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CMOSLSI MOSFET MOSFET
MOSFET MOSFET

LOCOS
CVD Chemical Vapor Deposition

MOSFET MOSFET

CvD
MOSFET MOSFET
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PARADISE WORLD

1. hdw[3,4]ss[1-25]

2. PARADISE WORLD
%pw

clafaliale

4.

%cd pw2/pdd

%cp MYPROCESS.pdd MYNAME.pdd

(MYNAME )

5.

File Open MYNAME.pdd

GDS Paradise/gds/inverter.strm
6.

a. layout

b. to view

ek

I to Viow .

c. PALM Cell
PALM Window Paradise Window
d. CELL Select SPIDER



inverter layout view

Visible Area
Visible layer

a. Cut line

b. PARADISE WORLD topography
c. TIGER



8. PROCESS
a. PARADISE WORLD  parameter
b. Select PENGUIN’s MASK  PROCESS
Select



i f Cnemoedirat ine  Hicedes

AL, R ILIGAY

LI
EWE|
Lig

e PENGUIN MASK

MASK

Expression

Color

Display

)
OR layer
AND layer
— SBT layer



|_I.|I'.' I_I‘”'I I;mn‘.-ut.l.-nn u_]rll"'.lll

e PENGUIN PROCESS

NO.
NO.
Process
Para. MASK
%cd ~ > %rm —fr pw (~/pw Directory )

PARADISE WORLD Window --- File --- EXIT
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2. SPIDER Window

Cut Line
Tiger Window SPIDER Window
PROCESS EDITOR 29 SiO2_etch
0 RUN
29
3.
26 SiO2_depo
4, 34 As+_impla TCKI
lpm RUN
MOS
5. 38 B+_impla
6.

p-well n-well

P N

NMOS

Tiger Window

Tiger
1 30 Si_etch

n-MOS p-MOS

11



. VLSI
— Paradise World

2.1. LSI

1. PARADISE WORLD parameter
LAYER Select
2. LO4 No.3 LO6 Add Item
3. No.3
LAYER | Color |Hatch
LO4 |yellow| 17
4.
LO3 |DimGrey -> DarkSeaGreen
LO6 |iolet -> HotPink
LO8 red -> DodgerBlue
LO9 |blue -> MidnightBlue
L10 [green -> DeepSkyBlue
5. Send Data File -> Save PDD File
parameter MASK
PWEL L02 |L02>0.6
NWEL L02  [(L02<0.6)
ACT(n- LO3  |LO3|LO4
Active)
ACT(p- L04  |LO3|LO4
Active)
GATE LO6  |LO6
PDIF LO7  [LO7
NDIF LO8  |LO8
CNT LO9  [((L09>0.1)|L16)
ML1 L10 L10

12



ACTIVE PMOSFET NMOSFET

2.2.
1. MYNAME.pdd GDSII
2. Layout PALM File->Create
3. PALM Cell
PALMUSERCELL
4. layout view

5. Edit Layout

1. Shape path Layer
. Layout

N

5. Register

Select

Modify Select Select

Layout

Register
Remove
Cancel

2.3.
2)
LSI
LOCOS

13



b)

IA =1y m

1: THINOX(ACT)

AZ Al THINOX
= u A2. THINOX
A3. pt+ n+
—a el
Al
2:P
an
—= gy e
A ——
r-H»-'l | _I
=== =
[ I I
I l : -
: | | AT
I I I
| | i I
| I —l =
ke e L —— 3 Bs
=g T w—
B4 —] 7 fe—

B2

(Wi Ry &
M-S ga)
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B1. p
B2. p
B3. p
B4. THINOX
BS. THINOX

3 (GATE)
b Cl.
? 7/ s
- C3 1M Ca.
/) Uty
. o &2
4: (CNT)
E3 £z £
| Y e L
&
i@ m
¥ ] Zh e ] b
E1 E3

W
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THINOX
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2\ X 2\
2\

EL

E2.

THINOX

ES3.

2\

E4

(ML1)

5:

2\
3\
A

2.4.

Iy m

Grid

layout view
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pMOS

OB WN P

eReaanERaRat
15 £aeat

Ty T
e

L2(10p m)  NWEL

L4(4p m) ACT p-Active
L6(2u m) GATE

L9(2u m) CNT

L10(4p m) ML1

17




nMOS

1. L3(4p m) ACT n-Active

2. L6(2u m) GATE

3. L7(4um) L8(4um) NDIF CMoS MYPROCESS . pdd
L7

4. L9(2u m) CNT

5. L10(4p m) ML1

PWELL  NWELL

18



PALM File Save GDSI1
(***_str)
/home/pw2/tmp/*
directory
LSI
Cadence Cadence GDSI I
Cadence GDSII
1:
AW XJ
2,3,4 :
1
+ 0.01pm
(MYNAVE . pdd
2,3,4 ex2.pdd )
X AW
nmos | 02 | 10
pNOS | 0.4 | 10
( Hom)
2 Leff =10um Weff =50um nMOS
A =0.5um ( ex2n.strm
3 Leff =1.0um Weff =10.0pm pMOS
A =0.5um ( ex2p.strm
4 2,3
A =05y m ( ex2i.strm

19



CMOS Cin=C4 +C,

a). Poly Si/Gate Oxide ,Cy

Cg = Cactive + CbO (2.1)
EqE
Cctive = L("N,eﬁ XZy et + Lpat X Zp gt ): Cgo(LN,eﬁ XZy et T Lpat X Zp ot )
0oX
(2.2)
t,,=10nm Cqo =345x107"F/cm? =3.45x10°F / ym?
C,  zero-bias-capacitance
Spice CGS0 CDGO CGBO LD
b). Poly Si/LOCOS Oxide
Cp=—22 %S=CpyxS (2.3)
tLOCOS
LOCOS 05 pum Cpo =6.91x107 F / um?
CMOS Cout =Cuait v + Caitr p + Cwz
a). MOSFET Cua
Carr = Cair.a + Caitr, pre (2.4)
20,6 1/2
Caita = N xS (2.5)
\Y
20646 1/2
Cdiif,pre = -N pre X Lpre X X; (2.6)
Nsub S N pre
Lpre X;
Ngp =2x10°cm=, N, =1x10"cm>V =33v
Carr a(F)=1.40x107% x S(um") 2.7)
Caitr pre (F) =1.01x 107 x L (1em) x X; (1) (2.8)

20



Xjn =0.15um, x;, = 0.2um

b).
Level=2 model file  explicit
MOSFET
implicit
explicit
MOSFET
a)
L
R=R, W R Q
Q/O tw Pw
Pw
Rs =T
W
pw (12 - cm) ty () R,(Q/0)
n-diffusion 500 0.15 30
p-diffusion 1000 0.20 50
n-poly Si 2x10° 0.4 50
p-poly Si 4x10° 0.4 100
Mo 100 0.5 2
W 70 0.5 14
Ti 20 0.5 0.4
Al 0.5 0.06
Cu 0.5 0.04

21



b) Cwu

&pE

Cy = x L xW (2.9)
tField
LSI
Ground Plane
lﬂ":: T—T T = T T T
] E — Chariys Formula
====Cylindrical dpproeimation
! 1 : W0 -
' ' ! Lk 1
+ ]
| ! s ¥ . ,
! iy & 10} bh= 0l
a=t2 g F
w-1/2 -
e - e B
Va 'i' b4
o, ,.",."'.l'.-,!-.-.-_;-, TR :c I
ot Lid nd B4 B L L 3 (] ] 2
Bt w/h g

F L Comtucter w8 mETEE TR, Fig 1. Homalired cigaciiance eompaoion
Cp
W>t/2
w-t
C=¢ h/2+ = (2.10)
In[1+2h+ 2h(2h+2n
t t Ut
W < t
2
W 7l 0.0543%h)
C=g—+ +1.47 (2.11)

In[1+2h+ Zh(Zthsz
t t Ut

22



t/h=1

Cyo (F/ um?) Cy (F 1 um?)
0.5u-poly-substrate 0.5 6.91x107% 2.76x107°
0.5u-Metall-substrate 0.8 432x107Y 2.59x107%6
0.5u-Metal2-substrate 1.5 2.30x107Y 2.53x107'6
1.0u-Metal2-substrate 1.5 2.30x107Y 1.38x107%6
c)

t=rd’/ (2.12)
r |

0.5y m n-poly Si 6.92ns

0.5y m Metal1(Al) 0.8x1072ns

1.0u m Metal2(Al) 2.1x103ns

23



3. CMOSFET

— MOSFET —
MOSFET p.41 MOSFET
3.1. MOSFET
MOSFET
MOSFET
SPICE SPICE UC Berkeley
1970 LSl
Unix HSPICE
PSPICE Cadence LSI CDS
SPICE, Spector
SPICE MOSFET Level BSIM
MOSFET Level=1
MOSFET g m Level=1
0.5y m LSI
MOSFET “MOSFET MODELING with SPICE” Prentice
Hall
(1) Level=1
Level=1 Shichman-Hodges MOSFET
MOSFET
LW C
ds,sat :ﬂ(vgs -V ) (1+2Vds)
2L
#We C
lasiin =——— L l:( -Vi )‘/ds }:H V)
eff
Wt
L

24



Level=1

Spice Level Parameters
Process Parameters:
TPG Gate Poly Si
Ploy Si
Al
TOX Gate Oxide Thickness
NSUB Substrate Doping Concentration
XJ Source/Drain Junction Depth
Electrical Parameters: Parameter Extraction
uo Zero Bias Low Field Mobility
VTO Threshold Voltage, Long Wide Device, Zero Substrate Bias
LAMBDA Channel Length Modulation/Output Conductance Parameter
SPICE .MODEL

W L  Properties

) MOSFET
(a)

— —— 8 Voo
2 ? . o \./DD
Y i #14

10

? Vm Vour

11

Y #1,3,59,11,13 #2,4,6,8,10.12
5 12

. 13 Vss
d *

— 14

Vss 7 —

4069UB Hex Inverter

25



4069UB

Spice MOSFET MOSFET
NSUB 2E16 cm™ 3.2E15 cm™®
TOX 85 nm 85 nm
TPG Al Al
L 5u 5um
W(=Weff) 170 y m 375 um
xJ 05 um 10 um

Vt VTO

V] uo

A LAMBDA

(b)

DC Tektronix  PS280 Laboratory DC Power Supply
hp 34401A Multimeter
(©
NMOSFET Inverter Inverter Input
Vss Output
pMOSFET Inverter Inverter  Input
Vdd Output
(d)
Ids Vds Spice Level=1
a) lds Vds
NMOSFET pMOSFET oV 1V 2V 3V 4V
5V 5 Id — Vvd (vd 5V)
MOSFET

b) Spice Level=1

26



= ___G_____o.--""e
I ks B o
1dsO A
o
o
Ids o .
-_————6—_0'_6--_-0____0__
1ds0 |- o
K
O e e e e O —
10| |, © © o--o -9 @ © ©
dmeed--o-d----"P----"Hp---"¢
Vds
Level=1
b-1) MOSFET
HW C
I = % (Vs =V, P (L+ AV
2L
Ids-Vds Vgs Vds=0
1dsO 1dsO
HW4 C
ds0 :rox(vgs _Vt )2
1ds0-Vds gVt
A (LAMBDA)
b-2) PMOSFET
MOSFET
Vds~0 Ids-Vds
HW4 C
I ds,lin z—ox(vgs _Vt )‘/ds
Vds= 0.1V nMOSFET MOSFET
(U0) (VTO)

27



4069UB

Spice MOSFET MOSFET
NSUB 2E16 cm™ 3.2E15 cm™®
TOX 85 nm 85 nm
TPG Al Al
L(=Leff) 5u 5um
W(=Weff) 170 y m 375 um
xJ 05 um 10 um
Vt VTO
V] uo
LAMBDA
MOSFET

28



MOSFET

— MOSFET —
4.1. MOSFET
SPICE
SPICE UC Berkeley 1970 LSI
Unix HSPICE
PSPICE Cadence LSI
CDS SPICE, Spector
SPICE MOSFET Level BSIM
MOSFET Level=1
MOSFET g m Level=1
0.5y m LSI
MOSFET “MOSFET MODELING with SPICE” Prentice Hall
(1) Level=1
Level=1 Shichman-Hodges MOSFET
MOSFET
LW C
ds,sat — o o (Vgs V ) (1+ ﬂ’vds)
2L
#We C
lasiin =——— L l:( -Vi )‘/ds }:H V)
eff
Wt Ler
Lt =L—2ex
Level=1
(2) MOSFET

29



MOSFET ~/Cadence/models

Level

NMOSFET MN_T.m

.model &1 nmos level=1 & model

tox=85e-9 & m
xj=0.5e-6 & m’

tpo=0 &

vto=1.6 & \Y

uo=195 & cm? /V - sec
nsub=2.0e16 cm
lambda=0.0742 1/0

pMOSFET MP_T.m

.model &1 pmos level=1 &
tox=85e-9 &

xj=1.0e-6 &

tpg=0 &

vto=-1.2 &

uo=120 &

nsub=3.2e+15
lambda=0.175

(3) MOSFET
Cadence MOSFET

MOSFET

30
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level

MOSFET



Cadence MOSFET

icfb
icfb &

CIW(Common Interface Window)

Fle Tools Oplions  Technology File Helg 1
but was defiasd im LibFiles ° Shoss sbodent/sLOTOO0Y] /Cadence ods, 11h" for Lib “ripper’
*PRRNINT* The dicsokocy ‘home mtudent /= 10TO0OL /Cadepce / WLEL" do=s mob emist
bt vad definad in LikFiles ‘Jhoss/student al0T009] 'Cadancafcds, 1ih* For Libk “VLEI®
moose L: showClickInfaf) M. schHiNoussPopln [} F: sohHi0bjectPropectyd]

=

Cadence CIW

Cadence CAD Framework, Design Framework

schematic layout

Library Manager

)

Library ]

| |
Cellview Cellview Cellview
(schematic) (symbol) (layout)

Library, Cell, Cellviw

Library Manager [File][New][Library...] Library Name
13 OK"

31



Logic 4
HOED Analog Packs
HUER Digital Pacts
HOED Shests Gthe
HOE Techlib_smilé
Us_fiths

aizu

analoglib

hazic
cdeDefTechlib
deed gniF Lo

o_a

logic

mipzalach
wip=plach

napple

tazthench

tutorial

Messanes
1

£

Library Manager

Technology File for library" "
“ Don't need a techfile” “ OK”

Library Manager Library*
[Newl][Cell View...] Create New File

1 ”

Tool* Composer-Schematic”
View Name”Schematic” “ OK”

32

[File]

Library name

Cell Name*



nmos4(

) pmos4( )

nmos
DC

nmos4 pmos4

pmos4 nmos4

Ok Cancel | Defaults Help
Library Mame L
cell Name rmos_id
View Name schematic
Tool Composer- Schematic
Library path file

me/student /21070091 /Cadence fods. 1ik

analogLib”

mos

| el

e

Tonky [wpige ‘Weskee Bl daind Chevd See] Oplees BCID

B R AT AR e [

e,
-

i

e

33




[Add][Instance] Add Instance

Add Instance Add Instance “ Browse”
Library Browser Library ‘ analogLib”
Cell “ nmos4” View “ symbol”
Add Instance nmos4
nmos4
GND Library Browser Library
* analoglib” Cell ‘ gnd” View “ symbol”
Library Browser Library “analogLib”
Cell "vdc”  “View” symbol”
ESC Add Instance
res( ) cap( ) vdc( ) idc(
) analogLib
vdc idc

34



Hide | Cancel | Defaultsl

Help |

Library ||

Browse |

Cell L

View I symhol]

Hames I

Array Rowrs I i

Columns Ili

Rotate | Sidevways |

Upside Down |

Add Instance

[Add][Wire(narrow)]
" WH
ESC
nmos
pmos VDD

35
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Lk =T

Tomn [ewa Siews G Sw Oeck Sesl Ophes FC50

&

B | ola
| |

nmos nmos_iv

ESC

DEL

[Edit][Copy]

[Edit][Copy]
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ESC
[Edit][Move]

[Edit][Stretch]
[Move] [Stretch]

nmos

[Edit][Properties][Objects...] “ P

nmos4

Edit Object Properties

Library Name *“ analogLib” Cell Name “ nmos4"” View Name

“ symbol”
CDF Parameter
Model name( )£ cmos”
Width( ) ¢ 9u”
Length( ) ¢ au”
Drain diffusion length( ) " 175U
Source diffusion length( ) " 175U
() ()
Cme
u” ) n

Width, Drain(Source) diffusion length Drain(Source)

diffusion area, Drain(Source) diffusion periphery

37



check

ok | Comen| Appty | Detoitts | Prarvious | et et

dpply To oy currant _ | iestance _ |
Sharer | wyElem W user W CDF

Browse | Feset nstance Labots Display |
Fropariy Wk
Libwary Meswss | 2nelogla]
ol Hownes [rewasd
View Hame [ mboh

instonce Hame |1

Add | Dolete | Madity |
CDF Parametsr Wl

Mol nama [ emean

Halliglicr E

‘itz Ex!

Limngth {10 W

Drain el Tussion area [Furl. TEu

Sowrce fuson ara [pwimed

R R R

Drnin deffusion length [1.750 H

Source dffusion kenglh [L-T5u off
Drvice initsalry ol | aft _,|
Drsin ssures il voltagn || ot |
Gl mie bl vl |1 off _.|
Bulkc sowce inftial voltage | o |
Temp Fise from ambient L aff _.|
Eslimated opsrating rogion | ot |
Aadilional riin resistiecn | ol |
Aadilional sourcy resitance | off |
Temperabare @ifforence I ot |
SouFceiimin seecior L ol |

[Design][Check and Save]




Ciw

Ciw
Ids-Vds
nmos |-V
DC sweep
1. Analog Artist [Tools] [Analog

Environment] Analog Artist Simulation

Status: Ready T=27 C Simulator: spectre3 3
3ession  Setup Analyses Varables Outputs Simulation Results Tools Help
Design Analyses _%
Lib ex a #  Type Brouments. ... Enable J ?EHH
anc
Cell mos_iv 1 de t 1] =) .. YEeS
L9 3
View  schematic -lx‘ T l
Design Variables Outputs [E
#  Hame Value #  Name/Signal/Expr ¥alue Plot Sawe March
1 wgs =) 1 MO/ ves all no

[ [sEe |\ W

= Results in ...ntf51070091 fCadencefsimulationfnmos_ivispectre Sfschematic

2. Analog Artist Simulation [Setup] [Simulation/Directory/host]
Choosing Simulator/Directory/Host Simulator
“ specterS” “ OK”

39



Ok Cancel | Defaults Help
Simulator spectres

Project Directory [[simulaticn

Host Mode # local remote distributed
Hirnd

Hornnte Dbecbary

3. Analog Artist Simulation [Setup] [Model Path...]
Setting Model Path

4. Corner “ New Corner” New Name
“ typ”
13 OKH
5. New Directory *“ home/students/s107000/models/typ” “ Add Above”
13 OK"
6. [Edit] [Properties] [Object...]
DC voltage
© 1 “ OK”
7. [Analyses] [Choose...] Choosing Analyses
8. Analysis dc

9. Save DC Operating Point

10. Vds Sweep Variable Component
Parameter Select Component
Vds
6 Select Component Parameter

dc vdc “ DC Voltage”

11.Choosing Analyses Sweep Range Start=0, Stop=5

40



12.
oK

tran
¥ (c

ac
xf

Analysis

Cancel| Defaults Apply

\%

Choosing Analyses [OK]
Help

pdisto
noise

sp
pss

Spss

DC Analysis

Save DC Operating Point

Sweep Variahle

Temperature
B Component Parameter
Model Parameter

Sweep Range

# Start-Stop

Center- Span  Start

Sweep Type

Automatic

Add Specific Points

Enabled ™

Component Hame | /¥Q

Felect Component

Parameter Hame | dc

1] Stop |

Options...

13.[Outputs] [Save All]

"Select all DC/Transient terminal currents”

" OK!!
OK Cancel | Defaults, Apply Help
Select all node voltages |
Select all DCfTransient terminal currents |

Select all AC terminal currents {useprobes)

Save Al ASAHDL Module Yarnables
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14.Analog Artist Simulation [To Be Plotted] [select On Schematic]

Artist

Iodts Derdegs Wealiw bl A wick Shiel Uphiid HCELD Py

:ﬂﬁ maoes L b hH N P mpmikr:bElrichamabic | sewie
= s oty wal
15.[Simulation] [Run] Welcome to Spectre [OK]
Ciw unsuccessful
Waveform
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Wndra  Jopm Aaen Dorves korkcern Srmedalion  Eid Toois Haip

G B2 [0 N

nmos4  Id-Vds Vgs Vgs
1. [Edit] [Properties] [Object]
DC voltage “ Vgs” “ OK”
2. vgs Artist Analog Artist
Simulation [Variables] [Copy From Cellview] Analog
Artist Design Variables vQgs
3. Analog Artist Simulation [Tools] [Parametric Analysis...]

Parametric Analysis

4.Parametric Analysis Variable Name “ vgs”
From *“ 0" To “ 3 Total Step * 77 0.5V

43



5. Parametric Analysis [Analysis] [Start] CIw

‘ parametric simulation complete”

6. [Results] [Direct Prot] [DC]

Weie  Tnem A DFves  keos Aeelsle B Teols Vol
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Design
Design
Window

Window

Window

Window
Edit
Edit
Edit
Edit
Edit
Edit
Edit
Add
Add
Add
Add
Add
Add

Check

Check and Save
Save

Zoom In

Pan
Fit
Close
Stretch
Copy
Move
Delete
Undo
Redo
[Properties][Objects
o]
Component...
Wire(narrow)
Wire(wide)
Wire Name
Pin...
Solder Dot

Current Cellview

m
c
M
delete, d
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MOS

CMOS
5.1 CMOS
Voaur 4 — ; NMOSFET On
- = PMCSFET On
LT ;
HARE
- * Vo
Voo ANRE
- g R
5.1 Inverter
1) V<V PMOSFET ON
VOUT :VDD

lon = ﬂy _ 2
2(Vinv =Vn)

lop = ﬂy 2
2(Vinv —Vop —Vrp)

lon =—lpp

Voo +Vy ]/'B%P +Vrp
Vinv =

| _ Bn | Vop Vv +Vip
NV =

2 1+,/ﬂ%P

46
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(5.2)

(5.3)

(5.4)

(5.5)



(3)  Vop +Vip <Viy

Vour =0
Bn
Bp
3
% E]
Inverter
H
H VIHmin H
NM H =VOHmin - IHmin
L VOLmax
Vll_max L
NM =VILmaX T VOL s
VOH Vo|_

Inverter

47

WA i F

VOH min

NM

(5.6)

NM |,

Pr



(1)

)

®3)

(4)

(5)

MOSFET UB Hex Inverter

VIN _VOUT VIN -1 DD

UB Hex Inverter

DC / 2
VIN _VOUT VIN -1 DD
VDD = 5,10,15\/ V|NV

NMOSFET PMOSFET

MOS

(1) Ring Oscilator

(2 L.atch

' |>o

B —f o P =4

C — [ [o— F
D —[Tme—]

E —|>o—

(3 dviajority IDecision

48
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B A Lo Function
Generator “ B
A
SRAM
C
G
AND OR
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CMOS

CMOS PMOSFET NMOSFET
NMOSFET PMOSFET
NMOSFET
Vour <Vin =V
1
lon = BN {(VIN -V )‘/OUT _EVOUTZ} (6.1)
Vour >Vin =V
1 2
I on =EﬂN(VIN _VTN) (6.2)
PMOSFET
Vour <Vin Jr|VTP|
1
lop =PBp {(VIN —Vop —Vrp )‘/OUT _E(VOUT —Vop )2} (6.3)
Vour >Vin Jr|VTP|
1 2
I op :E'BP (VIN —Vop _VTP) (6.4)

W W
Pn :T,UNCOX Be =TﬂPCox

MOS

6-1 CL
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|
"l"I 1IN Ir _I
- | I
i
-
0.9Vpp 0.1Vpp
0.9Vpp MOSFET
Vour =Vob Vi
MOSFET

Vour =Vop —Vm 0.1Vpp

d dv,
lon = Q'/dt=C,_ OUT/dt

Vour >Vin =V

av 1
e, Mour/f =2 pu i~V )

t=0 Vin  Vop

Vour =Vop —Vn tm
_2C (Vin —0.Vpp)
) BnVop ~Vin)?

ty

Vour <Vin =V MOSFET
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T
09Vps  Vour
VOUT
(6.5)
VOUT = O.WDD
(6.5)
(6.6)
(6.7)
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ty = L |n(1gVDD —20Vny ] (6.8)
ﬂN (VDD _VTN ) VDD

ty =ty +ty =2 L Vv ~0-Vpp +1|n(19\/°D _ZW‘“] (6.9)
ﬁN (VDD _VTN ) VDD _VTN 2 VDD
Vo = 0.2V t, =3.70—Ct (6.10)
™N — % DD f = ﬂNVDD .
Vo = 0.V t, =315t (6.11)
™ — ¥Y-YDD f = ,BNVDD .
PMOSFET (6.5) (6.7)
(6.10) (6.11)
[Vip £ 0.2V t =370—Ct (6.12)
TP DD r ﬁPVDD
[Vip £ 0.2V, t =315—Ct (6.13)
TP DD r ﬁPVDD
CMOS NMOSFET PMOSFET
MOSFET
MOSLSI
i Vp
N LSl
Ps = N-i-Vp (6.14)
NMOSFET
PMOSFET
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Vin Vin  Vout

C, =1000pF  Vpp =5V

P: I DD XVDD

C, =1000pF  Vpp =5V
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Cadence Spice
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Cadence Spice 3
Cadence Spice .Schematic Editor
% icfb& Cadence
‘icfb-Log’ window
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OF USER CIRSTOMITATION
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-]

=L

I

miousE L W:

>

[File][Open]
‘Open File’ window

[File][New][Cellview]

‘Create New File’ window
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—'| Create Mew File |

0K Cancel | Defaults Help

L 11U

Library Mame

Cell Name I
view Name schematic

Tool Composer- Schematic

Library path file
efprofessord-saito/Cadence /ocds. 1:

Library Name - VLSI
Cell Name - inverterQ
‘Virtuoso Schematic Editing’ window

—'| Yirtuozof Schematic Editing: YLSI inwverterll schematic | 3 | _||
Cmid: Sel: 0 3

Tools Design Window Edit Add Check Sheet Options Help

¢8|
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mouse L:schSingleSelectPt M:schHiMousePopUp () R: deMNew()

-

N

[Add][Instance] ’Component Browser’
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[Edit] Edit

Esc
Library — |—AnalogLib — | —Uncategorized
| —Active
| —Analysis
| —Parasitics
| —Passive
| —Sources — |—Dependent
|—Globals
| —Independent
| —Ports
| —Z_S_Domain
[Window][Close] Save
Library Name - VLSI
Cell Name - inverterQ
View Name - schematic
Mode - edit
=| Open File |
OK Cancel | Defaults Help
Library Mame LS Cell Hames
; T
inverter
Cell Hame q Teat
h ti Inv P
View Hame o Har?
Ring
Browse inwerterd
inwerterl
Mode # edit . read inwerters
inwerterd
Library path file inwerter t
- — |mmosfet
mefprofessor J-saito/Cadence/ocds. L1k
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[OK] Virtuoso Schematic Editing’ window

Property #

—_ L
-

Fl I:_E'

[Design][Make Editable]
Editable active

Properties 'Edit Object Properties’ window

CDF Parameter value

MOSFET Model Name models

models .m

MOSFET model

[OK]
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Virtuoso Schematic Editing’ window

[Tools][Analog Environment]

‘Analog Circuit Design Environment’” window
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Status:

Simulator: spectre 3
Sessign Sety alyses J Variables Outputs \SimulatioNJ Results JTools Help

<

Design Analyses
Lib VLET #  Type Aroquments. ..o
Cell inwertecl

Yiews schematic

Design Variables Outputs

#  Name Value #  MName/Signal/Expr ¥alue  Plot Sawe March

(

[Setup][Simulator/Directory/Host...]
‘Choosing Simulator ..." window

Simulator - SpectreS [OK]
'—‘}Ehunsing Simul ator/Tirectory Host — Affirma Analog Circuit Design Environment {Z[
oK Cancel | Defaults Helpl
Simulator spectres

Project Directory I fhome fprofessor d-saitofsinnlati u:urI
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Bal I

'Virtuoso Schematic Editing’ window

‘Analog Circuit Design Environment’ window [Setup][Model Path...]
‘Setting Model Path’ window
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New Directory MOSFET model
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Directories [OK]
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Setting Model Path —— Affirma Analog Circuit Design Environment €13
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62

Options... | 1



Analysis - tran StopTime 1msec - 1m 1 psec - 1u lnsec
- 1n

‘Analog Circuit Design Environment” window  Analyses

[Simulation][Run]

‘Icfb-Log’ window  “successful”

‘Analog Circuit Design Environment’ window [Result][Direct Plot][Transient

Signal]
Esc
‘Waveform Window'
—'| Waveform Window 4 -- Affirma Analog Circuit Design Environment (1% 4 J|
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[Simulation][Run]
Simulation "Waveform Window’
[Calculator]

—'| Waveform Window —— Affirma Analog Circuit Design Environment $13

0]
Active 35
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Window Zoom Axes Curves Markers Annotation Edit Tools Help

e r—'———'ll [

| !
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(2) ‘calculator’ [wave]

(3) ‘Waveform window' | calculator wave???( )

[Clear]
(4) ‘calculator’ [Special Function][average]
(5) ‘calculator’ [enter]
(6) ‘calculator’ \Y/
I 1
(8) ‘calculator’ [print]
(9) ‘Result Display Window'

-| Results DE Hindoe

Windya  Exprassais  Wio Histlg
{avermgs (IT{" /V3/TLE" ° /hase/prolessor ke sl ba fabmilebl onfinver bael fapectras fschenatic®}] * 5] = <5H. 3m E
2
1000pF Vd=5, 10, 15V
1000pF Vd=10V
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Cadence Spice Netlist —

HSpice PSpice

CSpice  Schematic
/usr/local/bin/icfb&

/usr/local/cadence/1C4.45/tools/dfl1/bin/cdsSpice

/Simulation
circuit.c circuit.s circuit.c  circuit file
circuit.s  script file
circuit file net list script file

HSpice PSpice circuit file

circuit file (net list)

net list Spice

net list
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R1 5K
Vd 5.0
Vs PULSE 0.05.0 5U 2U 2U 5U 10U
Spice
Spice
F 10®  1E-15 femto-
P 1072 1E-12 pico-
N 10°° 1E-9 nano-
U 10°® 1E-6 micro-
M 1073 1E-3 milli-
K 10° 1E3 kilo-
MEG 10° 1E6 mega-
G 10° 1E9 giga-
T 10% 1E12 tera-
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PULSE V1 V2 td tr tf pw per

V1
V2:
td:
tr:
tf:
pw:

per:

MOSFET

M1 MP1 L=2U W=10U

MOSFET M1 M Spice Levell
Level2

PMOSFET MP1 NMOSFET MN1

circuit file (circuit.c)

# CMOS INVERTER:

Vs 1 0 PALUSE0.05.05U 2U 2U 5U 10U

M12 1 10 10 MP1 L=2U W=10U
M22 1 0 0 MN1 L=2U W=10U
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Cl1 2 0 1000P:1000 F

vVd 10 0 5.0

# MOSFET MODEL

.MODEL MP1 PMOS(TPG=-1 VTO=-0.5 NSS=-1E11 TOX=10N NSUB=1E16)
.MODEL MN1 NMOS(VTO=0.5 NSS=-1E11 TOX=10N NSUB=1E16)

6
PN ®
@ Voo
1 7
Vout — CS
Vin
__CL
¢ ¢ Vss
script file
script file
script file(circuit.s)
print “simBegin()”
set PSFFLG=1 Waveform
sim circuit circuit file
keep off
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keep 1 2 3 I(Vd) vd

sweep off

noise off
sweep time from 0.2u to 50u by 0.5u 0.2usec 0.5usec 50usec

set @dummy=sdsfun(1205, “CDSPSF”, “psfdir”,”./psf”) Jpsf

go

quit

% cdsSpice < circuit.s > result.out

(1)
()
®3)
(4)
(5)

(6)

result.out ./psf
result.out

welcome to cdsSpice 4.3
cdsSpice:
simBegin()
SPICE2 EXCECUTION ...
SPICE2 FINISHED ...

Leaving cdsSpice ...

%icth& icfb-Log Window

open - waveform Waveform Window

tools - calculator Calculator

browse Browse Project Hierarchy

“Project Directory” /psf directory ~/Simulation
OK DRL Browser
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(7) psf/ creatROF

psf/ — Runl— — element e
— model —_—
— opBegin e
— opEnd — Vd
— summary —— analysisType
— timeSweep —— —— description

(8) DRL Browser

Plot(R)
9 Waveform Window
(1) Waveform Window  Tools Hardcopy - set options

Set Default Options

(2) Specify Plotter "Encapsulated Postscript”
(3) Specify Page Size "A4”
(4) Output File Name ~/Simulation/result.ps
(5) Apply OK
(6) Waveform Window  Tools Hardcopy - Output
@) ~/Simulation/result.ps postscript

(8) postscript file

(1) DRL Browser Vd Plot(R) i(Vd)

(2) calculator wave
(3) Waveform window  1(\Vd) calculator wave???()
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(4) calculator Special Function
average

(5) calculator enter

(6) calculator

(7)

(8) calculator print

(9) Result Display Window
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