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Rubberbanding Key New
Feature in 8.xX.10 ICAP/4

I ntusoft demonstrated rubberbanding and In This Issue

other sign_ificant new features in it_s latest 1 Model Theory

ICAP/4Windows8.x.10rel easeat DesignCon

2002 in SantaClaraon January 29-30th. 7 DemoEnabled
Models

ICAP/4Windows features SpiceNet, an

integrated schematic capture program; 8 Z Transform

|sSpice4, the only SPICE simulation engine BodePlot

withtrueinteractivefeatures; extensivemodel

libraries, and I ntuScope5waveformanalyzer. . LBssoney

. 15 New Spice
Intusoft’s latest 8.x.10 version of ICAP/4 Models

software offers these new features:

¢ Rubberbanding— Thisnewfeature
allows you to move a set of compo-

Simulation Control x| A | A
— | Ve | Fuls | T Cofurtins nents without breaking associated
Bazurements ectors aults B onhgurabons . . .
Y — A wiring connections. The ALT key
et .
ed Looo + Standar _swe | o |l s as a toggle ON/OFF switch to
Clused Loop tran Part: Hel
+ arts Elp . . .
SafeToStart + DEOP enable and disable this function.
Results Test Design
Simulate Selections
| * One-Click Advanced
Alaim
st R ] Parameters Access — Now
Data Reduation— you can access Standard,
s o T | 5 et Monte, Optimize, Sweep, Pa-
Siandaid T 1
€ MameCato ]| 0PTIMZE F Serit rameters, and Toleranceinone
Gt A ] e Detafen easy button click on the main
+ Al Test points . . .
tidvanced Setup Oplions  Nodes + test poirts SimulationControl Dia ogbox.
Standardl Dptlm\zel Paramelelsl
onte | Sweep | Tolerance Advanced SElUD DDlICIr'IS

Standaldl Dptimizel Parametersl

tante | Sweep | Tu:ulerancel
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Scope wolts
Zmag = mag(vz) r 0 m T

2Zre = real(vz) | K C1
plot Zmag N” cerCapxTr 185U
plot Zre )
setscaletype log log L " Send aScript to Scopeor
Hednatis. I Spice directly from the
b Schematic — Use new
Bt SendScript feature to send
Alumin 1ot bdel for Kemet T510E687MO0BAS4115 6.8volt, 680uf anl _CL Sp” pt fromthesche-
s v matic directly to Scope5.
2 Default Size 1u 100U valts .
o - - From the schematic, select
Drawing Properties j ®2 j c2

Vi scope cercapxr
Gain = db(vout)
p— phase = phaseextend(ph({vout))
- plot Gain
plot phase
setscaletype log lin

120 A to get into text mode,
- typeyour script, right click
™ the mouse button and se-
L lect Send Script to sendthe

24n

7

W T script to Scopeb. Thescript
j N e - will beautomatically runin
- S the Scope5 waveform ana-
= R lyzer.

Scope

Gain2 = db(vout2)

phase2 = phaseextend(ph({vout2))
plot Gain2

plot phase2

setscaletype log lin

Sendscript
Usage in IsSpice4
Format: sendscript [-I] <script line>
Example: sendscript -1 plot v(1)

The sendscript command sends a single line of script
from IsSpice to Scope5. Multiple lines can be sent by
prefixing each line with the sendscript command.

-l is a special switch used for the last plot waveform to
have all waveforms rescaled and drawn with like traces.
Usage in Scopeb5

sendscript begin
<script>
sendscript send

Format:

sendscript begin identifies the following lines of script

to be sent to spice for execution. sendscript send ends
the block and sends the script over. Output text is sent
back to Scope5's Output Record Window

sendscript begin
pl = nextplot(null)
while pl <> null
printplot default
printtext

pl = nextplot(pl)
end

sendscript send

Example:
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e Easily Add Sweep and Optimize Part Parameters—
Within Sweep and Optimize dialogs you can now select
fromapartlistand edit part parameterswithout leaving the

dialogbox.
Sweep
¥ Param Edit Part_ | Cancel | ok |
V¥ Include Ref Des

Thiz lizt iz for pour information. There zhould be
Fi1 & only one entry for the inner and outer loops. Uze
the “Edit Fart" button to make changes.

Oluter Irmer Fef Dez  Parameter Marmne Laoaop
Skart |1k |1u | A1 |Va|ue |Wary |0uter j
Stop |5k |5u | Ci |Va|ue |cvar_l,l |inner
st [ [
Parameter |Wa'_'r' |cvary | | | |

k2 |

e Better Optimizer I nfor mation —- After you enter aper-
cent tolerancefor the optimized parameter, you areableto
view the minimum, maximum and mean value for that

parameter.
Optimizer
of P add | Delere | ok |
W Inciude |><5 ﬂ ‘ - Cancel |
Ref Des  Parameter kin GES tean
®E |c-:c.mp |5.EiEIEIn |5|14un |28.DDn j
=5 ||:f |1 0,00k |E|EI.DEIn |5EI.EIEIn

|
|

T co——

T .|

¢ Modified B Element— Added the capability to copy “B
Element” expressionstothepart comments, sothey will be
displayed on the drawing. An Enter dialog was added for
ease of entering very long expressions.

e New ICL Scripts Added — Expandx, expandy, and
expandxAllPlots I CL scriptswere added to let you easily
modify your waveform viewing area. Family script was
addedtocreateeyediagrams. Superfamily script combines
multi plevector tagsinto oneto reduce presentationclutter.
Drawing scripts allow you to easily format waveform

graphs.
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e EasyL ocationof Subcircuit Vectors—TheAddWaveform
Dialogin IntuScope now features an expandabletree struc-
ture for subcircuit vectors.

DynamicHelp Menu For Scope5
Contest Help % hift+F 1 — HELP now includes updated
MovieTutorials, and web accessto
etting Started the latest documentation.

IntuScope Help Smith Chart AsaTes D
mi arts — Asa e
Intusznft an the Web g signer, ICAP/4 Professional, or RF
lsZpiced Help user, youcannow plot Smith Charts
Movie Tutorials ¥ byreadinginaTouchstoneformat-
Scopeh Example tedfile. Smith Chartsmay beusedto
Script References cal culateimpedancedetermination,
Sript Syntas impedance matching, noise figure

optimization, or stability.
About IntuScope

0 srel11 9 511

[l
o frequency = 3.00G hertz
% 211 = 1054 + j 300M
[dn]
D F] EE— =
!
|
0 1
440M
e frequency = 3.00G heriz
_ 350 ——H sirn11 = 300M
E = i
7. 250M //% __,./\‘)
- 2 //
* 1s0mM ,f/ | frequency = 3.00G hertz
P < | —f et = io5M
/ -~
a0.0M /-"
1.00G 3.00G 5.00G 7.00G 9.00G

frequency in hertz
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Model Theory

Theforward converter Z-Transformmodel extendstheapproach used by
Y aakov [1] inwhichbehavioral relationshipsweredirectly implemented.
Rydley [2] demonstrated the need for modeling transport delay.
However, in this case, a Z-Transform model implements this affect
directly. Variouslossmechanismscanbeadded tothelargesigna model
inorder to predict DC-DC converter efficiency using an operating point
analysis. The following model elements will be discussed and the
behavioral equations devel oped.

Table 1. Efficiency M easurement

Rload Pload | IO O | Reaveea
2 125 62.5% Sgtzg/"nf":%%)
7 37.5 81.8% 81.8%

1 25.0 84.6% 84.4%

2 12.5 8s.1 87.8

4.7 5.3 89.5% 89.5%

10 2.5 88.6% 88.8%

20 1.25 85.6% 87.2%

Model Elements:

1. Samplingtheory 7. Magnetizing inductance effects
2. CM/VM Control law 8. Leakageinductanceinducedlosses
3. Fraction Order Hold 9. Transistor switching loss

4.  Z Transform Integrator 10. Switched capacitor |oss model

5. CCM/DCM mode switching 11. Resistive Losses

6. Input and Output current/voltage 12. Coreloss

equations

Sampling Theory

Toachievealargesignal model, thecycle-by-cycleswitchingdifference
equation must be derived. It is not suitable to assume conservation of
power through the converter at each instant because the reactive
eementsstoreandreleaseenergy. Z-Transformtheory predictsthetime
domain performance at each sampling instant. For the class of PWM
circuits, itisconvenient to set thisinstant at the beginning of each pulse
asshowninFigure laand 1b. Thisisnot very satisfying to the end user
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becauseit under-estimatestheoutput current. Toovercomethiswe
calculatean average output current based on our knowledge of the

sampled data state.

Z Transform Integrator

Thewaveformsfor DCM and CCM areshowninFigure laand 1b,
respectively. We begin each cycle with the previous sample
current, 1 1. The calculated result at the end of the cycle, o, isfed
into theinput of the transmission line. The sampledelay, Z*-1, is
e"sT in continuous time and it can be smply modeled as a
transmission line. The transmission line works for both AC and
Transient analysis, thereby preserving the small signal
characteristics needed for stability analysis and also the large
signal description needed for the transient case. Idischarge will
changewith theinductor conduction mode. Therepresentationin
Figurelc isactually abootstrapintegrator. If thegainexceeds 1.0,
theoutput will grow toinfinity. Thegainwasset to.995 to prevent
numerical round off from making this circuit unstable. Reducing
Gmin increases numerical precision. As Gmin is reduced, the
integrator gain can be made to approach 1.0; however, DC
convergencewill eventualy fail for sufficiently small Gmin.

CCM/DCM Mode Switching

Thetermsused in Figure 1aand 1b are defined as:

Don Thefraction of the period the switchis ON.

DDIS Thenumber of periodstofully dischargetheinductor
DDISMAX Thetimeavailablefor dischargeinthecurrent period.
If Ddismax > DdisthenthemodeisCCM, elseitsDCM.

DDIS=1-Don
Icharge=(Vin-Vout)*Don/(L*F)
If (Mode==CCM)
Idischarge= (11 +Icharge)* DDISMAX /DDIS
else

Idischarge=Vout* DDIS/(L*F)

Y ou' Il find theseequationsmodified slightly intheactual model to
account for snubber delay and to prevent divide by zero during
numerical iterations. Figure2illustrateshow that wasdone. Notice
that theM odeCCM switchhasasmall hysteresisinorder toprevent
numerical oscillation. Y ou canseethat variableslikeDonarenodes
so that the node voltage, used in the equations, becomes V (Don).
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Inductor Current

Inductor Curmrent

M+icharge

Doff

Idischarge

Figure 1a. The Z-Transform sampling instant is shown at the beginning of each
pulseofthisclass of PWMcircuits. Figure lashows the waveform for DCM, where

Don

Duty Ratio

lout =Ddis*IDischarge/2.

Ddis
1.0

Ddigmax = 1-Don

Doff
M+icharge
Idigcharge
L]
M
]
Ddismax
0 Don 1.0
Ddis
Duty Ratio

CCM: lout = Ddismax * (I0 + Idischarge’2)

Figure1lb.TheZz-Transform samplinginstantis shown atthe beginning of each
pulse of this class of PWM circuits. Here the waveform for CCM, where lout
= Ddismax * (10 - Idischarge/2), is shown.
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™

50
D = {1/F}
10 k|
B8 :g f?:— R4
Voltage | 50

995*v(I1) + v(lcharge) - V(ldischarge)

Figure 1c. Atransmission line models Z*-1.

Hysteresis switch Fraction of a cycle
prevents DC solution available for discharge
from oscillating

=2 DISMAX
_51_muod
WH hystaresiz = 20m
ROM=1.0 ,B13
ROFF = 100meg B33 Voltage
Voltage L 1%Don)> 07 1:(Don) -wDsnub) : 0

DDISMA +B14
MudeCCM Voltage
{L*F}(v{11) + V(lcharge))s V(vout)+{VDENY = 0 7
1I]k = {L*FFHV) + V(lchargep i V(vout+{VDF N} : 0
. charge
V5 .
Idischarge -im E‘ﬁltage

— wive) = 10m 7 (SVin-wivout)) *((Don)){L*F} - 0

Erl_il'tag ViModeCCM) =07

(W11} + Vilcharge))* (WVIDDISMAX)+5m) / (V(DDIS)+5m)
—  (W{vout)+{VDFMN}) WVDDISKL *F}

Figure 2. Calculating average output current.

Output Current/Voltage Equations

Figure 3 shows the method to calculate average output current.
These currents are sent to the output in 2 parts; charging and
discharging. Thecharging component (B24) isdependent on Don
whilethedischarging part (B4) iscontrolled by themode. In both
cases, theaverageistaken so the output voltage and currentswill
be at their average values rather than the sample data points.
Diode, D2, prevents negative output. It has a low emission
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v(ModeCCM) > 0 2
{1IN}*(v(DDISMAX) * (¥(I0) + v(Idischarge)/2) )):
{1IN}*(v(DDIS)*v(ldischarge)i2)

VM1 RS 100k
+ YoutX
' I A L
) B24
Current

{1/NF*(V(DON)*(V(10)+V(Icharge)/2 ))*.999

Figure3. Equationsusedtomodelload current,series and parallel
losses.

Input Current/Voltage Equations

E18

V=PR Voltage
{i(VM2)*2/v(Pr)+ .01) * i(VM2)
Vin

~B1
3
¥ current

-—4 57n
o VinXXx
{(V(DONY{V(10)+V/(Icharge)/2) }+v{Im0)

99 v(Vinx,Rtn ) /
{v{Vinx,Rtn)*2/{v(Pswitch)+
V(Pcore)+v{Pcap)) + .01}

]
Vin
B15
Voltage

V{VInXX) - v(VinXXX)

Figure 4. Theinput voltage and current equations.

coefficient, 3m, which hasitsinternal temperatureset to 27 deg. C.
independent of circuit temperature. One of the general problems
with thismodel isthat it can find negative solutions that have no
interest. Itiseven possiblefor apositively clamped statevariable
to have a negative result computed during the matrix solution.
Thesenegativevaluescanresultininstability aswell asdivideby
zero overflows. That's why you see many expressions with
positive clamped results (expression > 0 ? expression : 0).
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Ontheinput side, illustrated by Figure4, conduction occursonly
during Don. B1 computes the basic relationship. Notice the
magnetizing current, Imo, term. Its equations will be devel oped
later on. B23 and B18 introduce losses. B18 reduces the input
voltage, simulating resistive losses in the power switch and
transformer. B23 accountsfor leakageinductor, coreand switched
capacitor losses. B18 and B23 are used to model resistive and
conductive losses using models that are well behaved around
zero. Thefollowing equationfor B18 showshow theparameter del
prevents asingularity at zero current while squaring the current
in the denominator forces a the term to be positive, thereby
eliminating any chancefor adivide by zero. Vinisreferenced to
simulator ground, allowing the external inputs to be offset from
ground.

V=1*R=I(VM2)* U(UR+dd),
["2R=P; R=P/I"2
V =1(VM2)* U(I(VM2)"2/P+del)

CM/VM Control Law

Thecontrol signal, V¢, isconverted fromanexternal groundonthe
input side using B10. The control signal is processed through a
fractional order hold, accounting for transport delay. This FOH
and the Z-Transform integrator realistically model the phase
degradation near one half the sampling (Nyquist) frequency.

The control equations are implemented as shown in Figure 5.

RB isthe current sense resistor and the equations assume that 1
voltwill causethemaximum current flow. Settingtheparameters
RB=0and M C=1will resultinvoltagemodecontrol wheretheduty
cycleisset by v(Cntrl)

For CM controllers, the following equations apply:

|1+l charge+Imag=V control/Rb

Icharge=Don* (Vin-Vout)/(LF)

11+ Don*Vin/(L*F) +Imag=V control/Rb
Don=(Vcontrol/Rb-11-Imag)* (L*F)/Vin

Don=(Vcontrol - Rb(*11-1mag))/(RB*Vin+MC)

To operatein VM set:

MC=1,RB=0

For CM MC = dope compensation as fraction of the slope
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Don viDonxX} > 5m ?
B26 wDonzX) :
Voltage 5m

- PLIM = .97*Dmax
HLIM = -.01

V(¥c) > 1m 7 ((V(Ve) - (RBIOVAM) +utim0) WPLVERBY(V(Vin) -wiVout)y+ 5m + {MC}) + {TSH*{F}: 10m

Figure 5. Control law for both CM and VM controllers.

Demo Enabled Models

What’s *exempt all about?

We have many requests from semiconductor vendors to in-
creasethesizelimit on our demo software so that they can show
how new I Cswork. ThelC modelsand circuits have become so
complex that to increase our complexity test so these circuit
simulationswould run amountsto giving our softwareaway. In
order toaccommodatethe showcasi ng of these products, | ntusoft
invented amethod to exempt certain portionsof adrawing from
thel sSpicecompl exity test. Thisallowsasimplecircuit configu-
ration to simulate but prevents it from working when the user
addspartsandfunctionality needed tomakeaproductioncircuit.

Here's how it works. Right after the .subckt line in the Spice
netlist, thislineisinserted in the netlist:

*exemptarglarg2arg3

This causes the demo version of 1sSpice to scan the remainder
of the subcircuit netlist. If the subcircuit netlist passes the
scanning test, then the subcircuit is not processed by the
complexity testing procedure. The scanning method prevents
topology changesin the subcircuit from being accepted by the
simulator. Each subcircuit is scanned according to the rules
presented in its *exempt line so that *exempt lines can't be
applied to other subcircuits.

We do thisto showcase our software so that the combination of
softwareand modelsissynergistic. Thewholeismorevaluable
thanthe sum of itsparts, or sowehope. Y ouwill seethisfeature
in SpiceNet drawingsfrom ON Semiconductor and Tl inthenext
few months.
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Plot1
phase in degs

gainin db(volts)

24.0 \ N

120 I |
: NN

120 _ Bode plot with loop cut at internal Duty Ratio

-24.0 é ‘

Z-Transform Bode Plot

Intusoft recently didaBodepl ot for aninternal loopmodel using
our new Z-Transform model for the switched inductor.

TheZ-Transformmodel showsgaingreater than1at harmonics
of the switching frequency. This behavior suggestsinstability
that would fold back below the power supply Nyquist fre-
guency.

Note: Thefreguenciesabovethe Nyquist frequency are gener-
aly taken to mean that these frequencies fold back beginning
at Y2theswitching frequency, extending into negativefrequen-
ciesuntil reversing. This behavior iswell known and used in
heterodyne detection systems.

o phase e gain

T~ N\ I

TV

gainmargin = 2.63814 db(volts)

F—| phasemargin = 40.9128 degs

frequency in herlz

Figure 6. Bode Plot with Loop Cut at Internal Duty Ratio

Thereisno evidence of instability in the outer voltage control
loop, asshown in Figure 7.

The switching models transient output voltage shows ripple

primarily at the switching frequency; however, thereisasmall
chaotic noise component. Thisisshownin Figure8.

Page 12

100 1K 10K 100K TMEG



Plaot
woutinvalts

€ rhase @ oain

N Bode Plot, Loop cut at voltage control
241 120 \ N gainmargin = 19.3429 dh(volts)
' \ \ phasemargin = 415217 degs
N
_ 120 60O [, \ e
[z (]
g 3 e \
55 \ \
5% g£
L e &
= o
z =
120 -B0.0 \ \
k|
240 120 \\L
100 1K 10K 100K 1MEG
frequency in hertz
Figure 7. Bode Plot with Loop Cut at Voltage Control
@ vout
| I |
o A A AR AR AR A0
N AN R AR AR (WA ARAWARARARIRE)
a010 I l‘ I: ! I‘ i ll'l"E‘I + .I‘:: + ‘I: ‘I
4.987 LY. X i X U
4934 —¥ —
1.914M 1.934M 1.953M 1.972M 1.991M
fime in secs

Figure 8. Switching model’'s transient output voltage
shows ripple at the switching frequency

Questionsfor FutureStudy:

1 Istheunexpectedtransient ripplereally thereor
isthisjust numerical noise?

2. Whatistobemadeof theACresponseabovethe
switching frequency?
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Test Designer Key to
Structural Integrity

Test Designer is software which designs test strategies to
assure structural integrity. There have long been arguments
over structural versus functional testing; however, structural
test MUST be performed to assurereliability. Here’ swhy:

Did you know? |Y ou’ ve designed redundant or fault tolerant

systemsinorder toridethroughasinglepoint failure. But over
timeitisincreasingly likely that afailure hasoccurred and that
if undetected acatastrophic eventislikely. Theavailability of
redundant systems is fundamental to avoiding catastrophe.
Either built in self test, BIST or auxiliary testing is needed to
perform structural testing that assures proper component op-
eration. Thiskind of testing effectively resetstheaccumul ated
failure rate to zero for each part that passes the test. After a
successful test; then when you begin amission, you have full
advantage of the redundant systems.

How isit done? |Itisnecessary to analyzetheresults of each
likely component failure. Then atest strategy is necessary to
detect each fault. Work done in the USA for commercia and
military aircraft systemshasproduced methodsfor sequencing
these tests to produce a decision strategy that isolates faults.
Putting thistogether with simulation technology, itispossible
to complete this apparently monumental task.

Say that again: |Undetected part failuresmake acatastrophic
ev

entmoreandmorelikely thelonger asystem operateswithout
fault diagnosis. Fault diagnostic test design is possible today
using simulation technology and established test design tech-
niques. That combination hasbeen put together with Intusoft’s
TestDesigner. Y oucanevenmodel el ectro-mechanical compo-
nents and perform system level diagnostic testing.

Showmean example! | Let’ stry anautomotivesteeringsystem.
Inthenear futuredectrical systemswill replacethemechanical-
hydraulic method currently in use. The steering wheel may
become something like a force feedback joystick. It sends a
voltagetoacontroller and road feedback istransmitted back to
the driver. The controller requiresinput position, output posi-
tionand acontrol law. If anal og, many resistorsand capacitors
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are used to obtain a control transfer function. If digital, properly
functioning A/D and D/A converters and other |C chips must be
working. Both requireaswitch mode power controller todrivean
electric motor that steersthe car. Using affordable parts, afailure
rate of 1 to 100 failures per 100 million hours per part can be
expected. That produces about 10 failures per million hoursfor a
system. Whilethat soundspretty good; if you take 10 million cars
fortwenty years, youget 17.5millionfailures! Evenlower produc-
tionratesystemslikecommercial and military aircraft areexposed
toincrediblerisk levels. Fault toleranceisno longer an option —
it is a requirement. Now here’s the rub; if you want a mission
successof 99.99% (that’ snot unusual for taking atrip to the store
andreturningalive!), thenyoucan’tgofor longwithout testingthe
redundant systemsin order to purge broken parts. It's no longer
just an oil change every 3000 miles!

Did you know? That even today, your low-tech
automobile has a dashboard light that checks your
redundant breaking hydraulic fluid level.

New Spice Transistor Models

DarNPN(8) 2N6283, 2N6284, 2N6301, 2N6350, 2N6351, 2N6353, 2N6384, 2N6385

DarPNP(3) 2N6649, 2N6650, 2N6650

2N2060, 2N2060L, 2N2219AL, 2N2222AU, 2N2432, 2N2919, 2N2919L,
2N2920L, 2N3019S, 2N3418, 2N3418S, 2N3419, 2N3419S, 2N3420,

NPN(27) 2N3420S, 2N3421, 2N3421S, 2N3501L, 2N3735, 2N3735L, 2N4150,
2N4150S, 2N5237S, 2N5238S, 2N5662, 2N5663, 3N3439
2N2605, 2N3251A, 2N3468, 2N3468L, 2N3634L, 2N3635, 2N3635L,
PNP(24) 2N3636L, 2N3637, 2N3637L, 2N3763, 2N3763L, 2N3764, 2N3765,

2N3810, 2N3810L, 2N3811, 2N3811L, 2N3867, 2N3867S, 2N3868,
2N3868S, 2N5416, 2N5416S

2N2151, 2N2814, 2N2880, 2N3442, 2N3716, 2N3739, 2N 3749, 2N 3996,
2N3997, 2N5004, 2N5038, 2N5039, 2N5157, 2N5237, 2N5238, 2N5250,
PowNPN(36) | 2N5251, 2N5302, 2N5660, 2N5664, 2N5665, 2N5666, 2N5667, 2N5672,
2N5685, 2N5686, 2N6033, 2N6249, 2N6250, 2N6251, 2N6308, 2N6338,
2N6546, 2N6547, 2N6676, 2N6678

2N 3740, 2N3741, 2N4399, 2N5005, 2N5683, 2N5684, 2N5745, 2N6211,

PowPNP(11) 2N6212, 2N6213, 2N6438

[1] Ben-Yaakov, S. “Average Simulation of PWM Converters by Direct
Implementation of Behavioral Relationships,” IEEE Applied Power
Electronics Conference (APEC, 1993), pp. 510-516

[2

Ridley, R. B. “A New Small-Signal Model for Current-Mode Control,” PhD.
dissertation, Virginia Polytechnic Institute and State University, 1990
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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. Mueller
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: 886-2-2981-2187

FAX: 886-2-8983-5229

email - webmaster@chochieh.com.tw

Web: www.chochieh.com.tw

COREDA Corporation - Monique Masserey
Western Canada

Tele: (905) 566 - 1755

Tele: (877) 566 - 1755 Toll Free

FAX: (905) 566 9925

e-mail: moniquem@coredacorporation.com

EDAforce, Inc - Jean Godbout
Eastern Canada

Tele: (450) 622-5500

FAX: (450) 629-4211

Toll Free 888-466-5834

e-mail: jean@edaforce.com
Web: www.edaforce.com

CAREL - Cezary Rudnicki
Poland

Tele/FAX: (0-22) 624-06-19
e-mail: cezaryru@pol.pl

Siscad s.r.l.- Valerio Scibilia

Italy
Tele: 39-02-48022546/FAX: 39-02-48015146

email - vscibilia@siscad.it
Web: http://www.siscad.it

CMR Design Automation - Mahesh Chandra
India

Tele: 91 11 6477085/Fax:91 11 6213498
email - cmreda@bol.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

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 - tuvia@dfm4visi.com

Web: http://www.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/info@tech5.be
Web: www.tech5.nl/info@tech5.be

Intusoft Inside Sales Address:
222 West Sixth Street, Suite 1070
San Pedro CA 90731

Tele: (310) 833-0710

e-mail: info@intusoft.com
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