SIMPLIS Tutorial

SIMPLIS #=— FU 7V

> ZOFa—RUTIOBENIE, LFDO/RT A—X—TDC/IDC Ny 7 a3 "—2—%{Efk+5Z & TT :
® ANEE =12V
o (HJ)EE=1.2V
® [1\7)7Eik = 10A
® XA vTF VA= 500kHz

ZOFa— Y TILVTEHUTOFEIONTCIHHALET
® SIMetrix/SIMPLIS [A] X =5 + % —% i > T open loop power stage [F15#& X & 1ERk 92 Ik

® SIMPLIS @ 3 >Offr 75 (POP, AC, &BJEMENT) A - TR DO I 2 b —Ta U &21T 95 Hik

HRRZ AR L, BEINR AL 7 —JIE % Z O#RIZIT 9

3-R—/, 2-Br EEE— FEREZENEIAAML T, 74—y 7 —T7%HL 5

av RyA v RU(FLL) THREE VAR A7 — M AV M aflioTRT A= LIZEEAHINT 5

AL RN—=ZD/IMEF, KIEFDLEEEMIET D

[ B X DA {E#R DER 5> T E D L 9 I ERE D EE I OE L Z > < 270, 2 OFEERED 7 v v 7 (3t
DOFGHIHFIHATE £,

Topics in this tutorial

Topics in this chapter

e 1.0 Getting Started with the SIMPLIS Tutorial
2.0 Entering the Design

3.0 Simulating the Design

4.0 Managing Simulation Output

5.0 Building High-Level Models

Conclusions

© 2015 simplistechnologies.com | All Rights Reserved



1.0 Getting Started - SIMPLIS Tutorial

1.0 Getting Started with the SIMPLIS Tutorial

ZOFa— I TNATIE, Ny Zar N "—=Z—0Ret7 vt 2%, BAIOMERNOIEE Y NT A —F — 2% E LTk
7R BEEREHICESL £ T BEEZ B CHRIALET, TXRTORBKBLIOMEEY 7 A MIZDOF 22— Y 7Lz T
WS HTIREIZH T e — RA[ETT, RMUbDONKROEZ > arTzp 77 ANVDIETELEDTH T — RTEE
—é—O

In this topic:

e 1.1Downloading the Files

1.2Tips for Navigating this Tutorial

1.2.1 Navigation Conventions

1.2.2Text Conventions

1.2.3Schematic Images

1.3 SIMetrix/SIMPLIS Environment
1.4 Setting General Options

1.5Showing the Part Selector

1.6Setting up the User Interface for the Tutorial

1.7 Creating a New Schematic

1.8Saving your Schematic
1.9Add Working Directory to the File View
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SIMPLIS welcomes your feedback (positive, negative, bugs, etc.) regarding this tutorial. To send comments, click here.
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Beginning with SIMetrix/SIMPLIS version 8.0, SIMetrix/SIMPLIS has an integrated user interface with a single Main
Window and a set of sub windows called System Windows which can be moved or docked on the periphery of the main
window.
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® The Welcome Page contains links to open recently used files, to access the documentation system, etc.
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1.0 Getting Started - SIMPLIS Tutorial ‘
® Schematic editor (EIRMTT ¢ Z—) (X, BEIRXZRET HERITEH LT

® The Waveform Viewer window opens to display output curves after you have run a simulation.

@ U ARNTTFT 4 HZ—F. VRN OERCIETEIZERT %Y — 11,

The System Windows include these:
o The Command Shell displays error messages.

= Note: In the full versions of SIMetrix/SIMPLIS, the Command Shell includes a text field for entering
script commands.

e The Part Selector is where you find symbols to place on a schematic. The part selector is populated with symbols
based on the simulator mode of the schematic (SIMetrix or SIMPLIS).

e The File View allows easy access to your file system for opening files in SIMetrix/SIMPLIS. You can add your
commonly used directories to the file viewer.

Finally, when a SIMPLIS simulation is launched, the SIMPLIS Status shows the progress of the current SIMPLIS
simulation.
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2 SIMetrix/SIMPLIS Main Window
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Font...
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Reset Layout
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Schematic Graph Printing | Graph/Probe/Data Analysis | Miscellaneous | File Locations "‘l’

Undo level Placement Initial Simulator
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~ R B ) SIMetrix
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@ SIMPLIS
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R BARAG A7 7 AT — =77 7 7 RS, SIMetrixISIMPLIS & 47 U 7= & (RIF S 41 E
7. You may have also noticed the Welcome Page was refreshed after you clicked Ok on the dialog. In
particular, the icon at the top of the page changed from the SIMetrix icon to the SIMPLIS icon. In the Create
New section of the Welcome Page, the icon next to the Schematic link also changed to a SIMPLIS icon,
indicating that each new schematic created will use the SIMPLIS simulator.
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1. Click on the File View tab in the system window.

Result: The File View system window comes into focus.
2. Click on the Add Directory button.

Result: A directory browser window opens to the current directory.
3. On the directory browser, click Select Folder

Result: The directory is added to the File View system window.

. SMetinSIMPL Main Windc
| oo Edit View Senulator Pace Probe Probe ACMoss Hieraecy ManteCanio Toals Helg
"X ss ¢ FEACHS G /S A (| s~+ FEIEEF G- 2N E
[ A ] Smeiwaam] || |
| [ b siMetr
} simalis baorial

— | i
Fort Seloctar | Fieview | | Wakama | o_my_buck converermech |

4. To see the contents of any directory in the File View, simply double click on the directory.

Result: The directory contents are displayed with the 0_my_buck_converter schematic being the only schematic
file in the directory.
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Entering the Design
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Topics in this chapter

e 2.1Add Symbols and Wires
2.2Edit Standard Component Values
2.3 Edit Multi-Level Models
2.4 Edit Parameter-Extracted Models
2.5 Change to a User-defined Model
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Add Symbols and Wires

2.1 VRNV EERREBINT S
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In this topic:
o Key Concepts
What You Will Learn

Getting Started
2.1.1Place the Symbols

Step One: Place First Three Symbols

Step Two: Place Remaining Symbols

2.1.2Add the Wires
2.1.3Remove Extra Symbols and Wires

Special Case: Wires Inside a Symbol Boundary

Special Case: Wires Which are Exactly One Grid Square Long

2.1.4Save your Schematic

Key Concepts

This topic addresses the following key concepts:

® NR—YkL s &—DCommonly Used Parts (L5 /"—>) 73V —Tix, ¥ A4 — K& MOSFET %
BrE, ZORBERICHE Y VU RANRTRTEENTHNET,

® The SPICE models for discrete semiconductors, such as diodes and MOSFETS, are not directly used by
SIMPLIS. Instead, a parameter extraction system uses SIMetrix to simulate the SPICE model and a set of
curve-fitting algorithms generate a PWL model for use in SIMPLIS. This process happens before the symbol is
placed on the schematic.

® Discrete semiconductors can be placed from the model library or by using keyboard shortcuts.

What You Will Learn

In this topic, you will learn the following:
e How to verify and change the simulator mode.
e Three ways to place symbols on a schematic:
o By using the Part Selector.
o By placing symbols from the model library.
o By using built-in keyboard shortcuts.
e How to wire symbols together to create a circuit.
e How to remove symbols and wires from a schematic.

Getting Started
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Add Symbols and Wires
® T— RASIMPLISIZZ > TWAEAITIE, TOFFER® 7 v ar 211 ~ERLFET,
® E— KA SIMetrix [ZH > TULVABEIZIE. Simulator > Switch to SIMPLIS Mode Zi#R L T2 alL—4
—DFE— R% SIMPLIS (2800 # % £,

211V PLERBT S

This section demonstrates the three ways to place symbols on a schematic and is divided into two general steps:
¢ In Step One, you will add three symbols to illustrate the three ways to place symbols on a schematic.

¢ In Step Two, you will place the remaining symbols used in this design.

AT F 1L BHIDO 3OOV RNVERERET S

N—>& L7 Z—@ Commonly Used Parts (L<flH/X—>) HF7 TV —I2iL, #1414 — K& MOSFET %z, Z
DEFEXNIFE S AR TR TEHEENTWET, therefore, you will place the diode from the model library and then
use a built-in keyboard shortcut to add the MOSFET.

In this step, you will place the first three symbols, an inductor, a diode, and a MOSFET. Use the illustration below as a
general guide to place the symbols on the schematic.

"IRF530 -

S T

* ESR=5000 -
T
' T

"
L ~ R L
Dind1487 7"

Inductor: To place the inductor (L1), follow these steps:
1. From the Commonly Used Parts list, double click Multi-Level Lossy Inductor (Version 8.0+).

TR o A B0 S — D FIC KR S E T
2. Move the mouse to where you want to place the symbol, and press the left mouse button.
FER L L SRBEE D a0 Z— P E S FE T,

BAF—R:ETNTATZIMDEAA—FK (D) #EETDHITE, ROFMEEZITOVET
1. /3—=Y¥ L2 % —TDiscretes #7 IV —aX TNV U7 L, VA MZEHLES
2. Diodes 73V —%X 77 U7 L, %\ T Select from Model Library...# 27 U v 27 LE7,
FFEE - Select Device &1 7z 25 & F 7,
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i N

* Recently Added Models * = |15eth{}5 |EA595,’SIE bas?1
Al User Models * 20ETS12 BAYJ92/PS  BASZ21/SIE
= All Models * 20ets12a+3s BALY4 BASZ216/PS
Diode 20etslZavg BAL74/SIE  BASZ28/5IE
Gates 30cth02 BAL7AC/SIE BASZ8C/SIE
IGETs 30eph06 BAL9Y9 BAS40/SIE
LED Drivers 40eps08 BAL99/SIE BAST0D-04
M-channel JFET 40eps12 BAL99C/SIE BAST0-05
hIMATRE = 40epsle BAS116/5IE BAST70-06
L.l .......| 80ebu02 BAS125/SIE BAS70/SIE
geth06 BAS16 bav100
CooLoiToir oo | eews08 BAS16/PS  bavl0l
: : D'? Sewsl10 BAS16/SIE  bavl102
------ A bl | Bewsl2 BAS16C/SIE bavl03
...... ' 156th0 D000 | | BASEBZ/SIE basl9 BAV1E
e.+.....o.....||BAB92/SIE bas20 BAV19
<[] 3
Filter * Flace | Cancel | | Help

D:\Program Files (x86)\SIMetrix800\support\Models\ir_dio.lb

3. Select Device ¥ 4 > K7D F D Filter lOT7T AZ Y A7 (*) ORI — Y VEHEHE, DIndl & AJJLF
TO
FEE - TEE 77T AL LT, DINA148 FII B E RS FE T,

4. FTXOmEY . 45 D D1n4148 %2334k L, Select Device V 4 > RUD FEIZH S Place R¥ %7 Vv 7 L%
7,
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* Recently Added Models * = ||| D1n4148|
® All User Models *
" All Models * Step 1: Select
Diode

Gates

IGETs

LED Drivers
N-channel JFET

BRI AN

- Fomag

Step 2: Place

Filter Din41* Flace kJ | Cancel | | Help

D:\Program Files (x86)\SIMetrix800\support\Models\diode.|b

FFE - Extract Diode Parameters £ 7 iz 253 & £ 7,
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Description

The SIMPLIS Diode model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.

Model type _ -
Model exdraction test conditions
@ Extracted
— SFPICE Model D1n4148 ¥ | Select...
() User-defined
Forward current 200m g A
Configuration
g Reverse voltage 100 g v
]
= Model temperature 50 oC
@ # Single - =
Model level [{} Conduction only - ]
— Number of Segments [3 Segments v]
()] E} Parallel
Initial Condition |1 Reverse Biased v |
i Limit maximum off resistance
) 5 Series =
Maximum off resistance 100Meq =l

¥
Ebgiz}amw

5.Extract #7 VYV v 7 LTCT 74/ MiEEZIT AN, XATa TRy 7 A&HALET,

Result: Several SIMetrix SPICE simulations are run on the SPICE diode model and curve-fitting algorithms
calculate a set of PWL parameters for use in SIMPLIS simulations.

[& Note: Although a small-signal diode such as the D1n4148 is not appropriate for a synchronous
rectifier application, you will change this diode model later in section 2.2 Edit Standard Component
Values.

6. +FH—INEA L ETZ—DETILR>TNE, ~TADERZ H#HLET,
FEE D1 F 0 OB DS A — P E I F T,
7.5 A — REZERLUIREET, FE 2 2[RI L, XA 4 — K% 180 Ealls S F 5,

MOSFET : ¥—3HR— KDY a—bhh v b&f#->TMOSFET (Ql) ZEET 521X, IROFINAIZHENET,
L~YTADH—INEZA A —RROEEIIFE>-TWhE MEADLET,

[& Note: The letter M is a keyboard shortcut which places a 3-terminal N-type MOSFET, as if you have
navigated to the Select Device dialog as in Step 4.

FELE - Extract MOSFET Parameter &7 7 1z 273 & #7°,
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, Extract MOSFET Parametm =

Description
The SIMPLIS MOSFET model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.
Model type _ N
Model extraction test conditions
@ Extracted
_ SPICE Model IRF530 ¥ | Select...
() User-defined -
. |
Drain to source voltage 1k =
. |
Gate drive voltage 15 =
Drain current 200 A
Model temperature 25 g °C
Model level 0 -
Limit maximum off resistance
Maximum off resistance 100Meq £
Extract ] | Cancel | | Help

2.Extract 7 U v 27 LTCT 74V MEEZ T AN, XAT Ry 7 A&HLET,

Result: As with the diode placed in the previous step, several SIMetrix SPICE simulations are run on the
MOSFET model and curve-fitting algorithms calculate a set of PWL parameters for use in SIMPLIS simulations.

[ Note: The original SPICE model is NOT used in the SIMPLIS simulations. As with the diode, you will
change the part number for the MOSFET in section 2.2 Edit Standard Component Values.

B +FH—INEHAF— ROELICEWZRET, vV AOLERZ VEZ#L, oAV 2R EICELE
L\i—g—o

FEE - QL &0 5 BH4 Dff v 7= MOSFET BHE XL E T

RF T2 BYOIURLEEREBTS

To place the remaining symbols, follow these steps:
1. WOWTNHIDHEEZHV, FTROR LIZRRH I TWDIEF TRV 2RE L ET,

® RX—v¥LrZ—@CommonlyUsedParts DI7 IV —inn, R—=VZELTNVI v

15,

E N

@ KI1IIIF—AR—KRya—brly FPREHINLTWAELEDIZOWTIE, FOYa— by b &
AT %,

2. VURNANT Y v REICERENTED, FTRROKIREN TWANEE T AZENL, T ADE
REUEL T YARLERELET,

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_1_add_symbols_and_wires.htm[2016/05/05 9:37:09]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_1_add_symbols_and_wires.htm

Add Symbols and Wires

IRFESD
1|{ o
V2 ,J—Pmbez NODE
. ESR=5000 - /-Probe 1-NODE
R
IPROBET "~
Lal e . /
ﬁ|ﬁvﬁ1:ﬁﬁﬁﬁﬁﬁ""ﬁﬁﬁﬁﬁﬁ'U'ff'fﬁ .
— 5 . D1 .......]G.:J.ﬂ"—!i'ﬂl... R1.
. . . . . . .DIn4148 oo TIm o AIK,
T RLK=1Meg
._.
F YL Commonly Used Parts va—btHhv b a2 RxAv b

C1 < ILFLAULF R H— (LL 0~3, BB ¥—Ah—Kra—hrhy R L

ft&) (=Y =a8LLE)
R1 g (Z7Y) 4
V1 Power Supply & v
V2 BopstEds OSVAR L T UT ) w .
R2 Byids (27 4 F5 % 3ml#f LT, 270 ElHE S5

T —A g
Probel- Tu—7—% b
NODE
Probe2- 7u—7 & b
NODE
IPROBE1 7u—7 —HEAER F—R—FTa—rhv FRL

FE B TRV UANVERE L CLESTHEIZIE, Ctrl+Z 2370, A == —/3—5 Edit » Undo %
EIRF UL, T<ICHIBRT D 2 & ;‘J\i"‘f‘éﬁ‘ ¥, ZDO%TT ITHIEE L7 o e E Ox S FIEICHOWTIE, 2.1.3
BT VARINVRER A HIFR T D A2 I L T 7EE 0,

A back totop

2.1.2 iRz Emy 3

In this section, you will learn how to add connecting wires to a schematic.

To wire your symbols together, use the diagram and steps below as a general guide:
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|RFIEjD
R2 ‘*
e H
1K Q1
V2 L Probe2-NODE
+
) _
ESR=5004 +Probe1-NODE
1u
[ PROBE1 "™~
e o T
Vi L1
—5 D1 IC=0 M-I+ R1
— Din414g 4~ 1m 1K
RLK=1Meg

| 1

LYVRLE DRI ADRA VE—2EE £

RER : A 5 —PEEDIEIZHE D O F T — ZFud, BRI ERE— FIZ) ) EboZ b anl T,
2 BB T AL MEMT DL, S~ VADOERZ 7Y v 7 LET,
BADHENEDITIT, DRIT LV ANMIEETDHET, SVRAOERZ E2/EZ ) v 7 LET,
4 —ODEBT AV "B boTeb, ~UVAODERZ %7V v 7350, Esc F—%##HLET,

B o T nie v v RAREE LT LE -7 5AICIE, Crl+Z 2845, 2

=2 —3—5 Edit» Undo Z &R UL, 3 <ICHIRT A2 Z R TEET, O TT ITHIBR L2255
DOFEFTEIZ DN TR, 213 B0 Vv ARAREBEZYIERT A 22 L T F a0,

A back totop

. ZIN 7N

This section explains how to remove symbols and wires individually and in groups.

— D —=DDO Y URRER A HIFRT H121E, IROFNEICHENET
1 HIBRLZ-WS RV E 3B R E 2 Y v 7 LET,
FEE . DN FETNTIIRPEFANZ D D FE T — L ED > FE (TR PER Iz b an L TOET,
2. Delete F—%f L £,
BEEDOR 2 VARl E £ L&D THIBRT 2121k, ROFNEIZHENET -
L BRA Y 7 ATHDIZIE, ~TVRAOERF U EZMLIEZEE, KHIlOAETRT v 7 LET,
2. @HAFRE LIS, ~URORZ L ET,
FER - o 2 RNDFIR (L) BEIZED D F T — 2T Z DERAC 2 o —F > P EIR S e
ZEERLTNET,

3. Delete ZHf L ¥,
FEBE - BN SR Y =2 N — % 2 AR B T R E T

B 1 . il o R 2RI 2. BRREOLY - Th 2 ) v TXET,

E!!!!!!m!!!!!!!H!!!!!H.llllllllllllllllllllllllll"
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BAICE T, YU RV OBERNORBREZHIR LN L0500 LhEREA, UTOFITIE, ANECRELD
TR Sz g &2 i H L CuvE 9, This procedure removes the wires, but leaves the symbol intact.
A
_|_

BEBR ORI 72T 2 HIBR L7 WEAIZIE. RO FIRIZHEVNET -
LShift x—Z#ML-FF. ~TADOERZ U EZRLRNL KTy 7 L, LLFDO X 9 ITERRER Y 28R U £ 3,

LM
+

2HMHERE LD, vV ADERS w2l LET,
FER : A > 2 RINDEIRPFICEDP D FF— T EDIIRPER S e Z L an L THET,

L1
+

3. Delete L £,
FELE - BRI BRI a1 SR 0> 6 0 2 F T,

L1
+

Special Case: Wires Which are Exactly One Grid Square Long

There are times when your schematic will have wires which are exactly one grid square long, and you would like to delete
these wires. This is difficult because the program enters the wiring mode whenever the mouse cursor is within one-half
grid square distance from a wire end. Here are a few solutions to this problem:

Disable the auto wiring by pressing and holding the Ctrl key when selecting the wire.
1. Disable the auto wiring by pressing and holding the Ctrl key when selecting the wire.
or
2. Select the wire by dragging a box which encloses the wire.

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_1_add_symbols_and_wires.htm[2016/05/05 9:37:09]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_1_add_symbols_and_wires.htm

Add Symbols and Wires

Once the wires are selected, you can press the Delete key to remove them from the schematic.

A back to top

21 ARBRZRETS

BB 2 PR A 2 121E, RO FNAITHENE T
1. File > Save Schematic As...Z #3525,
2. AT DT 4 L7 P —Z4BELET,
3. 774 V41E 1 _my _buck_converter.sxsch & L £,

ZOWRRETREINZREHIE, bbb v ra— R T&E9 1 SIMPLIS tutorial buck converter.sxsch.

A back to top
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Edit Component Values

22D L R— R NOIEERET A

This section of the tutorial explains how to edit standard components. 2.1 > AR /L L E#R 28192 CHRAF L 7= B #E X
IV, AR FNOEEETE T L5 LT, ERGFIE XD BRI L2 DIZLET,

In this topic:

What You Will Learn

2.2.1 Change Component Values

2.2.2 Change Probe Curve Labels

2.2.3 Configure the Waveform Generator

2.2.4 Save your Schematic

What You Will Learn

In this topic, you will learn the following:
e How to edit symbols and change values for standard components.
e How to change probe labels.
e How to configure the waveform generator.

221 aVR—FV NOEEZEE TS

The full load current for this design is 10A and the output voltage is 1.2V. The load resistance is therefore 120mQ. (/)
AL P A —OEPIEEE T D2, ROFIMEIENET -
LRIODYVVANEX TN Uy T L, +FH—INANTIVTER VANV D EIZHD Z L ZER LET,

Result: The Choose Component Value dialog box opens.

2. FaEdoi@Y . Result 7 4 —/L ROfEZ 120m [ZEF L £,

4 Choose Component Value ﬁ

Select Component Value

(] :
Base 1 = Series
]
Decade 1k p=t EG
@ E12
= E24
[
Result 120m =

| Ok D@J | Cancel

3.0kzx27 Vw7 LET,
4 AT T I~ EMOKEL, 2OoDV L RAOMEE FROLHICETLET

R4 aR—R DA ERBEDME
R2 o — MEHL 1.5
V1 ATV — A 12

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_2_edit_standard_component_values.htm[2016/05/05 9:37:52]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_2_edit_standard_component_values.htm

Edit Component Values

A back to top

22270 —TDHBRI_NVEEET S

Although not strictly necessary from an electrical perspective, the curve labels should be renamed to indicate which
circuit variables are represented on the graph waveforms. & I ZIZMETIEH D FHAN, 7T 7 ORI EDREIFED
BEENRERINTNDONPDLNDL L HICT 57201l BOAMELEETLHEIVWTLE D,

Fu—7 O R EE T A2, ROFMEICHEVET
1. Probel-NODE O > R E X TN Y v 7 LET,
#ER : Edit Probe 7 7z 23 & F 7,

2. Curve label 7 ¥ A R v 7 Z T4 #H% VOUT IZEHE LE,

, Edit Probe S

Probe Options Axis Scales | Axis Labels |

Curve label Persistence
\VOUT] 0 - default
Axis type Graph
G Auto select |:| Use separate graph
(") Use separate Y-axis Graph name
() Use separate grid
] Analyses
I Digital
_ ] All analyses disabled
Axis name
Transient
Display order FOP
AC swee
Arbitrary string to specify order O P
Colour

Use default | Edit
"] Plot on completion only

b

3.3.0kz7 U w7 LFET,
4 AT oS 1~2 &% #VIK L, T XH2ico 2 o7 a—T7 oo L2 BT L E£9

TLO BT~V ] & D2 BEHDT v
Probe2 NODE 2A v FT ) — R SW
IPROBE1 AVF I BE—ERTa—7 IL

A back totop
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BRI AR, BRx RO FIRIE 21D 2 L D TE L F#KRT A AT

3. MOSFET Q1 ZEhi{ES W 5I2ix, FED/ VLA, B, RigD L 234
%%Z)‘;‘/[Z‘gwc“jéo
PR3 sz NV AP L LTRIET DI, IROFNEIZTENET -
1 RGO VRNV N2EXZ TN ) v LET,
A - Edit Waveform 57 7z 703 & % 7,
2. XA 7 v 74l Wave Shape DF5r T, Pulse 7 VAR &I L £7,
3. e EERIC & D Frequency % 500k (2. Duty Cycle & 11 (2 H L £,
[& Note: The Edit Waveform Dialog is interactive, which means that as you make changes to certain fields,
values for related fields are automatically calculated and updated. For example, after you change the Frequency

to 500Kk, the Period is calculated and updated to 2u. The calculated values update on the dialog when you move
the mouse to a new field.

4, XATa7O—FBDOFDOHIZHD Pulse # 5IEELET,
5. Deselect the Default rise and fall check box.
6. In the Rise field, enter O to set a zero rise time.

Result: The Edit Waveform dialog should now look like this:

Time/Frequency Wave shape

Period  2u g Frequency 500k () Square

Width 220n g Dty % 11 () Triangle
Rise 0 Equal rise and fall () sawtooth
Eall 0 g Default rise and fall () Sine

Delay O @ Use delay () Cosine

Damping D () Use phase @ Pulse

(") One pulse

Vertical
ertica (") One pulse (exp)

Initial 0 Offset 2.5 @) Step
Pulse 5 Amplitude 5
Off until delay

Source idle during POP and AC analyses

7.0k &7 Y v7 LT, EEHROEERFLET,

TIFETKRZIELEZIAT, IOV I a2 —ya &L, S50 5ELEHED HLNDIREEIZ/R Y £ LT,

A back to top

_

A& X 2 R T 2 121E, RO FINEICHEVFE T,
1. File > Save Schematic As...Z %R L £,
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2. B ARIET DIEET o L7 N —ZFRELET,
3. 774 /V41E 2_my _buck_converter.sxsch & L £,
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|5/ Note: You will use this schematic in the next section, 2.3 Edit Multi-Level Models.

A back totop

© 2015 simplistechnologies.com | All Rights Reserved

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_2_edit_standard_component_values.htm[2016/05/05 9:37:52]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/2_2_edit_standard_component_values.htm

2.3 Edit Multi-Level Models

2.3 Edit Multi-Level Models

This section of the tutorial explains how to edit multi-level models. You will start with the schematic that you saved in
2.2 Edit Standard Component Values and then change more component values for this design.

In this topic:

Key Concepts

What You Will Learn

2.3.1 Change Capacitor Model Level and Value
2.3.2 Change Inductor Model Level and Value
2.3.4 Save your Schematic

Key Concepts

This topic addresses the following key concepts:

e Inductors and Capacitors used in SIMPLIS can have multiple model levels. A model level represents the modeling
complexity of the device; for example, a single capacitor symbol can model an ideal capacitor or represent a more
complex model such as a capacitor with ESR and ESL.

o The multi-level lossy inductor model has a built-in high frequency limit. At frequencies above the corner frequency,
the inductor becomes resistive.

What You Will Learn

In this topic, you will learn the following:
e How to edit symbols and change values on multi-level models.

¢ How to change the model level.

2.3.1 Change Capacitor Model Level and Value

Both the capacitor and inductor in this design are multi-level models, where the model level determines the parasitic
elements included in the model. Four model levels, 0 through 3, exist for the capacitor.

¢ Alevel O capacitor is ideal and no ESR, ESL or leakage is modeled.

¢ As the level number increases, parasitic elements are added to the model.

e To learn more about the four model levels, click the Help button on the editing dialog to open the topic for the
capacitor model.

This design is already set to a level 1 model. To change the output capacitor value, follow these steps:
1. Double click the C1 symbol.
Result: The Edit Multi-Level Capacitor dialog opens.

2. Change the Capacitance value to 220u as shown below.
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-~

,  Edit Multi-Level Capacitor: C1 s
Multi-Level Capacitor w/ Levels 0-3 (Version 8.0+)
Model level Parameters | Monte Carlo Parameters |
) Level 0 Parameters ] use 1C?
@) Level 1 o i
- Capacitance 2200 g F Initial condition |0 =
(T) Level 2 &
Leakage resistance 1Me 2 =
1 L3 . 0 m ] Use Quantity?
i Series resistance (ESR) 10m =iy =
i Quantity |1 -
Series inductance (ESL) 100n = H
ESL Shunt resistance | Calc 31.4159 | 0
| 0K %J | Cancel | | Help
! :
3. Click OKk.

A back totop

2.3.2 Change Inductor Model Level and Value

The inductor used in this design is also a multi-level model. The inductor has two model levels:
e Level O represents a pure inductor.
e Level 1 adds an equivalent series resistance (ESR).

Both inductor model levels have a parallel shunt resistance that limits the high-frequency response of the inductor. This is
important for reasons that will become apparent later in the tutorial; for now, however, remember that the inductor has a

built-in upper frequency limit and, at frequencies above this limit, the inductor becomes a resistor, reflecting the real
behavior of the inductor.

To automatically calculate the shunt resistance value from the corner frequency, click on the Calc... button in the editing
dialog.

The inductance value for this design is 680nH. To change the inductor value, follow these steps:
1. Double click the L1 symbol.

Result: The Edit Multi-Level Lossy Inductor dialog opens.

2. Change the Inductor value to 680n as shown below.
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F

» Edit Multi-Level Lossy Inductor: L1 ‘ M

Multi-Level Lossy Inductor (Version 8.0+)

Model level

Parameters Monte Carlo Parameters |
) Level 0 Parameters [V] use 12
@ Level 1 | ® s o (]
Inductance H Initial condition 0O = A

: =~
Shunt resistance 62.831%k & Q || Use Quantity?

Series resistance (ESR) 500u g Q Quantity (1

4 [k

| oK [ | Cancel | | Help

L

= — =

3. Next you will change the inductor Shunt resistance parameter. To change the shunt resistance, follow these
steps:

a. Click on the Calc... button.
Result: The Calculate New Shunt Resistance dialog opens with the 680nH inductance value copied from
the main dialog into the Calculate New Shunt Resistance dialog. The dialog has a built-in calculator

function which calculates the new shunt resistance value based on the inductance and the desired
frequency. You can change the Frequency entry and see the Shunt Resistance value change.

2 Calculate New Shunt Resistance Value M

Shunt Resistance Calculator

This dialog calculates a new shunt resistance based on the inductor value
and the desired upper frequency limit. At the specified frequency,
the impedance of the inductor transitions from inductive to resistive.

To calculate a new shunt resistance value:

1. Enter the frequency limit in the Frequency box.
2. The dialog automatically calculates a new resistance value.

When you click Ok on this dialog, the calculated value is returned and replaces
the value on the editing dialog. Clicking Cancel will return to the editing dialog
without changing the resistance value.

Calculate Mew Shunt Resistance Value

Inductance | 680n < H Shunt Resistance
] -+ o
Frequency 10| = Hz 42.7257k = Ohms
[ Ok l | Cancel | | Help

b

b. The default frequency value of 10GHz is suitable for almost all switching power applications. This is the

frequency above which the inductor will become resistive. Click Ok on the Calculate New Shunt Resistance
dialog to save the value to the Edit Multi-Level Lossy Inductor dialog.
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Result: The calculated shunt resistance value of 42.7257kQ is returned to the Edit Multi-Level Lossy
Inductor dialog.

, Edit Multi-Level Lossy Inductor: L J B

Multi-Level Lossy Inductor (Version 8.0+)

Parameters Monte Carlo Parameters |

FParameters |E| Use IC?

Inductance 680N g H Initial condition 0

: T
Shunt resistance | Calc... & 2 Use Quantity?

Series resistance (ESR) 500u Q Quantity |1

4. Click Ok.

_

BB 2 PR A 2 12iE. RO FINRIZHENE T,
1. File > Save Schematic As...Z# IR L £,
2. MRS DEET 4 L7 P —Z4BELET,
3. 774 /V41% 2_my_buck_converter.sxsch & L7,
4. When prompted to overwrite the existing file, click Yes.

@ Note: You will use this schematic in the next section, 2.4 Edit Parameter-Extracted Models.

)
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2.4 Edit Parameter-Extracted Models

This section of the tutorial explains how to edit parameter-extracted models. You will start with the schematic that you
saved in 2.3 Edit Multi-Level Models and then continue to make changes that more accurately reflect a practical design.

In this topic:

o Key Concepts

What You Will Learn

2.4.1Change MOSFET SPICE Model
2.4.2Change the Model Extraction Conditions
2.4.3 Save your Schematic

Key Concepts

This topic addresses the following key concepts:
e The correct model extraction voltage, current, and temperature parameters are required to produce an accurate
PWL MOSFET model.
e The MOSFET SPICE model is not used in SIMPLIS simulations, instead SIMPLIS uses a PWL model which
accurately reflects the actual SPICE model behavior.

What You Will Learn

In this topic, you will learn the following:
e How to change the MOSFET SPICE model.
e How to extract a PWL model.

2.4.1 Change MOSFET SPICE Model

In section 2.1 Add Symbols and Wires, you placed parameter-extracted models for the MOSFET and diode without
considering the suitability of the models. The IRF530 MOSFET is a 100V device with a high on-resistance; when what
you need is a 30V-rated device with a lower on-resistance. This design will use the Si4410DY MOSFET, which has a
drain-source rating of 30V and an on-resistance of approximately 18mQ.

To change Q1 to use the Si4410DY model, follow these steps:
1. Double click the MOSFET symbol.
Result: The Extract MOSFET Parameters dialog opens.
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Description

The SIMPLIS MOSFET model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.

Model type _ N
Model extraction test conditions
@ Extracted
— SPICE Model IRF530 hd | Select...
() User-defined =
. |
Drain to source voltage 1k =
. |
Gate drive voltage 15 =
Drain current 200 A
Model temperature 25 g °C
Model level o -
Limit maximum off resistance
Maximum off resistance 100Meq £
Extract | | Cancel | | Help

2. Click the Select button to the right of the SPICE Model field.
Result: The Select New Device dialog opens.

Search

Installed SPICE models

IN6782 -

2N7000 ]

2N7000/NXP

2N7000/PS ~
ok cancel || Hep |

3. In the Search field, type si441.
Result: Si4410DY is the only model which matches the sub-string si441 in the Installed SPICE models list.
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2.4 Edit Parameter-Extracted Models

, Select New Delicl@ﬁ

Search

si441]

Installed SPICE models

si44100Y

4. Click on the Si4410DY, and then click Ok.
Result: On the Extract MOSFET Parameters dialog, the SPICE model for Q1 changes to Si4410DY.

5. Leave the dialog box open to continue after reading about the parameter extraction routine.

2.4.2 Change the Model Extraction Conditions

Next, you need to change the model extraction conditions to the values used in this circuit. The parameter extraction
routine requires the following four circuit parameters:

The Drain to source voltage in order to determine the MOSFET capacitance values.

The Gate drive voltage to determine the conduction characteristics.
The Drain current to determine the threshold and transconductance of the MOSFET.

The Model temperature, which affects most parameters since this is the temperature at which the SPICE
simulation is performed.

For the optimum model accuracy, all four parameters should accurately reflect the voltage, current, and temperature of
the actual circuit.

To change the model extraction conditions, follow these steps:
1. With the Extract MOSFET dialog open from the previous instructions, enter the values as shown in the

image below.
Parameter label Value
Drain to source voltage 20
Gate drive voltage 5
Drain current 15
Model temperature 55

Result: The dialog should now look like the following:
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2.4 Edit Parameter-Extracted Models

4 Extract MOSFET : Q1 Parameters M

Description
The SIMPLIS MOSFET model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.
Model type _ N
Model extraction test conditions
@) Extracted
] SFICE Model Si4410Dy ¥ | Select...
() User-defined =
. |
Drain to source voltage 20 = v
. |
Gate drive voltage 5 =
.
Drain current 15 =
Model temperature 55 g °C
Model level 0 -
Limit maximum off resistance
Maximum off resistance 100Meq £
Extract l | Cancel | | Help |

| — .

2. Click Extract.

Result: The SPICE model Si4410DY is simulated at the supplied test conditions and a PWL model is extracted for
use in SIMPLIS.

243 BIBRMZHRETS

B ¥ 2 PRAF S 2 12E, RO FNEITHENET
1. File > Save Schematic As...Z %R L £,
2. AT DT 4 L7 P —Z4BELET,
3. 774 /V41%2_my_buck_converter.sxsch & L £,
4. When prompted to overwrite the existing file, click Yes.

@ Note: You will use this schematic in the next section, 2.5 Change to a User-defined Model.

A back totop
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2.5 Change to a User-defined Model

2.5 Change to a User-defined Model

This section of the tutorial deals with user-defined models. You will continue with the schematic that you saved in 2.4 Edit
Parameter-Extracted Models and then change the diode to a user-defined model.

In this topic:

o Key Concepts
e What You Will Learn

e 2.5.1 Model a Synchronous Rectifier with a User-defined Diode

2.5.2 Save your Schematic

Key Concepts

This topic addresses the following key concepts:
¢ A user-defined diode model can be used to model an ideal synchronous rectifier, with the minimum of circuit

components.
¢ Diode models are implemented with PWL resistors in SIMPLIS.

What You Will Learn

In this topic, you will learn the following:
 How to model a synchronous rectifier with a user-defined diode.

2.5.1 Model a Synchronous Rectifier with a User-defined Diode

SIMPLIS Diode models are PWL resistors with a high off-resistance and a low on-resistance. The parameter-extracted
models use a three segment model, where the third segment represents an intermediate resistance between the high

off-resistance segment and the low on-resistance segment.

The user-defined model uses a two segment model and you can enter the resistance and voltage values into the dialog.
Although it might not be obvious at first, this model can represent an ideal synchronous rectifier with the following
characteristics:

e The forward voltage of the diode is OV.

e« When the diode current is positive, the diode has a forward resistance equal to the on-resistance of the
synchronous rectifier MOSFET.

 When the diode current is negative, the diode turns off and the resistance is high, representing the off-resistance of
the synchronous rectifier MOSFET.

e Because the diode turns on and off in response to the circuit voltages and currents, the timing for the synchronous
rectifier is ideal, that is, no dead time or drive signal is required.

You will now change the diode to use the user-defined model and enter the parameters to make it behave like an ideal
synchronous rectifier MOSFET.

To change the diode to a user-defined model, follow these steps:
1. Double click the D1 symbol.
Result: The Extract Diode : D1 Parameters dialog opens.
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2.5 Change to a User-defined Model

Description

The SIMPLIS Diode model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.

Model type _ -
Model exdraction test conditions
@ Extracted
— SFPICE Model D1n4148 ¥ | Select...
() User-defined
Forward current 200m g A
Configuration
g Reverse voltage 62 g v
]
= Model temperature 50 oC
@ # Single - =
Model level [{} Conduction only - ]
— Number of Segments [3 Segments v]
()] E} Parallel
Initial Condition |1 Reverse Biased v |
i Limit maximum off resistance
© : Series =
Maximum off resistance 100Meq =l

¥
© {; Bridge

2. Click the User-defined radio button on the upper left side of the dialog.

Result: The parameters on the right side of the dialog change to User-defined parameters.

[5 Note: The User-defined parameters are set to the values calculated in the last parameter extraction.
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2.5 Change to a User-defined Model

-

4 Edit Diode : D1 Parameters

Description

Model type

Extracted

Configuration

o *
=

£

@) User-defined

Single

Parallel

Series

Bridge

The SIMPLIS Diode model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.

User-defined parameters

Label USER_LABEL
]
Forward voltage 787.536m = v
Forward resistance 1.36621 g Q
. ]
Off resistance 100Meg = 2
. ]
Output Capacitance 17.4352f & F
Initial Condition 1 Reversed Biased -
Ok l | Cancel | | Help

L

3. Make the following changes to the User-defined parameters:

Parameter label Value
Label ideal_sr
Forward voltage 0
Forward resistance 10m
Output Capacitance 0

Result: The dialog should now look like this:




2.5 Change to a User-defined Model

i N
4 Edit Diode : D1 Parameters ‘ M
Description
The SIMPLIS Diode model can be extracted from an installed
SPICE model, or can be manually entered by clicking on the User-defined button.
Model type
User-defined parameters
() Extracted
- Label ideal_sr
@ User-defined =
Forward voltage 0 v
Configuration Forward resistance 10m g Q
_ Off resistance 100Meq Q
@) # Single =
Output Capacitance 0 = F
B Initial Condition 1 Reversed Biased h
()] E} Parallel
© * Series
'-:.-' {; Bridge
| Ok [}J | Cancel | | Help
E ———
=

4. Click OK.

Result: The diode now represents an ideal synchronous rectifier with a 10mQ on-resistance and 100Meg ) off-
resistance. The forward voltage drop is OV.

A back totop

252 BB EHRETT S

A& B & PRAF S 2 11T, RO FINEIZHENET
1. File > Save Schematic As... 3R L £7,
2. PN ZRFT2ME(ET 1 L7 P —Z2BELET,
3. 774 /V41E 2_my _buck_converter.sxsch & L £,
4. When prompted to overwrite the existing file, click Yes.

ZOWRRETHRESINZRIEHIL, bbb v rn— R T&Ed : 2 SIMPLIS tutorial buck converter.sxsch.

A back to top
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Simulating the Design

30F/EHDYI2L—T a3 rEITH

In chapter 2, you created a synchronous buck converter schematic and changed the component values to suit this
particular design. = — kU 7LD ZDE 7 ¥ a Tk, SIMPLIS Ofiftt % A4 7 3 59 _XTIZHOWT, #EB K
OFEITOHEEFOET,
o JLRMZBIEMNT S 2 = L — 3 > — which is similar to the transient analysis in other simulators but much faster.
o FEHIEIER (POP: Periodic Operating Point) fi#tt— /3 7 a " —2 —DEEEESZE 0 H L £,
POP fi#HT Tl POP AT DEMT A 2RO 5 /) — REKFET D 72012, POP U H— 3 RV & Bi1d % 4
ERdH £,
e AC f@#r —£Fies. ACHEAJR, MOSFET 7' — h RZ A =480 L, BIRKZERLE LSO TYT, You wil
also find the control-to-output, or plant response, of the converter.

EREOMTE T ~TTH & BIEHITRO X 5128 £

N [huT
=0OUTAN

POP Trigger
U1 ug 4T

Si4410D ;
m R M i1
™ H
Lc{ | 15 Q1] | Law

c = — VOUT
@,w — i =W ESR=500u a
680n
= IL HL
L o

W1 W2 022 |é_1|;| HL |+
— 12 + —\3 ideal_sr = —1TC1 RA1
T (J—D' T O * [220u %12Dm

RLE=1Meg

fa

i
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Topics in this chapter

e 3.1 Set up a Transient Simulation
e 3.2 Set up a POP Analysis
e 3.3 Set up an AC Analysis

© 2015 simplistechnologies.com | All Rights Reserved

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/3_0_simulating_the_design.htm[2016/05/05 9:40:12]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/3_0_simulating_the_design.htm

3.1 Set up a Transient Simulation

3.1 BEMHTS I 21— a Y OREEFTD

This section of the tutorial shows you how to set up a transient simulation for a synchronous buck converter.

In this topic:

Key Concepts
What You Will Learn
3.1.1 Specify the Transient Analysis Settings

3.1.2 Save your Schematic

Key Concepts

This topic addresses the following key concepts:
e The SIMPLIS transient analysis is similar to the transient analysis available in other simulators, but it runs much

faster.
¢ Although the analysis settings are almost identical to SPICE transient analysis settings, the math used in each
simulator is vastly different. This allows SIMPLIS to simulate circuits much faster than SPICE.

What You Will Learn

In this topic, you will learn the following:
e How to set up the buck converter to run a basic transient analysis.
+ How to enlarge a graph and zoom in and out to examine it more closely.

311 BERITY I 21— a ryOBREEITS

RN I 2 b— 3 VOREZEIT IR, ROFIEICENET
1. 2.2 Edit Standard Component Values TaAVR—R Y FDEZZEBE L-RICEFELERBRZHRL AN, FiE
2 SIMPLIS tutorial buck converter.sxsch B =%9,

2. AT ¢ X —D A =2 —s3 =5, Simulator > Choose Analysis... Z 38R L 9,
A - Choose SIMPLIS Analysis &7 7z 27K 2 X 335§ &, /Periodic Operating Point; /AC/ /Transient/
D3 ODE TPEFRINET,

. Transient ¥ 7% 7 UV w7 L, 3DOORELZELLET, ZITiE, WEMITIaL— 3% 005 500us £
THEITL., BIBROR AL LV D8 ) — R HDT — X 2 RFT D X IREEITVET,
a XA T7a sy s A5 EICH D Select analysis 7 2= T, Transient ORiOF = VR 7 A&7 U w7
LET,
b. Analysis parameters &7 * = > C, Stop time % 500u |ZF%E L E T,

c. Saveoptions 7 > a T, AlDHIOTZVARZ %27 ) v 7 LET,

Result: The Transient tab should now look like this:
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3.1 Set up a Transient Simulation

-
4 Choose SIMPLS Analysi E
Periodic Operating Point | AC Transient
Analysis parameters
Stop time 500u g s
Start saving dataatt = 0 g 5 Default
Plot data ocutput
Mumber of plot points 10k g Default
Advanced...
Ok | Fun !}J Cancel ” Help

Select analysis

POP
4C
Transient

Save options

@) all

(") Voltages Only
(") Probes Only

No Forced Output Data
Force New Analysis

A XA TRy 7 ATFHORUINEZ7 Y v 7 LET,

B Tl Ok 23BN, E7-iZ Enter ¥— 2 LTV AEAITIE, F—R—FOFIF—2HL T

SYAN

FEE - o3 2 L—2 3 2P ETFI A, waveform viewer oy > NURFE, 3 0D 7 — T DpIER NN X

NnET,
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3.1 Set up a Transient Simulation

File Edit View SIMetrix Simulator SIMPLIS Simulator »» | Waveform Viewer ||
-9 @@ae exk{MLI TIVIE

simplis_tran1 (D:\simplis_tutorial\2_SIMPLIS_tutorial_buck_converter.sxsch) /X

W [ | vouT (Y1) W[ | sw(r) B[] (v2)

Y2 Y1

22
20 1
18
16
14

IL /A

[ B o T o o R e |

0 100 200 300 400 200

time/uSecs 100uSecs/div

¥ -228.228uSecs y: 14.1471A

5. 2077 7% ELICFEL RA7DIZiE, V1 RUuEiiR L, BLTICHES TA—LA U7 7 N OEIEEZITW
ES

@ X—ALAUTHBIZIE, YTVADERZ M LI-EE, V77 g lUAaEE K7 v 7L
7,

@ X—A7 v hrTAHIZI%. Home F—2H L E7,
Ctrl+Z. BiD A — AFERIZETIZIE, Ctri+Z = L £ 7,

B i:oiar—va R elLl, ROTVWI I 70T 5 HECON T, H4EORENO 25D ey 7
(4.1 Output Curves to Separate Grids & 4.2 Reorder the Graph Grids) TiflL < 2l L F9,

A back to top
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[ 2 R AF 5 121E, IROFNEICHENE T,
1. File > Save Schematic As...Z %R L £,
2. MIBREZRGFTDMEET L7 M) —ZELET,
3. 774 /V41% 3_my_buck_converter.sxsch & L £,

ZOWRRETHRESNZRIEHIL, bbb A v rn— R T& %9 : 3 SIMPLIS tutorial buck converter.sxsch.
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3.1 Set up a Transient Simulation
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3.1 Set up a Transient Simulation
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Set up a POP Analysis

3.2 POP f#r DR EZEIT

~a
U\

E

OBV a T, ZOa AN —E—DEFIR
Point) fENTZ4TVNE T,

EDENEERFET 5721, SIMPLIS POP (Periodic Operating

In this topic:

o Key Concepts

What You Will Learn

3.2.1 Add a POP Trigger to the Schematic
3.2.2 Set up the POP Analysis

3.2.3 Save your Schematic

Key Concepts

This topic addresses the following key concepts:

¢ In order for the POP analysis to find the steady-state operating point it needs to know which node on the schematic
represents the lowest periodic frequency. You identify the lowest periodic frequency node with a special SIMPLIS
symbol, the POP Trigger Schematic Device.

e ZMPOP U H—ET/WE, SIMPLISHIH D& DT, HEAEELEL K OHBHERNSEENATWET

e POP [ U —7 /34 ZIX SIMPLIS IZxt L, POP it DB & D A7 7 — R % fif > THi7= 72 POP JE# 0 Bn
T 200 %R LET,

o ZOREK — NiE, VAT LAEENEBIIIC L 5 &IEEEE (EWBANE, Y AT LANOT R TOTRLF
— TR DA R E 2 R T RAREEE) TAA v F 7585, POP U —&F# S EE T, For
this converter, any voltage which switches at the 500kHz switching frequency can be used for the POP Trigger
input.

What You Will Learn

In this topic, you will learn the following:
e How to add a POP trigger to the schematic

3.2.1 BRIz POP kU H—%BINT 5

POP ~ U —ZBNT 521X, L FOFMEIZHENET,
1. Open the schematic that you saved after running the transient simulation

or
open 3_SIMPLIS tutorial buck converter.sxsch.

2. From the Part Selector, double click on the Commonly Used Parts category to expand the list.

3. BB LU X oG Pop Trigger Schematic Device # % 7V U v 7 LET,

4 A B 2 —DF S I FEI— I N EHESTNE, v T ADERZ U ZMLTPOP M) H—%FELET,
|5 & : POP KU —ZFE LK, BEISELOGEICE, vV AZVRUCEDE, LRy 2 LIZ
FERFRIT I LET

2A v F 77— e Y —2 & UTHERT 2123, ROTFIRICHE> TR Z LET,
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Set up a POP Analysis
1L FUF—BEREN TN L ZfEGE L, POP N U H—DEBIOT A O — Y NV BEEET,

FEEE - U — I F NI P D F T
2. VU ADERZ L EH L, Lo TEVKEDOREZF & £,

B b ) —ERTVADERS EMUTHAZIED , AL v F L7 — ROEET v —T |2kt d 27 A £ THRHR
ZIEITLET,

4. FFE~S T ADERS VAL THER L, 0T T ADERY 2L TR EKZET,
FEEE - AIBSRIE = DL SIS D E T

POP Trigger
Si4410DY aF
I_
R2 ‘** 1 I
Favs H
ya 19 Q1 SW
+
&)
ESR=500u AVouT
680N
! L "
R . T
V1 L1
——12 ideal sr IC=0 ML+ (4 R1
— TZHI 220u 120m
RLK=1Meg

| 1

5. 20N —= a3 YORBEREZRFT 5100, BIRK=T 4 % —0 2 =a2—/ =05 File > Save Schematic Z &R L
\i—g—o

A back to top

3.22 POP T OREZIT D

POP it DR 2R ET D123, RO FIRICHENET,
1. [RIEEXKTT ¢ Z—D A ==2—/,3—=)5 Simulator > Choose Analysis... &z 3R L £,
FEH - Choose SIMPLIS Analysis 7 7z 23 #&n S E T,
2. Periodic Operating Point # 7% 27 U v 7 L&,

3. XA Ta TRy 7 A4 EO Select analysis 7 25 > C, POP|ZF = v 7 & AfL, Transient »"HF = v 7 &4}
L%,

4. [AIEOIKAA v F o THMERET 2I121E, 471270 Timing £ 7 3 3 > I217&, Maximum period Off%
22us ITEHE L £,

B8 cITEFREOEHO 110%I27 0 £4, S RJEH O EMEIL. POP A3 IRAE 2 {89 iR 22 i % HI IR
LFET, ZAREHOREEIIAAL v T 7R LY S RE L RITNIRR 0 SN, AL v T TR 2 %
PLEICIEREL W 2B LET,
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Set up a POP Analysis

, Choose SIMPLIS Analysi e

Periodic Operating Point AC | Transient |

Select analysis

FOF Trigger source FOP
Use "POP Trigger" schematic device AC

(Commonly Used Parts->POP Trigger)

Transient

Custom POP Trigger gate }CJF‘ Trigger Schematic Deuice|

Save options

@ All
() Voltages Only

Trigger condition
@ £ Rising edge (logic low to logic high)

() % Falling edge (logic high to logic low) (") Probes Only

Timing
Maximum period 2.2U 5
Cycles before launching POF 5 g Cycles

No Forced Qutput Data

Force Mew Analysis

5. fRATIE R OBEEZ AT L7256, IROWTNLEITWVET
® RunRK¥ o %71 vr45

FErzix

@ Ok#%#7 Vvl LTCTF—2%RFEL, Ya—F Iy FF—FOZHLTyIal— a3y
EITT D,

AL - waveform viewer 7 7 > NI, 2 2 ooN— K — D E T CRED I TR X F T,
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Set up a POP Analysis

File Edit View SIMetrix Simulator SIMPLIS Simulator » | Waveform Viewer |¥|

N-9 qaa @xF{F LI

W [ | vouT (Y1) W[ ] sw (Y1) W[ ] 1(y2) i
Y2 Y1
15 il I I

) 10 [\ \ N
0 3 A A Y Il\
10| = a_ll \ \ \ \
o A VAT A

8.5 | | E— | E—— | a— E—

IL /A

time/uSecs 2uSecs/div

| simplis_tran1 VOUT (Y1) | simplis_popl VOUT (Y1)

¥ -360.36n5ecs y: 11.7666A

DY 4 RUTIE, 5 DO AAL v F o TH A 7 220 T, VOUT, SW, IL OEEN T a—T7 (& THRRIN
* 4, Notice that the converter displays no settling behavior and the waveforms are in perfect steady-state. The POP
algorithm can save enormous amounts of elapsed time by accelerating the simulation to the correct steady-state operating
point.

Br: 7o b7y rEMT LTI 755003 T2 HECOWCE, BAEOENDO 250 R Y7 (41
Output Curves to Separate Grids ~ 4.2 Reorder the Graph Grids) THt Y i £,
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3.2 3 EIBRDBRT

[ 2 R AF 5 121E, IROFNEICHENE T,
1. File > Save Schematic As...Z#iR L £,
2. BIBREZRGFTDMEET L7 P —ZfELET,
3. 774 /V41% 4 _my_buck_converter.sxsch & L ¥,

ZOWRRETHRESNZRIEHIL, bbb A v rn— R T&£9 4 SIMPLIS tutorial buck converter.sxsch.
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3.3 Set up an AC Analysis

3.3 AC BT DR EZLIT S

You are now ready to set up the buck converter for an AC analysis. You first will add a basic pulse width modulator
(PWM) to the circuit.

In this topic:

o Key Concepts
e What You Will Learn

o Getting Started

e 3.3.1 Prepare the Schematic

e 3.3.2 Add the New Symbols

o 3.3.3 Add Wiring to the Schematic
e 3.3.4 Save your Schematic

e 3.3.5 Change Parameter Values

e 3.3.6 Setup and Run an AC Analysis

e 3.3.7 Save your Schematic

Key Concepts

This topic addresses the following key concepts:
e The SIMPLIS AC analysis simulates the time-domain, switching circuit model, no averaged model is needed.
e Although you could run an AC analysis on the schematic as it is, the AC analysis would have no additional
information because the schematic has no modulator.

o Version 8.0 has a Multi-Level gate driver which can represent several kinds of gate drivers and will be used in this
design. The driver symbol dynamically changes when you change the model level, depicting the model.

e You can search for symbols using the

[y

tool button.

What You Will Learn

In this topic, you will learn the following:
e How to add a basic PWM modulator, MOSFET gate driver and a AC small signal source.
+ How to set the analysis directives and run a POP and AC analysis on the converter.

Getting Started

ZOEE T, IRFL Th DEAHT DRI Zff 5 >
4 SIMPLIS tutorial buck converter.sxsch #Bi& £,

7w RRFRRINTWRWGEEICIE, BIRMTT 4 —0O A =2 ——5 View > Toggle Grid Z&#R L £,

3.3.1 BIRM % #HIT 5
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3.3 Set up an AC Analysis

To make room for the new modulator symbols, you will need to move several symbols on the previously saved schematic

To move the symbols, follow these steps in the schematic editor:
1. Open the schematic that you saved after running the POP simulation

or
open 4_SIMPLIS tutorial buck converter.sxsch.

2. AVR— L FEER L TCTHICBEBIS TS0, V2 L R2OBIOY 4> FY B +Fh— Y Vv E2EE, T
XD X HIZHIZED»> TRy 7 ZAZHFHNTTRTCOa v R—3x > NEHAEAET,

. POP Trigger

+
I

S

- ESR=5000 -
" BBONn
. -

' idedl st Jcs0 ttlegr R

V1

DT ... 7T220u . J120m,
o L RLK=1Meg| . .

FEBE  BIRS L 2 2 — R NSRS EICE P O FT
3F WD E It T — Y v ESbY, BREAN-a R — o FEAIZ207 ) v RS RIT v 7 LET
4, T THELSERENTVD 4 ODEREZZNENHIBRT 272121, BRI FTEI—Y v E b, vU R
DERZ L, Ctrl+X £7-1% Delete ¥ —% L £,

'Si441£‘3‘
r |k
WA —
v s
+
()
—_— 1z ... . .. . . ideal_sr
=T T AR

SN2 AN EIZ Yy L, BZ27Vy R RI7y 7L, TROXSIZVL ERICESICRD L) FIcBEEhx
HEJ,
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3.3 Set up an AC Analysis

A back totop

332H LW URAEBINTS

2OOEWRE 1 DORPREIRZEMT HITIE, WO FNRIZHENET,
1. Commonly Used Parts ® %7 2 U —dOH /)5 Power Supply # X727 U w7 LET,

2. I — VA V2 WIERAEROEMICE > TWVWE, T RDERZ L HZ 7 v 7 LT FLZDLHIZV3 %
LTAE A =

v2 . | 5

Result: This voltage source V3 will be the duty cycle control for the power supply.

3. FIELAZBVELEST, +FEI—YLEDLOLELEEMICEDE, YSDADERE2VED )Y LTTFRD
Xolcva #idE L E9,

o sid410D
I_
- 15 O
5 T

— V4
V1 N2 | B
— 12 — N3 ... .. . ideal_sr
— —me

Result: V4 will be the floating gate drive power supply.

4. Commonly Used Parts D77 = U — D)0 AC source (for AC analysis)x % 7 /v 7 U w7 L, +5F 01—V /L% V3
VURNLD EIZFFoTVWE, 7Y v 7 LT RO L I ICRIMERZEE L £,
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3.3 Set up an AC Analysis

v2 . | 5

Result: This AC source V5 will perturb the circuit during the AC analysis.

To place the Comparator and move some of the symbols, follow these steps:
1. From the toolbar, find the tool button with the binocular icon

[y

. Click on the tool button to open the Search dialog.

Result: The Search dialog opens.

Search

| Include model library parts

0 Multiplications-1 Divisions 1 Multiplications-3 Divisions 1st-order Laplace Tr:

0 Multiplications-2 Divisions 11 X 8.5 Worksheet 2 Multiplications-0 C

0 Multiplications-3 Divisions 17 X 11 Worksheet 2 Multiplications-1C

1 Multiplications-1 Divisions 1st Order Discrete Time Filter 2 Multiplications-2 C

1 Multiplications-2 Divisions 1st-order (Obsolete) 2 Multiplications-3 C

< [ 3
Ok Cancel

[& Note: You can also open the Search dialog with thePlace > Search Part... menu item.

2. Enter com in the search field.

Result: The symbols which contain the sub-string com are shown.
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3.3 Set up an AC Analysis

P 0
Search
com| ] Include model library parts
Comparator - Classic (Legacy) SIMetrix Compatible Logic G

Comparator w/ Analog Inputs and Digital Outputs
Comparator with Ground

Digital Comparator

Ground

< | Il r

ok || cancel

3. Select the Comparator - Classic (Legacy) entry and click Ok.

4. Place the cross hair just to the right of V4 so that the negative input and inverted output line up with the R2 symbol,
and click the left mouse button to palce the comparator U1l as shown below.

o sanohy
15 - - Q1

SEANEE

N2 | s
— V3. ... ... deal st

TP

Result: Ul in conjunction with the ramp source V2 will form the duty-cycle modulator, with V3 providing a duty
cycle input.

5. Click the line just above the U1 symbol text and drag the mouse to move it up 4 grid points.

6. Hold down the left mouse button and draw a box around all of the symbols on the left side (V1, V2, V3, V5, and
U1), and then drag them all to the left 6 grid points.
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3.3 Set up an AC Analysis

- - - - si4410D
R |k
I_
15 - .. Qf
5 T
— V4
V1 o
— 12 _ideal_sr
- “pi &

The next symbol for this design is the Version 8.0 Multi-Level MOSFET driver.

To place a multi-level MOSFET driver, follow these steps:

1. In the Part Selector, double click the MOSFET Drivers category and then double click Multi-Level MOSFET
Driver (Version 8.0+).

2. Place the cross hair between the comparator U1 and the resistor R2.
3. Click the left mouse button to place the new symbol as shown below.

'Delay'r'”: |_

M”

of | o =

J-_l-_-n- |l: T - e

. S I
ﬁRT.N......'J:'wﬁﬁﬁﬁﬁﬁ

V1 v2 | 5.
— 12 — N3 .. . ideal_sr
— _Tmz

Finally, you need a probe to generate the gain and phase curves. To add a Bode Plot probe, follow these steps:

1. From the Commonly Used Parts category, double click Probe- Bode Plot - Gain/Phase - w/ Measurements,

and move the cross hair to the top of the schematic above the POP Trigger symbol and then click to place it on the
grid.
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3.3 Set up an AC Analysis

IN [QUT
| =OUT/IN |

POP Trigger
.
I

l .

Result: A dialog opens for you to add common measurements to this Bode Plot probe.

4 Add Measurements t... ﬁ

Gain Crossover Freguency
|:| Gain Margin
"] Phase Margin

[ 0Ok l | Cancel

.

2. Uncheck Gain Margin and Phase Margin, leaving only Gain Crossover Frequency checked, and then click Ok.

Result: The built-in Gain Crossover Frequency measurement is added to the probe. This measurement will be
made every time the simulation is run.

A back totop

3.3 3 EIRHICER BNt A

ToREHEV, [BIEXICESRZEMLE3, Youwil need to add ground symbols to the ground returns of U1 and U2.
The keyboard shortcut G places ground symbols.
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3.3 Set up an AC Analysis

IN [puT
=QUTAN

POP Trgger
hal

Sid410D F
Tk
S (B e Jn|  l£F
. 1 X
It ¢:| Q] | Lsw
@‘-.ﬂ. L RTH —v4 SvouT

E— ESR=500u
580n
HL

= IL Y
W1 W2 5 ) IIC_L:I i |
=12 CJLD — 3 ideal_sr—e = LI* g %FH

T 01 ™ Z20u 120m

RLK=1M eg

Y

A back to top

334 R ERETS

B F& X 2 PR 2 12iE. RO FIRIZHENE T,
1. File > Save Schematic As...Z %R L £,
MK 2R GF T 21EET 4 L7 MU —ZBELET,
3. 77 A4 41%5 my_buck_converter.sxsch & L £,
ORETRFEINZREXIT, ZbohbX v ran— R T&%E7 :5 SIMPLIS tutorial buck converter.sxsch.

A back totop

335 5 A—F—DEELEETS

VIR FERIBINLZZ & T, WERELRV2OHEE VAN ARG T v 7 OEBERICERE LE L=, UT
DOFNETIZ, BRI T2 IV E—I DO E—7 FTICTHEL, DCEF (V3) Nar RX"—F—DF 2 —F 4 —H A
7V (11%) 22 LW DCHHE (0.11V) 2725 X9l LET,

W AEZRRDNRT A —F—DEEZET T HI21L, WOFNEICHENET
LN2Y VRN EXETAZY 7 LET,
FEEE - Edit Waveform &7 7z 245w 2 X NS ET
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3.3 Set up an AC Analysis

Time/Frequency Wave shape

Period 2u Frequency 500k () square

Width Duty/% 100 (") Triangle

Rise |:| Equal rise and fall @ Sawtooth

Fall [/] Default rise and fall () sine

Delay 0 @ Use delay () Cosine

Damping D O Use phase f:jl Pulse

() One pulse

Vertical
ertica (") One pulse (exp)

Initial 0 Offset 500m (") Step
Pulse Amplitude 1
Off until delay o]

Source idle during POP and AC analyses

2. X477 OEMNCH S Wave Shape 7 2 3 > T, Sawtooth 7 VA RHZ U ZEIRL £,
3. Pulse Ofi% 1V IZRE L £,

4. Ok z7 U w7 LET,

5 V3L RnLa&Z7 7Y v 7 L, DCVoltage % 110mV IZEE L, Ok %27 U v 7 LE7,

To change values on the MOSFET driver, follow these steps:
1. Double click on U2, the Multi-Level MOSFET Driver.
2. Change the Model level to 0.
3. Uncheck the Use delay checkbox.
4. Click Ok.

Result: The symbol for the MOSFET driver changes to represent the level 0 driver which uses on/off resistance
switches to drive the MOSFET. Additionally, the delay block has been removed from the symbol indicating that
the driver has zero delay.

A back to top

_

AC fifHT 2 FATT 2121, IROFIRICHENE T,
1 FRH=T 4 ¥ —D A =2 —s =75, Simulator > Choose Analysis...Z 3R L £7°,
2. XAT7aZOAMTACEZ 27Uy 7 LT, TRROLIICTF =y 72 ANET,
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3.3 Set up an AC Analysis

, Choose SIMPLIS Analysis .

Periodic Operating Point AC | Transient |

Select analysis

FOF Trigger source |:| or
Use "POP Trigger" schematic device oz

(Commonly Used Parts->POP Trigger)

Transient

Custom POP Trigger gate }CJF‘ Trigger Schematic Deuice|

Save options

@ All

() Voltages Only
(") Probes Only

Trigger condition
@ £ Rising edge (logic low to logic high)

() X Falling edge (logic high to logic low)

Timing
Maximum period 2.2u s
Cycles before launching POF 5 g Cycles

No Forced Qutput Data

Force Mew Analysis

B :POPOF =y s Ry s 2cbF =y /7 BASTT L—IZEDY | POP iRt & AC M Oli VAT S
%HZ &7 £9, Forevery AC simulation, SIMPLIS requires a POP simulation to be run first.

33 Runz27 Vv LFET,

EEIF
Ok %7 Vv 7 LTHhHF9ZMLET,

Result: The control to output response of the buck converter is output to the waveform viewer.
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3.3 Set up an AC Analysis

File Edit View SIMetrix Simulator SIMPLIS Simulator »» | Waveform Viewer ||
-nqa@ exFL LI B LfYoeRe »

simplis_ac3 (D:\simplis_tutorial\5_SIMPLIS_tutorial buck_converter.sxsch) @@

Fo

M | | Phase W [ | Gain
Gain Crossover Frequency 46.455877kHz

o

]

= -45

S 90

3 \

® 135

A \_
O 180

20 =

0 ™~
T~

20 "
40 \

1k 2k 4k 10k 20k 40k 100k 200k 400k M

Sain / dB

freq / Hertz

simplis_pop3 VOUT (Y1) simplis_ac3 Phase
®: 2.15443kHertz y: -2.70338dB

Notice that the Gain Crossover Frequency is measured and displayed on the Gain curve legend at the top of the box. In
this context the Gain Crossover Frequency is simply the frequency where the Gain reaches 0dB. As expected the Gain
at low frequency is slightly greater than 20dB, and the control-to-output transfer function has a double pole at the LC
frequency of approximately 12.5kHz.

It is important to note that the AC response of this circuit is taken from the full, non-linear switching model, and no small
signal AC model is required. As a result, the effects of parasitic elements in the design are accurately modeled and
automatically included in the AC analysis. A simple example is the DC gain of the power stage. The DC gain is slightly
lower than the predicted value due to losses in the circuit.

33 7R ERETS

B ¥ 2 PRAF S 2 12E, RO FIMEICHENET
1. A==—/3=0 File > Save Schematic As...# 3R L £7°,
2. MIBREZRGFTMEET L7 P —ZfELET,
3. 774 /41X 6_my buck_converter.sxsch & L £ 7,

ZORETRESINZREXIZ, Z2bbh6X v ra— R T&E7 : 6 _SIMPLIS tutorial buck converter.sxsch.

In the chapter 4, you will separate the POP waveforms to make it easier to understand the converter operation and
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3.3 Set up an AC Analysis

performance.

A back totop
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Managing Simulation Output

40V 2 b—va UREROBEH

Fa—hMNITALOZDOET 3 TlE, LLFEE1T9

BIZOWTHEVET,

Separate the waveforms onto individual grids and change the vertical order of the grids.
For each curve, change the number of simulation runs displayed on the waveform viewer.

Interactively make scalar measurements on the curves after the simulation completes.

Zkicky, EESe—70

REEIT> TRRLTWI T 72T 50

Add scalar measurements to the fixed probe symbols. These measurements are automatically made
after each simulation run.

ZOEEZETTHE, FEHIFKRO L HIZmD £7

W1

= @

P OP Trigger
N
! Ut Si4410DY =
l_
L/ |k £
oL —
I:.
LQ( 1 at A=W Mean=12104358V
* AL __E' Peak To Peak=3.9155217mV
@u& = i =V ESR=S00u
&20n
e ”_ ML
" :_T_W
L1
=3 ideal_sr IC=0 M|ty
D1~ “T-220u
RLK=1Meg

IN [HpuT
=QUT/N

vouT

R1
%120m

Topics in this chapter

e 4.1 Output Curves to Separate Grids

4.2 Reorder the Graph Grids

4.3Define Waveform Persistence

4.4Add Scalar Measurements to Output Curves

4.5 Add Scalar Measurements to Probes
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Output Curves to Separate Grids

4.1 Output Curves to Separate Grids

This section of the tutorial explains the process of automatically outputting curves to separate grids. While there are
several ways to interactively move curves to new grids on the waveform viewer (e.g. Curves > Stack All Curves), these
methods need to be run after every simulation. Instead of describing the interactive methods, this topic focuses on
automatically making these measurements by adding the measurement definitions to the fixed probes.

In this topic:

o Key Concepts
e What You Will Learn

e 4.1.1 Separate Curves onto Individual Grids

e 4.1.2 Saving your Schematic

Key Concepts

This topic addresses the following key concepts:
e Why you might want to display curves on separate grids.

e The SIMetrix/SIMPLIS software does not graph vectors with different physical units on the same axis; instead it
creates a new axes for each different physical unit.

What You Will Learn

In this section, you will learn to the following:
¢ Why you might want waveforms on separate grids.
e How to output curves to separate grids.

In the graph output from 3.3 Set up an AC Analysis, you had two tabs: simplis_pop1 VOUT (Y1) and simplis_ac1l, these
are the data groups created by SIMPLIS.

[=F Note: SIMetrix/SIMPLIS adds a integer at the end of the data group name to make the data groups unique. The
number after the group names simplis_pop and simplis_ac might be different on your waveform viewer, depending on
how many simulations you ran since you started the program.

If you click on the simplis_pop tab, you should see three curves on one grid with two axes, as shown below.
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File Edit View SIMetrix Simulator SIMPLIS Simulator »» | Waveform Viewer ||

O~-9 Qe ok 7 L] s ave o0 0

simplis_pop1 (D:\documentation.simplis...SIMPLIS_tutorial_buck_converter.sxsch) E@

»

-

W [ | vouT (Y1) W[ ] sw (Y1) W[ ] 1(y2)

-

Y2 Y1

"5 B N 1 N | I | N

T
ol R

9.5 4 \

L /A
=

A

on
=I
e
=il

1 |} \ |}

8.5 0 j _\I J \
0 2 6 8 10

time/uSecs 2uSecs/div

simplis_popl VOUT (Y1) simplis_acl Phase |

w07 y: 07

Notice in the illustration above that the voltages are grouped on Y1 axis and the currents are on the Y2 axis since each
physical unit requires its own axis.

—o0 7Y v RED3So0##E (Of : VOUT, #E:SW, & :IL) BHDIRETIE, o _"—FOEECHEREZ R LS
LD AR H Y £9, FlIE, 1.2VOHEREZ, SWEBP LR L EIc7 ey hand &, SW / — FEED
FFISFHRHEIE DML D MR E W28, L8O L 9 IR 2 F9, It makes sense to split the waveforms onto multiple
axes, or grids, so that the curves with similar amplitudes or functions are grouped together.

4.1.1 Separate Curves onto Individual Grids

To separate the curves onto grids with one curve per grid, follow these steps:
L BAVWTWDEEE 22—V =&AL, BIKX=T 7 —IZRY, VOUT 7u—7247 L7 ) v 7 LET,
A Edit Probe 57 72 24w 2 RPERSIHET,
2. Axis type O34y T Use separate grid 3R L, Ok 27 U v 7 L¥ 7,
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Probe Options | Axis Scales | Axis Labels |
Curve label Persistence
VouT 0 = [V] default
Axis type Graph
() Auto select Use separate graph

() Use separate Y-axis Graph name :

@ Use separate grid

— Analyses
I Digital
. All analyses disabled
Axis name
Transient
Display order FOP
|| AC swee
Arbitrary string to specify order P
Colour

Use default | Edit... |
Plot on completion only

| ok M' Cancel || help |

BLFOEML, YR 2lb—va Vv EEHEETLET,
4. B ¥ = —U—"Tsimplis_pop.. ¥ 7% 7 Vv 7 LET,
FER o HE/E, NOUT BEF L2 o N EICE RS, BHAIZE 5 & 5 HEBHIIZ AR D S F T,
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File Edit View SIMetrix Simulator SIMPLIS Simulator »» | Waveform Viewer ||

N~ @@ @xF47 LI eSS

simplis_pop2 (D:\documentation.simplis...SIMPLIS_tutorial_buck_converter.sxsch) E@

»

-

W[ | vour W [ ] sw(r1) W[ ] 1n(y2)

-

AT
> 121 ff 11 }; \\ ff 11 ff \1 I.f \\
g L2 A Y I AN Y I A Y A I AN
O 4009 ’: { fl 1 }r tf! 1 }r \
1208 b/ M W
Y2 Y1
Y By h 3y A
=l ) AN AN AN AN Y
SR 2 | — Y
I B A SIS N (Y
8.5 0 Y | \
0 2 4 5 3 10
fime/uSecs 2usecs/div

simplis_pop2 VOUT simplis_ac2 Phase |

w07 y: 07

5. a2 —U—%L, BRK-T 4 X —IZEY, LT —T%2X TN ) v 7 LET,
6. Axis type ®O#4yC Use separate grid Z 3R L £ 7,
7. Axis name ##iZ currents & AJJ L E9,
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Probe Options | Axis Scales | Axis Labels |
Curve label Persistence
IL 0 E: default
Axis type Graph
() Auto select Use separate graph

() Use separate Y-axis Graph name :

@ Use separate grid
- Analyses
I Digital

. All analyses disabled
Axis name currents

Transient
Display order FOP

| AC swee
Arbitrary string to specify order P

Colour

Use default | Edit... |
Plot on completion only

ok M| cancel ||  Help |

B Axisname # ANTBZLICED . AL X7 Z—DOHERAVOUT LRILZ Y v RICERShHANE
I LFET,

8 FOZML, I a2l —arvaERHEIETLET,
FEE - Flow ), THEADHRP G 4~ DY » N EICFARIET,
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» [Wavefnrm Viewer "’]

File Edit View SIMetrix Simulator SIMPLIS Simulator

o @@ emEAR LB LXTLRE

simplis_pop3 (D:\documentation.simplis...SIMPLIS_tutorial_buck_converter.sxsch) @@
W[ | vour [ | sw | Hg! :
15 [y P f M oy,
DTN N N | N | N
< 1050—N N, N AN N
- ~_] Y | Ty, | Y ! e I e
1 9 59 N, N~ i ~ ] ~ 1] N
~] Ny, Ny, Ny, Sy, N
8.54 N
i P Pt i P
= 1.211 7N 7\ 7N F ALY AN
- : 7 5 Fi S 7 L1 7 5 7 1Y
5 121—% L% S 17 Y17 L Y
II "‘\ ff \1 ;'f \1 r“ \1 .rf \1
Q 1209 / ] ] / \
1208 -
=
= 4
05 ? 4 5 8
time/uSecs 2uSecs/div
simplis_pop3 VOUT simplis_ac3 Phase

¥ 3.67347uSecs y: -1.76311V

A back totop

4.1.2 ERRZRET 5

B X &2 PR T D 121X, RO FIEIZHEVE T
1. A==2— =5 File > Save Schematic As... Z &R L £,

2. B A RIET DIEET o L7 N —ZHRELET,
3. 774 /NV41E7_my_buck_converter.sxsch & L £,

ZORETRFSINZEIERKZ, ZbonhbF v rr— N T&FEJ 7 SIMPLIS tutorial buck converter.sxsch.
In the next section, you will change the order of the grids.
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Collected links
3.3 Set up an AC Analysis

7 SIMPLIS tutorial buck converter.sxsch
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Reorder the Graph Grids

4277707V v REWOEZD

This section of the tutorial deals with the order of the grids in the waveform viewer.

In this topic:

Key Concepts

What You Will Learn

4.2.1 Change the Grid Order
4.2.2 Save your schematic

Key Concepts

This topic addresses the following key concepts:

¢ The default grid, which in this case contains the SW curve, is always the lowest grid in the waveform viewer. The
default grid cannot be deleted, but it can be empty; that is it has no curves plotted on it.

o Grids other than the default grid are ordered from top to bottom by alphanumerically sorting the curve names on
the grid. The order of the grids up to this point in the tutorial is determined by the curve names: IL and VOUT, with
the IL grid appearing above the VOUT grid. You can change this order by assigning an arbitrary string to the probe
symbol, the sorting algorithm will use this string in place of the curve name.

What You Will Learn

In this topic, you will learn the following:
e How to change the vertical order of graph grids from:

1 IL

2. VOUT

3. SW

to

1. VOUT

2. 1L

3. SW

4217V v ROIEFZEZD

70w RONEFEZE 2 5121, B2 > 3 > 4.1 Output Curves to Separate Grids @ 7 SIMPLIS tutorial buck converter ™
B2 RO FNEICRENFE T
L 2—U—%2AC, BIEX=T 4 ¥ —IZRY, VOUT 7e—7%2X7 V7 Uy 7 LET,
2. /£ TRz & % Display order @ Arbitrary string to specify order ® FO7 ¥ A hdhy 7 A A E AN LE
7,
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Probe Options | Axis Scales | Axis Labels |
Curve label Persistence
VouT 0 = [V] default
Axis type Graph
() Auto select Use separate graph

() Use separate Y-axis Graph name :

@ Use separate grid

_ Analyses
() Digital
. All analyses disabled
Axis name
Transient
Display order FOP
| AC swee
Arbitrary string to specify order P
Colour

A

Use default | Edit... |
Plot on completion only

ok %ﬂ cancel ||  Help |

[ Note: Since the SW curve is on the default grid, you do not need to specify the order for the SW probe.

[ Note: Any string which is alphanumerically less than IL will move the VOUT grid above the IL grid. The
sort algorithm is case insensitive.

30k 7 Vw7 L., FOZML T Ial—a AHEETLET,
FEEE - VW E 2 — T — CIT IR ONEF 3> TEY, IL D LIZNOUT AESSATOFET,
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» [Wavefnrm Viewer "’]

File Edit View SIMetrix Simulator SIMPLIS Simulator

o K@@ emELER LB TERE

»

simplis_pop5 (D:\documentation.simplis...SIMPLIS_tutorial_buck_converter.sxsch) @@
W[ | sw | Hp W[ | vour :
i N P e P
= 1211 7N 7% 7\ AN A Y
- i 5 Fi LY 7 LY 7 LY 7 1Y
5 121—¢ Y/ Y17 Y17 v 7 \
f H f E f 1 f E f E
Q 1209 / ] 7 / \
1.208M hf
15 By M M [,
DTSN L N | N
< 1050—N N, BN AN I~
- -~ N, | by | b ] ey I ey
1 9 57 ~ N~ i S~ 11 ~_ 1l N
-~ Ny Ny Ny Sy, N
851 N
= 8
= 4
05 ? 4 5 8
time/uSecs 2uSecs/div
simplis_pop5 SW simplis_ac> Fhase

w07 y: 07

4.2 2 EBRZRETS

B X &2 PR T D 121X, RO FIEIZHEVE T
1. File > Save Schematic As...Z %R L £,

2. B A RIET DIEET o L7 N —ZHRELET,
3. 774 /41X 8 my buck_converter.sxsch & L £,

ZOWRRETREINZREHIE, bbb v rn— R T&Ed : 8 SIMPLIS tutorial buck converter.sxsch.
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Collected links
4.1 Separate the Pop Waveforms

8 SIMPLIS tutorial _buck converter.sxsch
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4.3 Define Waveform Persistence>

4.3 WRDOFRMEZ ERT D

This section of the tutorial describes how many simulation runs of data are displayed on the waveform viewer. In
SIMetrix/SIMPLIS this is controlled by the persistence value, which has both a global setting and a local setting on each

probe. Which persistence value is used can be set on a probe-by-probe basis.

In this topic:

o Key Concepts
What You Will Learn
4.3.1 Change the Global Persistence Value

4.3.2 Change the Persistence on a Probe

Key Concepts

This topic addresses the following key concepts:
+ The waveform persistence determines how many simulation runs are displayed on the waveform viewer for each

probe.
o The global persistence value is defined in the Graph/Probe/Data Analysis section of the General Options dialog.

The default value is O.
¢ A persistence value of 0 means that all simulation runs are displayed. This can be cumbersome when you run

many simulations sequentially without closing the waveform viewer.

What You Will Learn

In this topic, you will learn the following:
+ How to change the global value of the waveform persistence.
+ How to change the waveform persistence value for an individual probe.

4.3.1 Change the Global Persistence Value

T 74V MED 0 Z#Z T 511E, ROFMEICHENET
1. A==—/3=»0 File > Options > General...#Z5{R L £7°,
AR : Options/Preferences 57 7z 27w 22 X )37 Xf1, Schematic 77> 2 > D& ZRZ RN IAE T,
2. Graph/Probe/Data Analysis ¥ 7% 27 U v 7 LE7,
3. ZED XD 2 F H @ Fixed probe global options M%) C., Default Persistence DFEIZ & 5 KEIAR ¥ o & ffi~ T
BraeBELET,

EEIL
04 IRL, MET2HT (RFFLIZVEE) AN LET,
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4.3 Define Waveform Persistence>

Schematic | Graph Printing

Probe update times/seconds

Graph/Probe/Data Analysis

Miscellaneous | File Locations ¢ |

Temporary data file delete options

ok Cancel | |

4. Ok =7V w7 LET,

M

Period 0.5 g Default ) Never
Start 1 Default @ When program starts
Fixed probe global options () When program closes
et persiiense g Default -Z:::] When data is no longer needed
Sizes Histogram style Cursor readout
Curve weight/pixels 7, Default @ stepped (@ On graph
Dig axis height/mm 8 g Default (") Smooth () status bar
Min grid height/mm 20 Default () Both

Help

In the upper right corner of he Edit Probe dialog is a Persistence field, which normally has the default checkbox checked.
On each probe you can specify the persistence or use the global persistence value defined in the General Options
dialog. This flexibility allows you to customize how many curves are displayed on the waveform viewer, on a probe by

probe basis.

For most applications using the default persistence makes the most sense, which allows a single control on the General

Options dialog to manage the persistence of all probes.

To change the waveform persistence for a individual probe, follow these steps:

1. In the schematic editor, double click the IL probe.

Result: The Edit Probe dialog opens with default checked in the Persistence section as shown below.
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4.3 Define Waveform Persistence>

Probe Options | Axis Scales | Axis Labels
Curve label Persistence
IL 0 g: default
Axis type Graph
() Auto select Use separate graph

() Use separate Y-axis Graph name :

@ Use separate grid
— Analyses
() Digital

All analyses disabled
Transient

Display order POP

AC sweep

Axis name currents

Arbitrary string to specify order

Colour

Use default | Edit... |
Plot on completion only —

ok M| cancel ||  Help |

2. In the Persistence section, uncheck default, and then use the arrow buttons to increase the number.

or
Select the 0 and type the number of runs you want to retain.
3. Click Ok.

A back totop
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Add Scalar Measurements to Output Curves

4.4 HAHBRIC R B 7 —HIEEEZEBMT 5

This section of the tutorial describes how to add measurements to curves in the waveform viewer.

In this topic:

o Key Concepts

What You Will Learn

4.4.1 Add Measurements to the Curve
4.4.2 View All Available Measurements

Key Concepts

This topic addresses the following key concepts:
¢ SIMetrix/SIMPLIS has a powerful set of built-in measurements which can be applied to any curve.

e The Measure menu in the waveform viewer gives you access to the curve measurements.

What You Will Learn

In this topic, you will learn the following:
e How to add measurements to a curve.
e How to access all of the measurements and functions available in the waveform viewer.

4.4.1 iR ICHIEEZ BT %

77 ZICHEEZ BT 2512, ROFINEIZENET :
1 BIEM=T 42—, FO2 27Uy 7 LTy Ialb—rva 23 T7LET,
2. EEBOKEFEE 2—U—Y—Lx—D7 < FlZdh b SWwaveform [IZF = v 7 2 ANLET,
3 WE2—U—0DA=a—m5 Measure > Minimum Z#&{R L 7,
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Add Scalar Measurements to Output Curves

E] [ Waveform Viewer |"’]

File Edit View SIMetrix Simulator SIMPLIS Simulator

-9 Qe & @ 7 L] Cursors ‘
simplis_pop8 (D:\documentation.simplis...SIMPLIS_tutorial_buck_co Annotate ’
Curves v
m V] sw | Hp W[ | vour Axes 3
Repeat Last Measurement Measure ¢
Plot v
1 RMS Monte Carlo »
— onte Carlo
> 1211 2RMS/qyde
1.21 Help '
g 1 209 3 Mean v f .
> ' 4 Mean/cycle F L
1.20 S
5 Rise Time
N,
< n.5 6 Fall Time SC
— 10.5 7 Maximum | ™,
= 9.5 8 Minimum I, \5..
8.5 % .
: 9 Frequency |
~ 3 A More Functions... F3
% 4 Manage Measurement Definitions...
w
-0 D Delete Measurements...
0 E Delete All Measurements 8
time/uSecs 2uSecs/div
simplis_pop8 SW simplis_acd Fhase |

¥ 4.51247uSecs y: 1.21115V

FEE RSN (CF = 0 7 ZAATELEITD FIZ b S 27 7 D H T, SW BB/ EJETED M 3 Fm S FE
7

[ Note: To see the complete label, you may have to adjust the splitter bar between the label and the tabs
for the graphs.
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Add Scalar Measurements to Output Curves

» [Wavefnrm Viewer "’]

File Edit View SIMetrix Simulator SIMPLIS Simulator

N-9 qae @xfF{ LI

»

RMS AVG B B-

simplis_pop8 (D:\documentation.simplis...SIMPLIS_tutorial_buck_converter.sxsch) E@
m [V] sw m[L | [ ] vour
Minimum -118.16069mV @8.2209718uSecs iy
~ T, i, Y o e
1211 rd Y Fa Y Fd Y F N i Y
- Fi LY i 3 Fi i Fi LY Fi b
|5 1 21 7 LY i L Fi ) Fi 5 Fi LY
f, \1 1r"r ‘1 If ‘\ ’.f \1. .i"‘f ‘i
g 1.209 1 T i i T 1
1.208M t =
11.5 ' M % oy
L™ | ™ | | N
< 10 54— N N N N
— | | o ! Ty ] Y 1 by
_1 c T, Ny | Ny i o { T,
- -~ S Ty, Sy, el | Ny
8.51 —
z 8
- 4
() 2 4 3 8
time/usecs 2usecs/div
simplis_pop8 SW simplis_acd Fhase

¥ 4.4898u5Secs y: 1.21236V

442 FERRRE R T RCOUEEZHERT S

EACTEAMED—EE R DT, KOWTHAMNEITWET
e WEE 2—U—DRA=a2——n5_ Measure %7 Y » 27 L. AMore Functions...Z#R L £,

Frid
F—AHR—RFKOF3X—%ZMLE£7,
A - Define Measurement &7 7 1z 7R Fn S i, L 0 BEHELRBE P2 — P —EZ DM E N E T 7T —

HD > FUICENT S ZERTEET,
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Add Scalar Measurements to Output Curves

Pre-defined Measurement Custom Measurement |
Pre-process Choose measurement
|:| Cursor span Some items are disabled as they require cursors to be switched on
Integral cycles
Custom -
AC coupled
--- 5elect Measurement --- E|
EM5
Mean
Maximum
|Minimum |

Peak To Peak

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

Fall Time 10%-90% (manual)

Measures minimum value and x location

ok hJ| Cancel

Define Measurement % A 7 2 ZIZ DWW CEEL < E10 72 WA1Z1E, SIMetrix User Manual O 9 4 2R 7230,

)
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Add Scalar Measurements to Probes

4.5 Add Scalar Measurements to Probes

This section of the tutorial describes how to automatically make the measurements described in 4.4 Add Scalar Measurements to Output Curves after a
simulation completes by adding the measurements to the fixed probe symbols.

Any built-in or user defined measurement can be added to the fixed probes on the schematic. Measurements added to the probes are then automatically
executed after each simulation run with the scalar measurement output to the waveform viewer and optionally to the schematic. The full version of
SIMetrix/SIMPLIS has this feature enabled by default. This feature is available in SIMetrix/SIMPLIS Intro for a time-limited period using the Unlock
Features option.

In this topic:

» Key Concepts

+ What You Will Learn

s 4.5.1 SIMetrix/SIMPLIS Intro Users : Unlock Probe Measurements
s 4.5.2 Adding Fixed Probe Measurements

» 4.5.3 Saving your Schematic

Key Concepts

This topic addresses the following key concepts:
s The built-in measurements can be added to any fixed probe.
*» Measurements assigned to probes will automatically be made after the simulation completes.
s One or more measurements can be added to multiple probes by selecting the probes and running the context menu Edit / Add Measurement....

What You Will Learn

In this topic, you will learn the following:
+» How to add measurements to fixed probes.
+» How to add the same set of measurements to multiple probes.

4.5.1 SIMetrix/SIMPLIS f > F vfjfa—H— : o —7HIEHEDO 7 v 7 2RI 2

T —7REHREDO R v 7 ZRERT 2123, ROFMHENET -
1. A==2—,3—5 Help > Unlock Features...# 3R L £,
FER : GetUnlock Code © s > N SH R I FE T,
2. Unlock R¥ v %27 U v 7 LET,
FER . [ ZDRERED 7 2 DREIR X F1E L7, SIMettixISIMPLIS & FAFEE) L TS /2& 1) EOSFEDA vt — P PERINET,

3. SIMetrix/SIMPLIS Z—HP L, FHE# L £7,

4.5.2 EE 7 v — 7 RIEZBMNT D

FIEE BN E 7 v — 7 E 28N 2 72 D2, RiEORIERZ FERW®ZIC, WOFIEEZITWET, BIEROa—Zb6XL 04 v e — ]
BT : 8 SIMPLIS tutorial buck converter.sxsch.

1L BKRxTT 4 #—7T, VOUT & \\W)H T vDonW=7ua—7%27 Y27 L, /7Y v 2 TEdit/ Add Measurement Z3R L9, (721, ¥
—R—=FRKDO¥a— b b Crl+Alt+F7 2V £ 9, )

FEE - Edit Probe Measurements &7 7 7 28NS E T,

2. —%IH ® Select Measurement K> 7 #7 U 2 k)b Mean IR L £ 7,

3. fifll> Add Measurement R % > %427 U > 7 L, 2-5OHDOHIEE L LT Peak To Peak AL £,
4.5%1H ® Display on Schematic C, Mean & Peak to Peak Difi 7122 T Yes Z IR L £ 7,
5.XA4T R DOFDHTHDH0kE7 Y vy o7 L, Za—T7DMEMERFELET,
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,

Measurement Cursor Span  AC Coupled Per Cycle Display on Schematic [ Add Measurement ]
e ) P 7| B s
2 [PeakTo Peak '"No '"No '"No ""Yes ']
’ Ok L\rl [ Cancel Display on schematic is not available in child schematics

6. MR =7 ¢ % —T, IL 72 —7ZFIRL T CtrI+Alt+F7 24 L, FROTIE2 & 3 24 VE L, Mean & Peak to Peak #iBM L, Ok #27 U
v LET,
[Z & : Display on Schematic ®F 7 4 /L MEZNo Th A7, IL 70 —7 & SW Fu—F I ONTIRBMCTEFE 21T 5 LEILH Y A,
7. EBH T 4 Z—IZRY, SWFr—7%2 U v 27 LT Ctrl+Alt+F7 Z# L. Minimum & Maximum ZB/M L., Ok 27 U v 27 LE7,
BWIEE 2 — U =R TV L HAITIFHE, FOZML Ty Ial—a v &3 TLET,
TR . [FIEE I NOUT iR DREME e S 4, 27 F 2133 DD MR T T DU CHEE 3R S /2 RBEIC 2 0 F T, TN CTOREM DR
R BLEINZTBEDIZIE, BHE=2—T—DETDTLICH BT Y o 5—N—F N T o T BLERBHS08 LAFEA,

» [Wa\reform Viewer |"]

File Edit View SIMetrix Simulator SIMPLIS Simulator

20 EE
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=
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- i . . o ol -
851 Y
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s S
= G
® -0
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time/uSecs 2uSecs/div

simplis_pop13 SW | simplis_acl3 Phase |

¥ 2.44808uSecs y: 12.6253V

O <onoTr—TIcH L TR CEIEEZ BN L AT, RO T 0 — T AR U CHE BT S - LT ET, OB,

.
Edit Probe Measurements %4 7 2 ZIZ AN LT-NEIE, @R L7 e—T7Z2nThicEfl snE 7,

_‘

BB X A RAET D121, RO FIEICHENE T -
1. File > Save Schematic As...Z IR L £,
2 BIRKERGETHEXET L7 M) —&2BELET,
3. 77 A /V41X 9_my_buck_converter.sxsch & LE7,

ZORECHRAEINZEEEIT, bbb Xy ra— RN C&E93 : 9 SIMPLIS tutorial buck converter.sxsch.
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Building High-Level Models

5.0 Building High-Level Models

In the previous sections, you have learned the basics of working with SIMetrix/SIMPLIS. Next, you will start building high-
level models using a building block approach, adding onto the synchronous buck converter developed in the first four
chapters.

In this chapter you will learn:
e How to parameterize symbols using expressions and the schematic command (F11) window.
e How to select a POP Trigger schematic node.
¢ How SIMPLIS runs all three analyses in a specific order - POP, AC, Transient.
e How to add hierarchy to your design.
e How to determine the evaluated values for parameter statements.

When you complete this chapter, your schematic will look like:

I

N [—DUT
=0UTAN
U1 ug
Si44100Y
+ ’_[:I H
Rz HH
- whws —
c
L 1.5 Q1 law  Mean=12011578V vouT
3 Peak To Peak=118.43782m\
— i = ESR=500u
POP Trigger HLEBDn
-rll - IL ::1-'—\ PULSE LOAD
V1 V2 f I‘ I
—12 (*j ideal_sr—e IC=0 RLl*py R1 l
—_ I 01 “T-220u 240m
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e 5.1Building a Compensator

5.2Set up a Load Transient Simulation
5.3 Creating Hierarchical Schematics
5.4 Using Schematic Components
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5.1 Building a Compensator

In this section of the tutorial, you will build a standard 3-pole, 2-zero voltage-mode compensator using a built-in
parameterized OpAmp and passive components.

After finishing this section, you will have a complete closed-loop synchronous buck switching power supply model like the

following:
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In this topic:

o Key Concepts
What You Will Learn

5.1.1Build the Compensator Schematic

5.1.2Assign Parameterized Values to Symbols

5.1.3 Connect the Compensator to the Power Stage

5.3.4 Disable Power Stage and Compensator Bode Plot Probes
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5.1.5 Enter Parameter Values in the Command (F11) Window

5.1.6 Try to Simulate the Design
5.1.7 Move the POP Trigger Gate
5.1.8 Verify Loop Stability

5.1.9 Save your Schematic

Key Concepts

This topic addresses the following key concepts:

e Symbols can use variables, or parameterized values, that help with schematic reuse. For maximum flexibility, the
compensator schematic uses parameterized values.

e Each schematic has a command (F11) window which stores analysis directives and variable statements. The text
in the F11 window is included in the simulation deck.

o Parameter values can be assigned or calculated in the command (F11) window.

What You Will Learn

How to parameterize symbols using expressions and the F11 window.

Why, based on how POP works, choosing the switching node as the periodic input in section 3.2 Set up a POP
Analysis was not the ideal choice.

How to solve a common POP simulation error by selecting a different POP trigger schematic node.

How to add parameter debug statements to the F11 window.

5.1.1 Build the Compensator Schematic

In the previous chapters you learned how to place symbols using the parts selector and keyboard shortcuts. Starting with
the 9_SIMPLIS tutorial buck converter.sxsch schematic, use the following table of shortcuts and the illustration
below as a guide to place the compensator symbols in the area below the power stage.

Keyboard Shortcuts for Placing Compensator Symbols

Symbol Parts Selector Location Keyboard Shortcut
Multi-Level Parameterized Opamp (Version 8.0+) Analog Functions none
Resistor Commonly Used Parts 4
Capacitor (Ideal) Commonly Used Parts C
Power Supply Commonly Used Parts \%
Bode Plot Probe (Gain/Phase) w/ Measurements Commonly Used Parts none
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5.1.2'Assign Parameterized Values to Symbols

After you have the drawn your schematic, double check that each resistor and capacitor has the reference designator as
shown in the schematic above.

1) Important: The design procedure uses these reference designators to calculate values; therefore, they must
match the illustration, or the calculated values will be assigned to the wrong components.

If your reference designators differ from those in the above image, follow these steps to change them:
1. Select the resistor or capacitor symbol.
2. Press F8.

Result: A dialog opens for you to enter a new reference designator.

4 Enter Text ﬁ

Enter new reference

[ Ok l | Cancel

e

3. Enter the reference designator as shown in the schematic above.

When you assign parameterized values, you enclose the parameter name or expression in curly braces. In this tutorial
you will use the reference designator text as the parameter name, for example, the parameterized value for the resistor
R3 will be {R3}.

I» CAUTION:

Both the opening { and closing curly brace } characters are required. Without an opening and closing curly brace, the
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expression will not evaluate correctly and the circuit will not simulate.

To assign parameterized values to the resistor and capacitor symbols, follow these steps:
1. Double click on each resistor or capacitor and change the value of the resistance or capacitance to a
parameterized value.
2. For the DC source V7, change the value to 0.6V.

@ Tip: This will be the reference voltage for the compensator.

Your compensator schematic should now look like the following:

{R6}

oOUT/—] IN
=QUT/IN

A back to top

5.1.3 Connect the Compensator to the Power Stage

You will now close the feedback loop by connecting the compensator to the power stage.
To connect the compensator to the power stage, follow these steps:

1. Delete V3, the DC source which was the duty cycle control.

2. Delete the wires connecting the AC source V5 to the comparator U1 input.

3. Move V5 to the right side of the schematic.

@ Tip: This will become the loop perturbation source.

4. Wire the compensator to the power stage as shown in the image below:
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5. Add the Bode Plot Probe across the V5 source.

@ Tip: This will probe the loop gain of the converter.

6. The output capacitor in this design has no ESR. In the previous simulations this was not an issue, but when the
compensator is added, the ESR plays a role in calculating the compensator values. To include an ESR on this
multi-level capacitor, double-click on C1 and set the model level to 2, and assign an ESR of 4mQ.

Result: The ESR value of 4m is displayed on the schematic. This indicates the model for the capacitor now
includes an ESR.

5.3.4 Disable Power Stage and Compensator Bode Plot Probes

You now have three Bode Plot probes on the schematic and each probe will output a gain and phase curve with the
default names of Gain and Phase. This will make a confusing graph with six curves, so in the next procedure, you will
turn off the compensator and power stage probes as well as rename the curves generated by these probes. This will
allow easy debugging later when you might want to see the power stage or compensator bode plots.

To turn off the probes and rename the output curves, follow these steps:
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1. Double click on the compensator bode plot probe and rename the gain and phase curves to Compensator Gain
and Compensator Phase.
2. Check Disable gain/phase at the top of the dialog, and then click Ok.

3. Double click on the power stage bode plot probe and rename the gain and phase curves to Plant Gain and Plant
Phase.

4. Check Disable gain/phase at the top of the dialog, and then click OKk.

A back totop

5.1.5 Enter Parameter Values in the Command (F11) Window

In 5.1.3 Connect the Compensator to the Power Stage, you added parameterized values to each symbol by enclosing the
variable name in curly braces { }. The curly braces form an expression and tell the program to stop and evaluate the
expression; in this case, the program simply substitutes the value for the variables R3, C2, etc. in place of the
expressions, {R3}, {C2}, etc. At this point in the design, the values for the compensator are not defined. Next, you will
assign values to these variables using .VARstatements.

Explaining how to compensate a 3-Pole/2-Zero voltage mode compensator is beyond the scope of this tutorial. Instead of
dwelling on the compensator design process, which was taken from this application note, you will copy the text lines from
this tutorial and paste them into the F11 window of the schematic. The .VAR lines are actually an entire design process
taken from a spreadsheet and turned into variable statements.

To enter the parameter values in the F11 window, follow these steps.
1. Copy all text in the box below:

AEEIAXAIAAAXAAAAAXAAAAAAXAAXAAAXAhdX

*** Circuit Specifications ***

AEEAAXAIAXAAXAAAXAAXAXAAAAAAAXAAAXAhdX

-VAR VIN = 12
-VAR VRAMP = 1
-VAR L = 680n
-VAR C = 220u
-VAR VOUT = 1.2
-VAR VREF 0.6
-VAR ESR = 4m
-VAR FXOVER = 80k
VAR FSW = 500k

*** Calculated Parameters - not used in calculations
.VAR FLC = 13012.31
.VAR FESR = 180857.89

.SUBCKT ONE_PULSE_SOURCE_I 1 2 vars: _T RISE=0 T _FALL=0 DELAY=0 V1=0 _V2=1 PWIDTH=1u
.NODE_MAP P 1

.NODE_MAP N 2

{"*"} _DELAY : { DELAY}

{"*"} _T RISE : { T RISE}

{**"} _PWIDTH : { PWIDTH}

1112 PWL NSEG=4 X0=0 YO={ V1} X1={ DELAY} Y1={ V1}  X2={ DELAY+ T RISE} Y2={ V2}
X3={ DELAY+ T RISE+ PWIDTH} Y3={ V2} X4={ DELAY+ T RISE+ PWIDTH+ T FALL} Y4={ Vi}

.ENDS

AEXEAXEAEXEAAXAEAAXAAXAXAAXAAXAAAXAAAXAAXAAAXAAAXAAXAXAAXAAAXAAAAAXAAAXAALAAAXXX

*** Compensator Design - Find desired poles and zeros ***

AEEAXEIEXALAEIAAXAXAEAAXAXAXAAXAXAAXAAXAXAAXAAAXAAXAXAAXAAAXAAXAAAXAAAXAAAAAXhX

*** place Second Zero at LC
VAR FZ2 = {1/(2*pi*SQRT(L*C))}

*** Place First Zero at 75% of FZ2
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VAR FzZ1 = {0.75*FZ2}

2. In the schematic editor, press F11.
Result: The command (F11) window opens at the bottom of the schematic.

3. Drag the splitter bar between the command (F11) window and the schematic so the command window and the
schematic take approximately 50% of the vertical space.

4. In the command window, scroll down past the last statement, which is the

-SIMULATOR DEFAULT

line and use the keyboard shortcut Ctrl+V to paste the copied text in the F11 window below the .SIMULATOR
DEFAULTIine.

Four sections of text are used to parameterize the compensator.

e The first section has design values. The statement .VAR VIN = 12assigns the number 12 to the variable VIN.
Although VIN is not used in the schematic, it is used in calculations for other variables. You could add VIN to the
input source as a parameter {VIN}.

e The second section has the calculations for the compensator poles and zeros. The statement .VAR FZ2 =

{1/(2*pi*SQRT(L*C))}assigns a value to the FZ2 variable. In this case, the value is the resonant frequency of the
converter.

= Note: The variables L and C, as well as the global constant pi and the built-in function SRQT(), are used in
the expression on the right side of the equals sign. The variables L and C must be assigned before they are used;
therefore, the order of the lines in the window is important. The global constant pi and the function SQRT() are
defined by the program.

¢ The third section calculates the actual resistor and capacitor values from the first section of the circuit
specifications and the poles and zeros from the second section.

o The final section has debug statements. These statements output comments to the simulation deck so you can
easily debug which values are being used in the compensator. For example, the values in the design will output
the following to the deck file:

FZ2 - 13012.3080131893
FZ1 - 9759.23100989196
FP2 : 375000
FP3 : 250000

C4 : 2.2e-009

R4 - 192.915082535631

R3 : 5366.67940889006

R6 - 5366.67940889006

R5 - 2848.37733925475

C2 : 5.72541552580328e-009
C3 : 2.23502610975745e-010

Ok Ok ok o ok ok ok F k%

A schematic saved at this state can be downloaded here: 10 SIMPLIS tutorial buck converter.sxsch.

A back to top

5.1.6 Try to Simulate the Design

When you try to simulate this design you will get simulation errors and SIMPLIS will automatically run a transient
simulation so you can see what might be causing the errors. The waveforms will appear as follows:
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Clearly, the converter reaches a steady state operating point at the end of the transient simulation so you know that the
loop is stable. The cause for the simulation errors is as follows:
¢ The initial conditions for the converter cause the error: the output voltage starts at 0V, and the compensator
attempts to correct this with several cycles of full duty cycle.
o The modulator, at this stage of development, does not have either a duty cycle limit or a current limit; as a result,
the inductor current reaches a high value before the output voltage overshoots.
o After the output voltage overshoots the reference, the compensator turns off the switch for several switching
periods.
o During the portion of the simulation where there is no switching, SIMPLIS is monitoring the POP Trigger and at
4.4us, when twice the maximum POP period is reached, SIMPLIS thinks something has gone wrong with the
circuit and outputs the following warning and error:

*** WARNINGS REPORTED BY SIMPLIS ***

<<<<<<<< Error Message ID: 5020 >>>>>>>>
Periodic Operating-Pt Analysis:
Reaching a time duration equal to
~4.40000e-006" without registering the

triggering condition that defines
the start of a period. Check your

http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/5_1_building_a_compensator.htm[2016/05/05 9:47:04]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/5_1_building_a_compensator.htm

Building a Compensator

circuit and/or initial conditions.
*** END SIMPLIS WARNING REPORT ***

*** ERRORS REPORTED BY SIMPLIS ***

AEXEAXEAXAAXAAXAXAXAAXAAAXAAXAAAAAAAAAAAAAAXAx*X

<<<<<<<< Error Message ID: 5039 >>>>>>>>

The periodic operating point (POP) analysis
has failed to converge. AC analysis will
not be performed.

*** END SIMPLIS ERROR REPORT ***

Two possible solutions exist:

e Solution 1: Change the initial conditions of the circuit to initialize the circuit closer to the steady-state conditions.
The compensator will then make small corrections to bring the converter into steady-state; the duty cycle will
never reach 0 or 100%; and the POP analysis will succeed. This is a good design practice and you will probably
need to do this at some point, especially with a more complex circuit.

e Solution 2: Change the location of the POP trigger gate so that the input signal crosses the POP trigger threshold
on every switching cycle, independent of the commanded duty cycle. Since the oscillator node is independent of
the commanded duty cycle, this is a good choice for the POP trigger node.

For this tutorial, you will use Solution 2, moving the POP trigger gate to the oscillator node and changing the threshold of
the POP trigger gate to 0.5V.

A back totop

5.1.7 Move the POP Trigger Gate

To move the POP trigger gate to the oscillator node, follow these steps:
1. Click on the POP trigger symbol to select it.
2. Press Ctrl+X to cut the symbol.
3. Press Ctrl+V to paste the symbol.
4. Place the POP trigger symbol to the right of the oscillator V2.

U1
+
FLe

POP Trigger
' -+
e
V2
@& :
I

—0

5. Double click on the POP trigger symbol, and change the Threshold parameter to 0.5V and click Ok to save your
changes.
6. Wire the input of the POP Trigger to V2 as shown in the image.

A back to top
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5.1.8 Verify Loop Stability

The circuit should now run the POP and AC analysis configured earlier in the tutorial; however, the maximum frequency
for the AC sweep is greater than the switching frequency which will result in plots with a small scale due to the high
frequency noise.

To change the maximum frequency, follow these steps:
1. From the schematic editor menu, select Simulator > Choose Analysis....
2. In the Sweep parameters section on the AC tab, change the Stop frequency to 400kHz.
3. Click Ok, or press F9 to run the simulation.

Result: The simulation runs without errors and the bode plot for the converter is output to the waveform viewer.
The Gain Crossover Frequency is 98kHz, the Phase Margin is 48 degrees and the Gain Margin is 13.5dB.

File Edit View SIMetrix Simulator SIMPLIS Simulator »» | Waveform Viewer ||

1~ Qa& @i [z |

simplis_acl (D:\documentation.simpliste..._SIMPLIS tutorial buck_converter.sxsch) E@
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Phase Margin 47.988888degrees Gain Crossover Frequency 98.600978kHz 35
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o
[
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Sain / dB
[
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5.1.9 Save your Schematic

To save your schematic, follow these steps:
1. From the menu bar, select File > Save Schematic As....
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2. Navigate to your working directory where you are saving your schematics.
3. Name the file 11_my_buck_converter.sxsch.

A schematic saved at this state can be downloaded here: 11 SIMPLIS tutorial buck converter.sxsch.

A back totop
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5.2 Set up a Load Transient Simulation

5.2 Set up a Load Transient Simulation

In the previous section you added a compensator to the power stage, closing the control loop. The AC response of the
converter shows adequate small-signal stability in terms of gain and phase margin. The next step is to verify the large-
signal stability in the time domain when a load transient is applied to the converter output.

In this topic:

o Key Concepts

e What You Will Learn

e 5.2.1 Add a Pulse Current Source

5.2.2 Set up Analysis Parameters

5.2.3 Change POP Trigger Edge

5.2.4 Add the AC analysis to the POP/Transient Simulation
5.2.5 Save your Schematic

Key Concepts

e SIMPLIS runs the three simulations (POP, AC, and Transient) in that order, which means that the transient
simulation begins with the converter in steady state.

¢ When a transient simulation is run after a POP simulation:
o Only the transient data is shown on the waveform viewer.

o The transient simulation starts at the last data point from the POP simulation; that is, the POP simulation
determines the initial conditions for the transient simulation.

e During a POP simulation, the pulse current source is held at its initial value of OA.

What You Will Learn

+ How to configure the circuit for a load transient test using a pulse current source.
« How the POP trigger conditions affect the initial conditions for the transient analysis.

5.2.1 Add a Pulse Current Source

To set up the load transient simulation, you will add a pulse current source in parallel with the load resistor and change
the output load resistor value.

e The converter will be set to start with a 50% load (5A) provided by the load resistor; the current source will apply a
0-5A load pulse.

¢ The load timing will be set to apply a worst-case pulse load for this trailing edge modulator.
¢ The worst case pulse load timing conditions are as follows:

o The step-up occurs when the PWM modulator turns off the high side MOSFET.

o The step-down occurs when the PWM modulator turns the MOSFET on.
e The timing for the load transient can be set precisely during a POP/Transient analysis.

To get started, you will need the schematic from the last section. You can download a schematic at this stage here:
11 SIMPLIS tutorial buck converter.sxsch.
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5.2 Set up a Load Transient Simulation

To add the pulse current source, follow these steps:

1

Select the inline current probe (IL); press Ctrl+C to make a copy; and then press Ctrl+V to paste the current probe
to the right of the load resistor R1 as shown below.

IL

Double click on the probe, and rename the probe PULSE LOAD.

3. In the part selector, double click on the Current Sources category to expand the list.

Double click on Waveform Generator - Current Source and place that symbol to the right of the load resistor and
the PULSE LOAD probe; and then wire it to the load resistor and current probe as shown below:

PULSE LOAD
ol
ML* G R1 L%
220u 120m
RLK=1Meg
FSR=4m

To edit the waveform generator parameters, follow these steps:

1
2.
3.

Double-click on I1.
On the right side of the dialog in the Wave Shape section, select the One pulse radio button.
In the left column, change Delay to 10.22u.

[ Note: This delay time is equal to 5 switching periods plus a single on-time of the MOSFET.

Result: This will delay the start of the load pulse until right after the switch turns off, producing the worst-case load
transient.

In the first column near the top of the dialog, change Width to 29.68u.

Result: The Width, when added to the Delay and Rise parameters, will delay the load step-down time to 40us.
Uncheck Default rise and fall .

In the Rise field, enter 100n for the rise time.

Result: The fall time is automatically set to 100n. The Edit Waveform dialog should now look like this:
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4 Edit Waveform ﬁ
Time/Frequency Wave shape
Period 100u = Frequency 10k - () square
Width ~ 29.68u S Duty/% 50 - ) Triangle
Rise 100n g Equal rise and fall | | Sawtooth
Fall 100n || pefault rise and fall (") Sine
— a delay ) Cosine
Delay 10.22u = Use delay :
Damping | 0 - Use phase ) Pulse
@ One pulse
Vertical -
! One pulse (exp)
- ] ] _
Initial 0 & Offset 2.5 = | Step
Pulse 5 Amplitude 5
Off until delay
Source idle during POP and AC analyses
Cancel

7. Click Ok to save the new parameter values.
8. Double click on the load resistor R1, and change the value to 240m.
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5.2.2 Set up Analysis Parameters

Now that you have configured the schematic for the pulse load test, you are ready to set the analysis parameters to run a
POP and transient simulation. The stop time for this simulation is set to 70us, which is long enough to for the converter to
recover from the load transient and enter steady-state.

To set the analysis parameters, follow these steps:
1. From the menu bar in the Schematic editor, select Simulator > Choose Analysis....

N

Uncheck AC, and check Transient.
Click the Transient tab.
In the Analysis parameters section, set the Stop time to 70u.

Eal

Result: The Transient tab should now look like this:
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5.2 Set up a Load Transient Simulation

, Choose SIMPLIS Analysis e

Periodic Operating Point | AC Transient

Select analysis
Analysis parameters POP
Stop time 70u g 5 AC
Start saving data att = 0 g 5 Default Transient
Plot data ocutput Save options
Mumber of plot points 10k g Default @ Al
() Voltages Only
(") Probes Only
T Mo Forced Cutput Data
Force New Analysis
Ok | Run, ” Cancel ” Help
by

5. To run the POP/Transient simulation, click Run button.

Result: SIMPLIS runs POP and Transient simulations. After the POP simulation, SIMPLIS takes the initial

conditions of the circuit and applies them to the Transient simulation. The Transient simulation starts with the
converter in steady-state.
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5.2 Set up a Load Transient Simulation
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If you look closely at the waveforms, you will notice that the timing appears to be incorrect. While the pulse load starts
rising after the delay time of 10.22us as setup in the previous section, the power stage waveforms are time-shifted by
approximately 1us, or half the period. Below is the waveform viewer zoomed in on the first 12us:
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File Edit View SIMetrix Simulator SIMPLIS Simulator E lWaVEfDrm Viewer ‘I

| - *y @)\@\@EHJ\_LW E_E Lﬁf&mm—\/— *

simplis_tran2 (D:\ documentation.simplis..._SIMPLIS_tutorial _buck_converter.sxsch) @lz]
F
W[ | sw B | | PULSE LOAD
Minimum -128.39683m\V @15.208581u5ecs Mean 2.12714294A
Maximum 11.972161V @45.001837uSecs Peak To Peak 5A |
| Ip! W[ | vour
Mean 7.1258351A Mean 1.200884V
Peak To Peak 11.335328A Peak To Peak 94.577079mV il
= 122
O 1.18 .
:} \\"If"l—_
1.15
12
8 s
= o] o - P - Fi
PRSI e S B S S S S S i == =
0 |
=
= 8
(1)
-0
0 2 4 6 o] 10 12
time/uSecs 2usecs/div

¥ 4.57143uSecs y: 1.25416V

The POP trigger conditions are the reason for this apparent time shift. In 5.1 Building a Compensator, you moved the
POP trigger gate from the switching node to the oscillator source. The POP analysis settings include an edge direction,
and the default setting is to trigger on the rising edge. Since the POP Trigger is finding the 500mV level of the rising edge
of the oscillator sawtooth ramp, the POP period starts at a time midway between the switching node rising edge. Since
the transient analysis begins at the final time point from the POP analysis, there is a 1us time shift in the transient
waveforms. In the next section you will change the POP Trigger Edge and see the effect on the transient waveforms.
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5.2.3 Change POP Trigger Edge

To change the POP trigger edge, follow these steps:
1. From the menu bar in the Schematic editor, select Simulator > Choose Analysis....
2. Click on the POP Tab and then select the Falling edge (logic high to logic low) radio button.
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5.2 Set up a Load Transient Simulation

Result: The dialog should appear as follows:

, Choose SIMPLIS Analysis [

Periodic Operating Point AC | Transient |

Select analysis
POF Trigger source

POP
Use "POP Trigger" schematic device AC

(Commonly Used Parts->POP Trigger)
Transient

Custom POP Trigger gate }L‘]P Trigger Schematic Deuice|

Save options

@ All

Trigger condition

() § Rising edge (logic low to logic high) ©) Voltages Only

@ % Falling edge (logic high to logic low) () Probes Only

Timing

. . [~}
Maximum period 2.2u = S
Cycles before launching FOFP 3 Cycles

Mo Forced Qutput Data

Force Mew Analysis

Ok | Run [}J Cancel ” Help

3. Click Run to rerun the POP/Transient simulation.

Result: The simulation runs again, but with a falling edge POP trigger condition. Because the POP Trigger
condition is set to the oscillator falling edge, the MOSFET turns on slightly after t=0, t=2us, t=4us, etc. The timing

of the pulse load is now aligned with the expected switching period and, therefore, the worst-case load transient
timing conditions are used.
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5.2 Set up a Load Transient Simulation
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It is now obvious how the output voltage deviation from steady-state is affected by the timing of the load pulse. The first
simulation applied the pulse approximately 1us later (or earlier) in the switching period than the desired worst-case
conditions.
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5.2.4'Add the AC analysis to the POP/Transient Simulation

In the previous section, you set up the converter to run a POP and Transient simulation. This was done for clarity
because a single graph tab with the transient results is output for each simulation. You can run an AC simulation in
combination with both the POP and transient simulations. SIMPLIS will run the resulting POP/AC/Transient simulations
in that order.

Running a POP/AC/Transient simulation allows you to examine both the large- and small-signal behavior of the circuit.

To add the AC analysis and view both types of behavior, follow these steps:
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5.2 Set up a Load Transient Simulation

1. From the menu bar in the Schematic editor, select Simulator > Choose Analysis....
2. In the Select analyses section on the right, check AC.
3. At the bottom of the dialog, click Run.

Result: The waveform viewer opens with two tabs: an AC tab and a transient tab. The transient tab shows the
large-signal behavior.

4. To view the small-signal behavior, click on the AC tab.
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5.2.5 Save your Schematic

To save your schematic, follow these steps:
1. Select File > Save Schematic As....
2. Navigate to your working directory where you are saving your schematics.
3. Name the file 12_my_buck_converter.sxsch.
A schematic saved at this state can be downloaded here: 12_SIMPLIS tutorial buck converter.sxsch.
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5.3 Creating Hierarchical Schematics

In section 5.2 Set up a Load Transient Simulation, you modified the schematic to run a pulse load test on the complete closed
loop converter. The schematic completed in that section is large and difficult to navigate. A natural progression is to add a
level of hierarchy - that is, modify the schematic to use sub-blocks, or child components,with each sub-block representing
some portion of the circuit, like the compensator.

SIMetrix/SIMPLIS has an easy-to-use system for dividing schematics into sub-blocks. Each sub-block is called a Schematic
Component and is saved as an individual file containing both the schematic and the symbol representing that sub-
schematic. In this section you will create a schematic component out of the compensator portion of the schematic.

In this topic:

+ Key Concepts
* What You Will Learn

e 5.3.1 Create a Hierarchical Schematic Component From the Compensator

¢ 5.3.2 Create Symbol for Schematic Component
» 5.3.3 Enlarge the Symbol

* 5.3.4 Move Symbol Pins

¢ 5.3.5 Add Graphical OpAmp Symbol

¢ 5.3.6 Saving Symbols

Key Concepts

The following key concepts are addressed in this section:
¢ Module ports define the electrical connections from the sub-schematic to the parent schematic.
« Schematic component files are containers similar to schematics but with an additional space reserved for the symbol.
e Symbols can be auto created by SIMetrix/SIMPLIS.

o After circuit blocks are divided into a hierarchy, you can create a truly modular design by swapping blocks that have
common functionality and a common symbol. The hierarchical compensator block you create in this topic can also
easily be used in other models.

What You Will Learn

In this section of the tutorial, you will learn the following:
e How to add module ports to schematics.
¢ How to automatically create symbols for hierarchical components which connect to those module ports.

¢ How to edit symbols using the symbol editor.
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5.3.1 Create a Hierarchical Schematic Component From the Compensator

Creating a hierarchical block out of a working schematic requires three major steps:
« Adding module ports to the schematic to identify which nodes connect to other blocks.
e Saving the schematic as a schematic component file.

e Creating a symbol which has pins corresponding to the underlying module ports.
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@ Note: An automated system exists to generate symbols for schematic components.

To get started, you will need the schematic from the last section. You can download a schematic at this stage here:
12 SIMPLIS tutorial buck converter.sxsch.

To add the module ports, rename them, and save the schematic, follow these steps:

1. Delete the power stage components until you have only the compensator symbols and wires shown below:

e g m

ouT—] IN
=0UT/IN

2. Using either the keyboard shortcut H or the menu selection, Hierarchy > Place Module Port, add module ports to the
two inputs, the output, and the power supply of the OpAmp as shown below.

@ Note: As you place the module port symbols, you can press F5 to rotate the ports as needed.

VOUT

\/OUT
— . OUT

VouT

oUT—] IN

=OUT/IN

3. To save your schematic component to a file, select File > Save Schematic As....

@ Note: To keep your reusable blocks separate from the top-level schematics, it is good practice to save your
schematics to a sub-directory of your schematic directory. This tutorial uses D:\SIMPLIS Tutorial for the schematic
and a sub directory, D:\SIMPLIS Tutorial\Modeling Blocks, for the schematic components.

4. Name your schematic component 3p2zcompensator.sxcmp.

@ Note: The compensator schematic component file saved at this stage can be downloaded here:
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3p2zcompensator _1.sxcmp.

5. After saving your work, double click each module port and change its name to those in the table below:

Compensator Module Port Names

Port Function Port Name
Reference Input (+ input) VREF
Feedback Input (- input) FB

Compensator Output COMP
Power Supply Input VCC

Result: When you finish renaming the module ports, the schematic should look like the following:

VCC

I REF
g

CONp -

ouT—] IN
=0UT/IN

6. Save your schematic component using Ctrl+S. The compensator schematic component file saved at this stage can be
downloaded here: 3p2zcompensator 2.sxcmp.
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5.3.2 Create Symbol for Schematic Component

With the compensator schematic open, select Hierarchy > Open/Create Symbol for Schematic..., or press S to create a
new symbol for this schematic.

Result: The symbol editor opens with an auto-created, default symbol. This symbol has all the connectivity information and
symbol properties to netlist the underlying schematic correctly in SIMetrix/SIMPLIS.
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+ + + + + + + + + + + + + +

+ + + + + + + + B + + + + +
U .;

+ + + + + + + L + + + +

+ oot +
++++ .....

[5F Note: The symbol pins are automatically placed on each side of the symbol corresponding to the locations on the
underlying schematic. For example, the VCC port is on the top of the schematic and is also on the top of the symbol.

5.3:3'Enlarge the Symbol

Although this symbol has all the needed electrical functionality, it could use some modification to make the function of the
underlying block easier to see. In this next procedure, you will select the symbol pins and make the symbol larger than the
auto-created size.

To enlarge the symbol, follow these steps:

1. Hold down the left mouse button and drag a box around the input pins on the right side of the symbol. Make sure your
box includes any portion of the VREF and FB text so these elements will be selected.

Result: The symbol pins, symbol pin text, and the vertical line on the right hand side are selected.
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2. Drag the selected portions of the symbol to the right 4 grid squares so your symbol looks like the image below.

e O e e o e e e e e

3. Using the same technique as steps 1 and 2, select the FB pin, the FB pin text and the horizontal line at the bottom of

the symbol:

. 3p2zcompensator

4. Drag the selected portions of the symbol down two grid squares:

http://lwww.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/5_3_creating_hierarchical_schematics.htm[2016/05/05

9:48:17]


http://www.simplistechnologies.com/documentation/simplis/simplis_tutorial/topics/5_3_creating_hierarchical_schematics.htm

Creating Hierarchical Schematics

+ *".f--f.--f..
rSIimplis

+ o

L

+++++ + + + * + + 4+ + 4+ 4+ - - &
S S IS IS
IS ST TR IA P
B D N

A back to top

5.3 4" Move Symbol Pins

Now that you have enlarged the symbol, you can move the pins to locations which will make it easier to wire the components
to the parent schematic. In the next procedure, you will swap the positions of the VREF and FB pins, and center the pins on
the symbol.

1. To move the VCC pin, select the pin and text with a box as show below:

+ + + + + + + + + + 4+ -+ + + + + + +
________________________ DY i [ S
+ + + + + + + L S B S SR S L L oot +
1
3p comp nsator
+ * + * + * I B e o.oalls e o e + .k

+ P A S i L i + +
Simplis o
+ T + + EE‘{:J- + + + + + + +

+ + + + +
+ + + + + +

Result: The VCC pin and VCC text are selected.
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+ *".f--f.--f..
rSIimplis

+ o

L

+++++ + + + * + + 4+ + 4+ 4+ +
S S IS IS
S TS TSI DT TE b
o D S s

@ Note: The 3p2zcompensator text is also selected but this text is a symbol property and its position is controlled
elsewhere. This symbol property is set to be centered on top of the symbol, so it does not matter that it is selected.

2. Move the selected VCC pin to the right two grid squares, bringing it to the center of the symbol.

+ + + + + + + + + + + + + + LR
S ..;..;..;..;..;...+..+....+:|.:B:....:+
+++++ ................................. ++
+++++ ..... ++++*++++ ..... ++

3. Using the same technique as in steps 1 and 2, move the COMP, VREF and FB pins as shown in the diagram below:

@ Tip: It will be easier to move the VREF and FB pins if you move the VREF pin before you move the FB pin.
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5.3.5"Add Graphical OpAmp Symbol

The final step in modifying the symbol is to add graphical lines which describe the functionality of the underlying symbol.
Although this step is completely optional, these graphical elements are helpful for others to identify the function for each

block on your schematic.

Drawing lines on symbols works just like drawing wires in the schematic editor. To add the lines, follow these basic

guidelines:

e Double-click to start a line.

¢ Single-click to add a corner to a line.

¢ Right click or press Esc to end a line.

Using these techniques, draw graphical lines on the symbol so your symbol appears as follows:
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_

As mentioned in the introduction to this section, symbols for schematic components are saved to the schematic component
file along with the schematic. Other symbols for built-in parts, such as the resistor and waveform generator, are stored in
symbol libraries. The program knows that this symbol, however, is configured to be saved to the schematic.

To save the symbol, follow these steps:
1. Type Ctrl+S.

2. Click Ok.
r—= ol
, seswo TR, =

Define Symbol

User Name | | The user name is for display only and does not affect
the function of the symbol

Internal Name | | The internal name is a unique reference to the symbol
and is used to identify it. If creating a new symbol you
must enter a unigue name that is not already used by

another symbol. If editing an existing symbol you must
not change the internal name unless you want to
create a new symbol keeping the original unchanged

Cateqo - | The category defines where the symbol will be placed
gory in GUI displays such as the symbol library manager

Options
All references to svmbol It is recommended that this is always checked. If not
V] sutomatically u I:I?’Le d checked existing instances of the symbol in
¥y up schematics will not be updated
File

Save to

D:\SIMPLIS Tutorial\Modeling Blocks\3p2zcompensator.sxcmp () Library file

(@ Component file

O Current schematic file

| ok Dr” cancel ||  Help
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The compensator schematic component saved at this stage can be downloaded here: 3p2zcompensator.sxcmp.

)
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5.4 Using Schematic Components

This section focuses on placing hierarchical components and navigating between schematic levels.

In this topic:

o Key Concepts

o What You Will Learn

¢ 5.4.1 Placing Schematic

¢ Components 5.4.2 Save your

* Schematic

e 5.4.3Cleanup Top Level F11 Window

¢ 5.4.4Clean up Schematic Component F11 Window
5.4.5 Simulate the Design

Key Concepts

The following key concepts are addressed in this section:
+ Schematic components can be placed with either the full path or with a path relative to the parent schematic.
¢ Schematic designs using relative path symbols are portable and can be easily shared with colleagues.
+ The keyboard shortcut Ctrl+E allows you to descent into child components; Ctrl+U takes you back up to the parent level.

What You Will Learn

In this section of the tutorial, you will learn the following:
+ How to place the symbols contained in schematic component files.
+ How to navigate between hierarchical schematics.

5.4.1 Placing Schematic Components

In this section you will start with the schematic from the end of section 5.2 Set up a Load Transient Simulation and place the
schematic component symbol created in 5.3 Creating Hierarchical Schematics.

Open the schematic you saved at the end of section 5.2 Set up a Load Transient Simulation or use
12 SIMPLIS tutorial buck converter.sxsch from simplis_tutorial examples.zip.

To place the compensator hierarchical schematic symbol, follow these steps:

1. Delete the compensator symbols you moved into the 3p2zcompensator hierarchical block in section 5.3 Creating
Hierarchical Schematics.

Result: Your schematic should look similar to this:
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2. From the menu bar, select Hierarchy > Place Component (Relative Path)....

Result: A File Selection dialog opens.

3. Open the Modeling Blocks folder.

4. Select the 3p2zcompensator.sxcmp schematic component, and click Open.

5. Place the symbol where the compensator components used to be:

il
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6. Wire the compensator to the power stage. You can move symbols around to clean up the wiring. After this step, your
schematic should look like the following:
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5.4.2 Save your Schematic

To save your schematic, follow these steps:
1. Select File > Save Schematic As....

2. Navigate to your working directory where you are saving your schematics.
3. Name the file 13_my_buck_converter.sxsch.

@ Note: A schematic saved at this state can be downloaded here: 13 SIMPLIS tutorial buck converter.sxsch.

A back to to

5.4.3 Cleanup Top Level F11 Window

When you save a schematic to a new name or save a schematic to a schematic component, the content of the F11 window is
also copied to the new file. Normally, this is not a problem, but in this case, the compensator has unused analysis directives
and the parent schematic has compensator calculations which are not used. While this extra text does not cause a simulation
issue, the extra text might confuse a colleague who is unfamiliar with the design.

In this section, you will remove the analysis directives from the F11 window of the compensator and the compensator
calculations from the parent schematic. To remove the extra text from the main schematic, follow these steps:

1. Press F11 to open the command window.

2. In the command window, scroll down past the .SIMULATOR DEFAULTIine and select all text below that line.
3. Press Delete to remove the text.

[ Note: You can undo editing in the F11 window with the keyboard shortcut Ctrl+Z, or by selecting the menu Edit >
Undo.

Result: The text remaining in the command (F11) window should be only the analysis directives:
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.SIMULATOR SIMPLIS

*_AC DEC 25 1k 400k

_PRINT

+ ALL

_OPTIONS

PSP_NPT=10001
POP_ITRMAX=20
POP_OUTPUT_CYCLES=5
SNAPSHOT_INTVL=0
SNAPSHOT_NPT=11
MIN_AVG_TOPOLOGY_ DUR=1a
AVG_TOPOLOGY_DUR_MEASUREMENT WINDOW=128
.POP

TRIG_GATE={TRIG_GATE}
TRIG_COND=1_TO O
MAX_PERIOD=2.2u
CONVERGENCE=1p
CYCLES_BEFORE_LAUNCH=5
TD_RUN_AFTER_POP_FAILS=-1
.TRAN 70u O

+ o+ + + + + +

+ 4+ + + + o+

-SIMULATOR DEFAULT

4. Press Ctrl+S to save your schematic.

5.4.4 Clean up Schematic Component F11 Window

You need to descend into the schematic for the compensator and clean up the F11 window, using Ctrl+E to descend the
hierarchy and Ctrl+U to ascend to the parent level.

To clean up the compensator F11 window, follow these steps:
1. Select U3, the 3p2zcompensator schematic symbol.
2. Press Ctrl+E to descend into the schematic.
Result: The schematic for the 3p2zcompensator opens just as if you opened it from a file browser.
3. Press F11 to open the command window.
Result: Since the compensator schematic is open, you are viewing the F11 window for the compensator component.
4. Select the analysis directives from the first line, .SIMULATOR SIMPLIS, to the .SIMULATOR DEFAULTIine.
5. Press Delete to remove the text.

Result: The text remaining in the command (F11) window should be only the compensator calculations:

*hkhk KKKk k

*** Circuit Specifications ***

*hkhk *xk KAk

-VAR VIN = 12
-VAR VRAMP = 1
-VAR L = 680n
VAR C = 220u
-VAR VOUT = 1.2
-VAR VREF = 0.6
-VAR ESR = 4m
-VAR FXOVER = 80k
-VAR FSW = 500k

*** Calculated Parameters - not used in calculations
.VAR FLC = 13012.31
VAR FESR = 180857.89

.SUBCKT ONE_PULSE_SOURCE_I 1 2 vars: _T RISE=0 _T FALL=0 DELAY=0 V1=0 V2=1 PWIDTH=1u
.NODE_MAP P 1

.NODE_MAP N 2

{"*"} _DELAY : { DELAY}
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{"**} T RISE : { T _RISE}

{**"} PWIDTH : { PWIDTH}

11 1 2 PWL NSEG=4  X0=0 YO={ V1}  X1={ DELAY} Y1={ V1}  X2={ DELAY+ T RISE} Y2={ V2}  X3=
{ DELAY+_ T _RISE+ PWIDTH} Y3={ V2}  X4={ DELAY+ T RISE+ PWIDTH+ T FALL} Y4={ V1}

.ENDS

*** Compensator Design - Find desired poles and zeros ***

*hkhk R T e

*** Place Second Zero at LC
VAR FZ2 = {1/(2*pi*SQRT(L*C))}

*** Place First Zero at 75% of FzZ2
.VAR FZ1 = {0.75*FZ2}

6. Press Ctrl+S to save the compensator schematic.

5.4.5 Simulate the Design

You are now ready to simulate the design. When you are working with a hierarchical design, you can simulate the design from
any level of the hierarchy.

To simulate this design, press F9.

Result: The top level schematic comes into focus and the analysis directives defined in that schematic will be used. The
waveform viewer opens with the results from the load transient simulation:
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File Edit View SIMetrix Simulator SIMPLIS Simulator » [WaVEfDr”" Wiewer ']

N-9@@a@a exFiF Ll B Axeexse »

simplis_tran2 (D:\SIMPLIS Tutorial\13_SIMPLIS_tutorial_buck_converter.sxsch) | ¥/X|
W[ | sw M | | PULSE LOAD »
Minimum -135.49692mV @14.316124uSecs Mean 2.1271429A
Maximum 11.993886V @46.003837u5ecs Peak To Peak 5A -
| Rt W [ | vout
Mean 7.1246262A Mean 1.2011578V
Feak To Peak 13.2196094 Feak To Peak 118.48782mV L]
7™
Z 122 LV
- . e
PP A nian mmre FLLEN L LA NP
g ' g
1.14 y
12 WA
h AVEVYY
=L Ty kY Wn o bR Rk
4 N U ATATLYATAVATATAN
\ k| \l L L B . N
|
= 8
=
in
_DD 10 20 30 40 50 60 70
time/uSecs 10uSecs/div

M 40.4762uSecs y: -1.08949V

The schematic at this point is a complete hierarchical design. Although only one hierarchical block is used, the concepts in this
chapter can be used to create larger and more complex hierarchical models.

The electrical model for the synchronous buck converter is electrically unchanged by adding hierarchy. Moving the compensator
into a hierarchical block allows that block to:

* Be used in other controllers which need a 3-pole/2-zero compensator.

+ Replaced with a different compensator, using an alternative control approach. The symbol used in the hierarchical block
can be saved to another compensator block, allowing drop-in replacement of the compensator block on the parent
schematic.

* Parameterized with the values defined in the parent schematic. For example, the poles and zeros could be passed into
the compensator from the synchronous buck converter schematic. Parameterization is described in the Advanced
SIMPLIS Training Course: Module 5 - Parameterization topic.
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Conclusions

Conclusions

After completing the tutorial, you have a closed-loop synchronous buck converter model which uses a hierarchical
schematic for the compensator. The compensator parameter values are calculated in the F11 window of the
compensator from desired poles and zeros, effectively abstracting the design.

This model runs in all three analysis modes: POP, AC, and transient. By running all three analyses, you can verify the
large- and small-signal stability of the converter.

Summary of Key Concepts

Following are the key concepts presented in the tutorial.

The SIMPLIS Simulator

e SIMPLIS is a time-domain simulator for all three analyses modes: POP, AC, and transient.
e The POP analysis finds the switching steady-state operating point of the circuit.

e The AC analysis finds the small-signal response of the circuit perturbed around the switching steady-state
operating point found with the POP analysis.

o The AC analysis is performed in the time domain on the full switching PWL model; therefore, all non-linearities are
included in the AC analysis.

o A successful POP analysis is required to run an AC analysis.

e During a POP/transient simulation, the transient simulation begins with the initial conditions found during a POP
analysis.

Modeling

e All models used in SIMPLIS are Piecewise Linear (PWL).

¢ MOSFETSs and diodes are represented by collections of PWL devices with the parameters often calculated by built-
in parameter extraction routines.

o Multi-level models can represent different schematic views depending on the model level. Built-in multi-level
models include semiconductors, MOSFET drivers, inductors, capacitors, and a parameterized OpAmp.

+ An ideal synchronous rectifier can be made using a user-defined diode. The resulting PWL resistor model has a
zero-volt forward voltage and two segments, one each for the on and off resistances

Graphing and Measurements

e You can control where curves appear on the waveform viewer by changing properties of the fixed probe symbol.
« Measurements can be made on output curves either interactively with the waveform viewer menus or automatically
by adding the measurement definition to the fixed probes on the schematic.

Follow-on Work and Suggested Reading

Although the converter model at the end of the tutorial is relatively simple, it provides a good foundation on which to
expand the model. The Advanced SIMPLIS Training course picks up where this tutorial leaves off. The Advanced
SIMPLIS Training course, which is presented several times per year in different locations, provides expert level material
in a tutorial format. You can access the Advanced SIMPLIS Training Course material here: Advanced SIMPLIS Training
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Conclusions

Course Material.

Suggested Exercises

The tutorial circuit is a good starting point for further exercises. A few suggested exercises are listed below.

Modify the schematic to use hierarchical schematic components for all functional blocks.

Modify the circuit to use a MOSFET for the synchronous rectifier, adding a driver and drive logic.

Add current limiting. Examine the converter behavior when in current limit using a POP analysis.

Explore different control techniques. Use hierarchical blocks to maximize reuse and to change between different
control methods.

Measure the efficiency of the converter by changing the MOSFET model level to level 2 and verify the switching
losses for the circuit.

Experiment with changing the MOSFET drive characteristics. Remove the gate resistor and use a level 1 or level 2
MOSFET driver to tailor the gate drive current.

Change the compensator to use parameters passed into the component from the parent schematic.
Parameterization is described in the Advanced SIMPLIS Training Course: Module 5 - Parameterization topic.
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