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Introduction to Infineon’s simulation models
for IGBTs and silicon diodes in discrete
packages

About this document

Scope and purpose

This document introduces and describes Infineon’s simulation models for discrete IGBTs and silicon diodes.

Intended audience

The intended audience for this document is research and development teams, and engineers who want to
perform an initial evaluation of Infineon’s discrete IGBTs and silicon diodes through electrical and thermal
simulations.
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Disclaimer

1 Disclaimer

Models provided by Infineon are not warranted as fully representing all the specifications and operating
characteristics of the semiconductor products to which the model relates. The models describe the
characteristics of typical devices. In all cases, the current datasheet information for a given device provides the
only guaranteed performance specifications that can be used as a design guideline. Although models can be a
usefultoolin evaluating device performance, they cannot model exact device behavior and characteristics under
all conditions, nor are they intended to replace experimental tests for the final verification of the application
system. Infineon therefore does not assume any liability arising from the improper use of these models. Infineon
reserves the right to modify models without prior notice.
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2 Introduction

Circuit simulation is a safe and efficient way for researcher and engineers to verify the performance of the
selected device in an application and understand its behavior. Infineon offers simulation models such as SPICE
(Simulation Program with Integrated Circuit Emphasis) and PLECS® (Piecewise Linear Electrical Eircuit
Simulation) for its discrete IGBTs, CoolSiC™ MOSFETSs, and diodes. These simulation models provide insights into
device behavior and performance during the design phase or troubleshooting. This helps designers find valuable
solutions for their application before the physical designs are created.

Simulation models are useful for virtual prototyping. This saves costs and time during the development process
and helps developers design, optimize, and test electronic circuits using simulation software.

SPICE simulation models of Infineon’s power devices provide a detailed, transient switching waveform that helps
users understand device behavior. These models can be used to:

e Thoroughly evaluate the device behavior (both static and dynamic characteristics) in simulation and
compare different devices to find the most suitable one as per application requirements

e Evaluate and optimize system-level performance by comparing and evaluating different devices in the
system level simulation

e Design application parameters (such as selecting an appropriate switching frequency or dead-time) and
compare the switching losses of different components

e Replicate external circuit effects such as commutation loop design, gate driver design, and various
parasitic elements

e Enable detailed analysis of resonant or soft-switching topologies, and typical hard-switching converters

Circuit simulation in SPICE helps in determining switching losses by considering the physical behavior of the
switching process, therefore SPICE simulation requires a very small time step (in nanoseconds).

Unlike SPICE, PLECS uses ideal switches and does not include physical models of components, therefore,
transient waveforms cannot be observed during the switching operation. However, PLECS has a thermal
modeling domain that estimates device switching and conduction losses, and consequently calculates junction
temperatures of the device [6].

Estimating power dissipation and junction temperatures of power semiconductors is essential for reliable
operation of power converters. Thermal management is an important aspect of power electronic systems. It is
gaining more importance with the increasing requirement for compact packages and higher power density.
PLECS enables users to incorporate thermal design into the electrical design at an early stage and provides a
cooling solution suitable for the application [6]. PLECS simulation models address the power loss estimation by
using specially defined device models that include switching losses obtained from measurements and use
lookup tables to define losses as a function of voltage, current, junction temperature, and other user-defined
variables such as gate resistance. This method does not require small time steps and provides high
computational speed while accurately predicting power dissipation and junction temperature to achieve
optimized power and thermal management.

This application note explains the PLECS and SPICE simulation models of Infineon’s discrete IGBTs as well as
their calibration and accuracy. It also describes in detail how to use SPICE simulation models in offline simulation
tools such as LTspice® and SIMetrix.
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3 Infineon SPICE models for IGBTs and power silicon diodes

3.1 Model library files

The models for Infineon IGBTs and power silicon diodes are evaluated with the SIMetrix circuit simulator. The
models are tested, verified, and provided in PSpice® simulation code. All power device models are grouped in
dedicated library (.lib) files according to their voltage class and product technology. These .lib files are
compatible with all SPICE simulators available on the market such as SIMetrix, LTspice®, PSpice®, and OrCAD®.
SPICE models for all discrete products of Infineon are available on Infineon’s website [1] and their respective
product pages. The model folder published on the website contains the .lib file of the device model and the .sxslb
file, which is the IGBT symbol file for the SIMetrix graphical user interface.

3.1.1 Library implementation in SIMetrix

Before setting up a simulation, a model must be integrated in the simulator tool. This section illustrates the
installation process of the simulation model files in SIMetrix. The simulation model folder can be downloaded
from Infineon’s website as a zip file. After unzipping the file, users can install the model using the steps described
in the following sections:

e Installing the model
e Associating the model with a symbol

3.1.1.1 Installing the model

SIMetrix provides two ways to install the model - the “drag-and-drop” method and the “local installation”
method.

To install a model using the drag-and-drop method, users can follow these steps (Figure 1):

1. Open Windows Explorer and locate the device models.
2. Select the files to be installed (files with extensions .lib and .sxslb.)

3. Ensure that the SIMetrix command shell is in focus. If this is not the case, select a schematic or graph and
press the spacebar.

4. Drag and drop the files from Windows Explorer into the command shell. A message box will pop up to
individually process the files.

5. Click Ok to confirm and install the simulation model.
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Figure 1 Installing a model in SIMetrix using the drag-and-drop method

In the local installation method, a model can be enabled (for a certain schematic) by including a reference in the
Command Window. To include the model in the schematic, users can follow these steps (Figure 2):

1. Open the schematic sheet and press F11 on the keyboard to toggle to the Command Window.

2. Type .include, .inc, .library, or .lib commands followed by the name of the library file. If the model library
file (.lib) is not in the same folder as the schematic, type the full path to the file.

.1 . SIMULATOR SIMETRIX 1 - SIMULATOR SIMETRIX
2 .DC vCC 0 10 .!.0.'!‘1 i 2.TRAN O 2m O 1u
3 .LIB ..\Generic_Model.lib 3 .INC Generic_Model.lib
4 . SIMULATOR DEFAULT 4 . SIMULATOR DEFAULT
5 5
6 -
Figure 2 Installing a model in SIMetrix using the local installation method

3.1.1.2 Associating the model with a symbol

Once the simulation model is installed, the relevant part can be placed on the schematic. If the model has been
installed using the drag-and-drop method, users can follow these steps:

1. Go to Place > From Model Library to associate a symbol to a newly installed library (Figure 3a.)

2. The newly installed part is available in the Recently Added Models section. Select the part. If a related
symbol had been assigned, a preview of the symbol appears in the preview window (Figure 3b.)

3. If a symbol has not been assigned, the simulator displays a warning that a symbol cannot be found. In this
case, to generate a standard symbol for the model, click Place (Figure 3c) and then click Auto Create
Symbol (Figure 3d.)

4. If the part is to be placed in the “Unassigned” category, click OK (Figure 3e) and select Yes, leave at
“Unassigned” (Figure 3f), otherwise select a suitable category or create a new one to place the part.

The symbol is now ready to be placed in the schematic.
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Figure 3

Associating installed models with symbols in SIMetrix

To associate the symbol with a model that has been included in the simulation through the local installation
method, users can follow these steps (Figure 4):

1. Click Place > From Symbol Library....

Application Note

7of31

V1.2
05.04.2022



o~ _.
Introduction to Infineon’s simulation models for IGBTs and silicon |n f| neon

diodes in discrete packages
Infineon SPICE models for IGBTs and power silicon diodes

2. Select an appropriate symbol (for e.g. Semiconductors, IGBT). Note that the number of pins in the symbol
must be the same as indicated in the model file .lib file.

. Place the symbol within your user-defined schematic.
. Combine the locally installed library with the placed symbol.
. Define MODEL as X to use an arbitrary sub-circuit.

o O b~ W

. Define VALUE as the model name you want to use. The model names can be retrieved from the library file
(e.g., IKW50N65H5_L1).

4 Select Symbol ®

Symbols e
Opto

Place Probe Probe AC/Noise Hierarchy Monte Carlo  V Passives

PSU Drivers

Repeat Last Place... Alt+R [ﬁ» Q Q @3\ (= PSU Switches

~ Semiconductors

1 From Model Library... Ctrl+G BITs

£
From Symbol Library... ERTs

4 P Digdes . Q7
Annotation » .o . GaasFET il g \
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Search Part... DucPack_3pin_L3 = -
o DucPack_4pin o
DucPack_4pin_L3
> Apin |
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J Edit Properties *
Properties
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*Handle NEE
MODEL X
ref Q1
SyleNormal Defaultinstance
StyleSelected DefaultSelected
VALUE IGBT

Double dick item to edit Add Property...
o1 co
Figure 4 Associating locally installed model with a symbol
3.1.2 Library implementation in LTspice®

This section explains the installation method for the simulation modelfiles in LTspice®. All simulation models are
installed using a two-step procedure:

1. Installing the model
2. Associating the model with a symbol
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3.1.2.1 Installing the model

In LTspice®, an external model can be easily enabled in the schematic file. This can be done by using one of the
inclusion SPICE commands: .include, .inc, .library, or .lib, followed by the library name (Figure 5.) If the model
library file (.lib) is not placed in the same folder of the schematic, the full path to the file must be used.

Alternatively, the path to the model file can be added permanently to the simulator default searching paths. This
can be done in the Control Panel of the software by adding the path in the “Sym. & Lib. Search Path” section of
the “Library Search Path” area.

[ LTspice XVII - [IKW4ON120BH6_L2_chopper] - (m} X
‘(: File Edit Hierarchy View Simulate Tools Window Help

B EF 8 QAR R & BN OSF L S

. Model library path and name : I ...........

o & - dib €\ AGBTliD - o e IKWZSN12°H ........ o S S o
R T R N R D

Figure 5 Including a model library in LTspice® schematic

3.1.2.2 Associating the model with symbol

A symbol file for LTspice® has the extension .asy. The symbol can be used in the software only if it is in the
included search paths of the software. This can be done by adding it in the “Sym. & Lib. Search Path” section of
the “Symbol Search Path” area.

Alternatively, the software can be used to automatically create a symbol for the specific model. To do so, users
can follow these steps (Figure 6):

1. Open the library file with LTspice®.
2. Right-click on the .SUBCKT line of the desired device and then click Create Symbol.

3. Click Yes in the window that opens. A general, editable symbol is generated with the same number of pins
and pin names as defined in the source model file. Any parameter that may be needed by the model is also
visible (for e.g. parameter TJ.)

The generated symbols can be found in the AutoGenerated folder™.

! The “AutoGenerated” models can be accessed directly by the software clicking on “Edit” menu and then “Component”.

Application Note 90f31 V1.2
05.04.2022



o~ _.
Introduction to Infineon’s simulation models for IGBTs and silicon |n f| neon

diodes in discrete packages
Infineon SPICE models for IGBTs and power silicon diodes

B Uspice Vi - (1GE] L) — o x | [ LTspice XVl - [1GBT_1200V_HighSpeed3 L2] - 0o X
B 9pen I_Jb Window Help = B) Fle fdt View Simulste Tools Window Help
CECIGE: , =2y # o8 CL AU TRl : E%% LT
2 CGE PARAMS: TJ={TEMP} G E ARAMS TJ={TEMP
\ Right mouse St
o Click on model
Read, Alternat
]
CtrieF
o DEETTIE — Generate generic symbol
Help me Edit »
.......... Generate Expanded Listing
.......... =
Automatically genen | Fost Window kuit. . _Altemate
(a) (b)
BT LTapice XVII - [IKW25N120H3 L2 ) - o x |
D File Edit Herarchy Draw Yiew Jools Window Help - &% w  Simulate Jools Window Help
LIRS ® QR ER¥ RN OS | | taeaar B2 s 2RO S®<s + 3 AD
B 1GBT_1200v_HghSpeed3 12 D IKW25N120H3 L2 = : 7 5 5 5 Z = 2 =z =
| : [ Select Component Symbol x IR
@ Move (2] : : : : : : : : * : . : : : . : g 5 Top Drectory: | C:\Users\cotoroge\Documents\L Tspice XVIi\ib\sym ~
& Delete s | ; : s = Folder: ,Autogenerated’
B2 ouplicste  £6 of b @ o Z ST I R O | . . . c In standard symbol folder
Add Pin . 3 i
Attributes ! =

R - : i IKW25N120H3,_L2 / )
o & g >

L Tspice XVII\ib \sym \AutoGenerated
pee Edlitable symbol -

L)
FSI0R12A6P1L_IF_100
IKW25N120H3 12

] .
IKW25N120H3 L2
Tescteiey =
(c) (d)
Figure 6 Creating a generic symbol for a modelin LTspice®
3.2 Modelling levels

Infineon provides up to three different types of models for IGBTs and power silicon diode devices. The differences
among the models lies in the implementation of the electrical characteristics of the device and the definition of
the dynamic temperature dependence. The nomenclature of the models is the device name with a suffix
identifying the level (Table 1):

Table 1 Modelling level nomenclature
Suffix Model Level Terminals
L1 1 ForIGBTs: C, G, E (K)
For diodes: A, C
_L2 2
_ L3t 3 ForIGBTs: C, G, E (K), tc, tj, (tjd)
For diodes: A, C, tc, tj

! Due to the high modelling effort, level 3 models of IGBTs and diodes are provided only upon request.
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For e.g., Level 1 model of the IKW50N65F5 has the model name IKW50N65F5_L1.

Pin naming is defined as follows:

* PINS:

K

* | PIN | DESCRIPTION

* | C | IGBT collector for single devices and DuoPacks

K
* 1 G | IGBT gate for single devices and DuoPacks

K e o
* | E | IGBT emitter for single devices and DuoPacks

K
* | K | IGBT Kelvin emitter sense for single devices and DuoPacks

K e o
* | A | diode anode for single devices

K
* | C | diode cathode for single devices

K e o
* | tc | case temperature

X
* | tj | junction temperature for IGBTs or single diodes

K e o
* | tjd | junction temperature for diodes within a DuoPack

The following sub-sections explain the different levels and their distinctions in detail.

3.2.1 Level 1 (behavioral modelling approach) [2]

Level 1 model is based on a behavioral description of the electrical characteristics of the device [1]. The
calibrationis done with respect to the latest datasheet content. The transient calibration is based on the Dynamic
test circuit given in the latest datasheet. In this datatsheet, parasitic elements and nominal condition values are
also specified in the table, Switching characteristics, inductive load.

The diode and the IGBT model consist of two interdependent sub circuits - the main circuit that describes the
outer electrical characteristics of the device, and an auxiliary circuit that is used to calculate the amount of stored
charge as the result of a bipolar effect. The usage of Level 1 compact models is restricted to a temperature range
between 25°C and the maximum allowed junction temperature stated in the corresponding datasheet. The static
temperature of the model can be set using the SPICE command, .TEMP, in the simulator interface.

3.2.2 Level 2 (physics-based modelling approach) [3] , [4]

Level 2 compact models are based on the discretization of device-physic equations to one-dimension current
flow (Figure 7). This simplification is done to achieve acceptable runtimes and model development cycles. Model
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parameters are based on technological data and device physics. Additionally, the model s calibrated against the
measured characteristic curves (output, transfer, and gate-charge curves) of the device. Level 2 compact models
can also model second-order effects of the devices (for e.g. sharp tail current cut-off, diode reverse recovery
snap-off, etc.) to a limited extent.
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Figure 7  Vertical doping profile of a typical pin diode along with the basic nodes used to describe the
diode behavior

3.2.3 Level 3 (coupled electro-thermal modelling)

To compute self-heating dynamically, the electrical model (Level 1 or Level 2) is coupled with a thermal model
of the mounted device, including the package, in what is called a Level 3 model. Therefore, Level 3 compact
models include a suitably dimensioned Cauer RC network describing the thermal path from the IGBT/diode
junction (located inside the chips) to the back side of the lead frame (corresponding to the case). To achieve
self-heating, the instantaneous power dissipation in the transistor is continuously calculated and a current
proportional to this power is fed into the equivalent thermal network. Level 3 models must be used only for
transient analysis, except short circuit.

The voltage at nodes tj and tjd contain information about time-dependent junction temperature of the IGBT and
the diode, respectively. This in turn is fed back directly to the corresponding temperature-dependent electrical
model. The Level 3 model symbol is extended by thermal nodes with junction temperatures and case
temperature, 5 pins in single-packed IGBT, and 6 pins in a co-packed IGBT (Figure 8)
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Single-packed IGBT  with [Co-packed IGBT and diode with 3D geometry of a co-packed IGBT and
thermal nodes thermal nodes diode (leadframe is in grey and chip is in
green)

Figure 8  Schematic symbols of Level 3 IGBT models for electro-thermal calculation

The temperature connections work as voltage nodes and are electrically separated from the electrical device
model. Therefore, a potential difference of 1V refers to a temperature difference of 1°C. The additional thermal
nodes tj and tjd enable the user to easily monitor the simulated junction temperature of the IGBT and the diode,
respectively. Usually, these nodes should not be connected, however, if the initial temperature of the device has
to be different from the thermal equilibrium, a small capacitor (typically 1 pF) can be connected between these
nodes and the thermal ground. The initial temperature can then be set on the capacitor through the .IC SPICE
instruction. The small capacitor does not alter the thermal network and is only used to force the initial
temperature. The thermal node tc contains information about the case temperature, which is the temperature
on the back side of the lead frame. In the model, it can be constant or time dependent. The node tc must always
be connected to a reference voltage/temperature, either directly (to simulate a constant case temperature) or
through an external thermal RC network (for e.g. when the case is connected to a thermal pad and to a heat sink).
The reference temperature can also be time dependent if it represents the temperature of a heat sink.

C C
P . i P . ij
Hp = - td L = L td
G I tc [ R1 ) . . R2 | G I tc
4 4
E 1 25 V_Tamb(t) E 25
e C 1 : L—V_Tcase
= 300mM
(a) Connection through additional thermal network (b) Connection to a fixed reference
temperature
Figure 9 Connecting external thermal networks to devices modelled after the Level 3 approach

Figure 9 shows an example of a simulation with external heat sink. In image (a), R1 can refer, for e.g., to the
thermal resistance of the interface between the case of the device and heat sink (e.g. a thermal pad). In this case,
C1 and R2 model the transient thermal behavior of the heat sink, representing its thermal capacitance and
thermal resistance to the environment, respectively. The voltage source connected to R2 describes the time-
dependent ambient temperature behavior of the simulation. An alternative connection method is shown in
image (b), where the case of the package is fixed to 25°C. In such a connection, by changing the value of the
source it is possible to exploit the variations of the device parameters (for e.g. V.o , and Vi) with temperature, to
replicate the information shown in the datasheet graphs. This possibility is also offered by Level 1 and Level 2
models through the TEMP parameter.

3.3 IGBT models for 4-pin devices

Some of the IGBT portfolios offered by Infineon include a four-pin package that has an additional emitter pin
connection for fast and efficient switching. These products feature a separate connection for the gate-driving
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return path, called the Kelvin emitter (K)*. The 4-pin device models require a dedicated symbol with an additional
pin, compared to the standard 3-pin symbol of an IGBT. These models include an internal parasitic emitter
inductance of the bond wires and the emitter pin of the package up to the ideal solder point. According to the
datasheet specification, this point is defined as 4.5 milimeter from the mold of the package given in the 3-pin
configuration. In the 4-pin model, a separate, internal parasitic inductance is included that corresponds to the
contribution of the Kelvin emitter bond wire and pin.

Vre

[ ¥

()

Figure 10 Simulation circuit for 4-pin IGBT devices

In addition to the parasitic inductance of the package, the PCB (printed circuit board) layout contributes to the
increase in the overall parasitic inductance of the gate loop. The simulation schematic should, therefore,
consider this additional contribution by including an external parasitic inductance as shown in Figure 10. As a
first order of approximation for the stray inductance, a value of 1 nH per milimeter of the trace length can be
used. Alternatively, a more precise value of stray inductance can be determined by performing a 3D simulation
of the PCB geometry.

3.4 Typical simulation parameters

The following settings have been found to be helpful for simulation with the indicated circuit simulator tools:

Table 2 Simulator settings for SIMetrix, OrCAD® PSpice®, LTspice®
OPTION Level 1 Level 2
Method Gear Gear
AbsTol le-9 le-9
VnTol le-6 le-6
RelTol le-3 le-3
ITL1 200 200
ITL2 200 200
ITLA 25 50

! For further information, the users can refer to the dedicated application note: “TRENCHSTOP™ 5 IGBT in a Kevin Emitter

Configuration”.
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OPTION Level 1 Level 2
POINTTOL (only Simetrix) - 1
CONV (only Simetrix)* - >1

In OrCAD® PSpice?, it is also recommended that Enable Advanced Convergence Algorithms be selected (see
Figure 11.)

PSpice Runtime Settings X
Use Original Value  Change To
Relative accuracy of ¥'s and I's: 0.001 0.001 (RELTOL) | 0K ]
Best accuiacy of currents [amps]: 1e-003 1003 (ABSTOL) | QK & Resume Simulation
Best accuracy of voltages [volts]: 0.0001 0.0001 [WNTOL) r—
Minimum conductance for any branch [1/chm]: 1e-012 le-02 [GMIN )
Run to time [seconds]: 0.01 0m (TSTOP) Hely
Maximum step size [seconds]: (TMAX)
DC and bias "blind" iteration limit: 200 200 (ITL1)
DC and bias "best guess" iteration lirmnit: 200 200 [ITL2)
Transient time point iteration limit: 50 50 (1TL4)
@anced Convergence Algorithms O Settings
Figure 11 OrCAD® PSpice® runtime settings

In many cases, it is necessary to limit the step size for transient analyses. As a typical power electronic circuit
contains elements with different time scales, the automatic step control of the simulators can sometimes
disregard essential fast time-scale information that eventually leads to convergence problems. In the latter case,
limiting the maximum step size to a value of 1 ns can resolve the issues.

In cases where the time to be simulated, TSTOP, is relatively large (typically if thermal phenomena are of main
interest) and sharp gradients occur (for e.g. in the startup phase of the system), the required simulation time
might be too long. In such cases, it is helpful to start the first simulation with a shorter simulation time and save
the simulation status. Then a second simulation can be started from the saved state with a relaxed timestep.

3.5 Transient simulation results

This section highlights the differences between Level 1 and Level 2 models in terms of transient turn-on and turn-
off curves in a standard double-pulse test circuit, using IKW25N120H3 IGBT model as an example.

3.5.1 Level 1 vs. Level 2 calibration
The following are used for calibrating a Level 1 IGBT model:

Transfer curves at 25°C and T,
Output curves for different Ve values at 25°C and T,
Gate-charge curves at 20% and 80% V.

L Only if convergence fails.
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Capacitance as a function of V

Switching energies and switching times at 25°C and T,,,,, both at nominal values of gate resistance, load current,
and DC-link voltage

The following are used for calibrating a Level 1 diode model:

Ve curves at 25°C and T,
Q. and |, values at 25°C and T,

In contrast, Level 2 models are calibrated using only the gate-charge and static characteristic curves.

Figure 12 to Figure 16 show that the calibrated static and gate-charge curves are very similar for both Level 1 and
Level 2 models.
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Figure 12 Output characteristics at T;= 25°C of KW25N120H3
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Figure 13  Output characteristics at T;= 175°C of KW25N120H3
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Figure 7. Typical transfer characteristic
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Figure 14 Transfer characteristics at V..=20V of KW25N120H3
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Figure 17. Typical gate charge
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Figure 15 Gate charge characteristics at I, =25 A of KW25N120H3
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Figure 27. Typical diode forward current as a function
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Figure 16 Diode output characteristics of KW25N120H3

3.5.2

Level 1 vs. Level 2 transient behavior

This section discusses precision of the compact models in terms of the switching characteristics of the IGBT and
the power diode. It also illustrates the differences between closely calibrated behavioral (Level 1) and physics-
based (Level 2) models, in representing the behavior of the device.
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Figure 17 Turn-on transient curves of IKW25N120H3 for nominal switching conditions (T;= 25°C, V.=

600V, 1.=25A, R,=20 0)
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Figure 18 Turn-off transient curves of IKW25N120H3 for nominal switching conditions (T;= 25°C, V.=
600V, 1.=25A,R,=20 Q)

Figure 17 and Figure 18 depict the waveforms during the turn-on and turn-off switching events at nominal
operating conditions as obtained by measurement and simulation, respectively. From the comparison it can be
concluded that both Level 1 and Level 2 models represent the transient behavior of the IGBT with good accuracy.
The most pronounced difference seen from the experimental results is the shape of the collector current at turn-
off. The differences between Level 1 and Level 2 are mainly visible in the reverse-recovery current at turn-on and
the overvoltage peak at turn-off. The Level 2 modelling approach gives the closest results with respect to the
experimental waveforms, as it considers 1D physical effects and the real vertical design of the power diode. In
contrast, the Level 1 behavioral model represents the reverse-recovery current by an exponential decay function,
which is not always accurate. Also, Level 1 does not model the forward-recovery effect of the diode, which is
partially responsible for the overvoltage peak at turn-off.

Figure 19 and Figure 20 show the simulated curves with the variation of the gate resistance and the load current,
respectively. The difference between Level 1 and Level 2 models is very small at nominal operating conditions.
However, at 50 A load current (twice the nominal current) the deviations become more significant, affecting the
accuracy of the turn-on energy losses. This is shown in Figure 21 that depicts the overlay of the load-current
dependency of the switching energy losses, as given in the datasheet, with the values extracted from the
simulated transient curves. As the behavioral Level 1 model is calibrated on the switching energies for nominal
conditions, E., and E. match quite well to the datasheet values at 25 A. Whereas, for the Level 2 model the
deviation is less than 30%. The Level 2 model, calibrated only on static characteristics and gate-charge curves,
predicts the transient behavior of the device quite well as it is based on semiconductor physics. Its benefit
becomes clear when the load current is 50 A. As the Level 1 model is not calibrated for this operation, its error is
higher than 30% while the error of the Level 2 model is lower than 10%.
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Figure 19 Simulated transient curves of IKW25N120H3 for nominal switching conditions (T;=25°C, V. =
600V, I.=25 A) with gate resistance variation
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Figure 20 Simulated transient curves of IKW25N120H3 for nominal switching conditions (T;= 25°C, V.=
600 V, R;=20 Q) with load current variation
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Figure 21 Comparison of datasheet and simulation current dependency of switching energy losses for
IKW25N120H3 (T,=25°C, V.= 600 V, R,= 23 Q, V.= 15/0 V)

In conclusion, both Level 1 and Level 2 compact models for the IGBT are useful simulation tools to perform
electrical simulations where the electrical behavior of the device is represented with a decent accuracy.

Level 1 models provide faster computation speed and reasonable accuracy within the calibrated range.

Level 2 models provide a more precise representation of the switching transients over a wide range of operating
points but these can result in slower simulation times and convergence instability.
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4 Infineon PLECS models for IGBTs and power silicon diodes

PLECS®is a modeling and simulation tool that enables simulation of complete systems, including power sources,
power converters, and loads. PLECS software is integrated with a wide component library that includes
electrical, magnetic, thermal, and mechanical components to simulate power conversion systems and their
controls. Power electronics circuits are captured through a schematic editor in a way that is easy to use for the
user. The schematics can be drawn easily by selecting the components and connecting them by wire connections

[5].

4.1 Model library files

PLECS uses a library of thermal models for semiconductor devices. Infineon provides PLECS-compatible thermal
models based on the values of product datasheets. The PLECS model can be considered as an electronic version
of the product datasheet, where the most important electrical and thermal parameters of semiconductors are
presented. It is, therefore, possible to easily model the power dissipation of a specific device by using generic
electrical switch models available in the PLECS library [5].

4.1.1 Model categories

The PLECs model of Infineon's discrete IGBTs and diodes contains information from the product datasheet that
is required for calculating power dissipation and junction temperature. The models use XML format to describe
the behavior of each chip in the product. For products that contain two chips, for e.g. IGBTs with antiparallel
diode, two PLECS models are created - one for the IGBT and one for the diode. The model file is named as:

<part number>_<type>.xml

For e.g.,, in the case of the IGBT, IKDO6N65ET6, the model file name for the IGBT part will be
IKDO6N65ET6_igbt.xml and the model file name for its co-packed diode will be IKDO6N65ET6_diode.xml. Please
note that the dynamic parameters given in the datasheet for co-packed or reverse conducting IGBT are always
measured with the same part number on the low and the high side. Figure 22 shows an IGBT characterized by
using its own co-packed diode on the high side.

IKDO6NG5ET6 T—lé
()
;-_\-lé IKDO6NG5ET6

Figure22 Measurement board setup for co-packed IGBTs
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For products that contain only a single IGBT die, the model is named as <part number>_igbt.xml, for e.g.

IGDO6N65T6_igbt.xml. In this case (Figure 23), the diode used on the high side to characterize the IGBT is usually
mentioned in the datasheet table.

IKDO6NG5ET6

Vdc

.Rg

IGDO6N65T6

-

Figure 23 Measurement board setup for a single IGBTs without antiparallel diode

Figure 24 shows the PLECS simulation for a simple boost topology using the IGBT and diode PLECS models for
the part, IKW40N65ET7. The switching frequency is 10 kHz and initial system temperature is 25°C.

o
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Figure 24 PLECS simulation for the boost topology

In addition to these regular models that are available for all Infineon discrete devices, there are two other
categories of models that have been developed specifically for the requirements of a particular application.
These models are the PFC (Power Factor Correction) models and the soft-switching models.

4.1.1.1 PFC models

The PFC models contain data that is based partly on information from the product datasheet and partly on
dedicated measurement values. These thermal models are created to simulate losses in applications such as
boost PFC converters, where the complementary switch is a separate stand-alone diode. These models are called
PFC models because the devices characterized in this category are tailored for PFC applications.

Depending on the requirements of the application (for e.g. switching frequency, EMI (electromagnetic
interference) or switching losses), the standalone diode can be a silicon diode, such as the Rapid | or Rapid I
diode, or a SiC diode. Switching losses in hard switching circuit topologies are highly dependent on diode reverse
recovery performance. Therefore, these special models include switching losses measured specifically for a
particular IGBT-diode combination and provide a more realistic result. This is in contrast to the regular models
that are based entirely on the content available in the product datasheet. As explained earlier, the switching loss
values given in the datasheet for a co-packed and reverse conducting IGBT are measured against its own anti-
parallel diode. If the anti-parallel diode is not optimized for reverse recovery performance, it can worsen the turn-
on switching energy loss of the IGBT.

An IGBT-diode combination is indicated in the nomenclature of the model. The name of the model includes the
IGBT part number and the diode part number that was used in the measurement of the Dynamic switching
transient test circuit. For each IGBT-diode pair, there are two models - one for the IGBT and one for the diode.
For any given pair, the models are named as follows:

e Diode: IGBT part numberodiode part number_diode.xml

e IGBT: IGBT part numberodiode part number_igbt.xml
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The IGBT and diode names are separated by the letter “o”. For e.g., the IKWH30N65WR60IDW30C65D1_igbt
model includes the switching losses of the IGBT IKWH30N65WR6 that are measured against the diode
IDW30C65D1; and vice versa for the switching losses of the diode IDW30C65D1 in the model
IKWH30N65WR60IDW30C65D1_diode.

4.1.1.2 Soft-switching models

For induction-heating applications, circuits with resonant topologies such as a single-ended parallel resonant
circuit and a half-bridge resonant circuit are used. Infineon offers a wide range of discrete IGBTs in both high
voltage and low voltage classes, optimized for best performance in these applications. Resonant topologies,
because of their mode of operation, offer the advantage of soft switching that eliminates turn-on losses because
the device is turned on when the voltage across it is zero. The only switching loss that occurs in the device is
during the turn-off transient.

Achieving soft-switching operation in turn-off is also possible, but it comes at the cost of additional electrical
components such as a resonant capacitance. The resonant capacitance causes the device to slow down its
switching speed and the resulting turn-off losses depend on the value of the snubber capacitance. Infineon's
soft-switching models define the dependence of E. on snubber capacitance, other electrical parameters, and
the junction temperature of the device. Figure 25 shows the E.« values as a function of device current at various
values of resonant capacitance. This is also given in the device datasheet.

For the half-bridge resonant topology, a 650 V reverse conducting devices can be used. For single-ended parallel
resonant topology, devices with a voltage class of 1100 V and above are used. Infineon offers soft-switching
PLECS-compatible models tailored to Induction heating application, for all these devices.

Typical soft-switching turn-off energy loss as a
function of collector current, IGBT

E=1(Ic)
Reoff = 10.0 Q, T,;= 175 °C, Vg = 0/15V
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Figure 25 Eo losses of IHW30N65R6
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4.1.2 Library implementation in PLECS

Infineon’s PLECS models are provided in a zip file containing all the devices that are based on a specific
technology. To use the models, users have to unzip the file and copy the .xml files in the PLECS search path for
thermal libraries, as shown in Figure 26 [6].

To install simulation models from the product website, users can follow these steps:
1. Extract the models downloaded from the website in the appropriate folder.

2. Open Files > PLECS Preferences.... Under the Thermal tab, click Rescan to refresh the library (Figure
26.) Restarting PLECS will have the same effect.

1 Library Browser - [m] X (>}

File Window Help
General Libr: Thermal Scope Col tes
New Model Ctrl+N anes ope Colors  Upda
Open... Ctrl+0 Thermal desaription search path:
el ’ +| [G/PLECS/Infineon/IGBT7

Import from Blockset... =

PLECS Preferences... t

PLECS BExtensions... -
Quit PLECS @

Rescan

Figure26 PLECS models’ folder selection

3. From the library browser, choose the appropriate power semiconductor that needs to be simulated (IGBT,
diode, MOSFET, etc.) For an IGBT with an anti-parallel diode, select the IGBT and the diode symbols
separately. Do NOT choose the “IGBT with Diode” symbol. This is because PLECS assigns the junction
temperature to the symbol, and to simulate the junction temperature behavior of the IGBT and diode
separately, two symbols are needed. In any case, the IGBT and diode models from Infineon are provided in
two different .xml files®.

In the context menu of the symbol, open the Parameters menu and select Thermal. For the Thermal description

choose the preferred model From Library.... Only models that are valid for the specific device (for e.g. IGBT or

diode) are listed in the menu (Figure 27.)

! To distinguish between IGBT and diode models, refer to section 4.1.1.

Application Note 26 of 31 V1.2
05.04.2022



Introduction to Infineon’s simulation models for IGBTs and silicon
diodes in discrete packages

Infineon PLECS models for IGBTs and power silicon diodes

infineon

o
Q search components
[V Electrical ~
sssssss
Meters )
Passive Components 4 qMOSFEF diode
 Power Semiconductors
Diode. )
. ]
tiparalel diod
25 Thyristor j % antiparale dode
.{[i 1687 [ Block Parameters: untitlec/IGBT X
IGBT
“@ 1GBT with Diode The IGBT & dlosed nhie a non-zero gate signal is applied. The
i device can conduct current only from collector to emitter.
1:| MOSFET
Parameters  Thermal  Assertions
MOSFET with Diod:
‘{E{? with Diede Thermal description:
N v
Diode nitial temper om libra
Initial te IKW2ONGSET7_ight From library. 4
0
Z§ The diode doses Lpon a positive voltage betneen IKW3ONGSET7.igbt By reference
node and cathode. It opens nhen the current fres to

a
reverse

IKWAONGSETT_igbt
IKW3ONBSET7 ight
IKW73NG5ET7 igbt

Edit.

Remave

thermal description...

oK Cancal

Apply Help

Figure 27 Modelselection

Depending on the model, different parameters can appear after the model is chosen. For e.g., for the IGBT model

of the IKW20N65ET7, two additional parameters appear: Gate (on) resistance and Gate (off) resistance. This
means that the model implements the dependence of the switching losses on gate resistance. The additional

parameters are needed to calculate the losses correctly and cannot be left empty. The range of these parameters
is, in principle, unlimited but the proper behavior of the model is calibrated based on the datasheet values. Which

means, using parameter values outside the range provided in the datasheet charts can result in inaccurate
results. For e.g., the range of values for the gate resistances of IKW20N65ET7, for which the model is calibrated,

is between 8 Q and 150 Q, as shown in Figure 28.
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Conclusion

5 Conclusion

Infineon provides several simulation models for the silicon IGBTs and power diodes.

If the main purpose of the simulation is to estimate power losses and the junction temperature behavior in a
system-level simulation, the usage of PLECS models is recommended due to low computation times. This is
particularly true for long simulations (in the range of several minutes).

If the main purpose of the simulation is to understand the switching behavior of the device and the inherent
effects (for e.g. reverse-recovery, Miller plateau, gate charge, etc.), any one of the following SPICE models is
recommended:

e Level 1 models offer fast computational times and good accuracy within the calibrated conditions. It
is the best choice whenever SPICE simulations have to be run according to the test conditions in the
datasheet. With Level 1 models, longer simulation runs (of 10 seconds or more) can be performed
with acceptable computational times

e Level 2 models offer slower computation times but give more accurate results over a wider range of
conditions. These models should be used if simulations have to be performed with test conditions
that are not covered by the datasheet (for e.g. different R, different stray inductances, different
supply voltages, etc.) With Level 2 models, short simulations (of up to 10 seconds) are preferable due
to longer computational efforts
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Contact address

6 Contact address

For questions related to simulation models, users can contact Infineon’s local sales offices or send an email to
support@infineon.com.
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