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Outline of User Guide

Introduction to Self-Service PLECS Model Generator:
What is it and What are the benefits

Step by Step Tool Flow

Deploying PLECS Models in Elite Power Simulator and
PLECS Stand Alone

onsemi
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Outline of User Guide

1 Introduction to Self-Service PLECS Model Generator:
What is it and What are the benefits

onsemi
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PLECS Basics

PLECS is a system level simulator that facilitates the modeling and simulation of
complete systems with optimized device models for maximum speed and accuracy.
PLECS is not a SPICE-based circuit simulator, where the focus is on low-level behavior of
circuit components.

Power transistors are treated as simple switches that can be easily configured to
demonstrate losses associated with conduction and switching transitions.

The PLECS models, referred to as “thermal models”, are composed of lookup tables for
conduction and switching losses, along with a thermal chain in the form of a Cauer or
Foster equivalent network.

During simulation, PLECS interpolates and/or extrapolates using the loss tables to get the
bias point conduction and switching losses for the circuit operation. Access the onsemi
Elite Power Simulator powered by pleegS

www.onsemi.com/elite-power-simulator

onsemi
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http://www.onsemi.com/elite-power-simulator

onsemi’s State-of-the-Art PLECS Models:

* Typical industry PLECS models are composed of measurement-based loss tables that are
consistent with datasheets provided by the manufacturer.

There are four major problems with this approach:

1. The switching energy loss data is dependent on the parasitics of the measurements set ups and circuits.

2. The conduction and switching energy loss data is limited and thus is often not dense enough to ensure
accurate interpolation and minimal extrapolation by PLECS.

3. The loss data is based on nominal semiconductor process conditions only.

4. The switching energy loss data comes from datasheet double pulse generated loss data. This means the

PLECS models are only valid for hard switching topology simulation. The models are highly inaccurate if
used in soft switching topology simulation.

* onsemi’s Self-Service PLECS Model Generator (SSPMG) provides solutions to all four problems.

* Ultimate power is delivered to the user to build PLECS models tailored for the user’s application.
Unleash the power here: www.onsemi.com/self-plecs-generator

mV
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Measurement Parasitics Influence on Switching Performance

Example Datasheet Customer Application
SWltChlng SChematiC W|th Pal’aStiCS Parameter SWitChing Parameter SWItChmg
Loss Loss
Eon [uJ] 490 Eon [uJ]
Eoff [uJ] 221 Eoff [uJ] 231
Etotal [uJ] 711 Etotal [uJ] 646

*  Crucial to understand that the lab test circuit’s
passives, parasitics, gate driver performance, etc. all
affect losses.

*  Where does this leave the user for a PLECS model?
The user application will surely have a different
environment than any of the component supplier’s
lab and board setups.

onsemi
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Loss Table Density and Limits Influence Results

« Datasheet data is often not dense enough to ensure
accurate interpolation by PLECS in nonlinear
environments.

« Datasheet data limits often do not bound the entire
operating range causing highly inaccurate extrapolation
by PLECS.

A \

\\Extrapolation s Interpolation

‘ Extrapolation
‘ [
’ [~
Interpolation Extrapolation Interpolation &
with small data set with small data set Extrapolation
with large data set

7 Public Information © onsemi 2024

Typical
Datasheet

75 °C

SSPMG
125 °C

[~ 0.001
175 °C

‘ 0.0008

0.0006

0.0004

ccccc
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Corner PLECS Models

+ Conventional PLECS models based on measurements are only valid for the typical or nominal process case in
manufacturing. onsemi has developed accurate corner PLECS models based on real manufacturing distribution.

 Physics dictates that worst case conduction and switching losses do not happen simultaneously for example.

- Depending on the application, the influence of conduction and switching energy losses on the overall system
performance will vary. The onsemi corner PLECS models provide the user the flexibility to investigate the entire

correlated space.

- Corner models currently available for EliteSiC and T10M 40V products. More T10 and FS7 IGBT corner models
are coming soon.

 Accurate corner and statistical modeling covered in detail in

— SIiC MOSFET Corner and Statistical SPICE Model Generation — Proceeding of International Symposium on Power
Semiconductor Devices and ICs (ISPSD), pp. 154-147, September 2020

Process Condition Rpsons Vin» BV Capacitance, Conduction Switching Energy
Device RG Loss Loss

Nominal Nominal Nominal Nominal Nominal
Bes_t C?se Conduction Loss, Worst Case Low High Low High
Switching Loss

Worst Case Conduction Loss, Best Case High Low High Low

Switching Loss

onsemi
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Full Switching Energy Losses

Full Switching Simulation™

*The Double Pulse Test is NOT representative of Soft

Switching. Using double pulse switching energy losses in the
simulation of a Soft Switching Topology is highly inaccurate.

Public Information © onsemi 2024
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Access SSPMG with MYON Account

MyON is required to use the SSPMG

Onsel | " Products ~ Solutions ~ Design ~ Support ~ Company ~ Careers Q) Search the Site & Cross Reference

MYON
Login

@ |V En~

Supercharge your onsemi experience by @ Login
creating an onsemi account Returning User
Email
, Order product samples & e Save/Email Interactive Block
~ evaluation boards = Diagram worksheets
Password &
S.ave custom parametric search [ ] et Exclisnie Wabinars
filters '" Forgot Password?
=) Join the conversation on /7| . View browsing history &
"N Community Forums " favorites using My History
Do not have an REQ'ISIE-F
account? MNow E

| Utilize Strata Developer Studio

And Much More...

D 1,300

' & other developer tools

First Time User

Upcoming Tradeshow  PRT+ Interactive Charts  Technology Webinars  New SiC Technology

10 Public Information © onsemi 2024
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Outline of User Guide

Step by Step Tool Flow

onsemi
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Getting Started

Onsemi Products ~~ Solutions ~ Design ~ Support~ Company ~ Careers v Search for anything Q @ \Q‘ EN ~

M / Products / Discrete & Power Modules ~ | Silicon Carbide (SiC) ~ [ Silicon Carbide (SiC) MOSFETs ~

Silicon Carbide (SiC) MOSFETs | NTHLO15N065SC1

Go to landing page

www.onsemi.com/self-plecs-generator
and select Generate Model OR find Silicon Carbide (SiC) MOSFET - EliteSiC, 12 mohm, 650 V, M2, TO-247-3L

SSPMG link on product pages.—_| W Products &3 Email Sales

e el Elite Power . - sat-sirvice
2D PLECS Model
- Datasheet EEJ i. CAD Model Simulator Start Simulation PLECS Mo Generate Now

Link to Elite Power Simulator

Onsemi Self-Service PLECS Model Generator

S Requests [T] User Guide {=] Application Note Elite Power Simulator| & Support

o Product Selection

Select Your Preferred Product :
{:? Filter by selecting product type, technology, and voltage .Ljser G u I.de _and
Detailed Application Note

onsemi
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Step 1: Select Product

&€ Requests [M User Guide  iF) Application Note Elite Power Simulator &< Support

0 Product Selection

Select Your Preferred Product
Filter by selecting product type, technology. and voltage

e Discrete or Module v
5 (5 MOSFET) Device Type* & Technology Generation v
o Blocking Voltage v
Ep—— Product list filtered based on previous choices v
*EliteSIC MOSFETSs, Field Stop 7 (FS7) IGBTs, and T10 Si MOSFETSs are supported. L

mV
13 Public Information © onsemi 2024 Onse ‘



Step 2: Set Process Condition

8 Requests [ User Guide =] Application Note Elite Power Simulator & Support

0 Product Selection 9 Process Condition

)\)L Preferred Process Condition :

]( LS whotisyourpretered process conic Corner models currently only available

— for EliteSiC and T10M 40V products.

Nominal More T10 Si MOSFET and FS7 IGBT v
corner models are coming soon.

v
Process Condition Rpsons Vin» BV Capacitance, Device Switching Energy Loss
{¢] Loss

Nominal Nominal Nominal Nominal Nominal
Best Case Conduction Loss, Worst . :
Case Switching Loss = gl = et
Worst Case Conduction Loss, Best High Low High Low

Case Switching Loss

© onsemi 2024 Onsema
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Step 3: Set Switching Type

€ Requests (1] User Guide i) Application Note Elite Power Simulator B4 Support

© Product Selection ® Process Condition (3 Switching Type

)‘\l Switching Type . . ] ] . ] .

-[[('3_: we s s e | REQUIAN Hard Switching or Full Switching including transition from Hard to Soft
i —_ a— — —
__ / _\

Switching Type "4 Switching Txpe

Regular Double Pulse Tester Model for Main Switch operation only, valid for Hard Switching Full Switching Model for Main Switch and Synchronous Rectifier Operations, valid for Hard-, Soft- and Partial Soft-Switching

High Side Choice

nrrsozentzomss | Qption for Hard Switching: v
Half bridge or quarter bridge with ideal diode or EliteSiC Schottky diode

Choose the switching type based on the intended application or topology.

If hard switching chosen, user has choice for high side device to be in half bridge configuration or quarter bridge with ideal diode
or EliteSiC Schottky diode on the high side.

Full Switching is valid for hard, soft, and partial soft switching. Example Full Switching topologies include DC-DC LLC and CLLC
Resonant, Dual Active Bridge, and Phase Shifted Full Bridge.

Subsequent step 4 “Characteristics” change slightly based on the Switching Type.

mV
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Step 3: Quarter Bridge with EliteSiC Schottky Diode

E Requests [ User Guide iZ] Application Note Elite Power Simulator &< Support

© Product Selection ® Process Condition (3] Switching Type

)\ L Switching Type

]rrq — What is your preferred switching type?
i

Switching Type
Regular Double Pulse Tester Model for Main Switch operation only, valid for Hard Switching v

High Side Choice
SiC Diode ~

Technology (SiC Diode)

D3 Technology Generation v

Voltage (SiC Diode)

1200V Blocking Voltage V

Product (SiC Diode) *

NDSHS0120C Product list filtered based on previous choices v

- User should make sure EliteSiC Schottky diode current rating is suitable with the low side switch.

mV
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Step 4: Set Characteristics (Hard Switching)

Drain current can be in 1st and/or
3rd quadrant, so positive and/or
negative.

Diode Current is for diode forward
conduction mode at the low VGS
condition. Values are given in
absolute scale.

Default Gate Drive conditions are
the recommended values. User
can change Low and High VGS
within a specified range that
ensures proper device operation.

If

(Stop-Start)/(Step Size) != Integer
then last point=Stop. Example:

Start=1 Stop=9 Step Size=3
Simulated points are: 147 9

17

Gate Drive

Low VGS (V)
Value " (<= 0)
3
Conduction Characteristics
Transistor Current (A)
Start” Stop " (> Start)
50 50

Temperature(°C)

Fill in list of values, separated by space

2575125 175

Public Information

Descriptive fields guide user.

€ Requests

© onsemi 2024

M User Guide

Elite Power Simulator

i%] Application Note

High VGS (V)

Value (=
18

Switching Characteristics

3 Stop
5 50
Load Voltage (V)

List of values separated by space
600 650 800

CReset

onsemi

Support




Step 4: Set Characteristics (Full-Soft Switching)

Full Switching Changes:

Drain current is 1st and 3rd quadrant,
so positive and negative when a
switching event happens

Full Switching Additions:

dl/dt: in the resonant inductor when the
switching event happens. This dl/dt is
directly linked to the resonant inductor
voltage by the Faraday’s law of
induction E=L*di/dt. “didt” is a PLECS
circuit parameter passed into the
PLECS model to evaluate the losses in
soft switching.

Max Delay: maximum dead time
allowed between high side and low side
switches for the resonant transition to
occur

Resonant Inductor

18

B Requests [1] User Guide

o Product Selection 9 Process Condition

l _] Characteristics
Al fizlds in this step are reguined!

Gate Drive

Lo WG5S (V)

-3

Conduction Characteristics

Transistor Current (&)
-50 50 5
Diiode Current (&)

0 50 5

Temperature("C)

25 75125 175

Public Information © onsemi 2024

i¥] Application Note

e Switching Type

High VG5 (V)

18

Switching Characteristics

Current [A)

-50

Elite Power Simulator 49 Support

o Characteristics

g Circuit Schematic

difdt {Aps)
-10
“ax Delay (ns]

250

Rezonant Inductor [pH)

50

Load Voltage (V)

600 650 200

.
onsemi



Step 5: Circuit Schematic (Half Bridge Discrete)

Table of parameters

matches circuit schematic.

Default parameters are
generally 0, allowing user
to just enter needed
values.

Min and Max Gate
Resistance parameter
facilitate RG scaling in the
PLECS model.

Gate drive signal can be
modeled through Rdriver,
TF, and TR.

Several passives can be
set directly from Wurth
Elektronik component
library. (See next slides)

19

8 Requests

o Product Selection e Process Condition

) _ Switching Circuit Schematic
: : Please fill in circuit parameters

ElEkTRONK
D - Simple D N WE R
YOU EXPECT

[ User Guide

e Switching Type

Public Information © onsemi 2024

£ Application Note

Elite Power Simulator B Support

o Characteristics e Circuit Schematic

Descriptive fields guide user

Category Parameters

Gate Driver ~
Rdriver (Gate driver internal resistance, (1) 0

TR (Gate drive rise time, =) 50n
TF (Gate drive fall time, 5) 50n

Gate Drive Circuit

¥y <

EMI Damping

=]

Rdamp (C2)

Cdamp (F)

o

COR 68p

Rsnub ((0)

o o

Csnub (F)
Load Inductor Parasitics
Devices Layout Parasitics
Switching Loop Parasitics

Input Filter

< < < ¢ <

Current Measurement

onsemi




Wurth Elektronik Components

FLEKTRONIK
- Simple N WE R
YOU EXPECT

LFH LloopH
I load
LDH

Renub
CQ
THG Canub
THE T

User can directly choose Wurth
Elektronik components for several
passive elements in the switching

circuit.

Green box around the element denotes + 2
the standard value. (—)m -

Red box denotes an element was set

through the Wurth Elektronik library.

The highlighted elements are clicked on
directly to make the choice.

TL
/ Czrub
TLK

onsemi

20 Public Information © onsemi 2024



Wurth Elektronik Components

Please choose inductor type for Lload

21

- Simple

=

WURTH

ELEKTRONIK
MORE THAN
YOUEXPECT

@f Simple Inductor

O E Wiirth Elektronik Xomponent

0K Cancel
YL YL N
LFH LloopH
Tload
LDH

LsH

®
N
E
I

LDL

i

|
3
% o %

Czrub

LSL
LFL Lleapl
LAANAS

Public Information

© onsemi 2024

Capacitance(F):

Resistance(Q):

Click on highlighted element
and selection window pops up
with choices:

« Simple <component>

« Wairth Elektronik Component

onsemi



Wurth Elektronik Components

Please choose inductor type for Lload

() Simple Inductor

® Wiirth Elektronik Component

Enter Value

Filter: orderCode:‘ %

| Inductance: Nominal Value(uH) ‘10

Parallel

78439370100
73439370082
73439368100

Click on row
to highlight

734373865082
734373170100
734373170082
73433390820
7448550100
7443990082
74485542820
74485542101
7444211415082
74441521082

0K Cancel

10 29.05 6400
2 25.54 R0 21.35

10 13.2 . 14
Optlon to enter
10 9,782 . 16
0 . | orderCode directly -
10 32.02 15000 104 15.9 o]
8.2 271.75 12000 116 20.2 11
10 47.55 10000 16 26 7
8.2 39.92 8200 184 321 2]
a2 3.205 21510 6.7 15.6 32
10 MaM 62000 4.5 17 =]
8.2 NaM 56000 4.8 183 10
8.2 5.85 8400 13 24 22
10 5.07 11000 115 22 22
8.2 7.8 9200 6.7 16 23
8.2 10.07 6200 10 17.5 19

Total 46 items

\

Click on OK

22

Public Information

Irpaox Lsat:305: ¢
312

Enter Tolerance Range

Range(+%)= 20 | B

Sort on Fields

WURTH

© onsemi 2024

wi ELEKTRONIK
MORE THAN

YOU EXPECT

List of viable components is
shown with pertinent information.
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Step 5: Circuit Schematic (Quarter Bridge Discrete)

ELEKTRONIK
- Simple o WE Rkt

YOU EXPECT

High side choice can be:

LFH

Ideal diode with capacitance=0
EliteSiC Schottky diode

23 Public Information © onsemi 2024

@ o

LFL

=

onsemi



Step 5: Circuit Schematic (Half Bridge Module)

FLEKTRONIK
- Simple N WE Risktny

YOUEXPECT

All module parasitics are
included in power module

g
? i |
L:_l |

|
|

o : o

] g

A
] |
I |
SPICE model. ) :
TaY] +_ Viead - | :
Remaining parameters are ) T |
the same as discrete version. | | e
I I O
| mf;} 1=

ITLK

_I

mV
24 Public Information © onsemi 2024 Onse ‘



Step 5: Circuit Schematic (Full-Soft Switching)

ELEKTRONIK
- Simple o WE Bk
YOU EXPECT

 Lload corresponds to Resonant
Inductor.

25

— TG

iy

"8

1
HEAW-

Camb

Public Information © onsemi 2024
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Step 5: Circuit Parameters — Full list

Input Filter
RCF (Q)

LCF (H)
CF (F)
LFH (H)
RLFH (Q)
LFL (H)

RLFL (Q)

Devices Layout Parasitics
LDH (H)

RDH (H)
LSH (H)
RSH (Q)
RDL (Q)
LDL (H)
LSL (H)

RSL (Q)

26

0.2m

2n

3n

5n

0.1m

5n

0.1m

2n

0.1m

2n

0.1m

Switching Loop Parasitics
RloopH (Q)

LloopH (H)
RlooplL (Q)

LloopL (H)

Load Inductor Parasitics
Rload (Q)

Cload (F)

EMI Damping
Rdamp (00}

Cdamp (F}
CO(F)
Rsnub (2)

Csnub (F)

Current Measurement
Rshunt (Q)

Rshunt Location

Public Information

© onsemi 2024

0.1m
il Gate Drive Circuit ~
0.1m RGoff (Default OFF Gate Resistance, Q) 2
2n RGon (Default ON Gate Resistance, Q) 2
RGoffMIN (Min OFF Gate Resistance, Q) 2
RGoffMAX (Max OFF Gate Resistance, Q) 10
RGonMIN (Min ON Gate Resistance, Q) 2
. RGonMAX (Max ON Gate Resistance, Q) 10
m
LGH (H) 5n
22p
LKH (H) 5n
LGL (H) 5n
~ LKL (H) 5n
100
47p
100p
1 -
Gate Driver ~
200p Rdriver (Gate driver internal resistance, Q) 1
TR (Gate drive rise time, s) 50n
y TF (Gate drive fall time, s) 50n
m
RSL =

onsemi



Step 5 : Input Filter Parameters

27

- Simple

WURTH
w ELEKTRONIK
- MORE THAN
YOU EXPECT

[

@ iad

Renub
Q

F 3 LsH

il

/ Cznub
TLE

Public Information © onsemi 2024

Input Filter A
RCF (Q) 0.2m
LCF (H) 2n
CF (F) 3n
LFH (H) 5n
RLFH (Q) 0.1m
LFL (H) 5n
RLFL (Q) 0.1m

LFx (with RLFx as series
resistance) is the PCB leakage
inductance or a discrete filtering
inductor.

The simple filter capacitor or
decoupling capacitor CF includes
ESL(LCF) and ESR(RCF)

parameters.

Alternatively, Wurth capacitors
can be chosen with fully
characterized parasitics.

onsemi



Step 5 : Switching Loop Leakage Inductances

ELEKTRONIK
- Simple N WE Rk
YOU EXPECT

-

A OA A I I | LGH THG
. Rron Rdamp Rsnub
co
TH ——
Cdamp THG ——]
Vi Canub
THE G/
LEH THE |
AAAS

F 3 LsH

LDL

RGoff 7YY Yy Fanuk
LGL TLG col
TL ——
. jles TLG ——
i " Ridamp Cernb
K o’ =
i
AANAS LSL

LFL LloepL

il

@ iad

28 Public Information © onsemi 2024

Switching Loop Parasitics ~
RloopH (Q) 0.1m
LloopH (H) 2n
RlooplL (Q) 0.1m
LloopL (H) 2n

The switching loop inductance
(in between the decoupling
capacitor and the switching
cell) is represented by Lloopx
(with Rloopx as series
resistance) on the positive and
negative branch.

onsemi



Step 5 : Interconnections leakage inductances

Devices Layout Parasitics ~
WURTH
. i LDH (H 2n
RDH (H) 0.1m
LSH (H) 2n
RSH (Q) 0.1m
FGoff YT TY L
" A A II | LGH THG RDL (Q) 0.1m
Fron Rdamp LDL (H) 2n
Cdamp LSL (H) 2n
RSL (Q) 0.1m
LKH THE
AA AT

Drain and Source
interconnections can also be
modeled by inductances (with
series resistances). There are 4
in total for the two switching
devices.

onsemi
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Step 5 : Load parameters

Load Inductor Parasitics ~
WURTH
) Simple _ g":%?:fﬁg Rload (Q) 5m
= Cload (F) 22p
_rH;W\ NW\HMPH §
RGO.E AA l | LGH THG LDH Eﬂ
RGon Rdamp Remub
o[ : : :
Cdamp m‘“’?} T ... For simple inductor, the inductor
| = T quality or performances are
3 defined by an equivalent series
O | resistance (Rload) and an
) equivalent parallel parasitic

LDL

capacitor (Cload).

Alternatively, Wurth inductors can
be chosen with fully characterized
parasitics.

onsemi
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Step 5 : Current Sense parameters

31

ELEKTRONIK
- Simple N WE Rk

YOU EXPECT

THG

Public Information

© onsemi 2024

Current Measurement ~
Rshunt (Q) m
Rshunt Location RSL

A current sense measurement
based on a shunt resistor can
be included in the loop in
various places:

- in switching device Drain,

- in switching device Source
- in switching inductor

If the shunt is in either the
device drain or source, the
interconnection series
resistance can be increased
accordingly.

onsemi



Step 5 : Gate Drive Circuit parameters

Gate Drive Circuit ~
?LEI?TTEGNIII RGoff (Default OFF Gate Resist Q 2
- Simple _ M/ DEKTHOM off (Defau ate Resistance, Q)
YOU EXPECT .
RGon (Default ON Gate Resistance, Q) 2
Y

LloopH RGoffMIN (Min OFF Gate Resistance, Q) 2
i load % RGoffMAX (Max OFF Gate Resistance, Q) 10

LoE RGonMIN (Min ON Gate Resistance, Q) 2
Renub RGonMAX (Max ON Gate Resistance, Q) 10

co
THL] | ek LGH (H) 5n
——

THGJ/} = LKH (H) 5
“ T -
LGL (H) 5n
LKL (H) 5n

CF L&H
——
——

LDL

The gate drive circuit includes
two parasitic inductances LGx
and LKx for interconnection
and split gate resistors (RGon
and RGoff) to control turn-on
and turn-off speed.

m!
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Step 5 : Driver extra parameters

ELEKTRONIK
- Simple N WE Rk
YOU EXPECT
RGoff Y
. a A l | LcH THG
. | RGeon Rdamp
Cdamp
LKH | THE
WAAAS

33

@ Vioad

LloopH
1 load
LDH

Renub

F 3 LsH

LDL

il

0

/ Cznub
TLE

=

[

t
¥
|
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Gate Driver ~

Rdriver (Gate driver internal resistance, Q) 1
TR (Gate drive rise time, s) 50n

TF (Gate drive fall time, s) 50n

The driver is model by a pulse
voltage source with Minimum

and Maximum (ON and OFF)

voltage defined in Step 4.

In Step 5, the user defines the
Rise (TR) and Fall (TF) times.
The user can also give the
driver internal resistance value
Rdriver.

onsemi



Step 5 : EMI Damping parameters

ELEKTRONIK
- Simple N WE Rk

YOU EXPECT

RGoff Y

LGH

LEH

Rdamp
Cdamp

L—F

THE:

AOA A l | LGL

34

LFH LloopH
[ load
LDH

Renub
co
THG Canub
THE

+ _ — 31.3}1
@ Viead ——
=== —

/ Cznub

Public Information © onsemi 2024

EMI Damping ~
Rdamp (00} 100
Cdamp (F} 47p

CO (F)
Rsnub ((2)

Csnub (F)

100p

200p

For EMI reduction, two
damping circuits can be added.

Between Drain to Source, a
parallel capacitor linearizes the
switching device output
capacitor. A snubber circuit can
also be added.

Between Gate and (Kelvin)
Source, an R-C series damping
network will damp the Miller
effect ringing.

onsemi



Step 6: Submit Request

Requests

M User Guide

{Z] Application Note

Elite Power Simulator

&< Support

From the CirCUit @ Switih.in.g Fircuitj&chematic
Schematic Tab, once the '
circuit parameters are ' R R Category Parameters
entered, Submit Request _ O — -
. Rdriver (Gate driver internal resistance, () 1
button becomes active. \ et e e
TF (Gate driver fail time, s} 50n
User clicks on Submit P -
Request and is brought to oad nductrPrs -
the Request Details page e
Devices Layout Parasitics hd
Requests take several suitching Loop Prasis 2
minutes to complete oot 1)
. . Rloopl (C) 0
depending on the density oo 4 "
of the input characteristics. o :
Modules take longer due ;
to higher complexny fr o _
compared to discretes. L A T

onsemi
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Step 7: Review Request Details Page

The Request Details page
provides user with

Details of the input
parameters

Plots of the simulation results
Status field:

Pending — simulation in queue
Running — simulation running

Done — simulation completed

PLECS Model (XML File)
download

Recall button: Enable users
to recall the current request
into a new request where
changes can be made before
submitting the new request.
The current request is
maintained.

Request #2123

Characteristics for this request,

Details Plats

36

Category

Requests

Parameters

Product Information
Product Number

Product Type

Product Technology

Product Voltage
Process Condition
Switching Type
High Side Choice
Gate Drive Conditions

Low VGS (V)

High VGS (V)

Conduction Parameters
Switching Parameters
Temperature List

Gate Driver

Gate Drive Circuit

EMI Damping

Load Inductor Parasitic
Device Layout Parasitics
Switching Loop Parasitics
Input Filter

Current Measurement
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Step 7: Review Request Details Page — Plots Tab

Elite Power Simulator

M User Guide

& Support

8§ Requests i=] Application Note

The Plots tab provides users

with multiple plots

Details Plots
representing the data in the - v
XML file. H H=
Eoff, Eon, Err vs. ID (current) T £~ I
for different temperatures and R vd 3
voltage @default RG - _

Eoff at negative ID is
essentially Err.

Eoff, Eon, Err vs. RG for | oW e
different currents @maximum h T T

temperature and voltage. s

Transistor conduction plot oo TE s

VDSon vs. ID for different % oo g oomrer] 3
temperatures.

Diode conduction plot Vsd vs. |

ID for different temperatures. T So o e o 4 Sy e e oh e o

2.5e-05 1

0.0e+00 4

2.0e-04

0.0e+00

D{A)
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Example Full Switching Model Results

M User Guide

Requests

Application Note

Elite Power Simulator

&<d Support

Details

Eoff{))

Eon{))
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Example Full Switching Model Results

Requests M User Guide {Z] Application Note Elite Power Simulator &<d Support
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Example Full Switching Model Results: 3D View
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L 0.000086
0.00008

~ | o.00071

L
0.0006

0.0004 " 0.00006

0.0002
E[J]

0.00004
E[J]

" 0.00002

200002

0 Vblock [V]

“
p lon [A] . :
200 7 90 w . Main Switch

[ ] Synchronous Rectifier

mV
40 APEC 2024 Public Information © onsemi 2024 Onse ‘"
TSSO I I OGS HHHHHHHHHHHHHHHSHHHHHSHSSSSSSSSSSSS'




Step 8: Review Requests Summary Page

4

Product
- T‘:Chnc'logy VOltaqe process Condition
ype

€ Requests

Request List
Search through the reguest list and find

(1] User Guide

iZ] Application Note

Elite Power Simulator  &J Support

Sort and Search these fields

Note* User will only see their requests

Model
Status Last Updat

Recall
M

James Victory v [AlI v [AlI] v [AlN ~ ||| NTH4LO22N120M3S |[&] [AlN [All d
263 lames Victory discrete M3 1200V NTH4LO22N120M 35 Nominal Daone 2023-03-10 14:34:56 ha) XML % Recall
James Victory discrete M3 1200V NTHALO22N120M35 Nominal Done 2023-03-1013:32:18 wa) XML E% Recall
A oA
Hicarat W 200V NTHALO22ZNT120M35 Nominal 0:45 m XML o= Recall
_ Download

Cl ICk On req ueSt # 200V NTHALO22ZNT120M35 Norminal XM L MOdeI B:25 s ) XML E% Nacall

to access .
253 James Vic . 200V NTHALO22ZNT120M35 Nominal Done 2023-03-09 21:57:40 o) XML % Recall

Request Details Page

251 James Vic 200V NTH4L022N120M35 Nominal Done 2023-03-09.21:40:24 [ % Recall

| | | Recall request |nto .
250 lames Victory discrete M3 1200V NTH4L022N120M35 Nominal Done S Recall

new request

249 lames Victory discrete M3 1200V NTH4L022N120M 38 Nominal Done UZ3-03-09 2 10928 T XML E% Recall

247 lames Victory discrete M3 1200V NTH4L02ZN120M35 Nominal Done 2023-03-09 17:30:30 L) XML E%

Page |1 ofd PP M |20 v View 1- 20 of 66

Public Information
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FAQ: Common Causes of SSPMG Failed Runs

Very small switching current step (<1A) causing very long simulation times while not really improving the
accuracy of the table model.

Switching currents too close to 0 (<1A): In the EOFF extraction, 1% ID point by IEC standard will yield very small
currents which can cause extraction errors due to leakage. For example, when ID=0.1A,the 1%ID will be only
1mA,which could be less than the leakage for some high temperature conditions.

Switching load voltages are too low. Very low Vload can cause errors in the EON extraction, in which we need to
measure 3% VDS by IEC standard.

Switching load voltage too close to the device breakdown voltage BV can cause issues if there is overshoot of
VDS in turn off. If the overshoot is higher than BV, the breakdown current will generate strange behaviors.

For full switching, users may put very small negative current. For these inputs, there would be only 1 or 2 points
for negative current yielding poor results. There should be at least 3 points in the negative current range.

Iswitch_min=-1 Iswitch_max=50 Iswitch_step=5

Iswitch_min=-10 Iswitch_max=50 Iswitch_step=5
Very large dl/dt could cause convergence issues or very strange behavior.

In general user should check ranges of parasitics. Unreasonably large inductors, resistors, and capacitors can
cause issues. For example, large CLOAD/CO could cause very long turn on/off edge.
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Outline of User Guide

3 Deploying PLECS Models in Elite Power Simulator and
PLECS Stand Alone
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Deploying SSPMG PLECS Models in the Elite Power Simulator

. . & 9 -2
onsemi power pI’OdUCtS INn
your own environment Application/System
— . simulation with
arasitic capacitors, .
leakage inductors ... onsemi power products
3 )
Self-Service Elite Power
PLECS Model - Simulator
Generator Powered by
Upload your PLECS
P o mode I a S
( Generate ) ( Simulate )
3 3
Dl@(:li, Intuitive and easy to use flow
High fidelity system level PLECS models Rapidly report temperature, losses and
with parasitic effects for your own use much more for your system/application

m!
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Load SSPMG models into Elite Power Simulator

In Device Configuration Tab, user can select to upload SSPMG generated model

o Application o Device Selection e Device Configuration o Circuit Parameters

MOSFET configuration

Device name: NTH4LO22N120M35

Number of parallel devices Turn-on gate resistance Ry qn ext
Value * Value *
1 4.5

Turn-off gate resistance Ry_qff ext

Value *

4.5

Loss model type \

@ Upload PLECS custom loss model from onsemi's SSPMG tool

o Nominal loss data O Best case conduction loss/worst case switching loss O Worst case conduction loss/best case switching lo

Model data file

(Seectmeseiiie)  Browse for SSPMG XML file

mV
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Load SSPMG models into PLECS Stand Alone

Onsem‘ Products ¥ Solutions ~ Design ~ Support~ Comj

M / Design / Tools & Software ~ [ Elite Power Simulator Tool v

Elite Power Simulator Tool

First download PLECS models from Elite Power Simulator
and follow instructions in “Install.txt” file.

PLECS Models (XML) SSPMG Support

To install the onsemi SiC library components and corresponding User Guide /] App Note
thermal descriptions (XML files), simply add this directory
(containing the "onsemiThermalDescriptions/" folder,
"onsemiComponentLibrary public.plecs" PLECS model, and
"info.xml" file) into the list of thermal description search paths in
the Thermal tab of the PLECS Preferences window. Click the

Application Device Selection Device Configuration
pp

RefreSh bUtton on the Ieft Side Of the IISt and CliCk OK tO Ioad the onsemi > onsemi-thermal-descriptions * onsemiThermalDescriptions * onsemi
onsemi files into PLECS. Then a new entry in the PLECS Library - . -
Browser should appear "onsemi Block Library" containing several ame Jate modiee
components that can be dragged into your own circuit models IcDiodes oIz e A
and directly be used with the provided thermal descriptions. e e
Create subfolder sspmg here and place SSPMG XML files in e e

this directory. Note folder can be any name.

onsemi

46 Public Information © onsemi 2024



Load SSPMG models into PLECS Stand Alone

Place an onsemi SiC-Si MOSFET or Si IGBT in PLECS schematic.

Double click MOSFET/IGBT symbol and browse for SSPMG XML file.

m buck_converter_with_thermal_model_onsemi — O x
mLibraryBrow,,, — O > File Edit View Simulation Format Coder Window Help
File Window Help Budk Converter with Thermal Model

Q, Search components

Assertions ﬂ_ﬂ <+ %

Control Pulse Generator Thermal Chain '™ T2
Electrical

Thermal L 1.2¢3

Magnetic i

Mechanical

PLECS RT Box

Heat Sink

5TM32 Target
TI C2000 Target
* onsemi Block Library

-ISEX onsemi SiC-Si MOSFET

el |
05525

Calaulator effcency | 99.75)
‘ZS onsemi SiC Schottky Diode SOUrGE power Effidency
Efficiency (%)

Caloulator

Probe -

Tenperatures  Trarmgl

‘ISEX onsemi VE-Trac SiC Module

ﬁ@ onsemi 5i IGET
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m Block Parameters: buck_converter_with_thermal_model_onsemi/MOSFET1
onsemi SiC-Si MOSFET (mask) (link)

This component is used to link .xml thermal description files for onsemi discrete SiC/Si
MOSFETs.

To use, first add the folder containing onsemiComponentLibrary.plecs and info.xml files,
and onsemiThermalDescriptions/ subfolder to the "Thermal description search path' of the
Thermal tab of the PLECS Preferences window. Then, onsemi MOSFET components can
be selected in the MOSFET field below.

You do not need to provide a value for device parameters that show their default values in
gray, but you can overwrite these to a different value. All other parameters are required

to have a value assigned. For variable-frequency operation (even at Steady State),
provide a very slow switching frequency corresponding to a large averaging interval, e.g.,

Note that this com must be placed on a Heat Sink block.

MOSFET Assertions

MOSFET:

~
onsemi/sspmg/NTH4L022N120M35_nominal_sspmg584 | |

onsemi

et



Load SSPMG models into PLECS Stand Alone

&8 C:/Users/fg9mzb/Documents/online simulator/models/onsemiThermalDescriptions/onsemi/sspmg/NTH4L02... X

48

Review XML data under Window —Thermal Library Browser

Run simulation

2} buck_converter_ with_thermal_model_onsemi O d
File Edit View Simulation Format Coder| Window elp
Buck Converter with Thermal Model
J ==
J5 dct
: Wm T: 25
Pulse Generator Thermal Chain
[. _TF_T.1 L: 1.2e-3
MOSFETT. + a
V: 500 C: 100e-6 =/ R: 5 U al /]
Heat Sink C v
. Eledcrical
Switch
Loss {losses
Calaulator effidency
w—bsource pow er EffidEﬂOf
Source Effidiency (%)
Power Calaulator
]
Total Power Loss Temperatures  Tparmal

Public Information © onsemi 2024

B8 buck_converter_with_thermal_model_onsemi/Thermal

File Edit View

Files
v onsemi
SiCDiodes
SICMOSFETs
SiCModules
v sspmg
L NTBGO2...
NTHA4LO...
Diode
IGBT

File Edit View Window Help
oQe o -m qm =

o
g
-
@
=4
=
o
i
T
a
£
O
=

Manufacturer: |ONSEMI

‘ Fart: ‘NTH4LD22N12DMES

‘ Type: ‘unsem\MOSFI:T V‘

Device types Thermal network Constants Variables Custom tables Comment
Device types Turn-on loss Turn-off loss Conduction loss Thermal chain
MOSFET* (MOSFET) Computation method: | Lookup table and formula b
Diode* (Diode)
[] invert voltage axis  Energy scale: |1~ Fd
0.0012 s X
0.001 Legend:
0.0008 —_25°
E [70-0006 — 75
0.0004 — 1259
— 175°
0
ion [A]
— O w 750
0A 517
)] 0J
) 0J
MOSFET junction temperature h) 0J 0.00(
D) 0J 0.00(
0 o) 0.00( v
>

/lookup('EonVsRg(Rg,id)',2,55.000000) ‘

CES Ravart Haln
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Questions?

Have questions, comments, or need support with your Self-Service PLECS Model Generator
needs? We're here to help! Write us an email at sspmg@onsemi.com.

 Self-Service PLECS Model Generator:

www.onsemi.com/self-plecs-generator

* Elite Power Simulator:

www.onsemi.com/elite-power-simulator
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