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SPICE
PSPICE
§1 1 Cadence

Cadence cdsSPICE

ZUEDA22>

icfh&  (
1-1-1

) & Icfh

Cadence

rﬂ icfb — Log: fexport/homeshany/CDS.log
File Tools Options Technology File
set forth at FAR 1252 227-19 or its equivalent.
Loading PRshare. cxt

Loading schView. cxt
Loading selectsdv. cxt

Help | 1

I
mouse L: M: E:
1-1-1Candence
PC
1 PC 256
2 Exceed xstart
start method REXEC TCP-IP ,Programm Xwindow Host 10.13.71.32
10.13.71.33 host type sun command tool
run
3 ZDASIC22> :setenv DISPLAY ip:0.0( )
4 ZUEDA22>
icth& ( )
cadence 1-1-1
xstart cadance cadance
.cshrc
vi .cshrc Vi

setevn DISPLAY ZDASIC22:0.0

source .cshrc

Vi
vi Command Mode
Vi
text Vi
h j k1
h——
j_
k——

““ZDASIC22>” PC IP

Insert Mode vi
Esc
Return vi
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Cellview

X—
wg——
Esc
Esc
81 2 SPICE
CIw
openbook&
File
File New Open Exit
library( )
cell cell view  Cell
symbol View
schamatic symbol layout extracted ivpcell
New Library Cellview Library New Library
Create New File 1-2-1 1-2-2
J_",? Mew Library
0K | Cancel| Apply Help
Library Technology File

Hame ||

Directory (non-library directories)
Mail

fninit

models

shuoning
simulation

fexmport hone hang

Design Manager Ho DM

If you will be creating mask layout or
other physical data in this library, you
will need a technology file. IT you plan
1o use only schematic or HDL data, a
technology file is not required.

# Compile a new techfile
Attach to an existing techfile
Don’t need a techfile

1-2-1 New Library

Ty Create New File i
oK Cancel | Defaults Help
Library Hame it
cell Hame [
View MHame schematic
Tool Composer- Schematic
Library path file
Jexport/hone hany /ods. Lik

1-2-2 Create New File
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1 (library): Library  Technology File Library Name
Directory Library SPICE
Technology Don’t need a techfile
schematic view
Compile a new techfile( techfile)  Attach to an existing techfile(
techfile)
2 (cell) Library Name Cell Name
Tool Composer-Schematic ( SPICE )
View Name View Name——schematic Tool
Composer symbol virtuoso layout
symbol layout view Library path file library path file
( )
Open Open File 1-2-3
Library Name Cell Names Mode
T Open File 1
0K Cancel | Defaults Help
Library Hame _ 3894 Cell Names
Gntame  [ToTicied e —
. flip flopl
View Hame FENEIETE E::_nplilézerop
multiplier
Browsse oscillator
output
Mode # edit - read outputl
protect
Library path file ref
softstart

fexport/home hany//ods. Lik

1-2-3  Open File
Exit Cadence
Tools
Tools Library Manager Library Path Editor
Library Manager Library Manager 1-2-4
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rﬂ Library Manager: Workarea: fexport/home/hany
File Edit View Design Manager Help
Show Categories
Library Category Cell View
Toe54
3854 Iamplifier
PSD Rs flip flop
analogLib Rs_flip flopl
basic Yamplifier
cdsDefTechLib multiplier
%]] oscillator
%731 output
xjje outputl
%333 protect
ref
softatarct
templ
Messages
1
1-2-4 Library Manager
Library Category Cell View
view Open
library manager library  cell file
library  cell
Library Path Editor Library Path Editor 1-2-5
File Add Library
T =] Cds LibEditor: Editing /fcds.lib [NameSpace CDBA]
File Edit View Help
Libraries
Library Path
3854 Sexport/hone Mhany /3854
hasic fisrfods_insttools /AFIT etc /cdslib/hasic
analogLib fsrfods_insttools AAfIT ete /odslibfartistfanaloglib
BSD Sexpor t/hone Mhany /BSD
%77 fexport/hone hanzy /=] ]

To add a new ibrary definition, type the name in the Library column and the path
to the library in the Path column. Press RETURH to continue adding libraries.
When done, select the menu “Fle -> Save “s° to save your edits.

Technology File

1-2-5 Library Path Editor

Edit Layers
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§1 3 SPICE
File - Open - Open file Composer-Schematic
Editing 1-3-1 ( ) Check and Save
Save Zoom out by 2 Zoom in by 2 Stretch
Copy Delete Undo Property Component
Wire(Narrow) Wire(Wide) Pin Cmd options Repeat
rﬂ Composer-Schematic Editing: PSD exam schematic o
Cmd: Sel: 0 3
Tools Design Window Edit Add Check Sheet Help
g
&
o
&
g
>
)
J (3
i
=
=
G mouse L: schSingleSelectPt() M: schHiMousePoplp () R: xcamCaneraRas ()
1-3-1 Composer-Schematic Editing
Add/Component 1-3-2 Browse
library manager Analoglib View Name
symbol instance Names
mos model name
| o Add Component
Hide Cancel | Defaults Help
Library Hame | | Browse
Cell Hame :
View Hame ‘ |
Instance Hames
Array Columns | Rowss L
Rotate Upsidedown Sideways
I
1-3-2
model
Editing EDA
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W_
f—
p_
escape
pin
§1 4 ()
Composer-schamatic Tools — Analog Artist Analog Artist Simulation
o Analog Artist Simulation (1) i
Status: Ready T=25 C Simulator: cdsSpice 9
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _{{
Library 3654 # Type Brouments. ... Enzhle | g
F TRANH
Cell output 4|n|c .
View  schematic I T I
Design Variables Outputs [E:
# Name Value # MName/5ignal/Expr Value Plot Sawe March )/
E A%
1-4-1 Analog Artist Simulation
1-4-1
Session
Schematic Window Save State Load State Options Reset Quit Schematic
window Save State
f‘,* Saving State — Analog Artist Simulation (1)
oK Cancel | Defaults| Apply Help
Save As statel]
What to Save H Analyses N Variables
B Outputs B Model Path
B Envitonment Options M Simulator Options
| N Convergence Setup W Waveform Setup 6 97




Cadence cdsSPICE

1-4-2  Save State

1-4-2
Load State
Reset analog artist
Setup
Design Simulator/directory/host Temperature Model Path
Design
Simulator/directory/host cdsSpice hspiceS
spectreS cdsSpice  spectreS spectreS
Temperature 1-4-3
1-4-3
. Setting Temperature — Analog Artist
oK Cancel | Defaults| Apply Help
Scale # Celsius - Farenheit - . Kelvin
Degrees 25
1
Model Path 1-4-4
model name model
1-4-4
J_‘J Setting Model Path — Analog Artist Simulation (1)
OK | Cancel| Defaults| Apply | Apply & Run Simulation Help
Directories Fexport/hone fchenjh/models

New Directory 1
Add Ahove | Add Below | Change | Delete

Comer session-default

Hews Comer| Copy Comer| Delete Comer

Analyses

cdsSpice ac dc tran noise

Tran
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r,,‘ Choosing Analyses — Analog Artist Simulation (1)

OK | Cancel| Defaults| Apply Help

Analysis ac 4 tran dc noise

Transient Analysis

From i To | By
Max Step |
Continue Last Analysis
] Enabled
1-4-5
r“,, Choosing Analyses — Analog Artist Simulation (1)
0K | Cancel| Defaults| Apply Help
Analysis 4 ac tran dc noise
AC Analysis
From (Hz) 1 To (Hz)
Sweep Type Linear 4 Logarithmic
Points per Decade
| Enabled
1-4-6

rﬁ,‘ Choosing Analyses — Analog Artist Simulation (1)

OK | Cancel| Defaults| Apply Help

Analysis ac tran 4 dc noise

DC Sweep Analysis
From |[ To | By

Source Hame Select Source

Enabled
1-4-7
spectreS ac dc tran noise
cdsSpice Tran ac dc
spectreS
parameter frequency ac temperature component parameter  model parameter
ac

at frequency
component parameter select component

model parameter model name  parameter name
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\{'Eh-:n:-zing fnalyses —— Analog Artist Simulatiom (1)

OK | Cancel| Defaults| Apply

Analysis tran ¥ ac sp spss
dc xf pss noise
AC Analysis

Sweep Variahle -
At Frequency {Hz) |1
Frequency

Component Name | /¥

Temperature

¥ Component Parameter
Model Parameter

Select Component

Parameter Hame | dc
Sweep Range
# Start- Sto -
P stant [0 Stop |&
Center- Span
sSweep Type
Linear
Logarithmic
¥ Automatic
Add Specific Points
Enabled W Options...
}{.Select Component Parameter
Ok || Cancel Help
de: wdc "DC woltage"
k=T ACTI "AC magnitude"
phase acp "AC phase"
#fmag #fm "EF magnitode"
pachag DaC "PAL magnitude"
pacphase pacp "PAC phase"
delay td "Delay time"
sinedc i "Offset woltage"
ampl va "Bmplitude"
sinephase  sinephase "Initial phase for Sir
freg freg "Frequency”
ampl2 wal "Emplitude 2"
sinephase? sinephase? "Initial phase for Sir
fregl fregl "Frequency 2"
fmmodindex famodindex "FM modulation index"
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Variables
Edit Edit 1-4-5
variables
parametric analysis
1-4-5
r'#, Editing Design Variables —— Analog Artist Simulation (1) ~
0K | Cancel| Apply | Apply & Run Simulation Help
Selected Variable Tahle of Design Variables
Mame 1 # Name Value
Value {Expr)
fAdd | Delete | Change | Hext| Clear| Find
Cellview Variables Copy From | Copy To
1
1 Tools/Parametric Analysis 1-4-6
variables
ri‘ Analog Artist Parametric Analysis — cdsSpice(0): 3854 output schematic y
Tool Setup Analysis Help a
Sweep 1 variable Name || Rl SR
Range Type From/To From To
Select
Step Control futo Total Steps
1
1-4-6
temp
a. Edit Variables : ( )
Parametric Analysis ( 1-4-5 ) temp
setup pick name for variables
variables
spectreS
Analysis start Waveform

10 97
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2 Outputs/To be plotted/selected on schematic

Outputs/setup

bandwidth VF(*/Out) 3 “<low>”

bandwidth average

caculator Cadance
analog artist Analog Artist
Choose Design
Choose Analyses
Edit Variables
Setup Outputs
Delete
Run Simulation
Stop Simulation
Plot Outputs
8§81 5
output  plot
outputs 1-5-1
fg waveform Window —— Analog Artist Simulation (1)
Active 3

Window Zoom Axes Curves Markers Annotation Edit Tools Help

r

abe

P

I

FA éf

nouse L:awvilouseSingleSe M: R:awviResetWindowlle
1-5-1

Delete
Move
Undo
Crosshair MarkerA  Crosshair MarkerB A B
Calculator

Switch Axis Mode

Add Subwindow

3db

11

waveform
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81 6 —D

R D 20 MOS
PMOS 10
1-6-1

-, .,
]
[ ]
L]
-
]

"' mm

L ]
e

5

LEn e ]

1-6-1 D

NMOS

clk

~|o|X|O
| o |0 |0

PMOS W——30p L——3p model :hj3p( models
NMOS W——-151 L——3p model :hj3n;
PMOS W——30p L——3p
NMOS W——-30p L——3p
PMOS W——-30p L——3p
NMOS W——-15p L——3p
5.7V
R (R):
cel Iname——vpwl;
Number of pairs of points——3
Time 1—0s
Voltage 1—O0V;
Time 2——100ps
Voltage 2——0V;
Time 3——105pus
Voltage 3—5V;

12
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Delay time——500ns;
clk
cellname——vpulse;
Voltage 1—O0V;
Voltage 2——5V;
Delay time——5ps;
Rise time——5us;
Pulse time——100pus;
Period time——200pus;
D
cellname——vpulse;
Voltage 1—O0V;
Voltage 2——5V;
Delay time——5ps;
Rise time——5us;
Pulse time——100pus;
Period time——200pus;

From:0 to:1ms
1-6-2

1-6-2 cdsSPICE

D
0-1ms

clkbar
cellname——vpulse;
Voltage 1—5V;
Voltage 2—0V;
Delay time—-5ps;
Rise time—>5s;
Pulse time——100ps;

Period time——200ps;

600S

13
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——spectreS

Choosing Analyses

Analog Artist Simulation Setup Simulator/directory/host
1-6-3 Simulator
stoptime  1ms 1-6-4
"4 Choosing Simulator/Directory/Host — Analog Artist Simulation (1}
0K Cancel | Defaults Help
Simulator cdsSpice
hspices
Project Directory  spectreS
Host Mode IS ote
libra
Hast mharm
cds SpiceVerilog
Hernots DOy hspiceSVerilog
spectresVerlog
|
1-6-3
— —

1-6-4  spedtreS

8§81 7 ( )

schamatic
, symbol view name
(component)

14
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Library Manager not(cell) schematic(view) symbol(view)
1-7-1(a) 1-7-1(b) PIN
|
n
| |
n In Out
» »
n .
[ | [ |
- gelection box

1-7-1(a) 1-7-1(b)
symbol(view)
Library Manager cell 1-2-2 Tool Composer-symbol,
symbol(view);
Add/Shape/Line  Add/Shape/Circle
Add/label [@instanceName]
Add/Selection Box

symbol(view) not(cell)  schematic(view)
Design/Create Cellview/From Cellview 1-7-2
\{ Cellview From Cellview
OK | cancel | Defaults| Apply Help
Library Hame
Cell Hame
Browse Display Cellview |l
Edit Options |
From View Hame schematic To View Hame symbol
1-7-2 view view
OK 1-7-3 symbol
1-7-4

\{ Symbol Generation Options

OK | Cancel| Apply Help
Library Hame Cell Hame View Hame
| diff] e— syhol
Fin Specifications Attributes

Left Fins In List

Right Pins | Out | List

Top Pins | List

Bottom Pins | List
Load/Save Edit Attributes Edit Labels Edit Properties

15 97
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1-7-3 symbol
+ In L& Out }
1-7-4 symbol
component
symbol
symbol
analoglib
symbol
RPN Waveform
Calculator 1-8-1
E -
=] Calculator
Window Memories Constants Optlions Help | 11
Evaluate Buffer Display Stack # standard RF
browser || vt it || lastx| x<>y| dwn| up sto | rcl Special Functions
wave v if clear cist | app sin | asin | mag In exp | abs
family vs is enter unido | eex cos | acos | phase logl0| 10%*x| int
erplot wilc idc - T il 9 tan | atan| real | dB10| y™"x| 1/
plot op | opt + 4 5 6 sinh | asinh| imag | dB20| x2| sqrt
printvs vh var * 1 Z 3 cosh | acosh  f1 f2 3 4
print mp ! ] +i- || tanh | atanh
|
1-8-1
1-8-1 Options/set Algebraic ~ set RPN
Calculator
1.
2.
3.
16 97
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1.browser Result Browser
2.wave family waveform Window Wave
family
3.erplot plot waveform Window Erplot
plot
4.printvs  print
5.
vt it
vf if
Vs is
vdc op
vn opt
var mp
undo
RPN
1
Sin cos tan sinh cosh tanh asin acos atan asinh acosh atanh
Mag
phase
real
imag
Ln logl0 dB10 dB20 exp 10**x y**x x**2
abs int 1/x squrt
F1 F2 F3 F4
2

special function

Ishift

Clip

clip

convolution

Eex

Frequency

GainBWprod

Gain Margin

Phase Margin

17
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Rise Time
Slew Rate
bandwidth
1-8-2
-3dB
1 wave
2 special function bandwidth Db 3 Type
low, ok
\\ Bandwidth
OK Cancel | Defaults Apply | Help
Dh |3 Type  low
3 erplot waveform 1-8-3
4 wave
5 dB10
dB20
6 plot waveform

}{'ﬂ aveform Window 3 — Analog Artizt Simulation (1)

Window Foom Axes Curves Markers Annotation Edit Tools

mouse L:swviMouseSingleSele H:

0: mag{VF{"/net18” "~/simulation/gainWGB_x]

=5ele R-sevPlotAllfutputs(’ |

Select waveforms to enter into the calculator buffer...

1-8-2

18
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'_:::-f.;:"ﬁ aveform Window 3 — Analog Artist Simulation 1]

o7 bandwidth{mag{VF("'/net18" "~/simulation/

mouse L .mi_!nu:cﬁingl:_ﬂ:lt M: R:sevPlotAlloutputs(*
= Gelect nets for the VF expression...

1-8-3 db

19
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Virtuoso Editing

§2 1
library manager myL.ib
cdsSpice
technology file compile a new tech file,
attach to an exsiting tech file tech file
load tech file 2-1-1

I"5“';;:L-:-:a.-:l Technolozy File

0K Cancel | Defaults| Apply Help

ASCIl Technology File

farer Poolumdngy Ewary tiger
2-1-1
ASCII Technology File csmclo0.tf inv cell
inv  schematic view  symbol view
pmos  6u 0.6u nmos 3u 0.6u  model hj3p  hj3n
layout view tool virtuoso layout ok
8§82 2 inverter
library manager inv cell  layout view virtuoso editing

20 97
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><Virtuoso Editing: myLib clkgen layout !E
X 3.6 ¥: 10.0 (F) Select: 0

Tools Design Window Create Edit Verify Misc

. mouse L mouseSingleSelectPt M: mousePoplp () E:-hifoombhsoluteScale thiGet

2-2-1 virtuoso editing
2-2-1

Icon menu , menu banner , status

banner.

Icon menu ( )

menu banner ,

ZoomIn - 3 Zoom out by 2------- 2

Save = - (f2) Delete ~  ----—-- (Del)

Undo - (u) Redo - ()]

Move - (m) Stretch ~ —------ (s)

Rectangle  ------- ) Polygon  ------- P)

Path - () Copy - (©)
status banner menu banner

Layer and Selection Window LSW

21 97
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LSW

LSW

Nwell N

Active

Pselect p

Nselect N

Contact

Metall

Via

metall

metal2

Metal2

110

Text

Poly

mos

LSW

22
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H Inst W PFin

AV NV | AS| HS

nwell q

=l
.

actiw

o

nselec

(=P =N
= )

o

nselec

-
(m]
=
(=9
)

metal

S1Z
I!
=

[n]
(=
)

dmetal

contac

I
I a
(=7 =T
o | o

via
| Jtext [d3
2-2-2 LSW
LSW
1 Ciw technology file edit layers

}{'La}'er Purpose Pair Editor: myLib

0OK Cancel | Defaults| Apply

Technology Library myLib Jave Display Type display
Layer Purpose Pairs  Add... Edit... Delete Move Selectable All
Filter 4 User System Both Visible Al

v v W 5w

Help

Hone
Hone

=

[ Jowell [ag|mm | lnselect [dg|EM | [poly  [do/MM | [netalz [do|mM [ [via

EEL L

[i]active [dg|MM | Jpselect|dg| MM Einetalt [dq| MM | [contact [do| MM

2-2-3 edit layers
2 technology library mylib delete
add add

23
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}q;':ﬁui-:l Layer Purposze Pair
Ok Cancel | Defaults, Apply Help
Attributes Display Resources
Layer Hame [
Abbrv. | Aldp
AZ2dp
Humber 25 CPdp
_ Cannotoccupy
Purpose
rp dravsing Add Purpose... CanmotoccupyBr
Eofiss e Canplace
GTdp
Priority o Group
) ) GroupLbl
B Selectable W Visible W Valid NFp
B Drag Enabhle W Change Layer Raow
. RowLbl
Translation Rules S dp
B Translate Stream Layer SPdp
= TEdp
Stream Data Type Humber | Top
Stream Layer Mumber I} distsEm e
set Properties... Edit Resources...
2-2-4
layer name Abbv Number
128 256 1 127
Purpose drawing Priority
LSW
edit resources 2-2-5
LSW
§2 3
pmos pmos  cell
1
LSW active dg LSW active active
icon menu rectangle icon vituoso editing
3.6u 6u
misc/ruler misc/clear ruler
delete icon
2
LSW poly dg

24 97
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0.6u < 0.6u(gate length)

T A

6u(gate width)

1.5u

A
A 4

A
v
w
(2]
e

File Yiew Help |
Application Mirtuoso — | Device dizplay =i | I\'I'Bl'hnl
Tech Lib Mame mylLib = I
Layers Fill Color Outline Color Stipple Line Style

iy

2

All
:LSN —l J —| J
[ ]nwell drawing _l ! —| !
[7 active drawing _| !l _l !l
i inselect drawing _l !l _| !l
" pselect drawing
[l poly drawing _| !l 1 _| !l i
[ metall drawing !l ! !l !
7lmetal2 drawing !l ! !l ! m
contact drawing

[ ]via drawing _| _| _| _| % 2'
[Jtext drawing ] (] |y ) e |

1N L) [om] [l ! !
App Ly || Edit... ||| Edit... || Edit... || Edit..,
2-2-5  display resource editor
3 pmos
pmos pselect
0.6u nwell 1.8u
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pselect
> <«
0.6u
\ 1.8u
nwell \
4
pmos nwell vdd 1.2u 1.2u active
nselect active0 6u nwell
elect I
/
active
pselect B B
\
pmos
pmos
1 contact dg
06 0.6 contact 1.5u
2 metall dg contact
0.3u
3 contact contact
active 0.3u
4 3u pmos
26 97
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1 3 .
| 1
VRS =l
B Ll
1 K o " {
| 1
'R 3
EL AR
P dn
| 1
n 1
| T
v R B
- ; I
| 1
| 1
e e .
2-3-1 pmos
pmos nmos
nmos
nmos pmos nmos  cell
nmMos
< 36t >
—» 0.6u

2-3-2nmos

1 cell inv

27
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metal2 poly  metal2
metall
mos 0.6 0.6 contact
contact poly 0.3u
c contact 0.6 0.6 Vvia metal2 dg
0.3u
d metall via  contact 0.3u
metal2_ -
metall
metall metall
via via metal2
LSW text d3 create/label label name
vdd
gnd A Out
e N NEERN . o
B U
= : ! it
G )
e - oF| A
N
2-3-4
DRC
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DRC Design Rule

Checker
LVS Layout \ersus
Schematic
Layout
Cellviews
Layer
Processing
|
o | LAVOUL
Design
|
Metwork Circuit
————— ER — -
Extraction € Integrity
|
PRE
Post-layout ,
Simulation -l—l— '
Design
FS —] LS ™ Matching
Schematic
Cellviews
3-0-11C
Cadence DIVA
DIVA
DIVA Cadence
LVS

DIVA
1 iDRC
iLPE
3 iPRE
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iERC
iLVS
Diva
LVS DRC Cadence Diva
Virtuoso Composer Diva
Diva
DRC
divaDRC.rul divaEXT.rul LVS
divaLVS.rul
83 1 DRC

la n (well) n 4.8u
1b 1.8u
lc ndiff  nwell 0.6u
1d pdiff  nwell 1.8u
le p mos nwell
2.a active 1.2u
2.b 1.2u
3.a poly 0.6u
3.b 0.6u
3.c 0.6u
3.d 0.6u
3.e 0.6u
4a contact 0.6u
4.b 0.9u
4.c 0.3u
4d metall 0.3u
5.a 1 metall 1 1.2u
5.b 1 0.9u
6.a 2 metal2 2 1.2u
6.b 2 1.2u
6.c 2 1.2u
7.a via 0.6u
7.b 0.9u
7.c 0.6u
7d metall 0.3u
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7.e metal2 0.3u
7.f 0.3u
DRC 1
divaDRC.rul
nwell=geomOr("nwell")
nwell
geomOr ““”
nwell=geomOr  (“nwell”)
drc
ivIf( switch( "drc?" ) then
drc
[outlayer]=drc(inlayerl [inlayer2] function [modifiers] )
outlayer drc
modifiers modifiers
outlayer
Inlayerl inlayer2
inlayerl
Function sep , width
, enc , ovip( ), area , hotch
>, <, >=, <=, == sep<3, width<4, l<enc<b5
drc(nwell width < 4.8 "Minimum nwell width =4.8") outlayer
modifiers nwell inlayer
nwell n function width<4.8 n 4.8
n 4.8u
drc
e 7 drc DIVA
saveDerived saveDerived(geomAndNot(pgate
nwell) "p mos device must in nwell') nwell pgate pmos
DRC
DRC
DRC
§3 2
DRC LVS
DIVA extract
DRC extract

31 97



Cadence cdsSPICE

ivif switch ““extract 7”7 then
extract

extract
recognition layer
terminal layer

3 psuedo_contact layer

geomConnect
extract geomConnect
geomConnect

via contact psd nsd poly metall
via via metall metal2

device

via
geomConnect via
contact psd nsd poly metall via
via
extractDevice extractDevice

extractDevice( reclayer termlayer model physical )
reclayer

Termlayer

Model

metall metal2

extraction

extractDevice( pgate (GT "G'™)(psd "S" "D'")(NT "B")"pfet ivpcell” )
extractDevice( ngate (GT "G'™)(nsd "S"™ "D"™)(pwell "B")"nfet ivpcell” )

pmos nmos

measureParameter
wl measureParameter length ngate butting nsd .5
nmos .5
savelnterconnect
LVS
savelnterconnect( nsd psd poly contact metall )
saveRecognition
extractDevice
saveRecognition( ngate "ngate" )
saveRecognition( pgate "pgate" )
extract
83 3 LVS
LVS diva extract

LVS
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LVS
lvsRules
procedure(mosCombine(valuel,value2)

permuteDevice(parallel “pmos” mosCombine)
compareDeviceProperty(“pmos” mosCompare)

)

83 4 Diva

DRC
.- \export\home\wmy\myLib\
divaDRC.rul divaEXT.rul divalLVS.rul

DRC Virtuoso
DIVA DRC
DRC DRC

Verify

(01,4 Cancel | Defaults| Apply Help
Checking Method ¥ flat hierarchical hier wfo optimization
Checking Limit # full incremental by area
Capriiinals 3el by Cursor
Switch Hames |I Set Switches
Run-3Specific Command File
Inclusion Limit 100
Join Hets With Same Hame
Echo Commands L
Rules File diwaDRC. rul;
Rules Library W |Top22d
Machine # local .- remote Machine
3-4-1 DRC
33 97
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Checking Method
Flat

Hierarchical

hier w/o optimization

Checking Limit

Full
Incremental DRC
by area DRC

Coordinate
12599:98991 115682:194485
Sel by Cursor,

Switch Names
DRC switch

Run-Specific Command File
Inclusion Limit

Echo Commands DRC Ciw DRC
Rules File DRC divaDRC.rul

Rules Library

Machine DRC

local local
remote

Remote Machine Name

Checking Method  Checking
Limit OK Clw

Verify-Markers-Find
apply

Verify-Markers-Explain
Verify-Markers-Delete

Virtuoso 3-4-2
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Tools Design Window Create Edit Venfy | Misc

DRC...
‘P/ Extract...
et SCA...
_ ERC...
e LVS...
- Probe...
‘,\. Markers I Explain |
Find...
i il Delete
Delete All...
3 —4-2Virtuoso
Extractor
LVS LSW
metall pn pn pin Virtuoso
Create-Pin

\\ Create Shape Fin

Hide | Cancel Help

Terminal Hames

Keep First Name

Mode ¥ rectangle dot polygon auto pin Sy pin
Create Lahel | 3et Text Style
10 Type ¥ input output inputOutput
switch jumper
3hap Mode orthogonal

Access Direction W top W hottom W left W right
W any hone

3-2-3
Terminal Names  Schematic Mode
rectangle 1/0 Type Create Label

Hide
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Verify —extractor

\\ Extractor

0K Cancel | Defaults, Apply Help
Extract Method ¥ flat macro cell full hier incremental hier
Join Hets Vith Same Hame Echo Commands u
Switch Hames Ii Set Switches

Run- Specific Command File

Inclusion Limit 100g
View Hames Extracted | extracted Excell |excell]
Rules File diwvaEXT. rul;
Rules Library N | TOp223
Machine # local . remote Machine

3-2-4Extractor
B

3-2-5
OK Library Manager myL.ib
nmos extracted
3-2-5
Verify-probe
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Commands

Run Directory

Create Metlist
Library
Cell

Views

Rules File

Rules Library

LVS Options

Correspondence File

Priority |
Run
3-2-6
LVS
LVS
LVS

LVS

Sample

Check--Current Cellview

LVS

Output

Error Display

Help i
Lvy Browse
B schematic N extracted
myLik myLik
HMOS HMOS
schematic extracted
Browse | Sel by Cursor| Browse | Sel by Cursor
Jexport/home Amy myLibdival¥s. rul Browse

B Rewiring

Device Fixing

Create Cross Reference M Terminals

Run |ocal

Error Display

3-2-6 LVS

schematic

Output

LVS
Extracted

wport home Sy S lws _corr file

Create
kMonitor Info
LVS
extracted
RUN
Info
LVS
Schematic
37
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Cadence  Verilog

84 1 \Verilog

Verilog

Cadence
textedit *.v
( * textedit )
Windows

\\ Text Editor ¥3.5.1 [ZDASTICZZ2] - alu w, o

File 'r) Yiew r) Edit 'r) Fird rj =

» [

| e 4

4-1-1textedit

File View Edit Find Windws

84 2 \Verilog

verilog

-f <filename> read host command arguments from file.
-v <filename> specify library file

-y <filename> specify library directory

-c compile only

-s enter interactive mode immediately
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-k <filename> set key file name

-u convert identifiers to upper case
-t set full trace
-q quiet
-d decompile data structure
Special behavioral performance options (if licensed):
+turbo speed up behavioral simulation.
+turbo+2 +turbo with second level optimizations.
+turbo+3 +turbo+2 with third level optimizations.
+listcounts generate code for maintaining information for
$listcounts
+no_turbo don"t use a VXL-TURBO license.
+noxl| disable XL acceleration of gates in all modules
Special environment invocation options (if licensed):
+gui invoke the verilog graphical environment
(1)-c
-C
verilog —c *.v
Cadence
(2)-s
(3)+gui &
verilog windows
“&11
verilog —s *.v +gui & & )
$
1
I G )
*
SimVision
Simvision  Verilog-XL SimControl Navigator

Signal Flow Browswer  Wactch Objects Window  SimWave
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(1)SimControl

Verilog-XL ( )

Manu Bar

Tool Bar

Source Browser

v

=dCadence YVerilog XL

File Control 3et Show Select Tools Options

Scope Region

w1 || Scope: # | iF ‘Dhjects: ] Gl
L & [ F[] e
#rl || Time: 0
[, module test;
reg [3:0]t=a, th;
req tc, tm;
a0 e | -"l-kl'l..
= i -
—® Scope | test ﬂ Subscopes i | I Y
_i_
VERILOG-XL 2.5 Mar 1, 2001 09:20:55 ﬁ
» | Copyright (c) 1995 Cadence Design Systems, Inc. 211 Rights Reserwes
]
=l =]
Ready R |é|J
4-2-1 SimControl

1/0 Region

Message Region

Menu Bar

Tool Bar
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Option-User Buttons-Create Options-User Buttons-Edit

b

4-2-2 SimControl
Run Simulation

Single Step

Step Over

Set Scope
Scope Up

Show Execution

Set Breakpoint

Set Force

Show Value
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j k I'm
Navigator
Watch Objects
Singal Flow Browser
SimWave

Source Browser

S omm X

Source Browser
Source Browser

4-2-2 n Source
Browser

Scope Region
scope field subscopes field
Source Browser
1/0 Region

1/0 Region Message Region

Message Region

Navigator
4-2-2 ] Navigator
Scope Tree
Objects List Scope Tree
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D
Menu Bar —m=8 File Select Options Help
@ u _ /\ -.‘"\ ’ nn
ToolBar —me i Scope: é Objects: Qéé@/ ﬁ Tools: {E- Whir
Hierarchy (3) 0— |1 | tester sster.under_test.p0.mi; ﬂ
Fath B
Object Value 'h
£y - a 3
Scope Tree—wff | [£3] tester b %
c_out =
| Z_t|under_test| | j._m’,"/, "
— E all I-...I | =
L T | m1
Dibjects List r —
—|ZE|m2
L E p‘]

4-2-3 Navigator
Menu Bar

( 4-2-4)
4-2-5

File Select | Options

Close | Signals Control+ 3 Scope Tree...
Wires Control+W Objects List...
Registers  Control+R Show Tree Only
Variables  Control+V Show Ohjects Only

Ports Control+P “+ Show Both

Inputs Control+| Help |

Outputs Control+0O
g * Ahout Mavigator...
Inouts Control+x

= * About Help...

Hone Control+N

4-2-4 Navigator
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e I [£:|tester tester.under_test.pl ﬂ
Haw oot Object Value 'h M
a H
Wave Trace
tester h X
Set Probe...
Set Debug Scope | =] under_test c_out %
| p0 cil ¥
der test i ci2 ¥
under_tes Q mi . %
Collapse r g 5 sum X
= 1] -
Explode i 5 UL
Mews Root _ p Set Break
fulsi Parent set Force...
Wave Trace Set Probe
Set Probe... Wave Trace
Set Debuy Scope Describe
4-2-5 Navigator PoP-Up
Tool Bar
Scope: é Objects: i\; }}l Tools: E}l s |ﬁ|
ot ot
a b c
4-2-6 Navigator
a b c¢ SimControl
SimControl Navigator
Hierarchy Path
Scope Tree
4-2-4  Options-Scope Tree...
Filters Formatting Layout
Scope Tree
Objects List
4-2-4  Options-Objects
List.. Filters Formatting Objects List
Selcet ( 4-2-4)
Wires Registers

44 97



Cadence cdsSPICE

Singal Flow Browser

(¢H) 4-2-2 ]
(2)SimControl Tools- Singal Flow Browser
(3) 4-2-6 Navigator C
(4) Wactch Objects Window 4-2-2 ]
( )

Radix

View Trace

o] oo 3| B |8 |

File

4 2 7 Singal Flow Browser
Menu Driver Frame

Tool Bar Trace field

Menu
File View Trace | Radix |
Close Esc | Driver Info... | Hhwow Bmuly Binary
show Drivers Octal
Errnnend Decimal
Clear Traceback | * Hexadecimal
4 2 8 Singal Flow Browser
Tool Bar
Trace field 2 SimControl Source Browser 4 Navigator

Objects List Trace field
Driver Frame
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Driver Value

Trace: | test.tsun] =t
AN
Driver Yalue
coutl ,sum} = suml + {1°’h0,cn,cn 15
4-2-9 Driver
Driver 4-2-9 View-Driver info...
Driver Details
}{-Driver Details
Driver: {coutl,sum} = suml + {1°b0,cn,cn,1°b0
Type: Continuous Assignment
Value: 15
aink: test.tsum
Location
scope: test.talu
File: alu.v
Line: 15
Locate | Dismiss I
4 2 10 Driver Driver Details
4-2-9 Driver 4-2-8  Trace-show inputs
Driver
Driver Yalue
coutl ,sum} = suml + {1’'b0,ch,ch 13
Contributing Signal Value
test.talu.suml T
Constant 0
test.talu.cn 1
test.talu.cn 1
Constant 0
Constant 111}
4 2 11 Driver inputs
Driver
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Watch Objects

(¢H) 4-2-2 Kk
(2) SimControl Tools- Watch Objects
(3) Navigator c
(4) Singal Flow Browser
4-4-2 k (

ﬁ'ﬁ'atch test. talu (4] !EE

File Edit Options Help

EEEINE

Ohject Value “h
sum
c_out
a

]

c_in
m

cd

ch
coutl
sum

HOMH K K M M M M K K X

4 2 12 Watch Objects

Watch Objects Source Browser
SimControl ( 2) Select
4 Navigator Objects List Watch Objects
4 2 12

Options-Heighlight Activity
Options-Continous Update 3
a Run Simulation

File Edit | Options |

Delete Add Objects Control+0 Default Radix F " Binary
Close Esc| Select All Control+A Full Hames octal
Select Hone Control+H Continuous Update Decimal
Invert Selection Control+l Highlight Activity 4+ Hexadecimal
Cut Control+X
Copy Controls+C
Paste Control+Y
Sort
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4 2 13 Watch Objects

SimWave
File Edit View Search Tools Options Help |
mrE SRR ERESET
Croup| w| Database lwaves. shn
~ /m
Al
est.ta
est.th
est.tc
est.tm
¥i
| T = | ol 1=
Al
i
4
I
4 2 14 SimWave
84 3
(alu.v)
textedit alu.v textedit
verilog —c alu.v
verilog -s alu.v +gui&
SimControl ( 2) Scope test.talu
SimControl Select-Ports
3 SimControl k Watch Objects

13 Options-Continuous ,Highlight Activity
3 SimControl m ., SimWave
3 SimControl a ,
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ﬁ'ﬁ':a.t-:h View 35 !E E

File Edit Options Help

o+ ] Pl

Value 'h

Object

4 3 1 Watch Objects

\\ Simfave: 0

File Edit View Search Tools Options

_ s | L@l @l lall @ | o =
Sinave 3.15-F I@ N & | el € < e i &)
Broup| w|Database waves. shm

4 3 2 SimWave
alu.v
module alu(sum,c_out,a,b,c_in,m);
output [3:0]sum;
output c_out;
input [3:0]a,b;
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input c_in,m;

wire c4,cn,coutl;

wire [3:0]suml,a2;

assign az2[0]=(b[0]&-m) ]| (~b[0]&m);

assign az2[1]=b[1];

assign az[2]=(b[2]&-m) | (((~b[2]&b[1]) [ (b[2]&~b[1]))&m);
assign az2[3]=(b[3]&m) | (~b[3]&~b[2]&~b[1]&m);
assign {c4,suml}=a+a2+c_in;

assign cn=c4|(suml[3]&sumi[2]) | (suml[3]&suml[1]);
assign {coutl,sum}=suml+{1"b0,cn,cn,1"b0}+1"b0;
assign c_out=cn;

endmodule

module test;

reg [3:0]ta,tb;

reg tc,tm;

wire [3:0]tsum;

wire tcout;

alu talu(tsum,tcout,ta,tb,tc,tm);

initial

$monitor($time,""c_out=%d,sum

%d=%d+%d+%d ,m=%d"", tcout, tsum, ta,th,tc,tm);

initial

begin
ta=4"b1001;
th=4"b1000;
tc=1"b0;
tm=1"b0;

#10 ta=4"b1001;
th=4"b1001;
tc=1"bl;

#10 ta=4"b0111;
th=4"b0010;
tc=1"b0;

#10 tm=1"bl;
ta=4"b0111;
th=4"b0010;
tc=1"bl;

#10 ta=4"b0111;
th=4"b0100;
tc=1"bl;

#10 ta=4"b0101;
th=4"b0010;
tc=1"bl;

#10 $finish;

50

97



Cadence cdsSPICE

end
endmodule
17 18

‘ﬁ') |"QE<J

q
‘ Fa [— FA-{ IFA-I I FA
[0«

Ny " Cd L !
i L ! L] r:‘f_e E

17 BCD

3 b2 bile
o 1=6 1 BIM

. . bl2=h2

BCt) %HTJEJ«'

4 b'3p2

B4 b3p’2 (b1 iadl lazlaziaw
Yy ¥ 19

BCD IniEsR«

L S

T Y

openbook vlogtut&
openbook vlogrefé&
openbook vloguser&
openbook simwaveuseré&

ftp 10.12.41.35  PC
FPGA

HDL4.2 Xilinx
Reference user_guide

3 iS:: iSlu

18 ALU

(Verilog-XL Tutorial)
(Verilog-XL Reference)
(simwave user guide)
(open the Verilog-XL guide)
Verilog

Cadence

o’ 3=b3M+(b3b2+b 302 M
b d=he i+ bab Th I

Modelshim,Active
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MEDICI

§5 1 MEDICI

1
10.13.72.33
, /export/home/avant/bin
PC EXCEED
PC
PC
setenv DISPLAY IP 0.0
2 MEDICI
medici
medici
medici  /export/home/avant/public/study.txt < >
8§85 2 MEDICI
MEDICI Manule.pdf
MOS NPN
MEDICI
Medici AVANT
MOS
Medici
MOSFET JFET MESFET MEDICI
MEDICI
MEDICI
MEDICI
GRID
MEDICI
MEDICI AVANT

SUPREM3  SUPREM4

52
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PHOTOGENERRATION BAND-BAND TUNNELING
Boltzman Fermi-Dirac

Attach lumped resistive capacitive and inductive elements to contacts

admittance s

1 One-dimensional plots of terminal data

admittance

6 Three-dimensional projuction plots of quantities

MEDICI

MESH, XMESH, YMESH, ELIMINATE, SPREAD, BOUNDRY,
TSUPREM4,REGION ELECTRODE, PROFILE

MESH:
X.MESH: X
Y.MESH: Y
ELIMINATE:
SPREAD:
BOUNDRY:
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REGRID

REGION:
INTERFACE
CONTACT
MATERIAL

MOBILITY
MODELS
SYBOLIC
METHOD
SOLVE

PLOT.3D

3D.SURFACE, TITLECOMMENT

PLOT.2D

CONTOUR,VERCTOR,E.LINE,LABEL,TITLE,COMMENT

PLOT.1D

E.LINE,LABEL,TITIE.COMMEN CONTOUR

3.

4

MEDICI
a)
b)
c)
a) logical:
b) numerical
c) array

d) character

true

54

(+")

97



Cadence cdsSPICE

1000

: 2000
3. 60000
§5 3 1
NMOS :
/export/home/avant/public/study.txt FTP
Acrobat

TITLE TMA MEDICI Example 1 - 1.5 Micron N-Channel MOSFET

COMMENT  Specify a rectangular mesh

COMMENT
MESH SMOOTH=1
¢ D
MESH ,MESH smoothing ( smoothing
SPREAD ).

COMMENT ~ WIDTH is the whole width,H1 is the width of a grid
X.MESH WIDTH=3.0 H1=0.125

X.MESH Y.MESH X.MESH
X.MESH H1=0.125 0—WIDTH
0125 ).

COMMENT  location of line NO. 1 is -0.025u, No.3 is 0.0u
Y .MESH N=1 L=-0.025

Y .MESH , N ,L 0.025
Y .MESH N=3 L=0.

0.025 ( )
COMMENT ~ Ou-1.0u H1=0.125 1u-2u H1=0.250
Y.MESH  DEPTH=1.0 H1=0.125

1 (DEPTH) 0125  (H1)
Y.MESH  DEPTH=1.0 H1=0.250
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1 , 0.250

COMMENT  Eliminate some unnecessary substrate nodes
ELIMIN COLUMNS  Y.MIN=1.1
11 (Y.MIN) (COLUMNS) ,

COMMENT  distort source/drain oxide thickness using SPREAD
COMMENT  ENC means the abruptness of two reagion, the number more litter,more sharp
SPREAD LEFT  WIDTH=.625 UP=1 LO0=3 THICK=.1 ENC=2

SPREAD , . SPREAD
(O-WIDTH ) 0.025( ) 01 (
). UP ( ),LO
( ),THICK .
SPREAD  RIGHT WIDTH=.625 UP=1 LO=3 THICK=.1 ENC=
SPREAD 0.025( ) 0.1
( )-
ENC ) )
) ENC=2
WIDTH

COMMENT  Use SPREAD again to prevent substrate grid distortion
COMMENT  line NO.4 move to Y.Lo, >line No.4 will be not affected
SPREAD LEFT  WIDTH=100 UP=3 L0=4 Y.L0=0.125

SPREAD 0.125 Y.LO=0.125
SPREAD 0.125
WIDTH ,

COMMENT  Specify oxide and silicon regions
COMMENT  no more description means all reagion
REGION SILICON
REGION , ;

REGION OXIDE 1Y _MAX=3

COMMENT  Electrode definition

ELECTR NAME=Gate X.MIN=0.625 X.MAX=2.375 TOP
ELECTR s

ELECTR NAME=Substrate BOTTOM

ELECTR NAME=Source X.MAX=0.5 1Y._.MAX=3

ELECTR NAME=Drain  X.MIN=2.5 1Y.MAX=3
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COMMENT  Specify impurity profiles and fixed charge
PROFILE  P-TYPE N.PEAK=3E15 UNIFORM
PROFILE ,P-TYPE P ,N.PEAK
(UNITFORM), P
(P-TYPE)3E15(N.PEAK).
PROFILE  P-TYPE N._PEAK=2E16 Y.CHAR=.25
P, 2E16 (Y.CHAR) 0.25

PROFILE N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=0.0 WIDTH=.5 XY_.RAT=.75
PROFILE N-TYPE N.PEAK=2E20 Y.JUNC=.34 X.MIN=2.5 WIDTH=.5 XY_.RAT=.75

(0-0.5 ) 2.5-3 ) (Y.JUNC) 0.34
) 0.75(XY.RAT), N (N-TYPE), 2E20(N.PEAK) .
INTERFAC QF=1E10
INTERFAC )
) 1E10(QF).-

COMMENT  GRID means show/hide grid

+ FILL means reagions is color filled or not
+ SCALE means the plot is reduced from the specified size in x or y directions
PLOT.2D  GRID TITLE="Example 1 - Initial Grid" FILL SCALE
PLOT.2D , GRID FILL
SCALE ,
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an

Example 1| - Initial Grid

.50

Micrans)

an

ODistance

=1t

an

COMMENT
REGRID
REGRID

PLOT.2D

a.50 1.@ag 1.50 2.0@

Distance (Microns?

Regrid on doping

DOPING

IGNORE=OXIDE RATIO=2 SMOOTH=1
RATIO )
( IGNORE  ).SMOOTH
,SMOOTH=1 )
DOPING

GRID TITLE="Example 1 - Doping Regrid" FILL

PN

SCALE

58
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Example 1 - Doping Regrid

= =

a.ee

@. 50

Microns)

]

Distance

.50

2.08

B.p@ B.5@ 1.00 1.58 2.0@ 2.50 3.08

Distarnce (Micrans)

COMMENT  Specify contact parameters
CONTACT  NAME=Gate N.POLY
CONTACT (NAME) N
(N.POLY).

COMMENT  Specify physical models to use
MODELS CONMOB  FLDMOB  SRFMOB2
MODELS , (
TEMP )- , ;
CONMOB , FLDMOB

SRFMOB2

COMMENT  Symbolic factorization, solve, regrid on potential

SYMB CARRIERS=0
The SYMBOLIC statements performs a symbolic factorization in preparation for
the LU decompositions in the solution phase of the program.

Poisson , ,
COMMENT
METHOD ICCG DAMPED
METHOD SYMB
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SOLVE

REGRID POTEN IGNORE=OXIDE RATIO=.2 MAX=1 SMOOTH=1

PLOT.2D  GRID TITLE="Example 1 - Potential Regrid” FILL SCALE

Example 1 - Fotential Regrid

.|

B. 50

(Micronsl

ap

Uistance

=1

ap

B.ap A.&@ L.pR 1.5@ 2.08
Distamce (Microns)

COMMENT  Impurity profile plots
PLOT.1D  DOPING X.START=.25 X_.END=.25 Y.START=0 Y_END=2

+ Y_LOG POINTS BOT=1E15 TOP=1E21 COLOR=2
+ TITLE="Example 1 - Source Impurity Profile"
PLOT.1D : DOPING
X.START,X.END,Y.START,Y.END
X_START,Y.START , X_END,Y_END
Y.LOG , TOP, BOT.
COLOR
0.25,0 0.25,2
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Example 1 - Source Impurity Profile

21; T T T T T T T

PLOT.1D  DOPING X.START=1.5 X.END=1.5 Y.START=0 Y.END=2

+ Y_LOG POINTS BOT=1E15 TOP=1E17 COLOR=2
+ TITLE="Example 1 - Gate Impurity Profile"
1.5,0 1.5,2

Example 1 - Late lmpurlty Frofiile

17_ T T T T T T T

164 .

lagCamcentration fomt-331

15
e | L | | B TR BT
B.o0 a.25 @.5@ B.75 1.00 1.25 1.50@ 1.75 2,08

Distance iMicrons)
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PLOT.2D BOUND REGION TITLE="Example 1 - Impurity Contours" FILL
CONTOUR  DOPING LOG MIN=16 MAX=20 DEL=.5 COLOR=2
CONTOUR ~ DOPING LOG MIN=-16 MAX=-15 DEL=.5 COLOR=1 LINE=2
PLOT.2D CONTOUR
CONTOUR PLOT.2D
DOPING
MIN  MAX DEL
P N
COLOR LINE
LOG MIN MAX DEL

Microns)

Distance
.Ba

.50

. 0@

Y ) T T T [T T A O N N ey [ T T

3.08

B.ea

COMMENT
SYMB
SOLVE

COMMENT
SYMB

SCALE

A.58 1.00 1.358 2.0 2.50

Distance (Microns!

Solve using the refined grid, save solution for later use
CARRIERS=0

Do a Poisson solve only to bias the gate
CARRIERS=0
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METHOD ICCG DAMPED
SOLVE V(Gate)=1.0
SOLVE SYMB
COMMENT  Use Newton®s method and solve for electrons
SYMB NEWTON CARRIERS=1 ELECTRON
NMOS
COMMENT  Ramp the drain
SOLVE V(Drain)=0.0 ELEC=Drain VSTEP=_.2 NSTEP=15
NSTEP
COMMENT  Plot Ids vs. Vds
PLOT.1D  Y.AXIS=I(Drain) X.AXI1S=V(Drain) POINTS COLOR=2
+ TITLE="Example 1D - Drain Characteristics"
LABEL LABEL="Vgs = 3.0v" X=2.4 Y=0.1E-4
LABEL
Example 1U Urain Characteristics
=
Lr'f_ =
ua
I
P
-~ = Wge = 3.8v _
£
3
3
5
=
=
E "
(=L .
=y
g_
= T T L 17 — 1 T U T
B.aa B.5@ 1.p0 1.50 4.686 2.5h 3.608
Welraind <Waolts)
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COMMENT  Potential contour plot using most recent solution
PLOT.2D BOUND JUNC DEPL FILL SCALE
+ TITLE="Example 1D - Potential Contours"
E.LINE X_START=2_.3 Y.START=0.02 S.DELTA=-0.3 N.LINES=8
+ LINE.TYPE=3 COLOR=1
E LINE , PLOT.1D PLOT.2D
N.LINES ,  (X_START,Y.START) S _DELTA

CONTOUR ~ POTENTIA MIN=-1 MAX=4 DEL=.25 COLOR=6
POTENTIA -1
MIN 4  MAX 0.25 DEL , (MAX-MIN)/DEL

LABEL LABEL="Vgs = 3.0v" X=0.2 Y=1.6
LABEL LABEL="Vds = 3.0v"

Example 10 - Fotential Contours

Micronel

ODigtance

= ' | !
=18

(]

S T Y T B U o T Y

B.0R p.5@ 1.00 1.5 2.0B 2.50 3.0
ODistance (Micraons)
SOLVE V(Drain)=0 TSTEP=1E-18 TSTOP=1E-10

5 SOLVE 0
SOLVE V(Drain)

’ L] 7 TSTEP >
TSTOP.

PLOT.1D  X.AXIS=TIME Y.AXIS=1(Drain) Y.LOG X.LOG POINTS
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TMR MEDICI Example 1T - 1.5 Micron N-Channel

logfIl 0raind (Ampss/um??

a U W N R

10...

11...

12...

13...

14...

15...

MOSFE

-18 -17 -16 -15 -14 -13 -1z
log¢TIME ¢seconds) )

85 4 2

npn
TITLE TMA MEDICI Example 2P - NPN Transistor Simulation
COMMENT Simulation with Modified Emitter Region

COMMENT Initial mesh specification

MESH;
X.MESH WIDTH=6.0 H1=0.250 6u 0.25u

. Y.MESH Y.MIN=-0.25 Y.MAX=0.0 N.SPACES=2 0.25 0
Y.MESH DEPTH=0.5 H1=0.125 0.5u

. Y.MESH DEPTH=1.5 H1=0.125 H2=0.4 1.5u
0.4u

COMMENT Region definition

REGION NAME=Silicon SILICON silicon

REGION NAME=Oxide OXIDE Y.MAX=0 0.25 0

REGION NAME=Poly POLYSILI Y.MAX=0 X.MIN=2.75 X.MAX=4.25
poly

COMMENT Electrodes

ELECTR NAME=Base X.MIN=1.25 X.MAX=2.00 Y.MAX=0.0

ELECTR NAME=Emitter X.MIN=2.75 X.MAX=4.25 TOP

, TOP

16...

ELECTR NAME=Collector BOTTOM

65
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0.125u

BOTTOM
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17... COMMENT Specify impurity profiles
18... PROFILE N-TYPE N.PEAK=5el5 UNIFORM OUT.FILE=MDEX2DS n
5el5 MDEX2DS
19... PROFILE P-TYPE N.PEAK=6el7 Y.MIN=0.35 Y.CHAR=0.16
+ X.MIN=1.25 WIDTH=3.5 XY.RAT=0.75 P 6el7
Y.CHAR 0.16 0.75
20... PROFILE P-TYPE N.PEAK=4el8 Y.MIN=0.0 Y.CHAR=0.16

+ X.MIN=1.25 WIDTH=3.5 XY.RAT=0.75;

21... PROFILE N-TYPE N.PEAK=7el9 Y.MIN=-0.25 DEPTH=0.25 Y.CHAR=0.17
+ X.MIN=2.75 WIDTH=1.5 XY.RAT=0.75 n
22... PROFILE N-TYPE N.PEAK=1el9 Y.MIN=2.0 Y.CHAR=0.27 n
23... COMMENT Regrids on doping
24 ... REGRID DOPING LOG RATIO=3 SMOOTH=1 IN.FILE=MDEX2DS MDEX2DS,
3
25... REGRID DOPING LOG RATIO=3 SMOOTH=1 IN.FILE=MDEX2DS
26... COMMENT Extra regrid in emitter-base junction region only.
27... REGRID DOPING LOG RATIO=3 SMOOTH=1 IN.FILE=MDEX2DS

+ X.MIN=2.25 X.MAX=4.75 Y.MAX=0.50 OUT.FILE=MDEX2MP
MDEX2MP
28... PLOT.2D GRID SCALE FILL

+ TITLE="Example 2P - Modified Simulation Mesh”

Example 2P - Modified Simulation Mesh

= = ==
. = =0 = = = = =l
0 R = = = =
| — I "'Z =] .
g vl N i
rl = ] | P e P P -
= = rues el s
= i L
T o [
=
2
]
—
[y
4] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.00 1.00 2.00 3.00 4.00 5.00 6. 00
Distance (Microns)
29... COMMENT Modify properties of polysilicon-emitter region
30... MOBILITY POLYSILI CONC=7E19 HOLE=2.3 FIRST LAST 7el9
2.3 FIRST LAST
31... MATERIAL POLYSILI TAUPO=8E-8 8e 8
32... MODEL CONMOB CONSRH AUGER BGN CONMOB
AUGER BGN
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33... COMMENT Initial solution
34... SYMB CARRIERS=0 SYMB CARRIERS O POISSON
35... METHOD ICCG DAMPED
36... SOLVE V(Collector)=3.0 Ve 3v
37... SYMB NEWTON CARRIERS=2
NEWTON
38... SOLVE Ve 3v NEWTON
39... COMMENT Setup log files, forward bias base-emitter junction, and
+ calculate the admittance matrix at 1.0 MHz
40... LOG OUT.FILE=MDEX2PI LOG MDEX2PI ,
41... SOLVE V(Base)=0.2 ELEC=Base VSTEP=0.1 NSTEP=4
+ AC.ANAL FREQ=1E6 TERM=Base le6HZ Vb 0.2v 0.6V 0.1V
42... SOLVE V(Base)=0.7 ELEC=Base VSTEP=0.1 NSTEP=2
+ AC.ANAL FREQ=1E6 TERM=Base OUT.FILE=MDEX2P7 le6HZ Vb 0.7
0.9 0.1V (Vb 0.7v) MDEX2P7
Vb=0.8Vv MDEX2P8 Vb=0.9v MDEX2P9
1... TITLE TMA MEDICI Example 2PP - NPN Transistor Simulation
2... COMMENT Post-Processing of MDEX2P Results
3... COMMENT Plot Ic and Ib vs. Vbe
4... PLOT.1D IN.FILE=MDEX2PI Y.AXIS=I(Collector) X.AXIS=V(Base)
+ LINE=1 COLOR=2 TITLE="Example 2PP - Ic & Ib vs. Vbe”...
+ BOT=1E-14 TOP=1E-3 Y.LOG POINTS LOG
LOG PLOT. 1D
5. PLOT.1D IN.FILE=MDEX2PI Y.AXIS=I (Base) X.AXIS=V(Base)
+ Y.LOG POINTS LINE=2 COLOR=3 UNCHANGE UNCHANGE
6... LABEL LABEL="Ic” X=.525 Y=1E-8
7... LABEL LABEL="Ib” X=.550 Y=2E-10
LABEL LABEL="Vce = 3.0v” X=.75 Y=1E-13
9. COMMENT Plot the current gain (Beta) vs. collector current
10... EXTRACT NAME=Beta EXPRESS=@I (Collector) /@I (Base) EXTRACT Beta
11... PLOT.1D IN.FILE=MDEX2PI X.AXIS=I(Collector) Y.AXIS=Beta
+ TITLE="Example 2PP - Beta vs. Collector Current”
+ BOTTOM=0.0 TOP=25 LEFT=1E-14 RIGHT=1E-3
+ X.LOG POINTS COLOR=2
12... LABEL LABEL="Vce = 3.0v"” X=5E-14 Y=23
13... COMMENT Plot the cutoff frequency Ft=Gcb/ (2*pi*Cbb)
14... EXTRACT NAME=Ft UNITS=Hz
+ EXPRESS="@G (Collector,Base)/ (6.28*@C (Base,Base) )"
Hz
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15...

16...
17...
18...
19...
20...
21...

22...
23...
24. ..
25...
26. ..

27. ..

28...
29...
30...
31...
32...

33...

34...

35...
36...
37...
38...
39...

PLOT.1D IN.FILE=MDEX2FI X.AXIS=I(Collector) Y.AXIS=Ft
TITLE="Example 2FP - Ft vs. Collector Current”
BOTTOM=1 TOP=1E10 LEFT=1E-14 RIGHT=1E-3

X.LOG Y.LOG POINTS COLOR=2

LABEL LABEL="Vce = 3.0v” X=5E-14 Y=1E9

COMMENT Read in the simulation mesh and solution for Vbe=0.9v

MESH IN.FILE=MDEX2MS

LOAD IN.FILE=MDEX2S9 MDEX2S9 (Vbe 0.9Vv)
COMMENT Vector plot of total current for Vbe=0.9v
PLOT.2D BOUND JUNC SCALE FILL

TITLE="Example 2FP - Total Current Vectors”

VECTOR J.TOTAL COLOR=2

LABEL LABEL="Vbe 0.9v” X=0.4 Y=1.55

LABEL LABEL="Vce = 3.0v”

COMMENT Potential contour plot for Vbe=0.9v
PLOT.2D BOUND JUNC DEPL SCALE FILL
TITLE="Example 2FP - Potential Contours”

CONTOUR POTEN MIN=-1 MAX=4 DEL=.25 COLOR=6
POTEN MIN MAX DEL
r n

LABEL LABEL="Vbe 0.9v” X=0.4 Y=1.55

LABEL LABEL="Vce = 3.0v”

COMMENT Plot doping and carrier concentrations for Vbe=0.7v

LOAD IN.FILE=MDEX2S7 MDEX2S7 (Vbe 0.7v)

PLOT.1D DOPING Y.LOG SYMBOL=1 COLOR=2 LINE=1

BOT=1E10 TOP=1E20

X.STA=3.5 X.END=3.5 Y.STA=0 Y.END=2

TITLE="Example 2FP - Carrier & Impurity Conc.”;
SYMBOL=1, 3.5,0 , 3.5,2

PLOT.1D ELECTR Y.LOG SYMBOL=2 COLOR=3 LINE=2 UNCHANGE

X.STA=3.5 X.END=3.5 Y.STA=0 Y.END=2

PLOT.1D HOLES Y.LOG SYMBOL=3 COLOR=4 LINE=3 UNCHANGE
X.STA=3.5 X.END=3.5 Y.STA=0 Y.END=2

LABEL LABEL="Vbe = 0.7v"” X=1.55 Y=4El2

LABEL LABEL="Vce = 3.0v”

LABEL LABEL="Doping” SYMBOL=1 COLOR=2

LABEL LABEL="Electrons” SYMBOL=2 COLOR=3

LABEL LABEL="Holes” SYMBOL=3 COLOR=4
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log (Ft (Hz) )

(Microns)

Distance

Example 2PP - Ft vs. Collector Current
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Example 2PP - Potential Contours
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86 1

1 DRC

drcExtractRules(
nwell=geomOr("nwell")
nselect=geomOr("nselect™)
pselect=geomOr("pselect™)
poly=geomOr(*"poly")
active=geomOr("active")
contact=geomOr("contact")
metall=geomOr("metall")
metal2=geomOr("metal2")
via=geomOr("via")
ndiff=geomAnd( active nselect)
pdiff=geomAnd( active pselect)
ngate=geomAnd(ndiff poly)
pgate=geomAnd( pdiff poly)

ivif(switch("drc?") then
ivlf(switch("checkTechFile") then
checkAllLayers()
)
*/rules for nwell
ivIf(switch("nwell™)||switch("all") then
drc(nwell width < 4.8 "1.a:Minimum nwell width =4.8")
drc(nwell sep < 1.8 "1.b:Minimum nwell to nwell spacing =1.8")
drc(nwell ndiff enc < 0.6 "1.c:nwell enclosure ndiff =0.6" )
drc(nwell pdiff enc < 1.8 "1.d:nwell enclosure pdiff =1.8")
saveDerived(geomAndNot(pgate nwell) "1.e:p mos device must in nwell™)
)
*/rules for active
ivIf(switch("active")||switch("all") then
drc(active width < 1.2 "2.a:Minimum active width =1.2")
drc(active sep < 1.2 "2.b:Minimum active to active spacing =1.2")
)
;*/rules for poly
ivIf(switch("poly")||switch("allinterconnect")||switch("all") then
drc(poly  width < 0.6 "3.a:Minimum poly width<0.6")
drc(poly sep<0.6  "3.b:Poly to Poly spacing<0.6")
drc(poly active sep <0.6 "3.c:Field Poly to Active spacing <0.6")
ngatel=geomGetEdge(ngate coincident poly)
ngatew=geomGetEdge(ngate inside poly)
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pgatel=geomGetEdge(pgate coincident poly)
pgatew=geomGetEdge(pgate inside poly)
drc(poly ngatew
enc < 0.6 opposite "3.d:nPoly gate overlap onto field<.6"
)
drc(active ngatel
enc < 0.6 opposite "3.e:nSource/Drain enclosure of gate<.6"
)
drc(poly pgatew
enc < 0.6 opposite "3.d:pPoly gate overlap onto field<.6"
)
drc(active pgatel
enc < 0.6 opposite "3.e:pSource/Drain enclosure of gate<.6"

*/contact rules
ivlf(switch("contact™)||switch("allInterconnect")||switch("all") then
saveDerived(geomAndNot(contact geomOr(active poly)) "contact not inside Active or
poly™)
saveDerived(geomAndNot(contact metall) "contact not covered by Metall")
drc(contact
width < 0.6 "4.a:Contact width<0.6"

)
drc(contact

sep < 0.9 "4.b:Contact to Contact spacing <0.9"
)

drc(poly contact
enc < 0.3 "4.c:Contact inside Poly<0.3"
)
saveDerived(geomStraddle(contact poly)
"4.c:contact inside poly<0.3")
drc(metall contact
enc < 0.3 "4.d:Contact inside Metal1<0.3"
)
saveDerived(geomStraddle(contact metall)
"4.d:contact inside metal1<0.3")

saveDerived(geomOutside(contact metall)
"4.d:contact inside metal1<.3")
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*/metall rules
ivIf(switch("metall")||switch("allInterconnect")||switch("all") then
drc(metall
width < 1.2 "5.a:Metall width<1.2"
)
drc(metall
sep < 0.9 "5.b:Metall to Metall spacing <0.9"

*/metal2 rules
ivIf(switch("metal2")||switch("allInterconnect")||switch("all") then
drc(metal2
width < 1.2 "6.a:Metal2 width<1.2"

)
drc(metal2
sep < 1.2 "6.b:Metal2 to Metal2 spacing<1.2"
)
drc(metal2
notch < 1.2 "6.c:Metal2 to Metal2 spacing<1.2"
)
)
*/via rules
ivIf(switch("via")||switch("allInterconnect™)||switch("all") then
drc(via
width < 0.6 "7.a:Via width<0.6"
)
drc(via
sep < 0.9 "7.b:Via to Via spacing<0.9"
)

drc(via contact
sep < 0.6 "7.c:Via to Contact spacing <0.6"
)
drc(metall via
enc < 0.3 "7.d:Via inside Metal1<0.3"
)
drc(metal2 via
enc < 0.3 "7.e:Via inside Metal2<0.3"
)
saveDerived(geomAndNot(via metall) "Via not inside Metall1")
saveDerived(geomAndNot(via metal2) "Via not inside Metal2")
saveDerived(geomOverlap(via contact) "Via not allowed over contacts")
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saveDerived(geomOverlap(via poly) "Via not allowed over Poly")
drc(via poly
sep < 0.3 "7.f:Via to Poly spacing <0.3"

)

2 extract
J*EXTRACT RULES FOR NWELL CMOS

drcExtractRules(

ivIf( switch( "extract?" ) then

;define commonly used layers
bkgnd=geomBkgnd()
nwell=geomOr("nwell")
psub=geomAndNot(bkgnd nwell)
active=geomOr("active")
nselect=geomOr("nselect™)
pselect=geomOr("pselect™)
poly=geomOr("poly")
contact=geomOr(*"contact")
metall=geomOr("metall")
metal2=geomOr("metal2")
via=geomOr("via")
ndiff=geomAnd(active nselect)
pdiff=geomAnd(active pselect)

; nactive=geomAnd(ndiff psub)

;pactive=geomAnd(pdiff nwell)

;define recognition layers
ngate=geomAnd(ndiff poly)
pgate=geomAnd(pdiff poly)

;define terminal layers
nsd=geomAndNot(ndiff poly)
psd=geomAndNot(pdiff poly)

;define persudo layers
ntap=geomAnd(nsd nwell)
ptap=geomAnd(psd psub)

geomConnect(
via(via metall metal2 )
via(contact metall psd nsd poly )
via(ntap nwell nsd)
via(ptap psub psd)
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;subPConn=geomStamp( psub ptap error)
; sSubNConn=geomStamp( nwell ntap error)

extractDevice( pgate poly("G") psd("S" "D") "pmos ivpcell")
extractDevice( ngate poly("G") nsd("S" "D") "nmos ivpcell™)

:device measurement

poateWidth = measureParameter( length (pgate coincident poly ) 0.5)
pgateLength = measureParameter( length (pgate inside poly ) 0.5)
saveParameter( pgateWidth "w" )

saveParameter( pgateLength "I'")

ngateWidth = measureParameter( length ( ngate coincident poly ) 0.5)
ngateLength = measureParameter( length (ngate inside poly ) 0.5)
saveParameter( ngateWidth "w" )

saveParameter( ngateLength "I')

;savelnterconnect(contact poly metall metal2 via )
savelnterconnect( poly contact metall metal2 via)
;savelnterconnect((nsd "nselect™) (psd "pselect™) )
;savelnterconnect((subNConn "nwell™) (subPConn "pselect™))
saveRecognition( ngate "poly")

saveRecognition( pgate "poly")

)

)
3 LvS

IvsRules(
procedure( compareMOS( layPlist,schPlist)

prog( ()
if(layPlist->w!=nil && schPlist->w!=nil then
if( layPlist->w !=schPlist->w then
sprintf(errorW,
"Gate width mismatch: %gu layout to %gu schematic",
float( layPlist->w ), float( schPlist->w ) )
return( errorw)
)
)
if( layPlist->I '=nil && schPlist->1 !=nil then
if( layPlist->| = schPlist-> then
sprintf( errorL,
"Gate length mismatch: %gu layout to %gu schematic”,
float( layPlist->1 ),float(schPlist->1) )
return( errorL)
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)
)
return( nil )
) ; prog
); comparemos

procedure( parallelIMOS( m1Plist, m2Plist )

prog( ( parMos )
(parMos = (ncons nil ) )
if(( m1Plist->I I=nil && m2Plist->I I=nil) then
parMos->I = ( m1Plist->I + m2Plist-> 1) /2.0
)
if(( m1Plist->w !'= nil && m2Plist->w != nil) then
parMos->w = ( m1Plist->w + m2Plist->w )

)

return( parMos )

) ; prog
) ; paralleIMOS
permuteDevice( parallel "pmos" paralleIMOS )

permuteDevice( parallel "nmos" paralleIMQOS )
;permuteDevice( MOS "pmos" )

;permuteDevice( MOS "nmos" )
compareDeviceProperty( "pmos" compareMOS )

compareDeviceProperty( "nmos" compareMOS )

)
:lvsRules
86 2 DIVA
DIVA
-*************DRC Procedure****************
pad 4u 2

drcExtractRules(
ivIf( switch(“padFix™)||switch(“all”)  then
metal2=geomOr(“metal2” geomSize(“pad” 4.0))
4u
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geomErase(“metal2”)
saveDerived(metal2(“metal2”
drawing
via polyl
viak via 0.2u
ivIf(switch(*viaEfix”)[|switch(*all”)

then

“drawing”) )

0.5u viaE

viaToFix=geomOverlap(“via” geomSize(“polyl” 0.5))

via polyl 0.5u
viaE=geomSize(viaToFix 0.2)
geomErase(*“viaE”)

saveDerived(viaE (*viaE”

)
)

rhkkkkhkkhhkhkikikkikk
; DRC

drcExtractRules(

nsd=geomAndNot(“ndiff”
psd=geomAndNot(“pdiff”
ngate=geomAnd(“ndiff”
pgate=geomAnd(“pdiff”
DRC
ivif(switch(“drc?”) then
dummy=geomBkgnd()
0
ivIf(switch(“Owidth™)  then
layers=geomcat(“thinox”
“contact” “ndiff” “PRES”
geomCat  geomOr
drc(layers width==
)
ivIf(switch(*offgrid”)  then
maskedLayers=geomCat(“thinox”
“contact” “ndiff” “PRES”
offGrid(maskedLayers .05 raw

“polyl™)
“polyl™)
“polyl™)
“polyl™)

raw

ivIf(switch(“checkTechFile”) then

checkAllLayers()
)

ivIf(switch(“well”)||switch(“all”) then
drc(“nwell” width<1.8  “la:minimum

viakE

“drawing”));

“metall”
“pdiff”

“0-width shape™)

“pdiff”
“shape off .05

via
via0.2u

viakE drawing

Procedure****************

“via2” “via
“pad”)

“metal3”
“buried” *“pbase”

Ilpoly111
“nwell”

raw

“via2” “via
“pad™)

“metall” “polyl” “metal3”
“nwell”  “buried” “pbase”

grid™) offGrid

nwell width =1.8") n 1.8u
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drc(“nwell”  sep<2.5 “1b:minimum nwell spacing=2.5") n 2.5u
drc(“nwell”  “pdiff” enc<2.0 “lc:nwell enclosure of pdiff =2.0”) pdiff

nwell 2u

saveDerived( geomStraddle(“pdiff”  “nwell”) “1c:nwell enclosure of pdiff=2.0") pdiff
nwell

drc(“nwell”  “ndiff” enc<1.0 “1d:nwell enclosure of ndiff =1.0”) ndiff

nwell 1u

saveDerived( geomStraddle(“ndiff”  “nwell”) “1d:nwell enclosure of ndiff=1.0") ndiff
nwell

soft connect
ptap=geomOverlap(“ndiff” “nwell”) nwell ndiff
nwell=geomOr(“nwell)
ndiff=geomOr(“ndiff”)
metall=geomOr(“metall”)
geomConnect(
via(ptap ndiff metall) ndiff ptap metall
)
ivIf(switch(“currentCell?”)||!switch(“hier?”)
geomStamp(nwell ndiff error)

)

)

ivIf(switch(*diff”)||switch(*all”) then
dre(“ndiff”  width<1.0 “2.a:minimum ndiff width=1.0");ndiff 1u
drc(“pdiff”  width<1.0 “2.a:minimum pdiff width=1.0") pdiff lu
dre(“ndiff”  sep<1.0 “2.b:minimum ndiff spacing=1.0") ndiff lu
drc(“pdiff”  sep<1.0 “2.b:minimum pdiff spacing=1.0") pdiff lu
drc(“pdiff”  “ndiff” sep<1.0 “2.c:minimum ndiff to pdiff spacing =1.0”) ndiff  pdiff

1lu

drc(nsd  width<1.0 “2d:minimum source/drain diffusion width =1.0")
drc(psd  width<1.0 “2d:minimum source/drain diffusion width =1.0")

1u
saveDerived(geomAndNot(pgate “nwell”) “2.e:P mos device must be inside nwell”)
nwell pmos
)
polyl

ivIf(switch(“poly1™)||switch(“allInterconnect™)||switch(“all”) then
drc(“polyl” width<0.6 “3.a:minimum polyl width=0.6") polyl 0.6u
drc(“polyl” sep<1.0 “3.b:minimum polyl spacing=1.0") polyl lu
drc(“polyl” “ndiff” enc <0.4 “3.c:polyl extension past ndiff =0.4")
drc(“polyl” “pdiff” enc <0.4 “3.c:polyl extension past pdiff =0.4”) polyl ndiff
pdiff 0.4u
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saveDerived(geomButting(pgate psd keep<2) “3c:polyl extension past pdiff =0.4");

keep<2 pgate psd mos
pgate psd

saveDerived(geomButting(ngate nsd keep<2) “3c:polyl extension past ndiff =0.4")
)

metall
ivIf(switch(“metall”)||switch(“allinterconnect™)||switch(“all”)  then

drc(“metall” width<0.8 “4a:minimum metall width =0.8”) metall 0.8
drc(“metall” sep<1.0 “4b:minimum metall spacing =1.0”) metall lu
)

contact
ivIf(switch(*“contact”)||switch(“allInterconnect”)||switch(*“all”)  then

drc(“contact” width<1.0 “5a:minimum contact width =1.0”) contact 1u

drc(“contact” sep<1.0 “Sb:minimum contact spacing =1.0”) contact
lu
drc(“ndiff”  “contact” enc<1.0 “5c:ndiff enclosure of contact =1.0”) ndiff
contact 1u
saveDerived(geomStraddle(“contact” “ndiff”) “5c:ndiff enclosure of contact =1.0")
contact  ndiff
drc(“pdiff”  “contact” enc<1.0 “5c:pdiff enclosure of contact =1.07)  pdiff
contact lu
saveDerived(geomStraddle(“contact”  “pdiff”)  “5c:pdiff enclosure of contact =1.0")
contact  pdiff
drc(“metall” “contact” enc<0.5 “5d:metall enclosure of contact =0.5”) metall contact
0.5u
saveDerived(geomStraddle(“contact” “metall”) “5d:metall enclosure of contact =0.5")
contact metall
saveDerived(geomOutside(“contact” “metall”) “5d:metall enclosure of contact =0.5”)
contact  metall
drc(“polyl” *“contact” enc<0.5 *“5e:polyl enclosure of contact =0.5") polyl contact
0.5u
saveDerived(geomStraddle(“contact” “polyl”) “5e:polyl enclosure of contact =0.5")
contact  polyl
savederived(geomOutside(“contact” geomOr(geomOr(“ndiff” “pbase”) geomOr(“pdiff”
“poly1™))) “contact must be enclosed by pdiff or ndiff or polyl”) contact
pdiff ndiff polyl

)
ivIf(switch(“metal2”)||switch(*“alllnterconnect™)||switch(“all”)  then
drc(“metal2” width<1.0 “6a:minimum metal2 width =1.0”) metal2 lu
drc(“metal2” sep<1.0  “6b:minimum metal2 spacing =1.0”) metal2 1u
)
ivlf(switch(*“via™)||switch(*“allinterconnect™)||switch(“all”)  then
drc(“via” width<1.0 “7a:minimum via width =1.0”) via lu
drc(“via” sep<l1.0 “7b:minimum via spacing=1.0") via 1u

80 97



Cadence cdsSPICE

drc(“metall” “via” enc<1.0

1u

“7c:metall enclosure of via =1.0") metall via

saveDerived(geomStraddle(“via” “metall”) “7c:metall enclosure of via =1.0") via
metall
saveDerived(geomOutside(“via” “metall”)  “7c:metall enclosure of via =1.0")
metall via
drc(“metal2” “via” enc<0.5 “7d:metal2 enclosure of via=0.5") metal2 via
lu
saveDerived(geomStraddle(“via” “metal2”) “7d:metal2 enclosure of via =0.5”) via
metall
saveDerived(geomOutside(“via” “metal2”)  “7d:metal2 enclosure of via =0.5")
metall via
)
ivIf(switch(“pad”)||switch(“all”) then
drc(“pad” width<20.0  “8a:minimum pad width =20.0”) pad 20u
drc(“metal2” “pad” enc<3.0 “8h:metal2 enclosure of pad =3.0”) metal2 pad
3u
saveDerived(geomStraddle(“pad” “metal2”) “8b:metal2 enclosure of pad =3.0") metal2
pad
saveDerived(geomOutside(“pad” “metal2”)  “8b:metal2 enclosure of pad =3.0")
metal2 pad
drc(“pad” sep<25.0 “8c:minimum pad spacing =25.0") pad 25u
drc(“pad” geomGetByLayer(“metal2” “pad” 6) sep<5.0 “8d:minimum metal2 to pad
spacing =5.0")
) pad 6u metal2 metal2  pad
5u
ivIf(switch(“res™)||switch(“all”) then
drc(“PRES” width<1.0 “9a:minimum PRES width=1.0") PRES lu
drc(“PRES” sep<1.0  “9b:minimum PRES spacing =1.0”) PRES lu
drc(“PRES” “ndiff” enc<0.5 “9c:PRES enclosure of ndiff =0.5”) PRES ndiff
0.5u
saveDerived(geomStraddle(“ndiff” “PRES”) “9c¢:PRES enclosure of ndiff =0.5") ndiff
PRES
)
ivif(switch(*cap”)||switch(“all”) then
drc(“thinox” width<1.0 “10a:minimum thinox width =1.0”) thinox lu
drc(“thinox” sep<2.0 “10b:minimum thinox spacing =2.0”) thinox 2u
drc(“polyl” “thinox” enc<0.4 “10c:polyl enclosure of thinox =0.4”) polyl thinox
0.4u
saveDerived(geomStraddle(“thinox” “polyl”) “10c:polyl enclosure of thinox=0.4")
thinox  polyl
)
ivIf(switch(*“bipolar”)||switch(*“all”) then
drc(“buried” “pdiff” enc<0.5 “lla:buried enclosure of pdiff =0.5”) buried
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pdiff 0.5u
saveDerived(geomStraddle(“pdiff” “buried”) “1la:buried enclosure of pdiff=0.5")  pdiff
buried
drc(“buried” “ndiff” enc<0.5 “l1la:buried enclosure of ndiff =0.5”) buried
ndiff 0.5u
saveDerived(geomStraddle(“ndiff”  “buried”) “1la:buried enclosure of ndiff=0.5")  ndiff
buried
drc(“buried” “pbase” enc<0.5 “lla:buried enclosure of pbase =0.5") buried
pbase 0.5u

saveDerived(geomStraddle(“pbase” “buried”) “1la:buried enclosure of pbase=0.5")
pbase  buried
drc(“pbase” “ndiff” enc<0.5 “llb:pbase enclosure of ndiff =0.5”) pbase ndiff

0.5u
saveDerived(geomStraddle(“ndiff” “pbase”) “l1lb:pbase enclosure of ndiff =0.5")
ndiff  pbase
)
)
)

*khkkkkkkhhkhkkkkkkkhkkhkiikiik EXtraCtI on P roce d u re*************************

drcExtractRules(

ivIf( switch(“extract?”) then; extraction
polyl=geomOr(“polyl”)
pdiff=geomOr(“pdiff”)
ndiff=geomOr(“nwell”)
pbase=geomOr(“pbase”)
buried=geomOr(“buried”)
thinox=geomOr(*“thinox”)
PRES=geomOr(“PRES")
contact=geomOr(“contact™)
metall=geomOr(“metall”)
via=geomOr(*“via”)
metal2=geomOe(“metal2”)
pad=geomOr(“pad™)
sub=geomBkgnd()

ngate=geomAnd(ndiff polyl)

pgate=geomAnd(pdiff polyl)

npn=geomAnd(ndiff pbase) npn

pnp=geomHoles(pdiff) pnp pnp pnp

nsd=geomAndNot(ndiff polyl)
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psd=geomAndNot(pdiff polyl)

pnpEmit=geomAnd(psd pnp) pnp

psd=geomAndNot(psd pnpEmit) psd pnp
resTerm=geomAnd(geomsize(contact 1) geomAnd(PRES nsd))
PRES=geomAndNot(goemAnd(PRES nsd) resTerm)
nsd=geomAndNot(nsd geomOr(PRES resTerm))

ptap=geomAndNot(geomAndNot(psd nwell) buried)
psd=geomAndNot(psd ptap)
nburied=geomAndNot(geomAnd(nsd buried) pbase)
pbaseConn=geomAndNot(geomAnd(contact pbase) nsd)
contact=geomAndNot(contact pbaseConn)
padContact=geomAnd(metal2 pad)

;define geomConnect statement
geomConnect(via(contact metall nsd psd polyl ptap pnpEmit resTerm)
via(via metall metal2)
via(nburied nsd buried)
via(pbaseConn pbase metall)
via(padContact metal2 pad)
)
nwellConn=geomStamp(nwell nsd)
subConn=geomStamp(sub ptap)

:define extractDevice statemetnt

extractDevice(pgate poly1l(“G”) psd(“S” “D”) nwellConn(“B”) “pmaos ivpcell”)
extractDevice(ngate poly1(“G”) nsd(“S” “D”) subConn(“B”) “nmos ivpcell™)
extractDevice(npn nsd(“E”) pbase(“B”) buried(“C”) “npn ivpcell™)
extractDevice(pnp pnpEmit(“E”) psd(“C”) buried(“B”) “pnp ivpcell”)
extractDevice(thinox metal1(“PLUS”) poly1(“MINUS”) “cap ivpcell”)
extractDevice(PRES resTerm(“PLUS” “MINUS”) “res ivpcell”)

;measure device sizes and other parameters

:for nmos device:

wn=measureParameter(length (ngate butting nsd) .5e-6)
In=measureParameter(length (ngate inside polyl) .5e-6)
saveParameter(wn “w”

saveParameter(In “I"")

;for pmos device:

wp=measureParameter(length (pgate butting psd) .5e-6)
Ip=measureParameter(length (pgate inside polyl) .5e-6)
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saveParameter(wp “w”
saveParameter(lp “I'")

;for pnp device:
pnpea=measureParameter(area (pnp over pnpEmit) 1e-6)
saveParameter(pnpea “area”)

;for npn device:
npnea=measureParameter(area npn le-6)
saveParameter(npnea “area”)

;for cap
cap=measureParameter(area(thinox) 5e-15)
saveParameter(cap “c”)

:for res

wr=measureParameter(length(PRES butting resTerm) .5)
Ir=measureParameter(length(PRES outside resTerm)  .5)
bendsr=measureParameter(bends_all (PRES outside resTerm))
res=calculateParameter(((Ir/wr) —(.46*bendsr))*100.0)
saveParameter(res “r)

;output data to extracted layout
saveRecognition(pgate “poly1”)
saveRecognition(ngate “poly1”)
saveRecognition(npn “ndiff”)

saveRecognition(pnp “buried”)
saveRecognition(thinox “thinox™)
saveRecognition(PRES “PRES”)
savelnterconnect(contact metall polyl metal2 via)
savelnterconnect((nsd “ndiff”) (psd “pdiff”))
savelnterconnect((nwellConn “nwell”) pbase buried)
savelnterconnect((pnpEmit “pdiff”) (pbaseConn “contact™))
savelnterconnect((resTerm “PRES”) pad)
copyGragphics((“text” “drawing” ) all)

);end extract?

):end drcExtractRules

§6 3
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diva

GeomAnd

o

N

%////
/7

%’///// [{:"//////

Crriginal polygons

Original edges shown as polygons

raw

geomaAnd resutt

geomaAnd resutt

NN

georn Or result

GeomOr
'\ B
2%
Y224
y
%
Origind polygors
Original edges shown as polygons
GeomAndNot

gearn Or result
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0

NN

Origina polyoo georndnd Mot result

N

GeomXor
%///é /\//I//f y////é 7 5’7////«:?,
Z 7
o) N i

Original edges shown as palygars GRaMAOr resy it

GeomNot

////////////////////
-
%

Original polygan geomrotresult

2/

NS

N
=

NN

_

GeomCat geomOr

diffNet  sameNet
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keep  ignore
Geomlnside

Shapes anlayer1 marked " are inside shapes on layerz.

o] lawert layerz

GeomOutside

N
\

Shapes on layer1 marked "0 are outside shapes on layerz.

o] layert |

GeomAvoiding

Shape onirlapers

Shape an dird apers shape on irxayers
“gutside™ hut not “Duts_id_e” and
“al\'ll:lldlng” “El.'-.-'l:lldlr'lg”

GeomStraddle
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Shapes on layer1 marked ™5™ are straddling shapes on layerz.

fo] lawer layerz
GeomButting

N .
NEN

Shapes marked “B” are butting. o] layer

GomeCoincident

N

Shapes marked “C” are coincident oo layer

GeomOverlap

N\

Shapes anlayer1 marked "0 are overlapping shapes on layerz.

[ layert layers

GeomButtOrCoin
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N\

shapes marked “B7 and/or“C” are butting and/or coincident

Py layert

GeomButtOrOver

N\

Shapes onlayert marked £ and Sare butting or overlapping shapes on layerz,

|\ \i layer f

1 layerz2

GeomEnclose

N\

Shapes marked “E”on layer1 are enclosing shapes on layerz.

Pooe] layert EEEEE layerz

GeomButtOnly

Shape ondirlaper?

Shape on flaper 2 hutts Shape on drlaperz is
and straddles frlaper? anly butting deLaserr
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GeomCoinOnly

Shape on byl apes?

Shape on drigtes? is Shape an delaperz is only
coincident and straddles coincident with frlgserr
il g)rert

geomSize

\ o

w\\\

N

Megative size Positive size

AN [
\E*S Sized \ﬁ*ﬂ

Acute angle truncation during positive sizing

-
N

Original shape Positive edoe size Megative edge size
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GeomStretch

Originzl shape Positive stretch Mecative stretch

GeomGetRectangle

GeomGetpolygon

GeomGetVertex keep  ignore
GeomGetAngledEdge fig

GeomGetNon45 45
GeomGetEdge

Butting

Coincident

Outside

Inside

Not over outside  butting
Over inside  coincident

layer1

”%\\\\\\

insicle coinci dent butirg
Original shapes \Yi b4

aver niot_over

C

A hutting B over C not_over D

GeomGetAdjacentEdge
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Edlige Folygon
— reference layer reference layer
n..pu Gkl ; -~ Input layer
-
Felaionship Fie sult Felatiorship Fie sult

This foncton meaintaing the net numbers of shapes in the ourpur layer.

GeomGetTexted

layer-a layer-a

layer-kb

layer-hb

o - layer-a layer-a  layer-b
Original fted  teded  feded
by abc by =z by abc

GeomGetUnTexted
layer-a

layer-kb

Original layer-b niot texted by =z
GeomGetNet
GeomGetLength
Lench
Length Length
Contigquou s

This foncton maintaing the net nombers of shapes in the ourpur layer.

GeomHoled
GeomGetNon90
geomGetByLayer
1
3 DRC
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L1 d Denge layer
Lz O Sparse layer

I:l Interaction area

Selected shapes on output layer

O @@ @m| |00 O
.

1.0 micron

Manhattan examplke

R\ 1.0 micron

MNon-manhattan examplke

geomHoles

Origingl polygon geamHoks output

GeomNoHoles

Original palygon geomMaHoles output

GeomBkgnd
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Savederived

lay_view,ext view,cell_view, abs view excell
lay view DRC  extraction Ext_view
cell-view extraction abs_view abstract generation
tile
DRC explain

CopyGraphics
extraction extracted view abstract generation
abstract view cell_view
“c (top_lever of hierarchy)”” excell view
all
GeomErase

DRC

drc drc

Drc
marker
Fuctions area function
function
cc 0"
Modifiers functions modifiers
Functions
Width

Notch
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Adjacent edge checking iz described in the desciption of the dre
cornrand.

Area
Sep

One-layer configuration Twa-layer configuration

Enc

dref ABenc <2 )
Enclosure of Binside A,

Ovlp

Modifiers:
With_perp

= Check
shagpe

flag

- CHeck
shape

Checked Checked Checked Checked

Only_perp
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- Check
shiage

- ——FEmor
flagy

Check
shape

Mot checked Mot checked Mot checked Checked

Use of this meodifier excudes some other modifiers, such as peraliel.

Parallel function

Check shape ——m=-
Error flag ——jam-

Checked Mat checked Mot checked Mat checked
NotParallel
Check shagpe —— e
Error flag
Mot checked Checked Checked Mot checked
SameNet
geomConnect
DiffNet
geomConnect
App

LNEeCEQImension

key: + positive app. - negative app. 0zZero app

Opposite
Length lengtha Length
Lengthb Lengtha  lengthb
Fig figa figb fig

figa figb
Edge edgea edgeb edge

edgea  edgeb

Raw
Message
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SquareGrow

NormalGrow

DRC

Soft-connect

GeomStamp
geomConnect
hier DRC
currentCell
topcell
DRC
DRC

spacingRules
minNotch

OrderedSpacingRules

minSpacing

minOverlap

DRC technology file

DRC
CheckLayer
CheckAllLayers

TechGetSpacingRule

TechGetTechFile

DRC

technology file

notch
enclosure
stamping  (
DRC
top level cell
hier
DRC
DRC

technology file

sepration

geomstamp

geomConnect

minWidth minSpacing

minEnclosure

controls class
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