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PLECS

PLECS is a software for modeling and simulating electrical systems, e.g., power electronics systems. Power electronics
systems are based on active (e.g. power semiconductors), passive elements (resistors, inductors, capacitors), and
control building blocks.

The thermal domain can be incorporated by the thermal description of the power semiconductor elements and resistive
heating. The thermal modeling of the power semiconductor elements is described by their equivalent thermal networks,
while the power losses are described as conduction, turn-on, and turn-off losses.

This document proposes the use of the SwissSEM semiconductor thermal models. The switching cell of a module can
either be composed of discrete elements IGBTs/MOSFETs/Diodes including the thermal network from junction to case
(Rth,jc), or combined with a package description to model the thermal network from case to ambient.

The user is free to select his own desired modeling method.

The thermal models are composed in .xml files _package, IGBT, _diode.

Please refer to plexim.com/ for more details about PLECS
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Discrete Elements of a Switching Cell

Thermal description R

IGBT

— Conduction Loss
— Turn-off loss

— Turn-on loss

- Rth,jc (Foster or equivalent Cauer network)

Diode o —

— Conduction Loss S —g——

— Turn-off loss
— Rth,jc (Foster or equivalent Cauer network)

The thermal models of a switching element can be used
independently (without thermal package model).
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Package Model

Thermal description
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Manufacturer: |SwissSEM Part: |SISD07506D120120

Device Types Thermal Impedance Constants Variables Custom Tables Comment

The thermal description of a module (package) such as of a T e

phase leg the thermal package model is combined with the

discrete models of the switching elements
(IGBTs/MOSFETs/Diodes).

The thermal package description contains the conduction

and switching losses but does not contain a thermal

network. This thermal network is described in the package

subcircuit, which contains the discrete switching elements e
and the terminal lead resistance Rcc’+ee’ per topological

switch.

The thermal package description must be used together
with the thermal models of the switching elements!
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IGBT* (IGBT) Computation method: | Lookup table

[] Invert voltage axis ~ Energy scale: |m) v

25° 125° 175°
0A 150 A 300 A 450 A 600 A 750 A 900 A 1050 A

ov oml omJ oml omJ oml om oml om)
600V om 481665 mJ 863334 mJ 122122 m) 193172 mJ 337124 m) 59.1618 m) 99.4295 mJ
<
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Schematic Models

Proposed modeling of package and subcircuit

Package (single phase leg)

DC+

VGE,H

|4

[

VGE, L
lheatsink
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Subcircuit (discrete IGBTS, Diodes, and Rcc’+ee’)

Rth.ch Arbient

ateHs zk
O e Diodet

1D
Table

L

1

le-3's5+1

R(T)

O e Z‘Suodez

i‘. Rac'+ee'
A

[3%)

0C - Thermal Padkage
Impedance
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Selection of Thermal Models

Package (single phase leg)

DC+

Subsystem (mask)

Parameters
Thermal Package Description:

SwissSEM/SISDO750ED120120/SISD0750ED120i20_package

oK

Cancel

Apply

M EBlock Parameters: three_phase_voltage_source_inverter_swisssem_

Help
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Subcircuit (discrete IGBTS, Diodes, and Rcc’+ee’)
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DC+
OO—
6 Rth.ch Ambient
: D
| SN
ﬂ Rac'+ee'
te HS 1D 1 -
ate 1 TR
Table le-3-s+1
( - IGBT1 /\ Diodel
S ';l < R(T) LPF
P Block Parameters: SwissSEM_3_phase_VSI_demo/Sub1/IGBT1
IGBT
Gate LS
The IGBT is closed while a non-zero gate signal is applied. The device can conduct
D P—|K IGBT2 current only from collector to emitter.
4
Parameters Thermal Assertions
[ Rec+ee' Thermal description:
|SwiSSSEM/SISDO75OEDI20i20/S]SD0750ED120i2[LIGBT
o Thermal interface resistance (K/W):
3 0
e - Thermy | “:‘
Imp Initial temperature (°C):
1
OK Cancel Apply Help
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PLECS 3-phase Voltage Source Inverter Demo Model SWissSEM ; -

VSI explained

The three-phase VSI inverts DC input voltage Vdc into
three phase AC voltage and current.

DC source represents e.g. battery system, solar array, or
rectifier current.

The inverter is connected to the low-voltage (230Vrms)

50Hz grid (V-3ph). SWD__Iq—
Grid-connecting reactance = 5%-10% of base impedance
rating. L1% H%

—b|> is_abc

Liﬁf

The reference signal is the desired average at the VSI X

output terminals. v: v () vee (V) S %T
The phase shift between grid voltage and VSI output a i o JT_ V_3ph
terminal voltage determines the output current. *ﬁ% _’ﬁ% *:% =

Vinv = Vgrid + Z *Irated
Three-phase voltage source inverter (VSI).
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VDC = 600V

10 = 400A

Power = 3*|0*VDC/(2*sqrt(2)
Varid,rms = 210

fGrid = 50Hz »
fSwitching = 5kHz
Power factor=1 L1% H%

_.H{E% —b|>isabc
: p e :
Heatsink = 20k/kW vivde (D vee V) ITj*— 5533@7
V_3ph
Tambient = 50°C _,4;:% _,_b:% _..{:; L
Simulation time (Plecs) = 100s Three-phase voltage source inverter (VSI).
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PLECS 3-phase Voltage Source Inverter Demo Model SWissSEM = =
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The thermal evaluation Only 1 phase leg

Open-Loop Control of a Voltage Source Inverter

0 0.00
RMS is_al THD
The thermal description is added only to 1 o abe [>—>e. ke i I bupavekage ""m.m ’
phase leg to reduce the simulation time. b i otage s e Ferfase T
Controller

The initial junction temperature Tj of the @;j’:ﬂg_“ramn:shepwm . =
IGBTs/Diodes can be adjusted to reduce the i —*.— foe]— 0

. o . . . - » RMS
transient settling time of the simulation. - OutpCrent

A simplified model is used for the other two
phase legs, whose thermal network is not
bypassed, i.e., the IGBT/Diodes are referenced

IGBT 1

A —a - : ,
A4 ﬁ
g ) B

IH
] £
3

to the package thermal model (empty). e
Diode 1
TeonstG D
Temperatures Tj oo
The junction temperature Tj and the losses of S
the first phase leg are computed. CalURT | 1o Loss TGETYDiod
g‘:ﬁ;:ﬁ Probe RMS
T_average: Tac IGBT 1 voltage-RMS|
Switch
Loss
Caleulator IGBT Loss_IGBT2/Diode2 Per-IGBT IV RMS

Switch Loss
Calculator2
T_average: Tac
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IGBT losses Diode losses Tj IGBT and Diode

Switch Loss Calculator1:1GBT conduction loss — Switch Loss ing loss — Switch Loss Calculator1:1GBT total loss

s .
90-
85-
80-
75-
70-
65-
60-
55-
50-
45-
40-
35-
30-
25
20-
15-

SEN LSS RRRE N YIFELRRIS SR8 EREREER




. SWissSEM = =
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Using the SwissSEM thermal models allows the calculation of the IGBT/Diode and overall conduction,
switching losses and the assessment of the junction or module case temperatures.
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PLECS

[

PLECS R—HATBA AL (MNBABFRE ) BEMDENRYG - BOBFRGLUEMNTH (MINRFESHE ) ~ WohotF (BHES -
EBEER ~ BB RS ) AT RNEM - IIRFSM TR M A B E IR ol A Rz -
WEFSERTHNREZERESIFRANES KA - MINRmFNBESHFE - FBRMAEMRUTIRFE SRR - AR ER SwissSEM
FERRER -

BRI HARETTEEOLIBE 21170 IGBT/MOSFET/ZREAR - BIENERBSFRIRME (Rth,jc), thAlLIEHERBEES - LU
BEIUMNIINZRRIZRRMLE - HP o BERREFMENEERERE -

The thermal models are composed in .xml files _package, _IGBT, _diode.

Please refer to plexim.com/ for more details about PLECS
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Fr R BTHE BT

R

IGBT

- S

- XKBFIFE

- SEnE

- Rth,jc (fRETHRFRE/RME )
Diode

- £S5

- XEFHIFE

- Rth,jc (FRETHFRFERE/RMLE )

Fr X TR o R ( TRE R
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SRR

R b

BIR (H%x ) WRdEL - AR RFERER S RTH
(IGBT/MOSFET/—#h'E) MERBIEREES

R XM B SEESNHARNE  BAEESRNE - 2B EEH
ZFEEPHEM B ESoUARTTENE N RINTRNAIRS]
24508 Rcc'+ee’

REPRIRIBUN NS RITHROREE —FEfE A |
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Manufacturer: |SwissSEM Part: |SISD07506D120120 Type: |Package -

Device Types Thermal Impedance Constants Variables Custom Tables Comment

DeviceTypes Tum-onLoss  Tum-off Loss  Conduction Loss  Thermal Chain
1GBT* (IGBT) Computation method: |Lookup table
Diode* (Diode)
[] Invert voltage axis  Energy scale: [m) v
T (°):
— 250
— 125°
- 175°
E(mJ)
o [Ti5elTa7se
0A 150 A 300 A 450 A 600 A 750 A 900 A 1050 A 1200 A 135(
ov om om om om oms om om om om)
600V om 481665 m) 863334 m 122122 m) 193172 m) 337124m) 59.1618 mJ 99.4295 mJ 158.279 m) 23¢
=
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i (S1HEH )

VGE,H

|4

[

VGE, L
lheatsink
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FEEER ( 91LIGBTS. iR F1 Rcc'+ee")

DC+
-,

6 Rth,ch Armbient

1
| B D
“H Rac'+ee'
ate HS zk HETR 1 O m
Table le-3s+l
IGBT1 Diodel
(53—'-”: ¢ R() LPF
@
1

Gate 1S
O e Z‘Suodez

4

i‘. Rac'+ee'

-y

3

0C - Thermal Padkage

Impedance
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FEI& ( 21 IGBTS.

ZiREF Rcc'+ee")

M EBlock Parameters: three_phase_voltage_source_inverter_swisssem_

Subsystem (mask)

Parameters

Thermal Package Description:
SwissSEM/SISDO750ED 1 20i20/S1SD0750ED120i20_package

OK Cancel Apply

Ambient

October 21, 2024

DC+
OO—
6
ﬂ Rac'+ee'
te HS 1D -
ate 1 TR
Table le-3-s+1
( - IGBT1 /\ Diodel
S ';l < R(T) LPF
P Block Parameters: SwissSEM_3_phase_VSI_demo/Sub1/IGBT1
IGBT
Gate LS
The IGBT is closed while a non-zero gate signal is applied. The device can conduct
D P—|K IGBT2 current only from collector to emitter.
4
Parameters Thermal Assertions
[ Rec+ee' Thermal description:
|SWiSSSEMf5]SDO7SOEDIZOi2O/S]SD0750ED120i207153T
o Thermal interface resistance (K/W):
3 0
e - Thermy | “:‘
Help Imp  TInitial temperature (°C):
I
OK Cancel Apply Help
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PLECS =B ERHFE T E EREE
VS| fE ¥

= VS| FERMASLE Vdc BiA = REBEMER
EREIRAREMART - KPHBEERMES S B R
W2 EEREE (230Vrms) 50Hz 82/ ( V-3ph)
FMET = EAXNEHETNMN 5%-10%

SEESRE VS inin PR FiaE

EBMEBES VSl Bt ineEE 2 BB AT 7 i HER
Vinv = Vgrid + Z *Irated
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—b|> is_abc

-
) V_3ph

Three-phase voltage source inverter (VSI).

[—é(—}_‘

Al

s
Liﬁf

V: Vde C) vde @-&@1

T —
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VDC = 600V

10 = 400A

IhEE = 3*|0*VDC/(2*sqrt(2)
Vgrid,rms = 210

fGrid = 50Hz »
fSwitching = 5kHz

R = 1 L%J@S H%

B FEs = 20k/kW
mE =50°C V: Vde C)m 0
HEHARTI8) (Plecs) = 100

—b|> is_abc

-
) V_3ph

Liﬁf

T —

Nt R

=fEFREFTES (VSI)
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N/ DIETARSE] - (NFE—

”ll_:\%b\ZEE—,“g.l

H {th /A HERNME A bR A
IGBT/Z R ES B ENEE

THELER T M —

October 21, 2024

F s EnNE R

BRI 7 et
B] LUEZE IGBT/ 2R EMAIE LS R

Tj, LAZERER

- HRMEARSE - B
(Z)

FE DRI FE

RS RF—

TR

Open-Loop Control of a Voltage Source Inverter

Swl—Bsw sw' —.-D sw'

Controller
Configuration: Sine PWM

Grid Voltage
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DutputVoltage

o] o

Total Harmonic %
Distortion

Per-Phase THD

VsI
Waveforms

[tlQ

V:Vdc(

»—DD is_abc

x|

gk

e

Rth,ha

OutputCurrent

-
TeonstG
Temperatures Tj
Switch
Loss
Calkeulator
IGBT Loss_IGBT1/Diod1
Switch Loss
Calculatorl

T_average: Tac

Switch
Loss
Calculator

Switch Loss
Calculator2
T_average: Tac

IGBT Loss_IGBT2/Diode2

SwissSEM Plecs Simulation Models V1.0

Probe2
Diode 1 Scoped
| 0.00
Probe
IGBT 1 voltage-RMS|
Per-IGBT IV RMS
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IGBT ik

Switch Loss Calculator1:1GBT conduction loss — Switch Loss Calculator witching loss — Switch Loss Calculator1:1GBT total loss

Diode %k

Switch Loss Calculator]:Dio... Switch Loss Calculator1:Dio.

s .
90-
85-
80-
75-
70-
65-
60-
55-
50-
45-
40-
35-
30-
25
20-
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Tj IGBT and Diode
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&£ SwissSEM MR O] DI E IGBT/ZREMEMARES - ARmE - FHEERIERINTERE
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