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This presentation offers an overview on how you can make your first steps with SIMPLIS
Elements, the free demonstration version



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
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This tutorial will give you basic information on how you can take advantage of the
SIMPLIS demonstration version Elements.




Elements is the Demonstration Version of SIMPLIS ©
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Dock
un-dock

Close

a

Close other tabs
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0
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a
Dockto..
Undock
Undock all

The environment consists of different windows all aggregated under a common
interface. You can of course undock the schematic viewer and the capture program to

have them individually located in different screens. The file viewer gives a direct access

to your files and examples and can be configured to make it point where you want to.
The command shell is the place to read messages from the engine like syntax or

simulation errors.
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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) .20WNL04D

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 64 bit edition (Home, Pro or Enterprise).

SIMetrix/SIMPLIS Elements Limitations

The program can be downloaded from the SIMPLIS website and installed on your
computer. The program occupies less than 300 Mo of space on the disk.
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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>

> CePC » Documents > Simplis »

A Nom Modifi€ le Type Taille

ACF

Backup

Book Collection
Boost

Dossier de fichiers
Dessier de fichiers

iments
Dassier de fichiers

jer de fichiers

@
LR T T

Buck fer de fichiers

Extract the ZIP here

0/ 72 chiets) slectionné(s)

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

Once the program is downloaded and installed, you can obtain the demonstration files
from my webpage. These files can be extracted anywhere but having a SIMPLIS sub-
directory under the Documents directory is a good option. Theses files are ready-made
templates for switching converters, working for most of them with the demo version.
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Once installed, you have this structure:

CePC > Documents > Simplis > Book Collection » v O Rechercher dans: |
A Nom - Modifié le Type Taille

back
Rev 1.0

o Rev 1.1

* SIMPLIS_Data Ignore the other directories

o .

) i”M"; as they belong to different
Tom revisions.

[z Book Collection.zip

__A Boost 2 Phase CM compensated wxsch
:.L] Boost 2 Phase VM compensated AC.wxsch
ﬂ Boost 2 Phase VM compensated TRAN.wxsch
[/] Boost BCM CM.wxsch

[/] Boost CM PFC ac tran demo.wxsch

[/ Boost CM PFC sine full versionwxsch

;A Boost CM.wxsch

i[j Boost VM compensated AC.sxsch

;j Boost VM compensated TRAN.wxsch

.L] Boost VM PFC ac tran demo.wxsch

The SIMPLIS_Data and TMP
sub-directories are filled on
the fly by SIMPLIS during
simulation. They can safely be
deleted if needed.

deling

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

SIMPLIS uses two directories in which it stores simulation data files, SIMPLIS_Data and
TMP. The directory Subs stores the subcircuits intended to be used with the examples.




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

4 Elements Main Window

File View SIMetrix Simulator Help

]~ % &%

File View
| Add Directory

Examples-83
Simplis
Open Example Schematic...

Add Directory

Examples-85
v Simplis
ACF
Backup
v Book Collection
back
Rev1.0
Rev 1.1
SIMPLIS_Data
Subs
™P

Tom

Boost BCM CM.wxsch
Boost CM PFC ac tran demo.wxsch

Boost 2 Phase CM compensated.w...
Boost 2 Phase VM compensated A...
Boost 2 Phase VM compensated TR...

Boost CM PFC sine full version.wxs...

& 9 < 4 [l CePC s Documents » Simplis +
Organiser = Nouvesu dossier
Lol MNem Taille
# Accés pide
A
Wsuew <
B} Backup
& Teléchargem: # e
4| Documents # écuﬂ
1 Images ’ Bk
1921681115 # Buck Boost
Beck Cascaded buck boost
Chapter2 Compensators Web Tof
<ar
o
cux
Secih S My Data Importation
42 Dropbox Digita Filter
Fiyback
@ OneDrive - Persor. E
orward
B cepC For
B Bureau Front End Rectifier
Future
|| Documents
Hysteretic
= Images iis
& Musique LVOO_FIR_CBasso
B Objets 30 Monte Carle 1
& Teiéchargement Mente Carlo 2
B vicéos Multiplier
e Minouchon (C3) ON Semi
Oscillstor
= TiPapa (0
ape (0 i
- Tof Music () Phase_Shife 12
2 hodves (WIORN Presentations
— Tof Music(tl ¥ ikt g Ebyback 26/05/2020 094 Dossier d

Dossier: | Book Collection

- Then you can pick the file of your choice via this File View tab
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To have a quick access to your simulation files, press the Add Directory button and select
the directory or directories you would like to see added to the left pane for an easy and

quick access.
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New »
Opti Pref ? X
Open... Ctrl=0 = = 4 Options/Preferences
Open Last Schematic | Schematic  Graph/Probe/Data Analysis ~ Miscellaneous Fielocations  FleExtensions  TextEditors  Customisc 4 D
Reopen k Undo level Placement Initial Smulator
A
ol e O Repeat for all symbols o .
Save Session Wring & @ smpLis
B Repeat for toolbar symbols only
Restore Session i —— 5 Autn Pan
Never repeat
Model Library L2 Allow route through connected o [ Enable
Symbol Manager...
Most Recent Files Auto-save Interval (minutes) Grid
Options 4 General... )
?h 2 6 <+ [ Defauit 0 o [ Defait
Windows » SIMPLIS Options... [ Hide grid
Exit Reset to Factory Settings... [J Purge deleted fies Set to 0 to disable
i
3 Tom Edit Configuration File Highlighting Bias Annotation Precision Property Editing
‘ Boost 2 Phase CM c¢ S i [12 =
. colours _—
§ Boost2PhaseVM e  Font- = S Aot TSI
Boost 2 Phase VM [] pisable hierarchical properly;
post ol Interface Colour...
i_ Boost BCM CM.was¢ Reset Uy
# Boost CMPFC actra —

Edit property and
move/align labels

—

| like to properly move and align components labels so the first thing to do is instruct
Elements that you want to do this. Go to File>Options>General and enable the GUI
(graphic user interface) edits.
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The program Elements gives access to two simulators:
SIMPLIS and SIMetrix

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.

P T T e——

File Edit View Simulator Place Probe Probe AC/Noise Hierarchy Mo

'_ - ‘EJ x h Choose Analysis... 8 . . .
o o t You can switch between the two engines at any time
Abort
ek ey Show SIMPLIS Status Window Ctrl+Space
E"m?lﬁ Initial Conditions »
v Simplis
ACF Setup Multi-step
Backug Run Multi-step
» Book C
bac Find Smallest Time Constant
Rev Graph Time Constants .
o . Some components
il
) oA are not compatible
T with both engines
¥ B
8 o and the program
Q. Bot Open/Close Command (F11) Windew  F11 warns you
= g"' Enable/Disable Simulation Health Report...
o
i Bo Switch to SiMetrix Mode

# Boost Chwxsch

The program embeds two simulation engines, SIMetrix and SIMPLIS. SIMetrix is a SPICE-
based engine and uses a different syntax than SIMPLIS. You can toggle between the two
engines, but differences or incompatibility exist between components or syntax.




SIMPLIS Circuit Size Limits

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.
2. A total of no more than 10 capacitors or inductors combined.
3. A total of no more than six switches, simple or transistor.

4. A total of no more than six logic gates.

5. 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

DN

ved

Isolated 2-SW forward

These are comfortable
limits which let you
simulate quite complex
structures
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3
e i

e o=

H
i

A:

= [

Compensated 2-phase boost

The demonstration version is limited in capabilities but, nevertheless, many interesting
switching circuits can be simulated with, or without isolation as shown in the above

examples.




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
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Let’s now see how to smoothly start using Elements
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Let’s start with a simple
simulation and a blank sheet

J Elements Main Window

File View SlMetrix Simulator Help

]~ % %
R New SIMPLIS Schematic
Add Directory
[ Subs |
T™P
Tom
| Boost 2 Phase CM compensated.w...
| Boost 2 Phase VM compensated A...
| Boost 2 Phase VM compensated TR..
L S P ——

R1
Box type 1K

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

P B F~HFEEXFEOI S

Press R or
| s
Drop it via a left click
where you want it
i
Box or Z-shape
Part Selector I
Symbols Al

v Commenly Used Parts
Ground
Resistor (Z Shaped)
Resistor (Box shape)
Inductor (Ideal)

F FUTURE
ELECTRONICS

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

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

We start by opening a blank sheet and place a resistor. Go to the ribbon or press R on
the keyboard. You obtain a boxed-shaped resistor. If you want a Z-shape instead, go to
Part Selector in the left panel and in the Commonly-Used Part menu, pick the Z-shaped
symbol. Zooming on the schematic is done by pressing the CTRL key and moving the

mouse central wheel.
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Rotate it with F5
Mirror it with F6

Select the part
It becomes blue

R1 R1
1K —A
‘ 1K

Change the component value
by double clicking

J, Choose Compenent Value Xk

R1 Select Component Value
—1_— e T
1K Decade [k & Ofs
®ER
Oen
Result | =

o7 conae

F FUTURE
ELECTRONICS

-/Noise  Hierarchy Monte Carlo Tools Help

BACHE Q@A /> i 0

0J|[ c\users\chri - Future ics Inc\t

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

Press C or use toolbar

R1
—1 11—
1K
e C1
—|—100n

When you hold the component while placing it, before dropping it on the schematic, you
can adapt its position via F5 and F6 to rotate or mirror it.

13
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Add a waveform generator — press W or pick-up in the toolbar

Place Probe Probe AC/Noise Hierarchy MonteCarlo Tools Help
: e Y
Repeat Last Place... Alt+R pEK ; Q @\ Q Q / ; = (’97; >

Frem Model Library... Ctrl+G

From Symbol Library...

Select by Specification 4
Search Part...
Hierarchy L2

4
Magnetics L4 R1 Time Frequency Wave shape
Passives 4 _:|_ Peod (1004 |% Frequency [10k & @ square
Connectors 4 1K width 50 ~ Duy/% 5 e
Probe 4 . . . . V1 S B Eoualrise and fl O sawiooth
Voltage Sources 3 Power Supply v | Eal & /| pefault i O sne
Current Sources 3 Waveform Generator W * C 1 pesy [0 & ® usedelay g e
Controlled Sources 3 PWL Source T 1 Oon Darging - O use phase o ::!m
Bias Annoctation » AC Source (for AC analysis) N N vesteal ) One puse (exp)
Semicenductors (3 | wital o % ot |25 = O step
Digitz] & psefs |3 amitde [s i® [ vistie parameters
SIMPLIS Primitives L4 ] Offunti delay III
Analog Functions 3 [ Source idie during POP and AC analyses —
Worksheets 4

Double click

Waveform generators can be added with different profiles. Press W from the keyboard
or activate the pull-down menu then drop the source on the schematic. By double-
clicking it, you have access to the parameters. Enter a 10-kHz frequency (no unit, k is
enough) and a 5-V amplitude.

14



Cursor

A

4

V1

R1

1K

R1

| B |
SQUARE 18
V1=0 L c1
V2=5 V1 100N
FREQ=10k
DELAY=0

Approach a component connection or a node
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and the cursor turns into a pen. If it doesn’t

R1
(v1 1K\

-|— 100n

J Edit Waveform
Time Frequency
Period  [100u 2 Frequency [10k
wdth 5 Duty/%
Fall

Delay 0
Damping

® Use delay
) Use phase

b AP 4p 4p 4p

Vertical

Tnital [0 |4 offset (2.5

Puse |5 = Ampitude |5
[ Offunti delay
] Source idie during POP and AC analyses

TR

i

Wave shape

® sqare

O Triangle

O sawtooth

O sne

O Cosine

Q Puee

O One pulse:

O one puise (exp)
O step

[ visble parameters

Cancel

ite Carlo  Tools Help

aeaq / » i

uture\Seminar\Example 1.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!

To activate the wiring tool, either approach the cursor from a node and the cursor will
turn into a pen or press the pen button on the toolbar. Connect all parts together and do
not forget to add the ground (0-V node) by pressing G on the keyboard. Then edit the
waveform generator and check “visible parameters” to have the source parameters
displayed in the schematic.
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How to modify or rotate labels T(EJ B ey F|EuUTuURE

ELEGTRONICS
Edit/Add Measurement...
Hide/Show Value < You can hide the value
Descend Hierarchy
Probe Voltage...
Probe Current...
Display Device Bias Info
N . ) i Disable Selected | J £anproperties X
= S ) Disable & Short-circuit Selected 1
R1 o =
Enable Selected {
1K ) Srie e ™
o o5 || Hande ]
'8 Copy CLASS PROBE
% = Paste || edupeopseripe edit_probe_piops
guid {d3eT20ne- 4208 -dead- b3HT-1aT620. .
. » S P sbel Node3 D | lick
Edit/Add Propertis.. : || Ccm———— | Double clic
Delete Propertiss... || pamaMsMENU  Edit/add Messaement..
PARAMSSCRIPT edit_probe_ measure.
Move Text 4 1 PROBE_DISABLED  false
{ PROBETYPE v
Edit Symbol b
Update Symbol SUMPLIS TEMPLATE  PRINTV({<piobel1]> ] GRAPH <pr...
1 SIMULATOR AL
Restore Properties... || swiehiormal DefaultProbe
StyleSelected DefpaltSeected
|| TemeLate GRAPH <nodell]s SVALUES <qu...
o ik Prapsity X 1l vawe i Tpe="aute” penisterces-1 u.
|| vawve smeus i Type="suto" penistence=-1 cu.
Hame | VALUESCRIPT edit_probe
Value
[Node 3
| | Double cick item to edit Add Property...
I=re=
Text Location Property Attrbutes
- O Auto Font style [ Defait
Nomal [l e,
Rotated  |Left Allows symbol property to be.
S Dlseictable oy cding an property text N E
Frotectey  Inhbis editing of praperty '
Jsthcaton [LeRTop ~ =I5 aloes onschematic - R1 Node 3
Dl Bpotyietnlbe  []shouname ooy rane asnel o vabe - 1K €
fidden on schemat . 1K -
Resalve  Ensbieresoluton of expression
Bversc [oimdberomed Lol o spens symoos

i

Sometimes, when the part has been rotated, the label is also in a difficult-to-read
position and we want to place it back in a horizontal position: right-click and select
Edit/Add Properties then locate the corresponding label and tick « vertical » then ok.
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Sometimes you want to delete a tiny piece of wire

but you can’t select it

F FUTURE
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Meg _LCOL

17.7p

G1 1
i N
ROL 3 IC=1
300Meg _|_coL  'C1 ft kel
100u —17.Tp
100m 5
—— Viow —— Vhigh
When you approach the cursor
it turns into a pen
—— 1uum =
—  Viow Voila!

|

GND

Press SHIFT and the cursor
turns into a cross: select the
wire which turns blue. Delete it.

e

i

—L—100m
——— Viow

GND

The rubber-banding feature is sometimes difficult to handle when it comes to trim bits
of wires: should you want to remove some annoying pieces, the cursor turns into a pen

and does not offer you to select the extra wire. Press SHIFT and easily select the wire

then delete it.

17



If you place probes without specifying axis information, by default, the viewer stacks up all the curves,
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”:

2)| (v1) -1t —_——
12
18|

B

Edit Curve Labels and Colours...
Show/Hide Points

Hide Selected Curves

Show Selected Curves

History

Ungroup Selected Curves
Delete Selected Curves
Move Selected Curves

Stack All Curves
Stack Selected Curves

Select All Curves
Unselect All Curves

Highlight Selected Curves
Unhighlight Selected Curves
Unhighlight All Curves

Curves Axes Measure Plot MonteCa

Del

time/us 10us/div

)

VOUT /v

13
13
13
13
13
13
13
13
13

Qdrv /v

L/A

vaw /v

.39
3
.37
.36
.35
34
33
2
31

F FUTURE
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time/us.

10us/div

0

By default, SIMPLIS collects all the generated vectors and stacks them up with a

common x-axis, making the final result a complete mess. You can solve this by going to
the Curve menu and choose “stack all curves”. Otherwise, the next slide explains how to

do it automatically.

18



You place probes by pressing B on the keyboard:

1 Place Probe Probe AC/Noise Hierarchy MonteCarlo Tools Help PI’Obe1 'NODE
] Repeat Last Place... AltsR :“: ; Qe ee S/

From Model Library..  Ctri<G

From Symbol Library... T— [ use named gragh
Select by Specification v O s tubcadd Graoh name
Search Part... O Use namedond
C1 O Use named -avs ’
Hierarch O oo
o ¥ 100 O oosl Ariries
P n o -
Pt ) Transnt
v Dtplay order Gvor
M, Connectors Aebitrary st o speafy order CIAC sween
E Probe Voltage Probe B
N ] %ot o completion only
15 Voltage Sources Current Probe v
sel Current Sources

Power Probe ‘

"% Controlied Sources Inline Current Probe

" Bias Annotation Differential Voltage Probe —_—
Z : Semicenductors Bus Probe ProbeOpbons | AuisScales  AxisLabels
a Digital X¥ Probe Curve abel Hstory
; SIMPLIS Primitives = ki i & (] debout
" Delete All Probes mwm ] d :
s Analog Functions Label the prObe Use SFREFS for hierarchical reference  Use separate curves. [fensbied, () On
anew curve s rested for esch -
e Woreticels Cotour e un ang ctory depth i gnared, O OFF
u @ Usedefait
Vin et B Sl e @ o
. . s type Graph
Tick this button i e [
R — (@ Use dedicated gnd Graph name
SQUARE O tseranesond . .
Vi=0 O Use named Y-asis 22 different analy
2 O oigtal "
V2=5 <:I Enter the name s
Axis name (] At analyses disabled
FREQ=10k A Transent
DELAY=0 Display order Sroe
Asbitrary siring to specify order [ Ac siveep
—l [ proton compietion anly

To add classical ground-referenced probes, either use the drop-down menu and select a
Voltage Probe or press B on the keyboard. Once placed, double-click on the probe and
enter a label to identify the curve when plotted. Then tick Use Dedicated Grid which will
name the grid according to the label. Using this approach will assign a grid to each probe
and will let you display nicely-arranged waveforms. Repeat this operation for V,,. Should
you want to purposely plot the curves on the same axis, choose a common axis name.
Another option is to select Use Dedicated Grid in case you don’t want to bring other
curves on the same grid. | tick Use Name Grid for all my simulations.




Choose the simulation parameters — press F8

J Choose SIMPLIS Analysis

Periodic Operating Point AC Transient

andlysisparameters Time duration
s e ra—
Start saving data at t = D: s [ pefaut

Plot data output

s B

Wanted granularity
Does not affect precision

Number of plot points

I

Once the circuit is saved, go!

Select analysis
ror
Oac

Transient
] Transient

analysis
Save options
O
O Voltages Only
(®) Probes Only

[] No Forced Output Data
[ Force New Analysis

J SIMPLIS Status

Analyss status
Analyss  [Tranglent
Run status [Firished

Data Group [smpks_banZ
Step

P—

POPStatus  Pass i Convergence nie
Tine n Topologes. Few topology #1
Eiapsed Tme Current Ohr Omn 1 sec Total Oh Omn 2 sac
CPUbme  Curent Ohr Omin 0.04sec Totsl O Gmn 0,07sec
New tepology 1 4
A starting operaving point locared.
Elapsed Time 1 O hr Omin 1 sec

simalation time:

TIME-DOMATN TRANSIENT ANALYSIS

72 73 74 75 76 77 78 79 80
82 B3 B4 85 86 87 88 89 90
93 94 35 96 97 38 93 100
Elapsed time
cPU time x
Stnulation time:
Writing pertinent data files ...
Leaving SIMPLIS.

ssssssaramssens Thank you for trying Elese:
For additional support, please visiT www.si

0 hr 0 min 0.03 sec
0.000000000000€+00 seC

i ohe Domin 1

o hr o min
1.0000000000008°03 se¢

wplistechnologies. com

Rt ) [T

] Gose o completion

When everything is ok, the complete windows pops-up

It is now time to invoke the simulation panel where you will select the simulation length.
Enter a 1-ms duration with a granularity of 10000 points as a start. Please note that the
granularity only affects the display and not the simulation resolution which is always the

highest.
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welcome to SIMetrix/SIMPLIS Elements.

For help using this application, please
use the help menu located above.

=*#* ERRORS REPORTED BY SIMPLIS ===

on Elements, version : 8.50e

<<<<<<<< EFror Message ID: 1077 >>>>>>>>

input file C:/Users/christophe.basso/
OneDrive - Future Electronics Inc/
Documents/SIMPLIS/Future/Seminar,/

SIMPLIS_Data/Simple buck 3.deck, line 19:

«PRINT V(14)

V(14): 'Node 14' is not defined in

the circuit called 'MAIN CIRCUIT'

On Elements, version : 8.50e

*** END SIMPLIS ERROR REPORT =***

v

In case simulation issues occur,
look at the Command Shell
window.

You can erase the window with
<CTRL+A> and SHIFT+DEL

In case the error refers to a net
or node number you have to
find its position on the
schematic diagram.

S

vicuar 2

S - In the Edit submenu

Unhighlight (All Open Sheets) 3
Other Highlighting

Change Reference. Shift+Fg

Assign References by Position

F FUTURE
ELECTRONICS

1 YR S-BRE At

- . Divider induded
Highlight Selected Items
vahlsght Net by Name...
Unhi ected It
Un‘mghllgh! Net...
Unhighlight (This Sheet)
Refresh Hierarchical Highlights

Start Wire F3
Unselect Rectangle
Select All Ctrl+ A
J Enter Text X

Enter net name to highlight

Part Selector Command Shell  File View

Fly over a (cuckoo’s) net and see
the number displayed in the
low-side bar.

— 10m

To erase the highlight, press 8 on the keypad

In case simulation errors appear, they will show up in the Command Shell window and
tell you what the problem is. If it refers to a node number, you will have to identify the
connection on the schematic. Flying the mouse cursor over a net displays the net

number in the low-side bar. You can also ask the program to highlight the net
corresponding to the node you search: Edit | Other Highlighting | Highlight Net by Name
and enter the number. The net is highlighted in the schematic. You can turn the highlight
off by pressing 8 on the keypad.
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ol chitophe) Sampls | uture Semmanar | Lxmpe Lesch®

Vi% Vout
R1
L

SQUARE K
V1=0 ¥ c1
v2=5 )V s 100N
FREQ=10k
DELAY=0

e/ v

TIK] | o sz s P G o ) %

You can un-dock

the result window

F FUTURE
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=X

Close

Close all but this
Dockto... »

Undock
Undock all

10

200usecs/i

Fly the mouse over the
waveform and see the
XY values displayed

Vout / ¥

Label

[ Vin

[ Vout

X=250.385u

time/mSecs

Legend

Y=3.35484 vout

Once the simulation is run, you can see the waveforms nicely stacked in the waveforms
viewer. You can undock the viewer and move it to a separate screen if needed. If you fly
the cursor over the curves, you see the x-y values displayed in the low-side bard.
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Selected
sign

To change the axis

vin /v

4.5

4.0

3.5

Vout / V

Highlight

Cursors

Annotate

Curves
Axes

Copy to Clipboard

Zoom

Scroll

Graph Properties...

Change Title

Close Sheet

d s ednanis

Axis Scales s Labels
XoAxis
@ un O eg
© tio change
® suto scale.
O Defined
[ray

Max | 1m

wmE ]

Maxp =

LU

FUTURE
ELECTRONICS

New Axis
New Grid
Delete Axis/Grid
Edit Axis...

Vin /v

\/

| A
\

You can change the axis to a different scale by right-clicking on the axis and selecting the

y section. Enter new values for the min and max fields then press ok.




Zoom-in by dragging a window

ALzl lalad,
LA ATALA
RAARTR

And call the cursors by pressing C

Vin /¥

Vout /V

AX

420.203488u
| 233.72093u

553.92‘4419;1

\
" /
. — i s et s e e | -
/ \
/|
400 450 500 550 650
REF A
time/uSecs SouSecs/div

f——— wraseeccer

F FUTURE
ELECTRONICS

AY

If you keep pressing the left button and open a window on a curve, you zoom in the
waveform. Pressing c on the keyboard invokes cursors that display the delta X and delta
Y values. You toggle cursors off by pressing c one more time.
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To change the cursors to another curve, .
fly the mouse over the cursor cross until the symbol changes

| / |
T / - Then drop the cursor B o e - s S s Toepeeeeeer -
7;’/. to the other waveform
/ to explore it & ; }
'y .
Tz W
Go back to full span 28 :
| W \ A\ /TN
: \ \ \
File Edit View SIMetrix Simulator = 5 / ; /
-9 @ el@ @ x M\ / L \J/
File View i
Add Directory "

To change cursors to another grid and curve, you’ll have to seize each cursor by pressing
the left mouse button and turn it into a larger cross. Then drag and drop the cursor to
the desired grid. Do it for one or both cursors.
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To run a measurement on the waveforms, press F3

ELECTRONICS

5.0 \ FUTURE

z 4.0
T out | |* \
= | 2 A
Oineegraicyoes 3
o “ F VA
1 3.0 /\ A A
Q' . \' | \ / \ / \ /\ /\
1= " s 25
: 00n i ; \/ \
RI 5 VA i
S 35 2.0
iEl g \/ \ [\ A . 0.0 0.2 0.4 !
o Concel \/ \\ /\ /\ | time/mSecs
— # VvV
- ) Label Legend Curve label
| S . L
a0 oz 04 [ vin
l s L M Vout
i i To delete a waveform, select it and press delete

Cursor Truncates the waveform data to the span defined by the current positions of the cursors. In other words, the

span measurement is performed on the range defined by the cursor positions

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

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

To run a measurement on a curve, press F3 and access the measurement menu to select
which data you want like rms, peak, average etc. The measurement is carried either over

the truncated simulated points to obtain an integral number of cycles or between the
cursors.
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You can probe on the fly

lator  Place Probe Probe AC/Noise Hierarchy Monte Cardo  Tool
o % {1 Pepeatlastprobe. CrieR
: Add Curve.

Veltage...
Voltsge (New graph sheet)..
Voltage - Diferential...

in (New graph sheet)..

For on-the-fly probing don’t

Probe Voltage. .

Prabe Curent.

Or right click in the schematic

Save options

forget to activate the All option ®a

in the sim window (F8)

The probed signal will go to the
newly-selected grid

O voltages Only
() Probes Only

)

vin /v

Selected

F FUTURE
ELECTRONICS

New grid

imulator S\MPLISS\Lulatw Cursors 4

e MR EEE.
|| Drtenistoprey

X

time/mSecs

0.2 (K] 0.5 0.8 1.0

200uSecs/div

One very convenient option is to probe the schematic on the fly, without associating a
fixed probe as we did. Go to the schematic window and right-click to select Probe
Voltage or select Probe | Voltage in the pull-down menu. Now, you either create a blank
grid to welcome the to-be-probed signal or add the curve to the already-selected grid.
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ELECTRONICS

J Choose SIMPLIS Analysis « The waveforms are placed on a common grid E|EuruRE

Periodic OperatingPoint ~ AC ~ Transient s |
Al e Orore NN
Stop time [1m =5 Oac \
Start saving data at t = |0 + s [oefaut [ Transient Vv 1] | | |
- = P CIMALE LT
Plot data sutput Save optichs R1 T T 11 . TV TR \ 751 “‘_ il T 1
Nurberoflotponts [k |& [ 0efauit @u K ! AV
O voltagas Only SQUARE ' |/
O o V1=0 _.C t BB =y
v2=5 Vi —
FREQ=10k ‘
DELAY=0
\ = | ‘
Tl [ o Forced Qutput Data | ey s
[[] Force New analysis
o] mn | o || e | I
otate Curves Axes Measure Plot Monte Ca | | | | |
X EditCurvelLabels and Colours.. o 1 ol L]
i-s-ﬁl_-l;. Show/Hide Points N i [
You can also select the All option and s } []
dynamically probe all main schematics Ry - !
nodes without placing probes first. Ok for Ungroup Seected Curves ‘ i
debugging but | preferred well-labeled G i »
probes. Ticking All does not give access to [ StdkAlCunes
. . i Stack Selected Curves
subcircuits nodes, another statement is T
n ecessa ry. Unselect All Curves
Highlight Selected Curves H
Unhighlight Selected Curves U
Unhighlight All Curves

As shown in the illustration, if you do not create a new grid, then all curves are gathered
in the same graph, and it can quickly be messy. Once you have accumulated all the
waveforms you want, Stack all Curves in the Curves pull-down menu. Please note that
only curves displayed from fixed probes are updated when a new simulation is run. It is
not the case — unfortunately — with the dynamically-probed waveforms.
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In case you need to cross-probe voltages and currents in a subcircuit, you need to insert one of the below .KEEP [E

FUTURE
ELECTRONICS

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 heipful to select KEEP statements

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

Other combinations are possible Using a space separated list of voltage and current declarations

¥ caumon:
For large circuits, placing a KEEP **V at the top level will save an enormous amount of data. Using KEEP **V 1 wil
save even more data, as all currents will be added to the data group.

¥ cauion:
When you package your circuit for encryption and distribution, make certain you do
hierarchy. Any KEEP statements will output simulation vectors fo the data group, pe:
inteflectual property. This will be discussed in more detail in the 4 4 Protecting Your

have KEEP statements in the
ly exposing some internal

ectual Prop

Encryption topic

Press F11 while on the main schematic: :
ess ile on the main schematic SIMetrix SIMPLIS
param R|OWE!’=‘2 _S/Ib} . Insert ‘ VATAI LAt I
""" T G B g ampsge G s B as shown L .
I .naram fr=40 . . . L 1 .simulator SIMETRIX —_—
< 3 *.tran 1m 1.simulator SIMPLIS
B i dec a0 dom ik 2 .ac DEC 200 10 100k
1 .simulator SIMETRIX 4 .KEEP ==I mry 4—— 3 .KEEP *=T *v <
2*.tran im § .simulator DEFAULT | -print
3 .ac dec 100 10m 1k 6 p+ ALL
3 .simulator DEFAULT 5 =oprions
5
Saves all currents and

all voltages at all levels

When debugging subcircuits or simply to
interesting to cross-probe some of these

understand how some parts behave, it can be
internal nodes. By default, the engine does not

give access to these nodes, located below the main schematic level. You have to insert a
specific keyword for storing these data. Be wary with this mode as the engine saves a
tremendous amount of data which can saturate the disk quite quickly according to the

SIMPLIS folks.
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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

E e

We will now see how we can simulate a buck converter.
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Passing parameters from the schematic with a control block [ |Future

ELECTRONICS

e =
Passives . . . . . B . . B H
Place Probe Probe AC/Noise Hierar :lerzupp)y:arh . DOUbIe CI|Ck
owes Supply Sourees .
Repeat Last Place... AltsR :z:g o in the zone
From Model Library..  Ctrl+G e C C
From Symbel I'.i‘brnr‘y. v |:> 1;}%?;’»?55; s : |:> Te Xt
- Select by Specification L £5X55 sheet S S
o 5
Search Part... :;:::
At sheet
A§sheet
Af sheet
caption
Control Block
Freetext
script_execution_symbol v
‘: J Enter Text
i Copy/paste Now bring a generator by pressing W:
VAR Fs=50k ; select frequency Time/Frequency . Wave shape L : QA
VAR DT=100n ; select deadtime % Frequeng - O square S B .
VAR DC=0.6 ; select duty ratio @ = e Frequency [Fef : l
. * with  [wam |3 ouy w0 = (| OiTrenge . . ‘V
VAR Ts={1fF: - . T A . QO sawtoath
,vmuﬁumjocw;} VAR Fs=50k ; select frequency ree fmm e Ew“*"*_aﬂ_”ﬂ S PULSE
VAR Width2={Ts*(1-0C)-2DT} VAR DT=100n ; select deadtime ra fmel |5 [locitrseandsa i s Bt
VAR Delay={Width140T} <:| ) oy o 18 G e ay O Cosine V1=0
= VAR DC=0.6 ; select duty ratio 7 = = @ uise © \2=5 -
Damping = Quee —
* S o ||+ PERIOD=0
VAR Ts={1/Fs} ekl e & - WIDTH={Width1}
VAR Width1={DC*Ts} tnital [0 [& ofser  [25 il RISE=20n
VAR Width2={Ts*(1-DC)-2*DT} Puse 5 5 anpinge |5 = > FALL=20n o
VAR Delay={Width1+DT} Ll oo dcay o ~ DELAY=0
% [ Source idle during POP and AC analyses =

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

A very convenient feature are control blocks which let you pass parameters directly from
the schematic. You access a block — which is not a text block — by Place | From Symbol
Library... and Control Block. The principle is to describe values by a label later passed as
a parameter. You use the keyword VAR for a local variable and .GLOBALVAR for a global
variable, e.g. to pass parameters to a subcircuit. Here, .VAR Fs=50k passes the value 50k
to Fs which can now be passed as a parameter via the curly braces. Enter {Fs} in the
Frequency window as well as the other highlighted parameters. Display the variables to
see them in the schematic.
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Do the same for a second source

PULSE 7
V1=0 \
V2=5

PERIOD=0
WIDTH={Width2}
RISE=20n !
FALL=20n =
DELAY={Delay}

Then press F9 to run:

J Edit Waveform x|
Time Frequency Wave shape |
perod 0 2 Frequency [ 18 Osqme
wath [eeh %oy % B |16 Traegte
Ree  [2m & [ Equairise and fal O santoot
Fal 200 J& | Defaultrise and fa O sne

= @®) Use delas el
vy [Py 3 @ v ®nie
Damping 0 & O Usephase O Grepdse |

Vertcal © One puse (exp)
ol % o [o3 Bl e
puse [5 2 ampliude [ 2+ [ visbe parameters

D) offunt ey =
[ Saurce ide during POP and AC analyses

Press F8

FUTURE

ELECTRONICS

J Choose SIMPLIS Analysis X
Periodc OperatingPoint ~ AC  Trensient .
Analysis parameters. Clroe
Stop time 200u |=£] Cac
Start saving data att = | o s Elpefaut [ Transient
Plot data output Save opbons
Number of plot points w3 Eoefaur Onx
O Voltages Oniy
(@ Probes Only

] Mo Feeced Output Data
[ Force New Analysss

T mn o | e

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

simulator SINPLIS
options

+ PSP_NPT=10001

+ POP_ITRMAX=20

+ POP_OUTPUT_CYCLES=5

+ SNAPSHOT_INTVL=0

+ SNAPSHOT_NPT=11

& + MIN_AVG_TOPOLOGY_DUR=1a

.tran 200u 0

BREBe

VAR Fs=50k ; select frequency
VAR DT=100n ; select deadtime
(VAR DC=0.6 ; select duty ratio
VAR Ts={1/Fs}

VAR widthi={OC*Ts}

LVAR Width2={Ts*(1-DC)-27DT}
VAR Delay={Widthi+DT}

.sTmulator DEFAULT

+ AVG_TOPOLOGY_DUR_MEASUREMENT_WINDOW=128

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.

Repeat this operation for the second source and by pressing F8, select a 200-ps
simulation length. Run the simulation, zoom in the waveforms with different deadtime

values.
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Let’ simulate a simple buck converter

51 | J Edit Device Parameters

cax Memchy MarteCats ook elp
w1 gEaeea /s » =
wes | ¥ OffResistance | 100Meg =
| On Resistance | 10m| =
Threshold [2 ==
Hysteresis 100m |
Iritial Condition |'OPEN'
Logic Pos'
ok Cancel
Biss Amctation
Semiconduct
Digital
SMPLS Prmities
Anslog Functiont W Pacsmateised Opaempy
Worksherts  Parsmeteiised Opto-copler
e TR Switch with Hysteresis.
Compartor ith Ground
POR Tigger
..... B s g A . ae oa
5 o o
Press V R
P
. oh T . .
12 S ke C1 R1
V1 - —T—‘IOUu 10 -
S e S G . S ' 2
T 1 vy

1

R T j%u

Simple buck 2

| R4

: == 100u |_’r|o

F FUTURE

ELECTRONICS

Press L

B
=N

STl

Let’s increase the complexity with a buck converter. Follow the steps in the picture to
pick all the discrete components necessary to assemble the dc-dc: a power switch, a
voltage source, an inductor etc. All these elements are accessible from the Place
submenu or via the hotkeys. Once the switch is placed on the schematic, double-click it
and enter the values for the on-off resistances and threshold values.
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Bias Annctation

»
Semiconductors k
Digital »
SIMPLIS Primitives > Simple switch - voltage controlled i
Analog Functions v Simple switch - current controlled
Worksheets v Transistor switch - valtage controlled
L | Transistor switch - current controlled
been run on that VPWL Resistor
selected for That IPWL Resistor
4anage Data PWL Capacitor
ct the correct e
node was not saved
Non-linear Block
J Edit Waveform x
Time Frequency Wave shape
i Period [1u & Frequency |100k = Q) Square
width = Duty[% & O Thange
T Rse = ® sawtosth
QO sne
Lo il : :
t * j T = 3 P O Cosine.
\F_l Delay |0 > ® Usedeay O ruee
Dampe: & () Use phase ~
-l O One puise
Vertical (O One puise (exp)
Y O swep
Inital [0 & Offiet [s00m & =
Fulocls = [* [ vable porameters
Lloramiey [
‘Source ide during POP and AC anak
(] source ide durng yoes 5

The 1-V sawtooth generator

F FUTURE
ELECTRONICS

J Define VPWL Resistor: R2

J Define YPWL Resistor, R2

Voltage Current
St
20 [\ [§ 0
B - v ; Voltage  Current
i i o 210 [}
] Ly 32 2 | 2
12 K 4 206 i
o 2 | 1 |3fod 1
T Ut 1e=1[ = .
L ‘r
> A
Entry mode nital segment
@ arbitracy Initial segment [1
O symenie 1A #
Press the insert key to nsert a row o rows.
Prass the delete key to delete the sslected roms.
] | [ [ 0560
J Choose SMPLIS Anslysis
Tongent
L i S PercdcOperatngPont  AC | Trangent Py
> i Owe
q7 U Stop e - = Oac
Surteaving dataatt= [0 = Hocw [ Transent
" Plot data output Seve options
|c'3 D :%0“ ‘f" Prber of ot points ™ e [ Defust @a — TICk
I () Voltages Only.
— i Probes Only

[ o Forced Qutput Data
[0 Fere New aniysss

The diode will use a very popular element in SIMPLIS, a piece-wise linear (PWL) resistor.

The idea is to model a resistance

depending on the voltage across its terminals: when

the voltage is below the threshold — let’s say 0.6 V — then the current is very small (1 pA
for instance) and when you pass the threshold, the current increases. We setitto 1 Ain
this example, defining the slope of the diode small-signal resistance. There are two
segments, but more can be added of course. The + on the symbol designates the anode.
A sawtooth generator is then added with a 1-V amplitude.
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12
V1

—— 500m

V2

e C1
= 100u

R1

..........

nisecsn

Probe Voltage...
Probe Current...

Paste

Move Text

Stack and zoom-in

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

Once the simulation setup is programed for a 1-ms total duration, you can press F9 and
run the simulation. As we did not install probes, we have to interactively probe the
schematic. Remember, this option is available if you ticked All in the save Save option
field. After exploring several waveforms, you can stack the curves to send them to a
dedicated axis. Please note the time taken by the transient period before variables

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

F FUTURE

ELECTRONICS

Place  Probe Probe AC/Noise Hierarchy Monte Cardo  Tools  Help
. . RepestlaPlace.  AM-R ME B @ Q @ @ S
‘ Delete the wire - =
2 Select - delete.
==V " 12 AC1
Dy z —Lv1 ,f?‘\
.o == L JF I
ey va 7
v3 - % ' e \::ﬂ;:l:imm:m b
—— -500m f +‘\\' b | A Source lfor AC anaiysi) V3 V2
() r T —500m
[ » oAy
. . ,?"\M \T«
e, A MM @@ @ 0, 2 paces viove vrcoenLI —
Fom Mode by Cuif\SimplisFuurlSeminar|Smple Repent LastPloce... AR+R m: #* Q Q @ [
From Symbol Library. [ From Model Library..  Ctrl+G ;‘5""“5\’"“"“5" ] o
z:i:h:;wmm The POP for From Symbol Library..
= . . Select by Specification v
Periodic Setharlp.. \1,2! AC1 ut
; Operating Point et ’ s T ToRv|
J . Magnetics » s o —
. instructs 7 , v v !
» —500m -,
SIMPLIS on Connectors v Bus Ripper E
Probe » Terminal Y
switching event e e ;
urrent Sources » us Terminal
Controlled Sources » Module Port
SRV Piimiiees b Bias Annotation L3 Ground G
Analeg Functions. >

Semiconductors
Digital

SIMPLIS Primitives
Analog Functions

HNo Connection S

POP Trigger

Worksheets

Now that we have a switching circuit, we can extract its small-signal response showing
the strength of SIMPLIS in this type of application. We need an ac source that we obtain
from the Place menu. The value of this source is 1 but it is more a flag for the engine
than a value: SIMPLIS permanently internally adjusts the modulation amplitude to keep
the circuit in small-signal excitation at all frequencies and you don’t need to care about
it. Ac analysis in the lab with a frequency response analyzer (FRA) can only be carried if
the converter has reached steady-state. SIMPLIS determines steady-state by checking
the difference between the value of a current or a voltage at the beginning of a cycle
and at the end. When the difference lies in the femto range, the simulator displays the
steady-state waveforms and runs the ac sweep. To instruct the simulation engine about
the switching events, a trigger input is needed and that is the POP Trigger circuit.

36



We now have a means to excite the converter, we need a
means to reveal the Bode plot of the transfer function

indew
Simulator | Place Probe Probe AC/Noise  Hierarchy

}g . Repeat Last Place.. AR ugy_ | f search
From Model Library...  Ctr+G [
From Symbol Library... I ot | ] inchude model borary parts
- Select by Specification
PLIS Data Seavch Parc e rements
® Hierarch hy L3 Bode, Zout...)
) log IN, SB_BUS OUT)
~ » | [syster Plet Probe (S0_BUS N, Ansieg OUT)
#c Chk Zo - » Plet Probe (S0_BUS IN, 5_BUS OUT)
st CMLscsch
kboestto i K
KVM Loop ¢ >
kVM Loop ¢ » = |
KM Zin sue
caded boost
fePWLsxsc
mple Lwasc
tting bucks:
adcCMisal D9
SIMPLIS Primitives >
Analog Functions 4 In L
Worksheets ¥
12 AC1 u1
Vi - CTRL |-
= — ¢ e —it =
= | 1e=
v4 i y—
—L—v3 v2
. = 500m
Add wires or (™)
small connectors
. . . .
POP Trigger S
DRV CTRL f = i
[ <| 1 & IN []ouT|
ra =0UTIN ‘

F FUTURE
ELECTRONICS

[ Gain Crossaver Frequency
Gain Margn

=0UT/IN | -

ouT

-——Cl  |R1
—100u []1

out

To plot the magnitude-phase response, we can either use specific probes or place a
Bode box obtained from the Place | Search Part. Connect the IN input to the stimulus,
here the (+) pin of the comparator and link the OUT pin to the response node, the
converter output voltage. Then, double-click on the box.
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Enter a name and tick the two boxes

' Edit Bode Plot Probe: Probel [ |
Curves.
[ use separate grach Probe Histary
Gragh name [Controlto-Output ] o = B Use cefait
) Set tabjeaption to name [ separate aurves
Labss Vertca scaie Varteal s { chack to suto caladate ) o
Curve lsbel [Gan ] @ Macmm it [0 % [ [Jusecefouit
¥ aslobel | ] “—M"“r'] K F Mesrum bt [-40 =B Edt...
: Uncheck for =
X D crdspecng [0 =
fixed scales = =
7 Phase
Labels Cuve Vertical s ( check to auto caladate ) Calour
Curve label [Phase ® Phase Mamum it 180 %[O usecetauit
[ R - E\[Eee /
i label 11 © P e Momum st 180 = /]
p——
O oispacng 35\ ]
Lse Phase pot ofts
Display curves on Example curve output Configuration
Q sngegid el Save Coniguraton
@ Twogris N
- Hews probes wil automatically have these saved properties applied when plsced.
wma  Black \ = "
O phase Jove Gan . \
@anmdemse Magnitud \ — 11l
Red I
phase |
o Cancal el

F FUTURE
ELECTRONICS

J Select Calor *

| like a black
magnitude
and a red
phase curve :)

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

Now you can tailor the way the frequency response will be displayed after the
simulation. Add a label which will appear as a tab name in the waveform viewer. Then
affect black and red colors respectfully to magnitude and phase responses if you wish

and have magnitude graph above phase graph.
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Press F8 to access the simulation parameters
4 Choose SIMPLIS Analysis

Periodic Operating Point AC Transient
i Lol ! Select analysis

Sweep parameters Sweep type A=

Start frequency m/—j: Hz ® Decade A;

Stopfrequency  [100k &1 | O Linear O Transient

Points per decade : Save optiorss
(OFY]

10 Hz-100 kHz are good first O Voltages Only

range for a power stage O Probes Oriy

response. 100 points per

decade are typical SPICE

values. Increase when peaking

is expected. [ 1o Forced OutputData

[] Force New Analysis
I T T

Tick ac analysis, POP
will be checked
automatically

F FUTURE
ELECTRONICS

J Choose SIMPLIS Analysis

Periodic Operating Point AC Transient

Select analysis
POP Trigger source
Use "POP Trigger” schematic device AC
(Commonly Used Parts->POP Trigger) %)
0, t
Custom POP Trigger gate  POP Trigger S Select 50% (or Rore)

than the clock ssve optons
period value: 180!
kHz, 10 ps > 15joteoes criv

Trigger condition

@® £ Rising edge (logic low to logic high)

o] 1 Falling edge (ogic high to logic low) O Probes Only
Timing
-
Maximum period {150 lwi s
Cydesbefors launchingP0P [ |& Cydes

i [[] No Forced Output Data

[Cox | & Cancel Help

[] Force New Analysis

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.

Now that the circuit is ready, we can press F8 and select the AC tab. We will sweep from
10 to 100 kHz and choose 500 points. Increasing the number of points is typical for
revealing a peaky response. Then tick ac analysis which will automatically check the POP
algorithm. The POP or Periodic Operating Point is a way to quickly bring the converter to
steady state and skip the transient period. The maximum period is set to typically 1.5 x
the switching period. In this 100-kHz converter (T, = 10 ps), the maximum period is set to
15 ps. The number of cycles before launching POP will depend on the circuit and can the
value can be adjusted to higher numbers if an error message pops up.
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Add a few probes to visualize
the waveforms after steady-
state operation is done.

Magnetics
Passives
Connectors b - vttt
Probe

Voltage Sources

Voltage Probe B
Current Probe u

Current Sources Power Probe

Controlled Sources Inline Current Probe

Bias Annotation Differential Voltage Probe

Bus Probe -
XY Probe

- Semiconductors
Digital
POP Trigger SIMPLIS Primitives

Delete All Probes
E[):l}?V N ) CRL IN ouT UT Analog Functions —
< H =0OUT/IN
1

Ready to run the simulation! Press F9

| have added fixed probes to visualize the periodic point once simulation is done. The
current in the capacitor is monitored via an in-line current probe. Displaying the
transient operating point is similar to checking the dc operating point when using an
average model and verify the converter is stabilized to the right output voltage or
current. We can now press F9 to start the simulation engine.
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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

The simulation time is flashing and confirms a dc output voltage of 5.4 V roughly. It is
sinusoidal because there is no resistance in series with the output capacitor. By changing

the dc bias from V3, the duty ratio (currently 50%) will move increasing or decreasing
the dc output voltage.
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H,=21.8dB |H (f)| Quasi-static or dc gain value:
0
5 — N\ | I
N(s)
2. H(s)=H, 2
& S S
I+—+ —
-20 a)OQ a)O
. Magnitude|plot Input voltage, 12 V
180
ZH (J{‘) DA y by
50 0—#}3—1’%# |:> H0:2010gW:216dB
+ 7
g s p 'L L 2
§
s \ Peak
0 amplitude of
135 the sawtooth
Phase plot Ll
-180 0 20 40 60 100 200 400 6008001k 2k 4k 6k 10k 20k 40k 60k 100K
freq/Hertz 10kHertz/div
Label Legend Curvelabel Name Value
[ Gain Gain  Gain Crossover Frequency 12.678576kHz
O Phase Gain  Gain Margin “ERROR™™
Phase  Phase Margin -170.03407degrees
T smpis popS Vot [ Control-ta-Output

The Bode plot is quickly displayed and shows the expected magnitude and phase graphs.
The dc gain H, depends on the input voltage and the sawtooth peak amplitude. The
various ohmic losses (omitting the MOSFET ryoy)) also affects the static gain but
theoretical and measured gain values are very close in this example.
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L B om oM R E F R ¥ G W . ox EiecTRoNics
s ouT ‘

R R - R R Probe History

. x m x o e - . .Insert a resistor in [ Disoble panbhese 2 i [Juse defauit

the schematic D) separate aurves

scale Vertical axis ( check to auto caiculate ) Colour
Maximumm limit I40 I: [ use defauit

P!
L

L Minimum limit [40 ]: Edit...

[ oridspacng [0 |3

: i Vertical axis { chedk to auto calculate ) Colour
e [ Mesman s [180 [& [ use defaut

BESREESERESEE I || |H(f)
IN [TN]ouT SN el 11
=OUT/IN | - : y ..~  Change the series
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i see the different
135 {£\
a\J) responses. The

- : dashed lines are the
—— first results.

Gan /@

Phase / degrees

18062 4 & 100 200 400 600800 s Bc 10k 20k 40K K 100K

freqHertz 10k

We can now add an equivalent series resistance (ESR) to the capacitor and see the
effects on the Bode plot when varying its value. Make sure the history depth is increased
by double-clicking on the Bode box. As expected, increasing the ESR will damp the
system and lower the quality factor.
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Let’s add some synchronous rectification

Make some space first

&
¥ switch

FOP Trgger 1 S
BRY ol L S

_=0UTAN

{1 loggle Fip-Fop w/ SEI/R
! v Gates
u AND Gate

NAND Gate

OR Gate

NOR Gate
Exclusive-OR Gate
Comparator
Buffer

Inverter

J DefineNumberofinp.. X J Define Number of Inverted Inputs X

i NUMBER OF INVERTED ENPUTS [0 v

ok || cancel

ok Cancel

R

Copy the switch
and rotate it via F5.
Place it across the diode.

R2
Ic=1 "

ug

u10

Capture this circuit: .

Double-click
on each buffer

o3

us

uz7
!

Gate Type

O a0 o
O RINR

O xR /iR
@® Iverter [ Buffer

By -

Parameters

Fropsgaten Delsy [en =,

# af Logk Inouts.

=of invented Loge rputs [0

Ground Ref L -~

sl Conditon o =
e =

F FUTURE
ELECTRONICS

Grab a few gates to implement deadtime

Place  Probe

Repest Last Place...

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

Hierarchy

Megnetics
Passives
Connectors

Probe

Voltage Sources
Curent Sources
Controlled Sources
Bias Annotation
Semiconductors
Digital

SIMPLIS Primitives
Analog Functions
Worksheets

—rT

Probe AC/Noise  Hierarchy  Monte Carlo
AlteR

Insert a control block

Tools Help

Wi aaaa />

Ctil+G

Advanced Digital

Advanced Digital (with ground ref)
Building Block Library Logic Elements
SIMetrix Compatible Lagic Gates

Now that the buck is running, we can add synchronous rectification to it. The upper-side
switch is copied and pasted across the existing diode with similar characteristics. We
now create a simple deadtime generator featuring an inverter and an AND gate. The
inverter is programmed to delay the signal by the amount DT passed as a parameter.
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2. our Youl CecrRonics

Finish the wiring and insert two current probes - -

—

Place Probe Probe AC/Noise Hierarchy MonteCarlo Tools Help

Repeat Last Place... Alt+R :m: ﬁ Qe e a Zz

From Model Library... Ctrl+G \Simple %

From Symbol Library... L 5 o8 @ ="

Select by Specification » 59?‘ CTRL \U‘
— 5
Search Part... [ A& HNG-7
va
Hierarchy » sz,— Ramp“L vz ?rc
s00m—— ’
- T
Magnetics W/
Passives . 4
Connectors = v
Probe

s A . . o B s ¢ ¥
Voltage Probe B <oy (Fortnages OTRE - (i T=oor OUT * VAR DT=500n
— o D—‘ -
Voltage Sources Current Probe u 7 = f _|_¢ . =OUTAN | =~ =" L

Power Probe

Current Sources

vy v v v vy v v v v wow v w

Controlled Sources Inline Current Probe 3
Bias Annotation Differential Voltage Probe L
Semiconductors Bus Probe Press F9 and see s m =
Digital XY Probe the waveforms O S |
SIMPLIS Primitives
Delete All Probes and the effects s }
Analog Functions 53 -
Worksheets r @ = ® # B 08 of an oL
exaggeratedly- H
large deadtime ;

When the extra switch and the dead-time generator are assembled, add two inline
current probes to monitor the currents in the synchronous switch and the freewheel
diode. Press F9 to check steady-state waveforms and the effect of the deadtime.




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

E e

Let’s now see how to smoothly start using Elements
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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

s
[ 7 carwavetorn X | POP Trigoer
[ —— iave shape. S "\%‘
o 5 Erepm e 5 ©same PO
wdth 5 = o B ?nw P
o - O Sowootn .
= | et " O sne i
ra = ocfastrae
- O Cosne
oely o ¥ © ety O pitse o {
W () Lne phuse H e .
i o e O crans (m)v Setto 1 MHz
(l\ Verteal ) One puse (e7) e i
?) r - w  Osweo g
Intal |0 iy Offset 2.5 =
puce [ S nritude [5 2 [ visble porameters i
[ offuntt celay =1 N
[ source e g POP anc AC ansiyses o )
Add R, L and C with
e Bube BrobeChoe Mieachy Mo Caio Tacs W {parameters} 2
Repes et Pace. ane B @@ @ QS ; [~ “ommag : ; e
From Model Ubaary. Crless o 1 =il i Y :
From symbol by r o - - J\{ © o gVout - ¢
x Seect by Spechication | b
Place another |, s ‘ T
£ et % e Hrmc 8 [ b
waverorm gen | ., 0w 1 PR S
= o = | . L
= B | . J\
b = Pavees Supply v ) (,1” V1 .
SIE;' v Dy . Waveform Generstor w "~ £
Y- (5 vt P Source 5 T i
S | v o % omet 22 MECAT S P ACIRAL
e 5 % o |5 | ol =

SIMPLIS is a time-domain simulator which needs a switching node to sync its algorithm.
In a pure linear circuit such as a RLC filter, there is no switching node. We can create one
with a waveform generator delivering a clock solely for synchronization purposes. In this
example, it is set to 1 MHz. Do not forget to add parameters to the passive RLC elements
as suggested in the illustration.

47



Place Probe Probe AC/Noise Hiera
Repeat Last Place... Alt+R

From Medel Library... Ctrl+G
From Symbel Library...

Select by Specification 4
Search Part...
Hierarchy »

| POP Triggér

w® [0} |Vout
o Yy
{ RY 1

11
59

()

|
\r V2=5
RISE=1u
] DELAY=0 |

VAR f0=18.3k
VAR L=10u

VAR C={1/(4"3.1415942*042"L )}
VAR wO=((L"C)"0.5)

VAR Q=2

VAR R={L'W0/Q}

VAR Q1={(5qR(LIC)VR}

VAR Dzeta={(R/2)"sqri(C/L)}

{™}
IL={k}
R = (R}

)
S
"}ai={Q1)
"} Dzela = {Dzeta}
wy

Co ]l o
Copy/paste
*
VAR f0=18.3k
VAR L=10u Cur'y
VAR C={1/(4*3.1415972*f0A2*L)}
braces

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}
R}
C}

= {Q1}

zeta = {Dzeta}

L
R
)

Ll I T

3
i
{'=y
{"=}c
{"*'1Q
1D
1}

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

J Choose SIMPLIS Analysis

Periodic Operaing Point ~ AC | Transient

Analysis parameters

Stop time 00u s

Start saving data at t = |0 |& s A Defaut
Plot data output

Number of plat points 10k = A Defauit

I =

Add these lines to display
the calculated values

F FUTURE
ELECTRONICS

Select analysis
Croe
Oac

EA Transient
Save options
QM

O Voltages Only
@ Probes Only

[ Mo Forced Output Data
[ Force New Analysis

You can place a control block on the schematic and determine the values for R and C

considering a quality factor Q you may choose. Because all the variables are local, a .VAR
statement will be used to define the parameters values. It is recommended to add curly
braces when using mathematical formulas in the control block.
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Frobe Options  AxisScales A Labels

Curve label History
vout | History depth [3 % [ defautt
Use $FREFS for hierarchical reference  Use separate curves, If enabled, () on
3 new curve is created for each

Colour new run and history depth s ignored. O Off

- Global default may be set from meru (@) s default
] Use default Edit Fle | Options | General,.. el ]
At type Graph
© Auto select [ use named gragh

O Use dedicated grid Grah name
(® Use named gric e!
© Use named Y-axis

Q) Digital

Analyses
Rxis name [Vout | [0 At analyses disatied
[ Transient
Display order e
Arbitrary string to specfy order [ Ac sween
| [ Piot on compietion anly
[ ot | e
*
VAR f0=18.3k
VAR L=10u

VAR C={1/(4*3.14159/2*f0A2*L)}
VAR wO0={(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

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

Vout / V.

F FUTURE
ELECTRONICS

Vour|(?)

time/usecs

150

200

300

350 400

Sousecs/div

A probe is added to sense the output voltage and the persistence is set to 4. Now

change the value of Q and press F9 after each change. The plain curve is the most recent

result.
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For the ac analysis, add a Bode box:

w

aulstor  Place  Probe  Probe AC/Noise  Hieran

F ‘FUTUFIE

ELECTRONICS

J® fepetlatPuce. AR o Sl * :
From Model Library..  CtrleG searh L R
From Symbol Library.. Bodel [ induge madel rary parts:
s 10 J R &) Vout
Selert by Specification , 1 Rl P
Bode Plot Probe - Legacy (Obsolete) i3
et 2| Bode Plot Probe (Gain/Phase} w/ Measurements Coe R1 11
Power Supply Load ( DC Current, Pulse, Bode, Zout...) &3 i
v
Ll 1 | systemDesigner - Bode Plot Prabe iAnalog IN, SD_BUS OUT) A TgA‘
E e " SystemDesigner - Bode Plot Probe (S0_BUS IN, 5D_BUS OUT) .. J Add Messurementstoth.. X
Connectors 1 C
Probe > 1 = o
i.Data Voltage Sources » 0 [4 Gain Crossover Frequency
Current Sources v :gi [A Gain Margin
e s -  csuspinpre ros x E=
e Bias Annctation 13 Larves A @ Phase Malgﬂ
n poes ey .
nn:::: S s ' p c = = Gumietast
phaey il r P im—— i Dsmesianes Ok Cancel
Cmcn,  SIMPLIS Primitives » e iy | ———— T
. o vesalscie vl s chck 10 )
MPFC:  Analog Functions » P 5 a . e R DlACk. . L n B v e s i w e e oa
MPFCs  Worksheets , | . S =
e :
T
g D————— S e
e frase ® e [ 2 Dest red
Prane a -
— Tamd T Mo 2 e
IN o] = =
e =
~OUTAN e Pk 180 deprces it s v s 180 e fct
A — contasn
s tormen
e ot e st e gt
oo Vout - -
i T You can save the Bode box

Connect in/out to 1

the correct nodes

configuration for the next
studies if you want.

As we are interested by the ac analysis, we need to add a Bode box to plot the transfer
function linking the stimulus input to the response. We will also change the quality
factor on the fly and check the impact on the response.
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If

Vout / v

History F FUTURE
you set history or persistence to 4 and change Q, you should see 3 |3 CJusecefout

[ separate curves
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. ich Vin (f) !
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d
7 E h \
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& -20 ; \
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w
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By changing the value of Q, you see different ringing responses: a low Q (or a high
damping ratio) means losses in the circuit and heavy damping. The second-order system
can be approximated by two cascaded poles with one dominating at low frequency and
the second one at higher frequency. When you increase the Q, the series resistance gets
smaller and the circuit has less losses hence more oscillations as the poles approach the
imaginary axis.
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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

We are now going to look at how we can incorporate a SPICE model from the web.




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

& 3k 3k 3k 3k sk 3k ok ok ok ok ok sk ok ok 3k ok ok ok 3k sk ok ok ok ok K sk 3k sk ok ok sk ok K ok K ok sk ok ok ok ok ok sk ok sk ok ok 3k sk % sk ok ok k ok sk ok 3k K ok Xk kK k
*¥x¥¥¥ STMicroelectronics MOSFET, IGBT and Bipolar Library *****%

Sk ok o oS SR o K SR KoK K K S K o
* *

* STMicroelectronics therefore does not assume any *

* responsibility arising from their use. *

* STMicroelectronics reserves the right to change models *

* without prior notice. *

* *

*v.19.3.0 - FEB 2021 *

sk sk ke s sk ks ok sk ok sk s ok sk s s o ok o o ko o ok o ok sk ok ok ok sk ok sk ok ks ok sk s ok sk sk ok sk sk ok sk ke sk s sk ok sk ok

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

El Tj val_T VALUE={TEMP}
R1 val_,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
Vlggate g2 0O
*RlLggate g2 1
Vlssource s2 0
*RLs source s2 1

Rg g2gl 1.0

4
File View SIMetrix Simulator Help

I- %8

F ‘FUTUF!E

ELECTRONICS

Command Shell

SIMetrix\SIMPLIS Elements Home

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

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

=

completed

7-Zip
Fichier Edition Affichage Favoris Outils Aide
e - 7 wp
Ajouter Extraire Tester Copier D

7 || cAUsers\TotoRAppData\Local Temp'pid-9316\en.

Nom

| SCTO40HUB5G3AG_V2.lib

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

\

J Install or Edit X

Install or edit model file

SCTO40HU65G3AG_Va.lib?

o] Ok

Cancel

® Install
O Edit

Assume you want to simulate with a model whose lib file is supplied by the selected
manufacturer. Select the .LIB file from the file Explorer and drop it into the

SIMetrix/SIMPLIS command shell. The program recognizes the syntax and installs the
model. Now you need to associate a symbol with it.
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Now that the .LIB has been installed, you have to associate a symbol with it:

ttor  Place Probe Probe AC/Noise Hierarchy

J Enter Text x
(= Repeat Last Place... Alt+R
— Enter new category
From Model Library...  Ctri+G | 1
SiC|
From Symbol Library...
Select by Specification » lII
Cancel
Search Part...
ry for this part.
. v Category..."
Hierarchy » ur choice. ol
Create Model >
Magnetics 3
D aosives » Define Symbol for SCTO40HUSSG3AG_V2
Connectare > |74)0(75 S I =

|Resistive Load 4 Terminal

|Resistive Output Impedance Load 4 Terminal
| Sawtooth Waveform Load 4 Terminal

| Schottky - dual

J Select Device

* Recently Added Models *

~

v [New Category...

F FUTURE

ELECTRONICS

Choose the right

~ | | SCTO40HUB5G3AG_V2 | Schottky Bridge Rectifier
* All User Models ~ - | Short Circuit Load 4 Terminal SymbOI
SiC MOSFET with Kelvin Sense.
" All Models * | iC Schottky Barrier Diode with Thermal Model
| Analog switches | Simple Transistor Switch (Current Controlled)
EE Y | LSmge Transistor Switch (Voltage Controlled) bt
| SIC MOSFET with Kelvin Sense
SiMetrix does
notknow what | o
symbol to use Pl + E vin orger
for this model drain e
Press “Place* gate . : | drain
s soucesense  Sourcesense is kelvin:in » gate
J v sotnce the model and is 41" position. | SOWEE
e - | sourcesense

Drivistophe STMeTISCECTOMUSGIAG V2

Make it go down 1 step.

4

.subckt SCTO40HU65G3AG_V?2 drain gate source kelvin PARAMS

e R

Once the LIB file has been installed in SIMetrix, you have to associate a symbol with it so
that you can easily place it in the schematic. Check if the category exists or create one
like here. Then associate a symbol to the model and check the pin order. It is important
to carefully check this point otherwise simulation may not work of course if pins are
swapped. Here, the kelvin connection is the last one and this is sourcesense which

needs to be brought down by one step.
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Place the model in the circuit:

You can now run the simulation |
100
I =
i L1 & =
*'\8ou o »
1 SerosHussesac vz *
| W F -
lre (=n B
i g e
. 30
—— >
1L vz 5 200
400 _ Drainy 2 .
Voeein, -y Poweru1) "
Vdry 50
murle0 5 & S
3 |a
. ) T el o
- Drain 4L 1 Srosnusscaac vz -
X — -
: Vdrain - | ruries R2 ‘-|.,j / .
o + W ,Iﬂ)wer(u1.) oo vy D1 el s
/ Iy z
D2 - /,/ T L :
mur160 Ao 1w . . . i ) s
“
To place a component, R fiead e
Registers
go to Place Symbol O
Shift Registers
or  Place Probe Probe AC/Noise Hierarch Sic
B Repeat Last Place... Special Linear Functions L
=i Switches o,
—— D | Serosmisioin i |
From Symbol Library... Transconductance Amplifier o
Select by Specification Transim Source
i Varactor Diodes
VGA's
Hierarchy Video Amplifiers
Virtual Ground
Create Model e ne ¥

The symbol is now appearing in the schematic capture and can appropriately be placed
in the electrical schematic. You can also call it by pressing control G and selecting the
part in the SiC category you have created.
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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 unt J_] Double Pulse Test.sxsch

=] 7)) ONSEMI_SICMOSFET_650_simetrix.sxslb

ONSEMI_SICMOSFET_650_simetrix.txt
] SCTO40HUBSGIAG_V2.lib

Model library changed. Rebuilding
catalogs, please wait...
Completed

il

Now, you have to load the associated symbol file:

J Install symbols X

0 Installing symbols:

* ONSEMI_SiCMOSFET_650_simetrix.sxslb

[Z] Double Pulse Test.sxsch
1| ONSEMI_SICMOSFET_650_simetrix.sxslb
ONSEMI_SICMOSFET_650_simetrix.tct

Press Ok to proceed with installation
Press Cancel to abort

]

Cancel

P

File Edit View

You can see the models are

Model Library »
properly imported: Symbol Manager...

Options »

4 Select Device

| * Recently Added Models *
* All User Models *

| * All Models =

| Analog switches

; BT - Dual

| BIT - Muttiple

| Bridge Rectifiers

| Buffers

| Capacitors

| Comparators

| Counters

| Current Mirrors

| Current Monitors
Current Sense Amplifiers

| Differential Amplifiers

| Digital Arithmetic
Digital Buffers

| Digital Functions

| Digitel Multiplexers/Demultiplexers

| Digital/Analog interfaces

| Diode

| Drivers

| Dual Diodes

~ | | D2PAKTLAV plg NVBGO25NO65SC1 4P
dioderr650_Jarge NVBGO25N0G5SC1_6P
dioderr650_small NVBGO45MOE55C1_4P

NTBGOTSNOGSSCI1 4P NVBGO45NOBSSC1_6P
NTBGO15N065SC1_6P NVBGDGONOGSSC1_4P
NTBGO25N0ESSC1 4P NVBGOEONOBSSC1_6P
NTBGO25N06SSC1_6P  NVBGO7SNOB5SC1_4P
NTBGO45N065SC1 4P NVBGO75NOBSSC1_6P
NTBGO45N06SSC1 6P  NVBGDISNOESSCT 4P
NTBGOEON06SSC1 4P NVBGDISNOSSSC1_6P
NTBGOEON0ESSC1 6P  NVHALO15NO0GSSC1_4P
NTBGO75N065SC1 4P NVH4LO15N065SC1_6P
NTBGO75N0655C1_6P NVHALO25NO65SC1_4P
NTBGOI5N06SSC1_ 4P NVHALO25NOGSSC1_6P
NTBGOS5NOGSSC1 6P  NVHALO43NDGSSCT_4P
NTBLO4SNOBSSC1 4P NVH4LO4SNOGSSC1_6P
NTBLO45N0635C1 6P  NVH4LOGONDGSSC1 4P
NTHALOTSNOBSSC1 4P NVHALOGONOGSSC1_6P
NTHALOT5NO65SC1_6P NVHALOTSNDGSSCT_4P
NTHAL025N0SSSC1_4P NVHALO7SNO65SC1_6P
NTHA4L025N0635C1_6P NVHALO93NDGSSC1_4P
NTHALO45NOBSSC1 4P NVHALOISNOGSSC1_6P
NTHALO45N065SC1_6P NVHLO15NOBSSC1_3P

Then CTRL+ G to access the models

-
WebSim_Connect.sxslb
zetex-circ-sim.sxslb
ONSEMI_SiCMOSFET_650_simetrix.sxslb

Pl 17)
;H NTBLO4EN0BSSC_4P

v ss‘ L

T2PAK pkg
t0220fp_pkg
TO2474L_pkg
10247_pkg
TOLLAL pkg

NTBGOISNOBSSCT_4P
NTBGOSSNOGSSC1_6P
NTBLOSNOSSSCT 4P
NTBLO4SNIESSCT 67
NTHALOTSNDSSSCI_JF
HTHALO1SNOSSSC1 6
NTHALOZSNDGSSCT_4F
NTHALOZSNDSSSCT 68
TSI ASNDRSSCL 36

Delete Copy...

Some manufacturers also provide set of models in the form of a file containing multiple
subcircuits. This is the case with the onsemi set of SiC models for instance. In this is
case, you can import the .LIB models and the associated files by dropping each file

separately in the command shell window. The AND9783D application note gives more

details on how to proceed with these models.
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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

E e

We are now going to look at the ready-made templates.
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Open one of the examples — Flyback isolated CM

Add Directory Sync to Active
bd Book Collection A
SIMPLIS_Data
Subs
T™P

‘ Boost 2 Phase CM compensated.wxsch

‘_ Boost 2 Phase VM compensated AC.wxsch

‘ Boost 2 Phase VM compensated TRAN.wxsch
¥ Boost BCM CMawxsch

‘ Boost CM PFC ac tran demo.wxsch

§ Boost CM PFC ac Zout demo.sxsch

§ Boost CM PFC sine full version.wxsch

‘ Boost CM.wxsch

i Boost VM compensated AC.sxsch

‘ Boost VM compensated TRAN.wxsch

‘ Boost VM PFC ac tran demo.wxsch

‘ Boost VM PFC sine full version.wxsch

‘ Buck 2 Phase CM.wxsch

B Buck 2 Phase VMwxsch

¥ Buck BCM.wxsch

‘ Buck CM Synchro.sxsch

‘ Buck CM.sxsch

‘_ Buck COTwxsch

# Buck FOT.wxsch

# Buck VM.sxsch

._ Buck-Boost CMwxsch

# Buck-Boost VM compensated AC.wxsch

¥ Buck-Boost VM compensated TRAN.wxsch

B Flyback 25W CM isolated.wxsch

N Flyback active clamp CM isolated and compensated.sx...
" Flyback active clamp CM non-isolated - deme.sxsch
" Flyback CM isolated ac sine input.wxsch

[ Flyback CM isolated.wxsch

2
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MBR20200CTP lout

VouT /OUT
o). o
600uiC=0 (°
¢ " o)
— 9EN_[in (] ouT]
= =OUT/N s =
Missing RCD vour
B (IN Jout__ VT clamp 7
=OUT/IN 5
Idrain 3 L
. - f 7
xi g
v 4
PWM |- verain - =
{RLED} (Eur-n
latch Copto =2 nF
u3s B=0 T o
: DR H*:|51 g:;‘ gg o Fs o ut ||
A
. - o]
= a7
s Rpulld}
Internal setpointk, Current sense L
FB il us (Ceol 10 =2 €3 o
o —LOSLCEZ
R15 v3
7 - Ct st Vramp = .
.3k B 100p \c:uT 1’ [ Flaer
2
L
1-V clamped
divide-by-3 block Isolated
loop control

This is a fixed-frequency current-mode-controlled flyback converter
delivering 19 V3 Afrom 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 -

You can now open one of the ready-made templates | supplied with the last book on
transfer functions. Here you see an isolated flyback converter whose loop is closed via
the classic couple TL431+optocoupler. A simple current-mode converter is assembled
and simulated. It delivers 19 V for a classical ac-dc notebook adapter. The feedback
dynamic range at the optocoupler collector is adjusted between ground and 3 V for the
upper range. A clamped 1-V limit sets the maximum peak current. Please note the
absence of the RCD clamp in this example.
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*

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 Sramy; 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} Slope )

VAR Rr={ Sramp)*19k+1m} compensation
VAR fRHPZ={({1-D}"2 *Rload/(D*Lp*N~2})/(2*pi)}  RHPZ location for
VAR fcMAX=0.3*fRHPZ
*

max crossover

* Enter values extracted from the plantBode plot

Read the power
stage response

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

* Enter Design Goals Information Here *

*

VAR fc=2k * targeted crossover * Your targeted

VAR PM=60 * choose phase margin at crossover *  values (2 kHz, 60°)
*

* Enter the Values for Vout and Bridge Bias Current *
*

VAR Vout=19

VAR lbias=250u

VAR Vref1=2.5

VAR Rlower=Vref1/Ibias

VAR Rupper=(Vout-Vrefl)/Ibias

* Optocoupler specifications *
*

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

.GLOBALVAR Fopto=6k

.GLOBALVAR Copto=1/(2*pi*Fopto*Rpullup)

.GLOBALVAR CTR=0.33 Optocoupler X
" 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 *
X

VAR boost=PM-PS-90

VAR fp=(tan{boost*pi/180}+sqrt({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

[ F FUTURE
{ "' } Ruppef={Rti5FerHes
{"*" } Rlower = {Rlower}
{"}c2={C2a}
{"*'}C1={C1a}

{"*" }Boost = {boost}

{"*" }Rramp = {Rr}
{Rmax}
{'*'} FRHPZ = {fRHPZ}
{7} FeMAX = {feMAX}
{1

Print
components
values

Using control blocks, it is possible to automate the calculation of the compensation
path. Once the power stage Bode plot is displayed, you read the magnitude and phase
graphs at the selected crossover frequency and feed the macro with these values. The
compensation elements are automatically calculated and passed to the schematic.
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Press F9 to run the
simulation and make
sure the operating
point is correct: V=
19V/3A

FB/V

Iout /A

Vdrain / V vCs [ mv

vour /v

Idrain / A
o
@

time/uSecs

A A A A A
7YX X yAY 7X AT
7\, 7 7
N\ 7 AY 4
7 7 7
¥ i z P 4 S
7 7 7 7 X
7 7 7 7
rd [ rd I d
¥ 1 1
1 1 1 1
1 8 1 1 1
b S S
1 1 1 1
1 I 1 1
————) L -
N Ny
1
1 ~
I I I
4 4 " " "
/1 | /1 /| /|
/11 /11 /14 | A1
7 11 | Z 11 /11 11
| 7/ | | i 1 / |
. L | \ J \ | N ] X
L 1 1 1
{ ! 1 ]
{ f } ;
i ! { !
10 20 30 40 50 60 70

10uSecs/div

Feedback voltagdR |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)

The simulation reveals the operating point and confirms an output value at 19 V with a
feedback level within the accepted dynamic range (maximum FB is 3 V on the collector
and 1V for the maximum peak current voltage setpoint). From this steady-state
waveforms, you can measure the rms, average or any values by pressing F3 and selecting

the curve.
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Loop Phase [ degrees

Power Stage / dB

40

20

-20

-40
180

135

90

45

-45

-90

-135

-180

Power stage magnitude response

|H (2kHz)| =13 dB

/.

Power stage phase response

/H (2 kHz) = +70°

L L Y

N

2 4 6 810 20 40 60 100 200 400600 1k 2k 4k 6k 10k 20k 40k60k 100K

freq/Hertz 10kHertz/div

Now check the control-to-output transfer functioa fg{_,than
power stage. Check the RHPZ value and limit the

ELECTRONICS

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

66000
10000

4819154804453e-09
1268645711794e-09

5102040816

1.5
Rramp = 2850.001
Rm 4995 .7446808511

- FRHPZ = 24616.8762677045 q f ~
FCMAX = 7385.06288031136 C,max ~ 7 kHZ

' 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°

¥

* Enter values extracted from the plant Bode plot

VAR ch=-13"magni‘{uﬂs at crossover *
VAR PS=-70 * phase lag at crossover ™
N T

* Enter Design Goals Information Here ™
.

o i - Fill out the
VAR fe=2k * targetted crossover * ke ¢ .
VAR PM=60 * choose phasé margin atcrossover* ~ requirements

When the power stage control-to-output transfer function is obtained, read the
magnitude and phase graphs. In this example, we want a 2-kHz crossover frequency, so
we read the graph at 2 kHz and see a gain attenuation of 13 dB with a phase lag of 70°.
Enter these values in the control block and see the resulting calculated values in the

netlist.
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Loop Gain / d&

Loop Phase / degrees

80

60

40

20

-20

-40

-60

-80
180

135

90

45

-45

-90

-135

-180

Loop magpitude respgnse

Loop phage response

P

Q

59°

\

Name Value

\J

I~ Gain Crossover Frequency 1.9676601kHz
Gain Margin 18.458712d8
Phase Margin 58.783816degrees

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

freq/Hertz Vi, =120V

2k 4k 6k 10k 20k

40k 60k 100k

10kHertz/div

) I’E FUTURE
The crossover frequency and phase margin a f§oTRoNics

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.

Loop Gon / 68
-

20 Name Value =
| Gain Crossover Frequency 2.5885271kHz

Gain Margin 21.502579dB

b —

0" Phase Margin 65.750764degrees
80
180
135
%0
/‘_\\
% e
3§ o
- \
g‘ -45 \
-90 \
-135
V, =330V
g 2 4 6810 20 4060 100 200 400600 1k 2k 4k 6k 10F 20 40K6OK 100}

freq/Hertz 10kHertz/ div

Once all values are processed by SIMPLIS, the loop gain is displayed with the important
information like all the margins at low and high line.
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Once the simulation is run, you can unveil the values computed by SIMPLIS:

4 Elements Main Window

File Edit View Simulator Place Probe ProbeAC/Noise Hierarchy Mor 7 print AL
= X .0ptions PSP_START=0 PSP_NPT=100001 POP_T'
4 P.¢ h Choose Analysis... 8 g + MIN_AVG_TOPOLOGY_DUR=1a AVG_TOFOLOGY_DU
e MR 10 - POP TRIG_GATE=X1l.!D_CYCLE TRIG_COND=0_
Fle View Run Schematic F9 E\_E 11 + TD_RUN_AFTER_POP_FAILS=-1
e Abort = E = 66000
Directory 14 = 10000
Show SIMPLIS Status Window Ctrl+Space i5 ~ .85537921992434e-09
@ o 567330980208e-
¥ Eor : }9 CX = 2 585673300802088-09
‘ B Initial Conditions L4 18 * Fz = 932.615316309997
N 19 * Fp = 4289.01384101912
B Bot  SetupMulti-step... 2 c e »
: Bot Run Multi-step %% D = 0.387755102040816 il
| Bot 24 2850.001 — 3
¥ Bor Find Smallest Time Constant %2 ] 3 jz:ié';fgfzﬁéjs . R4 =6
# Bo  Graph Time Constants z TSR _[]teny | []{Ruppen
¥ Bor Debug Simulation gé- 3300012‘]?6}!(;&0
¥ Bo 31C2 32 27 2.58567330980208e-09 IC=10
, Manage Data Groups... 32C3 41 0 5.29088027491884e-10 IC=0
‘ Bot 33C8 24 31 47p IC=0
i s Re-plot Data Group... 34 X$D3 18 39 DIODE_SPICE_V2§1
ot 3| GL 37 0 41 0 -100u
B Bu  Edit Netlist (before preprocess)
W Bu| pi Netis (after preprocess) You can add more computed values
i B ; {Cla}IC=10
¥ Bu Open/Close Command (F11) Window ~ F11 " Value passed to ”
¥ b SR {"*' } Rupper = {Rupper} .
‘, Enable/Disable Simulation Health Report... the component cz2
B %1 £
S {"*'} Rlower = {Rlower} il
¥ Bu Switch to SIMetrix Mode U2 M
3 11 - i 3 -y
¥ Buck VM:sxsch mr { } C2= {CZa} 31.C8 A
- : 1%1
{"™*'}C1={Cla} o Ll
%1 = “|{Riower}
{'*'} Boost = {boost} :
- -

The automatically-calculated components values can be retrieved by invoking the
Simulator pull-down menu and selecting Edit Netlist (after preprocess). You can also add
more values to display in the control block if needed.




Test the transient response

MBR20200CTP .

4 Define PWL Current Source: |12

vouTt T i
- Time: Current
B, ;g ‘ ). ; 25m 2
B oW w A e C ey . R 3 501m 4
T - - D {Rload] 4 55m 4
N | I > S 1 5 551m 2
T 1.36m IC—DT o T R 3
N J

.1sec”.‘_L_H‘

CovouT

The X means the component is disabled
To activate it, right-click on the part:

The cross disappears

OUT/IN |

L

f

€.y
<

SR
['4Rioad)
Edit Part...

Edit Additional Parameters...

Hide/Show Value
Descend Hierarchy

Probe Voltage...
Probe Current...

Display Device Bias Info

Disable Selected

ouT

F FUTURE
ELECTRONICS

.VAR 8
- VAR S
_ \VARm
VAR S
VAR R
VAR fF

\IAD fc
T
G
P

T

Disable & Short-circuit Selected fc

Enable Selected
Copy

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

Edit Symbol

Update Symbol
Restore Properties...

P
i
Vi
* Jib

Vi
R

Now that the converter is properly compensated, it is interesting to test its transient
response to a load step. As you can see, there is a big black shape — a cross - over the

current source. This symbol means the current source is disabled. We are going to

enable it for the next run: right-click on the part and select Enable Selected: the cross

disappears.

“There’s a big black shape looking up at me” — Live Evil, Black Sabbath
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Now disable the
resistor, right-click and

F FUTURE

ELECTRONICS

disable it
e et e
" VAR Sramp={
ouT VAR mc¢=1.5"
VAR Se={(mc
. VAR Rr={(Se/
et VAR fRHPZ=(
|{Rload} VAR frMA X =( ; ; . e 1 .
it Part... : :
Eoe Port> Then press F8 to access the simulation setup
Edit Additional Parameters... s
Hide/Show Value J Choose SIMPLIS Analysis X
Descend Hierarchy 3 Periodic OperatingPoint ~ AC ~ Transient Sactinas
Probe Voltage... D Acelyss paEtey Oleoe Uncheck
o youT Probe Current... Stop time 6m |=f ac
. T omowow Display Device Bias Info 3N Start saving data att = [4.5m /& s [dpefaut Gremet  Check
- s Coe e e Disable Selected Plot data output Save options
. Disable & Short-circuit Selected % Number of plat points 0k = [ Defauit @ an
: o () vmod Enable Selected * O veltages oriy
; . \“_/_/ AC10 . Cooy O Probes Only
+ -
Paste al
- : ° : : : ) e e e - |
Then run!
Advarced. ] 1o Forced Output Data
[[] Force New Analysis

o mn | o | o

Now select the load resistance and right-click over the symbol: choose Disable Selected
and the resistance disappears from the netlist, confirmed by the black cross over the
component. Press F8 to invoke the simulation setup and choose Transient analysis. Press
Run to launch the simulation engine.
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idrain / A

Place
rrobe 4 - : = (=
Voltage Sources 4 F 120. o
Current Sources » DC Source I =
Controlled Sources » Waveform Generator 3
Bias Annotation 4 PWL Source
Semiconductors 4 AC Source

Bec /A

VCS S mv

Vdrain /V

VOUT /v

FB/V

Imag / A

[EETRENRETEN N
T T
t 1

| (LT

I
T
[T

I
T i

time/mSecs

5.2

54 5.6 5.8 6.0

200uSecs/div

FUTURE
ELECTRONICS

Vot (t)

V, =120V

The transient current source is a piece-wise linear (PWL) programable source which
absorbs 2 A from the start and peaks from 2 to 4 A at 5.01 ms then comes backto 2 Aa

few hundred of micro-seconds later.
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We can now try to add a RCD clamping network

.
2 3 R
ol r A

- - Delete‘the wire

i g T

Place Probe Probe AC/Noise Hierarchy MonteCarlo Tools 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 Annctation
Semiconductors
Digital

SIMPLIS Primitives
Analog Functions

Worksheets

-

Alt«R

Ctrl+G

v v v weow owow owow v v ow ow

i aqaa /

istophe.basso\OneDrive - Future Elec

Ideal Transformer...

Ideal DC Transformer...
Ideal Inductor L 5

Lossy Inductor (Simple)
Lossy Inductor (Multi-level)

Vin OFN ' [
120

-
JE]: |
=.
|

F FUTURE
ELECTRONICS

J Edit Device Parameters XE -

Inductance

1 ShuntResistance |1Meg
Ses st

Initial Conditon [0

O 4 ) O

Ouserc

The lossy inductor offers more robust
convergence by including parasitics

The RCD clamping network is there to limit the voltage excursion on the drain.
Calculating components values goes beyond this seminar and this is a critical point that
needs to be carefully checked depending on the leakage inductance value.
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MEIRZOE:IOCTP OUT Il:
+

S ) ) | et I | E FutuRe
— : u il "1-f \ ELECTRONICS
e = . L L
Run Progress 0% ’GT \
W, o
W e e e v | [ N The drain-source
== 1“ p— oo o \___
oot [ } voltage now shows
N . .
| o /_\) the spike linked to
F- I the leakage
3] [+ e = D Vpsii) inductance.
sl S0
TWS' : R3|' J—'47 1c=0 'FE m"‘
i N R o | [—

If you run the simulation, you now
exceed the demo size limit.

=)

Delete the DS
capacitance

'E

You can delete the drain-source capacitance and Elements now lets you proceed with
the simulation. As expected, the drain-source voltage shows the high-voltage spike
incurred to the added leakage inductance. A more complex switch model would be
needed to show oscillations when the RCD diode blocks.
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SALES SUPPORT NEWS TRAINING

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.

Learing SIMPLIS - A structured experience in which a capable and willing engineer can come up to speed with SIMPLIS

in four (full-tir At of the experience, sl that they will be able to
apply SIMPLIS switching power supply objectives,
VM Tutarial - 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 i i test

MOM Tutorial - The MDM Tutarial 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 3 transformer for an isolated AC line self-oscillating

fiyback converter.

+ts - Th ion of th directly from the training h:

Advanced SIMPLIS Training Ma
SIMPLIS Technologies conducts several times per year in different locations. The course material is intended for thase
with some experience using SIMPLIS and covers a wide range of topics from the POP analysis to Parameterization to

measuring Switching Losses and Efficiency,

‘ ,SIMem’x!!lllIl‘l.ll

SIMPLIS Documentation

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.

For more information or additional details on specific subjects, the on-line
documentation is extremely comprehensive and easily accessible.
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