Advanced Sim

A true mixed-mode analog/digital
simulator compatible with the
Industry-standard languages,
SPICE and Verilog-HDL.
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Windows3.1
File-Run Windows95
Run Run
<drive_name>:¥setup
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E
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curcuit.NSX
Sim
Sim
Sim
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Sim
Sim

¥client¥sch3¥library¥sim

¥client¥sch3¥library¥sim

¥client¥sch3¥library¥sim
1

1*

pri st el =¥CQpanps¥Mot or ol a¥<parttype>. ckt

Sim 2 1
[Protel] “pristel_root_directory’
design.BIL
BIL
.LIB directive
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. LI B c: ¥client¥sinB¥library¥Opanps¥Mt or ol a¥LM324. ckt

Client/Sim ¥pri st el ¥synbol s
Description
0
DC
Sim
VCC GND
Sim
AC
VSIN "AC Magnitude” AC " Amplitude”
AC AC
Sim
GND 0

15



VCC

DC Magnitude (v)

DC 5 -12

AC Magnitude (v)

AC

AC Phase (degrees)

Transient Spec

MEG,u,

VIN

DC Magnitude (v)

AC Magnitude (v) AC

AC Phase (degrees) AC

Initial VVoltage (v) 0 0

Pulsed Voltage (v) 5

Delay (s)

Rise Time (s)

Fall Time (s)

Pulse Width (s) 0

Period (s)

5u

MEG,u,

Tranzient analpziz: filker.nax ; single
T

-4y -Bu 12u 16U

Scaling:

W(IN)

=

4




Designator

VIN

DC Magnitude (v)

AC Magnitude (v) AC 1
AC Phase (degrees)
Time/Voltage Pairs OU 5V 5U 5V
(s v 12U OV 50U 5V 60U 5V
Tranzient analyziz; SMASH nzx ; single ;
i 0w 20w 30w -40u “fiu Scaling
3
i
a8
1
oS
PWL Time/Voltage 0U 5V 5U 5V

12U 0V 50U 5V 60U 5V
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Designator VIN

DC Magnitude (v)

AC Magnitude (v) AC 1

AC Phase (degrees)

Offset Voltage (v) DC 2

Amplitude (v) 5

Frequency (Hz) 1000

Delay (9) im

Damping Factor (1/s) 250

Phase (degrees) 0 0

V(t) = offstampleexp(-(t-delay) «damp)esin(2+pi«(f.(t-del ay) +phase/360))
Tranzient analysis: FILTER . nax ; zsingle ;

I 2T -am -Am B “Bm 7 B 9 Scaling:
VIN] . . . . . . . . .
B
a4
2
S
A
C: ¥client¥sch3¥library¥spice.lib
C: ¥client¥sch3¥library¥si n¥synbols.lib
(Cient/Sim ¥cl i ent ¥csmash¥exanpl es¥l i brary¥snashsym|lib)
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Tranzient analyziz: DIG_SAC naw ; all ;

20

20y 40y Ry By 100

CLOCE, . | :
NCLOCE, ' 3 i '
SET 1
MSET L]
RESET ]
MRESET |_|
Fu'R1
Fuw'RO
Digclock DigNclock

Designator CLOCK  NCLOCK

Rising_Edge Time 10000 0

Falling_Edge Time 20000

Period 40000

Sm ns
LTIMESCALE

Digset DigNset

Designator SET NSET

Rising_Edge Time 10000 0

Falling_Edge Time 20000

Sm ns
LTIMESCALE




Digreset DigNreset

Designator RESET NRESET
Rising_Edge Time 10000 0
Falling_Edge Time 20000
Sim
LTIMESCALE
Digpowerl Digpower0
1
Designator PWR1
1. c:¥client¥sch3¥library¥sim
Client/Sim ¥pri st el ¥synbol s¥
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Simulate Setup

Simulator - Select Model Libraries Library Files
Selection
Selected library fileslist LIB
C:¥client¥sinB¥library Client/Sim
¥pristel ¥
Library hiles selection. .. [ ] |

c:ichentisimIhexamplesiozcill

Files: Directories: -

mixmodel i, <] [I-1 o] | Prient

mixmodel. vib -a- — L

mixwpat_af -C- " ini file

mixwpal_atr
mixwpat_bhf .
mixwpat_bil
mixwpal_bop
mixwpat._ipa
mixwpat.mc
mixwpat_nz$ ;I

& o
_;_—

& LIB directives

.
¥

1 1 1
Ira

Add

Delete |

L

Selected library files [LLIB directivesz]:
MI<MODEL_LIB
¥ Update the pattern file Cancel | 1] I
LIB
Advsim.INI B

Sim
DC
Transient analysis parameters
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Sim Simulate Setup
Simulator - Transient Transent anaysis parameters

]
Voltage accuracy [V]: |1d Duration [z] : |1I]m

Relative accuracy [%] : |0.1% Digplay [g]: |lu

Cument accuracy [A]: [In Start  [z]: 0

Internal imestep control

Minimum [z] : Hominal [z] : Maximum(z] :

&+ Use GEAR-2 method.

[~ Superpose simulations. " Use trapezoidal method.
" Use Backward Euler method.

¢ Update the pattern file.

Cancel Ok | Run
circuit.PAT
Internal timestep control
Sm

1 Nominal timestep 1000 1

1kHz Ims time=L1/frequency

1000 lus
2 1000

2. Maximum timestep Nominal value 100

3. Minimum timestep

Maximum timestep 10
Nominal timestep
10

23



Duration, Display, Start

1. Duration 1kHz
10 10ms
2. Display
1000 1 Nominal timestep 1kHz
lus 1 1000
10
10us
.TRAN
Accuracy
timestep accuracy
.EPS
Method
Sm 3
GEAR
.METHOD
Transient analysis parameters Run
Simulate Transient
Analysis Run Transent Analysis

"No signals will be displayed during simulation. Would you like to set up the simulation
screen now?"

Yes
Setting up the Waveform

24



"Time"

AC
Sim AC
DC
Small
signa analysis parameters
Sim AC Simulate
Setup Simulator - AC Small Signa Small signal analysis

parameters

Small signal analyziz parameters |

Start frequency [Hz I
Sim Stop f i y[[H ]] |1m]
op frequency [Hz 100MEG

Mumber of points :
[per decade if log. scale] I5
[~ Superposze simulations.

v Update the pattern file
¥ Logarithmic scale.

[ Linear zcale.
circuit.PAT AC

Cancel | Ok
AC
AC
Small signa anaysis parameters Run
Simulate Small
signal analysis Run Small signa analysis

"No signals will be displayed during simulation. Would you like to set up the simulation
screen now?"

Yes
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Setting up the Waveform

"AC"

Sim
RMS
Small signa analysis parameters
AC
Sim Simulate Setup
Simulator -Noise Noise anaysis parameters
Hoize analysis parameters |
Output voltage [ format: ¥[(A B] ] : I"'-"'[l]LIT,l]]

Input reference [ voltage or current souice ] : IWN

Print interval for contribution tables : I"]

[ Superpoze simulations.

¥ Update pattern file. Cancel | Ok | Run I
Output voltage field A B 2 V AB
"ouT" "o" input
reference
circuit.NZE
circuitNZE 10
10
circuit.PAT .NOISE
.NOISE directive
Noise analysis parameters Run
Simulate Noise analysis

Run Noise analysis
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"No signals will be displayed during simulation. Would you like to set up the simulation

screen now?"
Yes
Setting up the Waveform
"Noise"
DC
Sim DC
DC
Sim DC

Sim

DC

DC

Simulate-Setup Simulate-DC Transfer

DC transfer analysis parameters

DC transfer analysis parameters [ ] |

M aximum number of iterations - 500i
Delta maximum per iteration [¥] : IZI]
Accuracy [¥] : 1u Input zignal : [¥IN
Upper limit [¥]: [100 Start walue - [0
Lower limit [¥] : |-1 oo End value : |5
[ Start off with "_op™ file. Increment : |1I]I]m
[ Superpose simulations.
[¥ Update the pattemn file. Cancel | Ok | Run
Input, Start, End Increment DC
circuit.PAT Iteration  Accuracy
.OP
.DP .OP
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DC

DC transfer analysis parameters Run
Simulate-DC Transfer Anaysis

"No signals will be displayed during simulation. Would you like to set up the simulation
screen now?"

Yes
DC
Sim
Sim
Sim
uniform
Gaussian
VALUE/TOLERANCE 100K /10%
%
circuit.BIL .MONTECARLO
circuit.MC

28



Simulate-Monte Carlo

AC
Simulation Tools
.MONTECARLO .RUNMONTECARLO
Sim
AC DC
Simulate Sweep
.PARAMSWEEP STEP
.PARAM
.PARAM
.PARAMSWEEP
Simulate-Sweep
Sim
DC
Sim
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Operating point analysis parameters |

Maximum number of terations - 500

M aximum delta-¥ per iteration [¥] : IEI]I]m

Maximum woltage [¥] : ;5 Current accuracy [A] : I""]D
Minimum voltage [V] : ’U Voltage accuracy [V] : |1l-l

[ Start off with ™.op" file. i* Default biag info.
[¥ Update the pattern file. i” Mo bias info.

[ Reset everpthing. " Short bias info.
[ Monitor iterations. " Long bias info.

[ Dutput model parameters.
Cancel Ok

Simulate-Operating Point Analysis
Operating point analysis parameters

.OP
Run Monitor irerations
circuit.OP
circuit.OP circuit.BOP
OK .OP
.OP
Maximum number of iterations Sim
UNABLE TO
CONVERGE circuit.OP

circuit.OP

30



Maximum delta-v per iteration

Sim Minimum Voltage
f v =0
Current accuracy Voltage accuracy

Monitor iterations

.OP

circuit.OP

Start off with .OPfile

31

Maximum Voltage

-100V 100V



Reset everything
deltarV

circuit.OP
Monitor iterations

10%

E,FGH

unable to converge

32

Simulate-Abort Analysis

SPICE

DC



2. .OP

3.Maximum delta-v per iteration

Maximum delta-v per iteration
Maximum number of iteration

4, Sim
Maximum delta-v per iteration Reset everything
Maximum delta-v per iteration Maximum number of iteration
Maximum
delta-v per iteration Maximum number of iteration 200

100 300 400 500 1000

5.
Maximum delta-v per iteration 1
6.
DC
circuit.OP
.POWERUP
Sim
.GMINJUNK .GDSMOS .GBDSMOS .OPHELP .PIVMIN .VSTART
bias info
biasinfo MOS
Default biasinfo
No biasinfo
Short biasinfo
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Long biasinfo

.OP .USEOP .GBDSMOS .GDSMOS .GMINJUNC .OPHELP .POWERUP

DC

Pover upanopis parametrs B
Accuracy [¥] : Tu Duration [zec] : IZU
Tu

Min_ timestep [sec] - [1f Display [sec] : |1l]l]rJ
Mom. timestep [sec]: |In Input rize time : I

Max. timestep [sec] : |100n

111

[ Superpose simulations.

[¥ Update the pattern file. Cancel | Dk | Run I

Simulate-power Up Analysis
Power up analysis parameters

Input rise time

.POWERUP
Duration
.POWERUP
Display
100 1
1000 1 .TRAN

34



Accuracy

1

lus
2
3
Run

circuit.OP

OK

.POWERUP

35

100

1ns

.EPS

1000

1

10

10



Simulate-Setup Simulator-Contorl Parameters

Directives ___ l

Temperature [C] : IBE Lufreq:

Iteracc:

Rize/fall time For

interface nodes [sec] : IT,TW Itermax:

111

H_up:

Unit digital delay [zec] : 11,.— H_down: 050
Pivmin: 1e-015

[ Display spikes. Capamin: o

[ Bun in exclusive mode. Filk: Iﬂ—
Gdzmos: Il]—

¢ Update the pattern file.
Gminjunc: le-012

Cancel | ok | Ghdsmos:  |1e-013

Temperature ° . TEMP
Riseffall timefor interface nodes  sec . LRI SEDUAL
Unit digital delay  sec . LTI MESCALE
Display spikes . VI EWBPI KES
Run in exclusive mode . EXCLUSI VE
Lufreq . LUFREQ
Iteracc . | TERACC
Itermax . | TERVAX
H_up .H
H_down . H
Pivmin .PIVM N
Capamin . CAPAM N
Filt FILT
Gdsmos . GDSMOs
Gbdsmos . GBDSMOS
Gminjunc . GM NJUNC
FFT
FFT Tools
Compute FFT Fast Fourier Transform...

36



FFT
1 +10 0 -10
10 FFT

Fast Founer Transform...

— Primary parameters set —— — Prnmary parameters values — — Denved parameters -

" Enter t0. tn and n {0 = |t25n tn — ten.dt — 1.049u
* Enter t0, dt and n dt = |1n fn = 172dt = 16
" Enter t0, df and n e
: [1024 df = 1/(n.dt) = 976.5625K

" Enter t0_ fn and n
 Enter t0_k, fs and n
" Enter 10, dt and df

—Windowing -
" Rectangular [none] " Average shifted transforms
* Blackman-Harriz 4
" Kaiser-Bessel 4

" Hanning 2
¥ Usge bar style to draw spectrum

" Hamming
" Blackman-Harris 3

¥ Pad with last ¥alue if too few data points

[v¥ Remove DC walue from signal before transforming

Min. x value in zelected signal(s]: 0 Cancel I ’TI
Max. x value in selected signal(z]: 2m

Primary Parameter Set 1

Primary Parameter Set
1 Primary Parameter Value 1
Derived
parameters 1

dt
df
t0

tn
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fs

Primary Parameter Value 1

1000 FFT
t0 tn df
n
dt Fast FourierTransforme...
23 5 2", 3m5n
m n
100 1000 5000 10000
Sim
Data Padding
Pad with last value if too few data point
Sim
Remove DC DC
FFT DC
BH4 5
7 bins DC
DC
FFT DC
Averaging
Sim FFT
Average shifted transform number of transform
NA shift each transform
SHIFT NA FFT
FFT SHIFT
NA FFT
Windowing

38



FFT
OK
FFT FFT
END
FFT

SNR THD

40 FFT |_|Of x

FFT FILTER.nsx ; single ]

200K 400K BOOK 800K [Scalng =

-80

: 5 h 5 550

1 T Mh

EIlE| P
! Band=[201.2kKHz, BO0.6KHz], SAM+THD)=3.5d8, THD=12.7dE | Circuit : [T
SNR  THD
FFT FFT SNR  THD
SNR THD
1.FFT
2.Tools-Compute SNR and THD
3.
4, SNR THD

39



"No signals will be displayed during simulation. Would you like to set up the simulation
screen now?"

Y
Add analog trace | Add digital trace ... |
|71.r[ ..... ] I 1() I Intemals( ) Available digital signals
Available analog zignals :::12 '
“[AYDD] N3
“W[AYS55]) *RC
“Y[N1) *START
V[N2) “KINV1AX.N_6
V[N3) “XINV1B.X.N_6
“(RC) “XNATAX.N_1
Double-click in the list.__ Double-click in the list __.
¥ Add in a new graph
pone |

Add analog trace  Add digital trace

Done
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View-Fit Windows

View-Panel

PRINT  .PRINTALL

LPRINT  .LPRINTALL

Sim
PRINTALL
.LPRINTALL

circuit.pat

print

.PRINTALL .LPRINTALL

.PRINT .LPRINT

41

— Browse

| Signals

=

[IE1)
[IC2)
[[R1)
IR2)
DD
IIM]
I55)
Y[aT)
YIBT)
YIN]
Y[aUT)
YIVDD)
YWS5]

Show

v Woltages
¥ Currents
[ Intemnal Signals

.TRACE

.LTRACE



Transient analysis: SMASH nsx ; all

A0u B0u 1200 1600 Scaling:
: ' ; ; 5.5Y

-500m*

195304,

-3.54404,

4,377 uA

-/ 33.8n4,

Transient analysis: SMASH nsx ; all
40U ‘B0u 11200 “1B0u Scaling

5.8

-500m*

195304,

-3.54404,

4,377 uA

-/ 33.8n4,

vV OouT
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o)

As)

l4b |4k |

Tools-Measure

END

Tools-Show Points

View-Log X Scale

43

View-Refresh



Edit-Use as X AXxis Sim

Edit-Draw 1
Delete
Edit
Add or Edit a
formula PRINT
expression

Add or edit a formula |

YA Symbolic name of formula:
¥(B) Inew
VIVCOCOM])
YIvDD) Formula:
Y[A]+2([B]

Cancel | (1].4 I

+-*/ sin , COS log , €tc.

IN MOS OUT.GDS

44



.TRACE

File-Save
Sim EDA/
circuit.NSX
Sim
Close All Quit
OK
<<pixel>>

CTRL

45

.TRACE

Tools



Tools-Change Font

B

advsim.INI
advsim.INI

Reports-Generate ASCI| file
signal

advsim.INI
advsim.INI

46

OK

[ Font s]

transient small
circuit. DAT



Dump waveforms in text form

at__.

Generate file named: IFI LTER.dat

Mumber of digits: |5

Stop at:

Start at: I—
I—

[ Merge the netlist file [.nsx]
[ Merge the pattern file [.pat]
¥ Generate PWL zource Format

[T Uze cumrent window widthi [~ Generate table format

Sampling ztep: |1u Eancell | 1] 4 I

Generated file named

Number of digits
10

Merge netlist/pattern file

Generate PWL format PWL

PWL

Generate table format

Use current window width

Sampling step

circuit.NSX
/
10

trace PWL

table

SPICE PRINT

Start at  Stop at
X

47



Reports-Convert

circuitHIS

circuit HIS

circuit.H2P
circuit.PAT
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OK



Sim
circuit.NSX
circuit. PAT Sim
circuit.NSX
circuit NSX
circuit NSX
circuit.NSX netlist
Sim 1
circuit. NSX
. SUBCKT
. MODEL
Verilog-HDL
Verilog-HDL Verilog-HDL
LRM C
<<top-level>> top-level

49



circuit.PAT

circuit.NSX
SPICE
1
BIL circuit.BIL
Sim
BIL
IPA circuit.IPA
.1 PA
circuit.IPA
SUBCKT
[ Li brary]
LIB

50

circuit. PAT

. PARANBVEEP

. MONTECARLO

I PA

.CLK

.CKT

.CKT

:100K/5%

SPICE

advsim.INI

advsim.INI

. PARAM

IPA



B
Verilog-HDL

Y

advsim.INI

.MDL
SPICE

[ Li brary]
LIB

.MODEL

.MAC

advsim.INI

Mixed

LIB

CKT

Vv
Verilog-HDL
[ Li brary]
.LIB
.MDL
.MODEL
MDL
.MAC
MAC advsim.INI
B
.LIB
mixed
.SUBCKT
primitive
LIB

LIB

51

.MODEL

Verilog-HDL

advsim.INI

advsim.INI

advsim.INI B

[Library]
LIB

module
DEFINE_MACRO

advsim.INI [ Li brary]

LIB



B
Sim
circuit TMF
circuit DMF
circuit.RPT
circuit.RPT
circuit.RPT
circuit.RPT
circuit.OP
circuit.OPT
static
/
Sim3  circuit.OP
circuit.BOP
circuit.OP
circuit.OP 3
circuit.TVL

$setup  $hold $width

52

advsim.INI

DC

Sim

circuit.OP

Sim  circuit.OP



circuit. TVL

Verilog-HDL LRM
circuit. TMF
S
PRINT
PRINTALL circuit TMF
.PRINTALL
circuit.OMF
PRINT
PRINTALL circuit. OMF
.PRINTALL
circuit. AMF
S
PRINT
.PRINTALL
AMF
.PRINTALL
DC circuit.DMF
DC
PRINT PRINTALL
circuit. DMF
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.PRINTALL

circuit. NMF
ONOISE,
INOISE, DB INOISE DB ONOISE 4 PRINT
PRINTALL
circuit.BHF
VS
.LPRINTALL
.LPRINTALL
circuit.BHF
.LPRINTALL
circuit.BHF
circuit TMF
circuit.HIS
circuitHIS
.CREATEHISFILE
circuitHIS HIS
PAT circuit.H2P
circuit.NZE
circuitNZE
.NOISE
circuit.H2P

Reports-Convert  circuitHIS  circuit.H2P
circuit.PAT
circuitHIS
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.CREATEHISFILE Reports-

Convert Sim
circuit.ARC
ARCHIVE
Load Circuit circuit ARC
ARCHIVE

55



Windows

CHKDSK
CHKDSK / F
Sim
Sim Windows CHKDSK
I F Windows
CHKDSK
.OP Sim
BSIM NO NB ND 00
.OP "Start off with .op
file" .USEOP
"Bad news! time step ..."
"by default"
.CAPAMIN
Minimumtime step Simulate-Setup Simulator-Transient
Nominal time step
PULSE PWL
"Current accuracy” Simulate-Setup Simulator-Transient 1le9
le-8
.LRISEDUAL

56



TPLH TPHL TPZ TPNZ

EKV NQS=0

"by default"

.TRAN
".TRAN 1p 1m" 1,000,000,000
Simulate-Setup Simulator-Transient
Duration  Display

Internal time step nominal time step
maximum time step Simulate-Setup
Simulator-Transient

"Current accuracy”  select Simulate-Setup Simulator-Transient

.EXCLUSIVE
.PRINTALL .LPRINTALL
.PRINT .LPRINT
.RELAX
equation-defined sources
.DIGITS
.DIGITS
"Too many analog sources"
.MAXSOURCES
t_Xxx
C¥TMP
Autoexec.bat C¥TMP SET

SET TWMP = C ¥TMP

C¥TMP t_Xx

57



AC

AC Magnitude "1
config.sys FI LES=50
RS JK
LI BES
WAVEFORM
2 .CLK"gates"
.CLK CLOCK 0 STO 10 ST1 . REP 20
.CLK CLOCK 0 WEO 1000 SW0 1350 WEO
0 1000 1000 1350 0 1350

.CKT .LIB

.CKT
LIB

ESC

58



-Advsim.INI

advsim.INI

Client/Sim

advsim.INI

advsim.INI

smash.INI

advsim.INI Windows

[ col ors]
color5

[ Col ors]

colorl=r1 g1l
col or2=r2 g2
color3=r3 g3
colord4=r4 g4
color5=r5 g5

[ Col ors]

col or1=0 255
col or 2=0 255
col or3=255 0

bl
b2
b3
b4
b5

255
0
0

col or4=200 200 O

col or5=255 0

255

59

advsim.INI

¥W ndows

colorl
RGB
255



[ Font s]

Edit-Change Font

advsim.INI [Fonts]

[Fonts]

[ Font s]

gr aphi csf ont name =
graphi csfontstyle =
gr aphi csfontsi ze =

[ Font s]

gr aphi csfontname = ari al
gr aphi csfontstyle = bold
graphi csfontsize = 9

[Print]

scalingfactor
scal i ngfactor = 50
100

fill paper page

mar ker s

bl ackandwhi t e

yes
[Print]

[Print]

scalingfacter = n

fill paperpage = yes | no
markers = yes | no

bl ackandwhite = yes | no
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yes



File-Close

no
yes

[AutoSave]

[ Aut oSave]
saveoncl oseal |
saveonqui t
confirmguit

= yes |
= yes | no
=yes | no

no

[ def aul ts]

[defaults]
[ Def aul t s]
Def aul t H erchar = _

advsim.INI [ Li brary]

[Library]

[ Li brary]
directory
directory =

yes |
yes |

no
no
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" C. ¥down¥her e"

File-Quit
.TRACE .LTRACE
saveoncl oseal | = no saveonqui t
confirnguit = yes
.HIERCHAR
= yes = No
= yes



[ Li brary]
C. ¥user ¥j oe¥si nul ¥pr o¥l i bs¥npn = yes
C. ¥trash¥ol d¥npn = no

Sim

c:¥client¥sch3¥ibrary¥sm

pristel_root_directory
Sim circuit.BIL

[protel]
[protel]
pristel _root_directory=C ¥CLI ENT¥SI MB¥LI BRARY

[ Access]
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LIB



