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interactive features; Spice-
Mod, extensive model
libraries, and IntuScope5
waveform analyzer.

9 New Monte Carlo
Analysis Uses
Interactive Com-
mand Language

(ICL)
The new 8.x.8 version offers
many new features and
enhancements including a
Windows-based data sheet
modeling program, a new
Library Manager, and a completely redesigned waveform
analyzer.

14 The 30-Second
Data Sheet

SpiceMod is a smple program designed to help engineers
produce accurate SPICE models for thousands of
semiconductors. The program eliminates the need to learn the
intricacies of SPICE model parameters and prevents laborious
laboratory measurements.

Withinformationfromthemanufacturer’ sdatasheet and aset of
test circuits included in the program, SpiceMod users can
characterize and evaluate models, obtaining feedback on their
accuracy. Circuitsinclude diodes, zeners, BJTs, power BJTS,
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Darlington BJTs, JFETs, MOSFETs, Power MOSFETS,
Sidacs and Sidactors, SCRs, GTOs, Triacs, and IGBTs.

The SpiceMod program incorporates anew Library Manager,
which createslibrary templatesthat place new modelsinto test
drawings.

Library Manager’s test drawings contain scripts and provide
data storage so users can view results and compare them with
the SpiceM od dataentry. A SpiceM od Software Devel opment
kit (SMSDK) is provided with the program, so that users can
make their own models. Model tabs were added to SpiceMod
so that a custom model DLL can be stored. An example Diac
model is provided to guide users through the process. The
SMSDK requires Visual C++ Version 6, Service Pack 4.

“Library Manager issignificant becauseit allows a SpiceMod
user to make, modify, store and compare revised modelswith
archived model files,” said Larry Meares, founder and
president of Intusoft, San Pedro-based designer of circuit
simulation and test software. “ The program also allowsyou to
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create atest circuit for each model you develop and link it to
that model. This provides incredible flexibility for the end
user.”

When user changes are made, the parameters and pins
affected are shown, and the program automatically finds and
consistently modifies each subcircuit throughout the model
code. Userscan also maintain notesto document their model
changes thanks to built-in help filesin .RTF format.

In addition to the new Library Manager, SpiceMod has been
converted from DOSto Windows, and its modeling accuracy
has been improved. The SCR model now takes temperature
asaparameter and allowsyou to see how temperature affects
key parameters within a spreadsheet.

Another important ingredient in the 8.x.8 ICAP/4 release is
the new IntuScope5 waveform analyzer.

The software features a new calculator menu which now
includestheability to cal culateand scaleBodeplots, withgain
and phase margin, group delay, and Nyquist curve functions
with asingle keystroke.

IntuScope5 Waveform Analyzer
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These specific features and functions are new to I ntuScopeb:

e Write your own specialized scripts and assign hot keys to
them to eliminate repetitive design tasks.

e Writeequationsinthe Command window of theCalculator.
The same equations can be used to define measurementsin
the SpiceNet database.

e Alter and construct graphs using the Calculator’s Build
submenu.

e Perform Fast Fourier Transform (FFT) (time to real and
imaginary), InverseFast Fourier Transform (real andimagi-
nary to time), Rectangular to Polar (real and imaginary to
magnitude and phase) and Polar to Rectangul ar (magnitude
and phase to real and imaginary) conversions.

e Perform wavelet transformations, removing values with
magnitude at rates more effective than Fourier.

e Take advantage of new filter, polynomial, and PWL con-
structs within the functions submenu of the Calcul ator.

The Intuscope5 program gives you enhanced waveform selec-
tion, manipulation, scaling, viewing, and math operations.
IntuScopeal so expandeditsmenu of featuresfor advanced users.
Powerful interactive features, which require communication
with the SPICE simulator and the SpiceNet schematic capture
program, have also been added. The new IntuScope5 versionis
Windows 2000 compatible.

The IsSpice engine now incorporates the latest BSIM4 submi-
cron level model. A new EPLF-EKV model was added. This
scalableand compact MOSFET model isdedicated tothedesign
and simulation of low voltage, low-current analog, and mixed
analog-digital circuits using submicron CM OS technologies.

Library Manager is included with the Test Designer, ICAP/4
Professional, Power Supply Designer and Magnetics Designer
packages. SpiceMod is provided with Test Designer, ICAP/4
Professional, and the Deluxe packages. If you are a current
customer with up-to-date maintenance, you will receive Library
Manager and/or SpiceMod as a standard maintenance upgrade.
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Release 8.x.9 is in Progress

Intusoft is now developing feature enhancements for our
early Fall release. Already inbetaare Simulation Templates
and supporting ICAP/4 upgrades to allow Sweeps, Monte
Carleand Optimization. Thesebetafeaturesshould beavail -
able for usersto try out in early May. We plan on doing
several Optimizer templatesbecauseoptimizer performance
dependsonthe problem space. Thesethreenew featureswill
replace the older methods so that Scope4 will no longer be
delivered or supported with the release of versions 8.x.9.
TheMonteCarlo capabilitiesarehighlightedinthearticleon
page 9. We plan to ship several power electronic template
circuits that make use of the optimizer to trim stabilization
components.

Two-Port Network
Characterizations

| CAP/4 can beusedto extract parametersthat describetwo-
port network behavior using a standard test drawing in
combinationwith our new Library Manager. Thesidebar on
pages 6 and 7 shows the schematics of the circuits used for
measuring these parameters.

An <lIcapsDir>\Circuits\Networks\TwoPort.dwg drawing
was created to enable testing of Two-Port networks. There
isalsoalibrary filein TwoPort.lib called TwoPort. In order
tousethisfeature, youmust first makeadrawingthat hasthe
circuit that is to be characterized. Then you create a
subdrawing naming the input terminal pair InHi and InLo
and the output terminal pair OutHi and OutL o.

Tocreateasubdrawing; first makeanew configuration that
has any test stimulus removed and name it TwoPort. Then
select the file menu <Subdrawings\Make Subdrawing
item>.

After making the subdrawing, select <export>fromthefile
menu and <SubCkt>fromthelist box and press<OK>. The
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library manager will comeup. Y ou need to select alibrary for
your subckt. TwoPort.lib has been provided to hold these
temporary subcircuit files. Next press the <Dwg> button and
enter the path to the test circuit
(Circuits\Network\TwoPort.dwg). Close the drawing in
SpiceNet and save your changes in the library manager, and
then pressthe <Test> button in the library manager. The test
drawing will appear in SpiceNet with the update cache dialog
opened so that you can load the subcircuit to betested into the
schematic.

After that, openthe simulation control dialog and pick thetest
configuration for the parameters you wish cal culated and run
the simulation. The parameters will be in the output file.
Currently, TwoPort.dwg calculates Y, Z, H, G and S param-
eters.

Note: Library manager isnot availablewiththeRx or standard
ICAP/4 edition. For those versions, you will have to perform

the library entries manually and open
<lcapsDir>\Circuits\Networks\TwoPort.dwg in the usual
manner.

Two-Port Test Circuits

S Parameters
51l 521 Note 1: Capacitors used to

volts wilts

o { o avoid altering DC bias.
M ? T Note 2: ZO=50, set in the

AC=1

Simulation Control

. dialog Advanced Parameters

wolts 522

wolts

0 oo bl = s11*al+s12*a2
| e Wﬁ—ﬁ% b2 = s21*al+s22*a2

W2
AC=1

aj = vj + ij*Zj/ (2*sqrt(Re(Zj))))
i - bj = vj - ij*Zj™N(2*sqrt(Re(Zj)))

Newsletter subscribers: You can download all configurations of the
two-port test circuit. Just log on to: http://www.intusoft.com
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Two-Port Test Circuits

11
volts
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TwoPort.dwg and TwoPort.lib are available for download in
www.intusoft.com/circuits/networks/twoport.zipwherethere
isalso atutorial movie and installation instructions.

Summary: Thetest drawing contains a subcircuit representa-
tion of the Device Under Test (DUT) called TwoPort. When
you changethe TwoPort subcircuitinthe TwoPort library tobe
the circuit you want to evaluate; SpiceNet recognizes the
change and performs an Update Cache operation that brings
the changes into the schematic. The schematic then runs the
desired simulationsto cal culateyour circuit’ stwo-port param-
eters. Thisall connects together because the TwoPort model
used in the library has the same name as the one used in the
drawing.

New Monte Carlo Analysis
Uses Interactive Command
Language (ICL)

Intusoft has built acomprehensive | CL from the basic script
language that began with UC Berkeley Spice3. ThisICL has
been extended to enable many user defined analysis types,
including Worst Case, RSS, etc. The ICL ismostly common
tobothIsSpiceand IntuScopesothat many I CL scriptscanbe
run in either software program. This feature has eliminated
the need to use IntuScope as a data reduction program for
making measurements. Inthisarticle, wewill developan| CL
script for Monte Carlo analysis that will return pre-defined
measurement to the SpiceNet database and also provide for
interactive post processing using IntuScope. To begin with,
wewill runthel CL asaSimulation Template. That meansthat
the script will residein the script folder; making it accessible
fromthel CAP/4 Simulation Control Panel. Detailsabout the
ICL and Simulation Template syntax are in http://
www.intusoft.com/script/pages/over view.htm.

Reviewing the Pieces that Make Simulation
Templates Work

A Simulation Templateis an ICL script that has embedded
instructions telling the netlist program where to insert
information and which options are to be provided. It isused
to expand SPICE beyond the traditional limitations of the
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basic AC, DC, and Transient analyses by alowing
parameter variationsand multiple analysis passesto
be run under one analysis umbrella.

1.

Net List Formation: A Simulation Template
hasseveral parts. First therearedirectivestothe
net list builder, SpiceNet for ICAP/4, that are
prefixed using the # symbol. These directives
control the netlist format. For example, #toler-
ancetellsthe net list builder to include compo-
nent tolerances. #simulation tells the netlist
builder to insert the SPICE simulation the user
selected in the Simulation Setup Dialog. This
allowsthesametemplateto beusedfor different
analysis (AC, DC, TRAN, etc). Details are de-
scribed in http://www.intusoft.com/script/
pages/templates.htm.

Data Reduction: During a simulation, Spice3
compatible simulators, including 1sSpice4,
organize simulation results into plots, one for
each simulation that is run. The plots contain
vectors (i.e. simulation waveforms and other
results). Once a simulation or group of
simulations have been run; it isnecessary to get
totheresultsso that measurementscan bemade.
The ICL uses nextplot and nextvector to
enumerate all plots and vectors so that you can
analyzetheresultswithout knowing specifically
what was saved or how many simulations were
run.

Data Output: SpiceNet reads measurements
back into its database from the 1sSpice output
file. The measurements wizard takes care of
defining and formatting these measurements.
We use the #mprint template to print results to
the output file or to save results as plot vectors.
“set printmode = save/print” distinguishes the
direction; save or print. Importantly, the save
directionisnot limited by the spiceoutput digits
setting because it gets data directly from the
simulator in the double precision format. There
are several additional ICL commands to allow
formatting of printed output so that you can get
ahumanreadablereportintheoutputfile. Going
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onestep further, you can open I ntuScope and run
ICL scriptsto get additional datathat you hadn’t
anticipated before running the simul ation.

Monte Carlo Strategy

Monte Carlo analysis was performed one simulation at a
timeinthe past. Now, using Simulation Templ ates, we can
run all of thelotsand caseswithin asingle simulation. That
meansthat upon completion, all of thedatawill beavailable
within the IsSpice plots and vectors. We allow the user to
make measurements either before or after running the
simulations.

A new dialog in IntuScope can be activated after running a
Monte Carlo analysis by pressing the <Monte> button in the
<Add Waveforms> dialog. To plot the statistical results, you
must have saved measurementsinthe* prob” plot. Y oucanadd
to the ones there using the <Monte Carlo> dialog. Selecting
vectors and functionsfrom the appropriate lists doesthis; then
pressthe <Add Function to Plot> button. Incidentally, you can
plot all casesof each vector by selecting avector’ sx andy axis
and pressing the <Plot all Cases> button.

Thereally neat stuff happens when you select a measurement
fromthe " prob” plot and pressthe plot group buttons. Y ou get
histograms or cumulative probability plots scaled to your data
set. Cumulative probability warps the x axis into “sigmas’
based on a normal distribution. For small sample sizes, it is
much easier to visualize the distribution. We also plot the best
fit of a straight line through these data points. If the datais
normally distributed, it will lay along this straight line. The
slope of theline, or first polynomial coefficient is an estimate
of the standard deviation. The rms error is shown, and if it's
small compared to the standard deviation, you are probably
looking at anormal distribution.

Next we added afeaturetoisolatethe data set that created each
data point. Simply place cursor 0 on adata point and pressthe
report button. It tells you which simulation produced the data
and shows each parameter’s value and its sigma deviation.
Using this feature, you can get an approximate separation of
classmembersfor casesthat havebi-modal distributions. Then
you can separate class members into several groups for more
detailed investigation.
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Finally, you can substitutetheval uesassociated with oneof the
simulationsback into the schematic to evaluatea*“ worst case”
or re-center the design.

The Simulation Template

The simulation template for Monte Carlo can be viewed in
http://www.intusoft.com/scripts/pages/index/monte.htm.
There are two main loops, thefirst loop collectsthe statistical
data and the second one fills the “prob” plot with the
measurement results. New |CL command and templates are:

#setmonte: Makes SpiceNet set the lots, cases and
distribution in variable called maxlots, maxcases and
distribution.

monte: Tells the simulator the lot and case number in
order to initialize the pseudo random number generators.

The“prob” plot contains vectors for each measurement.
Thedatain each vector correspondsto the simulation that
created it. For cumulative probability, the data is sorted
and plotted against asigmavector. IntuScope back tracks
the data by identifying which cell in the corresponding
“prob” vector has the same value.

The IntuScope Monte Carlo Dialog

IntuScope recognizesthe existence of aMonte Carlo data
setwhenaplot named“prob” ispresentinthel sSpicedata.
The dialog shown below becomes accessible by pressing
the <Monte> button in the <Add Waveforms> dialog.

Monte Carlo [X]
i~ Post process data to plotm Select Data to Plot [WI
stddev(v(10)) -
stddev(v(12)) B Help |
Yector Argument stddeviv(15))
stddev(+(17)) i~ Plat
stddev(v(22)) .
stddeviv(23)) Histogram |
stddev(v(24])) —
stddev(v(bias)) Probability I
Add Function stddev(v(input]))
to Plot - > stddev{v(vfb)) e e T
User Scipt stddev(v([vin])
il i stddev(v(vpd))
initialvalue(select) stddev(v(vq2e)) Report |
default ¥ stddev{v(vg3e))
stddev(@veeli])
Plot &ll Cases ;‘igg[i‘l’%%]"ee[']]
Cursor Function Plot Name trise(v(vin
homecursors Hise{v{va2e) |
trise(v[vg3e)) =]
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Plot2

Plotting the histogram and probability yields these graphs:
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The best straight line id shown below and the error is small
comparedwiththestandard deviation soweareleadtobelieve
it’'sanormal distribution.
Polynomial Regression of prob(trise(v(vpd)))
+15.701127N, 331.19626P,
rms(previous-current) = 50.2290P unknown
Data from the point at the extreme left was identified as
belonging to the pot “tran28” and a portion of the results are

shown bel ow.

parameters from plot tran28 trise(v(vpd))

PARAMETER VALUE SIGMAS
c8 6.86P -1.19
rio 999 -202M
ri8 101 1.76
r17 4.98K -590M
ri6 10.00K -22.1M
c3 10.1IN 432M
r1s 9.88K -1.83
c2 9.83N -1.04
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Thesedataweretakenfor 30 cases, below isasummary of data
from 6, 30 and 150 simulations

# of Simulations M ean stddev error
6 15.87N 235P 66.1P
30 15.70N 331P 50.2P
150 15.55N 304P 36.5P
nomina 15.52N - -

You can see the statistical mean is approaching the mean
found by running the nominal case. Moreover, theresult from
only 6 simulations, used with our prior knowledge of thetrue
mean gives a not too bad result for the tolerance if we add
3*error to the stdev and set the tolerance at 5 sigmaor Tol =
(235p + 3*66.1p)*5 = 2.16n. This yields a conservative
estimatewithout waiting for thelonger simulationtorun. Why
5-sigmayou may wonder when part tolerances are taken as 3
sigma. The answer isthat we have many such measurements
that must pass for usto sell our product. If we used 3-sigma
limitswewouldloose1in 384 productsfor each measurement
or about 1 in 40 for a product that had to pass about 10
measurements. Therefore, weneed to widen thetest tolerance
inorder toget acceptableproduct rejectionrate. Now if thetest
tolerancefallsoutsideyour performance specificationyou can
try more cases, re-design the product or change the specifica-
tion.

The 30-second Data Sheet

Stuck without the numbers you need to create an accurate
SPICE model from SpiceMod? Here are afew tips on finding
manufacturer’ s data sheets. Sounds simple, but your best bet
istogoright to thewww.google.com search engineand typein
the part number.

L et’ senter high-speed switching diode 1IN4148intothesearch
engine and see what we get.

Fairchild s site comes up first offering the diode datasheet by
E-mail or in .pdf format. http://www.fair childsemi.com/pf/
IN/IN4148.html#Datasheet
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Vishay semiconductor a so offersatabul ar datasheet completewith
al the electrical characteristics needed to produce your SPICE
model .http://www.vishay.com/temporary/datasheets/
discr etes/diodes/1n4148.1n4448.html

Philips providesthe most comprehensive datasheet information for
1n4148, including graphs describing forward current and
temperature parameters. Phillips also offers a cross reference tool
where any manufacturers part number can be entered to receive
Philips compatible parts.http://www.us.semiconductors.com/
acrobat/datasheets/IN4148 2.pdf

When apart number searchfailstoyield good results, going directly
to amajor manufacturer isyour next best bet.

Check out http://www.intusoft.com/slinks.htm for alist of 20 1C
manufacturers with SPICE models. Ranging from International
Rectifier http://www.irf.com/home to ON Semiconductor http://
www.onsemi.com/, theserich sitesfeaturemodel sfor every kind of
device, including op-amps, precisioninstrumentationamps, buffers,
i solation amps, video mux, switchedinput integrator, photodiodew/
amplifier, voltag-controlled amplifiers, diodes, amplifiers,
comparators, analog switches, power management, thermal
management, battery management, Mux, gates, invertersand more.

Searchable parts libraries, like Partminer and Global Spec.com on
the Internet can also help design engineers find modeling
information. www.Global Spec.com isasoup-to-nutsrepository of
detailed productinformation. Thesiteallowsuserstoenter exacting
part parameters to instantly access specifications and drawings
organized by supplier name. Users can visit each company’s
showroom, contact the supplier directly via an e-mail hotlink, or
browse each supplier’ scurrent catalog. Unlikelogging ontoanon-
line catal og, the user doesn’t have to know which company’ s web
site to visit. Global Spec.com browsers can zero in on multiple
products from different vendors simultaneously, including sensors
and instrumentation, motion controls, mechanical and electronic
components.

Partminer’ sDesign Center at www.partminer.com offersthelarg-
est database of electronic component parts and datasheets in the
world, with detailed information on over 12 million partsfrom over
1,800 manufacturers. Parametric searches guide you through to
components which can fit your needs. A “replacements’ function
letsyou list comparable parts for a side-by-side comparison.
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Intusoft’s World-Wide Support Staff

Listed below are dealers where Intusoft products, updates, information, and support may be obtained.

Dahan Tech Inc. - Sang Y. Cho

South Korea

Tele: 82-2-515-2845/FAX: 82-2-515-2844
email - sycho@dahan.co.kr

Web: http://www.dahan.co.kr

Technology Sources Ltd. - Dr. Graham Plows
Denmark, Spain, Portugal, Norway, Sweden, UK
Tele: 44-01223-516469/FAX: 44-01223-729-916
email - info@softsim.com

Web: http://www.softsim.com

DS-Design Systems OY-Hannu Tikkanen
Finland

Tele: 358-14-652588/FAX: 358 -14-610725
email - sales@designsystems.fi

Web: http://www.designsystems. fi

Thomatronik GmbH - Herbert M. Mieller

Germany, Austria, Croatia, Slovenia, Czech Rep.

Tele:49-8031-2175-0/FAX: 49- 8031-2175-30
email - info@thomatronik.de
Web: http://www.thomatronik.de

Cho Chieh Enterprise Ltd. - Tennyson Lin
Taiwan, Hong Kong, China, Southeast Asia
Tele: 886-2-2847-9888-9
FAX:886-2-2289-0151

email - webmaster@chochieh.com.tw
web::www.chochieh.com.tw

Cadforce Systems, Inc - Reg Harrison
Montreal, Ottawa, Quebec Canada
Tele: (800)249-7332 or (514) 286-0347
FAX: (514) 286-4861

e-mail: reg@cadforce.ca

Web: http://www.cadforce.ca

Cadforce Systems, Inc - Monique Masserey
Calgary, Toronto, Vancouver Canada

Tele: (888) 464-8552/FAX (905)275-5546
e-mail: monique@cadforce.ca

Elbo - Bogdan Olejarczyk
Poland

Tele/FAX: (48-22) 838-23-91
email - elbo_@astercity.net

Siscad s.r.l.- Valerio Scibilia

Italy

Tele: 39-02-48022546/FAX: 39-02-48015146
email - vscibilia@siscad.it

Trident Techlabs PVT Ltd.
India

Tele: 91-11-593-9907 or 593-9960
Fax:91-11-593-9960
email - tritech@ndb.vsnl.net.in

Trident INFOSOL PVT LTD.

India

Tele: 91-80-224-5037, 223-3579, 223-6304
Fax: 91-80-229-1566, 22-4574

email - trident@bgl.vsnl.net.in

ChipCAD - Tibor Berky

Hungary

Tele: 36-1 399-4290/FAX: 36-1 399-4299
email - tholman@chipcad.hu

Web: http://www.chipcad.hu

Computer Controls AG - Peter Wannenmacher
Switzerland
Tele:41-1-308-66-66/FAX:41-1-308-66-55
email - peterw@ccontrols.ch

Web: http://www.ccontrols.ch

IVIS Co., Ltd. - Hiro Nagano

Japan

Tele: 81-45-332-5381/FAX: 81-45-332-5391
email - sales@i-vis.co.jp

Web: http://www.i-vis-co.jp

EDA Software - John Meltezos

Greece

Tele: 301-8256258-9/FAX: 301-884-1016
email - sales@edasoft.gr

INTSYS Europe SA - Claude Masseboeuf
France, Tunisia, Algeria, Morocco

Tele:(33)01-60-81-00-69/FAX:(33)01-60-81-00-70

email - sales@intsys-europe.fr
Web: http://www.intsys-europe.fr

DFM - Tuvia Liran

Israel

Tele: 972-4-9533059/FAX: 972-4-9533057
email - dfm@netvision.net.il

Web: http://dfm4visi.com

TECH 5 - Geert Mosterdijk
Netherlands, Belgium, Luxenburg
Tele: 31-184-6155-51/FAX: 31-184-6154-51

Tele:32-2-657-31-64/Fax:32-2-657-49-25 Belgium

email: info@tech5.nl
Web: www.tech5.nl
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