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INFORMATION ABOUT THE WEBINAR

You are muted during the webinar.
However, you can ask us questions using the chat function.

Duration of the presentation 30 Min
Q&A: 10 — 15 Min

Any questions?
No problem! Email us digital-we-days@we-online.com

Please help us to optimize our webinars!
We are looking forward to your feedback.

On our channel Wurth Elektronik Group
And on Digital WE Days 2023 YouTube Playlist
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https://www.youtube.com/playlist?list=PLZJdRX1BvL0zb7pTrVCQrXDdeNECNvwv7

USAGE OF LTSPICE SIMULATION TO SPEED UP CONVERTER DESIGN

Letting the computer work for you is a science

» Usage of PWL Test vectors
 Load profiles
. Transiontiniect
* |teration of simulation
« Parameters and simulation Steps
* Monte Carlo, Worst Case and Gaussian distribution
* Measure statement
* Basic usage
* Advanced usage (computing power factor)
* Plot Meas'd data
* « Exotic » plot coordinates and their usage
 Safe Operating Area of a mosfet (simple)
. Cofer o ] : et (oulse ti hted)
* Thermal transient « SOATHERM »
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USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

= (Converters are stressed by variations of the output load
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Load transient simulation cuts down validation time

Mj Load profiletxt - ..
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x2 PWL file="Load profile.txt"




USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

= (Converters are stressed by variations of the output load

= | oad transient simulation cuts down validation time

[!.‘I Independent Current Source - [1

Functions

() (none)
() PULSE(1 12 Tdelay Trise Tiall Ton Period MNeycles)

() SINE{loffzet lamp Freq Td Theta Phi Mcycles)
(O EXP{I1 12 Td1 Taul Td2 Tau2)

() SFFM{loff lamp Fcar MDI Fsig)

O PWLETI1t2i2..)

(@) PWLFILE: |"Load profile txd"

Browse

() TABLEW1i1v2i2..)
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0OC Value

Make this information visible on schematic:

Small signal AC analysis{.AC)

Mj Load profiletxt- .. —
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100% Windows (CRLF) UTF-8

AC Amplitude:

AC Phase:

Make this information visible on schematic:
Parasitic Properties
This is an active load:

Make this information visible on schematic:




USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

= (onverters are stressed by variations of the output load
= Load transient simulation cuts down validation time

= = ouT
C5 C4 7 11
p— = 47y |
10p X2 PWL file="Load profile.txt"
- load

N

.tran 10ms startup
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Mj Load profiletxt - ...

— O X

ichier Edition Format Affichage Aide
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USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

4, PWLloadProfiease Yo PWL-LoadProfile.asc

= Onlyarunofsimulationto

validate multiple scenarios 13:
= Startup (1) ?i
= Qverload (2) 6A
= Short circuit recovery (3) i:
= Light load & No load (4) gi
= Load transients (5) 1A
= Load Bursts _(ﬁ

4.8V
4.2V
3.6V
3.0V

A4V
1.8V
1.2V
0.6V

0.0V
Oms 1ms 2ms
Right-Click to manually enter Left Vertical Axis Limits [A]
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USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

= Repeat a test vector

OouT
I1

PWL REPEAT FOREVER file="Load profile.txt" ENDREPEAT
load

= Applies to many components both sources and sink behavior
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USAGE OF PWL TEST VECTORS

Generation, acquisition, and use of PWL vectors

// initialize
fprintf (pFile,"%dn\te\n",0,initialVoltage);
fprintf (pFile,"%dn\to\n",DELAY,initialVoltage);

// loop for every sample
for (sample = @ ; sample < NUMBER_OF SAMPLES ; sample++)

{
// Compute a sample
logiclevel = rand() % 2;
// print sample
if (logiclLevel == 0)
{
fprintf (pFile,"%fn\t%5.2f\n", (sample*symbolTime)+DELAY+transitionTime,voltagelow);
fprintf (pFile,"%fn\t%5.2f\n", ((sample+1l)*symbolTime)+DELAY-transitionTime,voltagelow);
printf ("%fn\t%5.2f\n", (sample*symbolTime)+DELAY,voltagelow);
}
else
{
fprintf (pFile,"%fn\t%5.2f\n", (sample*symbolTime)+DELAY+transitionTime,voltageHigh);
fprintf (pFile,"%fn\t%5.2f\n", ((sample+1l)*symbolTime)+DELAY-transitionTime,voltageHigh);
printf ("%fn\t%5.2f\n", (sample*symbolTime)+DELAY,voltageHigh);
}
}
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

param Cap=2.2nF On Sheet Statement using the SPICE directive command

Usage Iin a component Usage in an expression Usage in multiple components
i |

[T capacitor - C18 x [T Capacitor - C18 X 100pH | |
| |
Manufacturer: —— Manufacturer. —— |' |
oK -DH — C10 {cap}
Part Number: —— | |
L2 |

Part Mumber; ——
Type: — Cancel Type: — Cancel 5
I
Select Capacitor Select Capacitor m
G {cap}

|

| |

Capacitor Properties Capacitor Properties | |
Capacitance[F]: Capacitance[F]: | {sqrt{Cap)} L1 | |

Voltage Rating[V]: I:I Voltage Rating[V]: I:I 100pH | ||
inalAlL ing[Al [

RMS Curent Rating[Al: | | RMS Curert Rating[Al: | | = e
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

Hint : click .param statement to have access to an Editor

[&¥ param Statement Editor .
PARAM statement w
Mame Value
Cap 2.nF

Syntax: param <name>=<value:...

param Cap=2.2nF

Delete Insert Cancel QK

[&¥ param Statement Editor .
PARAM statement w
Mame Value
Cap 2.2nF
ESR 0.22R

Syntax: param <name>=<value:...

param Cap=2Z.2nF ESE=0.22R ES5L=nH

Delete Insert Cancel QK
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

Er Independent Yoltage Source - V3
Functions
( fnone)
(®) PULSE(V1 V2 Tdelay Trise Tfall Ton Period Ncycles)
() SINE(Voffset Vamp Freq Td Theta Phi Ncycles)
(O EXP(V1 V2 Td1 Taul Td2 Tau2)
() SFFM{Voff Vamp Fcar MDI Fsig)
(O PWLET v1t2v2.)

owwme [ [Em

vesatvt [ 0|
-
Tdelayls):
Trise[s]:
Trallls]:
Tonls]:

Make this information visible on schematic: [v]




ITERATION AND FUNCTIONAL VALIDATION

Step and parameters
V(W,N005) V(U,N003)

= You can easily adjust :
= Slope
= Deadtime
= Frequency

-12A T T | T T T T T T
424us 432us 440us 448us 456ps 464us 472us 488us 496us 504pus 512us
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

-~ V2

{DCV}

O
— AC10

R1
AvAv " - "
50
C1 c2 R2
T T 50
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.step paramDCV 0101
.param CO=10pyH Csat=1pH Vth=5 Vtra=5
.ac oct 100 1000 200k



ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

=7 DCBias.asc

V{n003)

T L
100KHz
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters
ﬁ DCBias.asc

0dB

ﬁ\ Zoom to Fit

Q ,'i'xutcurar15|va"rr axis

I - -

17\_',_ Add Traces .”‘b Mark Data Points

Add Plot Pane £ visible Traces
Delete this P IJ_,J__FI Select Steps

|7 Synec. Horiz, Axes (48] Step Legend

Draw r % Manual Limits

Edit ¥ |23 Reset Colors

Marching Waveforms

80dB - R
1KHz ne Plot Defs File

—
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V(n003)
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

V(n003)

[11' Legend

Dev=0 (Run: 1/11)
Dcv=2 (Run: 3/11)
Dev=4 (Run: 5/11)
Dev=7 (Run: 8/11)
Dev=8 (Run: 9/11)

Dcv=10 (Run: 11/11)

T L |
100KHz
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ITERATION AND FUNCTIONAL VALIDATION

Step and parameters

=7 DCBias.asc

V(n003)@1 V(n003)@5

V(n003 )1
V(n003 @5
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MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations

V(montecarlodistribution) V(gaussiandistribution)

=  Useful for
statistical
validation over
tolerance range

= |deally suited to
run during
= (Coffee breaks
= Lunch breaks
= Nights

= Ltspice enables
plotting any
variable versus
simulation run
number

DIGITAL WE DAYS
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MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations
27 ShowDistribution.raw =S

V(montecarlodistribution) V(gaussiandistribution)

= Worst case distribution is used for quick validation at :
= nominal value
= nominal value + tolerance
= nominal value — tolerance

= |t's the fastest way to perform a gross validation

= |t can test combinations of components tolerances as long
as their index is different

= This function isn’t built in Ltspice, it requires a copy paste
as spice directive (.func)

R2
{wc(2,TolA,1)}

func wec(nom, tol,index) if(run==numruns,nom,if(binary(run,index),nom*(1+tol),nom*(1-tol)))
.func binary(run,index) floor(run/(2**index))-2*floor(run/(2**(index+1)))

DIGITAL WE DAYS
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MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations

ﬁshowDistribution.raw | = ” = |@

V(montecarlodistribution) V(gaussiandistribution)

n is used for
validation within a tolerance range

= |t's the most convenient way to perform
validation of components having a known
tolerance.

= It uses a Uniform distribution of samples
within tolerance

= Many simulation runs are required for a good
coverage

= This function is built in Ltspice

R3
{mc(2,TolA)}
.param TolA=0.10

DIGITAL WE DAYS
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MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations

ﬁshowDistribution.raw | = ” = |@

is used for validation of V(montecarlodistribution) V(gaussiandistribution)
components having bell shaped distribution
It's the most convenient way to perform
validation of unsorted components
Many simulation runs are required for a good
coverage
This function is built in Ltspice

R1
{1+gauss(TolB)}

.param TolB=0.10

DIGITAL WE DAYS
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MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations




MONTE CARLO, WORST CASE AND GAUSSIAN DISTRIBUTION

Adding some randomization to the simulation iterations

=7 Simple Monte Carlo.raw = |[-E-| 3]

V({vout)
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ITERATION AND FUNCTIONAL VALIDATION

MEAS statement
L3 D1
IN VA 1T, ouT
vi c1
2 MR e Rload
6.8K 300p 5
30 R6 2 76p5) (7 1p
vD N
100K 2.
2.2 Q1
R Vee Si4848DY R3
|
10K mr sate 105K ran 12ms start
Lran ms starcu
4 U1 @ P
0|1|u SSFLT oc .meas TRAN VpeakMosfet MAX V(VD,VS) FROM 1ms TO 12ms
RS L7 R1 .meas TRAN VdiodeSec MAX V(OUT,VA) FROM 10ms TO 12ms
—\/\/—Fs Isense 0.068 .meas TRAN PowerMosfet INTEG (V(VD,VS)*Id(Q1)+V(N004,VS)*]
118K
— —— LTC3805
—{—\/\/ | 1th GND FB
.0047p 56K

% R4

20K
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ITERATION AND FUNCTIONAL VALIDATION
MEAS statement

.meas TRAN VpeakMosfet MAX V(VD,VS) FROM 1ms TO 12ms
.meas TRAN VdiodeSec MAX V(OUT,VA) FROM 1ms TO 12ms

.meas TRAN PowerMosfet INTEG (V(VD,VS)*Id(Q1)+V(N004,VS)*Ig(Q1))*1000 FROM 11ms TO 12ms

E.‘I SPICE Error Log: ChUsers\sylvain.lebrasiDocumentsiLTspicexVil\examplesyjigs'38053.log >

F]irc'.uit.: * C:\Users\sylvain.lebras\Documents\LTspiceVII\examplesjigs\3805.as=c

Direct Newton iteration for .op point succeeded.
Ignoring empty pin current: Ix(ul:6)
Ignoring empty pin current: Ix(ul:6)

vdiodesec: MAX (v (out,va))=8.64541 FROM 0.01 TO 0.012
vpeakmosfet: MAY (v(vd,vs))=125.936 FROM 0.001 TO 0.012
powermosfet: INTEG((v(vd,vs)*id(gl)+v(nl004,wvs)*ig(gl)) *1000)=0.541502 FROM 0.011 TO 0.012

DIGITAL WE DAYS
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ITERATION AND FUNCTIONAL VALIDATION

MEAS statement

28 |

10K

.0047p 56K

FS

Ith

LTC3805

GND

Gate

oC

Isense

FB

VS
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~

D1
VA I JP - - ouT
c1
12 1N5817 | Rload
300p 5
1p
NS
Q1
Si4848DY R3
105K
tran AU
.step param DCV 30 60 2
.meas TRAN VpeakiMosfet MAX V(VD,VS) FROM
R1 .meas TRAN VdiodeSec MAX V(OUT,VA) FROM
0.068 .meas TRAN PowerMosfet INTEG (V(VD,VS)*I¢
R4
20K



ITERATION AND FUNCTIONAL VALIDATION
.MEAS statement

[‘;7 SPICE Error Log: Ch\Users\sylvain.lebras\Documentsh\LTspiceXVIl\examples\jigsh3805.1og *

Measurement: vdiodesec

step MAY (v (out,va)) FROM TO
1 8.88332 0.001 0.012
2 9.3101 0.001 0.012
3 9.40636 0.001 0.012
4 9.81061 0.001 0.012
5 9.9069 0.001 0.012
q 10.2263 0.001 0.012
T 10.4535 0.001 0.012
8 10.6h44 0.001 0.012
g9 10. 9606 0.001 0.012
10 11.0616 0.001 0.012
11 11. 3662 0.001 0.012
12 11.5417 0.001 0.012
13 11.8517 0.001 0.012
14 12.0913 0.001 0.012
15 12.3436 0.001 0.012
16 12.5908 0.001 0.012
Measurement: vpeakmosfet
step MAY (v(vd,vs)) FROM TO
1 125.936 0.001 0.012
2 128.186 0.001 0.012
3 129,469 0.001 0.012
4 131.572 0.001 0.012
5 133.696 0.001 0.012
fi 135_5A1 m.nni n.oiz <

DIGITAL WE DAYS
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ITERATION AND FUNCTIONAL VALIDATION
MEAS statement

T | Tepice XVII - [3805.lag.raw] - O >
Measurement: vdiodesec {5, File View PlotSettings Simulation Tools Window Help
step MRZ (v (out,va)) FROM | w7 QAR EdHER s 24 a8
L 8.88332 001 1, 3805asc XY 3805kgraw § 3805raw 1, WERSZ32-TEST.asc
2 g.3101 001 ' . .
3 8.40636
4 G.81061
5 9.9069
.6 1AM D

T ﬁ Find Ctrl+F
B8
g % Plot .step'ed .meas data

powWerm osfet

10

11 B Close

12 E e e T T05m

13 11.8517

14 12.0913

> 12.3436 vpeakmosfet
16 12.5908

Measurement: vpeakmosfet

step MAY (v(vd,vs))
1 125.936
2 128.186
3 129,469 0.001

x=3044 y=13.172 Alternate

DIGITAL WE DAYS
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ITERATION AND FUNCTIONAL VALIDATION 2
Phase T
MEAS statement advanced use 53 D4' 1uF
D6
(power factor) EIS VAN
CDVI RR2L6S RR2L6S CRILGS 072 . §R1
= o1 = R2RR2L6S 9000R
SINE(O 320 50) * D5 220R
Neutre RR2L6S RR2L6S | o) o -
2 prC2Cop raw = __1|.IF
i
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ITERATION AND FUNCTIONAL VALIDATION

.MEAS statement advanced use (power factor)

32|

E.‘I Edit Text on the Schematic:

How to netlist this text

() Comment
(@) SPICE directive

Justification
Left

Vertical Text

Fort Size
1.5{default) -~

>

OK

Cancel

meas TRAN lavg RMS I(W1) FROM 100ms TO 200ms
meas TRAN Uawvg BRMS5 V{Phase, Meutre) FEOM 100ms TO 200ms

meas TRAN Power INTEG (V(Phase Neutre)“ (V1)) FROM 100ms TO 20
meas PF PARAM (10"Power)/{lavg”Uavg)

Type Citrd-M to start a new line.
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ITERATION AND FUNCTIONAL VALIDATION

.MEAS statement advanced use (power factor)

E‘) SPICE Error Log: Ch\Users\sylvain.lebras\Documents\Eaton PFC-2Cap.log

iavg: RMS(i(v1l))=0.0283024 FROM 0.1 TO 0.2

uavg: RMS (v (phase,neutre))=226.271 FROM 0.1 TO 0.2

power: INTEG (v (phase,neutre) *i(vl))=-0.613797 FROM 0.1 TO 0.2

pf: (10*power)/ (iavg*uavg)=-0.958456

=7 PFC-2Cap.raw
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« EXOTIC » PLOT COORDINATES AND THEIR USAGE

Safe Operating Area of a Mosfet (simple)

ID AM15495v1
| ! R I EEH 3 s
(A) Table 5. On /off states
Symbol Parameter Test conditions Min. Typ. | Max. | Unit
Drain-source
VERDSS | preakdown voltage DS TR eI L i
I Zero gate voltage Vps =600V 1 HA
10 10us PSS | drain current (Vgs = 0) [V = 600 V, Te=125 °C 100 | pA
| Gate-body leakage v 25\ 10 A
=% +
1 OOIJS Gss current (Vpg = 0) Gs == H
1 Vas(ny | Gate threshold voltage | Vpg = Vgg, Ip = 250 pA 2 3 4 \%
ms : :
Static drain-source
Rbs(on) on-resistance Vas=10V, [ =9A 0.168 | 0.19 | Q
I o
TJ_1 50°C Table 2. Absolute maximum ratings
TC=2SOC 1 OmS Symbol Parameter Value Unit
Sing|e Vas Gate-source voltage +25 Vv
pUlse Ip Drain current (continuous) at T = 25 °C 18 A
‘ ‘ | | | | ‘ H I Drain current (continuous) at To = 100 °C 12 A
0.1 : .
. lom ()| Drain current (pulsed) 72 A
0.1 1 10 100  Vbps(V)

34 |
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« EXOTIC » PLOT COORDINATES AND THEIR USAGE

Safe Operating Area of a Mosfet (simple)

I}J Horizental Axis

Quantity Plotted: | V(vd)|

Axiz Limits

| 200ps

Cancel

124
0.0ms 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms
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1.4ms

1.6ms

1.8ms



« EXOTIC » PLOT COORDINATES AND THEIR USAGE
Safe Operating Area of a Mosfet (simple)

Fichier Editicn Format Affichage Aide
[Transient Analysis]

{

Npanes: 1
{
traces: 1 {34683812,8,"Id(M1)"}
Parametric: "V(vd)"
X: ('K",8,0.1,99.99,1000)
Y[el]: (' ",8,8.1,9.99,168)
Y[1]: (' *,0,1e+3088,3,-1e+308)
Amps: (' _",1,0,0,0.1,9.99,108)
log: 118
GridStyle: 1

Line: "A" 2 1 (250,0.100) (250,44)
Line: "A" 2 1 (250,44) (5,44)
Line: "A™ 2 1 (5,44) (8.1,0.6)
h
| h
|:||-1£l|—i'_—' LI D B R B R |
<

100mV

Ln 13, Col1 100% Windows (CRLF) UTF-8
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SOATHERM FUNCTIONS

Thermal simulations in LTSpice




SOATHERM FUNCTIONS

Thermal simulations in LTSpice
tﬁ Soa-Test-3 ‘L Soa-Test-3.asc

40A
J5A—
JOA—
25A—
20A—
15A—
10A—
5A—
DA
-HA-
-10A—
-15A—
-20A
arv
96V
95V
94V
93V
92V
91V
90V
89V
B8V
BTV
86V
85V | | | | | | | | |
0.0ms 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms
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V(tjunction) V(tsolder)




THANKS FOR WATCHING
Stay tuned ©

= \Validation of power converters . g; - - S : : .
- Anticipate EMC With LTSpice with LTSPICE (1/2} Signal Integrity With LTSpice LTSpice for EMC filter design

V(usb dplus)
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Questions . CZ)

& Answers

We are here for you now!
Ask us directly via our chat or via E-Mail.

digital-we-days@we-online.com
Sylvain.LeBras(@we-online.com
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