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w8 casn y (C— iﬁé = - o 1. Edit simulation Parameters
% 8 - - - - - = 2. Choose the BESS controller:
Q”’“ - a) BESS grid following with Voltage & frequency support
@ adlo S e b) BESS grid forming virtual synchronous machine (VSM)
- c) BESS grid forming droop controller
- [*j | 3. Choose scenario to simulate & Plot results:
= [ [ | )= L= ] 1. Evaluate BESS response during sudden Solar PV power variation
W o e e 2. Evaluate BESS response during sudden Load switching
B - 3. Evaluate BESS response during sudden Grid Outage
) % — - 4. Evaluate LVRT & BESS response during Temporary fault
s e B S I T 5. Evaluate LVRT & BESS response during Permanent fault

Scope

100 MWp PV Plant & 60 MWhr Battery Energy Storage System (BESS) with Grid Forming Control

v E

s BE2ES 100% FixedStepDiscrete 2
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MATLAB EXPO

Simscape Electrical $2 {80 R B E S ¢E 8 Y

- BMRENERREE

Level 1 Level 2 Level 3 Level 4
Constant VI Temperature dependence Driver ON/OFF Delay = Dynamic ON/OFF and Steady
pa-m [ G, s
-\ ® g &
k B a—{ S B B
Ideal Semiconductor IGBT Gate Driver N-Channel IGBT
Switch (deal,
.o Switching)
E w
B> > a o
—] IGBT/Diode \@i ]{ E} -
P a—p Lla S o d o
~T IGBT MOSFET > Lo ,_@
(Ideal, (Ideal, ° .
Switching)1 Switching) S,
— ! G 4 Half-Bridge Driver N-Channel MOSFET
b' o ',_ -
A< Mosfet D-u 5} : \]—O"
a0 s ﬂ_@-
e MOSFET
(Ideal, Half-Bridge (ldeal, dls
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SIRERE vs. FHRE
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]
— IGBT IGBT _ £ 300 ol
Full Simplified > Simplified
Scope and lc lc E 200
logging £
® 100
=]
B
Vece @ Vce 2 0
. , o
O
\/ E' Vage = 400F '
¢ [g ‘ ‘ g 3 Full
5 3001 Simplified | 7
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BEEAERGIA

er PRV EEFF IR

ﬁumld - Simulink - a X
A Y
- =7 ] s PEF [Pa] #=#22 #: N-Channel MOSFE X
. L 37 - ]| N-Channel MOSFET Bk @
- H\ H 8 &= i~ '
— . Setti i
l s £ s ] ngs Description r
- BT - |
= It EE /&€ Modeling option Threshold-based ~
JI_I\ M I \ F! untitied v Main B @
: ﬁ B
@ MNumber of terminals Three ~ 24
~ i
B V21KY o - #
— Im 1 Q Parameterization Lookup table (2-D, temperature independent) v
H Vector of gate-source voltages, Vigs [-1,-5,2 3,4, 5] <1x6 double> V ~ E’ . ! ‘E
Vector of drain-source voltages, Vds 0,2, 4,812, 16, 20] v w kY ’ 1 L,\ Al
= Tabulated drain-source currents, lds(Vg... [0,0,0,0,0,0,0;0,0,0,0,0,0,0;... A ~
& \ lcls-Vds parameterization Provide negative and positive Vds data v
@I v itance
‘h
\:‘ Parameterization Specify tabulated input, reverse transfer, and output capacitance -
Input capacitance, Ciss(Vds) [720, 700, 590, 470, 390, 310] pF e Eﬁ
Ri transf it , C d 450, 400, 300, 190, 95, 55 F ; | I ’ I
sn everse transfer capacitance, Crss{\/ds) [ 1 p! e % ’Ll\ CF% |‘$
Output capacitance, Coss(Vds) [900, 810, 690, 420, 270, 170] pF ~
Corresponding drain-source voltages, V... [.1,.3, 1, 3,10, 30] <1x6 double> V ~
Gate-source voltage, Vigs, for tabulated... 0 ~
N-Channel MOSFET N, S /
v Body Diode
Model body diode Tabulated |-V curve ~ [
Table type Table in If(Vf) form e W — 1:& l'._-l'_‘: #% ,I\E
Diode forward currents, If{(Vf) [07,.12,.19,1.75, 424,732, 11.2] A e E he
Diode forward voltages, Vf [5,.7,913,17,21,25] <Ix7d. V ~ | g
v Faults
] Enable faults Off ~
[!_EI > Initial Targets
» > Nominal Values

| shsE

250%

VariableStepAuto
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=48 = -
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Value
- Parameter Symbol |Conditions min. | typ. | max Unit
BSCOONTONSS Infineon - - -
(—-/ Static Characteristic RY 74
e S—— = Collector-emitter breakdown voltage| Viences |Voe = 0V, o = 0.20mA 650 [ - | - [ v 7‘é~<
Voe = 15,0V, Iz = 50.0A =
' ' Ty=25°C - 186 | 210
Collector-emitter saturation voltage |Vees T: 25°C - 1.90 K v
Ty=175°C - 203
Ve =0V, I = 25.0A
. Ty=25°C - 154 | 1.80
Diode forward voltage Ve e R el R
Ty=175°C I I
Gate-emitter threshold voltage Ve | /o= 0.30mA, Vee = Vae | 32 | 40 | 48 | V
Ve = 650V, Ve = 0V
Zero gate voltage collector current |l T,=25C - - 40 | pA
Ty =175°C - 1200 -
-~y Gate-emitter leakage current Ioes. Vee =0V, Ve = 20V | - - 100 | nA
~ Transconductance g Vi = 20V, Ic = 50.0A 62.0 - S

-~y
\\

=~ ~ Subcircuit2ssc

\\\
\\
~
~
~

ee.spice.semiconductorSubcircuit2lookup()™ ~ < .

HEaR

SPICE #&8!

XML ee_ImportDeviceParameters

HiER

[l Block Par. nel MOSFET
N-Channel MOSFET

Settings  Description

X

Auto Apply @

Modeling option
~ Main
Number of terminals
Parameterization
Drain-source on resistance, R_DS(on)
Drain current, Ids, for R_DS(on)
Gate-source voltage, Vgs, for R_DS(on)
Gate-source threshold voltage, Vth
Channel modulation, L

> Measurement temperature

Threshold-based

Three v
Specify from 2 datasheet v
0.025 Ohm ~
6.0 A ~
10 v v
17 v ~
o aw ~
25 degC ~

Simscape
qnode 1

rcl

rcl

[ e
N-Channel IGBT

Settngs  Description

Modeling option
~ Main
-V characteristics defined by
> Vector of gate-emitter voltages, Ve
Vector of collector-emitter voltages, Vce
Vector of temperatures, T
Tabulated collector currants, lc(vge,Vee.T)
~ Junction Capacitance
Parameterization
Gate-emitier capacitance, Cge(ge,vce)
Gate-collector capacitance, CgeiVge Ve]
Corresponding gate-emter voltages for tabul..
Collector-emitter capacitance, Ce(vce)
» Corresponding callector-emitter woltages, Vce
Turn-off tail currert transit time
~ Temperature Dependence
Device simulation temperature

~ Initial Targets

Full 1V and eapacitance charactes

Lookup table (3D, temperature depend:

1,023,567 8.
[0,.25,.5,.75, 1,12

[25, 125]

zeros(13,20,2) <l

Specify tabulated gate-emitter, gate-col

[25, 31, 265, 249, 2.
[55,9,55, 3.1, 25, 2

0

[5.11, 65,49, 35,2

10.1.2,5, 10, 15, 20.

]

v
v .
degc -
A v

nF ~
nF ~
v ~
nF

v

us v
degC ~
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M SPICE 4 pk#41

|‘ SICMOSFETFromSPICEResultsSetParameters.m
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3% BYSPICEXC &
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121T semiconductorSubcircuit2lookup

RGBT S

cuments\MATLAB\Exam... — m]

*

B Lo o0ed

| +]

%% Set the SPICE simulation pérameter‘ to extract lookup tab: . o

subcircuitFile = fullfile("Infineon-IMBG128RA45M1.1ib");
subcircuitlame = "IMBG12@R@45MIH_L3";

outputPath = "IMBG12@R245M1";

SPICEPath = “"C:\Program Files\SIMetrix85@\bin64\Sim.exe"; %
terminals = [1,2,3,0,5]; % Terminal orders

% Define the gate-source voltage range, drain-source steps,
% steps for the transfer characteristics of the SiC MOSFET
flagldsvgs = 1; % Flag for transfer
flagIdsvVds = 9; % Flag for output cl
VgsRangeIdsVgs = [© 20]; % Vgs range
VdsStepsTdsVgs = [0.1:1:20.1,30:1@:120@8]; % Vds steps

T =[25 180 175]; % Temperature steps

% Define the gate-source voltage steps, drain-source steps,
% simulation parameters for capacitance characteristics

34 flagCapacitance = 1; % Flag for capacitar
35 VgsCapacitance = -5:2:20; % Vgs steps -
6 AN ., FA 4 an mn oan amnn aover ,
UTF-3 [LF | script n 1 Col 1

+
e
) Vgs
25 «10°  MOSFET Capacitance vs Drain-Source Voltage
2
my
; 15 S?mscape Ciss
e Simscape Crss
3 Simscape Coss
3 SPICE Ciss
g 4L SPICE Crss
L.). SPICE Coss
(&)
0.5
0 L\v“vi

0 10 20 30 40 50 60 70 80 90 100
Vds: Drain-source Voltage (V)

Ids: Drain-source Current (A) Ids: Drain-source Current (A)

Ids: Drain-source Current (A)

MATLAB EXPO

Simscape %ttt SPICE

Ids vs Vgs with Temperature 25degC

600 -
Vds: 0.1V Simscape Vds: 510V SPICE _—
— — — -Vds: 0.1V SPICE Vds: 850V Simscape e
400 Vds: 160V Simscape — — — - Vds: 850V SPICE - —
— — — -Vds: 160V SPICE Vds: 1200V Simscape e - -
Vds: 510V Simscape Vds: 1200V SPICE e g e
200 |- ' ;
0 L = J
-5 5 10 15 20
Vgs: Gate-source Voltage (V)
Ids vs Vgs with Temperature 100degC
400 —
Vds: 0.1V Simscape Vds: 510V SPICE -
300 F — — — -Vds: 0.1V SPICE Vds: 850V Simscape e _—
Vds: 160V Simscape — — — - Vds: 850V SPICE
— — — -Vds: 160V SPICE Vds: 1200V Simscape P e
200 Vds: 510V Simscape Vds: 1200V SPICE /'
100 -
0 — ‘
-5 5 10 15 20
Vgs: Gate-source Voltage (V)
400 Ids vs Vgs with Temperature 175degC
Vds: 0.1V Simscape Vds: 510V SPICE o
300 — — — -Vds: 0.1V SPICE Vds: 850V Simscape —
Vds: 160V Simscape — — — - Vds: 850V SPICE _~ —
— — — -Vds: 160V SPICE Vds: 1200V Simscape yd -
200 Vds: 510V Simscape Vds: 1200V SPICE |~ -
100
0 L = 1 L ]
-5 5 10 15 20

Vgs: Gate-source Voltage (V)

Infineon-IMBG120R030M1.lib

11
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=it vs. SPICE

0 1
Vee, COLLECT

2 3
OR-EMITTEI

4 5
R VOLTAGE [V]

KR FIEH SPICE 158!
EF

v
{ ’i untitled * - Simulink

N-Channel MOSFET

OaF - Cim N-Channel MOSFET @ saEn @
Hes [[E] N » -
. = e = Seltings  Description 17
> =] -
STit -3 8  Modeling option Threshold-based v ry
untitied W" B | m
=
Number of terminals Three v =
'
Parameterization Lookup table (2-D, temperature independent) v
Vector of gate-source voltages, Vgs [1,-5,2,3,4,5] <ix6 double> V v
Vector of drain-source voltages, Vs 0,2 4,8,12,16,20] v v
Tabulated drain-source currents, Ids(Vg... [0,0,0,0,0,0,0;0,0,0,0,0,0,0;... A v
\_'ds-Vds parameterization Provide negative and positive Vds data v

N-Channel MOSFET

V(Ga.minnsﬁ
Parameterization

Specify tabulated input, reverse transfer, and output capacitance

Input capacitance, Ciss(Vds) [720, 700, 590, 470, 390, 310] pF =
Reverse transfer capacitance, Crss(Vds)  [450, 400, 300, 190, 95, 55] pF ~
Qutput capacitance, Coss{Vds) [900, 810, 690, 420, 270, 170] pF v
Corresponding drain-source voltages, V... [1,.3, 1,3, 10, 30] <1x6 double> V' &
\_Gate-source voltage, Vgs, for tabulated... 0 v v
v Body Diode
Model body diode Tabulated |-V curve v 'Y
Table type Table in If(Vf) form v
Diode forward currents, If(Vf) [07,.12,.19,1.75, 424, 7.32,11.2] A v
Diode forward voltages, Vi [5.7,9,13,17,21,25] <h7d. V vl 4
v Faults
Enable faults off v

> Initial Targets

> Nominal Values

250%

VariableStepAuto

€, CAPACITANCE [pF]

1E+4

g
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: = dE

75.0
!

625 7

3

Ir, FORWARD CURRENT [A]
] ]

4
e
-
0.0 0.5 1.0 15 20 25 30
Vr, FORWARD VOLTAGE [V]
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Datasheet 2 1&57 12

LG IMENZ 17

FANER

A PRSI
&N E iE
RESBIELIE
Wik

graphlmporter

1509 /. T 0.7551 00171
// / / 0.9840 0.0593

199 ///]il,f‘ / 1.1785 0.1103
120 i ///Jy. / 13959 0.1612

_ V'“’-émf// I/ ] 1.6590 0.1697

< 18V ] T

= 105 V4 W” 22311 0.2036

& 1 f 3.2151 0.2206

@ ]

g 9 o 47254 0.2546

o | / /

Q

v 7 10V

e \

O av—"

@60 | /#

- 7V

Q ‘\\ —]

O 45 6V ==

£ | \>v"

: j#—w g
16

\Q- v
e I

Voe, COLLECTOR-EMITTER VOLTAGE [V]
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High speed fast IGBT in TRENCHSTOP™ 5 technology copacked with

SREIRE

RRIZTR

IR IA

1 NEIEF MBS HUEN R
- BRISV-1HhZk
- S EBREEH

- ZHES

SNERE

RAPID 1 fast and soft antiparallel diode

Features and Benefits:

High speed F5 technology offering:
Best-in-Class efficiency in hard swnchmg and resonant

topologies

650V breakdown voltage

Low gate charge Qg

IGBT copacked with RAPID 1 fast and soft antiparallel diode
Maximum junction temperature 175°C

Dynamically stress tested

Qualified according to AEC-Q101

Green package (RoHS compliant)

Complete product spectrum and PSpice Models:

http:/fwww infineon.comfigbt/

Applications:

Off-board charger
On-board charger
DC/DC converter
Power-Factor correction

#
A BRI TR

N-Channel IGBT

4§ i

AT
~ Main
|-V characteristics defined by
» Vector of gate-emitter voltages, Vige
Vector of collector-emitter voltages, Vee

G » Vector of temperatures, T

» Tabulated collector currents, lc(VgeVee...

~ Junction Capacitance
Parameterization
Input capacitance, Cies(Vce)
Reverse transfer capacitance, Cres(Vce)
Qutput capacitance, Coes(Vee)
» Corresponding collector-emitter voltag...
2, Turn-off tail current transit time
v Temperature Dependence
Device simulation temperature
v @EF
» [ Gate current

Full I-V and capacitance characteristics | Mo thermz ~

Lookup table (3D, temperature dependent)

igbtvgeArray  <lxl6 doub.. V

igbtvceArray  <Ix120 dow.. W
igbt.tempArray” [25,150]  degC
igbticAmay <l&x120x2do. A

Specify tabulated input, reverse transfer, and outpu

igbt.ciesArray  <1x100 dou..

igbt.cresArray  <1x100 do...

igbt.coesArray < Ix100 do..

F

F

F

igbt.vceCapacitancefrray v
o us
simValsimTempVal 150 degC

N-Channel IGET

L

g

Le

A

MATLAB EXPO
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| VsV __ characteristics
c ce

150 T T T
i N ~ N . 150
[ ] ~ ’ S I-I I 135 E
BFies T+ NV 135
EI =S #: Specify Test Parameters X
120 Tvge = 201 - 120 ¢ Vg, =50,T;=25.0°C
Plot Ic versus Vce characteristics for a Simscape™ Electrical™ N-Channel < 18V —] V. =80.T =25.0°C
IGBT block that has been parameterized from a manufacturer datasheet e 105 ge oY
& 15V V__=70,T =250°C
T g I ge i
Collector-emitter voltage (Vce) [min-max] limit (V) [0.02 5] % 12\1 90 - V_ =80T =25.0°C
o — ge T :
Junction temperature (Tj) array (deg.C) [25 ] s '_‘m\i_ 50 75k Vg, =100, T = 25.0°C
[ av—r1 _
Gate-emitter voltage (Vge) array (V) [56 7810 12 15 18 20] 8 &0 i Vv, =120,T,=25.0°C
3 7V 60 - 9 !
IS} | [ — Ve =150, T, = 25.0°C
Plot the TV characteristics (Click Apply before Plotting) )45 6! L
< I > 45 Ve = 18.0,T = 25.0°C
5V,
30 30 - Vg =200,T,=250°C
ifi5E(0) i (c) THEN(H) iz fH(A)
15
4 15
0 A
0 1 2 3 4 5 0
Vee, COLLECTOR-EMITTER VOLTAGE [V] 0 1 2 3 4 5
g Fi 3. Typical output characteristi vV _(V
Ve Limit (V) -[0.02 5] igure y\’,;lcgg)u put characteristic ce V)
Vge Array (V) -[56 7 8 10 12 15 18 20]
| VsV__ characteristics
Tj Array (degC) -[25 | - - o VS Vo charac
Specify Test Parameters /
135 135
|t
Convertd 120 Ve = 120¢ Ve =50, =150.0°C
I—l Vge =z
@ : 1 c ‘K 2 Vge (V) Z 105 -—'15\1/ - 105 Voo =6.0.T; = 160.0°C
* i 15" 1 | V_=70,T =150.0°C
'3 w Vee | v E o0 — 90+ g i
Vee (V) 5 12v V_ =80T =150.0°C
| IGBTL . o = < o !
+ x 7 -——10‘| =, 75 Vge =10.0, T, = 150.0°C
le —
_/ @ vge | v LD I (A) 5 5\{-—'—[&%; V_ =120, =1500°C
w60 \; — 60 ge i
' T | = = o
7 m Ig (A) 3 I\ 11 Vg =150, T,= 150.0°C
O a5 6 45 + V_=18.0, T =150.0°C
C d 1™ 5o = 180T, :
5V, - - o
e 20 30l Vg, =20.0, T, = 150.0°C
consti/ge
fx)=0 IL' geva & -
15 15 F
= 0 + 0
0 ! 2 3 M 5 0 1 2 3 4 5
Vee, COLLECTOR-EMITTER VOLTAGE [V] v (v
Figure 4. Typical output characteristic ce Y
(T4=150°C)
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- IRZEE ERXTIGBTHY 2N

- HFXRRE
— FFRIFE
— BT

- =TT E IR B

— IBIEIRT)
— JEFRIRE)
— PR EERIKE]

EVSE e

Gate Driver

Block P D
Gate Driver Auto Apply @
Setting: Descripti
~ Input Log .
= 3
Input po ~ iﬁ]A1_ '-q
> Logic n
> Logic
~ Outputs
7 On-state gate-source voltage simVal.simvgeQnval v . iﬁ m % N V2
» Off-state gate-source voltage simVal.simvigeOffval v i u ;
~ Timing
> Propagation delay (logic 0->logic 1) e
> Propagation delay (logic 1->logic 0) A iE_' Hq‘
~ Dynamics
Output impedance v —
- DRZEPE
» Off-state gate drive resistance simVal.simRgOffval ohm e
~ Faults
State fault Add fault

JCFBUR TS

16



SRS FFIE NI

- RUBKHUE
- FFREE
- FRkIRFE
- EHTFH

Y
Busbar1 L2 [testFlag

3]
Cornyvprt =
+ G- =
[}
G EM lc Curent | =

w

IGHETH
GD1

[testFlag]
]
icFlag simVal.icTestFlag |

©

é

L Device
Under Test

= Busbar1 L/3

Normalized value

Normalized value

Normalized turn OFF characteristics

1 N T T T T T T ]
f S
ce
/ —
ce
/ Power
0.5 // 1
/
0 L L L { I | .
49.95 50 50.05 50.1 50.15 50.2 50.25 50.3 50.35
Time (us)
; Normalized turn ON characteristics
T T T T T =
e "
ce
\\ - Ice
AN Power
05F N\ i
0 | I S I |
100 100.05 100.1 100.15 100.2 100.25 100.3
Time (us)
Test condition - Vcc =400.0V, Vge =15.0V
Mr
" O
10l Eoﬂ at T=150.0"C
E atT=150.0°C
g [ on
8 -
S o7t
E
g 6
o
>
o 5
2
w 4r
3 -
2 -
1 L
0
0 30 60 90 120 150
ICE (A)

MATLAB EXPO
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- EREERAEEFHRUSEMT

— BRSMENSYFE
— MFEFEFA

- (HEFFAK
- FTS Tfﬂﬁﬁi"'l‘m

— KBTERESES
- EEITR
- FHFNE

— 1T 1527 _I%_‘(HREH&:
EHE T RESREES

Y
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C

S| =D s K

- FEHIRBEK
% Simplified
- EE,EE* \/E:ﬁ% %10—
. L 0
. EFHER  BRES l
£ 300 u
— BiFiRE s Simpiie
. SiEER s
~ FRXIREE i,
o
. FFRBE I S |
— ﬁﬁnu*%g: %300_ g?r:pliﬁed ]
< 2001 -
S 100” { i
3 o | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
I /] (seconds) x10®

19
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HRFE R Y

n ;é n G . =) =]
RITRT AR SERE EERRRE Eof
— .g'_ l%.ib'_l %% ; Normalized turn OFF characteristics ~ !
( -V
— FHiBiFE Eon /N e
— XKEf5FE Eoff *
- 5%1&1%557‘55% .95 @ 50.05 soly Tms]i&(ib) 502 5025 P3 5035

Normalized turn O, aracteristics
T T

0.5F

Normalized value

- AT T =
- B R R R K EURE SR B S
(1)00 10(;.05 106.1 100. 106.2 100I.25 100.3
Time (us)

Fri&35FE Eon

20



HFE R A

- SR ERAGEMINIRE

AN

RFER

N

Busbar1 L2

Ic Curent

GD1 ‘

[testFlag]|

©

(O}
icFlag simVal.icTestFlag .

G EM
Tl Device
GD2 Under Test
YL
Busbar1 L/3

IGBT Turn On Loss

%1078

[

~

Energy Loss (mJ)

50
0 0 o0
Temperature (“C) ICE (A)
IGBT Turn Off Loss

103

8
56
£
13
84
-
>
o
2
ui

50

Temperature (°C) 0 o I (A)

IGBT
(Ideal,

Switching

E] Block Parameters: IGBT (ldeal, Switching)

IGBT (Ideal, Switching)

Settings description

Modeling option
Selected part
~ Main
Gate-control port
> Threshold voltage, Vth
On-state behavior and switching losses
“ On-state voltage, Vce(Tj.lce)
Configurability
> Temperature vector, Tj

Collector-emitter current vector, Ice

> Oﬁ-iﬂa iiiiiiﬂiif‘

X

B Auto Apply @

Show thermal port v

<click to select>

“ Switching Losses
> Switch-on loss, Eon(Tjlce)
> Switch-off loss, Eoff(Tj lce)
> Temperature vector for switching losses, Tj
> Collector-emitter current vector for switching losses, Ice

Include switching loss tabulation with off-state voltage

MATLAB BXIPPO

> Off-state voltage for switching loss data

PS ~
ideallGBT.thresholdVoltage 4V hd
Tabulate v
ideallGBT.vceArray ~ <4x101 double> V v
Compile-time ~
ideallGBT.idealTjArray [25.50.100.150] degC v
ideallGBT.iviceArray  <1x101 double> A ~
idealIGBT offStateConductance _ie-06 ‘I‘Ohm hd
ideallGBT.eOnLossArray ~ <4x21 dou... J ~
ideallGBT.eOffLossArray  <4x21 dou... J b4
ideallGBT switchingLossTjArray [25.. degC v
ideallGBT switchingLosslceArray <. A ~
idealIGBT.offStateVoltage 400 vV hd
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e

Cc
L3
Heat Sink

F

1 IP > [>‘/ A A < .
8 ltﬂ‘ Z X : -

] .
Y, )
diodeTmass R] "

IGBT E diode junction to case S=TE * “ ® @

= Rheatsink Rparasitic Ta

(Ideal, |
! B * A o heatSinkTmass
Switching)

igbt junction to case Thermal paste resistance

A [}

igbt-diode case to ambient Thermal resistance that models heat dissipated
due to IGBT surfaces that are not touching heat

sink
A Tj
Tcase
Case Temp Sensor R

©1
Tmeas

AT ,

Tjn

Jn Temp Sensor
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simConverter.Vdg/2 1his block implements a three-phase, two-level PWM timing ¢
generator.

= FHAE IR

Soda juncton o case

bt ncton o case hermal pastn resisiance
Theinal resitanc hat sl hoat drsipated
g diods cane 5 oo e in IGAT surfaces that ars ot touching host
ey

fw Tomp Bersar

s u—

o Tarmg Samaar

IGBTEE ABSRE!

PWM#&E Y

[%a] Block Parameters: PwM X

PWM Timing and Waveform Generator (Three-phase, Two-ley

Traas

A1

Sinusoidal PWM

)
Conv

rDie

Ta

it

foat)y—c

Tmeas,
w

Tal——@H

{(§a

w Tmeas,
[
[
lan
o
ConvgterD

[+)—+fc

[ ool

Conv

Ta

Tmeas,

3]
Convy

rDe

Tmeas,

oept——<fspd]
@

Tal——@

IL-pk =75 A, Ta =25 deg.C, Vdc =400 V,
fpwm =2000 Hz,

‘ Vmod =0.7, fpower =60 Hz, Power factor =1,

© Select parameters
ConverterDefi -[fSPd] par
G _{ Ta —@-m 1
Tmeas Tch
Fluid Flow
Load
b (R .
A A
o
Conv rDe'El 5 D &
G “ Ta-—@-m
Tmeas c . ) €

—E

D

9

SPWM max. input Parameters o o
‘gabot gal
o vas
(D [continuous w1 (crwm) ]
sine Continuous PWM (CPWM)
mns. PWM (DPWM)
SPWM: sinusoidal PWM TgabcOFF TgabcOFF
Sampling mode
@ Natural vde Gate Signal
vde Switching frequency (Hz) simConverter.pwmFrequency ModWave f-—]
P

Cancel Help Apply

lysis Workflow

vs

simConverterVdc

sine

Tah (Tj, Te)
> e ] [y

- Van

Tal(Tj, Te)

[Tbh]
Thbh(Tj, Te)

PWM logic

W - THI(T], Tc)
w - Toh(Tj, Te)

Device Temperature

Violtage Current Scope

MK TRECE

[l Block Para

Set converter and simulation parameters

ect parameters

PWM technique State vector modulation (SPWM)

Voltage modulation index (range [0,1]) 0.7

MATLAB EXPO

Sinusoidal power frequency (Hz) 60

Power factor (leading use positive, lagging use negative) 1

Number of cycle simulated 10

PWM switching frequency (Hz) 4000

Sinusoidal load phase current peak (Ic-peak) (A) 75

DC bus voltage (Vdc) (V) 400

Ambient temperature (Ta) (degC) 25

Diode initial junction temperature (deg.C) 90

IGBT initial junction temperature (deg.C) 90

Load parameters and simulate

Cancel

Help

Apply

3ph Current load
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PWM Technique vs Temperature
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