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Introduction:

Compact level-3 PSPICE and SABER models are designed for the calculation of the
electrical and thermal behaviour of electronic devices. To achieve correct simulation
results it is mandatory to include the correct temperature dependencies in the
electrical device equations of the model. It is further necessary to choose an
adequate model of the thermal path between the electronic device and the ambient
heat sink.

The system of electrical equations is coupled to the thermal equations as a feedback
loop. The dissipated electrical power is fed to the thermal system and the resulting
temperature rise is used to re-evaluate the electrical parameters (Figure 1).
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Figure 1: Interaction between the electrical and thermal sub-systems of a level-3
compact device model

This application note focuses solely on the thermal sub-system of the compact
model. It describes how the appropriate thermal parameters are found.

Compact thermal models:

The parameters of the most common thermal model for electronic devices are
directly extracted from measured device-cooling curves. Therefore, it is usually called
the ‘practical thermal model’. As shown in Figure 2b, it consists of a chain connection
of π-type thermal RC elements. The procedure of the thermal parameter extraction
from measured cooling curves is widely described in literature.

The main drawback of this ‘practical model’ is, that, during the simulation of
application circuits, it cannot be easily extended to include additional thermal devices
such as  new heat sinks.
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Figure 2: Thermal path models of electronic devices

Another type of model is the physical-correct model shown in Figure 2a. It consists of
a chain connection of T-type RC elements and has the advantage that an extension
with a heat sink model can be easily accomplished.  The drawback of this type of
model is that the parameters of this RC chain cannot be simply extracted from a
cooling curve. The parameterization of this type of model requires a costly curve-
fitting procedure or a detailed knowledge of the layer materials and layer sequence
inside the device. It is very easy, however, to transform the parameters of the π-type
thermal RC elements (Foster form according to circuit theory) into the appropriate T-
type elements (Cauer form according to circuit theory).

The transformation procedure:

The transformation of the parameters of the ‘practical model’ into the parameters of
the physical correct model is described in detail in [1]. It is based on the frequency-
dependent representation of the RC chains.

In MATHCAD, the ‘practical’ thermal impedance function can be written as
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where s = jω and  n = Number of RC-cells of the chain connection.

The ‘physical correct’ thermal impedance function is by the equation:
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Furthermore, the following three assumptions apply:

1) The number of RC cells is identical in both chains.
2) The reciprocal value of the first chain capacitance in the physical-correct model is

identical to the reciprocal sum of the capacitance values of the ‘practical model’.
3) The sum of the resistance values is identical in both models

Starting with the extracted ‘practical’ RC values and applying a ‘least-mean-square
procedure’ to the physical-correct impedance function results in the fast and efficient
transformation procedure.

Example:

As an example, the data-sheet values of the ‘practical’ thermal model of the
DUOPACK IGBT SKW25N120 are used. The resulting impedance curve is displayed
in Figure 3. The transformation, i.e. the least-mean-square procedure, is carried out
by means of a MATHCAD document using the MATHCAD functions ‘MINFEHL’
(German version) or ‘MINERROR’ (English version). The resulting thermal
impedance curve versus the complex frequency s = jω is shown in Figure 3. The
difference between the original and the transformed impedance curve is negligible.

In Table 1, the extracted RC parameters of the practical thermal model and the
related transformed parameters are summarized.

Device: SKW25N120
Parameters extracted from Zth curve (π) Transformed parameters (T – physical

correct)
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 of alternative junction-case thermal models (DUOPACK
IGBT SKW25N120)
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Figure 3: Comparison of thermal impedance curves (red: extracted parameters; blue:
transformed parameters)

Summary:

The transformation procedure of ‘practical’ thermal to physical-correct model
parameters can be easily implemented in a MATHCAD spreadsheet. The resulting
physical correct parameter sets can be included in level-3 device models to simulate
the device’s temperature behavior during operation. Furthermore, the physical-
correct thermal model can be easily extended to include the influence of additional
heat sinks.

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.



Thermal Network Calculation for Level-3 Compact Models

Page 6 / 8 AN-PSM-12
V1.0

Bibliography:

[1] H. Müller, Beziehungen zwischen dem praktisch verwendeten und dem
physikalisch sinnvollen Wärmeersatzschaltbild von Dioden und Thyristoren, Archiv
für Elektrotechnik 54, p. 170 ff (1971)



Thermal Network Calculation for Level-3 Compact Models

Page 7 / 8 AN-PSM-12
V1.0

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.



Thermal Network Calculation for Level-3 Compact Models

Page 8 / 8 AN-PSM-12
V1.0

Infineon Technologies AG sales offices worldwide –
partly represented by Siemens AG

A
Siemens AG Österreich
Erdberger Lände 26
A-1031 Wien
T (+43)1-17 07-3 56 11
Fax (+43)1-17 07-5 59 73
AUS
Siemens Ltd.
885 Mountain Highway
Bayswater,Victoria 3153
T (+61)3-97 21 21 11
Fax (+61)3-97 21 72 75
B
Siemens Electronic Components
Benelux
Charleroisesteenweg 116/
Chaussée de Charleroi 116
B-1060 Brussel/Bruxelles
T (+32)2-5 36 69 05
Fax (+32)2-5 36 28 57
Email:components@siemens.nl
BR
Siemens Ltda.
Semiconductores
Avenida Mutinga,3800-Pirituba
05110-901 São Paulo-SP
T (+55)11-39 08 25 64
Fax (+55)11-39 08 27 28
CDN
Infineon Technologies Corporation
320 March Road,Suite 604
Canada,Ontario K2K 2E2
T (+1)6 13-5 91 63 86
Fax (+1)6 13-5 91 63 89
CH
Siemens Schweiz AG
Bauelemente
Freilagerstrasse 40
CH-8047 Zürich
T (+41)1-4 953065
Fax (+41)1-4 955050
D
Infineon Technologies AG
Völklinger Str.2
D-40219 Düsseldorf
T (+49)2 11-3 99 29 30
Fax (+49)2 11-3 99 14 81
Infineon Technologies AG
Werner-von-Siemens-Platz 1
D-30880 Laatzen (Hannover)
T (+49)5 11-8 77 22 22
Fax (+49)5 11-8 77 15 20
Infineon Technologies AG
Von-der-Tann-Straße 30
D-90439 Nürnberg
T (+49)9 11-6 54 76 99
Fax (+49)9 11-6 54 76 24
Infineon Technologies AG
Weissacher Straße 11
D-70499 Stuttgart
T (+49)7 11-1 37 33 14
Fax (+49)7 11-1 37 24 48
D
Infineon Technologies AG
Halbleiter Distribution
Richard-Strauss-Straße 76
D-81679 München
T (+49)89-92 21 40 86
Fax (+49)89-92 21 20 71
DK
Siemens A/S
Borupvang 3
DK-2750 Ballerup
T (+45)44 77-44 77
Fax (+45)44 77-40 17
E
Siemens S.A.
Dpto.Componentes
Ronda de Europa,5
E-28760 Tres Cantos-Madrid
T (+34)91-5 14 71 51
Fax (+34)91-5 14 70 13

F
Infineon Technologies France,
39/47,Bd.Ornano
F-93527 Saint-Denis CEDEX2
T (+33)1-49 22 31 00
Fax (+33)1-49 22 28 01
FIN
Siemens Components
Scandinavia
P.O .Bo x 6 0
FIN-02601 Espoo (Helsinki)
T (+3 58)10-5 11 51 51
Fax (+3 58)10-5 11 24 95
Email:
scs@components.siemens.se
GB
Infineon Technologies
Siemens House
Oldbury
GB-Bracknell,Berkshire
RG12 8FZ
T (+44)13 44-39 66 18
Fax (+44)13 44-39 66 32
H
Simacomp Kft.
Lajos u.103
H-1036 Budapest
T (+36)1-4 57 16 90
Fax (+36)1-4 57 16 92
HK
Infineon Technologies
Hong Kong Ltd.
Suite 302,Level 3,
Festival Walk,
80 Tat Chee Avenue,
Yam Yat Tsuen,
Kowloon Tong
Hong Kong
T (+8 52)28 32 05 00
Fax (+8 52)28 27 97 62
I
Siemens S..A.
Semiconductor Sales
Via Piero e Alberto Pirelli,10
I-20126 Milano
T (+39)02-66 76 -1
Fax (+39)02-66 76 43 95
IND
Siemens Ltd.
Components Division
No.84 Keonics Electronic City
Hosur Road
Bangalore 561 229
T (+91)80-8 52 11 22
Fax (+91)80-8 52 11 80
Siemens Ltd.
CMP Div,5th Floor
4A Ring Road,IP Estate
New Delhi 110 002
T (+91)11-3 31 99 12
Fax (+91)11-3 31 96 04
Siemens Ltd.
CMP Div,4th Floor
130,Pandurang Budhkar Marg,
Worli
Mumbai 400 018
T (+91)22-4 96 21 99
Fax (+91)22-4 96 22 01
IRL
Siemens Ltd.
Electronic Components Division
8,Raglan Road
IRL-Dublin 4
T (+3 53)1-2 16 23 42
Fax (+3 53)1-2 16 23 49
IL
Nisko Ltd.
2A,Habarzel St.
P.O.Box 58151
61580 Tel Aviv –Isreal
T (+9 72)3 -7 65 73 00
Fax (+9 72)3 -7 65 73 33

J
Siemens Components K.K.
Talanawa Park Tower 12F &17F
3-20-14,Higashi-Gotanda,
Shinagawa-ku
Tokyo
T (+81)3-54 49 64 11
Fax (+81)3 -54 49 64 01
MAL
Infineon Technologies AG
Sdn Bhd
Bayan Lepas Free Industrial Zone1
11900 Penang
T (+60)4 -6 44 99 75
Fax (+60)4 -6 41 48 72
N
Siemens Components
Scandinavia
Østre Aker vei 24
Postboks 10,Veitvet
N-0518 Oslo
T (+47)22-63 30 00
Fax (+47)22-68 49 13
Email:
scs@components.siemens.se
NL
Siemens Electronic Components
Benelux
Postbus 16068
NL-2500 BB Den Haag
T (+31)70-3 33 20 65
Fax (+31)70-3 33 28 15
Email:components@siemens.nl
NZ
Siemens Auckland
300 Great South Road
Greenland
Auckland
T (+64)9-5 20 30 33
Fax (+64)9-5 20 15 56
P
Siemens S.A.
an Componentes Electronicos
R.Irmaos Siemens,1
Alfragide
P-2720-093 Amadora
T (+351)1-4 17 85 90
Fax (+351)1-4 17 80 83
PK
Siemens Pakistan Engineering
Co.Ltd.
PO Box 1129,Islamabad 44000
23 West Jinnah Ave
Islamabad
T (+92)51-21 22 00
Fax (+92)51-21 16 10
PL
Siemens SP.z.o.o.
ul.Zupnicza 11
PL-03-821 Warszawa
T (+48)22-8 70 91 50
Fax (+48)22-8 70 91 59
ROK
Siemens Ltd.
Asia Tower,10th Floor
726 Yeoksam-dong,Kang-nam Ku
CPO Box 3001
Seoul 135-080
T (+82)2-5 27 77 00
Fax (+82)2-5 27 77 79
RUS
INTECH electronics
ul.Smolnaya,24/1203
RUS-125 445 Moskva
T (+7)0 95 -4 51 97 37
Fax (+7)0 95 -4 51 86 08
S
Siemens Components Scandinavia
Österögatan 1,Box 46
S-164 93 Kista
T (+46)8-7 03 35 00
Fax (+46)8-7 03 35 01
Email:
scs@components.siemens.se

RC
Infineon Technologies
Asia Pacific Pte.Ltd.
Taiwan Branch
10F,No.136 Nan King East Road
Section 23,Taipei
T (+8 86)2-27 73 66 06
Fax (+8 86)2-27 71 20 76
SGP
Infineon Technologies Asia
Pacific,Pte.Ltd.
168 Kallang Way
Singapore 349 253
T (+65)8 40 06 10
Fax (+65)7 42 62 39
USA
Infineon Technologies Corporation
1730 North First Street
San Jose,CA 95112
T (+1)4 08-5 01 60 00
Fax (+1)4 08-5 01 24 24
Siemens Components,Inc.
Optoelectronics Division
19000 Homestead Road
Cupertino,CA 95014
T (+1)4 08-2 57 79 10
Fax (+1)4 08-7 25 34 39
Siemens Components,Inc.
Special Products Division
186 Wood Avenue South
Iselin,NJ 08830-2770
T (+1)7 32-9 06 43 00
Fax (+1)7 32-6 32 28 30
VRC
Infineon Technologies
Hong Kong Ltd.
Beijing Office
Room 2106,Building A
Vantone New World Plaza
No.2 Fu Cheng Men Wai Da Jie
Jie
100037 Beijing
T (+86)10 -68 57 90 -06,-07
Fax (+86)10 -68 57 90 08
Infineon Technologies
Hong Kong Ltd.
Chengdu Office
Room14J1,Jinyang Mansion
58 Tidu Street
Chengdu,
Sichuan Province 610 016
T (+86)28-6 61 54 46 /79 51
Fax (+86)28 -6 61 01 59
Infineon Technologies
Hong Kong Ltd.
Shanghai Office
Room1101,Lucky Target Square
No.500 Chengdu Road North
Shanghai 200003
T (+86)21-63 6126 18 /19
Fax (+86)21-63 61 11 67
Infineon Technologies
Hong Kong Ltd.
Shenzhen Office
Room 1502,Block A
Tian An International Building
Renim South Road
Shenzhen 518 005
T (+86)7 55 -2 28 91 04
Fax (+86)7 55-2 28 02 17
ZA
Siemens Ltd.
Components Division
P.O.B.3438
Halfway House 1685
T (+27)11-6 52 -27 02
Fax (+27)11-6 52 20 42


