITSUBN7 L=2U W=16U ad=96e-12 as=96e-12 pd=44e-6 ps=44e-6 nrd=1.0 nrs=1.0

*

M odel M ame: IHITsuhn? (n] I
LengthilL): I‘I.Su
.INC C:\SPICE'\RIT_Models_For_LTSPICE.txt Cames! |
it [16u
V2 Dirain ArealAD): I
+ Source ArealhS] I— Attribute | Value vis. |
: Prefix MM
- Drain Perimeter(PD): I Insthame 1 #
5 SpiceMadsl
M1 Source Perimeter(PS] | Yalug RITSUBM? ®
deVvV2010.01 V10101 . ; Va!ue2l L=2u'w=16u nrd=.03 nre=03 "
RITSUBNT Mo. Parallel Devices(k]: SpiceLine
SpiceLine?
L=2uW=16u nrd=.03 nrs=.03 RITsubn? 1=1.8u w=18u rid=0.03 nre=0.03
Coeel_|
v

LTSPICE schematic showing .Include and .dc sweep commands. Properties
dialog box to define L and W values. Note: attributes with no entry field nrs
and nrd are typed in bottom box. Attribute Editor (CTRL R-click on the
transistor) allows attributes with Vis.=X to be displayed on the schematic.
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_ MOSFETDEFINITION-PSPICE |

For example:

* SPICE Input File
* MOSFET names start with M.... M2 is the name for the MOSFET below and its drain, gate, source

* and substrate is connected to nodes 3,2,0,0 respectively. The model name is RITSUBN?7,

* The parameters/attributes is everything after that.
M2 3200 RITSUBN7 L=2U W=16U ad=96e-12 as=96e-12 pd=44e-6 ps=44e-6 nrd=1.0 nrs=1.0

*

*

% Allegro Design Entry CIS - [Property Editor]

T File Edit View Tools Options Window Help

s ~ — 5 | z . ” ) (e (P H

guwaax@n»uﬁ Jalalalal=|vl 8l o 885 Eg e ] RN

g 1 = 2| 0| 2l 4| 4l 4|4 el1v] e[| |

[ statpage | Fuleropi B pacer* |  scHEMATL *] b
Apply | Display...l Delete Propertyl Filter by: |< Current properties > ;] Help I JL N
l e

Color Designator Graphic D Implementation Implementation Path Implementation Type Location X-1 4| 2 o
(. SCHEMATIC1 : PAGE1 IR A PARAM Normal PSpice Mol 48 _;.1-"‘ o
18 4

In PSPICE the Attribute Editor iCTRL R-click on the
transistor) allows attributes values to be set, new attribute
columns to be created, and attributes can be selected to be

displayed on the schematic..
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In SPICE a transistor is defined by its name and associated properties
or attributes and its model. MOSFET names start with M, attributes (L,
W, Ad, As, etc.) are specified by the user and shown in the input filenet

list. Some attributes can be displayed on the schematic. The model is
specified in a file in a given location or is defined in a library.

Name

model name \ M

"|Q
\ =7 w=2u
EEcmnﬂ L= .2U
|

attributes
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__ SIMPLE AND ADVANCED SPICE MODELS |

* From Electronics || EEEE482 FOR ~100nm Technology

.model EECMOSN NMOS (LEVEL=8

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=5E-9 XJ=1.84E-7 NCH=1E17 NSUB=5E16 XT=5E-8

+VTHO0=0.4 U0= 200 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0=3.4E-10 CGD0O=3.4E-10 CGB0O=5.75E-10)

*

* From Electronics Il EEEE482 FOR ~100nm Technology

.model EECMOSP  PMOS (LEVEL=8

+TOX=5E-9 XJ=0.05E-6 NCH=1E17 NSUB=5E16 XT=5E-8

+VTH0=-0.4 U0= 100 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CISW=1.19E-10 MJSW=0.5 PBSW=0.94 PCLM=5

ICGSO=4.5E-1O CGDO=4.5E-10 CGBO=5.75E-10)

* From Electronics || EEEE482 SIMPLE MODEL
.model EENMOS NMOS (VTO=0.4 KP=432E-6 GAMMA=0.2 PHI=.88)

* From Electronics || EEEE482 SIMPLE MODEL
.model EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)
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& File Edit View Mode

| Plot Tools Window Help

Uboelh Bk %00 AGaAa @ XV doLkL

Models List (]
Model Name Type
Mbreakn MOS

L and W shoy

\

.model Mbreakn NMOS wvto=0.4 kp=432u gamma=0.2 phi=0.88 1=0.1lu

Right click and select EDIT SPICE
MODEL to type in underlined parametérs

N on the schematic override default values

V2
0.1 —
Mbreakn T
M1||_
K W =2U
v EECMOSN | L=.2U
OVde——
-0
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BRI (=Y

View output file to se

listing of spice model parameters -
including default values for L

and W

LEVEL
L

W
VIO
EF
GAMMEA
PHI

LAMBDA

I35
J5
FE
PBSW
CJ
CJ5W
CGsC
CGDC
CGEC
TOX
XJ
UCRIT

DICHMOD

VFE
LETA
WETA

uo
TEME
VDD
XPART

NMOS
1
100.000000E-09
100.000000E-0&
i
432 .000000E-0&
2
.88
Q
10.000000E-15
Q
.8
.8

=
DU OoDOo00D0O0OF o000 000o0

.000000E+D3

RN [ —————

this -




The circuit shown can be used to see the transistor family of Ids-Vds curves, Ids-

Vgs plot and 1ds-Vgs (Ids on log scale) Subthreshold plot. We can investigate the
effect of changing attributes, SPICE model and model parameters.

V1 is steped to get family of curves or isswept to get 1ds-Vgs and Sub-V1 plots

V2 is swept to get family of curves or isheld constant to get 1ds-Vgs plots

M

1=
|
) W1 EECMO
ovde—

s

Il
8]
ce

r
I
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95 mosfet model parameters used by
cadence PSPICE for Level 8 BSIM

[

Start Page H@ FullerMOS..‘Ha PAGE1* ][_

LEVEL
L

EF
GAMMR
PHI
LAMBDA
R5H
Is5

J5
JS5W
PE
PBSW
CJ
CJsW
MJISW
CGsC
CGDC
CGBC
N5UB
TOX
XJ
UCRIT
DICHOD
VFEBE
LETA
WETA
uo
TEME

XPART
VTHO
TR

uc
VSAT
RDSW
VOFF
BCLM
RO
Rl

HPELRE

EECHMCSF
PMCS
8
100.000000E-0&
100.000000E-06
-.4
414.377300E-0&
0

.000000E+03
-000000E-15
35.100000E-0%
35.100000E-0%
.94
.94
528.000000E-06
115.000000E-12
-5
450.000000E-12
450.000000E-12
575.000000E-12
50.000000E+15
5.000000E-09
50.000000E-08
10.000000E+03

Foe o

-.4
1.000000E-09
100.000000E-21
-46.500000E-12
80.000000E+03

.08

100.000000E+15

XT

LDD
LITL
TRl
UEB1l
uc1
DSUE
NGATE
MOEMOD
PRWG
LINT
WINT
DLC
DWC

CF
NOIZ
NOIB
NOIC
VERSICHN
PESWG
MJSWG
CJSWG
JISCD
J5TSCD
TOXM
LLC
LWC
LWLC

BSIM4oxideTrapDensityC

LOXD
en
aige
bigc
cige
aigsd
bigs=d
cigsd
dlecig
dwi
CJSWGD
PBSWGD
CJSWGS
CJSWGD
PBSWGD
CJSWGS
PBSWGS
coxe
COXp
BS5IM4factorl

50.000000E-08
0
27.386130E-09
1.000000E-08
-1.000000E-18
.025
.56
500.000000E+18

10.000000E-03
10.000000E-08
10.000000E-08
10.000000E-08
107.725800E-12
9.500001E+18
.400000E+03
.400000E-12
.1
.94
.5
119.000000E-12
35.100000E-08
35.100000E-08
.000000E-0%8

]

3.000000E-09
1

.31
024
.03
.31
.024
.03
10.000000E-08
10.000000E-08
500.000000E-12

500.000000E-12
500.000000E-12

500.000000E-12
.01151

.01151
94.868330E-06

View Output File

8.750000E+09
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31 mosfet model parameters
used by cadence PSPICE for
Level 1 Shichman and Hodges

Brdevos A pacerr | mvessw..| soewam..s| m—ves—s_]

JSSW

PBSW
cJ
CJSwW
MJISW
CGsC
CGDC
CGBC
NSUB
TOX
XJ
UCRIT
DIOMOD
VFB
LETA
WETA
uo
TEMP

XPART

EENMOS
NMOS
1
100.000000E-06
100.000000E-06
.4
432.000000E-06
.2
.88
0

10.000000E-15
0

o o0o0

Jor

OUVMVOO0ODO0OO0COMOOO

.000000E+03

EEPMOS
PMOS
2
100.000000E-06
100.000000E-06
-4
122.000000E-06
.2
.88
0

10.000000E-15
0

.8
.8
0
0

0
0
0

0

0
10.000000E+03

1

OUvLwooOooOoo0o



__ LTSPICECIRCUITSCHEMATIC |

ANC CLSPICE'RIT_Models For LTSPICE.txt

— T 5
LAeV2010 .01 V10101 ok p t
EENMOS V1 — RITSUBMY V1 — EECMOSHN
L=Pu W=161 L=Pu W=16u L=Pu W=16u

AP o =
§ DEEP
SIMPLE RIT SUB-MICRON  SUB-MICRON

Three transistor all the same L=2u and W=16u but with different SPICE
models. (SIMPLE, RIT SUB-MICRON and 100nm DEEP SUB-MICRON
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I ——

From Sub-Micron CMOS Manufacturing Classes in MicroE

.MODEL RITSUBNY NMOS (LEVEL=7

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=1.5E-8 XJ=1.84E-7 NCH=1.45E17 NSUB=5.33E16 XT=8.66E-8
+VTHO0=1.0 U0O= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 J5=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0O=3.4E-10 CGDO=3.4E-10 CGBO=5.75E-10)

*

* From Electronics Il EEEE482 FOR ~100nm Technology Deep Sub-Micron
.model EECMOSN NMOS (LEVEL=8

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=5E-9 XJ=1.84E-7 NCH=1E17 NSUB=5E16 XT=5E-8

+VTH0=0.4 UO= 200 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 J5=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0O=3.4E-10 CGDO=3.4E-10 CGBO=5.75E-10)

*

* From Electronics |l EEEE482 SIMPLE MODEL
.model EENMOSNMOS (VT0O=0.4 KP=432E-6 GAMMA=0.2 PHI=.88)
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T ——

ld[M3l . Id[M3] d[ld[M3]) 77001

5Eump‘- BQmA ______ _______ — _____ ______ 130p4 gm

Model is EECMOSN
L=2u W=16u

R Model not good.
AR N Current low and only
good out to 3 volts.

il ) A T S A T -
1d(M2) O 1d[M2) d(ld[M2)) -

9.0ma - 95mA ------ ------- ------- —""" o e Model is RITSUBN7

T I T T ey pagae —, I I
B I gm L=2u W=16u
6.3mA=g------ i i o = ; : . . ' ' ' " E ' ' ' ' '
R R e S S DI e, PP PO SN NN S -l SRS SUNRN SUONE NN PP
U S | R Model good for RIT
bmA=p------ p - ; i i : - : | I oo :
2. 7mA - H— ' 1 I o Sub-Micron MOSFETs
1.8ma=f--
0.9m A=
u.u: Opé J NN SR S S S — 0P
160mA S — ST yum— L) — L)) 360p02-1 .
140mA- 160mA ------- I R - 3ama [ Model is EENMOS
H \ . ! . : F3.0mé=-4-CAt+: -3I]I]uQ—1
L s St S I T - ) L=2u W=16u
1|]|]mp‘.,,. i e ' ' 2.4Ama=y- -} --! =240 -1
i i ; : | : i | : 21ma=-4--!
B0mA—------ booooe- R i e el e e et Lt 4. L -
B R et N A N T " Model not good current
i ) “ oo large
= o e i - oM
om N 7 o S IR
111 1V 2V 1l Ay by bY Fi') 8y 9y 10¥ OV 1V 2V 3 4V BV BY TV BY 9V 10V
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| Lleo(ld)

LUy Uity

___________________________________________________________________

10¥

 LTSPICE OUTRUT FOR SUBTHRESHOLD 1DGS

Model is EECMOSN
L=2u W=16u

Model not good MOSFET does not turn off, Vt too
low

Model is RITSUBN7

L=2u W=16u

Model good

Model is EENMOS
L=2u W=16u

Model incorrect in subthreshold region.
Subthreshold slope not possible.
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_ DEEP SUB-MICRON TRANSISTOR MODELS

1d[M3)

......4.4QUA ______ I

_______________________

__________________________________

--------------------------------------------------------------

--------------------------------------------------------

Rl T - LT e e g

________________________________________________________

_______________________________________________

.............................................

e = U e —

1d[M2)

______________________________________________________________

...............................

______________________________________________________________

__________________________________________________

_________________________________________________________

5 ] 1 ]
0.0v 0.2v 0.4v 0.6V

1d[M3)

GG |LA - - dlld[MS:]] BEPC2-1
gm
1T T o1 REEE TP =33p-1
' ' ' opce-
Opa 1d[M2) d{ld[M2)) '
IdM1) d[id[m1:]] 330021
gm Z
220t o -166pC2-1
opce1
2.0v

e ——— 1 T T 1
0.8¥ 1.0V 1.2V 1.4V 16V 1. 0.0v  0.4v 08¢ 1.2V 1.6V
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Model is EECMOSN
L=0.25u W=1.6u

Model good for Deep
Sub-Micron MOSFETSs

Model is RITSUBNY7
L=0.25u W=1.6u

Model not good too
much short channel
effects

Model is EENMOS
L=0.25u W=1.6u

Model not good current
too large does not show
mobility degradation



I ———

Log10{ld[m3])

Model is EECMOSN
L=0.25u W=1.6u

Model good for Deep Sub-Micron MOSFETS

. 10G10[id[M?])

Model is RITSUBNY7
L=0.25u W=1.6u

Model not good too much DIBL

S — T — Model is EENMOS
B R I L=0.25u W=1.6u

Model incorrect in subthreshold region
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T ——

Id[M3)

Deep sub-micron transistors show punch
through at drain voltages over 3.3 volts.
Which is correct.

Problem is worse in the sub-micron
transistor because the channel is lighter
doped.

Simple model is incorrect.
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LTSPICE uses several different types of MOSFET models including simple, deep

submicrometer, Silicon On Insulator (SOI), Vertical double diffused Power
MOSFET. Level =1 is the default if a model level is not specified.

Level

Shichman and Hodges st i
MOS2, Vladimirescu and Liu, UC Berkeley, October 1980:|> L gr;rf‘eggg?stlon

MOS3, a semi-emperical model, UC Berkeley

BSIM UC Berkeley, May 1985

BSIM2, UC Berkeley, October 1990 2"d generation models
MOS6, UC Berkeley, March 1990

BSIM3V3.3.0, UC Berkeley 2005

oo O O ~ WP

9 BSIMSOI3.2, Silicon on Insulator (SOI), UC Berkeley 2004__ 3" generation
14 BSIMA4.6.1, UC Berkeley 2007 models

more....
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__ SIMPLEANDADVANCED SPICEMODEL |

* From Electronics Il EEEE482 FOR ~100nm Technology

.model EECMOSN NMOS (LEVEL=8

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=5E-9 XJ=1.84E-7 NCH=1E17 NSUB=5E16 XT=5E-8

+VTHO0=0.4 U0= 200 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0=3.4E-10 CGDO=3.4E-10 CGBO=5.75E-10)

*

* From Electronics Il EEEE482 FOR ~100nm Technology

.model EECMOSP  PMOS (LEVEL=8

+TOX=5E-9 XJ=0.05E-6 NCH=1E17 NSUB=5E16 XT=5E-8

+VTH0=-0.4 U0= 100 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CISW=1.19E-10 MJSW=0.5 PBSW=0.94 PCLM=5

ICGSO=4.5E-1O CGDO=4.5E-10 CGBO=5.75E-10)

* From Electronics 1l EEEE482 SIMPLE MODEL
.model EENMOS NMOS (VTO=0.4 KP=432E-6 GAMMA=0.2 PHI=.88)

* From Electronics || EEEE482 SIMPLE MODEL
.model EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)
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LTspice I¥ - CMOS_Inverter_100nm.asc
File Edit Herarchy View Simulate Tools Window Help

|BE P Foacen BIIARF $DRRH A LID+3FIDYDOD Gk
'I: CMDS_Invelter_WUDnm.asc|k: CMDS_\nvertar_WUnmrawI

EEMDS_Inverter_l 00nm.raw CMOS_Inverter_100nm.asc
V¥[vout] 1d[M1]

gg v201.5.001
.include c:\SPICE\RIT _ Models For_LTSPICE.txt

L 0 1u W=.7u

EEPMOS
Vout

EENIVIOS
L 0.1u W=4u

- 3 | é 3 é Level =1 model

30



LTspice I¥ - CMOS_Inverter_100nm.
File Edit Hierarchy Wiew Simulate Tools window  Help

| PE H 0ol AR 2R AS| LB 3 TDHO D O 4P
‘{: CMOS_lrwerter_100nm. asc |h: CMDS,InvertarjUUnm.rawI

CMOS_Inverter_100nm.asc

Vivoul) 1d[M1]

.dcv201.5.001
.op
.include c:\SPICE\RIT_ IVIodeIs For_LTSPICE.txt

L-O 1u W=.7u

EECIVIOSP
Vout

EECIVIOSN
L—O 1u W=.4u

Level = 8 model
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All of these examples are for DC characteristics but similar results would be shown

for examples that depend on internal capacitors and resistors such as a study of rise-
time, fall time, gate delay, oscillators, multi-vibrators, etc.

In general the third generation SPICE models for MOSFETS give better results.

Level=1 models are not good for MOSFETS with L less than 10um.

Large MOSFETS, SUB-MICRON MOSFETS and DEEP SUB MICRON MOSFET
models have been introduced.
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MOSFET Modeling with SPICE, Daniel Foty, 1997, Prentice Hall,
ISBN-0-13-227935-5
Operation and Modeling of the MOS Transistor, 2nd Edition, Yannis Tsividis,

1999, McGraw-Hill, ISBN-0-07-065523-5

UTMOST Il Modeling Manual-VVol.1. Ch. 5. From Silvaco International.
ATHENA USERS Manual, From Silvaco International.

ATLAS USERS Manual, From Silvaco International.

Device Electronics for Integrated Circuits, Richard Muller and Theodore Kamins,
with Mansun Chan, 3" Edition, John Wiley, 2003, ISBN 0-471-59398-2

ICCAP Manual, Hewlet Packard

PSpice Users Guide.
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	PSpice Lite 9.2 is one of the OrCAD family of products, from Cadence Design Systems, Inc., offering a complete suite of electronic design tools. It is free and includes limited versions of OrCAD Capture, for schematic capture, PSpice for analog circui...
	LT SPICE – is a free SPICE simulator with schematic capture from Linear Technology. It is quite similar to PSpice Lite but is not limited in the number of devices or nodes. Linear Technology (LT) is one of the industry leaders in analog and digital in...
	2
	MOSFET Device models used by SPICE (Simulation Program for Integrated Circuit Engineering) simulators can be divided into three classes: First Generation Models (Level 1, Level 2, Level 3 Models), Second Generation Models (BISM, HSPICE Level 28, BSIM2...
	Qss

	The threshold voltage can be adjusted with an ion implant. If total implant dose is shallow (within Wdmax) then the change in Vt is:
	where Dose* is the dose that is added to the Si Cox’ is gate oxide capacitance/cm2
	Cox’ = or / Xox
	MOSFETS are four terminal devices (Drain, Gate, Source and Substrate). L and W are channel length and width in meters, Ad and As are area of drain and source in square meters. If not specified default values are used. (see next page) Perimeter of Drai...
	13
	In PSPICE the Attribute Editor (CTRL R-click on the transistor) allows attributes values to be set, new attribute columns to be created, and attributes can be selected to be displayed on the schematic..
	In SPICE a transistor is defined by its name and associated properties or attributes and its model. MOSFET names start with M, attributes (L, W, Ad, As, etc.) are specified by the user and shown in the input file net list. Some attributes can be displ...

