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PSPICE Device Models:

The following 1200V S-IGBT/EMCON-fast DuoPack devices are covered by this
note:

• SKP(B)02N120
• SKW07N120
• SKW15N120
• SKW25N120

Their PSPICE models are provided in a level-3 version which takes into account the
dynamic temperature behavior. The PSPICE files comprise a library file
(duo_p_120_L3.lib) and a 5-pin schematic (duo_p_120_L3.slb). The temperature-
dependent-model parameters have been validated by dc measurements for
temperatures up to 150°C.

Three of the five pins of the PSPICE model schematic correspond to the device’s
electrical connections (gate, anode, and cathode). The remaining two pins are
thermal pins. As shown in Figure 1, they are labeled as tc (case temperature) and
tamb (ambient or reference temperature). The thermal pins can be used to attach a
user-defined heat-sink model that is represented by a physical-correct T-type thermal
network. The thermal impedances of chip and package are included in the model’s
physical-correct description. The reference temperature  of each device can be set
by a local model parameter. In case no external heat-sink model is used, the pins tc
and tamb need to be shorted.

Figure 1: Example for a level-3 DuoPack PSPICE schematic (thermal pins are
shorted – only the internal thermal model is used)

Short-Circuit Simulation with 1200V-DuoPack Models:

Influence of Thermal Path

Standard short-circuit tests for power devices are of major interest. They are applied
in order to evaluate a device’s reliability and operating limits. The short-circuit current
of a device is measured within the limits of the data sheet constraints (for 1200V-
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DuoPack devices: Vge = 15V, 100V < Vce < 1200V and Tj < 150°C ). The junction
temperature limit is only valid at the beginning of the short-circuit pulse. In order to
provide the user with reliable PSPICE models, it is of high importance to cover this
mode of operation.

Thermal Path Models

The simulation of the short-circuit behavior of a power device requires the knowledge
of the parameters of the thermal path. The thermal path of a power device is
characterized by standard transient-thermal impedance measurements that result in
a cooling curve. The cooling curve represents the temperature difference Tj(t) –
Tcase of the device as a function of time after the device is heated in steady state
with well-defined power Q. The transient-thermal impedance Zth(t) is then defined as
the ratio (Tj(t) – Tcase)/Q.

For the device’s data sheet, a set of Rth and Cth values is extracted from the
measured Zth(t) curve. As shown in Figure 2b, the thermal parameters are
analogous to the resistance and capacitance values of an electrical π-type network.
This type of network, however, is not suitable for simulation purposes. A higher
flexibility in simulation applications can be accomplished when the physical-correct T-
representation of the thermal network is used instead (Figure 2a). This
representation permits a simple extension of the RC-ladder network to include
additional thermal elements such as heat sinks [1,2].

Both types of thermal models exhibit the same step-response behavior.
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Figure 2: Thermal models for PSPICE simulation of dynamic temperature behavior

The transformation of the parameters extracted from the Zth measurements (Figure
2b) into the physical-correct parameters (Figure 2a) can be accomplished by a least-

a) T-model

b) Π-model
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mean-square-fit procedure [1,2]. Here, this procedure is carried out using the
mathematical software MATHCAD. The results are shown in Figure 3.

The response characteristics for both thermal-path representations are identical. The
RC parameters of the two network types are listed in Table 1.

T-Model

Π-Model

Figure 3: Frequency-dependent response characteristics for IGBT SKW25N120

Device: SKW25N120
Π−Model (parameters extractred from Zth
curve)

T-Model (transformed, physical-correct
parameters)

Rth in Ohms Cth in Farad Rth in Ohms Cth in Farad
0.037 0.01 0.058 0.0081
0.081 0.041 0.078 0.038
0.209 0.43 0.216 0.391
0.074 6.728 0.049 9.696

Table 1: Parameter sets for junction-case thermal networks for IGBT SKW25N120

For all the aforementioned PSPICE device models, the physical-correct T-
representation of the thermal model has been implemented.

It should be noted that level-3 transient-temperature models results require a
longer simulation time than lower-level models.
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Configuration of Measurement and Simulation Circuit

In order to compare simulation and measurement results, the PSPICE simulation is
set up according to the measurement configuration  (see Figure 4). The values of the
parasitic stray inductance and the parasitic serial resistance are extracted from the
measurements: the inductance value is calculated from the voltage drop and the
current slope during turn-on, the resistance value from the voltage drop during on-
state.

Figure 4: PSPICE simulation schematic for short circuit test of SKW25N120

Simulation Results

The simulation and measurement traces for the short-circuit behavior of the devices
SKW25N120 and SKP02N120 are shown in Figures 5 and 6, respectively. For both
devices, a significant deviation between simulation and measurement results can be
observed.
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SKW25N120 short @ Uce=600V
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Figure 5: Simulated and measured short-circuit traces for SKW25N120

SKP02N120 short @ Uce =600V
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Figure 6: Simulated and measured short-circuit traces for SKB02N120

The simulated currents are much higher than the measured ones. This is expected
since the smallest time constant in the thermal model extracted from the cooling
curve is much higher than the short-circuit time of 10µsec. The calculated transient
temperature is therefore too low.

In order to improve the simulation accuracy, an additional thermal RC element is
needed that takes into account the thermal behavior of the chip. The values of this
element are calculated from the chip geometry. Thereby, it is assumed that the main
part of the short-circuit power is generated in the vicinity of the IGBT-MOS channel
and the adjacent high-field region. Adding the new RC element to the input terminal
of the physical-correct thermal model (Figure 7) does not change the overall
transient-thermal impedance curve (Figure 8).
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Figure 7: Standard thermal model (lower schematic) and extended thermal model
(upper schematic) for SKB02N120

Figure 8: Transient thermal impedance curves for standard and extended thermal
model for SKB02N120

Accounting for the transient-thermal behavior of the chip, however, significantly
improves the transient simulation results as shown in Figures 9 and 10. The
temperature rise for the thermal model with additional chip time constant is far
steeper than the one for the original simulation. As a consequence, a far higher
temperature of over 300°C is reached at the end of the short circuit. (Caution: In this
case, the data-sheet limitation applies: the number of short-circuit events shall not
exceed 1000 !)
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short circuit SKP25N120 @ Uce = 600V
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Figure 9: Measured and simulated short-circuit transient currents and temperatures
with and without thermal chip time constant (SKW25N120).

SKP02N120 short circuit @Uce = 600V
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Figure 10: Measured and simulated short-circuit transient currents and temperatures
with and without thermal chip time constant  (SKP02N120).
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Summary:

It has been shown that the use of level-3 DuoPack models allows for realistic
simulations of the DuoPack short-circuit behavior. The validity of the simulation
results has been demonstrated by comparing slope and absolute value of the
measured and simulated short-circuit currents. In order to carry out correct short-
circuit simulations, it is necessary to perform a detailed analysis of the thermal path
of the device and to extract the related RC parameters.

Infineon Simulation Support:

For further information please contact us through our local sales offices, email to
simulate@infineon.com, or check out our simulation web site:
http://www.infineon.com/simulate.
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Attention please!

We hereby disclaim any and all warranties, including but not limited to warranties of non-infringement, regarding circuits, descriptions and charts
stated herein. Simulation models provided by INFINEON are not warranted by INFINEON as fully representing all of the specifications and
operating characteristics of the semiconductor product to which the model relates. The model describe the characteristics of a typical device. In all
cases, the current data sheet information for a given device is the final design guideline and the only actual performance specification. Although
models can be a useful tool in evaluating device performance, they cannot model exact device performance under all conditions, nor are they
intended to replace bread-boarding for final verification. INFINEON therefore does not assume any liability arising from their use. INFINEON
reserves the right to change models without prior notice.

Information

For information on simulation-related issues, please check out the INFINEON simulation web page: www.infineon.com/simulate or

email to: simulate@infineon.com. For information on technology, delivery terms and conditions and prices of INFINEON devices please
contact your nearest Infineon Technologies Office in Germany or our Infineon Technologies Representatives worldwide (see address list).

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in question please contact your
nearest Infineon Technologies Office.
Infineon Technologies Components may only be used in life-support devices or systems with the express written approval of Infineon
Technologies, if a failure of such components can reasonably be expected to cause the failure of that life-support device or system, or to affect the
safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in the human body, or to support
and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may be
endangered.
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