SEMI-FUTURE

S3L540RI2GA7U_H20

3-Level NPC2 Inverter Module

44544/ Features

o 1200V VAfEH AR5 IERR

1200V Trench with Field Stop Technology
o RIFRAFE

Low switching losses
*  Vcesat IEiRE 2%

Vcesat with positive Temperature Coefficient

BRI F/ Applications:

. fHRERG

Energy Storage System
o eSS

Solar Inverters
SN 111 TSR

Uninterruptable Power Supplies Systems

_ur,EI\ﬂl-"“J-mF1E

"
VCE = 1200\/, Ic nom= 540A/ Icrm = 1080A

IGBT, T1/T4
BABEE / Maximum Ratings
Parameter Conditions Symbol Value Unit
P - R A L
FEHAR 7;2%1122 i Ty=25°C Vs 1200 \%
Collector-Emitter voltage
el LR
I 4 A
Implemented collector current N 540
VeI L L L
*% BRE B Te = 80°C, Tyjmax = 175°C 1¢ nom 480 A
Continuous DC collector current
23 N
%Eﬂfﬁiﬁ EAE IR o= 1ms Lo 1080 A
Repetitive peak collector current
IR EE
ESE Te = 25°C, Tojmax = 175°C P 1500 w
Total power dissipation
Hﬂ*&-ﬁéﬁ*& CEYES Ves 20 v
Gate Emitter voltage
=]
é:”t/ml_ T; -40 to +175 T
Junction Temperature
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$%R1E/H / Characteristic Values

Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
. Vge= 15V, Ic= 540A Tj=25°C 1.70 2.10
SR HHE
é%fm Zi}ff*&’@* %J—_ | Vage= 15V, Ic=540A Tyj=125°C VCEsat 2.00
ollector-Emitter saturation voltage Vor = 15V, Ic= 540A Ty=150°C 210 v
- RS [
b ZV:E._H:}}I A P Ic=8.16mA, Veg= VcE T,=25°C VGE(th) 4.50 5.00 5.50
Gate-Emitter threshold voltage
W i Vop=-15V.. +15V Qo 3.95 uC
Gate charge
AR R o o
Internal gate resistor
A 7
TP R . Ciee 64.9 nF
Input capacitance
i = f=100KHz, Vcg= 25V,
vy A . z, Ve ) Cou 152 oF
Output capacitance Vge= 0V, Tj=25°C
T N
LR _ Cres 0.25 nF
Reverse transfer capacitance
. T AT
AR SR AL i Ver= 1200V, Vg = 0V Ty=25C | Tas 100 | uA
Collector-Emitter cut-off current
W&'ﬁm&’% 2 Vee=0V, Vge =20V Tyj=25°C loes 100 | nA
Gate-Emitter leakage current
Ic=540A, Vce= 600V T,j=25°C 144
‘% EiR D ‘E !
fj\—i.lﬂd f—l—Jt VGE:iISV, RGon= 339, ij: 125°C tdon 149
urn-on defay fime (HUE4738) / (Inductive load) T = 150°C 150
‘ Ic=540A, Vce= 600V T,j=25°C 50
DL
J:.ﬂ‘ .ﬂj Vge= %15V, Rgen=3.3Q), T,j=125°C tr 53
Rise time . s .
(FE 171 2R) / (Inductive load) Tyj=150°C 54
ns
Ic=540A, Vce= 600V T,j=25°C 1017
J [ié EiR i I !
f d Lf‘fﬂd Tl”t_ Vor = +15V, Raor= 120, Ty=125°C | taor 1066
urn-oit delay time (FEIE413%) / (Inductive load) Tyi=150°C 1080
‘ Ic=540A, Vce= 600V T,j=25°C 85
DL
:;ﬁlﬂj Vge= 15V, Reor= 12Q, Tyj=125°C te 160
all time () / (Inductive load) — Tyj= 150°C 164
. . Ic=540A, Vce= 600V T,j=25°C 19.0
AiFEREE (BRI
fj\jm%iﬁbi ltﬂﬂ({qj ! VGe= %15V, Reon=3.3Q), T.j=125°C Eon 243
urn-on Energy loss per pulse di/dt = 7900A/us(Ty; = 150°C) Tyi= 150°C 25.6 |
m
. . Ic=540A, Vce= 600V T,j=25°C 333
BT AERE BB (CREIK )
fLﬁ & fiﬁbi lﬁ ok | Vae= £15V, Reorr= 120, Ty=125°C | Eop 422
UIM-OLL BICTEY 2088 per pulse dv/dt = 5300V/us(T,= 150°C)  Ty;=150°C 44.4
ol R
gh-Ah eI Ruc 0.095 K/W

Thermal resistance, junction to case
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IGBT. T2/T3

BAHiE(E / Maximum Ratings

Parameter Conditions Symbol Value Unit
P AN - R S A P
S HAR 7;2%1122 i Ty=25°C Vs 950 \%
Collector-Emitter voltage
He sl LR
I 4 A
Implemented collector current o 00
AR HUE LU H
> % BRE Te=80°C, Tyjmax = 175°C 1¢ nom 300 A
Continuous DC collector current
lll ray
IR LR tp = Ims Ieru 800 A
Repetitive peak collector current
IR
i o Tc =25°C, Tyjmax = 175°C Pt 1000 w
Total power dissipation
Hﬂ*}i-?iiiﬁ& CEYES Ves 20 v
Gate Emitter voltage
Gl .
. T; -40 to +175 C
Junction Temperature
R#E1H / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
N Vage= 15V, Ic=400A Tyj=25°C 1.70 2.10
4 AT R FE TR ’
é%i?m k]fﬂ% i EEE i Vage= 15V, Ic=400A T.j=125°C VeEsat 2.05
ollector-Emitter saturation voltage Voe = 15V, Ic= 400A Ty=150°C 215 v
-5 I % [
B R EET*&I AfE IR Ic=6.5mA, Vge= Vcg Ty=25°C VGE(h) 4.20 4.70 5.20
Gate-Emitter threshold voltage
e fi Vop=-15V.. +15V 1.68 uC
Gate charge
i H
PN P AR LD | 0.6 o
Internal gate resistor
™~ P
NS Cias 292 nF
Input capacitance
f=100KHz, Vce= 25V,
Coes 1.32 nF
Vge= 0V, Tj=25°C
T N
IS 7] A i FEL 4 _ Cres 0.11 nF
Reverse transfer capacitance
TS T
SRE ﬁ%ﬁf&%&z B Vee =950V, Vae= 0V Tyj=25°C Ices 100 | uA
Collector-Emitter cut-off current
S B R B
iR 7;2%_3%&/[}% B Vee = 0V, Vae = 20V Tyj=25°C Toes 100 | nA
Gate-Emitter leakage current
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Ic=400A, Vce= 500V T\j=25°C 72
‘% EiR s I )
fu‘ji fﬂt_ Ve = £15V, Roon = 3.3Q, Tyj= 125°C taon 75
urn-on detay ime (HE473) / (Inductive load) Ty = 150°C 76
‘ Ic=400A, Vce= 500V T,;=25°C 41
EFtati _ _ ’
o Vee= %15V, Roon = 3.3Q, Tyi= 125°C te 47
Rise time .’ . .
(FE A1 %) / (Inductive load) Ty = 150°C 48 ns
Ic=400A, Vce= 500V T\j=25°C 427
N [ié TR H‘ ‘E 4]
f ﬁi_flfﬂd];ﬂf Vae= 15V, Reorr = 12Q Tyj=125°C td oft 454
urn-ott delay time (518 / (Inductive load) Ty = 150°C 460
. Ic=400A, Vce= 500V Tyj=25°C 76
ERELE
:;1% ald Vor = +15V, Raor = 120 T,=125°C |t 120
all time (HE473) / (Inductive load)  Tyj= 150°C 131
e £t . Ic=400A, Vce= 500V Ty=25°C 9.8
THEERE R Gk ¢ ¢k ! .
Ve =+15V, Roon = 3.3Q, Tyj=125°C Eon 15.1
Turn-on Energy loss per pulse .
di/dt = 7600A/us(Ty; = 150°C) Tyj=150°C 16.5 .
. . Ic=400A, Vce= 500V T,j=25°C 13.7
BT AERE B (REIK )
fwjﬂ fiﬁbi lﬁ ket 1 Vor = £15V, Reoir = 120 Ty=125°C |  Eor 18.1
UIT-OT BNEIEY foss per puise dv/dt = 7000V/us(T,j= 150°C)  Ty= 150°C 19.3
7 R
f-ShIE BE o Runuc 0.147 K/W
Thermal resistance, junction to case
—_ 1Rk .D1/D4
BABEE / Maximum Ratings
Parameter Conditions Symbol Value Unit
Ui [
&Fﬂig HE R T,j=25°C VRrM 1200 A%
Repetitive peak reverse voltage
1E[A] B AT
Implemented forward current I 400 A
S IE M B Y
% > FI BT AL Te=80°C, Tyjmax = 175°C Ir 330 A
Continuous DC forward current
23 N
IE @,’E HE R tp= 1ms T 800 A
Repetitive peak forward current
Pt{H .
t,=10ms, sin180°, Tj= 125°C I’t 31000 A’S
’t-value
LEvH
Zridn T -40 to +175 C
Junction Temperature
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$%R1E/H / Characteristic Values

Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
I 0 Ir=400A, Ve =0V T\j=25°C 2.10 2.50
Forward : | Ir=400A, Ve = 0V Tyi= 125°C ' 1.75 \%
orward voltage Ir=400A, Vge = OV Tyi= 150°C 1.65
Ir= 400A, Tv' =25°C 306
IS AL L -dir/dt = 7600A/ps ’
i o Tyj=125°C Irm 523 A
Peak reverse recovery current (Tvi= 150°C) . 530
Vr= 500V, Vge=-15V T,j=150°C
Ir= 400A, Tv' =25°C 27.4
WA L -diF/dt = 7600A/us '
i o Tyj=125°C Qr 60.6 uC
Recovered charge (Tvi= 150°C) . 717
Vr= 500V, Vge=-15V Ty = 150°C :
Ir= 400A. — 750
o . > Tyy=25°C 10.0
R IREAREE k) -dir/dt = 7600A/ps '
i o T\j=125°C Erec 21.8 mJ
Reverse recovered energy (Tvj=150°C) 3 556
Vr= 500V, Vie=-15V T =150°C :
SE-Ah R 0.136 W
Thermal resistance, junction to case e ’
_iRkE.D2/D3
BRHUEE / Maximum Ratings
Parameter Conditions Symbol Value Unit
HE i
Bl ) E I Tyj=25°C VRrrM 950 \%
Repetitive peak reverse voltage
IE A R
Implemented forward current I 400 A
‘$2¢1E ray ray
L o ELL AL Te=80°C, Tyjmax= 175°C Ir 280 A
Continuous DC forward current
23 N
LIRS WL to=lms Trem 800 A
Repetitive peak forward current
Pt{E ono , )
Ptvalue t,=10ms, sin180°, Tj= 125°C 1%t 9300 AZS
LEE
Him T, 40 to +175 C

Junction Temperature
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$%R1E/H / Characteristic Values

Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
Ir=400A, Vge = 0V T.j=25°C 2.10 2.50
IEm B E i U !
. dvol Ir=400A, Vg = 0V T\j=125°C Vr 2.30 \%
orward voltage Ir=400A, Vge = OV Tyi= 150°C 2.25
Ir= 540A, Tv' =25°C 259
J52 0 S VA P -dir/dt = 8600A/ps ’
o T,j=125°C Irm 310 A
Peak reverse recovery current (Tvi= 150°C) e 330
Vr= 600V, Vie=-15V T,j=150°C
Ir= 540A — 950
e ’ T;=25°C 23.6
P52 H i -dir/dt = 8600A/ps e
i o T,j=125°C Qr 33.0 puC
Recovered charge (Tvj=150°C) . s
VR= 600V, Vie=-15V T =150°C :
Ir=540A — 950
o . ’ Tyj=25°C 10.6
R EIREE (k) -dir/dt = 8600A /s T
o ij - 1250C Erec 144 m-]
Reverse recovered energy (Tvj=150°C) . 178
VR=600V, VGe=-15V T\j=150°C :
SE-Ah
Thermal resistance, junction to case Ruic 0.191 K/'wW
B B 2B BH/NTC-Thermistor
4&4F{E /Characteristic Values
Parameter Conditions Value Unit
R25 T=25°C 5 KQ
AR/R =5 5 %
B-value B (25/50), tolerance 3% 3375 K
B-value B (25/100), tolerance +3% 3433 K
HEER / Module
Parameter Conditions Symbol Value Unit
246 25 )5 S .
AR RMS, f = 50Hz, t = Imin Visor 3200 %
Isolation test voltage
ST
H ﬁB/’é% . ALO;3
Internal isolation
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Uit T & 28 / terminal to heatsink 115
JNe F B B
. mm
Creepage distance
Ut f--¥iii ¥/ Terminal to terminal 6.8
Uit T 2 BUAES / terminal to heatsink 9.4
CER T}
mm
Clearance
Uity -4ty ¥-/Terminal to terminal 5.5
0 ) =P
FEX EEJE'?_?E'& . oTI - 400
Comperative tracking index
X‘ vE B e F
XA () housing RTI 140
RTI Elec.
5 vE B
AP Tae -40 125 | °C
Storage temperature
B s 7o
i J%;z%ﬁ’]?ﬂ%ﬁ . M 30 50 | Nm
Mounting torque for modul mounting
ﬁi 4 267 g
Weight

Changes of this product data sheet are reserved.
Edited by Semi-Future Technologies, Edition 1.0



SEMI-FUTURE

S3L540RI2GA7U_H20

IGBT T1/T4
1000 | ——9V
90| —— 11V
g0| —— 13V

— 15V

Q’mn — 17V
= 0001 —19v
— 500
400
300
200
100
0
00 05 10 15 20 25 30 35 40

Vee (V)

Bl 1. BRL g R (T = 25°C)
Figure 1. Typical output characteristics (Tyvj=25°C)
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Figure 3. Typical output characteristics (Vge= 15V)
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B 2. B R (T3 =150°C)
Figure 2. Typical output characteristics (T.j=150°C)
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Figure 4. Typical transfer characteristics (Vce=20V)
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B 51 K ARFE 6. JF R AFE
Figure 5. Switching losses of IGBT, Figure 6. Switching losses of IGBT,
Vae= +15V, Rgon = 3.3Q, Rgoff=12Q, Ve =600V Vae = £15V]Ic = 540A, Vce= 600V
10° 10
—Z4;c:IGBT —— Cies
10°¢ —— Coes
—— Cres
10! 107 ko
3 —_—
2 < 10 g
v &)
N 107 i 1 2 3 4 10"
rilK/Wl: 0.010 0.037 0.043 0.005
tilsl: 0.003 0.109 0.027 1,088
llTI"
10° 1o
0.001 0.01 0.1 I 10 5 10 15 20 25 30
t(S) Ve (V)
o A o
. Tlg] 7.. ﬂﬁr¢,._.h,m |3ﬂi|1£f‘lf IGBdT B B 8. H A
igure 7. Transient ;her_nfl(g impedance IGBT, Figure 8. Capacitance characteristic
thJC =
IGBT T2/T3
800 800
— 9V
700 1V 700
600 | —— 1BV 600
— 15V
% 500 [ —— 17V 2 500
0 400 LAl 0 400
300 300
200 200
100 100
0 0
0.0 0.5 1.0 1.5 20 25 3.0 35 4.0 00 05 10 15 20 25 30 35 40 45
VCI:‘, V) VCI:‘, V)
9. A RFE (T\j=25°C) P 10. #L385 HERRE (Ty= 150°C)

Figure 9. Typical output characteristics (Tvj= 25°C) Figure 10. Typical output characteristics (Ty;= 150°C)
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800

25°C
700 I~ ——125°C
600 —150°C

500

Ic (A)

400

300

200

100

00 05 1.0 15 20 25 30 35 40 45
Ve (V)

11 R g R (Vee= 15V)
Figure 11. Typical output characteristics (Ve = 15V)

60
Eon,Tvj=125°C
50 Eoff, Tvj=125°C
—-=--Eon,Tvj=150°C
—-—--Eoff,Tvj=150°C -7
40 e
E 30
£
20
10
0

0 100 200 300 400 500 600 700 800
Ie (A)

K 137 4 FE

Figure 13. Switching losses of IGBT,
Vae = £ 15V, Rgon = 3.3Q, Rgoff = 12Q, Vcg = 500V

10°
—Z4;c:IGBT
10!
2
2
g
N- 2
10"
i 1 2 3 4
ri[K/W]: 0.018 0.068 0.052 0.011
ti[s]: 0.004 0.028 0.116 0.918
0.001 0.01 0.1 1 10
t(S)

K 15, BRS#E ST IGBT

Figurel5. Transient thermal impedance IGBT,
Zc =1(t)
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12. SRAL R (Vee = 20V)
Figure 12. Typical transfer characteristics (Vce=20V)

150
140 Eon,Tvj=125°C

130 Eoff, Tvj=125°C =
120 | —-—--Eon,Tvj=150°C ’
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0 5 10 15 20 25 30
Rg (©)
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Figure 14. Switching losses of IGBT,
Var= % 15V,Ic = 400A, Ve = 500V
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Figure 16. Capacitance characteristic
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—tkE D1/D4
800 .
—25°C 8 Erec, Tvj=125°C
700 | ——25°C jg Erec, Tvj=150°C
— 150°C
600 36
500 = 32
=< £ 28
300 @ 20
16
200 12
100 8
4
0 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 100 200 300 400 500 600 700 800
Ve (V) I:(A)
Bl 17, 1E MR R R AR 18. JF R4 HE ARG
Figure 17. Forward characteristic of Diode Figure 18. Switching losses of Diode
Rgon = 3.3Q, Vg = 500V
40 10°
Erec, Tvj=125°C e
35 Erec, Tvj=150°C Z e Diode
30
=25 10"
E =
S 20 v
2 X
= s 2
N 107
10 i: I 2 3 1
rilK/W]: 0.067 0.036 0.030 0,004
5 tils]: 0.034 0.136 0.008 1.617
0
0 5 10 15 20 25 30 3
R 0.001 0.01 0.1 I 10
R (9)] £S)
Kl 19, FFoRHiFe K 20. R AT AR
Figure 19. Switching losses of Diode Figure 20. Transient thermal impedance Diode
Ir = 400A, Vce= 500V Znic = {t)
—1RE D2/D3
800 40
—25°C 36 Erec, Tvj=125°C
700 ——125°C " Erec, Tvj=150°C
28
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< 2
= 400 S 20
2
300 @ 16
12
200
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B 21, e R AR 22. JFRAGHE A
Figure 21. Forward characteristic of Diode Figure 22. Switching losses of Diode
Rgon =3.3Q, Vcg= 600V
. o 10"
28 Erec, Tvj=125°C —Z yc:Diode
Erec, Tvj=150°C
24
20 -1
= 10
E e z
p o
> =8
m 12 E
N,
8 10 i 1 2 3 4
ri(K/W):  0.026 0.082 0.075 0.008
4 tils]:  0.003 0.021 0.089 0.730
0
0 5 10 15 20 25 30 10°?
RA(Q) 0.001 0.01 0.1 I 10
G t(S)
23 JFRAAE RE 24, WS AHIT AR
Figure 23. Switching losses of Diode Figure 24. Transient thermal impedance Diode
Ir = 540A, Vce = 600V Zc =1(t)
10°
Rlyp
10*
S
=
10°
10°
0 25 50 75 100 125 150
TN'I'C (°C)

B 25, G AR B B R R R

Figure 25. NTC-Thermistor-temperature characteristic
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#:48 8 /Circuit Diagram
P1o S gl
G2 HE2 T m]a
I 3 03 G10J D1
M1
HE1

o AC1

M2 o -

T4
D2 o GAOJ DL
HE3 G3
HE L
N1 o
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