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How to Use Device Physical Models in DSIM

1. Overview
DSIM provides an innovative modeling approach called Piecewise Analytical Transient (PAT)
model[1] to model the physical behavior of semiconductor devices. The PAT model is capable of
modeling switching transients of semiconductor devices very accurately and with fast computation
speed. Most of the parameters required by the device physical model can be obtained from device
datasheet.
Currently, two types of devices are supported: IGBT and SiC MOSFET. Also, only the switch
modules highlighted in the red box below support the physical models.

In this tutorial, the process of how to obtain model parameters from device datasheet, add them
to the device database, and use the device in a schematic is described.

2. IGBT Device
Below is an example of a 3‐phase inverter using the Infineon IGBT module F3L300R12PT4_B26. To
use the IGBT device, in the inverter parameter dialog, set the Model Level as IGBT. Then click on
the browser button next to the Device field to select this device.
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The six nodes on the top of the block are the power loss (Ploss) nodes. The voltage at the power
loss node represents the junction temperature, and the current flowing out of the power loss node
represents the total loss of a device. The number of power loss nodes depend on how devices are
packaged. If a switch module consists of 6 discrete switches, the number of power loss nodes can
be 1 to 6. If the switch module consists of 3 dual‐package devices, the number of nodes can be 1
to 3. If the switch module consists of a 6‐pack device, the number of nodes will be 1.
The parameter “Device for Node i” defines the devices that share one package. For the dual‐
package, if we define “Device for Node 1” as “Q1,Q4”, it means that Switch Q1 and Q4 are on the
same package, and the power loss from Node 1 is the sum of power losses of both Q1 and Q4.
Before a device can be used, it has to be added to the device database first. To add a new device,
we will use Infineon three‐level IGBT module F3L300R12PT4_B26[2] (1200V, 300A) as an example.
This device has two sets of devices: T1/T4 and T2/T3. We will use the T1/T4 set.
When using the PAT IGBT model, one needs to input the following four sets of parameters: 1)
parameters of the semiconductor devices (available from manufacturer datasheet); 2) parameters
of the gate drive circuit; 3) stray parameters; and 4) thermal parameters.
Below is the procedure to add the IGBT module F3L300R12PT4_B26_T14 to the device database.


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



Create a device database file and add the IGBT device to this device file. In PcdEditor, select
Device >> New IGBT.
By default, <New device file> is selected. Click on OK, and navigate to the folder of your
choice. In this case, we will navigate to the folder “device/Infineon/IGBT” in PSIM
(assuming that this file does not exist in this folder). A recommended practice is to use the
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device part number as the file name (for example, for this device,
“F3L300R12PT4_B26_T14.dev”).
Enter basic device information from manufacturer’s datasheet into the device database. If
your license has both PSIM and DSIM, you will see two tabs: PSIM and DSIM. Choose the
DSIM tab. If your license has only DSIM, no tab will be displayed and the displayed data is
for DSIM.
Enter the parameters and data required by the dialog.
After all data are entered, the PcdEditor dialog window will appear as below.

2.1 Parameters from Datasheet
The following parameters can be obtained directly from the manufacturer datasheet.
Absolute Maximum Ratings
The rated values of the device can be obtained from the Maximum Rated Values section of the
datasheet. Enter VCE,max as 1200V, IC,max as 300A, and Tj,max as 175 oC.
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Saturation Characteristics VCE(sat) vs. IC
The saturation characteristics of the collector‐emitter saturation voltage VCE(sat) and the
corresponding collector current IC under different junction temperatures Tj are provided in the
datasheet as shown below.

To capture the curves above, click on the Edit button of the “Vce(sat) vs. Ic” characteristics. A
window for the Curve Capture Tool will open.
at the
In the dialog window, click on Add Curve. We will use the Graph Wizard button
o
upper left corner to capture the 25 C curve. Follow the directions as displayed in the text window.
The steps are:
‐

Display the graph in the PDF file 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.
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‐

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. 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=3.5, Y0=0, Ymax=600. Enter the
junction temperature Tj as 25 for the 25oC curve. The dialog window will look as follows:
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‐

Click on the forward arrow. Starting from the origin, left click on top of the 25oC 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.

‐

Repeat the same process to capture the curves for 125 oC and 150 oC.

Transfer Characteristics VGE(th) vs. IC
The transfer characteristics of the gate threshold voltage VGE(th) vs. the collector current IC can
be obtained from the datasheet as shown below.
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Use the same process as the one described in the previous section to capture the curves for 25 oC
and 125 oC.
Capacitance Characteristics
The reverse transfer capacitance Cres (also known as Miller capacitance) and the input
capacitance Cies, together with the corresponding voltage VCE, can be obtained from the
datasheet as shown below.

No curve is given for the characteristics Cres vs. VCE. In the dialog, just enter one data point for
Tj=25 oC.
The capacitance Coxd is the value of Cres when VCE = 0. The voltage Vlim is the voltage value
when Cres starts to reduce quickly.
Note that in some datasheets, such as Mitsubishi IGBT CM1200HC‐90R[3], the capacitance curves
are included as shown below. In this case, Cies and corresponding test voltage VCE can be
obtained from the Cies vs. VCE curve. The values of Coxd and Vlim can be obtained from the Cres
vs. VCE curve as indicated below. The arrays of Cres and VCE are obtained from the Cres vs. VCE
curve where VCE > Vlim. Normally two points are enough.

If the curves are not available, Coxd can be set to 60%~100% of the Cies value, and Vlim can be set
to 1~10V, which would work in most cases. The values of Cres and VCE can be a single point from
the datasheet table.
Time Characteristics
The turn‐on delay time tdon, turn‐off delay time tdoff, rise time tr, and fall time tf, together with
the test conditions, can be read directly from the datasheet as shown below.
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Diode Electrical Characteristics
In this case, curves are not provided for the diode characteristics trr (reverse recovery time) vs. IF
(forward current), Irr (peak reverse recovery current) vs. IF, and Qrr (reverse recovery charge) vs.
IF. They can be read from the datasheet as shown below.

In some datasheets, the recovery characteristics are given as curves, for example Mitsubishi IGBT
CM1000HG‐130XA[4], as shown below. In this case, IRM, trr, IF, and VR for different Tj can be read
from the curves.

If one parameter is not available in the datasheet, for example trr, it can be estimated from other
parameters, for example, IRM and Qr.
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2.2 Parameters of the Gate Drive Circuit
The gate drive model in the PAT IGBT model is shown as below, where no stray parameters inside
the gate drive loop are included. The gate drive delay is also ignored. However, in PAT SiC MOSFET
model, where the switching transients are much faster, the stray inductance is included.

2.3 Stray Parameters in the Branch
In the PAT IGBT model, the stray inductance in the half‐bridge branch is considered and is split
equally, as shown below. The total stray inductance Lb in the branch is specified.

2.4 Thermal parameters
The junction temperature Tj is determined by the external thermal equivalent circuit connected to
the power loss node of the device. DSIM will modify the model parameters based on this junction
temperature. The temperature‐dependent equations of the PAT model parameters are shown as
below. All the coefficients ，，， ， are calculated according to the input parameters of
different temperatures. Other parameters in the PAT model such as those related to the
capacitances are temperature‐independent.
VT (Tj )  VT (T0 )   (Tj  T0 )
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K (Tj )  K (T0 )  0
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 j
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More details about the PAT IGBT model can be found in the paper [1].

3. SiC MOSFET Model
In this section, the process of how to obtain model parameters for SiC MOSFET is described. The
Cree devices SiC MOSFET CMF20120D (1200V, 42A) [5] and SiC diode C4D30120D (1200V, 43A)[6]
are taken as an example. Note that the default values of SiC MOSFET/SiC diode model are taken
from the Rohm SiC MOSFET BSM180D12P3C007 (1200V, 180A)[7].
When using the PAT SiC MOSFET/SiC diode model, one needs to specify the following four types of
parameters: 1) parameters of the semiconductor devices (available in datasheet); 2) parameters of
the gate drive circuit; 3) stray parameters; and 4) thermal parameters.

3.1 Parameters from Datasheet
The following parameters can be obtained directly from the manufacturer datasheet.
Absolute Maximum Ratings
The maximum voltage VDS,max, current IDS,max, and junction temperature Tj,max can be read
directly from the datasheet.
Transfer characteristics VGS(th) vs. IDS
The gate threshold voltage VGS(th) is given in a table in the datasheet, as shown below.

Use the same procedure as described in Section 2.1 to capture the curves for Tj = 25 oC and 135 oC.
The PAT model will utilize the data at different temperatures to modify the thermal‐dependent
model parameters when junction temperature changes.
Capacitance Characteristics
Curves of Ciss, Coss, and Crss are given in the datasheet as shown below.
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Use the same procedure as described in Section 2.1 to capture these curves.
On‐state Resistance RDS(on)
The on resistance RDS(on) and the corresponding junction temperature Tj can be found from the
datasheet, as shown below. In this case, the RDS(on) and Tj pairs are: [80m, 25] and [95m, 135].

The PAT model will utilize the data at different temperatures to modify the thermal‐dependent
model parameters when junction temperature changes.
Internal Gate Resistance RG (internal)
The internal gate resistance RG (internal) is given in the datasheet, as shown below.

Time Characteristics
The rise time tr and fall time tf can be obtained from the datasheet. These two parameters are
used to determine the simulation time step.

Diode Capacitance Characteristics
The diode capacitance Cj vs. the voltage VR is shown below.
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Use the same procedure as described in Section 2.1 to capture this curve.
DSIM will calculate the capacitances of the SiC MOSFET and SiC SBD based on the nonlinear
equation below.
C

C0

1  v Vb 

 C1

where C0 and C1 can be extracted from the capacitance curves in the datasheet, while Vb and 
are parameters to fit, and v is the voltage across the equivalent capacitance.
Sometimes the diode capacitance curve Cj is not available in the datasheet. In this case, estimate
the values according to the curve of a device which have a similar rating.

3.2 Parameters of the Gate Drive Circuit
For the gate drive circuit, VGS_on and RG_on are the turn‐on gate drive voltage and external turn‐
on gate drive resistance, respectively. Similarly, VGS_off and RG_off are the gate drive parameters
for turn‐off transient. The inductance Ls is the stray inductance at the source terminal of the SiC
MOSFET. These parameters are shown in the figure below.
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3.3 Stray Parameters in the Branch
The inductance Lb represents the stray inductance in the branch. It is split equally as shown in the
figure below. In addition, a coefficient Kb for modelling the resistivity of the current or voltage
oscillation in the branch needs to be defined. The larger the coefficient, the shorter the oscillation
process. Normally Kb ranges from 3 to 10.

3.4 Thermal Parameters
The estimated junction temperature Tj is determined by the external thermal equivalent circuit
connected to the power loss node. DSIM will modify the model parameters based on this junction
temperature. Thermal‐dependent parameters VGS(th) and RDS(on) are fitted by linear functions of
the junction temperature Tj as:
Tj  Tj _ trans1
Vth2  Vth1  Vth1
Tj _ trans 2  Tj _ trans1
Tj  Tj1_ on
Rds _ on Tj  
 Rds _ on2  Rds _ on1  Rds _ on1
Tj 2 _ on  Tj1_ on

Vth Tj  

More details about the PAT SiC MOSFET/diode model can be found in the paper [1].

4. Conclusion
Most of the parameters needed for DSIM’s physical model can be obtained from manufacturer
datasheet. Once the parameters are correctly entered according to this tutorial, both the
switching transient and the power losses of the device can be easily obtained.
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