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The Thermal Module is an add-on option to PSIM. Its purpose is to simulate the losses of
semiconductor devices and inductors quickly from manufacturer device datasheets.

In this tutorial, the process of how to use the Thermal Module for power loss calculation of IGBT and
MOSFET is described. The loss calculation of SiC and GaN devices is covered in the tutorial “Tutorial
— SIC and GaN loss calculation and transient analysis.pdf”, and the loss calculation of inductors is
covered in another tutorial “Tutorial — Inductor loss calculation in the Thermal Module.pdf”.

From PSIM 2022.1 release, the semiconductor device database files in the .xml text format are
supported. The .xml files can be created and edited by PSIM’s Device Database Editor PcdEditor or
by any text editors (such as Notepad).

The legacy device database files in the .dev binary format are still supported by PSIM for simulation.
PcdEditor in the 2022.1 release can still load the .dev files, and can convert a .dev file to a .xml file.
However, it cannot create new .dev files or edit existing .dev files which can only be done by the
previous versions of the PcdEditor.

1. IGBT Loss Calculation

To illustrate how IGBT losses and junction temperature are calculated in PSIM’s Thermal Module,
the datasheet of Semikron’s IGBT Module SEMiX151GD066HDs (600V, 150A) is used in a 3-phase
voltage source inverter example, as shown below:

[

R

450 Vdc o 230 Vac, 20 kW,

0.8 power factor (lagging)

. R R 3

In this example, the inverter operating conditions are:
DC Bus Voltage: 450 Vdc
AC Output: 230 V (line-line, rms), 60 Hz, 20 kW, 0.8 power factor (lagging)
Switching Frequency: 8 kHz

From the values above, the ac output current is calculated as: 1o = 62.75 A.

1.1 Simulation of IGBT Losses in PSIM

Assuming the IGBT XML file is already available in PSIM’s device database, it can be placed in a
PSIM schematic for the calculation of losses. To choose a device, in PSIM, select Elements >>
Power >> Switches>> IGBT.

Place the discrete IGBT element on the schematic. Double click on the IGBT element to open the
parameter dialog window. Click on the Model Level drop down box, and choose the switch level as
Thermal, as shown below.

A ALTAIR © Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us 2


http://altair.com/
https://www.altair.com/contact-us/

Altair PSIM Tutorial / IGBT and MOSFET Loss Calculation in the Thermal Module

IGBT: Q2 X
Parameters ‘Umer Info ] Color } Simulation Models }
1GBT switch Help
Display
Name Q2 || e |
o Model Level =
Saturation Voltage Ideal (mitd|
Level 2
Transistor Resistance Thermal | m| /3|
SPICE Subdircuit
Diode Forward Voltage SPICE Subdrauit (4pr) | )
Disde Resistance SPICE subarauit (5pin) |~ |
Initial Position 0 |
Current Flag 0 =l
Voltage Flag 0 =l

To choose a 6-pack IGBT for a 3-phase inverter system, select Elements >> Power >>
Switches>>Switch Modules>>3-ph Inverter.

Place the 3-ph Inverter element on the schematic. Double click on the 3-ph Inverter element to open
the parameter dialog window. Click on the Model Level drop down box, and choose the switch level
as Thermal-IGBT, as shown below.

3-ph Inverter: 51 X

Parameters 1 Calor 1 Simulation Models I

3-ph Inverter (IGBT - thermal) Help

Display

Name 51 =l
Model Level Thermal - IGET hd
Number of Parallel Devices [T R (=10 I |
Freguency 0 r ﬂ
Rg_on (turn-on) 1 =l
Rag_off {turn-off) 1 =l
Initial TH_Q £ =i
Initial Tj_D [ Iz
Tnitial Ploss_Q [} ||
Initial Ploss_D o r
TiFlag 1...6 [Loo000 =l
PlossFlag 1.6 1,0,0,0,0,0
Current Flag 1...6 [000000 =
Voltage Flag 1.6 [o00000 [zl

Once the Thermal-IGBT is selected as the Model Level, the IGBT (database) will pop up, as shown
below. Click on the Browser button next to the “Device” input field, and choose the device “Semikron
SEMIiX151GD066HDs_discrete.xml”, as shown below.
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Parameters WCu\ur 1 Simulation Mude\s}

Help

3-ph Inverter (IGET - thermal)

Display
Mame ,517 r =l
Model Level [ Thermal - IGET hd
Device 51GD086HDs_discrete || I~
Number of Parallel Devices ,17 D=l
Frequency ,10\(7 I ﬂ
Rg_on (turn-on) ,17 r =l
Rg_off {turn-off) ,17 =
Initial Ti_Q [« 1=z
Initial Tj_D [« =
Tnitial Ploss_Q [i] r =
Initial Ploss_D ,07 r =l
TiFlag 1...6 [1o0000 T
Ploss Flag 1...6 1,0,0,0,0,0 =
Current Flag 1...6 W =
Voltage Flag 1.6 W =l

Search for Device

Powerex QI51260015 1200
1200

1200

SEMIX202GE12Vs_discrete
SEMiX303GB12Vs_discrete

Semikron
Semikron

Semikron SEMIX404GE 12Vs_discrete 1200
Semikron SEMiX453GB12Vs_discrete 1200
Semikron SEMIXE04GE 12Vs_discrete 1200
<

Select Device type: |1GET

Select Field j ‘ J |
Field name | Operation

[Match al (AnD) =] | Search

Search Result
Manufacturer | Part Number | Ve, max | Ic,max ‘ Tj,max | File Path ~
Powerex CM400HA-28H 1400 400 150  C:\Altair\PSIM_2022, 1\Devic
Powerex CMBDODU-24F _discrete 1200 600 150 C:\Altasir\PSIM_2022. 1\Devic
Powerex P521A79_discrete 600 50 150  C:\Altair\PSIM_2022, 1\Devic

SEMiX151GD066HDs disaete [ 600 | 150 [ 175 [ C:\Altair\PSIM_2022. 1\Devid
0 175

600 150 C:\Altair\PSIM_2022. 1\Devic

20 C:\Altair\PSIM_2022. 1\Devic

300 175 C:\Altair\PSIM_2022, 1\Devic

400 175 C: \Ntalr\DSIMilU 22.1\Devic
450 175 C:\Altair\PSIM_2022. 1\Devic
600 175 C:Altair\PSIM_2022, 1\Devic
>
Go to device | oK ‘ Cancel |

The circuit below shows the completed inverter circuit using the 6-pack IGBT Module
“SEMiX151GD066HDs_discrete.xml”. The load resistances and inductances and the modulation
index are selected such that the circuit operates under the specified conditions (output of 230 Vac,

20-kW, 0.8 power factor (lagging)).

O

IGBT Loss Calculation

Rth_cs_sink

Ay
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ﬁ}s +%|45}

T_ambient

40 |
Thermal equivalent circuit

1.7 3.38m

SEMiX151GD066HDs_discrete

i@Vcarr

The IGBT module image has one node T on the top. The voltage at this node represents the module’s
case temperature, and the current flowing out of this node represents the total power losses of the

whole module (all 6 devices).

This node should be connected to an external thermal equivalent circuit representing the dynamic
thermal impedance between the case of the module and the ambient. In this example, the resistor
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Rth_cs_sink is the sum of the thermal resistances between the case and heat sink, and between
the heat sink and the ambient.

The node P is the probe node for measuring the total power loss.
The parameters of the IGBT (database) are defined as below:

The parameter Frequency defines the interval under which the losses are calculated. For example,
if the frequency is 60 Hz, the losses results are the average value for an interval of 16.67 ms. If the
frequency is set to be the same as the switching frequency, the losses in each switching cycle are
obtained.

Parameters Rg_on and Rg_off are the gate resistances at turn-on and turn-off. Note that they must
be defined correctly to reflect the actual operating conditions.

Calibration Factors are used to scale the calculation results against experimental results. For
example, for a specific device, if the datasheet losses are 10 W, but the measured losses from the
experiments are 12 W, the calibration factor should be setto 1.2.

If the flags are for the monitoring of the device’s thermal behaviour. When the flags are set, the
following thermal related characteristics of each device can be monitored:

- transistor junction temperature Tj_Q

- diode junction temperature Tj_D

- transistor conduction loss Pcond_Q

- transistor switching loss Psw_Q

- diode conduction loss Pcond_D

- diode switching loss Psw_D

The temperatures are in °C..
The simulation results displayed in SIMVIEW are shown below:

The following power loss and temperature results are obtained from the simulation results:
Diode junction temperature (°C): 93.7
Transistor junction temperature (°C): 103.4
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Transistor conduction loss (W):
Transistor switching loss (W):
Diode conduction loss (W):
Diode switching loss (W):

Total loss per module (W):

165.8
163.1
45.2
58.2
432.2

1.2 Adding IGBT Devices into the Device Database

The above example shows how to run a simulation in PSIM when the device is already available in
the database. However, in many cases, a device is not available in the database, and has to be

entered into the database before it can be used in a PSIM schematic.

The IGBT Module SEMiX151GD066HDs is used as the example to illustrate the procedure of
entering a device into PSIM's device database.

A device database file can contain one device or multiple devices. To keep things simple and to
avoid confusion, it is recommended to have one device database file per each device.

Below is the procedure to add this device as a new IGBT device into a new device database file.

Step 1. In PSIM, go to Utilities >> Device Database Editor to launch the PcdEditor.

Step 2. Create a device database file and add the IGBT device to this device file. In PcdEditor,
select Device >> New IGBT. A “Create New Device File” dialog will show up. Navigate
through this dialog to the following folder in PSIM: Device/Semikron/IGBT.

The dialog for this case is shown below:

m Create Mew Device File

<« A » ThisPC » Local Disk (C:) » Altair » PSIM_2022.1 » Device » Semikron > IGBT v O Search IGBT
Organize + Mew folder -
~
Mame Date modified Type Size
s Quick access
|| SEMiX151GD066HDs_discretexml XML Document 5 KB
@ OneDrive - AltairEng =] SEMiX202GB12Vs (level-2).txt Text Document 1 KB
[ This PC | ] SEMiX202GB12Vs_discretexml XML Document 5KB
. |=] SEMIX303GB12Vs (level-2).bxt Text Document 1KB
J 30 Objects ; . ~
| ] SEMiX303GB12Vs_discretexml XML Document 5KB
B Desktop =] SEMiXA04GE12Vs{level-2).txt Text Document 1 KB
[=| Documents | ] SEMi%404GB12Vs_discretexml XML Document 5 KB
J Downloads |=] SEMiX453GB12Vs(level-2) bt Text Document 1KB
J’g Music | ] SEMiX453GB12Vs_discretexml XML Document KB
= Pictures |=] SEMIXB04GB12Vs(level-2).bxt Text Document 1KB
E Videas | ] SEMiX604GB12Vs_discretexml XML Document 5KB
|| SKiMB0OGD126DLM_discretexml XML Document 5 KB
‘ae Local Disk (C:)
| | SKM10DDGB125DN _discretexml XML Document 4KB
¥ Network || SKM200GB12V_discretexml XML Document KB
|=] SKM200GB0R3D (level-2) bkt Text Document 1 KB
| ] SKM200GB0B3D _discretexml XML Document SKB
| | SKM200GB125D_discretexml XML Document 5KB
| ] SKM300GALD63D_IGBT.xml XML Document 4KB
evel-2). et ext Document
SKM300GBOGED (level-2) Text D 1KB
_discrete.xm| XM ocument 6
SKM300GBOGED_d | MLD 6 KB
evel-2).txt ext Document
SKMA00GBOGED (level-2) Text D 1KB
_discrete.xm! XN ocument 5
SKM400GBOEED _d | MLD 5KB
9 CURARANADARER flawanl T st S O . 1D
File name: ‘ SEM\X'I51GDDEEHDSﬁd\scratej.xml‘
Save as type: | All Files (**)
~ Hide Folders Cancel

A recommended practice is to use the device part number as the file name (for example,

for this device, “SEMiX151GD066HDs_discrete.xml”).
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In order not to conflict with the existing database file “SEMiX151GD066HDs_discrete.xml”,
we will give the device file a new name as “SEMiX151GD066HDs_discrete_6.xml".

Click on Save, and the device file “SEMiX151GD066HDs_descrete_6.xml” will be created,
and the device will appear in the Device Database Editor. The dialog is shown below.

5 Pediditor - x
File Device View Help
O & & | M KF R~ bid

File Mame
C:AAkairtPSIM_2022 15D eviceh.dev deviceshSemkionsGBTHSKM300 A Manufacturer  |Fui Electric h 4’6“ Number | SEMi{151GD06EHDs_discrete_6 |
CAaltairsPS I _2022 ThDevice'.dev deviceshSemikronhGB TS KM 400
C:M\AtairPSIM_2022 15Deviceh. dev deviceshSemkionSIGETHSKMEO Absohite Maximum Fatings
C:\akaiPSIM_2022 14Devics', dev devices\S TADindshS T THEOLDEE VCEman(v] Cmanid) TimanfoCt
C:hakairyPSIM_2022 14D evice'. dev devices'Wincotechh GBT Wh998F1
C:hkairyP5 I _2022 13D evice’, dev devices\Wincatecht GBT WM 239F) Gate Resistance [Ohm]
C:hAltairiPSIM_2 0 151G00GEHD oY HG_DN.’i HG_DFF.’i
L4 >
Device Type e EETED Electical Characteristics - Transistor
T Types] ] [iMandactaen] =] WCE [saf] ve. IC | Eonws IC | Eonwe RG | Eoffws. IC_ | Eoff we G|
Part Humber ‘ ‘oltage | Current | Inductan... ‘ ~
| 1050uH_2 1050
wel 1500H 150 EonveT| | _ Eonvs. VCE | Eoffve. T) | _ Ecifvs VCE |
| _900uH_3 300
% M33eFo9 1200 13
3 1 938F03_discrete 1200 13
IKF MaasFog 1200 2 Electiical Characteristics - Diode
[ MI99F09_discrete 1200 20 WEwelF | wwsIF | InwsdF | GwwsIF | EwvelF | Ewws RG |
PHMURS160 600 1
[ NTF3065L175 60 2
PENXH3S0NT00H4Q2F2PIG_D... 1200 38
I3 NXH350NT00H4Q2F2PIG_T... 1000 303
% MXH350MT00H4Q2F2PIG_T... 1000 298 sl | Ene V]
% PM7SRSD0E0 600 150
% PM7SRSDOBO (New) 600 150
Ig PM75ASD0B0_discrete 600 150 e
Ik Ps21a79 600 50 =
KFPS21879_discrete g0 50 Tope [Cauer =] Mo, of Stages u j
IF& Q151260015 1200 600 Transistor Diode
[ 5 CHZ080KE 1200 40
|E;? SCTI0MI20 1200 45 There are no items to show.
g% sCTa0M120 1200 45
¥ SEMX151GDOBEHDs 600 150
% SEMiX151GD0EEHDs_discrete 600 150
% SEMI151GDOBEHDs_discret.. 0 i
K% P ansnnnen e 4Ann Ann sl
Ready

Alternatively, one can create the device file first by selecting File >> New Device File.
After the device file is selected, select Device >> New IGBT. From the dialog, select the
device file just created, and add the device to the device file.

Step 3. Enter basic device information from manufacturer’s datasheet into the database. Note that
the Manufacturer field may be incorrectly assigned, such as in this case. Click on the
drop-down menu and select Semikron from the list. If a manufacture is new and does not
exist in the list, simply type the new name in the field. The drop-down box is editable.

After the information is entered, the device database dialog appears as below.

5 PedEditor - X
File Device View Help

O & & | KF F | &

File: Name
C:haltairsPSIM_2022 14D evice’. dev devices\Semikrony GETASKM300 A Manufacturer
C:alkairPSIM_2022 1h\Deviceh. dev devices\Semikon\ GBTASKMAOC
C:hltainPSIM_2022.1\Deviceh. dev devices\S emikion\GBTYSKMBDC Absolute Maximur Ratings

C:haltairsPSIM_2022 1\Device. dev devices\ST4Diodet5TTHEOLOBC WCE max [V]: IC.max [A]: Ti.max [aC]:

C:halkairPSIM_2022 1h\Deviceh. dev devices\Wincotech\GB T4 938F1

Part Mumber | SEMi151GD0EEHD s_discrete B

C:valtairPSIM_2022 14Device’. dev devices\incotechs GB T4M339F1 Gate Resistance (Ohm]
C:haltairsPSIM_2022. 14D evicedS emikrony GBTASEME151GDOBEHD s v RG_ON: RG_OFF:
£ >
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Step 4. Use PSIM’s Curve Capture Tool to enter the transistor electrical characteristics from the

2\ ALTAIR

graphs provided in manufacturer’s datasheet.

Graph Vce(sat) vs. Ic:

The forward conduction characteristic Vce(sat) vs. Ic is used as the example.

This characteristic is provided in Fig. 1 of the datasheet. Fig. 1 provides one curve at Tj=25
°C for VGE=15V, but it provides three curves at Tj=150 °C for VGE=10, 15, and 17V. We
will select the curves corresponding to VGE=15V since curves of the energy losses Eon
and Eoff vs. Ic are for VGE=-8/+15V.

To capture the curve from Fig. 1 of the datasheet, click on the Edit button of the “Vce(sat)
vs. Ic” characteristics. A window for the Curve Capture Tool will open.

In the dialog window, click on Add Curve. We will use the Graph Wizard button <l
at the upper left corner to capture the 25°C curve. Follow the directions as displayed in
the text window. The steps are:

Display the graph of Fig. 1 on the screen. Click on the Print Screen key (PrtSc) to copy
the screen to the clipboard.

Click on the forward green arrow of the Graph Wizard. The image in the clipboard will be
copied into the dialog window, as shown below.

[# | Collector-emitter saturation voltage characteristics Vee(sat) vs.Ic = — &3

=i Cidtie | peeecne i <]

Position the graph image properly in the gragh window by dragging the left mouse so thatthe
complete graph is displayed within the window. You can also resize the window to fitthe
graph. Click on the Graph Wizard to proceed to the next step,

axis: o “-axis: Yoe(saf) ‘ Suffix [ Invertgraph

X1 [0 Xmax [0 [ =] [ Xinlag

voo [0 Yimax [0 [ =] T ¥inlog

Enter values inthe following format (x1.,1)(2.v2)(x3.y3) ...

‘ Refresh
300 L 13GRCERD o [

=y
T,=256°C
Ve = 15Vr— ///
200 T, 150°C
Vee = 17V
VGE=:5\IW’/
VGE:wVW
100 //

I/

I: /

1 2 3 v 4

0 v

Fig. 1: Typ. output characteristic, inclusive Reg: g f

Feaxis: o Y-axis: Woe(saf) ‘
Junction Temperature Tj (0C) Other Test Conditions... ‘

‘ Fedraw ‘ 0K | Cancel ‘

Position the image properly within the window so that the complete graph is in full view.
Click on the forward arrow. Define the border of the graph by left clicking on the graph's
origin (lower left corner), and then move the cursor to the opposite corner (upper right
corner) and left click. Right click to zoom in for easier cursor placement. After this, a blue
frame will be superimposed on top of the original graph frame.

Click on the forward arrow. Check if the x-axis and y-axis definitions are correct.
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By default, the x-axis is Ic and the y-axis is Vce(sat). But the x-axis is Vce(sat) and the y-
axis is Ic in the datasheet. To match the datasheet, check the box Invert graph. Then
define the axis settings X0, Xmax, Y0, Ymax. In this case, enter X0=0, Xmax=4, Y0=0,
Ymax=300. Enter the junction temperature Tj as 25 for the 25°C curve. The dialog window
will look as follows:

[a] Collector-emitter saturation voltage characteristics Vee(sat) vs.Ie | = | [B] | €3

FAES Add Cuve | Delete Cunve | Tj=7

Enterthe values of <0, Y. Xmex Yimes and define the axis settings

Enterthe value of the junction temperature Tj (atthe bottom of this dialog)

Click on the Graph Wizard to proceed to the next step

¥eais Veefsal)  Y-axis:Ic | Suffix [ Invertgraph
x [0 Xnax |4 - [~ Xinlag
vo o ‘max  [300 ~| [ Yinlog

Enter values in the following format. (x1.y1)(2.v2)x3.y3)
[ Refresh

300
’ ﬁ / //
T=25°C
[ Vae = 15vr ///
200 —T 150°C
vag_wv
Vge =15V
100 //
| I/
S
0

1 2 3 v 4

X 151600660,

0 Vee

Fig. 1: Typ. output characteristic, inclusive Reg: e

Yemds:Voefsall  Yemisilc |

Junction Temperature Tj (o) |25 Othet Test Conditions.

| Redraw ‘ 0K ‘ Cancel ‘

Click on the forward arrow. Starting from the origin, left click on top of the 25°C curve to
capture the data point. Right click to zoom in for easier cursor placement. As you click
along the curve, a red curve will be drawn indicating the data points captured. The dialog
window is shown below on the left.

Click on the forward arrow. The capture process will be completed, and the captured
curve will be shown below on the right.

You can edit the captured values directly in the input field on the left of the Refresh button.
For example, you can round off the first two points from (-0.006135,-0.23292)
(0.71472,0.11646) to (0,0) (0.71,0.12). But avoid having sudden jump between two points,
for example, (0,0) (0.71,0). PSIM uses interpolation between two points. When there is
sudden jump, interpolation may not give desired result.
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[#°] Collector-emitter saturation voltage characteristics Vee(sat) vs.Ic | = | & || 83 | Collector-emitter saturation voltage characteristics Vee(sat) vs.Ic = =

&l AddCunve | Delete cunve [T=7 & AddCurve | Delete Curve |Tj-25 -

(Click on the graph to capture the data. points. Right mouse dlick to zoom
Click on the Graph YWizard to complete the data capture process

Feoods: Vee(sal  Y-oods: I | Suffix ¥ Invert graph Yais:Voa(sa  Y-ads:lc | Suffoc [ Inver graph
xo [0 Xmex [4 ~| [ Xinlog X [0 max [4 ~| I Xinlog
vo o Ymax  [300 v| [ Vinlog vo o “inax  [300 | I Yinleg
Entervalues in the following format: (<Ly1)(x2.y2)(x3.y3) Entervalues in the following format. ¢ y1)(x2.y2)(x3y3)
\(—n 006135.-0.23292)(0.71472.0.11646)(0.68804,13.043)(1.2423,76.165)(1 6083, 162)(2.161.2  Refrash |(-EI 006135,-0.23292)(0.71472,0.11646)(0.88604,13.043)(1.2423,76.165)(1.6089,162)(2.161.2  Refresh
It T2
- 300
A 4L‘ ]
Tj=25°C
250.0 . 250

Vo= 15V

[

2004, = 150 C—— a0
Vge= 17V —7
Ve = 15V —7

150.00—

Vge = 10V [

/, 100
50 ,
50

e j

0 1.00 2.20 2.00 440 //
0 Vee v 0
0 1 H 3 4
Fig. 1: Typ. output characteristic, inclusive Rggy e | Vee(sal)
Meedis: Voe(sal)  Y-axis: Ic | (5.2638,258.07) Xeaxis:Voo(sal)  Y-ads:lc |

Junction Temperature Tj (oC)  [25 Other Test Condiions Junction Temperature T) (30) |28 Other Test Condiions
| Redaw | ok | cancel | | Redmw | oK cancel |

Repeat the same process to capture the 150 °C curve.

Graph Eon vs. Ic:

Enter the transistor switching energy losses characteristics Eon and Eoff vs. Ic from the
curves in Fig. 3 of the datasheet. Use the Graph Wizard and the same process as
described above to capture these curves. As an example, the completed Eon and Eoff
vs. Ic curves are shown below for VCE=300 and Tj=150.

57 Turn-on losses vs. collector current (Eon vs. IC) m] B Turn-off losses vs. collector current (Eoff vs. IC) m]

r Equatinn| J r Equalinn‘ J
] addCuve | Delete e | Tiffan <] vee[am ~] add Curve | Delere Cuve | Tl <] vee: <]

I Load Data || I Load Datal

Click on the 'Add Curve’ button ta add & new curve. Click on the 'Add Curve’ button to add a new curve.

eanis IC Y-asiz Eon | sufix T SwapxA ases Seaiz IC_r-avis Eolf | sufis T SwapksY anes
w0 |7ra22 Wmaw [307.92 ~| [ Rinlog X0 |7E913 Hmax 30738 v| I Rinlog
RO P Vmax  [8.4807 m w| [~ inLeg w0 [33308 maw [13648 m v| [ Yinlog
Enter values in the follawing format: [x1.07](x2 v2)[=3.43] Enter values in the following format: [1.v11[52.02](3.43] ...
Refresh | Refresh
Eon  Ti=150 Eoff  Ti=150
8
12
7
10
6
5 8
4 g
3
4
100 150 200 250 300 100 150 200 250 300
IC IC
-auis: IC Y-ais: Eon | Heanis I “r-awis. Eoff ‘
Junetion Temperature Tj (o) | Junction Temperature Tj (o) |
WCE (V] [300 WCE (V) 300

| Redraw | ak. Cancel | | Fiedraw | QK Cancel |
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2\ ALTAIR

Alternatively, if the Eon or Eoff data are provided in a .csv file, the data can be directly

loaded into the Device Database Editor using the Load Data function in the dialog, as
highlighted above.

Several sample

.csv files of the supported data format are provided

in the

“examples\Thermal” folder. Their corresponding .xIsx files are also provided for reference.

For example, the sample file “sample IGBT Eon data 1.csv” is shown below. It defines the
values of Eon at different Ic, Tj, and VCE.

AutaSave ({ sample IGET Eon data 1.csv -
File m Insert Page Layout Formulas Data Review View
ﬁi 5’;2“ Calibri Y11 LA A == E Fv A0 Wrap Text General
opy ~
Pafta 5Fnr::’atpamter u -~ & A = = = | = 3= Merge & Center ~ $~% 9 %3
Clipboard ] Font [F] Alignment [F] MNumber
X235 A I
A B € D E F G H 1

1 Test condition: Ron=2.2R

2 |DC Tj Ic Turnonlosses  Tj Ic Turn on losses Tj Ic Turn on losses
3 |270Vv 1250C 100A 2.51mJ 650C 100A 1.96mJ 250C 100A 1.56m)J
4 2004 3.89mJ 2004 3.09m) 2004 3.36m)
5 3004 5.38mJ 3004 4.74m) 3004 4.16m)J
6 4004 7.01mJ 4004 5.77m) 4004 5.31m)J
7 S00A 8.38mJ 5004 7.54m) 5004 6.33m)
) 600A 8.96mJ 600A 8.25m)J GO0A 7.89m)J
a FO0A 9.58mJ 7004 8.87m) 700A 8.75m)
10 800A 9.88mJ 800A 8.94m)J 800A 8.82m)J
11 350V 1250C 100A 3.59mJ 650C 1004 2.6mJ 250C 1004 2.7mJ
12 2004 5.91mJ 2004 3.19mJ) 2004 4.26m)
13 300A 7.98mJ 300A 6.69m)J 300A 5.7mJ
14 A00A 9.57mJ 4004 7.89m) 4004 7.17m)
15 5004 10.8mJ 500A 9.8mJ 500A 8.31m)J
16 GO0A 12.69m) 600A 10.74m) 600A 9.95m)
17 700A 14.01m)J T00A 12.15mJ 700A 11.81mJ
18 B00A 14.99m) 8004 12.95m) 800A 12.13mJ
19 400V 1250C 1004 4.46mJ 650C 1004 3.51mJ 250C 1004 2.77m)
20 200A 6.8m) 2004 5.54m) 2004 5.15m)J
21 3004 9.43mJ 3004 amJ 3004 7.53m)
22 400A 11.94m)J 400A 9.53mJ 400A 8.49m)
23 S00A 13.6mJ S00A 11.58mJ S00A 10.34mJ
24 600A 16.4mJ GO0A 13.04mJ GO0A 12.5m)
25 JO0A 17.17m) 7004 14.78m) 7004 14.32mJ
26 8004 18.66mJ B00A 15.82mJ 8004 16.15m)
27 |450V 1250C 100A 5.01mJ 650C 100A 3.46m)J 250C 1004 3.66m)J
28 2004 8.31mJ 2004 6.79m) 2004 6.08mJ
29 300A 10.45m)J 300A 9.29m)J 300A 9.36m)J
30 A00A 14.11mJ A00A 12.51mJ A00A 11.02mJ
31 500A 16.7mJ 500A 13.97mJ 500A 13.57mJ
32 GO0A 18.27mJ 600A 16.39mJ 6004 15.48mJ
33 FO0A 19.17mJ 7004 17.98mJ 700A 17.77m)
34 800A 19.75m)J 800A 19.56m)J 800A 19.7m)J
35
36

The data from the above .CSV file will produce the following Eon vs Ic curve using the
“Load Data” function:
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B Turn-on losses vs, collector current (Eon vs. 1C) ]

[~ Equation |

| | Add Curve | Delete Curve | Ti;|[,a_||] ﬂ \."CE;l[A"] j
Load Data||C:\.~'-‘«Itair\F'SIM_2I322.1 \exampleshThermalhzample IGET Eon data 1.cev

Click on the '4dd Curve' button to add a new curve.

w-awiz: |C ¥-axiz: Eon | Suffix [~ Swap X5 aves
i ¥man 800 | =] T inlag
vo |0 Yrmax 001975 | =] T ¥inlag
Enter values in the following format: [x1 .97 ][x2 02](=x3.03] ...
| Refrech
Ean Ti=Z5 Ti=25 Ti=25 Ti=E5
15m
10m
5m
0
] 200 400 EO0 200
IC
w-awiz: |C ¥-axiz: Eon | (52757, 0.017308)
Junction Temperature T (aC) |
WCE W]
| Redraw | 0K | Cancel |

The Load Data function is also available to Eoff vs. IC and Err vs. IF.
Characteristics Eoff vs. IC and Err vs. IF are entered in a similar way as Eon vs. IC.

Graph Eon vs. RG:

The characteristics of Eon vs. the turn-on gate resistance Rg_on can be entered in two
ways. One is to enter the curve of Eon vs. Rg_on. Another is to enter the equation, as
shown in the dialog below.

The equation defines Eon as a function of the turn-on gate resistance RG_ON. That is:
K_Eon = f(RG_ON)

where RG_ON represents the actual turn-on gate resistance used. The value from the
Eon vs. IC curve will be scaled by K_Eon to obtain the final value in the following way:

Eon = Eon_IC * K_Eon
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Step 5.

Step 6.

2\ ALTAIR

B! Turn-on losses vs, gate resistance (Eon vs, RG) [m] |

[¥ Equation [1%-0 3/RG_ON/20+0 01968)+0. J498HRG_ON/20)+0.96) I Verity |

RIEY [ &diGive | Oelote Gave & I~

L]l
a (= fjm

Eon

02

04

06

08

RG

|

‘ | 0K | Cancel |

An equation can also be defined for Eoff vs. RG (i.e. turn-off resistance Rg_off) and Err
vs. RG (i.e. turn-on resistance Rg_on).

Use PSIM’s Curve Capture Tool to enter the diode Electrical Characteristics from the
graphs provided in manufacturer’s datasheet.

Enter the diode forward conduction characteristic Vd vs. IF.

The diode forward conduction characteristics are provided in Fig. 11 in the datasheet. Use
the Graph Wizard and the same procedure to capture the curves. Enter the diode
switching characteristics trr/lrr/Qrr/Err vs. IF and Err vs. RG:

The diode reverse recovery characteristics trr, Irr, and Qrr vs. the current IF, and Err vs.
RG, are not provided in the datasheet. Only the characteristic of the reverse recovery
energy Err vs. the current IF is provided in Fig. 3 of the datasheet.

Use the same procedure to capture the curve. The test condition is the same as in Eon
vs. Ic.

Enter the thermal characteristics. Two types of the thermal impedance network are
available: Cauer and Foster. For this example, the thermal impedance consists of one
resister only, therefore the number of stages is 1 and the values of the capacitor is left
empty. The “Tamb” in the circuits below is actually the case temperature. Between case
and ambient, there might be a heatsink thermal impedance to be added, as shown in the
simulation circuit of the example.

© Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us 13


http://altair.com/
https://www.altair.com/contact-us/

Altair PSIM Tutorial / IGBT and MOSFET Loss Calculation in the Thermal Module

Thermal Characteristics

Type |Cauer v | No.of Stages 1ﬁ

Transistor Diode

0.29, 0.36

Cauer Circuit

Rc1 Rc2 Rc3

Ploss {

>

) Cct =Cc2

I

ﬁ? WAV \"‘v—r’ v"J\rﬁ
I Cc3

Foster Circuit

R R R
AN VY AN
{Hlamb  Ploss (1) I A N (N () Tamb
I I Cf Cf2 Cf2 I

This concludes the entry of the device information into the database

SEMIiX151GD066HDs_descrete_6. The figure below shows the device in the PcdEditor after it

has been added into the device file “SEMiX151GD066HDs_descrete_6.xml”.

5 PcdEditor - X
File Device View Help
D &S| K3 EE -~ | -
File: Mam
’ . G i Manufacturer [Semikron ~|  PatMumber | SEM151GDOGEHDs_discrete 6
CohalkairPSIM_2022 15D evicehS emibkront I GETHWSEMB202GE1 2Vs_dii - -
C:\AlainPSIM_2022.14D evicehS emkiont GBTVSEMi303GE 1 2vs_d: Absolute Maximum R atings
C:hAlaitPSIM_2022 15D evice\Semkont GETASEME<404GE12vs_di WCE, max [V): =] IC.max [A): 150 Ti.max [oC]: 175
CohalkairPSIM_2022 15D evicedS emikront I GETHWSEMR4B3GE1 2Vs_dii -
C:\altaitPSIM_2022.14DevicehSemkront GBTASEMXE04GE1 2s_di: Gate Resistance (Ohm]
C:\altaitPSIM_2022.14DevicehS emkront GETASKIMEDOGD 1 26DLM_ v RG_ON: 45 RG_OFF; 45
< >
Device Type W amufacturer EI\?Etéical EharTEc::hleristics ;ransisltgr | . B | cotvele | Eafve.FE |
ooT j |[AIIManufacturers] j [zat] ve. 0N vs. 0N vs. off vz, off vz,
Part Murnber ‘ Woltage | Current | Inductan... | ~
- L_100uH 100 :
o] 1050uH_1 1050 Eonvs Tj | Eonvs WCE | Eoffws. || Eoff vs. WCE |
| 1050uH_2 1050
| 150uH 180
| S00uH_3 900
K Masarg 1200 13 Electrical Characteristics - Diode
% M398F09_discrete 1200 13 Wiws IF | trwsIF | wwsIF | QuwsIF | EnwsIF | EnwvsRG |
% M399F 09 1200 20
K3 M999F09_discrete 1200 20
- MURSTED £00 1
|E;? MTF3085L175 E0 2 Erwm T
L Tj Err vz WCE
H M I50M100H402F2F1G_D... 1200 958
[KF NxH3B0N100H402F2P1G_T... 1000 303
[KF NxH3BONT00H402F2P1G_T... 1000 298
I5F PM7SRSD 00 £00 180 Thermal Characterist
¥ PM7ERS DOG0_discrete B0 150 Smal Sharsctenstes S EmE L B i‘
[FPs21479 B0 50 ype [Lauer 7] M. of Stages =
K? FPS21479 discrete B0 a0 Transistor Diode
[KF 0151280015 1200 EOO 0.29 0.36
[§F SCH2080KE 1200 40
|E;? SCT30N120 1200 45
|E;? SCT30N120 1200 45
¥ SEMi¢151GDOGEHD s GO0 150
¥ SEM151GD0BEHDs_discrete GO0 150
B e ansmnnmn o 4mnn ann M|l
Ready

The newly created database device will be available for next PSIM session. This means, to use the

new device in a PSIM schematic, one must exit and re-launch PSIM.

To verify this new device’s thermal characteristics, in the example circuit, replace the IGBT with the
newly added SEMiX151GD066HDs_descrete_6. The simulation result should be the same as

before.

2\ ALTAIR

© Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us



http://altair.com/
https://www.altair.com/contact-us/

Altair PSIM Tutorial / IGBT and MOSFET Loss Calculation in the Thermal Module

2. Managing User’s Devices in Database

When users add their own devices, they may add these devices into one of the device files that come
with PSIM. But it is strongly recommended that users save these devices in different device file
names. This is because when a PSIM version is updated or upgraded, all the .xml files will be
replaced by the files of the newer PSIM version. Any changes to these device files will be lost.

3. MOSFET Loss Calculation

To illustrate how to calculate MOSFET losses with PSIM’s Thermal Module, the datasheet of
Infineon’s MOSFET IRFP460 (500V, 20A) is used in a buck converter example, as shown below:

1T +
!
250 Vdc /N 125 Vdc, 20A

The buck converter operating conditions are:
DC Input: 250 vdc
DC Output: 125 Vdc, 20A
Switching Frequency: 20 kHz

3.1 Adding MOSFET Devices into the Device Database

Assuming the MOSFET device IRFP460 is not available in PSIM’s device database, the first step is
to add it into the device database.

Below is the procedure to add this device into the device database file “IRFP460.xml”.
Step 1. In PSIM, go to Utilities >> Device Database Editor to launch the PcdEditor.

Step 2. Select Device >> New MOSFET. Choose <New device file>. Ceate the device file
“IRFP460.xml” under the folder “Device/Infineon/MOSFET”, and add the device to this
file.

Step 3. Enter the required basic information from the datasheet, such as the part number,
package, and maximum ratings.

Step 4. Enter the information for the Electrical Characteristics for the transistor.

Below is a screenshot of the datasheet, with required parameters highlighted in red.
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vigr)oss Drain-to-Source Breakdown Voltage 500 | — — V| Vas=0V, o= 250pA
AV arjoss/AT | Breakdown Voltage Temp. Coefficient — | 063 | — [V C |Reference to 25°C, lp= 1mA
Roson) Static Drain-to-Source On-Resistance — — | 027 Q |Vgs=10V, p=12A @
VGS[IH) Gate 'I-'hreshcnld Vchage | —_ K A" Vos=Vas, lp= 250uA
s Forward Transconductance 13 — ~— S | Vos=50V, lp=12A @
Ioss Drair-to-Source Leakage Current i 1A V05500V, Ves=0V
— — 250 Vos=400V, Vas=0V, T =125°C
less Gate-to-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qy Total Gate Charge — — | 210 lp=20A
Qgs Gate-to-Source Charge — — 29 nC | Vps=400V
Qlga Gate-to-Drain ("Miller") Charge — — | 110 Vgs=10V See Fig. 6 and 13 @
tagan) Turn-On Delay Time — 18 — Vop=250V
tr Rise Time 59 — hs lp=20A
tagam Turn-Off Delay Time — 110 — Re=4.3Q2
] Fall Time — 58 — Rp=13{2 See Figure 10 ®
Lo Internal Drain Inductance — | 50 { — E ?-nmﬁ?(eg 2'%?,? ) \;:‘__%
nH | from package GE
Ls Internal Source Inductance — 13 — and center of
die contact P
1 Ciss Input Capacitance — |4200) — Wee=0W
Cass Output Capacitance — | 8| — pF | Vps= 25V
Ciss Reverse Transfer Capacitance — | 350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
ls Continuous Source Current _ — | =0 MOSFET symbol °
(Body Diode) A showing the
Ism Pulsed Source Current — | 80 integral reverse 9@
{Body Diode) @ p-n junction diode. is
Vso Diode Forward Voltage — — 1.8 V 1 T=25°C, 15=20A, Vge=0V @
ter Reverse Recovery Time —_ 570 | 860 ns | T=25°C, I,=20A
Qr Reverse Recovery Charge — | 57| 88 | pC | difdi=100A/s @
ton Farward Tum-On Time Intrinsic tum-on time is neglegiblz (turn-on is dominated by Le+Lo)

For the parameter VGS(th), an average value of 3V is selected out of the minimum and

maximum values.

Note that the parameter “Temperature Coefficient” of RDS(on) is typically not provided in
a datasheet, such as in this case. It needs to be calculated from the graph “Normalized
on-resistance vs. temperature” (Fig. 4 for this device), as shown below:

3.5

Tp = 26A

3.0

2.5 4

0.5

V6s = 10V

Rps(ony, Drain-to-Source On Resistance
(Nermalized)
N

0.0
-60 ~40 -20 0 20 40 60 @40 400 120 140 160

Ty, Junction Temperature (*C)

Fig 4. Normalized On-Resistance
Vs. Temperature

The temperature coefficient Ky can be calculated using the expression below:

R

DS(on) _normalized ~
KT — (on) _

T,-25

1
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From Fig. 4 of the datasheet, at Tj = 100, we obtain Rps(on)_normaized = 1.8. We can then

calculate Kt as: Kt = 0.01.

The on-resistance RDS(on) is calculated from Ky in the following way:

Ros(on) = Ros(on)_25deq A+ K, '(TJ- —25))

where Rps(n)_25deg IS the on-resistance at 25 °C. In this example, Rps(on)_25deg = 0.27 Ohm.

Step 5.

Enter the electrical characteristics for the diode. The Vd vs IF curve can be captured as

explained in the IGBT section. The test conditions must be entered, too.

Step 6. Enter the thermal characteristics, the same way as in the IGBT section.

Step 7. Enter the optional information of dimensions and weight.

This concludes the entry of the device information into the database IRFP460. The figure below

shows the device in the PcdEditor after it has been added into the device file
“IRFP460_descrete.xml”.
5 PedEditor - X
File Device View Help
O & & | K3 F o b
File: Mamne
Cohdltair 022.14D eviceMlnfineorMOSFE T\RFP4E0.xml ~ || Manufacturer |infineon »|  PatNumber | IRFP480
C:valtaitPSIM_2022 14D eviceslnfineonsh O SFE TYRFS 4321 PbF sl - -
LAl PSIM_2022, 15D eviceMnfineon\MOSFE TAS PAZTNSOC3.ml Absalute Maximum R atings
C:alkaitPSIM_2022 14D eviceMnfineontSiC_GaM MOSFETAWFF23MRA1 WDS max V] 500 10, max [A): 20 Ti.max [aC]: 1580
CoaltaitPSIM_2022 14D evicedl$rS UGB TAING HAONBOC2. ml
C:hakaitPSIM_2022 15D evicetMitsubishi Electich GBTWCMEOOHA-24, Electrical Characteristics - Trangiztor
C:alkaitPSIM_2022 15D evice\Mitsubizhi E lectich\ GETACMEBOOHA-34 » Test Conditions: Test Conditions:
< ke RDS(on: 02 Tk 25 QoinCk | 210 vDS: | 400
Device Type Marfacturer TEmD;_fa_tUlE ’—D o Ggs [nC): 23 10 20
|[AII Types] j |[AIIManufac:turers] j et Ggd [nC): 11a
| Part Murnber | Yoltage | Current | Inductar... | A WERGE 3 Cisz [pF): 4200
[&F GSEEA0ET G50 225 afs [S): 13
|g GSEE508 50 10 Mote: &ll valtages are in', currents in A,
and resistances in Ohm.
[ GSEES1E BE0 KO
K? HETG20MEDAAD 00 40 Electrical Characteristics - Diode S
[k IGP20MBOH B0 20 Vdvs IF Test Condiions:
K IKQ40N120CH3 1200 40 Grck | &7 IFEAK] 20
[KF IKAS0N120CH3 1200 50
[ 1K4W/S0MEOH3 £00 50
[EF IKw/BOMEOH3 £00 £0
K? IK5'B0N120CH3 1200 A0 Thermal Characteristics
[F 1K75M120CH3 1200 75 Type |Cauer v | Mo of Stages 1 Z‘
5% IPE GOR 1 90CE £50 128 Transistor
% IPPEORDIICE £50 k1l
¥ IRF1010EZ £0 75 045
[ IRF 32055 55 75
[ IRF7380 &0 36
5% IRF7380_discrete an 36
[ IRF744 450 88
[ IRFP460 50 20
[ IRFS 4321PbF 150 &0
HH15LIR30E0G2 £00 a0
[KF [:GH40NEOC2 £00 40
S 1 00uH 100
S| 1050uH_1 1050
Sl ANEn.d T 4 ncn v -
Ready

The newly created database device will be available for next PSIM session. This means, to use the
new device in a PSIM schematic, one must exit and re-launch PSIM.

2\ ALTAIR
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3.2 Simulation of MOSFET Losses in PSIM

Once the device is added to the device database, it can be used in PSIM for the loss calculation.
The newly added device in database should be verified with a simple example circuit before applied

to a complex power system.

In PSIM, select Elements >> Power >> Thermal Module >> MOSFET (database).

Place the discrete MOSFET element on the schematic. Double click on the MOSFET element to
open the property dialog window. Click on the Browser button next to the “Device” input field, and
choose the device “IRFP460”. Continue to build the rest of the circuit.

Parameters | Color | Simulation Models |

MOSFET (database) Help
Display Display

Name Q1 - Voltage Flag [ r

Model Level Thermal (MOSFET) hd

Device IRFP460 |:| =l

Search for Device

Number of Parallel Devices | 1 -

Frequency 10k r Select Device type:  [MOSFET

VGG+ (upper level) 10 r Select Field 2 | =l [

VGG- (lower level) 1} -

Rg_on (turn-on) 1 -

Rg_off {turn-off) 1 - |

RDS(on) Calibration Factor | 1 - Field name | Operation

gfs Calibration Factor 1 -

Peond_Q Calibration Factor | 1 -

Psw_Q Calibration Factor | 1 —

Pcond_D Calibration Factor | 1 - ‘Mabch a1 (AND) j | Search

Psw_D Calibration Factor | 1 -

Initial Tj an r Search Result

Iritial Ploss o - Manufacturer | Part Number [ Package [ vds,max [ 1d,max [ Tj,max [ File Path A

TiE ’17 - Infineon IRF7380 Dual 80 3.6 150 CilAltair\PSIM_2022, 1'Device).de

1Fiag Infincon IPBSOR 190C6 Discr... 650 12.3 150 Cr\Altair\PSIM_2022, 1\Device\Ini

Ploss Flag 1 r Infineon IPPEOR03ICP Discr... 850 31 150 C:\AltsirPSIM_2022. 11Devicelint
Infineon IRF1010EZ Discr... &0 75 175 Cil\Altair\PSIM_2022, 1'Device\lni

Current Flag 1} r~ Infineon IRF33055 Discr... 55 75 175 C:\Altair\PSIM_2022. 1'\Device\Int
Infineon IRF7380_disrete  Discr... 30 3.6 150  C:\AltairPSIM_2022. 1{Device\Ini
Infineon IRF744 Discr... 450 3.8 150 C:\Altair|PSIM_2022. 1Device\Ini
Infinson | IRFP460 | 20| is0|cC:\AltairiPSIM_2022. 1\Device\ln
Infineon IRF54321PbF Discr... 150 0 175 C:\AltairPSIM_2022. 1{Device\Ini
Infineon SPAZINSOC3 Discr... 550 21 150 C:\Altair\PSIM_2022. 1{Device\Int ,,
< >

Go to device | oK | Cancel ‘

The circuit below shows the completed buck converter circuit using the MOSFET IRFP460.

@ Loss Calculation of a MOSFET Device
Rth_cs R_heatsink

IQ q1

2 |

&
o
P

O
25U$
e

“AAN—AAN
IRFP450 @ 0.24 0.1 ) T_ambient
1
&I
- ~~ Thermal e uivaler;t circuit
JaN (1) 20 .

The MOSFET device has one extra node on the top. This node is to be connected to the external

thermal equivalent circuit.

- The voltage at this node is the module’s case temperature. It can be monitored with a voltage

probe.

2\ ALTAIR
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- The current flowing out of this node is the total power losses of the whole module. It can be
monitored with a current probe.

This node should be connected to a voltage source representing the ambient temperature or
grounded via a network representing the dynamic thermal impedance between the case of the
module and the ambient. In this example, the resistor Rth_cs is the thermal resistances between the
case and heat sink, and R_heatsing is the thermal resistance of the heatsink.

The parameters of the MOSFET (database) are defined as below:

The parameter Frequency defines the interval under which the losses are calculated. In this
example, it is set to be the same as the switching frequency, and the losses in each switching cycle
are obtained.

The values VGG+ and VGG- are the upper level and lower level of the gate voltage source.

The values Rg_on and Rg_off are the gate resistances at turn-on and turn-off. They must be defined
correctly to reflect the actual operating conditions. If they are not defined correctly (for example, if
the gate voltage source is too low, or the load current or the gate resistance is too high), the MOSFET
device may not work correctly.

The Calibration Factors are used to scale the calculation results against experimental results.

If the Flags are for the monitoring of the device’s thermal behaviour. When the flags are set, the
following thermal related characteristics can be monitored:

- transistor junction temperature Tj, in °C.

- transistor conduction loss Pcond_Q,

- transistor switching loss Psw_Q,

- diode conduction loss Pcond_D, and

- diode switching loss Psw_D.

The simulation result displayed in SIMVIEW is as below:
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o
& g = 3.8446444e-003 9
Q1_Tj 1.3445473e+002 1.3445473e+002 9.3034771e-009
Q1_Pcond_Q 1.1310581e+002 1.1310581e+002 1.2670810e-008
Q1_Psw_Q 6.4571388e+000 6.4571388e+000 3.5014480e-010

X=0.005389, Y1=-8.031496
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The following losses results are obtained from the PSIM simulation:
MOSFET Junction Temperature (°C): 134.5

Transistor Conduction Loss (W): 113.1
Transistor Switching Loss (W): 6.5
Transistor Total Loss (W): 119.6

The loss of the diode is zero because there is no reverse conduction in this circuit.

4. Conclusion

PSIM’s Thermal Module provides a quick and convenient way of estimating device conduction and
switching losses. One can use the Thermal Module to study device losses under different operating
conditions, and compare devices from different manufacturers.

In addition, the Device Database Editor (PcdEditor) provides an easy way to add new devices and
manage devices. It also provides an easy-to-use curve capture tool that allow multiple datasheet
curves to be entered into the database in minutes.
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