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on the Notes tab in the left panel to read the instructors comments for each slide.

Manually advance the slide by clicking on the play arrow or pressing the page
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INTRODUCTION

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 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

é components. /
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MOSFET DEVICE MODELS

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) an
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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SPICE LEVEL-1 MOSFET MODEL
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the equations on the next page
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SPICE LEVEL 1 - SHICHMAN AND HODGES

+1ds 555;
_ _ ign Region
Non Saturation Region

+V(Qs

NMOS  de 12 |\ 4e
lpeat = LW Cox’ (Vg-Vt)? b= uW on’ (Vg-Vt-V /2)V
2L
Saturation Region Non Saturation Region

where u, Cox’and Vt are given in equations on
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Mobility: U=+ (Mmax-Hmin) E::;imeter
cm2/V-s ~ M min o
e L+ (NN |

SPICE LEVEL-1 EQUATIONS FOR UO, VTO AND COX’

Arsenic Phosphorous Boron

52.2 68.5 44.9

1417 1414 470.5
9.68X10M6 9.20X10M6 2.23X10717
0.680 0.711 0.719

Threshold Voltage:

nmos/pmos

/- VTO = ®ms - q NSS/Cox’+/ -2[®F] +/-2 (q€o€rsi NSUB [®F])°5/Cox’

Absolute value

Gate Capacitance
per unit area Cox’ Cox’=grox €0/TOX=3.9 €0/TOX

Microelectronic Engineering
q=1.6E-19

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

PHI = 2 [®F]

where €rsi=11.7and &€rox = 3.9
Rochester Institute of Technology €0 = 8.85E-12 F/m or 886E_14Flcm/
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Mobility (cm?/ V sec)

MOBILITY MODEL

1600
1400 -
1200 ~~_|_electrons Electron and hole mobilities
1000 in silicon at 300 K as
DN functions of the total dopant
800 N concentration (N). The
600 values plotted are the results
400 H—— — N of the curve fitting
holes N measurements from several
200 —=='—"1 sources. The mobility curves
0 | | can be generated using the
> D \2) © A NS O Q  equation below with the
,\9“'\’ \9“\’ \9“ > “'\’ \9“\’ \9“\’ Q“'\’ g“q’ parameters shown:
Total Impuri ncentration (cm-3
otal Impurity Concentratio (c ] (Mrm-Heri)
U(N) = H mi+
{1+ (N/Nr)*}
] Parameter Arsenic Phosphorous Boron
From Muller and Kamins, 3" Ed., pg 33  pm 52.2 68.5 44.9
max 1417 1414 470.5
H(?CﬂeS[el’ II’]S[_IIU[G O_T |ecpn0|ogy of 0.68X10"16
Microelectronic Engineering o 0.680 0.711 0.719
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LONG CHANNEL THRESHOLD VOLTAGE, VT

Xox
Flat-band Voltage Veg = ¢ - Qs - 1 X p(x) dx
C_,ox C’ox 0 XOX
p-type substrate n-type substrate
(n-channel) (p-channel) Qss = d Ngg
Bulk Potential : ¢, =-KT/g In(N,/n;) ¢, =+KT/q In(Ny/n)
Work Function: @y 5=y - (X+Eg/2a+[p]) | dus= dm - (X+Eg/2g - [§,])

Difference

Maximum Depletion Width: \/ 4 Es[¢,] \/4 Es[9,]
(Wamas) gNa qNa-

Threshold Voltage: VT =V + 2[¢] .+ ;4 \I 2 €s g Na (2[¢]+Vsb)
p-type substrate C »

\] 2 €sq Nd ( 2[¢p,]+Vbs)

X

Threshold Voltage: VT =V - 2[0] .
n-type substrate C’,
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BACK-BIASING EFFECTS —- GAMMA
Body Effect coefficient GAMMA or v :
- Vsb + v
) Vd
A VDb Vs —_—
Id VSB:O VSB:]_V A s 7 S i) | ~
s Veg=2V N
P
1
V= —-\/2q85i N sub
V COX
S
V1o ’ Qss
Vi =@y ———+2¢¢ +'Y\/2¢F +Vsg
COX
Rochester Institute of Technology where ersi=11.7and er ox = 3.9

Microelectronic Engineering €0 = 8.8eE-14F/cm
gq=1.6E-19 /
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VT ADJUST IMPLANT

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

+/- AVt = q 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[¢y]
qN D
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CHANNEL LENGTH MODULATION - LAMBDA

Channel Length Modulation

Parameter A NMOS
% = Slope/ Idsat Slope +lds __, Saturation Region
s Vg e N
R +4
S — Idsat — +3 +VQs
» "2
— JL-AL L w2 vd2 +Vds
L v vl
lpsst = LW Cox’ (Vg-V1)? (1+ AVds) NMOS Transistor
2L DC Model, A is the channel length modulation
parameter and is different for each channel

Saturation Region length, L. Typical value might be 0.02
5= uW Cox’ (Vg-Vt-V,/2)V, (1+ AVds)
L

TN

Non Saturation Region

. F /
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TRANSISTOR PROPERTIES OR ATTRIBUTES

VW%
2 i W = 8u

A Ll Ad = 8u x10u = 80p
2 Z// As = Ad = 80p
/.

l L=2u
|

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

Nrs=1
Nrd =1

NMOS 2/8
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LTSPICE MOSFET ATTRIBUTES

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 iIs 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.

Rochester Institute of Technology
Microelectronic Engineering /
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LTSPICE MOSFET ATTRIBUTE DEFAULT VALUES

Nrd
Nrs
Nrg
Nrb
Lmin

Lmax

Wmin

Wmax

Default Length m defl 100u
Default Width m defw 100u
Default drain area m2 defad 1000p
Default source area m2 defas 1000p
Default drain perimeter m 0 200u
Default source perimeter m 0 200u
Default drain squares - 1 1
Default source squares - 1 1
Default gate squares - 0 1
Default bulk squares - 0 1
Bin length lower limit m 0 10u
Bin length upper limit m 0 20u
Bin width lower limit m 0 10u
Bin width upper limit m 0 20u
© January 1, 2014 Dr. Lynn Fuller H Page 16




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

*

| Component Attribute Editor x|
*
tadel M arme: IHlTsubn? oK I Open Symbol: | C:\Program Files'LTCALT zpicelvlibheyminmosd. asy
Length(L]: I‘I.Bu
JINC C:\SPICE\RIT_Models_For_LTSPICE.txt Corcel_|
a/idthf: [16u
+ V2 Drrain ArealAD): I
. Attribute | Walue | Wiz, |
Source ArealAS]: I Frefin M
_ Dirain Penmeter[PD]: I Ins_tName M1 =
5 Spicetdadel
M1 Source PerimeterPS ) I Walue RITSUBN? #
Yalue2 L=2u'w=16u nrd=.03 nrs=.03 =
deV2010.01 V10101 Mo. ParallelDevices[M]:l SpiceLine
RITSUEBNTY Spiceline?
L=2u/W=16u nrd=.03 nrs=.03 RITzubn? I=1.8u w=16u rnrd=0.03 nre=0.03
|
4

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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MOSFET DEFINITION - 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 3200RITSUBN7 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]

) Fil= Edit Wiew Todls Options Window Help

iu|e|d| g% e|els]ef Jalalalal =lvl 83 elEE &l g€ E BERRIN
] 1 =zl ozl 44l 44 ey e 1] @

[ Stark Page "m Fuller.opj H PAGEL* SCHEMATI..* [Q ﬂ

Mew Column...l Apply | Display...l Delete Property I Filter by: |< Current properties » j Help I JL N
Color Designator Graphic 0] Implementation Implemerntation Path Implementation Type Location -1 | E

[N . SCHEMATIC1 : PAGE1 JE PARAM Marmal PSpice Model P _;P A

In PSPICE the Attribute Editor (CTRL R-click on the
transmtor? 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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MOSFET DEFINITION - PSPICE

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 displayed on the schematic. The model
IS specified in a file in a given location or is defined in a library.

name

~N

model name M

1= v
EEGMGﬂ L = .2U
|

Rochester Institute of Technology

Microelectronic Engineering /
| /
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CHANGING THE MOSFET SPICE MODEL IN LTSPICE

There a several ways to change the MOSFET SPICE model. A good way to do it
IS create a text file on your computer and put your models in that text file and save

it in some folder. You can copy models from Dr. Fuller’s webpage to start your
collection of models.

See: http://people.rit.edu/lffeee/CMQOS.htm

Example contents of that file is shown on the page below.

Next you change the model name for your transistor by right click on the model
name shown in your schematic and typing the model name used in the model file.
(for example: RITSUBN?7)

Finally you place a SPICE directive on your schematic by clicking on the .op icon
on the top banner and type the following command:
anclude Drive:\path\folder\filename

For example anclude CA\SPICE\RIT Models For LTSPICE.txt

. F /
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SIMPLE AND ADVANCED SPICE MODELS

* 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

+VTH0=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 CGBO=5.75E-10)

*

* From Electronics 1l EEEE482 FOR ~100nm Technology

.model EECMOSP  PMOS (LEVEL=8

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

+VTHO0=-0.4 U0O= 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

+CGS0O=4.5E-10 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 Il EEEE482 SIMPLE MODEL
.model EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)

{ © January 1, 2014 Dr. Lynn Fuller Page 21




CHANGING THE MOSFET SPICE MODEL IN PSPICE

L,E File Edit View Model Plot Tools Window Help tadente - | x|

UPEdell B %0 i [

Start Page ][@ FullErMOS.."H@ PAGE1® H SCHEMATL..* ID-VG5-5]

Models List (=] .model Mbreakn HMOS wvto=0.4 kp=432u gamma=0.2 phi=0.88 1=0.1u

View output file to see this

Model Name Type
Mbreakn MOSs

Right click and select EDIT SPICE 1‘

: ] including default values for L
MODEL to type in underlined parameters

and W

LEVEL 1

ride default values

L and W shown on the schematic over

M1'_

OVde——

I

Mbreakn

L

W

VIC
EF
GAMMA
PHI
LAMBDA
Is

JS

FE
PBSH
CJ
CJ5H
CG5Q
CGDC
CGBQ
TCX
XdJ
UCRIT
DICHMOD
VFE

LETZ

WETZ
uo
TEMF
VDD
XPART

4 m_ |

100.000000E-09
100.000000E-0&
.4
432.000000E-0&
.2
a0

10.000000E-15

[N =]

.000000E+D3

[
DD o000 ODOoODOoODoo

listing of spice model parameters

© January 1, 2014 Dr. Lynn Fuller
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CHANGING THE MOSFET SPICE MODEL IN PSPICE

j RIT_Maodels_For_LTSPICE.txt - Notepad

File Edit Format View Help

*4-4-2013

.MODEL RITSUEN7 NMOS (LEVEL=T

+VERSION=3.1 CAPMOD=2 MOBMOD=L

+TOX=1.5E-8 XJ=1.B84E-7 NCH=1.45E17 N5UB=5.33E16 XT=8.66E-B

+VTHO=1.0 u0= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 15=3.23E-8 15w=3.23E-8 C1=6.8E-4 M]1=0.5 PB=0.95
+CI5W=1.26E-10 M15w=0.5 PBSW=0.95 PCLM=5

+CG50=3.4E-10 CGDO=3.4E-10 CGBO=5.75E-10)

#4-4-2013

.MODEL RITSUBP7 PMOS (LEVEL=7

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=1.5E-8§ X1=2,26E-7 NCH=7.12E16 NSUB=3.16E16 XT=8.66E-8
+VTHO=-1.0 UO= 376.72 WINT=2.0E-7 LINT=2.26E-7

+NGATE=5E20 RSH=1347 15=3.51E-8 J15w=3.51E-8 C1=5.28E-4 M1=0.5 PB=0.94
+C15W=1.19e-10 MISw=0.5 PBESwW=0.94

+CGS0=4.5E-10 CGDO=4.5E-10 CGBO=5.75E-10)

* From Electronics I EEEE481

.model EENMOS2Z NMOS LEVEL=2

+vT0=0.7 KP=25E-6 LAMBDA=0.02 GaMMA=0.9 TOX=90E-9 N5UB=3.7E1l5
"

* From Electronics II EEEE482

* From Electronics II EEEE482 FOR ~100nm Technolog

.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

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

+NGATE=5E20 RSH=1000 15=3.23E-8 JSw=3.23E-8 CJ1=6.8E-4 M31=0.5 PE=0.95
+CISW=1.26E-10 MISwW=0.5 PBSW=0.95 PCLM=5

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

* From Electronics II EEEE482 FOR ~100nm Technology

.model EECMOSP PMOS (LEVEL=8

+TOX=5E-9 XJ=0.05E-6 NCH=1EL17 NSUB=5E16 XT=5E-8

+VTHO=-0.4 UO= 100 WINT=1E-8 LINT=1E-§

+NGATE=5E20 RSH=1000 15=3.51E-8 15w=3.51E-8 C1=5.28E-4 MI=0.5 PB=0.94
+CISW=1.19E-10 MISwW=0.5 PBSW=0.94 PCLM=5

+CGS0=4. 5E-10 CGDO=4.5E-10 CGBO=5.75E-10)

"

* From Electronics II EEEE482 SIMPLE MODEL

.model EENMOS NMOS (VTO=0.4 KP=432E-6 GAMMA=0.2 PHI=.88)

M

* From Electronics II EEEE482 SIMPLE MODEL
.mode]l EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)

i it~ P )

.MODEL QRITNPN NPN (BF=416 IKF=.06678 ISE=6.734E-15 I5=6.734E-15 NE=1.259 RC=1 RB=10 vA=109)
*

#*SPICE MODELS FOR RIT DEVICES - DR. LYNN FULLER 12-9-2013 (. . . E 3
*LOCATION DR.FULLER'S COMPUTER DESKTOP/SPICE/MODELS/ Simulation Settings - ID-VGS-SWEEP

’:‘and also at: http://people.rit. edu/1ffeee/cMos. htm

.model RITMEMDIODE D IS=3.02E-9 N=1 RS=207 | iz | Configuration Files i i i

NI 6 CI0ea00et 2 MeD 2 Bye100 General | Analysis . EII |Opt|on5 I Data Collection | Probe Wmdowl

* etails

.mode] sSolarcell D IS=235e-9 N=1 Rs=6.85 CJ0=200e-12 M=0.5 BV=400 .

* Category: Filename:

ey
L Browse .
(RSN  Corioued Fies <15

| DA\ SPICE-EXAMPLES\RIT_Models_For_LTSPICE 4

Include files are

Add as Global
loaded before the

circuit. They can Add to Design

include most valid y
PSpice Add to Profile
commands, such Ed

as PARAM and
FUMNC definttions.

Change

In PSPICE models saved in a text file can be included as
a configuration file in the Simulation Settings dialog
box as shown above. Change the component model
name to the model name in the text file.

Microelectronic Engineering
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COMPARISON OF MOSFET CHARACTERISTICS

The circuit shown can be used to see the transistor family of 1ds-Vds curves, Ids-
Vgs plot and Ids-Vgs (lds on log scale) Subthreshold plot. We can investigate the
effect of changing attributes, SPICE model and model parameters.

V1 is steped to get V2
family of curves or is 01 —
swept to get lds-Vgs T
and Sub-V1 plots M1 V2 is sweptto get
I = I]arlr(ljlly of curves or is
W=2u eld constant to get
ovge EECMCEM -=2u Ids-\Vgs plots

Rochester Institute ot |1 echnology

Microelectronic Engineering /
I |= /
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PSPICE MOSFET MODEL PARAMETERS

95 mosfet model parameters used by 31 mosfet model parameters
cadence PSPICE for Level 8 BSIM used by cadence PSPICE for

Start Page ][@Fullermos..*][ PAGE1* ][_ Li; 50.000000E-09 Level 1 ShiChman and HOdgeS

0
EECMOSE LITL  27.386130E-09
BMOS uRl 1.000000E-08
LEVEL 8 UB1  -1.000000E-18 7[®=ullerMCS..x" pacer* | mvessw..| scrEma..?| ID-vr.s-s...]
uct .025

L 100.000000E-0&

DSUB .58 EENMOS EEPMOS
W 100.000000E-06 NGATE 500.000000E+18 NMOS PMOS
VIC -.4 MOBMOT 0 LEVEL  § 1
KF 414.377300E-06 PRWG 1 L 100.000000E-06 100.000000E-06
GAMME 0 LINT 10.000000E-03 W 100.000000E-06 100.000000E-06
PHI WINT  10.000000E-08 VTG a _.a
LEMBDE 0 DLC  10.000000E-09 XE 432.000000E-06 122.000000E-06
RSH 1.000000E+03 bwc  10.000000E-03 2
15 1. 000000E-15 CF  107.725800E-12 GRMMA -2 -2
- : NOIA 9.900001E+18 PHI -88 -88
_ Js 35.100000E-03 NOIB 2.400000E+03 LAMEDA ] 0
J55W  35.100000E-09 HOIC 1 400000E-12 RSH
PE .94 VERSION 4.1 IS 10.000000E-15 10.000000E-15
PBSW .94 PBSWE .94 J 0 0
CJ 528.000000E-06 MISWG .5 Je8W
CJSW 119.000000E-12 CJSWE  115.000000E-12 PB .8 .8
MISH 5 JTSCC  35.100000E-08 - o -
CG50 450 .000000E-12 JSTSCD 35.100000E-08 ca 0.' 3"
CGDC  450.000000E-12 Tfﬁg g'OOOOOOE_OS CISW 0 0
B 7T -12
NSUR  0.000000E+1S me o Vi O I o
B so. wie o 1ew utput e = 0 )
TOX 5.000000E-09 WLC 0 CGDC 0 0
XJ  50.000000E-09 W 0 CGBC 0 0
UCRIT  10.000000E+03 WWL.C 0 HsUm
DICHOD 1 BS5IM4oxideTrapDensityC 8.750000E+09 TOX 0 0
VEE -1 toxp 3.000000E-08 N
o 1 XJ ] 0
LETZ 0 aige a1 UCRIT 10.000000E+03  10.000000E+03
WETZ 0 bige .024 DICMOD 1 1
uo 100 cige .03 VFE ] 0
TEME aigsd .31 LETA 0 0
VDD bigsd .024 WETA ] 0
HPLRT 4] cig%d .03 vo 0 0
VTHO -.4 dlclg 10.000000E-08 TEMP o 0
uz 1.000000E-09 dwj  10.000000E-03 VDD 5 5
UE  100.000000E-21 CJSWGD 500.000000E-12 XPART o 5
PBSWGT 1 :
. uc '36'50000“_12 CJSWGS 500.000000E-12
VSAT  20.000000E+03 . CJSWGD 500.000000E-12
RDSW 200 — 1
VOFE -.08 CJSWGS 500.000000E-12
ECLM 5 PESWGS 1
RO 1 coxe .01151
1 4] coxp .01151
Az 1 BSIM4factorl  94.863330E-06
NPEZR 100.000000E+15 |
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LTSPICE CIRCUIT SCHEMATIC

ANC CLSPICE'RIT_Models For LTSPICE.txt

J ®L J J
M1 T ? M2 M3
f==—— f=1—— f==1——

EE Vi EE

HMOS RITSUBMF Vi CMOSH
L=Pu W=16u L=Pu W=16u L=Pu W=16u
-

AcV2010.01 10101

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
Rochester Institute of Technology

Microelectronic Engineering
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THREE DIFFERENT NMOS SPICE MODELS

* 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 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 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

+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 CGBO=5.75E-10)

*

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

: © January 1, 2014 Dr. Lynn Fuller |= Page 27
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LTSPICE OUTPUT FOR ID-VDS AND ID-VG

1d[M3] 1d[M3) d(ld[M3))
. . . . . . 130pA e , 7P
----- SOMA - Thgm
' et \ L=2u W=16u
""""""""""""""""""""""""""" - Model not good.
Id[M2 : ' Op _— 14p01
95]“/—\ 5 [:] : ; ; ] A0 : I:d[M:Z]: o dl:ld[Mz:]] 881
e N\gm L=2u W=16u
SRS TP 7o T
TTE J —_— 0pc-1
M1 didiM1)
L=2u W=16u
too large
]
8y 9V 10V
: © January 1, 2014 Dr. Lynn Fuller |= Page 28

Model is EECMOSN

Current low and only
good out to 3 volts.

Model is RITSUBN7

Model good for RIT
Sub-Micron MOSFETSs

Model is EENMOS

Model not good current

/




MEASURED MOSFET ID-VDS AND ID-VGS

o

F.5000m

S.0000m

NMOS 2/16 NMOS ID VS VGS

0.4000m

5.000 F.500 0.0

3.000 4.000

Rochester Institute of Technology

Microelectronic Engineering

[
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LTSPICE OUTPUT FOR SUBTHRESHOLD ID-VGS

Log10{ld{m3))

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

: i s s s Model is EECMOSN
o] _ZZfiZZIIfiZZZZIEZZZZIZEZIZZZZEZIIZIfiZIZZIEIZZIZEIZIZIEZIZI L=2u W=16u

____________________________________________________________________

g Uy S JUpEpE - P —

S M S S Model not good MOSFET does not turn off, Vt too
"""""""""""""""""""""""""""""""""""""" low

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

e e P

e i s e s e s Model is RITSUBN?
o 7/ s i L=2u W=16u

o Model good

Log,(ld)
T

b i i | v i d i d
' . ' . ' . ' . '
' : ' . ' . ' . '

S T — - e R L e
i | H . H \ ' h '
' . ' . ' 1 ' : '

Model is EENMOS
L=2u W=16u

Model incorrect in subthreshold region.
BN UM N B - Subthreshold slope not possible.

g Uy S JUpEpE - P —

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

s i ------- s s e ] /
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DEEP SUB-MICRON TRANSISTOR MODELS

1d(M3)

_____ 44OUA

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

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

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

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

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

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

____________________________________

___________

_________________

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

______________________________________________________________

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

1d[M3)

Model is EECMOSN

Model good for Deep
Sub-Micron MOSFETSs

Model is RITSUBN7
L.=0.25u W=1.6u

Model not good too
much short channel

Model is EENMOS
L=0.25u W=1.6u

Model not good current
too large does not show
mobility degradation

/

_— d(1d(M3)) .
— gm :
.......................... | L=0.25u W=1.6u
e AT TS 33001
: : : -1
1d(M2) dldM2))
effects
ldiM1] d[id[m1:]] 3300001
L 165p02-1
ops-1
2.0V
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DEEP SUB-MICRON TRANSISTOR MODELS

Log10{ld[m3]))

Model is EECMOSN
L=0.25u W=1.6u

Model good for Deep Sub-Micron MOSFETSs

T s s Model is RITSUBN7
i L=0.25u W=1.6u

Log,,(1d)

B - Model not good too much DIBL

P Model is EENMOS
L=0.25u W=1.6u

Model incorrect in subthreshold region

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

| : /
© January 1, 2014 Dr. Lynn Fuller |=
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DEEP SUB-MICRON TRANSISTOR MODELS

1d[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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MOSFET MODELS USED BY LTSPICE

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} ! ?ﬁgdeg?;lon
MQOS3, a semi-emperical model, UC Berkeley

BSIM UC Berkeley, May 1985 _
BSIM2, UC Berkeley, October 1990 2nd generation models
MOS6, UC Berkeley, March 1990

BSIM3V3.3.0, UC Berkeley 2005 _
3'd generation

BSIMSOI3.2, Silicon on Insulator (SOI), UC Berkeley 2004
models

4 BSIMA4.6.1, UC Berkeley 2007
more....

= O 00 OO~ WN -

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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SIMPLE AND ADVANCED SPICE MODEL

* 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

+VTH0=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 CGBO=5.75E-10)

*

* From Electronics 1l EEEE482 FOR ~100nm Technology

.model EECMOSP  PMOS (LEVEL=8

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

+VTHO0=-0.4 U0O= 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

+CGS0O=4.5E-10 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 Il EEEE482 SIMPLE MODEL
.model EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)
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CMOS INVERTER WITH LEVEL 1 SPICE MODEL

LTspice 1¥ - CMOS_Inverter_100nm.asc
Fle Edit Hierarchy Yiew Simulate Tools Window Help

|BE H(F 20| ecaR il R iR AE L-@ L3 Y0000 iy

4, CMOS_Inverter_100nm asc Hf_,"’" CMOS_rwerter_1 EIEInm.lawI

_____________________________________________________

______________________________________________________

______________________________________________________________

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

!E E CMOS_Inverter_100nm.asc

.dc v201.5.001

.0p
.include c:\SPICE\RIT_Models_For_LTSPICE.txt
L=0.1u W=.7u
M2
h—————
EEPMOS

V1 _
il Vout
V2
1.5 M1

e

EENMOS

0 L=0.

1u W=.4u

<

Level = 1 model
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CMOS INVERTER WITH LEVEL 8 SPICE MODEL

LTspice I¥ - CMOS_Inverter_100nm.asc
File Edit Hierarchy View Simulate Tools ‘Window Help

| B R Foacar RO ERE {IREM OS| LB L3 TN O DO 5004 op

( C05_Irverter_100nm.asc |t: CMOS_lnwverter_1 DDnm_lawl

!E E CMOS_Inverter_100nm.asc

glc::) v201.5.001
.include c:\SPICE\RIT_Models_For_ LTSPICE.txt

L=0.1u W=.7u

M2
e

V1 _ EECMOSP
B Vout
V2
1.5 M1
EECMOSN
0 L=0.1u W=.4u

<

Level = 8 model

© January 1, 2014 Dr. Lynn Fuller |= Page 37
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MEASURED VTC L=2um W=40um CMOS INVERTER

2um Inverter N |
—_— . 1.0000m Conditions:

» U

| Con: SMU3
“Jal: 5.0000V
0.7500m

|

4.0000 |

| Swp: SMU1

| Start 0.0000 V
| Stop: 5.0000 V
| Step: 0.0500 v
Pts: 101

2 DIIUD

.2500m

i ]
S W TS WD U WA TN WIS TS TS S -

\ Con: SMU2

| Val: 0.0000 A
0.0000 .,_,_..;"’/ ﬁ. SRR T ,,f 0.0000 al-0.0000 A

0000 1000 2000 3000 4000 5000
VI1P

Fit#1 Fit#2 cursors: X
None None J ;i2.1UDU
| | 11.8500
| 1.4500

-| 2.4000

|11 2.0500

Rochester Institute of Technology

Microelectronic Engineering L:2u and W:40u

[
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ADVANCED LINEAR DEVICES ALD 1103

all three products.

L0um L=10um

In parallel form one transistor.

The Advanced Linear Devices ALD1103 is
a dual NMOS and PMOS matched pair in a
14 pin package. The ALD 1101 is a dual
NMOS matched pair and the ALD 1102 is a
dual PMOS matched pair. The 1101/1102
are in an 8 pin package. One chip design for

W diameter = 35um
W each =Pi D =110um
Y W total = 8 x 110 = 880um

8 of the donut shaped MOSFETS

i © January 1, 2014 Dr. Lynn Fuller |= Page 39
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ALD1103 LAYOUT

PIN CONFIGURATION
DN1 [1] ~— 14] DN2
GH1 [2 —J—13] GH2
SH1 [3 ] 12] SN2
V- [d] 1] v+
0Pl 3] 0] DP2
6P [E 3] Gr2
5P1 7] @] sP2
DB, PB. 5B PACKAGE

Rochester Institute of Technology

Microelectronic Engineering
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ELECTROSTATIC DISCHARGE - INPUT PAD

Vpad Simulation for Vpad sweep from -100 to +100 volts
o Vin is between -1 and +6 Volts and I is through M1
prid and M2 if VVpad exceeds supply voltages

L Vdd 100mA : Is[MZ]; : : Id[l:dl] : : :I[Hl] :

R S
S me
+— PMOS

- N

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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ALD1103 MATCHED NMOS AND PMOS MOSFETS

- ALD1103 NMOS Conditions: ALD1103 NMOS ID VGS conditions: ALD1103 NMOS SUB VT Conditions:
Swp. S 2 5000m 0.8000m :
F Con: SMUT
[ wal: 01000 v
00400 - 20000m |-
| o.6ooom Sep SMUZ
00300 [ X Start: 0.0000 Y
1.5000m £ g Stop: 5.0000 ¥
[a] ] 0.4000M Step: 0.0500 V
o] 20 - F Q
= 1.0000m [ Pis. 101 =
o E Con: SMU3
0.0100 |- oI L
i 0.s000m . A ~ B-2000m wal: 0.0000
" T .AH‘;P
0.3104n [EES [ ] 7 Can: ShUY
00000 g ﬂ 1 ! ! 0.0000 wal: 00000 v
0000 1000 2000 3000 4000 4000 L
0000m 1
0.000 00l 000 3.000 000 VG 00 2.000
VD Fit #1: Fit #2: Cursors: X Y VG
Fit #1: Fit #2 Cursors X Y Type: Linear MNone [1]0.9500 01401 m Fit#2 drsors: X v
Type: Linear ne |[2]5.0000 [0.0385 | Slp:0.6619m B <> 1.3000 0.3781m ne | [Mone HD\ \21125m \
SIp:0.0197m - [[claom0  [omsen Y-int-0.5079 L1000 06671 |~ |
Y-int;1.5896m -
eI Measured I d-Vds | |=“T Measured 1d-Vgs & gm ‘Measured Su b Vt ld-Vgs
: gs &g
12A16/2013

.MODEL RITALDN3 NMOS (LEVEL=3
+TPG=1 TOX=6.00E-8 LD=2.08E-6 WD=4.00E-7
+U0= 1215 VTO=0.73 THETA=0.222 RS=0.74 RD=0.74 DELTA=2.5
+NSUB=1.57E16 +XJ=1.3E-6 VMAX=4.38E6 ETA=0.913 KAPPA=0.074 NFS=3E11
+CGS0O=5.99E-10 CGDO=5.99E-10 CGBO=4.31E-10 PB=0.90 XQC=0.4)

Using a LEVEL=3 model should give good results since L is long,

Rochester Institute of Technology

LEVEL 1 OR 2 will not work

Microelectronic Engineering

From Dr. Fullers SPICE MOSFET Model
Parameter Calculator. xls.

/
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ALD1103 LEVEL=3 NMOS SPICE MODEL AND SIMULATION

.MODEL RITALDN3 NMOS (LEVEL=3 TPG=1 TOX=6.00E-8 LD=2.08E-6 WD=4.00E-7 40 mA
+U0= 1215 VTO=0.73 THETA=0.222 R$=0.74 RD=0.74 DELTA=2.5 NSUB=1.57E16
+XJ=1.3E-6 VMAX=4.38E6 ETA=0.913 KAPPA=0.074 NFS=3E11
+CGS0=5.99E-10 CGDO=5.99E-10 CGB0O=4.31E-10 PB=0.90 XQC=0.4)

V2
i_|_:

— 1
M1
.dc V1 05.001 T ALDNS
V1 ™ L=hou w=sBou
0 mA
5

2omA T ims

This SPICE model gives good matching
between measured and simulated curves.

Rochester Institute of Technology
Microelectronic Engineering /o 1 T . | /
| o /
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CD4007 DUAL COMPLEMENTARY PAIR + INVERTER

L
13 1
E¢ <y 10¢ .12
8 5
V_I !
I |[— I
| I |

]
7 4

Figure 4{a). Enlarged CD4007 Pin-Out Diagram

Rochester Institute of Technology
Microelectronic Engineering
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CD4007 DUAL COMPLEMENTARY PAIR + INVERTER

—

TEER- . I
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CD4007 DUAL COMPLEMENTARY PAIR + INVERTER

CD4007 NMOS CD4007 NMOS ID VGS oo . CD4007 NMOS SUBVT  contars
4.8000m S ST 0.3000m 0.1200m w? g T
Start: 0.0000 Y Con: SMUT 5 F ~#5T | start 0.1000v
Stop: 50000V A .1000m ‘al: 0.1000 v L 3 | [ 5tow: 50000
Step: 0.0833 Y # at E Step: 4.9000 4
3.0000mm |- o | Pts: 61 | Swp: SMUZ 3 Ple: 2
0.2000m | nnaaam . w09k
Step: SMU2 Start: 0L000O0 Y/ F S SMUZ
| |start: 00000 v e, = | Stop: 5.0000Y Wb | Start: 0.0000 Y
Stap: 5.0000 Y 0 Mor | DOBO0m  (ry | Step: 00600 Y F Stop: 5.0000
0O z000m Stop: 05000 = Sy Pts: 101 O | Step: 00500
Prs 11 I - E Pts: 101
0.1000m |- J0.0400m i wf f
Con: SMU3 \%DFIUSEEES\/ 3 3 Gaon: SMU3
atu 10 val: 0.0000Y
1.0000m Val. 0.0000 Y J0.0200m . :
7 SLR:
Cor: SMUA L Fof Con: SMU4 L 3 Con: SMU4
Wal: 0.0000 0.0000 [ JFJ 1 1 1 0.0000 val 0.0000 it F Yal: 0.0000Y
e 0.000 1.000 2.000 3.000 4.000 5.000 F ¥
0.0000 b st st 7 w2k 1 L L 1
0.000 1.000 2.000 3.000 4.000 5.000 VG 0.000 1.000 2.000 3.000 4000 5000
VD Fit #1 Fit #2: Cursors: % Y VG
Fit # Fit #2 Cursars: ¥ v Type: Linear Mone 3| 1.8000 0.0161m Fit#1 Fit#2 Cursors % ¥
[Type: Linear None []3.0000 29615m Slp:0.1024m — <> 2.2500 0.0624m None Nane C[48000  [27508m
Slp:0.0197m B <>| 5.0000 3.0445m Y oint 0 15Eam B | 205m T i0Egm e = S[48000  |27508m
Y-int: 1.5596m = [=) i1 Bi53 pes = - - o[o.2000 [o2950n
[int-79.1126 - = = = =<[14500  [048730
Ics 15:20:34 b1 IC5 15:27:24 il o8 159395 pa[14500 [04grau
12416/2013 aN 12162013 AN 120162013 A

.MODEL RIT4007N8 NMOS (LEVEL=8

+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 UO= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 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

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

Rochester Institute of Technology

Microelectronic Engineering
I |= /
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CD4007 DUAL COMPLEMENTARY PAIR + INVERTER

.MODEL RIT4007N8 NMOS (LEVEL=38

| +WVERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=1.5E-8 XJ=1.84E-7f NCH=1.45E17 NSUB=5.33E16 XT=8.66E-8

i +WTHO=1.6 U0= 600 WINT=2.0E-7 LINT=1E-7

n +NGATE=5E20 RSH=1082 J5=3.23E-8 JSW=3.23E-8 CJ=6.8E-1 MJ=0.5 PE=0.95

+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

"1 +CGS0=34E-10 CGDO=3.4E-10 CGBO=35.75E-10)

i 2

B i + ;

— 5

S M1

,,,,,,,,,,,,,,,,, AeV205.001WV1050.5

x A} 120001 | RIT4007N8
2atue] Linonc V1 La1u W=10u

Bona] :anum 5

™ L :au:o:1

aopie] Jreeonn [ ™*'chnology

— sope Jooomms_ | | 10001 ring /

i © January 1, 2014 Dr. Lynn Fuller
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SUMMARY

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.

Models should be verified by comparing measured ID-VDS, ID-VGS, and Ring
Oscillator output with SPICE simulated results.

Rochester Institute of Technology
Microelectronic Engineering /
| /
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RING OSCILLATOR, td, THEORY

Seven stage ring oscillator e N~
with two output buffers o000
td=T/2N |

td = gate delay

N = number of stages _DO_DO' Vout
T = period of oscillation Buffer

Vout ,

AVAVAN

»
»

v

A

T = period of oscillation

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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MEASURED RING OSCILLATOR OUTPUT

CCCCC

N

S|

73 Stage ng at 5V td =104.8ns / 2(73) =0.718 ns

Rochester Institute of Technology
Microelectronic Engineering

/
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AC MODEL FOR MOSFETS

The parameters that effect the AC response of a MOSFET are the resistance
and capacitance values.

RS,RS Source/Drain Series Resistance, ohms

RSH Sheet Resistance of Drain/Source, ohms
CGSO,CGDO  Zero Bias Gate-Source/Drain Capacitance, F/m of width
CGBO Zero Bias Gate-Substrate Capacitance, F/m of length
CJ DS Bottom Junction Capacitance, F/m2

CJSW DS Side Wall Junction Capacitance, F/m of perimeter
MJ Junction Grading Coefficient, 0.5

MJISW Side Wall Grading Coefficient, 0.5

These are combined with the transistors

L, W Length and Width

AS,AD Area of the Source/Drain

PS,PD Perimeter of the Source/Drain
NRS,NRD Number of squares Contact to Channel /

: © January 1, 2014 Dr. Lynn Fuller |= Page 51




RING OSCILLATOR LAYOUTS

17 Stage Un-buffered Output L/W=2/30 Buffered Output

) [ 2 NEEEED | DOD0pE )i e ] o
T % G | B g =%

> RIEEH T | BT 'BE_H

SRR R MMMM

Rochester Insti | :

Microelectronicys L A E - -
wl ml  ml i lm] /
i H
1
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MOSFETS IN THE INVERTER OF 73 RING OSCILLATOR

nmosfet

Rochester Institute of Technology
Microelectronic Engineering

pmosfet

73 Stage Ring Oscillator

: © January 1, 2014 Dr. Lynn Fuller
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NMOS PMOS
L 2U 2U
W 12u 30u
AD 12ux12u=144p 12ux30u=360p
AS 12ux12u=144p 12ux30u=360p
PD 2x(12u+12u)=48u 2x(12u+30u)=84u
PS 2X(12u+12u)=48u 2x(12u+30u)=84u
NRS 1 0.3
NRD 1 0.3

Use Ctrl Click on all NMQOS on OrCad Schematic
Use Ctrl Click on all PMOS on OrCad Schematic
Then Enter Dimensions

/3 Stage

© January 1, 2014 Dr. Lynn Fuller
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SIMULATED OUTPUT AT 5 VOLTS

- . .
5\:ch—: m a M2, | ET a
RITSUEP] RITSUBP? RITSUBP]
AS = 360p AS = 360p AS = 128p
AD = 360pp AD = 360p AD = 128p
1 L=2u L=2u L=2u
PD = 84u PD = 84u PD = 84u
PS = 84u PS = 84 PS = 84u
NRD = 3 NRD = 3 NRD = 3
M4&,_ | NRS=3 (M5 | NRS=3 |M6, | NRS=.3
= w=30u — W=30u = w=30u
% — %
RITSUBNY RITSUBNY RITSUBNT
D = 144p D = 144p D = 144p
S =48u S = 18u S =48u
S = 144u S = 144p S = 144p
s =2u L=2u L=2u
=5 PD = 48u PD = 48u PD = 48u
W = 12u W = 12u W = 12u
NRS = 1 NRS = 1 NRS = 1
NRD = 1 NRD = 1 NRD = 1

Three Stage Ring Oscillator with Transistor Parameters for 73 Stage Ring
Oscillator and Supply of 5 volts

td=T/2N=5.5nsec/2/3

td = 0.92 nsec
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CONCLUSION

Since the measured and the simulated gate delays, td are close to correct, then the
SPICE model must be close to correct. The inverter gate delay depends on the
values of the internal capacitors and resistances of the transistor.

Specifically:

RS, RS, RSH

CGSO, CGDO, CGBO

CJ, CISW

These are combined with the transistors

L, W Length and Width

AS ,AD Area of the Source/Drain

PS,PD Perimeter of the Source/Drain
NRS,NRD Number of squares Contact to Channel
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HOMEWORK - INTRO TO MOSFET SPICE MODELS

Do SPICE for one of the following:

1. Inverter gate delay is the time it takes for the output voltage to get
to ¥2 of the supply voltage. Use SPICE to get a value for gate delay
for rising and falling output. Let L=2um and W=40um for both
NMOS and PMOS transistors. State other assumptions. Compare
these values to gate delay measured from a ring oscillator.

2. Do a SPICE simulation for the CMOS inverter shown on page 38
and compare to measured VTC and | vs Vin.

Rochester Institute of Technology
Microelectronic Engineering /
| /

i © January 1, 2014 Dr. Lynn Fuller |= Page 58




