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" What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
" Importing a SPICE Model
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Elements is the Demonstration Version of SIMPLIS
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Download and install the demonstration version here:

https://www.simplistechnologies.com/product/elements

Home

SIMetrix/SIMPLIS Elements  SIMulation of Piecewise Linear Systems

SIMetrix/SIMPLIS Elements is a free-to-download version of our software that offers full schematic capture and
waveform viewing/analysis capability along with a host of documentation and training materials designed to help users

get up-to-speed quickly with SIMetrix/SIMPLIS' simulation capabilities.
The latest version of SIMetrix/SIMPLIS Elements is v8.50d, released on October 5th, 2021.

SIMetrix/SIMPLIS Elements Installer (~109MB)

Elements is a free version of the program with no license or copying restrictions. Virtually all features are enabled but a
circuit size limit applies. The limits for the Elements versions are generous enough for them to be used for real work and

we are happy for users to do so.

System Requirements
SIMetrix/SIMPLIS Elements requires Windows 10 &4 bit edition (Home, Pro or Enterprise).

SIMetrix/SIMPLIS Elements Limitations


https://www.simplistechnologies.com/product/elements
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Then go to my webpage and download the ready-made templates:

http://powersimtof.com/Downloads/Book/Book%20Collection.zip

Extract the files and place them, for instance, in a SIMPLIS directory created in <My Documents>

B Fichier Edition Affichage Faveris  Outils  Aide

$ = v B = ok f

C\Users\Totof\Downloads\Bock Collection.ziph

* C = p C * D ocuments SI m FI l I » Ajouter Extraire Tester Copier Déplacer Supprimer  Informations
- - ﬂ ‘ C\Users\Totof\Downloads\Book Collection.ziph
A Nom Maodifié le Type Taille 1 Nom Talle | Compressé Mot
mg | [Subs 182514 19980 2022
€ E‘Flyback active clamp CM isolated and compensated.scsch 291302 24701 2022
ACF 23,/06,2020 21:11 Dossier de fichiers 2:{ [/ |Fiyback active clamp CM non-isolated - dema.sxsch 204915 18507 2022
_*' tig E‘Bu(k'Boost CMawxsch 194 437 18485 2021
Backup 11/05/2020 22:52 Dossier de fichiers LABuck citsesch 190392 18551 2071
:ments -* 3: EFlyback CM isol.ated‘wxs.:h 202 496 18836 2021
) Book Collection 11/01/2022 1556 Dossier de fichiers A4 2]Bosst MPFC sineful versionwisch i e 20
* | vt oot A wen e
b= PP N - L : lyback VM non-isolsted compensate in.sxscl
Boost ne lerebe - Dozsier de fichiers yaf [ Flyback VM non-isolated compensated ACwxsch 202245 19110 2021
T S . | LZ]LLC VM demo.wxsch 219130 19944 2021
* Buck cof Trelie b e b do Doszjer de fichiers 5:{ [/ Tepped Buck VM.wxsch 198336 17820 2021
b |/ Tapped Boost VM.wxsch 199531 17868 2021
E‘Pushpu\l VM non iso.wxsch 251292 50981 2021
X4 EPushpuH VM isolated wacsch 256375 51276 2021
el EHEIF bridge VM non isowasch 289976 53730 2021
E‘Half bridge VM isolated - full version.wxsch 284048 53841 2021
he E‘Forward VM non iso.wxsch 206482 18307 2021
EXt ra Ct t h e ZI P h e re [/]Forward VM isolated.wisch 212363 18661 2021
19 [ 7] Forward active clamp VM non-isolated.wxsch 267439 20309 2021
EForward 25W VM non iso.wxsch 222655 19081 2021
D E‘Forward 25W VM FF non iso.wxsch 235741 19741 2021
E‘Flyback WM non-isolated TRAN.wacsch 177 899 16451 2021
2 E‘Flyback YM non-isclated compensated 12-24 Viwxsch 195 026 16912 2021
= E‘Bu(k'Boost ¥M compensated TRAMwacsch 154 891 14382 2021
P BBuck—Bonst WM compensated AC.wxsch 187177 16682 2021
THHNSFEH F”NEII“NS Pl E‘EuckVMns:h 178274 16528 2021
) - at E‘Buckl Phase VMwxsch 234 567 18838 2021
ww”m-lmﬁ EUNVEHTE-HS i'ﬂ [£]Boost VM compensated TRAN waxsch 149 809 13929 2021
Fo Tiqu b SrmallSignol Analysis .
ca / 72 objet(s) sélectionné(s)

These files are examples | documented in my last book
Transfer Functions of Switching Converters — Faraday Press

Chrisiophe P. Basso



http://powersimtof.com/Downloads/Book/Book%20Collection.zip
https://stairwaypress.com/product/transfer-functions-of-switching-converters/
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Once installed, you have this structure:

CePC » Documents * Simplis *» Book Collection » v | 2 Rechercher dans: |
~ Morm " Maedifié le Type Taille
back 10/10/2021 13:26 Dossier de fichiers
: Rev 1.0 26/10/2020 13:11 Dossier de fichiers
; ’ Rev 1.1 26/10/2020 15:39 Dossier de fichiers
ol | SIMPLIS_Data 11/01/2022 11:51 Dossier de fichiers lgnore the other directories
- Subs 11/01/2022 11:51 Dossier de fichiers .
- | TMP 1170172022 11:51 Dossier de fichiers as they belong to dlfferent
Tom 26/10/2020 15:40 Dossier de fichiers revisions.
Book Collection.zip 11701/2022 07:25 Fichier ZIP 2 361 Ko
Boost 2 Phase CM compensated.wxsch 20/05/2020 13:28 Schematic 233 Ko
_ % Boost 2 Phase VM com:ensated ACwxsch 17/08/2021 14:43 Schematic 226 Ko The SI M PLIS—Data and TM P
deling |Z| Boost 2 Phase WM compensated TRAMN.wxsch 17/00/2021 14:44 Schematic 193 Ko Su b-directories are fllled on
|Z| Boost BCM CMuawxsch 20/05/2020 13:32 Schematic 207 Ko the ﬂy by SI M PLIS during
E Boost CM PFC ac tran demo.wxsch 26/10/2020 15:47 Schematic 230 Ko . .
al [] Boost CM PEC sine full vession.wxsch 20/05/2020 13:58 Schematic 73k.  Simulation. They can safely be
[/] Boost CMawxsch 20/05/2020 1357 Schematic 172ke deleted if needed.
E Boost VM compensated AC.sxsch 17/09/2021 14:44 SIMetrix Schematic 180 Ko
|Z| Boost VM compensated TRAN.wxsch 17/09/2021 14:45 Schematic 147 Ko
|1| Boost VM PFC ac tran demo.wxsch 08/11,/2021 18:30 Schematic 225 Ko

| do not recommend to launch SIMPLIS by double-clicking on the file of
interest. Open SIMPLIS and select the file of your choice instead.



Once SIMPLIS Elements is installed, instruct the file viewer with the directory location:
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Book Collection

- Then you can pick the file of your choice via this File View tab

[¥] 2 Rechercher dans : Simplis
B~ €
Sélectionner un dossier Annuler
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The program Elements gives access to two simulators:
SIMPLIS and SIMetrix
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1. SIMetrix is a classical SPICE-based program and is compatible with many SPICE engines. It can
perform ac and transient analyses as any SPICE package would do.

2. SIMPLIS is exclusively a time-domain simulator which can also simulate in ac and transient modes.
SIMPLIS can extract the ac response from a switching circuit what SPICE cannot (easily) do.
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SIMPLIS Circuit Size Limits F i

The exact limits for the SIMPLIS simulator are:

1. A total of no more than 15 state variables. A capacitor or an inductor each requires one state variable. Each time-
varying or small-signal AC source requires one state variable, with the exception of SINusoidal or COSinusoidal
sources, which require two state variables per source.

. A total of no more than 10 capacitors or inductors combined.

. A total of no more than six switches, simple or transistor.

. A total of no more than six logic gates.

. A total of no more than 26 "states" Each PWL element requires one state. Each switch requires one state. Each
time-varying source requires one state. Each logic gate requires one state.

6. A total of no more than 100 new topologies. 100 topologies will be enough for simple switching circuits that use

simple models only. More complex circuits or circuits that have more complicated models may exceed this limit
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Agenda

" What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
" Importing a SPICE Model

= The Ready-to-Use Template



Let’s start with a simple
simulation and a blank sheet

4 Elements Main Window

File View SIMetrix Simulator  Help
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I
[
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EXF OIS &

=

- PressRor........

A MNew SIMPLIS Schematic |

Add Directory

Subs
TP
Tem
Boost 2 Phase CM compensated.w...
Boost 2 Phase VM compensated A..

P AR A SR

R1

Boxtype —| 1K

Zoom-in and out by
<CTRL> + central mouse wheel

Boost 2 Phase VM compensated TR...

SIM

:Where:YOufwant:it: DU

Box or Z-shape
Part Selector

Orop tviaalefecick

Hotkeys:

B = Probe

C - capacitor

D - diode

E = V-controlled V-source
F = I-controlled I-source
G - ground symbol

H = connecting port

| = current source

L = inductor

M = MOSFET

N = NPN bipolar

P = PNP bipolar

R = resistor

Symbols

v Commonly Used Parts
Ground
Resistor (£ Shaped)
Resistor (Box shape)

Inductor (Ideal)
BAnlti-1 puel | neew Indoetar Wersinn 8 N+

Part Selector Command Shell Fi

~ V - voltage source

W -> waveform generator
Y = connecting port

Z - Zener diode

Zoom by <CTRL> + mouse wheel

Panning with mouse: right-click
and maintaining the pressure,
the cursor turns to hand

O



Select the part Rotate it with F5

It becomes blue Mirror it with F6
R1 O RT
1K B
- . 1K

Change the component value
by double clicking

] R1 ) ] # Choose Component Value x|
_:_ Select Component Value
Base |1 |: Series
: 1 K : Decade |:Ik |¢ ) Es
@ E12
() E24
Result [ =
Cancel
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Z/Moise  Hierarchy Meonte Carle  Tools  Help

BACHKE @QaQa / » i |

ﬂ—‘ C:\Users\christophe.basso\OneDrive - Future Electronics Incll

You can also use the toolbar
buttons to rotate or mirror
the part.

Press C or use toolbar

—|

- C1
1000



Add a waveform generator — press W or pick-up in the toolbar

Place Probe Probe AC/Moise

Repeat Last Place...

From Model Library...
From Symboel Library...
Select by Specification
Search Part...

Hierarchy

Magnetics
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Connectors

Probe
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Current Sources
Controlled Sources
Bias Annotation
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Digital
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Analog Functions
Worksheets

Alt+R

Ctrl+G

Hierarchy Monte Carle Tools  Help

Power Supply v

Waveform Generator W
PWL Source

AC Source (for AC analysis)

¥F0

Qe
L aaad

Double click

4

TimeFrequency

Period __I[J[Ju : Freguency __10k g
Width  50u = Duty®e 50 —
Rise 0 : Equal rise and fall

Fall i : Default rise and fall

Damping 0 : () Use phase

Vertical

a8 ome

[] off until delay
[] source idle during POP and AC analyses

L
el
e
el

% FUTURE
~ | ELECTRONICS

Wave shape

@ Sguare

() Triangle

() Sawtooth

() sine

O Cosine

() Pulse

() One pulse

() One pulse {exp)

O step

[] visible parameters

Cancel



Cursor

|

R

+ 1

V1

SQUARE
V1=0
V2=5"
FREQ=10k
DELAY=0

= 1000

FUTURE

Approach a component connection or a node ke

and the cursor turns into a pen. If it doesn’t j
: : : : . : ite Carle Tools  Help

R1

4 Edit Waveform
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Width | 50u = Duty/% 50 -
Rise 0 : Equal rise and fall

Fall i} : Default rise and fall
Damping 0 : () Use phase
Vertical

. r 4 .
e R

[ offuntil delay
[ source idle during POP and AC analyses

Wave shape

(®) square

() Triangle

() Sawtooth

) Sine

() Cosine
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O step
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Cancel

aeee / »r i |

wture\Seminar\Example 1L.wxsch®

Double-click on
the left mouse
button also
starts the pen

Add a ground
by pressing G

Forgetting to place a
ground is a classic!
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' Edit/Add Measurement...
Hideshowvalie  <————— You can hide the value
Descend Hierarchy
Probe Voltage...
Probe Current...
Display Device Bias Info
. Disable Selected J Edit Properties %
R 1 Disable & Short-circuit Selected -
. m Properties
Enable Selected
1 K @ Name Value
-c . *Handle 13
O Copy CLASS PROBE
'Z Pacte ) EditPropScript edit_probe_props
guid 1d3c720ae-42b8-4cad-b3ff-1a7629... .
: > || labe Nade Double click
Edit/Add Properties... ) MULTISTEP_OPTIONS advancedstats=false mode=multi ..
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Move Text g PROBE_DISABLED  false
. : PROBETYPE v
Edit Symbol REF Probel
Update Symbol ' SIMPLIS_TEMPLATE  .PRINT V(< probe[1]>);.GRAPH :<pr...
. SIMULATOR DUAL
Restore Properties... StyleNormal DefaultProbe
StyleSelected DefaultSelected
EditP % TEMPLATE .GRAPH <node[1]> %VALUE% <gu...
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Node 3
Double dick item to edit Add Property...
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Text Location Property Attributes
O Auto Font style Default
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Sometimes you want to delete a tiny piece of wire
but you can’t select it

L L T+
oL ey
D3OOMeg coL R
[T =
o e e
_—_Vhigh
L L L L

When you approach the cursor
itturnsintoapen

—L4— 1UVITI

Viow

Press SHIFT and the cursor

Voila!

turns into a cross: select the

GND ~ © ° wire which turns blue. Delete it.
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FUTURE
If you place probes without specifying axis information, by default, the viewer stacks up all the curves, P ecmones
ending in an ugly representation as below. To have them go to their own axis — what it should do by
default in my opinion — open the Curves menu and choose “stack all curves”:
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N Unhighlight All Curves ! 10
13} — Z 8
1 Lin 6
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J Edit Probe x

You place probes by pressing B on the keyboard:

Probe Options Axis Scales Axis Labels

Curve label History

robe 1-NODE

History depth 1 : default

P b 1 N O D E Use $FREFS for hierarchical reference Use separate curves. If enabled, O on
r  Place Probe ProbeAC/Moize Hierarchy Monte Carlo  Tools  Help ro e = colour i 'ﬁi:b:;tii;‘i’i: f:ig“mredl O off
Repeat Last Place... Alt+R it 5=t : . . . . . Use default
S i aqaa /s Dueewan [ St © 53
From Model Library... Ctrl+G s type Graph
From Symbol Library... ® Auto select [ Use named graph
— Select by Specification r O Use dedicated grid Graph name
Search Part... O Use named grid Set tab/caption to name
C 1 (0) Use named Y-axis Keep different analysis types on same graph
Hierarchy L _ ) O Digtal Analyses
: 100
.y Magnetics 3 ) : ) ) E— n Axis name [ Al analyses disabled
- i . . . Transient
. Passives 4 Display order POP
M. Connectors L4 Arbitrary string to specify order [ AC sweep
i Probe L Voltage Probe B
- [ Flot on completion only
-= Voltage Sources L4 Current Probe —u
sel Current Sources 4 Power Probe
Cancel Help
ME Controlled Sources 4 Inline Current Probe _— : : : !
n . . . .
B F Bias Annotation g Differential Voltage Probe -
_a . . o . . . .
_ Semiconductors 4 Bus Probe Probe Options Axis Scales Axis Labels
-
l Digital 4 XY Probe Curve label History
Vi SIMPLIS Primitives v Delcte Al Prabes La b eI th e bro b e Hetorydepth [t |4 []default
50 Analog Functions 4 p Use SFREFS for hierarchical reference Use separate curves, If enabled, ) on
’ a new curve is created for each
ch Worksheets 4 Colour new run and history depth is ignored, () OFF
. - Global default may be set from menu (@) Use default
VI n VO ut Use defauit Edit... File | Options | General. .. [OF
Axis type Graph
Iﬂl T I C k t h I S b U tto n ) Auto select [ Use named graph
—_—) (® Use dedicated grid Graph name
SQUARE 1 K () Use named grid Set tab/caption to name
V1 . 0 . . C 1 (7 Use named Y-axis Keep different analysis types on same graph
- + ——— O Digital
V2:5 J_l. V1 100 Enter the nal “e Analyses
— n . )
Axis name [ Al analyses disabled
FREQ—1 Ok Transient
DELAY:0 Display order poP
Arbitrary string to specify order [ AC sweep

[ Plot en completion only



Choose the simulation parameters — press F8

4 Choose SIMPLIS Analysis

Periodic Operating Point AC Transient

Analysis parameters T| me d u ratlo n

Start saving data at t = I:I
Plot data output
Mumber of plot points

Wanted granularity

5

Default

Default

Does not affect precision

[ ok | Run

Once the circuit is saved, go!

|[ Cancel

Advanced...

Help

Select analysis

[ ] raP
[]ac

S Transient

analysis
Save options
O Al
() voltages Only
(®) Probes Only

[ Mo Forced Qutput Data
[ ] Force Mew Analysis

FUTURE
| ELECTRONICS

4 SIMPLIS Status x

Analysis status

Analysis  |Transient Data Group |simplis_tran2

Run status |Finished Step [
a— .
POP Status  Pass [nfa Convergence [nfa
Time ['1m Topologies | New topology %1
Elapsed Time Current [ohr omin 1 sec Total [obr Omin 2 sec
CPU time Current |'0hr Omin 0.04 sec Total |'0hr 0min 0.07sec
A
New topology #1
A starting operating point located.
Elapsed time : ohr omin 1 sec
CPU time : 0 hr 0min 0.03 sec
simulation time: 0.0000000000008+00 seC
TIME-DOMAIN TRANSIENT ANALYSIS
01 02 03 04 05 06 OF 08 09 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 &0
61 62 63 64 65 66 &7 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 B84 85 86 87 88 8% 30
91 92 93 94 95 96 97 98 99 100
Elapsed time : o hr D min 1 sec
CPU Time 0 hr min 0.04 sec
simulation t1me 1 DDDDDDDDDDDDE 03 sec
writing pertinent data files ...
Leaving SIMPLIS.
e 2 2 21 xRk XA L2 X Thank yuu fc”n tr-y-lng E]ments e
- Fur‘ add1t1una1 support, please wisit www. s1mp11stechmﬂug1es com *
v

Abort Clear Messages

[ Close on completion

When everything is ok, the complete windows pops-up



In case simulation issues occur,

WE'I::ﬁm? to Smethr'ix;"SJ_:lllPLIS E'Ieg;ents. FUTURE
For he using this application, ease VITLIIAS 3 —_— ——
use thephtﬂp r%enu 'Iu:ucgged above. e |00k at the Command She“ Edit h d b ~| ELECTRONICS
: In the Edit submenu
window. 5

#%x ERRDRS REPORTED BY SIMPLIS #*#*® ; . || | . aype o-nke wane
on Elements, version : 8.50e . ] Unhighlight {All Open Sheets) & Ml Divider incduded
AAARXEAAAAAAAAAAXAAAAAAAAAXEAAAAARAAA R LA A AR You Can erase the WIndOW Wlth mI‘EI H'ghr'ghtiw h nghllght SEIEEtEEl |tEn-|:

. Highlight Met by Mame...
Coooccs EFror Message ID: 1077 »amssii: <CTRL+A> and SHlFT+DEL Change Reference... Shift+F2 ‘g by

Unhighlight Selected ltems
Assign References by Position MTIGAIgE Selected Tem

Unhighlight Net...

input file C:/Users/christophe. basso/ . Start Wire F3 o ]
oneDrive - Future Electronics Inc/ 1 Unhighlight (This Sheet)
Documents,/SIMPLIS/Future/seminar/ Unselect Rectangle _ _ o
SIMPLIS_Data/Simple buck 3.deck, line 19: In case the error refers to a net _ Select All Chrle A Refresh Hierarchical Highlights
.PRINT v[14j ................................
or node number you have to J EnterText X
V(14): 'Node 14' is not defined in find its position on the Enter net name to highiight
the circuit called "MAIN CIRCUIT® Schematic diagram.
E
S T T
+"""""":::::::::::::::: Cancel
on Elements, version : s.50e SLAMSSEERRRERRRERERERRRRERRREN. 00909090 09090000
*+% END STMPLIS ERROR REPORT #7% e o e T Ageetn
................................ TP FID Fiter
! T e oo our - - IN—
............................... e > | R . — CLK.OUT. GLKIN —
................................ FE @ . . P e e e
L R T . . . . . R R .m’N.
NET=15 SRS ERSAGRN B PESS S e T
. N I I O =0
TR S e S IR
_____ O LT
’ =
Fly over a (cuckoo’s) net and see e

l the number displayed in the A D O N I
|OW_S|de bar. .............................

Part Selector Command Shell File View



l You can un-dock FFuTuRe

- \Simplis | Future)Seminar Tt (]3] | smplis_tran? (0:\christophe\simplis Future\Seminar Example: 1wxsch) )% t h e re S u It Wi N d OW ~| ELECTRONICS

(x|

Close

Close tab group

Close other tabs

25 Close all but this
vin, e
' Undock all
Copy full path
Open containing folder
| SQ_UARE S ——
V1=0 \ ] I I I ]
V2=5 \
FREQ=10k z A
DELAY=0 \/ \ /\ A A A 2 2 2 A \
- VA LAA AL AL \
- ERVARVARVARVARVARVALY B - \//\
— \ A
E—— | == VAV
2.0 v
0.0 0.2
Fly the mouse over the time/mSecs
waveform and see the bl |Legend

7 vin

XY values displayed 0 Vout

¥=250.385u ¥=3.35484 Vout



Selected
sign

To change the axis

Vin /W

4.5

4.0

3.5

Yout /v

Highlight

Cursors

Annotate

Curves

Axes
Copy to Clipboard

foom

Scroll

Graph Properties...
Change Title

Close Sheet

4

e

Edit Axis

Axis Scales Axis Labels

H-Axis

® Lin O Log
() No change

® Auto scale

() Defined

Min 0

Max | im

O Auto

A4r 4»

¥ -Axis

®) Lin O Log O Auto

() No change

() Auto scale

(®) Defined

Min |-1 =
Max |6 :

Cancel Help

R .

% FUTURE
~ | ELECTRONICS

Mew Axis
Mew Grid
Delete Axis/Grid
Edit Axis...

/

\/\

Vin /W

-1

5.0 \




Zoom-in by dragging a window

Curve label Mame Valu

And call the cursors by pressing C

Vin f v

YVout [ v

420.203488u

AX

233.72093u

653.92|44lgu

LITBEGEE E6F

EC9EDS'E

i
AN
S8
]
celfiBa's

]

REF

time/uSecs

1
400 ' 450 500

550

600

i
650
A
S0uSecs/div

FUTURE
ELECTRONICS

>
<



To change the cursors to another curve,
fly the mouse over the cursor cross until the symbol changes

Then drop the cursor
to the other waveform
to explore it

// &

Go back to full span

File Edit View  SIMetrix Simulator

-9 @ea|e x

File View

Add Directory

Vin /v

Yout /v

FUTURE
ELECTRONICS




To run a measurement on the waveforms, press F3

| f Define Measurement

Pre-defined Measurement

Pre-process
Cursor span
[ Integral cycles
[ AC coupled

Custom Measurement

Choose measurement

Custom

--- Select Measurement ---
RMS

Mean

Maximum

Minimum

Peak To Peak

Rise Time 10%-30% (manual)
Rise Time 10%:-90% (auto)
Rise Time custom (auto)

Fall Time 10%-90% (manual)
Fall Time 10%-90% (auto)
Fall Time custom (auto)
Duty cycle

Overshoot (relative %)
Overshoot (absolute)
Overshoot auto (relative %)
Overshoot aute (absolute)

Measures mean value

Ok

Curve label MName Value
Vout Mean 2.8112136Y

Cursor
span

Integral
cycles

out

Win /v

YVout / V

4.5

4.0

3.0

3.0

2.5

2.0

time/mSecs

AC coupled Offsets the data by the mean value. This is equivalent to "ACcoupling’ the data.

Truncates the waveform data to the span defined by the current positions of the cursors. In other words, the
measurement is performed on the range defined by the cursor positions.

FUTURE

4.5

4.0

3.5

Yout /W

3.0 t

2.5

A
AW

N/
\

2.0

0.0

time/mSecs

0.2

0.4

Label Legend
] Vin
Vout

Curve label

ELECTRONICS

To delete a waveform, select it and press delete

Truncates the waveform data to an integral number of whole cycles. This is useful for measurements such as RMS
which are only meaningful if applied to a whole number of cycles.



You can probe on the fly

lator Place Probe Probe AC/Noise Hierarchy Monte Carlo  Tool

@

hase CM comp
hase VM comp
hase VM comp
WM CMoweesch

| PFC ac tran di
| PFC sine full v
Lwxsch
compensated

compensated

Repeat last probe... Ctrl+R
Add Curve...

Voltage (Mew graph sheet)...
Voltage - Differential...
Voltage - Digital...

Voltage - AC coupled...
Voltage - Bus...

Current in Device Pin...
Current in Wire...

Current in Device Pin (New graph sheet)...

More Probe Functions...

Power In Device...

| .

For on-the-fly probing don’t
forget to activate the All option
in the sim window (F8)

Edit Part...
Edit Additional Parameters...

Hide/Show Value
Descend Hierarchy

Probe Voltage...
Probe Current...

Display Device Bias Info

Disable Selected
Disable & Short-circuit Selected

Enable Selected

Copy
Paste

Edit/Add Properties...
Delete Properties...
Move Text

Edit Symbaol

Update Symbol

Restore Properties...

Plot PWL points forR, L, TX, or C

View Model

Or right click in the schematic

Save oplions

() voltages Only
() Probes Only

The probed signal will go to the

newly-selected grid

Vin /v

Selected

1.0

0.8

0.6

0.4

0.2

New grid

imulator SIMPLISSiLuIatDr Cursorz  {

© 8 1|

D:\christophe'y
.

FUTURE
” | ELECTRONICS

0.0

time/mSecs

0.2 0.4

0.6

0.8 1.0

200uSecs/div




The waveforms are placed on a common grid 5 |FUTURE

4 Choose SIMPLIS Analysis X ELECTRONICS

Periodic Operating Point AC Transient

Select analysis
Analysis parameters D POP )
E—r O
Start saving data at t = I:I: g Default Transient

Flot data output

o
e 1% 1 LT

MNumber of plot points 10k : Default
() Prabes Only V1=0 + st C
V2=5 1 V1 —
FREQ=10k
DELAY=0 -
l:‘ Mo Forced Output Data ’ . ' - %4 0.2 0.4 0.6 0.8 T0

Advanced...

time/mSecs 200uSecs/div

[] Force Mew Analysis
Run Cancel Help 5
otate Curves Axes Measure Plot Monte Cal

-*_ E Edit Curve Labels and Colours... 4
lis\Fute Show/Hide Paints

Hide Selected Curves |

You can also select the All option and
dynamically probe all main schematics | ey ,
nodes without placing probes first. Ok for Ungroup Selcted Curves l T

V1PV

Show Selected Curves

debugging but | preferred well-labeled || DeesadGns Del 5.3
probes. Ticking All does not give access to o stackAllCunes T

. . . Stack Selected Curves o
subcircuits nodes, another statement is A o A

Vout /¥

necessa ry. . Unselect All Curves

T ) \/\v/\ ANTANTANTAN AR

Unhighlight All Curves

time/mSecs 200uSecs/div




FUTURE
~ | ELECTRONICS

In case you need to cross-probe voltages and currents in a subcircuit, you need to insert one of the below .KEEP
combination in the main simulation window. Check the documentation here and watch out when using this

command as the data file can quickly be gigantic!

The Concise Guide to .KEEP Statements

The following guidelines will be helpful to select KEEP statements

Command Action
KEEP *V Keeps all voltages at this hierarchical level.
KEEP "W Keeps all voltages at this hierarchical level and all lower levels.
KEEP I Keeps all currents at this hierarchical level.
KEEP * Keeps all currents at this hierarchical level and all lower levels.
KEEP " =V Keeps all currents at this hierarchical level and all voltages at
this hierarchical level and all lower levels.

COther combinations are possible using a space separated list of voltage and current declarations.

& cauTon:
For large circuits, placing a .KEEP ™V at the top level will save an enormous amount of data. Using KEEP ™V =1 will

save even more data. as all currents will be added to the data group.

& cauTion:
When you package your circuit for encryption and distribution, make certain you do not have KEEP statements in the

hierarchy. Any (KEEP statements will output simulation vectors to the data group, possibly exposing some internal
intellectual property. This will be discussed in more detail in the 4.4 Protecting Your Intellectual Property - Model

Encryption topic.

Press F11 while on the main schematic: SIMetrix SIMPLIS

DEI’EI"I"I le.jwer:-_{g__ﬁ,{“lb.} o Insert R S T T £ 11 {111

~ shown S
S naram fo=A0 . 0 | .=imulator SIMETRIX :
< 2 *.tran im i .simulator SIMPLIS

3 .ac dec 100 10m 1k 2 .ac DEC 200 10 100k
1 .5imulator SIMETRIX 4 .KEEP #%I #xy <€— 3 -KEEP =*I #**y <4—
3 *.tran 1m 5 .simulator DEFAULT 4 .print
3 .ac dec 100 10m 1k 6 5+ ALL
g -options

4 .simulator DEFAULT

g
Saves all currents and
all voltages at all levels



https://www.simplistechnologies.com/documentation/simplis/ast_02/topics/2_3_managing_simulation_data.htm#managing_simulation_data__exercise_2

Agenda

= What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
" Importing a SPICE Model

= The Ready-to-Use Template



Passing parameters from the schematic with a control block

Probe AC/Moise  Hierar
Repeat Last Place... Alt+R

Place Probe

Symbols
Passives
Power Supply Loads
Power Supply Sources
P5U Drivers
P5U Switches
Semiconductors

-~

From Model Library... Ctrl+G v Sheet/Text
11%2.5 sheet
From Symbol Library... - 17X 11 sheet
. 5.5 4.2 cheet
Select by Specification r 8555 cheet
Search Part... i::;:
Ad sheet
AS5 sheet
AB sheet
caption
Control Block
Free text
script_execution_symbol
4 Enter Text
Enter text Copy/paste

VAR Fs=50k ; select frequency
NAR DT=100n ; select deadtime
NAR DC=0.6 ; select duty ratio

NAR Ts={1/Fs}

NAR Width1={DC*Ts}

VAR Width2={T=*{1-DC)-2*0T}
VAR Delay={Width1+DT}

* 4

VAR Fs=50k ; select frequency
VAR DT=100n ; select deadtime
VAR DC=0.6 ; select duty ratio
%

VAR Ts={1/Fs}

VAR Width1={DC*Ts}

VAR Width2={Ts*(1-DC)-2*DT}
VAR Delay={Width1+DT}

*

FUTURE
~ | ELECTRONICS
Double click
in the zone

=) Text

Now bring a generator by pressing W:

TimeFrequency

Period 0 = Frequency :
width  |{widthy |2 putyss 50 —
Rise _: Equal rise and fall

Eall : Default rise and fal

Damping 0 : () Use phase

Vertical

S T CE—

[] off until delay

o
. _d
.
w

Source idle during POP and AC analyses

Wave shape I Q
() square k '
() Triangle - .
() sawtooth V4
) sine . PU LSE | |
(O Cosine o V1=0 ()
(® Pulse \"f2—5 : ’
S onpies FERIOD=0.
- WIDTH={Width1}
- RISE=20n —L
visble parameters — > FAL [=20n B
ok DELAY=0
Cancel

VAR means local parameter, .GLOBALVAR means global parameters to reach subcircuits



Do the same for a second source

PULSE

V1=0

V2=5
PERIOD=0
WIDTH={Width2}
RISE=20n :
FALL=20n
DELAY={Delay}

Then press F9 to run:

| }Qbﬁ

Press F8

'"FUTURE
| ELECTRONICS

J Edit Waveform X
Time Frequency Wave shape
Period 0 = Freguency ‘ O Square
- -
width | {width2} 2 Duty/% 48 — O Triangle
Sawtooth
Rse  [2m | o Equalrise and fal O sawtoo
=
Fall : Default rise and fal L
- () Cosine
Delay {Delay} = (®) Use delay
o (@ Pulse
i - Use phase
Py - & () One pulse
Vertical () One pulse (exp)

Offset

O step

F 9 "N
- -
pisefs  Joiamince[s S [ vsble parameters

[ off until delay

Source idle during POP and AC analyses

I —
|
L
[

Cancel

J Choose SIMPLIS Analysis X
Periodic Operating Point AC Transient .
Select analysis
Analysis parameters D POP
o s Oac
Start saving data att = ICI: s Default Transient
Plot data output Save options
Number of plot points 10k - Default QO al
() voltages Only
(® Probes Only
[] No Forced Output Data
Advanced...

[ Force Mew Analysis

Run Cancel Help

You could also pass parameters directly in the command window: press F11
to open the window, press F11 again to hide it

1 .simulator SIMPLIS
2 .options

3+ PSP_NPT=10001

4 + POP_ITRMAX=20

5+ POP_OUTPUT_CYCLES=S

6 T SNAPSHOT_INTVL=0

7 + SNAPSHOT_NPT=11

8 + MIN_AVG_TOPOLOGY_DUR=1a
g+
10

AVG_TOPOLOGY_DUR_MEASUREMENT_WINDOW=128

-tran zoou 0O

17 - VAR Ts={1/Fs}
18 . VAR widthi={DC*Ts}

19 . vaR width2={Ts*(1-DC)-2*DT}

20 - VAR Delay={widthl+DT}
21

22
23 -simulator DEFAULT
24

13 . VAR Fs=50k ; select frequency
14 . VAR DT=100n ; select deadtime
15 . VAR DC=0.6 ; select duty ratio

But passing controls from from the
schematic is clearer and faster in
my opinion.

You've created two complementary
waveforms with deadtime, well
suited for sync buck of }-bridge
control.



Let’ simulate a simple buck converter

Place Probe Probe AC/Noise Hierarchy MonteCarlo  Tools  Help

Repeat Last Place... Alt+R

From Model Librany.. Ctrl+G
From Symbal Library...

1 Select by Specification ’
Search Part...
Hierarchy r
\ Magnetics v
W Passives L4
1 Connectors 4
! Probe +
Voltage Sources »
Current Sources L3
Contrelled Sources L4
Bias Annotation 4
Semiconductors 4
Digital 3
SIMPLIS Primitives 3
Analog Functions ’
«

Worksheets 4

U rrayt

been run on that
selected for that

Manage Data
ect the correct

node was not saved
n

Press V.

' 12
——WV1

Simple buck 2

Simple switch - voltage controlled
Simple switch - current controlled
Transistor switch - voltage controlled
Transistor switch - current controlled
VPWL Resistor

IPWL Resistor

PWL Capacitor

PWL Inductor

MNon-linear Block...

af

C220 -

L1

g1 | 4 EditDevice Parameters

T Off Resistance | 100Meg

On Resistance | 1[Jm|

Threshold |2

Hysteresis | 100m

Initial Condition |'OPEM'

Logic 'POS'

Cancel

Eias Annotation
Semiconductors
Digital

SIMPLIS Primitives
Analog Functions
Worksheets

een run on that
elected for that

anage Data

. 47
. V1

Parameterised Opamp
Parameterised Opto-coupler
Switch with Hysteresis
Comparator with Ground

POP Trigger

-

FUTURE
ELECTRONICS

Press L

-22U -

L1



Bias Annotation
Semicenductors
Digital

SIMPLIS Primitives
Analog Functions
Worksheets

rTayTT U T TS

been run on that
selected for that

danage Data
€T the correct

node was not saved

4 Edit Waveform

Time/Frequency

Period
Width
Rise
Fall

Delay

Damping 0

Vertical

1.

Simple switch - voltage controlled
Simple switch - current controlled
Transistor switch - voltage controlled
Transistor switch - current controlled
WPWL Resistor

IPWL Resistor

PWL Capacitor

PWL Inductor

MNon-linear Block...

Frequency

Duty/% 100

A4F MM

Equal rise and fall

Default rise and fall

(® Use delay
() Use phase

Ak MM 4F 4F A¥ HH

Offset

F . F N
w w
T P TS R

[ off until delay
[ source idle during POP and AC analyses

Wave shape

() Square
() Triangle

(® Sawtooth

O Sine
() Cosine

) Pulse

(O One pulse

(O One pulse (exp)

O step

[ visible parameters

Cancel

The 1-V sawtooth generator

FUTURE
_| ELECTRONICS

4 Define VPWL Resistor: R2

2 Define VPWL Resistor: R2

Voltage Current
Voltage Current
2 0 0
2 1
2 0.6 1p
1 [spa '

4

Entry mode Initial segment
@® Arbitrary Initial segment |1
() Symmetric

Press the insert key to insert a row or rows.
Press the delete key to delete the selected rows.

Paste Cancel Help O
0.6 0.7
4 Choose SIMPLIS Analysis
‘aq o Periodic Operating Point AC Transient
St .29y - ey Select analysis
(V\ : Analysis parameters [Jror
L D ) Stop time im =1 AC
b d
Start saving data at t = l:l: 5 Default Transient
J1 ’ Plot data output Save options
. A . .
Te=1 :: ?[;UU T |1:{.1 Mumber of plot points 10k : Default ® al ¢ TI C k
R ]J:| - L |:| R () Voltages Only
o (O Probes Only
Mo Fi d O t Data
e Advanced... W) S g
- [ Force New Analysis
Run Cancel Help




22u
Y

U1

(o3
=N
+
Y
11

L1

= 100U D1

T

200uSecs/div

SIN/V

UL-INP / miv

LI-NfV

Value

20uSecs/div

Edit Part...

Edit Additional Parameters...

Hide/Show Value
Descend Hierarchy

Probe Voltage...
Probe Current...

Display Device Bias Info

Dizable Selected

Dizable & Short-circuit Selected

Enable Selected

Copy
Paste

Edit/Add Properties...
Delete Properties...
Mowe Text

Edit Symbol

Update Symbaol

Restore Properties...

Plot PWL points for R, L, TX, or C

View Model

Stack and zoom-in

FUTURE
ELECTRONICS

You can probe all nodes
as you want and stack
curves in the end



The strength of SIMPLIS is to extract the small-signal response from this switching circuit [ FUTURE

POP Trigger

Place Probe Probe AC/Moise Hierarchy Monte Carlo  Tools  Help
. . . . . . . . . Repeat Last Place... Alt+R :IEK % Q Q Q Q /
i i . L. i From Model Library... Ctrl+G  p\Simplis\Future\Seminar\Simple bu
D e | ete t h e W I re From Symbeol Library...
) : : : : ) : : : Select by Specification 4
.. - Select.- delete .
. . 1 2 . . . . . LI 1 . Hierarchy b . 1 2 . . .
— "u'rT Magnetics L4 . . AC 1 .
—_ N Passives L4 ‘ur T
- - Connectors L4 : : : :
/{ Probe L4 T
Voltage Sources L4 Power Supply v
. II'u'r 3 . : E Current Sources L4 Waveform Generator w
'||H||'2 Controlled Sources 4 PWL Source
_ 5 [}D m ' ' ' Bias Annotation » AC Source (for AC analysis)
— + - . .
. . . J_l_ Semiconductors 4 —_— S{m +
Digital L4 T . . .
' ' SIMPLIS Primitives > 12 I
Analog Functions 4 _— \”_ X ) :
Worksheets 4 T ‘
L L - T
L L
FIGLE | FIUUE  FIULE Ao/ INUISE  THEIGILY VIS Wiy uws 1 IS
e £ Flace Frobe Frobe AL/ MNoIse Hierarch MMonte Larlo I
Repeat Last Place... AR i [ Q Q @‘ Q / . s
From Model Library... Ctrl+G \Simplis\Future\Seminar\Simple Eepeatleiilace ik :I K o Q Q ®\
From Symbol Library... From Model Library... Ctrl+G F\,ﬁmﬁs\ﬁl‘h}rﬂ:\,‘jﬂnﬁl I
Select by Specification L4 T h e P O P fo r From Symbol Library...
Search Part... .
. . Select by Specification 4 o o _
» Periodic iz ren U1
e ’ Operating Point Hierarchy ' — @J* prv| €
Passives 4 ’ V4 ’ ’
Connectors 4 . Magnetics 4 o
Probe 4 I nstructs Passnies » —_—\é’rgo o V2
—_ m
Voltage Sources 4 S | M P L I S Connectars , Bus Ripper... - o JiL )
Current Sources 4 O n i
Probe 4 Terminal ¥
Controlled Sources L4 . . . Lo . .
» .
Bias Annotation > SW Itc h I n g eve nt Voltage Sources Small Terminal
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We now have a means to excite the converter, we need a

means to reveal the Bode plot of the transfer function

indow

Simulator

| =

r
PLIS_Data

5

3

st CM Zout
st CM.sxsch
k boost to fl
k VM Loop (¢
k VM Loop €
k VM Zin sw
caded boost
Je PWL.sxsc
mple Twasc
tting buck.s:
iack CM isol
iack CM isol
iack VM nor
actor PWL.s

ranl cverh

Place Probe Probe AC/Moise  Hierarchy

Repeat Last Place... Alt+R
From Model Library... Ctrl+G
From Symbol Library...

Select by Specification 4
Search Part...

Hierarchy 4
Magnetics 4
Passives 4
Connectors 4
Probe 4
Voltage Sources 4
Current Sources 4
Controlled Sources 4
Bias Annotation 4
Semiconductors 4
Digital 4
SIMPLIS Primitives 4
Analog Functions 4
Worksheets 4

LK
etoph

Add wires or

small connectors

4 Search

—  Search

|Bude|

| [] include mode! library parts

Bode Plot Probe - Legacy (Obsolete)

Bode Plot Probe (Gain/Phase) w/ Measurements <€———
Power Supply Load ( DC Current, Pulse, Bode, Zout... )
SystemDesigner - Bode Plot Probe (Analog IN, SD_BUS OUT)
SystemDesigner - Bode Plot Probe (SD_BUS IN, Analog OUT)
SystemDesigner - Bode Plot Probe (SD_BUS IN, SD_BUS OUT)

. .

ouT
N .
g - o
12
—V1 R2[] e C1 [
— IC=1}J' " e 100U
i . :
oys V2 =
= soom
T (A
:th _POP Trigger P jO'UT
IN []ouT -

! +]

%

=0OUT/IN

R1

4 Add Measurements to th...

Gain Crossover Frequency
Gain Margin
Phase Margin

Ok Cancel

X

IN [ JouT

=0OUT/IN
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Enter a name and tick the two boxes

| 4 Edit Bode Plot Probe: Probel

Curves
Lse separate graph

Probe History

Graph name |Contro|—to—0utput )

1 : Use default

(

Labels

Set tabjcaption to name

Curve label |Gair'|

¥ axis label |

Phase
Labels

Curve label |Phase

¥ axis label |

Display curves on
() single grid
(®) Two grids

(Z) Phase 3bove Gain
(@ Gain abgjve Phase

Black
magnitud

Example curve output

[ pisable gain/phase
|:| Separate curves

Vertical scale Vertical axis { check to auto calculate )

. ——

Uncheck for

fixed scales

[ use default

Edit...

Ad | 4} WK

Curve Vertical axis { check to auto calaulate ) Colour
Phase S - Edit...
oF 180 degrees Minimum limit | 180 |v | /I

[ Grid spacing

Use Phase -180 degrees to plot the phase curve with 130 degree offest

P

Red

phase

Configuration
|l save Configuration

Save current properties as default Bode Plot Probe configuration.

Mew probes will automatically have these saved propecties applied when placed.

Ok Cancel Help

| like a black
magnitude
and ared
phase curve :)

lg

FUTURE
~ | ELECTRONICS

4 Select Color X
Basic colors
AEEEEEED

EEEENC
EEEEEENT
EEEEEENC
EEEEEEN
I )

Pick Screen Color
-4 =

Custom colors Hue: Red:
N A A sat:fo[5] oreen: o]
N vai o 5] e[ 5]

Add to Custom Colors HTML: __#000000

Cancel

It is more comfortable to read when both
magnitude and phase plots are symetrical
with respect to the 0 point: 0 dB and 0°



Press F8 to access the simulation parameters

4 Choose SIMPLIS Analysis

Perindic Operating Point AC Transient

Sweep parameters

Select analysis
Sweep type

POP
4—
Start frequency D: Hz (®) Decade AC
Stop frequency 100k - Hz O Linear [] Transient
Points per decade : Save options
® Al
10 Hz-100 kHz are good first O veltages Only

range for a power stage

response. 100 points per

decade are typical SPICE

values. Increase when peaking

is expected.

Run

Cancel

() Probes Only

[] Mo Forced Qutput Data
[] Force Mew Analysis

Help

Tick ac analysis, POP
will be checked
automatically

FUTURE
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4 Choose SIMPLIS Analysis

Perindic Operating Point AC Transient
Select analysis

POP Tri
rigger source s

IIse "POP Trigger” schematic device ]
| | AC
(Commonly Used Parts-=POP Trigger) %

Custom POF Trigger gate |POP Trigger 5::h§1%tl§)gj;cé50% (Or H’f@ml)t
than the clock save options

period value: 100
Hz, 10 pus = 15(=e=

i) Probes Only

Trigger condition

O] _-F Rising edge (logic low o logic high)

@] -"( Falling edge (logic high ko logic law)

Timing v
Maximurn period |15u |¢ ]
Cydes before launching POP |5| |¢ Cydes

Advanced... [ ] Mo Forced Qutput Data

[ ] Force Mew Analysis

Run Cancel Help

The periodic operating point or POP is a SIMPLIS
proprietary algorithm which determines the steady-
state operating point (average currents in capacitor
and average voltages across inductors are all zero) in
a record time. When POP is finished, the program
launches the ac analysis.



Vout
J_

S1 22u ouT
YN
DRV, -
12 AC 1 U1
— L v1 /g\ CR'— > R2 e C 1 R1
— U+ DRV IC=1 memm 100U 1
V4 - _
v3—— Ramp V2 o
500m ——— n lcy «—+
()
i L i I
POP Trigger
DRV CTRL uT
E *] ut
I
= —OUT/IN
1 1

Ready to run the simulation! Press F9

FUTURE
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Add a few probes to visualize
the waveforms after steady-
state operation is done.

Magnetics
Passives
Connectors

Probe

Voltage Sources
Current Sources
Controlled Sources
Bias Annotation
Semiconductors
Digital

SIMPLIS Primitives

Analog Functions

v T v v v w v v v wv wv v

Yoltage Probe

Current Probe

Power Probe

Inline Current Probe
Differential Voltage Probe
Bus Probe

XY Probe

Delete All Probes




4 Elements Main Window

File Edit View Simulator Place Probe Probe AC/Noise Hierarchy MenteCarde Tools  Help

EX A e 9C B BACHE AQAQ /S P H ] F L EEX

=

0 - /AR

— X

Web View |v| Schematic Editor |+ | Waveform Viewer |+

File View

Add Directory Sync to Active

Gan5Tar 2
HiVoltage Sine
LLC
NCP1568
NCP4330
NXP
v Seminar
SIMPLIS_Data
Subs
T™MP
Boost CM Zout sweep.sxsch
Boost CM.sxsch
buck boost to flyback.sxsch
Buck VM Loop Gain Monte Carlo s...
Buck VM Loop Gain.sxsch
Buck VM Zin sweep.susch
Cascaded boost and buck.sksch
dinde PWL.sxsch
Example Twasch
floatting buck.sxcmp
Flyback CM isolated Ac Input.sxsch
Flyback CM isolated.sxsch
Flyback VM non-isolated compens...
inductor PWL.sxsch
Lin regl.sxsch
Lin reg2.sxsch
loop gain opamp.sksch
Simple buck Zwxsch
Simple buck 3.wxsch
simple buck MOSFET.wxsch

simple buck OL ac response multis...

simple buck OL ac response.sksch w

PartSelector  Command Shell  File View

Elements

siMetrix / simeus

H H ER
s =@ ""a elements

Advanced Power System Simulation
SIMetrix Technologies, Litd
SIMPLIS Technologies, Inc.

Powered by SIMetrix/SIMPLIS

G\l

ive - Future Electronics Inc\Documents\SIMPLIS\Future\Seminar\Simple buck 3.wxsch*

]

simplis_pop5 (C:sers\christophe. basso\OneDrive - Future Electronics Inc\Documents\SIMPLIS \Future\Seminar\Simple buck 3.wxsch) @@

22u - - OUT

DRV POP Trigger

. + ™
= I

I

- Vout -

Select

X 1.25 Modified

SIMPLIS

4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

DRV [V

600
400
200

It/ mA

200

700
600
500
400
300
200
100

Ramp / m¥

5424
5422
5420
5418
5.416
5414
5412
5410
5.408

Yout /v

time/uSecs

10

40 30

10uSecs/div

Label
[ orv
11

[ Rarnp
[mEYCH

Legend

Curve label

Name

Value

SIMetrix/SIMPLIS Elements Home

' Simple buck 3.wxsch™®

,J"', simplis_pop5 Vout

I3 Control-to-Output

This is the steady-state operating point:
the converter is stabilized and the start-
up sequence is long gone. The
waveforms are the probes you placed
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40

H, = 21.8 df

20

Gain / dB

-20

Magnitude

plot

-40

180

135

90

45

0

Phase [ degrees

RN

-45

\

-90

\

-135

Phase plot

N

-1801D

20 40 60 100 200

freq/Hertz

A
400 6008001k 2k 4k Bk 10k 20k 40k 60k 100K

10kHertz/div

Ho

Label Legend

[ Gain
[] Phase

Curve label MName Value

Gain Gain Crossover Frequency 12.676576kHz
Gain Gain Margin “*ERROR™

Phase  Phase Margin -170.03407degrees

[ simplis_pop5Vout | Control-ta-Output

Quasi-static or dc gain value:

H (s) = Hy ()

S S
_|_
@y Q @y

1+

Input voltage, 12V

Vi, R, Vi

Vo RL+1 V,

Peak
amplitude of
the sawtooth

12V

FUTURE
ELECTRONICS

_Vin I::>H0:20|ong21.6d|3
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| I |

| “220 0 - OUT
| » YT
SR
o . =
1
‘R3 . .
es[ ) Ler
o +{J o= 100w
- =

N Jout]F"T
=OUT/IN | ~ =

R1

Insert a resistor in
the schematic

Select a remanence of 2

Probe

] bisable gain/phase

Gain / dB

Phase / degrees

40

20
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-20

-40

180

135

o0

45
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-45

-90

-135

-180
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freq/Hertz
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r

History

: [] use default

[] separate curves

scale Vertical axis ( chedk to auto caloulate ) Colour
Masdimum limit |4EI - [] use default
i Minimum limit |40 & | Edt.
L] Grid spacing |2IZI |¢
Vertical axis ( chedk to auto calculate ) Colour
e Maximum limit | 180 |4 [ Use default
! \ .
~_ Change the series
| resistance value and
see the different
ZLLL £
Zr () responses. The
dashed lines are the
first results.
\
2k 4k 6k 10k 20k 4ﬁk 6ok 100k
10kHertz/div
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Let’s add some synchronous rectification Copy the switch

Make some space first and rotate it via F5.
Place it across the diode.

|~ A “ﬂ“' o
T e N G
switch
—m
+ R2
: 'H?D%m o o _Ell.c_.1 .
\1[21 R2 R1 +
=" I TR AU g
e e, "
Cyel o
500m ——
(:E
. FOPTrigger ’ § ) )
DEI}QV T CRL N OUT ouT
o =OUT/N
11 I
B leggle Flip-Flop w/ SEI/K Capture this circuit: .
_ ¥ (ates
11 ANMD Gate .
: NAND Gate Double-click |
B OR Gate on each buffer
MOR Gate
Exclusive-OR Gate
Cormnparator
Buffer
|nverter ' SV ’
J Define Number of Inp... X J Define Number of Inverted Inputs X Gate Type Parameters
(O AND / NAND Propagation Delay : 5
NUMBER. OF INPUTS |2 NUMBER OF INVERTED INPUTS |0 ~ O or /nor # of Logic Inputs 1
() %OR [/ XNOR )
#of I ted L Inputs 0
Cancel Cancel (®) Inverter [ Buffer i SR
Ground Ref L w
Initial Condition 1] w

Cancel Help

Repeat Last Place...

From Model Library...
From Symbol Library...
Select by Specification

Search Part...
Hierarchy

Magnetics
Passives
Connectors

Probe

Voltage Sources
Current Sources
Controlled Sources
Bias Annotation
Semiconductors
Digital

SIMPLIS Primitives
Analog Functions

Worksheets

Alt+R

Ctrl+G

FUTURE
| ELECTRONICS

Grab a few gates to implement deadtime

Place = Probe Probe AC/Noise Hierarchy Monte Carlo Tools  Help

\Simplis\Future\Seminar\Simple buck 4.wx

VAR DT=100n

Insert a control block

Advanced Digital
Advanced Digital (with ground ref)

Building Block Library Logic Elernents
SIMetrix Compatible Logic Gates



Finish the wiring and insert two current probes

Place Probe

Repeat Last Place...

From Model Library...
From Symbol Library...
Select by Specification
Search Part...

Hierarchy

Magnetics
Passives
Connectors

Probe

Voltage Sources
Current Sources
Controlled Sources
Bias Annotation
Semiconductors
Digital

SIMPLIS Primnitives
Analeg Functions
Warksheets

Probe AC/Moise

Alt+R

Ctrl+0G

Hierarchy Monte Carlo

Tools  Help

\simplis\Future\Seminar\Simple

Voltage Probe

Current Probe U
Power Probe

Inline Current Probe
Differential Voltage Probe
Bus Probe

AY Probe

Delete All Probes

- = =UTURE

- 22u- S ')_OUt LECTRONICS
S N R

R

PTrigger . . .

- PO

|

I

Press F9 and see
the waveforms
and the effects
of an
exaggeratedly-
large deadtime

*

CVARDT=500n -0 n

*

I f mA

Ramp / mv

Vout /v

[ N N N

400
200

-200
-400

D/A

EW /A
ChrNWRL O NWe @

800
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400
200

5.45
5.35
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5.15
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Agenda

* What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
" Importing a SPICE Model

= The Ready-to-Use Template



Ac analysis with SIMPLIS

SIMPLIS is a time-domain simulator therefore switching is needed to perform an ac analysis
- “cheat” the simulator with a simple clock circuit

4 Edit Waveform

[ off until delay

Time [Frequency
Width 5000 = Duty/% 50 —
Rise 0 — Equal rise and fall
Fall 0 : Default rise and fall
Damping 0 & () Use phase
Vertical

L - re
il JSome s 8
S T

[ source idle during POP and AC analyses

Wave shape

@ Square

(O Triangle

() sawtooth

) sine

O Cosine

() Pulse

O one pulse

(O One pulse (exp)

O step

[ visible parameters

[ o |

Cancel
I co h i 4 Edit Waveform K
P a Ce a n Ot e r Time Frequency Wave shape
Wavefo r m e n Period 100u : Freguency |10k : O square
A g g Width 500 % Dutyf% w0 = Orenge
Rise : Equal rise and fal O sawtooth
Eall 0 — Default rise and fall O sine
= (O Cosine
Delay l:l' Use delay O puse
] Use phase
STEP Damping |0 > ’ O One pulse
Vi=0 °
V2=5 Vertical () One pulse (exp)
RISE=0 @ Step
DELAY=0 - Tnitial [0 |2 ofset |25 =
Pulse |5 ‘: Amplitude |5 |: Visible parameters
Off until delay
Source idle during POP and AC analyses c )
ancel

Place Probe

Repeat Last Place...

From Model Library...

From Symbol Library...
Select by Specification
Search Part...

Hierarchy

Magnetics
Passives
Connectors

Probe

Voltage Sources
Current Sources
Controlled Sources
Bias Annotation
Semiconductors
Digital

SIMPLIS Primitives
Analeg Functions
Waorksheets

Probe AC/Moise

Place Probe Probe AC/Noise Hierarchy Monte Carlo  Tools  Help

Repeat Last Place... Alt+R

From Model Library..  Ctrl+G
From Symbol Library...

Select by Specification b
Search Part...

Hierarchy 3
Magnetics »
Passives 4
Connectors 3
Probe 4
Voltage Sources »
Current Sources 4
Controlled Sources 3
Bias Annotation 4
Semiconductors 3
Digital 4
SIMPLIS Primitives 3
Analog Functions 4
Worksheets 3

= aqeae /

Alt+R

Ctrl+G

|

Hierarchy Monte Carle  Tools

Parameterised Opamp
Parameterised Opto-coupler
Switch with Hysteresis

Comparator with Ground

POP Trigger

Help

Power Supply
‘Waveform Generator
PWL Source

AC Source (for AC analysis)

=<

|

|

"POP Trigger

TSTERP w2
ST

V2= (EE) o
"RISE=Q 7 -

- DELAY=0-

"POP Trigger

FUTURE
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- Add R, L and C with
- -{parameters}. . -
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Place Probe Probe AC/MNoise Hiera

4 Select Symbol

v

Symbols

Passives
Power Supply Loads
Power Supply Sources
PSU Drivers
PSU Switches
Semiconductors
Sheet/ Text

11 X85 sheet

17 X 11 sheet

5.3 X 4.2 sheet

8.5 X 5.5 cheet

A2 sheet

A3 sheet

Ad sheet

A5 sheet

Ab sheet

caption

Control Block

Free text

script_execution_symbol

11

|
o
i

Repeat Last Place... Alt+R
From Model Library... Ctrl+G
From Symbel Library...
Select by Specification r
Search Part...
Hierarchy r
_poPTgeer L
{t:n )
—
S R
..+\;1.......V1:0.
@
oo | . . . . . . . . .DELAY=D-
VAR 02183k ¢ - - -
VAR LAou

. VAR C={1/(43.1415002*0A2"L)} . . . . . . . . .. .. . ..

© VAR WO={(L*C)*05} - - -
Lo VARQZ2
VAR R={LwO/@Q}
. VAR Q1={(sqH(LIC)R}. - - -

VAR Dzeta={(R/2)*sqrt(C/L)} -

Y
B T

CATIRERE
T B O (0
S{Trat=fQ1y . .

- (7)Dzela= Dzeta)

R S

Conce

Copy/paste

*

VAR f0=18.3k
VAR L=10u
VAR C={1/(4*3.1415972*f0"2*L)} +—
VAR wO={(L*C)*-0.5}

VAR Q=2

VAR R={L*w0/Q}

VAR Q1={(sqrt(L/C))/R}

VAR Dzeta={(R/2)*sqrt(C/L)}

{"*"}

{"™*"L={L}
{"*'}R={R}
{'"*'}Cc={c}
{"*'}Q1={Q1}
{'*'} Dzeta = {Dzeta}

Curly
braces

Press F8 for the simulation
setup and select 400u for
the analysis time

4 Choose SIMPLIS Analysis

Periodic Operating Paint AC Transient

Analysis parameters

Startsaving data at t = I:l: 5 Default
Plot data output
Mumber of plot points 10k - Default
Advanced...
Ok || Run Cancel Help

Add these lines to display
{"*} the calculated values

FUTURE
~ | ELECTRONICS

Select analysis

[ ror
[]ac

Transient

Save options
oAl

() Valtages Only
(®) Probes Only

[] Mo Forced Output Data
[] Force Mew Analysis



Probe Options Axis Scales Axis Labels
Curve label History
Vout History depth D: [] default
Use SFREFS for hierarchical reference Use separate curves, If enabled, O on

Colour

Use default Edit...

Axis type

() Auto select

(O Use dedicated grid
(®) Use named grid
() Use named Y-axis
(O Digital

Display order

Arbitrary string to specify order

*

& new curve is created for each
new run and history depth is ignored. O off

Global default may be set from menu (@) Use default
File | Options | General... [oFF]

Graph
[ use named graph
Graph name
Set tab/caption to name
Keep different analysis types on same araph
Analyses
[ all analyses disabled
Transient
FOP
1 AC sweep

[ Plot on completion only

Cancel Help

VAR f0=18.3k

VAR L=10u

VAR C={1/(4*3.1415972*f0"2*L)}
VAR wO={(L*C)"-0.5}

VAR Q=2

VAR R={L*w0/Q}
VAR Q1={(sqrt(L/C))/R}
VAR Dzeta={(R/2)*sqrt(C/L)}

Add the V_ , probe and
select a persistence of 4

FUTURE
ELECTRONICS

Change the value of Q
in the control block
and press F9. The plain
curve is the last run.

Vaut f v

Vout (t)

time/uSecs
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100
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200
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300

350 400

50uSecs/div



For the ac analysis, add a Bode box:

w

qulatar

=

ction

3 Data

Phase C
Phase V'
Phase V
CM CM,
M PFC &
M PFC 5

Place Probe Probe AC/Noise Hieran
Repeat Last Place... Alt+R
From Maodel Library... Ctrl+G F
From Symbaol Library... I
Select by Specification 4
Search Part...

Hierarchy 4
Magnetics 4
Passives 4
Connectors 4
Probe 4
Voltage Sources 4
Current Sources 4
Controlled Sources 4
Bias Annotation 4
Semiconductors 4
Digital 4
SIMPLIS Primitives 4
Analog Functions 4
Worksheets 4

IN [TH]ouT

=0UTIN

a

R - -y

£

Connect in/out to
the correct nodes

u

4 Search

Search

|Bode|

| [ tndude model library parts

Bode Plot Probe - Legacy (Obsolete)

4 Edit Bode Plot Probe: Probed

Curves

Use separate araph

Bode Plot Probe (Gain/Phase) w/ Measurements

Power Supply Load ( DC Current, Pulse, Bede, Zout... )
SystemDesigner - Bode Plot Probe (Analog IN, SD_BUS OUT)
SysternDesigner - Bede Plot Prebe (SD_BUS IN, Analog OUT)
SystemDesigner - Bede Plot Prebe (SD_BUS IN, SD_BUS OUT)

Prabe History

Graph name [Ac Response

| 1 5 [A Use default

Set tab/caption to name

Gain
Labels

Vertical scale

Curve label

| ®a

¥ axis label |

‘ (O Linear

Phase
Labels

Curve

Curve label [Phase

‘ (@) Phase

¥ axis label |

‘ O Fhase

Display curves on
O single grid
@ Two grids
Wertical order
() Phase above Gain
(@ Gain above Phase

- 180 dearees

[] pisable gainfphase
[ separate curves

Wertical axis ( check to auto calculate ) Colour
Majdmum limit |40

Minimum limit 40

AM | 4K HF

Wertical axis ( check to auto calculate ) Colour
Maximum limit | 150 [ use defauit

Minimum limit  -130 Edit...

AM | 4K H¥

Use Phase -180 degrees to plot the phase curve with 180 degree offset

Example curve output

iy

N

Configuration
H Sawe Configuration

Save current properties as default Bode Plot Probe configuration.
New probes will automatically have these saved properties applied when placed.

[ Use defautt black.

ok Cancel Help

IN [T ouT

=0OUT/IN

&

R1
" ACH

L S

4 Add Measurements to th...

i Gain Crossover Frequency
( Gain Margin
Fhase Margin

Ok Cancel

*

You can save the Bode box
configuration for the next

studies if you want.
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If you set history or persistence to 4 and change Q, you should see

Yout /v

Low Q

\/ (
out

1)
)

0

time/uSecs

50

100

150

200

250

300 350 400

S0uSecs/div

Phase [ degrees

Gain f dB

History

EI: [] use default

[] separate curves

freq/Hertz

Vo, () High Q
V, ()
Low Q
V(DT
AD
N

10kHertz/div
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Agenda

= What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
= Importing a SPICE Model

= The Ready-to-Use Template



Assume you have downloaded a SPICE model coming
from a manufacturer, ST in this example:

3k sk 3k sk sk 3k sk sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk 3k sk sk 3k sk sk 3k sk sk 3k sk sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk ok sk sk sk sk ko sk sk sk k
*dAxx* STMicroelectronics MOSFET, IGBT and Bipolar Library ******
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k 3k 3k %k 3k 3k 3k 3k 3k sk 3k 3k 3k >k %k %k %k sk k sk sk sk sk k ok k k k

* *

* STMicroelectronics therefore does not assume any *
* responsibility arising from their use. *

* STMlicroelectronics reserves the right to change models *
* without prior notice. *

* *

*v.19.3.0 - FEB 2021 *

3k 3k 3k 3k 3k 3k sk 3k 3k 3k 3k sk sk 3k 3k 3k %k sk ok 3k 3k 3k 3k sk sk 3k 3k 3k sk sk sk 3k 3k %k sk sk 3k 3k 3k 3k sk sk 3k 3k 3k 3k sk ok 3k 3k 3k ok sk ok 3k sk %k ok ko kosk sk sk k ok

.subckt SCTO40HU65G3AG_V2 drain gate source kelvin PARAMS: dR=0 dVth=0 dVsd=0dCi=0d

El Tj valLT VALUE={TEMP}
R1 valL. T 0 1m
Rkelvin kelvin s2 5m
Ckelvin kelvin s2 1p
VLd drain d3x 0
*RLd drain d3x 1
VR dr d3 d2 0
Rdrain-fissa d3x d3 3m
Viggate g2 O
*RLggate g2 1
V0lssource s2 O
*RLs source s2 1

Rg g2gl 1.0

4 Elements Main Window

File SIMetri Simulator

B X

View Help

FUTURE
~ | ELECTRONICS

Command Shell

welcome to SIMetrix/SIMPLIS Elements.
For help using this application, please
use the help menu located above.

A

Model l1ibrary changed. Rebuilding
catalogs, please wait...

Completed

¢

SIMetri\SIMPLIS Elements Home

7-Zip

Fichier Edition Affichage Favoris  Outils  Aide
gp - =7 e

Ajouter Extraire Tester Copier D

5 ] | ChUsers\ Totof\AppDatatLocal\ Temphpid-93164en.

Mom

B} SCTO40HUE5G3AG_V2.lib

From the file Explorer,
drag and drop the .lib
into the Command Shell.

\

4 Install or Edit
Install or edit model file
SCT0A0HUGSGIAG_V2.lib?

<— Ok
(®) Install

() Edit




Now that the .LIB has been installed, you have to associate a symbol with it:

stor | Place  Probe  Probe AC/Moise  Hierarchy

@ Repeat Last Place... Alt+R

From Madel Library... Ctrl+G
From Symbel Library...

— Select by Specification r
Search Part...
Hierarchy »
Create Model r
Magnetics r
Passives L4
Connectors 2

:\SIM

4 Select Device

~ | * Recently Added Models
* All User Models *

* All Models *

Analog switches

[ Y [

... SlMetrix.does . .. . ..
o notknowwhat @
- . symbol touse - . . . ..

- forthismodel @ @0

o Press"Place” |
- - foresolve: -

A | | SCTMO0HUBSG3AG_V2

Filter [=

D:\christophe \SIMetrix\SIC\SCT040HUB5G 3AG_V2.lib

Place

% FUTURE
~ | ELECTRONICS

zdel SCTO40HLUG]

4 Enter Text

Enter new category

|sic]

Corcel

ry for this part.
v Category..."
ur choice.

'NMOS

Define Symbaol for SCTOS0HUGSGEIAG_V2

THNTS

Schottky - dual

Resistive Load 4 Terminal
Resistive Output Impedance Load 4 Terminal
Sawtooth Wawveform Load 4 Terminal

Schottky Bridge Rectifier
Short Circuit Load 4 Terminal

SiC MOSFET with Kelvin Sense

SiC Schottky Barrier Diode with Thermal Model
Simple Transistor Switch (Current Controlled)
Simple Transistor Switch (Voltage Controlled)

SiC MOSFET with Kelvin Sense

Pin order +

drain

gate . C
sourcesense Sourcesense is kelVin:in
sSource

(=

the model and is 4t position.
Make it go down 1 step.

=

it
7 e
~ | |New Category... |
Au

Choose the right
symbol

1 2 3 4

.subckt SCTO40HU65G3AG_V2 drain gate source kelvin PARAMS

HFin arder

drain
>
ate
9 o] e e
soUrce

SOUrCESENSE



Place the model in the circuit:

- murlgd . A

To place a component,
go to Place Symbol

3r | Place  Probe Probe AC/Moise  Hierarck
= Repeat Last Place... Alt+R .%5
From Model Library... Ctrl+G |_
From Symbol Library... I~
— Select by Specification *
Search Part...
Hierarchy *
Create Model »

Power(U1)

You can now run the simulation

L1
©® 59U

U1
"1 '\ SCTO40HUBSG3AG_V2

1*T

Drain

verain, ywerwn |

u2
SCTO040HUBSG3AG_V2

Registers

Schottky Dicdes

Shift Registers

SiC

Special Linear Functions
Switches

Thermal
Transcenductance Amplifier
Transim Source
Varactor Diodes

YGA's

Video Amplifiers

Yirtual Ground

LA mnor

Crain / A

Vdrain /v

Vdry fV

120

100

80

60

40

20

400
350
300
250
200
150
100

50

18
16
14
12
10

Lo
O I N - )

I
k=

FUTURE
ELECTRONICS

10

TimefuSecs

uz

SCToRHURSEIG VE

15

20

25 30

SuSecs/div
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Very often, manufacturers provide models and their associated symbols in case of a complete library. The operation is
very similar (you can also see AND9783D). First drop the .LIB containing all the subcircuits in the Command Shell Window:

Command Shell

Model Tibrary changed. Rebuilding

uni _L-| Double Pulse Test.sxsch

catalogs, please wait... <
Completed

>

ONSEMI_SICMOSFET_650_simetrix.txt
|| SCTO40HUB5GIAG_V2lib

Now, you have to load the associated symbol file:

J Install symbols X

o Installing symbols:

* OMSEMI_SICMOSFET_650_simetrix.sxslb

Press Ok to proceed with installation
Press Cancel to abort

[ o ]

Cancel

You can see the models are
properly imported:

_d Double Pulse Test.sxsch
mj OMSEMI_SICMOSFET_650_simetrix.sxslb
OMSEMI_SICMOSFET_B50_simetrin et

g e e
File Edit View
Maodel Likrary r
Symbol Manager...

Options r

M_w| OMSEMI_SICMOSFET_B830_simetrix.sxslb

e

4 Select Device

* Recently Added Models *
* All User Models *

* All Models *

Analog switches

BIT - Dual

BIT - Multiple

Bridge Rectifiers

Buffers

Capacitors

Comparators

Counters

Current Mirrors

Current Monitors
Current Sense Amplifiers
Differential Amplifiers
Digital Arithrmetic
Digital Buffers

Digital Functions

o7 Dhgital Multiplexers/Demultiplexers
19/1 Mgital/Analog interfaces
- Diode
197 Drivers
Dual Diodes

Meoel ©ese RIL AT

D2PAKTLHY plg
dioderrg50_large
dioderrg30_small
MNTBGD13M0B35C1_4P
MNTBGO13M0655C1_6P
MNTBGOZ3M0655C1_4P
NTBGOZ23M0655C1_GP
MNTBGO43M0B35C1_4P
NTBGOM3M0655C1_6P
MNTBGDEOMOGI5CT_4P
NTBGOGOMOGI5C1_GP
MNTBGO73M0B35C1_4P
NTBGO73M0655C1_6P
MNTBGDISMO655CT_4P
MNTBGD9I3MOB55CT_6P
MNTBLO45M0635CT_4P
NTBLO45M0E55CT_BP
MNTHAL015M0E55CT_4P
MTHALO15M0635CT_BP
MNTHAL025M0635CT_4P
MNTH4L025M0655CT_BP
MNTHAL045M0E55CT_4P
MTHALO45M0635CT_BP

EITI 1Al REAKINEEC, AN

MNVBGO23NDES5CT_4P
MNVBGO25M0655CT_6P
MNVBGO43M0655CT_4P
MNVBGO43MN0E55CT_6P
MNVBGOEONDESSCT_4P
MNVBGOBONOE55CT_6P
MNVBGOTINOEI5CT_4P
NVBGOT3NOESSCT_6P
MNVBGOI3NOES5CT_4P
MNVBGO93MN0E55CT_6P
MVHALOT5M0B35C1 _4P
MNVHALOT5M0B55C1_6P
MNVHALD25M0B55C1_4P
MVHALO25M0B55C1_6P
MVHALDA5MNDB35C1 _4P
MNVHAL0M5MOB55C1_6P
MVHALOBONOB55C1_4P
MNVHALOBONOB55C1_6P
MNVHALOTSMO0B55C1_4P
MNVHALO7SMO0B55C1_6P
MVHALOS5M0B55C1_4P
MNVHALO95MN0B55C1_6P
MNVHLOT5N0BS5CT_3P

KA I A ERIEET 4 EM

Then CTRL+ G to access the models

}}'}LEIII.M}IU
WebSim_Connect.sxslb
zetex-circ-sim.sxslb

OMSEMI_SiCMOSFET_650_simetrix.sslb

W

T2RPAK _pkg

to220fp_pkg
TO2474L_pkg

to247_phkg

TOLLAL_pkg

DU INUU I U
NTBGO95M0655C1_4P
NTBGO95M0E35CT_GP
NTELO45M0655C1_4P
NTELO45M0655C1_6P
NTH4L013M0655C1_4P
NTH4LO15M0655CT_6P
NTH4L025M0655CT_4P
NTH4L023M0655C1_6P
MNTHAI QASMORSSCT AR

Delete

Copy... 4


https://www.onsemi.com/pub/Collateral/AND9783-D.PDF

Agenda

= What is Elements?

= Running a Basic Simulation

= A Buck Converter

= Ac Linear Analysis with SIMPLIS
" Importing a SPICE Model

" The Ready-to-Use Template



Open one of the examples — Flyback isolated CM

Add Directory Sync to Active
hd Book Collection ™
SIMPLIS_Data
Subs
TP

Boost 2 Phase CM compensated.wxsch
Boost 2 Phase VM compensated ACwxsch
Boost 2 Phase VM compensated TRAN.wxsch
Boost BCM CMowasch

Boost CM PFC ac tran demo.wxsch

Boost CM PFC ac Zout demo.sxsch

Boost CM PFC sine full version.wxsch

Boost CMowxsch

Boost VM compensated AC.sxsch

Boost VM compensated TRAM.wxsch

Boost VM PFC ac tran demo.awxsch

Boost VM PFC sine full version.wxsch

Buck 2 Phase CM.wzxsch

Buck 2 Phase VM.wxsch

Buck BCM.wxsch

Buck CM Synchro.sxsch

Buck CM.sxsch

Buck COT.wxsch

Buck FOT.wxsch

Buck VM.sxsch

Buck-Boost CMowxsch

Buck-Boost VM compensated ACwxsch
Buck-Boost VM compensated TRAMN.wxsch
Flyback 25W CM isclated.wxsch

Flyback active clamp CM isclated and compensated.sx...
Flyback active clamp CM non-isclated - demo.sxsch

Flyback CM isclated ac sine input.wxsch

|!] Flyback CM isclated wxsch W

MB R20200CTP

FUTURE
| ELECTRONICS

lout

vouT NOUT
X1 R21
L2 © 30m
600u IC=0
P st {Rload)
© c13
1.36m IC=0
Vi BN [N [\JouT B
T 120 =OUT/IN Isec 4‘;
Missing RCD vour
|
B[N [\ Jour]  VeuT clamp
=0UT/IN E
o Z
[ Vmod
Idrain 8 AC10
1} +
—_ z
X1 OPIN
PWM o g verai s
- = D {RLED} {Rupper}
latch Copto = 2 nF
CTR=0.3
U35 Optocoupler
DRV + s1 U1
i Q I ] [] . l cs FB FB
|Rr31 47p1C=0 P
E-aS F N } .
B | {Cta}1c=10
v2 ves R2 .
Internal setp0| Current sense 19 ok c2
U4 ] {Ccol} IC=0
. %* U2
N * = TL4317032§4‘*
* * § R15 DRV
R3 Ic=1 N J_ {Ri} 1) Vramp -
3.3k R8 100p |c 0 250m {Rlower}
— ‘ —
1-V clamped
divide-by-3 block Isolated
This is a fixed-frequency current-mode-controlled flyback converter Ioop ContrOI

delivering 19 V 3 A from a 120-V source. Enable the 6-ohm load (R1) for ac
analysis and disable the PWL source (right-click after selection) to

see the transient response. Check Simulator>Edit Netlist (after preprocess)
to see the calculated component values.

This is a typical converter for an ac-dc notebook adapter.

- Christophe Basso - Transfer Functions of Switching Converters -



*

VAR Vin=120
VAR Vout=19
VAR Lp=600u
VAR Ri=250m
VAR N=250m
VAR Rload=6

VAR Ts=15u * please update clock and ramp generators *

*

VAR D=Vout/(Vout+N*Vin) * duty ratio calculation *

VAR mc=0.818/(1-D) * recommended compensation value fora Q of 1 *

VAR Sn={(Vin/Lp)*Ri}

VAR Sramp={2.5/Ts} * 2.5 V over Ts - check your IC specs *

VAR mc=1.5 * set this value for ramp comp *

VAR Se={(mc-1)*Sn}
VAR Rr={(Se/Sramp)*19k+1m}

VAR fRHPZ={((1-D)*2*Rload/(D*Lp*N~2))/(2*pi)}

VAR fcMAX=0.3*fRHPZ

*

* Enter values extracted from the plant Bode plot

*

VAR Gfc=-13 * magnitude at crossover *
VAR PS=-80 * phase lag at crossover *

*

* Enter Design Goals Information Here *

*

VAR fc=2k * targeted crossover *
VAR PM=60 * choose phase margin at crossover *

*

* Enter the Values for Vout and Bridge Bias Current *

*

VAR Vout=19

VAR lbias=250u

VAR Vrefl=2.5

VAR Rlower=Vrefl/Ibias

VAR Rupper=(Vout-Vrefl)/lbias

Slope
compensation

RHPZ location for
max crossover

Read the power
stage response

Your targeted
values (2 kHz, 60°)

* Optocoupler specifications *

*

.GLOBALVAR Rpullup=20k * check with the selected control chip *
.GLOBALVAR Fopto=6k

.GLOBALVAR CTR=0.33 Optocoupler

* characterization

VAR VL=0.2

VAR VCEsat=0.3

VAR Vdd=5

VAR Vf=1

VAR A=Vout-Vf-VL

VAR B=Vdd-VCEsat

VAR Rmax=(A/B)*Rpullup*CTR

*

* Do not edit the below lines *

*

VAR boost=PM-PS-90

VAR fp=(tan(boost*pi/180)+sqgrt((tan(boost*pi/180))"2+1))*fc
VAR fz=fcr2/fp

VAR G=10/(-Gfc/20)

VAR RLED=CTR*Rpullup/G

VAR Cla=1/(2*pi*fz*Rupper)

VAR C2a=1/(2*pi*fp*Rpullup)

VAR Ccol=C2a-Copto

*

Pole-zero calculation

*

Most of the ready-made
templates come with a script
compensating the loop

{"™"} FUTURE
{'*'} Ruppef={RupBYNCS
{"*"} Rlower = {Rlower}
{"*'}C2={C2a}
{"*'}C1={C1a}

{'*' } Boost = {boost}
{"*'}Fz={Fz}
{'*'}Fp={Fp}

{'*"}Sn ={Sn}

{'*'}Se = {Se}
{'"*'}D={D}

{"*'}Mc = {mc}

{"*"} Rramp = {Rr}

{"*"} Rmax = {Rmax}

{'*'} FRHPZ = {fRHPZ}
{"*'} FcMAX = {fcMAX}
{"*"}

Print
components
values



Press F9 to run the
simulation and make
sure the operating
point is correct: V_, =
19V/3A

FB [V

Iout / A

VCS [/ my

Ydrain /¥

WOLIT /W

Idrain f A

1.58
1.56
1.54
1.52

1.6
1.2
0.8
0.4
0.0
3.185
3.175
3.165

3.155

[sec [ A
| S R N =

200
400
300
200
100

180
140
100
60
20

19.10
19.04
18.98
18.92

A A Fa) Fat Fat
AN FAY FAY FAY FA)
Fi / A" Fi Fi
7\ 7 A .
i \Y / P
7 7 X
Fi AN
Fi N N N
A A A A A
i i i i
r i 7
F i
i 7
i
N . N N N
=] - =
~ ~ ~
. L ~.
I~ < =
— — —— ——
A A
yd )4 / / /
/ / /
/ /
|\ | [ |\ 1] L
P, - - - -
T s T )
= o
e T
o o o
. - o
Y
0 10 20 30 40 S0 60 70
time/uSecs 10uSecs/div

Feedback voltagdle |EUTURE
within the 3-V dynamic

Current in the main switch
— check rms current

Dc output current

Secondary-side current —
check peaks and rms
content

Add leakage inductance and
RCD clamp (full version)



Loop Phase [ degrees

Power Stage / dB&

40

20

-20

-40
180

135

Q0

43

-90

-135

-180

Power stage magnitude response
N |H(2kHz) =1-13dB
“N*NH\\NEEHN\\H\ I
\——-"“\ [
Power stage phase response
£H (2kHz) = +70°

——____________-‘-‘-‘\ AN | /7
1 2 4 6 810 20 40 60 100 200 400600 1k 2k 4k ok 10k 20k >k6]01k 100K

freq/Hertz

10kHertz/div

Now check the control-to-output transfer functi
power stage. Check the RHPZ value and limit th

£
ELECTRONICS

e

crossover frequency to 30-20% of this zero position:

12'.".'
131‘.'
14 -
15"
161‘.'
17 -
18*
19~
zuf‘:
21"
221‘.‘
23'.".'
24"
25"
26'.".'
s
281‘:

Rupper
R1ower

c2
Cl

Boo

Fz
Fp
an
Se

FRHPZ =
FCMAX =

W

1.

=N

= g&000
= 10000
4481915480445 32-09
31268645711734e-09

T =50
727.940468532405

5494.954583530924
S0000

25000

D = 0.387755102040816
MC = 1.5

Rramp = 2850.001

Rmax

24995.74465058511
24616. B762677045
7385.0625858031136

) f. ax & 7 kKHz

Consider the 6-kHz opto pole

Choose a 2-kHz crossover

Read the magnitude plota 2 kHz = -13 dB
Read the phase plot at 5 kHz = -70°

- *Entervalues extracted from the plant Bode plot- - -

[

.. VAR Gszi—fi*h’léghit'ude: at crossover* . . . . . .
- -MAR PS=-70 * phase lag at crossover* - - - - - - -

.. "EnterDesign Goals Information Here.* . . = =

- VAR fc=2k * targetied crossover™ - -~ -~ -~ -~ - -
| VAR PM=60 * chose phasé margin at crossover * -

*

-

Fill out the
requirements



Loop Gain / dB

Loop Phase /[ degrees

80

&0

40

20

-20

-40

-60

-80
150

135

Q0

45

-45

-90

-135

-130

Loop mag

hitude response

Loop phage response

\

—

N

0

R

50°

\

Mame

—  Gain Crossowver Frequency 1.9676601kHz

Gain Margin
Phase Margin

Yalue

18.458712dB

58.783816degrees

\J

1 2 4 6 81

freq/Hertz

] 20 40 60 100

V, =120V

20k

10kHertz/div

40k 60k 100k

. FUTURE
The crossover frequency and phase margin ar€ Greroncs

target for this low-line operation. You can now
increase the input voltage and check how stability
evolves at this voltage. Same with the load, make it
change and assess the stability at different points.

80
; \\
40 \\
g <
§ o
T 2 Name Value K\
40 | Gain Crossover Frequency 2.5885271kHz
Gain Margin 21.502579dB r
60 7 Phase Margin £3.730764degrees |
-80 1 1 1
180
135
a0
u /_\
% 45 \_/ \
PR
%L -45 \\
-90 \
TV, =330V
in 7
-180

1 2 4 6 810 20 40 60 100 200 400600 1k 2k 4k 6k 10k 20k 40ks0k 100k

freq/Hertz 10kHertz/div



FUTURE
Once the simulation is run, you can unveil the values computed by SIMPLIS: P ecmones

4 Elements Main Window

File Edit View Sirnulator  Place Probe Probe AC/Moise  Hierarchy  Mor 7 .print ALL
_— _ g .0ptions PSP_START=0 PSP_NPT=100001 POP_T
- lr—;" x h Choose Analysis... Fa g + MIN_AVG_TOPOLOGY_DUR=1a AVG_TOPOLOGY_DU
— J _ i0 .pop  TRIG_GATE=X1. !ID_CYCLE TRIG_COND=0_
Pl Nienny Fun Schematic F9 ﬁ Ej"— TD_RUN_AFTER_POP_FAILS=-1
Abort - 13 * Rupper = &&000
Add Directory i 14 * Rlower = 10000
Show SIMPLIS Status Window Ctrl+5pace 15 * €2 = 1.85537321992434e-09
& 16 © €1 = Z.58567330980208e-09
‘ Bo .. - 17 * BODST = 40
' Bo Initial Conditions L4 18 ® FZ = 9322.615316309997
o 19 © Fp = 4289.01384101912
" Bo Setup Multi a0 ¢ SN = 50000
o L 21 * Se = 25000
| : * b = 0.387755102040816 L S
::: ED Run Multi-step %* Mc = 1.5 l OPIN
L Il 24 * Rramp = 2850.001 .
T Find Smallest Time Constant 25 ¥ Rmax = 24995.7446808511 P D .
§ Bo 26 * FRHPZ = 24616.8762677045 R4 R5
W Bo Graph Time Constants gér: FCMAX = 7385.06288031136 . U{RLED} :{I_:{uppejr}i
‘ Bo Debug Simulation %Ei;gunulg?g‘;}r‘c;@:n .
i Bo 31 CZ 32 27 2.585673309802088-09 IC=10 S
e Manage Data Groups... 32C3 41 0 5.29088027491884e-10 IC=0 upler
‘ Bo 33C8 24 31 47p IC=0
e He_ph}t Data Grﬂ.upm 3.-4"*5[:'5 18 39 DIODE_SPICE_WZ%1
W Bo R G1 37 0 41 0 -100u _
‘ B Edit Metlist (before preprocess) ‘;’JS;Z
— .
W BU g Netlst (after preprocess) You can add more computed values
W Bu _ | | ctaic=10
W eu Open/Close Command (F11) Window Fi1 kY
W oBu O - Value passed to e
W Bu - ble Sirmulati {"*'" } Rupper = {Rupper} e
- Enable/Disable Simulation Health Report... h c2
8 B {'*'} Rlower = {Rlower} the component | o
i Bu Switch to SIMetrix Mode Uz 7~ -~
T k1 — . e
W Buck Visxsch T {"*"}C2={C2a} nelam 1
11
{"™*'}C1={Cla} e
Tk 1 © 7 7 |'|{Rlower}
{"*"} Boost = {boost} - U I




% FUTURE
. ~| ELECTRONICS
Test the transient response

l . ARSI
— e e . VARS
o L. N 4 Define PWL Current Source: 12 A VAR m
MBR20200CTP . . lout. d. - VAR S
N vUT _.)M.D L.]T. : Time Current VAR R
o3 91 | S 1012 Rt =~ VARTF
B ?EE}rL 2 5m 2 liRioady ~ * "vinb ¢
|:| o . . 3 501m 4 C13 Edit Part...
R R1 L 4 5.5 4 ;:: Edit Additional Parameters... .
L . . |:|{R|DEId} c 551m 2 Hide/Show Value E.r
C13 o :
.36mM 1C=0 m— ' 6 Descend Hierarchy G
- . = Probe Voltage... !
- VauT Probe Current...

Isec. - : : Display Device Bias Info E:I'

- Disable Selected ,
VOUT - . . Dizable & Short-circuit Selected fC
ﬁ . &Y Enable Selected PI

The X means the component is disabled o NN Cow |

Paste
: : 2

To activate it, right-click on the part: _ _
Edit/Add Properties...

" Delete Properties... VI‘.
S _R4 Mowe Text L |b

T lout. . . . . ouT e |:| {RL Edit Symbol \/i
. - o o . Update Symbol
The cross disappears or estore Propetis. RI

30m

"o e | R
) [|Rezay




Now disable the
resistor, right-click and

disable it
C e e ey e
Clout. - VAR Sram p.={.
vaur - Jout VAR m¢=1.5"
Aror - || VAR Se={(mc
[Joom VAR Rr={(Se/
T M ARt -VAR fRHPZ=
_ o D{Rload} VAR frMA X=(
13 - . BN | Edit Part...
U —_— Edit Additicnal Parameters... ..
Hide/Show Value '5.
_T_ - Descend Hierarchy 3
= Probe Voltage... E
VOUT Probe Current... :
' ' Display Device Bias Info ;n
— Dizable Selected .
- Disable & Short-circuit Selected ti
E ' "na'rde : Enable Selected ) #
3 A
) AC10. Copy .
Pacte al

ouT

% FUTURE
" | ELECTRONICS

Then press F8 to access the simulation setup

4 Choose SIMPLIS Analysis

Periodic Operating Point AC Transient
Analysis parameters
Stop time

Start saving data at t =

Plot data output

Mumber of plot points 100k : [ pefault

Ay APk

5 [] pefault

Then run!

l Advanced...

Run Cancel Help

*
Select analysis
W Uncheck
[]ac

Transient C h e C k

Save options

@ al

() Voltages Only
() Probes Only

[ ] Mo Forced Qutput Data
] Force Mew Analysis
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: Yl l FUTURE

=~ 16 i u ELECTRONICS
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RN [l
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12[} Dzlll1ll TTTTTToIrrTTd IIIIII'|I TIT T !Ifi'l'lll [FEERR AN
. O . . . . . . - ' LR LI

Voltage Sources »

Current Sources k DC Source I < 3.6

Controlled Sources L Waveform Generator 2 o8

Bias Annotation ] PWL Source 2.4

Semiconductors L4 AC Source NRIRERRRR A RRNEET

1111 I W T (N T T 1 4
R 1 T 1 T LT VTTITram et

[sec /A

[ N Y N R 4

4 Define PWL Current Source: 2

Time Current

1
300 [TTTTT]

WCS [/ my

100 Il

180 ! Ih I ' I ' I fHHH
140 ' ' - e
100
60
20 [T Ti0 T T T D

19.20 SRR NN .
19.10 HHHHHH I e e .\ t
19.00 II'II ..';||| I T T, .'I--l-L:-l-:I-II|-|i | TTIT I! Uy Out
18.90 T | il ILEKER]
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We can now try to add a RCD clamping network
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The lossy inductor offers more robust
convergence by including parasitics



.MBREDEE}DCTP. VOUT ot

Analysis status

Analysis AC Data Group |simplis_ac2
Run status |Finished Step
_—
)
Run Progress 0% |
o | POP Status ~ Pass nfa Convergence nfa
ouT Freguency 0 Topologies o m—
Elapsed Time Current | Obr Omin 0 sec  Total | Oh_r Omin 0 sec —
) CPUtme  Cu — “hr 0min 0.00 sec ) !
Intra_simplis.exe e VOl
ouT 0 I —
) #%  The number of components has exceeded the
IN ®a?' limit for the DEMO/INTRO unit. You should reduce b
—_ the number of components in the following group:
) capacitors, inductors, large-signal transient e
sources, transistors, switches, logic gates, | “elabiaelalaieelel e
and PWL elements gies.com FEEE N
Checking syng Electronics ! -
. _
writing pertinent data files ...
i v [
£ >
Abort Clear Messages Close [] Cloge on completion JCOUE|EF
/ ic=1 cs’ e FBe

ﬁ_|_: e B =

If you run the simulation, you now
exceed the demo size limit.
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The drain-source
voltage now shows
the spike linked to
the leakage
inductance.
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Documentation
We offer the following documentation both online and bundled with the SIMetrix/SIMPLIS product.

Tutorials & Training
SIMPLIS Tutorial - The SIMPLIS tutorial is intended to help new users get started with the SIMPLIS simulator and to

serve as a general reference for SIMPLIS. The tutorial follows the progression of a buck converter design from first

constructs to a final, parametrized, hierarchical design.

Learning SIMPLIS - A structured experience in which a capable and willing engineer can come up to speed with SIMPLIS
in four (full-time) weeks. At the conclusion of the experience, the engineer will be confident that they will be able to
competently apply SIMPLIS to appropriate switching power supply modeling objectives.

DVM Tutorial - The DVM Tutorial guides a user through configuring a working schematic to run in the Design
Verification Module, run built-in test plans and customize them. A host of other, more advanced, topics is covered as

well, including schematic and component modification and test configuration.

MDM Tutorial - The MDM Tutorial introduces a user to the basics of the SIMPLIS Magnetics Design Module through
the design of an inductor for a DC-to-DC Buck converter and a transformer for an isolated AC line self-oscillating

flyback converter.

Advanced SIMPLIS Training Materials - This section of the documentation comes directly from the training course that
SIMPLIS Technologies conducts several times per year in different locations. The course material is intended for those
with some experience using SIMPLIS and covers a wide range of topics from the POP analysis to Parameterization to
measuring Switching Losses and Efficiency.

P sivierrix/simeus
SIMPLIS Documentation

SIMPLIS TUTORIAL ~ VWHAT IS SIMPLIS?  ADVAMCED SIMPLIS TRAINING SIMPLIS PARTS SIMPLIS ANALY SIS MODES - OVERVIEW

DVM - DESIGN VERIFICATION MODULE

SIMPLIS VERILOG HDL

SYSTEMDESIGNER. ~ USER MANUAL  SIMPLIS REFERENCE SIMETRIX SCRIPT MAMNUAL SIMPLIS MDM BETA TUTORIAL

https://www.simplistechnologies.com/support/documentation
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The documentation database
of SIMPLIS is a truly
comprehensive source of
information on the program
with many examples,
tutorials and videos.
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