SEMI-FUTURE

S3L400R10GA7UB_C20

3-Level NPC1 Inverter Module

4544/ Features

o 1050V VORG24 I H AR

1050V Trench with Field Stop Technology

o RIFRAFE
Low switching losses

*  Vcesat IFIRE &%

Vcesat with positive Temperature Coefficient

BRI FH/ Applications:

«  fERERS

Energy Storage System

o JEfRWARE
Solar Inverters

o ANTEIWT LR

Uninterruptable Power Supplies Systems

Vce = 1050V, Icnom=400A /Icrm= 800A

IGBT. T1/T4
BABIEE / Maximum Ratings
Parameter Conditions Symbol Value Unit
K5 &
R 7;2%]‘1.‘& B Tyj=25°C Vces 1050 v
Collector-Emitter voltage
S A LR
Implemented collector current lox 400 A
3 Z“ E\‘ v
£ i%%*& R Tc =80°C, Tyjmax= 175°C Ic nom 360 A
Continuous DC collector current
l[}& Y
%%f&iﬁ A R o= 1ms T 800 A
Repetitive peak collector current
WAL . 20 v
Gate Emitter voltage
455 g
. T; -40 to +175 C
Junction Temperature
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4%4F{E / Characteristic Values

Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
. Vage= 15V, Ic=400A T,j=25°C 1.62 2.00
SR N &
é% ‘f*& KEETW@* Eﬁr_ | Vee = 15V, Ic= 400A Tyi=125°C | Vg 1.96
ollector-Emitter saturation voltage Ve = 15V, Ic = 400A Tyi= 150°C 2.06 A%
- RS [
b ZV:E._H:}}I A P Ic=6.5mA, Vge= Vcg T,=25°C VGE(h) 4.40 4.70 5.10
Gate-Emitter threshold voltage
e fi Vee=-15V.. +15V Qq 1.63 uC
Gate charge
PA A AR F BE . Raint 0.80 Q
Internal gate resistor
A 7
TP R . Ciee 28.9 nF
Input capacitance
i P~ f=100KHz, Vcg= 25V,
frh A . z, Vce g Cos 07 oF
Output capacitance Vge= 0V, Tj=25°C
T N
SR LA _ Cres 0.11 nF
Reverse transfer capacitance
. o AT
b kgﬁﬁﬁ i Vee= 1050V, Ve = 0V Tyj=25°C Tces 100 | uA
Collector-Emitter cut-off current
W&-?;z;ﬁ&#% 2 Vee =0V, Vae= 20V T\j=25°C Togs 1 uA
Gate-Emitter leakage current
Ic=200A, Vce= 600V T,j=25°C 129
‘% EiR D ‘E )
fu“i f” _ Ver = £15V, Roon = 89, Ty=125C |  taon 124
urn-on delay time (HUB ) / (Inductive load) Ty = 150°C 119
) Ic=200A, Vce= 600V T,j=25°C 41
DL
i:,ﬂ .ﬂj Vage= %15V, Rgon = 8Q2, Tyj=125°C tr 46
ise time (U F ) / (Inductive load) Ty = 150°C 48
ns
Ic=200A, Vce= 600V T,j=25°C 546
; [ié EiR iD ‘E )
_19‘% ﬁkfijl—ljt Vee= %15V, Roorr = 15Q Tyj=125°C td off 589
urn-ott delay ime (HUE 1) / (Inductive load) T = 150°C 602
) Ic=200A, Vce= 600V T,j=25°C 67
ERELE
:;l%t'ﬂj Vage= %15V, Reorr = 15Q T,j=125°C te 99
all time (FU 1) / (Inductive load) Ty = 150°C 109
. . Ic =200A, Vce= 600V T,j=25°C 13.5
BHFEALR (R
fj\jm%iﬁbi ltﬂ;]({tlﬂ ! Vge= %15V, Reon = 8Q2, T.j=125°C Eon 16.9
urn-on Energy 10Ss per pulse di/dt = 3400A/US(TV_| — ISOOC) ij =150°C 18.6 |
m
. N Ic =200A, Vce= 600V T,j=25°C 8.97
BT AERE BB (CREIK )
f[_ﬁmfiﬁbi la ket | Vee= %15V, Roofr = 15Q, T,j=125°C Eott 11.9
UIM-OLL BICTEY 2088 per pulse dv/dt = 4900V/us(T,= 150°C)  Tyj= 150°C 12.9
Thermal resistance, junction to Ruwn 0.186
heatsink Th;rmal grease,
Thickness = 100um +2% K/'W
LBl =3.0W/mK
S5-Hh e H Rac 0.140

Thermal resistance, junction to case
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IGBT. T2/T3

BAHiE(E / Maximum Ratings

Parameter Conditions Symbol Value Unit
R - S A R
S HAR 7;2%1122 i Ty=25°C Vs 1050 \%
Collector-Emitter voltage
el LR
Implemented collector current fow 400 A
AR HUE LU H
> % BRE Te=80°C, Tyjmax = 175°C 1¢ nom 360 A
Continuous DC collector current
lll ray
SRR tp = Ims Ierw 800 A
Repetitive peak collector current
g in
A% 7’531“ EENES Vae +20 v
Gate Emitter voltage
Gl .
i T| -40 to +175 C
Junction Temperature
R#E{H / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
. Vae= 15V, Ic=400A T,j=25°C 1.63 2.00
- B AR A ’
;%i?m klfﬂ:& i Eﬁi | Vae= 15V, Ic=400A Tyj=125°C VcEsat 1.97
ollector-Emutter saturation voltage Vee= 15V, Ic = 400A Ty = 150°C 207 v
- R B R [t
% ﬁﬁj‘*&l R Ic=6.5mA, Vo= Vce Ty=25°C VGE(h) 4.40 4.70 5.10
Gate-Emitter threshold voltage
e it Vge=-15V...+15V 1.63 uC
Gate charge
PR FE M R L BEL | 0.80 o
Internal gate resistor
A 7w
NS Cies 28.9 nF
Input capacitance
f=100KHz, Vcg=25V,
Coes 1.07 nF
Vee= 0V, Tj=25°C
A EH o
ki ke _ Chres 0.11 nF
Reverse transfer capacitance
TS -y
R Z{E—“‘&E&Z B Vce=1050V,Vee=0V Tyy=25°C Ices 100 uA
Collector-Emitter cut-off current
W*&'kﬂ,ﬁ& B Vee=0V, Ve =20V T.j=25°C Toes 1 uA
Gate-Emitter leakage current
. . ‘ Ic=200A, Vce= 600V T.;j=25°C 131
FFAB AEIR I [F] - B :
T delav i Vee=£15V, Rgon = 8Q, T,j=125°C tdon 124
urn-on defay fime (518 / (Inductive load) Ty = 150°C 115
ns
) Ic=200A, Vcg= 600V T,j=25°C 45
Tt A B - !
Rise i Vge= %15V, Reon = 8Q2, T,j=125°C te 52
Ise time (MU F ) / (Inductive load) Ty = 150°C 55
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. N Ic=200A, Vce= 600V T\j=25°C 550
SEITAEIR N [ B C :
T F delav ti Vee= %15V, Roorr = 15Q Tyj=125°C td off 594
Hrm-oll delay time (FUE ) / (Inductive load) Ty = 150°C 611
) Ic=200A, Vce= 600V T\j=25°C 60
TR A - _ J
. Vee= 15V, Roosr = 15Q2 T,j= 125°C t 87
Fall time 4 . .
(B 1178 / (Inductive load) T,j=150°C 97
s e . Ic = 200A, Vce= 600V Tyj=25°C 12.7
TREAAERE R (k) ¢ ¢ L
VGE = ilSV’ RGOn = 899 TVJ =125°C Eon 15.8
Turn-on Energy loss per pulse .
di/dt = 3000A/us(Ty; = 150°C) T,j=150°C 17.4 .
N Ic =200A, Vcg= 600V T,j=25°C 9.10
IR AL ( ) )
f i fiﬁbi liﬂ’mj | Ve = 15V, Raor = 150, Ty=125°C |  Eor 123
Hrn-OtL ENCIEY 1088 per pulse dv/dt = 4800V/us(T,j = 150°C) Ty = 150°C 13.3
G- WUGR
Thermal resistance, junction to Thermal grease, Run 0.189
heatsink Thickness = 100um +2% K/'wW
ZE B SR =3.0W/mK
. . . Runc 0.142
Thermal resistance, junction to case
_RkE.D5/D6
BAHiE(E / Maximum Ratings
Parameter Conditions Symbol Value Unit
%3 ;
W?E HHBE T,i=25°C A 1050 \%
Repetitive peak reverse voltage
TE ) HL IR
1 4 A
Implemented forward current & 00
‘$2¢1E ray ray
L IRV Te=80°C, Tyjmax= 175°C Ir 280 A
Continuous DC forward current
EFESD it
IR LA tp=Ims Y 800 A
Repetitive peak forward current
Pt .
t,= 10ms, sin180°, Tj= 125°C It 9300 A’S
’t-value
yEyE
Fim T -40 to +175 C
Junction Temperature
4&4F{E / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
Ir=400A, Vge = 0V T;=25°C 2.31
liEﬁ EE(}:E | Ir=400A, Vg =0V T,j=125°C Vr 2.56 \%
orward voltage Ir = 400A, Vor = 0V Ty=150°C 255
Ir=200A. — 50
. > T,j=25°C 144
IR T 53 WA P37 ~dir/dt = 4900A/ps '
i o T,j=125°C Irm 170 A
Peak reverse recovery current (Tvi= 150°C) . 179
Vr= 600V, Vie=-15V T, =150°C
Ir=200A — 5o
. ) T.j=25°C 9.64
W g -diF/dt = 3900A/us '
i o T,j=125°C Qr 18.4 nC
Recovered charge (Tvj=150°C) . )17
Vr= 600V, Vie=-15V T =150°C :
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Ir= 200A. — 1950
- o ’ Tyj=25°C 2.52
R EIREE (k) ~dir/dt =3900A/pis '
i o T.j=125°C Erec 5.64 mJ
Reverse recovered energy (Tvi= 150°C) . 6.88
VR =600V, Ve=-15V T,j=150°C :
G- HUGR
Thermal resistance, junction to Thermal grease, Rinyn 0.262
heatsink Thickness = 100um +2% K/'wW
ZE_HNE B =3.0W/mK N 0212
Thermal resistance, junction to case e '
—_1RE.D1/D4
BAHiE(E / Maximum Ratings
Parameter Conditions Symbol Value Unit
HE i
s i _E HEAE Tyj=25°C VrrM 1050 \%
Repetitive peak reverse voltage
1E JA] FRIR
Implemented forward current Iy 400 A
Sz 4 N N
AL AL IR Te=80°C, Tyjma = 175°C Iy 280 A
Continuous DC forward current
IE il ray
PR SR tr = lms Trr 800 A
Repetitive peak forward current
Izt /fE : o (¢ 2 2
Povalue t,=10ms, sin180°, Tj= 125°C It 9300 A’S
“hi T; -40to +175 T
Junction Temperature J
$F1EAE / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
Ir=400A, Vee= 0V Tyj=25°C 231
ik s ’
F i EE(}I— | Ir=400A, Vee =0V Tyj=125°C Vr 2.56 \Y
orward voltage Ir = 400A, Vgr= OV Tyj= 150°C 2.55
Ir= 200A. — 950
i ) T,j=25°C 138
R T A A LA ~dir/dt = 5000A/ps '
o T,j=125°C Irm 150 A
Peak reverse recovery current (Tvj=150°C) o 160
VR=600V, VGe=-15V T\j=150°C
Ir=200A — 1950
s ’ Tyj=25°C 9.79
WA i ~dir/dt = 5000A/ps '
 emo T,j=125°C Qr 18.7 puC
Recovered charge (Tvj=150°C) . 20
VR= 600V, Vie=-15V T, =150°C :
Ir=200A — 950
o . ’ T\j=25°C 2.55
R FE Rk -diF/dt = 5000A/ps '
o Tyj=125°C Erec 5.64 mJ
Reverse recovered energy (Tvj = 150°C) . 6.8
VR=600V, VGe=-15V T\j=150°C :
Thermal resistance, junction to Thermal grease, Ry 0.259
heatsink Thickness = 100um +2% K/'wW
e el =3.0W/mK R 0.207
Thermal resistance, junction to case e '
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—1kE.D2/D3

BAHiE(E / Maximum Ratings

Parameter Conditions Symbol Value Unit
o) B A A L
R ) _E & Tyj=25°C Ve 1050 \
Repetitive peak reverse voltage
T LA
Implemented forward current Ty 300 A
PSP IE W) B R
_ B EL T FR Te=80°C, Tyjmax= 175°C Ir 210 A
Continuous DC forward current
J"_E 23 N
@,’E HEE IR tp= 1ms - 600 A
Repetitive peak forward current
Pt/
Peoval t,=10ms, sin180°, Tj= 125°C I’t 6100 A’S
-value
il T; -40to +175 C
Junction Temperature !
R#E1H / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
T Ir=300A, Ve =0V T\j=25°C 227
F dvolt Ir=300A, Vg = 0V T,j=125°C Vr 2.50 \Y
orward voltage Ir=300A, Ve =0V Tyi=150°C 248
Ir= ZOOA, Tv' =25°C 131
16 PR S WA L -dir/dt = 3900A /s '
o T.j=125°C Irm 144 A
Peak reverse recovery current (Tvi=150°C) .
VR= 600V, Vae=-15V Tyj=150°C 150
Ir=200A — 750
) T,j=25°C 8.94
RS HL Ao -dir/dt = 3500A/ps ij _bsee o Loa c
Recovered charge (Tyi=150°C) . o r 19.2 "
VR= 600V, Ve=-15V T,j=150°C :
Ir=200A — 950
o . ’ Ty;=25°C 2.39
R B AREE (k) -dir/dt = 3500A/ps '
i o ij = 1250C Erec 5. 1 7 mJ
Reverse recovered energy (Tvi=150°C) . 623
VR= 600V, Ve=-15V T, =150°C :
Thermal resistance, junction to Thermal grease, Ry 0.316
heatsink Thickness = 100um +2% K/'wW
SE-Ah =3.0W/mK R 0.262
Thermal resistance, junction to case e ’
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7B E R B3 H/NTC-Thermistor

4%&4F{E /Characteristic Values

Parameter

Conditions

Value

Unit

R25

T=25°C

AR/R

%

B—value

B (25/50), tolerance £3%

3375

B—value

B (25/100), tolerance +3%

3433

ik / Module

Parameter

Conditions

Symbol

Value

Unit

ke Sl ENE

Isolation test voltage

RMS, f=50Hz, t = Imin

VisoL

3200

N R4 2%

Internal isolation

AlLO3

& L B

Creepage distance

Uit T & 28 / terminal to heatsink

11.5

Uit F-¥ii F-/Terminal to terminal

6.8

AT

Clearance

Uit F 2 HUFAES / terminal to heatsink

9.4

Vit -¥ifi 1~/ Terminal to terminal

55

HXS HLRFE S

Comperative tracking index

CTI

> 400

FHXHIELE FR £ ()
RTI Elec.

housing

RTI

140

et 17U B2

Storage temperature

Tsie

125

°C

PR LR

Mounting torque for modul mounting

3.0

5.0

Hi
Weight

267
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IGBT T1/T4
800
— %W
700 — 11V
— 15V
=
=, 400 19V
300
200
100
0
00 05 1.0 15 20 25 30 35 40 45

Ve (V)

B 1. BRI (T = 25°C)
Figure 1. Typical output characteristics (Tyvj=25°C)

800

700
600
500

I (A)

400
300
200
100

0
00 05 1.0 1.5 20 25 30 35 40

Vee (V)

Kl 3. 4 H R PE (Ve = 15V)
Figure 3. Typical output characteristics (Vge= 15V)

50
Eon, Tvj=125°C
Eoff, Tvj=125°C
40|  —----Eon,Tvj=150°C 7
—-—--Eoff,Tvj=150°C .
30
E
= 2
10
0

0 50 100 150 200 250 300 350 400
I (A)
Kl 5 TSR

Figure 5. Switching losses of IGBT,
Vae= + 15V, Rgon = 8Q, Rgoff=15Q, Ve = 600V
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I (A)

I (A)

800

700

600

200

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

B 2. B R (T3 =150°C)
Figure 2. Typical output characteristics (T.j=150°C)

800

——25°C /
700 [ j25°C
00| ——150°C
500
400
300
200

100

0 2 4 6 8 10
Ve (V)

K 4. M ARUALHRAE(Vee = 20V)
Figure 4. Typical transfer characteristic(Vce=20V)

40
Eon, Tvj=125°C
35 Eoff, Tvj=125°C
30 —-—--Eon,Tvj=150°C -
—-—-Eoff, Tvj=150°C -
25
E 20
[&a]
15
10
5
0
0 5 10 15 20 25 30

Rg (Q)

Kl 6. TR HAE

Figure 6. Switching losses of IGBT,
Vae = J_F 15V,IC = ZOOA, Vee= 600V
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lo[!
—ZcIGBT
1!
=
2
3
N2
i 1 2 3 4
rifk/wW]: 0.017 0.017 0.018 0.089
Ti[s]: 0.171 0.167 1.58E-3 0.032
0-3
0.001 0.01 0.1 1 10
t(S)

K 7. S AT IGBT
Figure 7. Transient thermal impedance IGBT,

Zyc = (1)
IGBT T2/T3
800
—9V
0001 — v
600 — 13V
— 15V
<<
:) 400 19V
300
200
100
0
00 05 10 15 20 25 30 35 40 45

Ve (V)

Kl 9. BLAY A REPE (Tyy = 25°C)
Figure 9. Typical output characteristics (Tvj= 25°C)

800

700
600
500

I (A)

400
300
200
100

0
00 05 1.0 1.5 20 25 30 35 40

Ve (V)

B 11 SR R (Vee= 15V)
Figure 11. Typical output characteristics (Ve = 15V)
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—— Cies
107 —— Coes
— Cres

C(F)

5 10 15 20 25 30
Ve (V)

K 8. AR

Figure 8. Capacitance characteristic

800
700
600
500

I (A)

300
200
100

00 05 10 15 20 25 30 35 40 45
Ve (V)

Bl 10. LAY HRFME (Ty= 150°C)
Figure 10. Typical output characteristics (Ty;= 150°C)

800
—25°C
700 —125°C
600 — 150°C
g 500
— 400
300
200

100

00 2 4 6 8 10

Ve (V)

K12, SRR (Ves = 20V)
Figure 12. Typical transfer characteristic(Vcg=20V)
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50
Eon,Tvj=125°C
Eoff, Tvj=125°C
40| —-=--Eon,Tvj=150°C P
—-—--Eoff,Tvj=150°C P
30 .
g
= 20
10
0
0 50 100 150 200 250 300 350 400
1o (A)
Bl 131 K45
Figure 13. Switching losses of IGBT,
Vae = * 15V, Rgon = 8Q, Rgoff = 15Q, Ve = 600V
100
——ZyIGBT
1!
=
<
3
N g2
i: 1 2 3 4
A[KW): 0.017 0017 0018 0.089
fs)  0.171 0.167 1.58E-3 0.032
107
0.001 0.01 0.1 | 10
t(S)
Bl 15. A IABHST IGBT
Figurel5. Transient thermal impedance IGBT,
Znic = {t)
—&% D5/D6
800
—25°C
700 | j250C
600 — ISODC
500
<
= 400
300
200
100
0
00 05 10 15 20 25 30 35 40 45

Ve (V)

K 21, IE M AR AR

Figure 21. Forward characteristic of Diode
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C(F)

Erec (ml)

40
Eon,Tvj=125°C
35 Eoff, Tvj=125°C
30 —-—--Eon,Tvj=150°C ]
—-—-Eoff,Tvj=150°C P
25 -
20
15
10
5
0
0 5 10 15 20 25 30
R; (Q)
Kl 14, TFCH0FE
Figure 14. Switching losses of IGBT,
Vee= 15V,Ic = 200A, Ver= 600V
10°
—— Cies
107 —— Coes
— Cres
10*
107
lU-III
10"
5 10 15 20 25 30
Ve (V)
Kl 16, A HRPE
Figure 16. Capacitance characteristic
12
Erec, Tvj=125°C
10 Erec, Tvj=150°C
8
6
4
2
0
0 50 100 150 200 250 300 350 400
I:(A)

22, FERAFE —ARE
Figure 22. Switching losses of Diode
Rgon = 8Q, Vcg= 600V
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12
Erec, Tvj=125°C
10 Erec, Tvj=150°C
8
E \
S 6
2 \
53]
4
2
0
0 - 8 12 16 20
R4()
23, JFRAFE
Figure 23. Switching losses of Diode
Ir = 200A, Vcg = 600V
—_tk¥E D1/D4
800
—25°C
700 | j250C
600 I ISODC
500
<
T 400
300
200
100
0
0.0 0.5 1.0 1.5 2.0 25 3.0 35 40
Ve (V)
17. IE [ i ISR e — B
Figure 17. Forward characteristic of Diode
12
Erec, Tvj=125°C
10 Erec, Tvj=150°C
8
E \
S 6
) \
53]
4
2
0
0 - 8 12 16 20

Rg(Q)

B 19, FFRHFE R

Figure 19. Switching losses of Diode
Ir = 200A, Vcg= 600V
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Zyye (K/W)

Erec (ml)

Zyye (K/W)

10['
—Zyc:FRD
107 /—
102
it 1 2 3 4
AK/AW]: 0.034 0.001 0.101 0.076
Tilsl  0.255 1E-06 0.043 5.59E-3
e
0.001 0.01 0.1 1 10
t(S)

24, WS AHIT AR
Figure 24. Transient thermal impedance Diode
Zc =1(t)

Erec, Tvj=125°C
irec, Tvj=150°C

2
0
0 50 100 150 200 250 300 350 400
I(A)
18. JFR A M
Figure 18. Switching losses of Diode
Rgon = 8Q, Vce= 600V
10['
——Z,,FRD
10-1 /—
107
i 1 2 3 4
riflk/W]: 0.011 0.084 0.028 0.083
Ti[s]: 0.090 9.04E-03 0.285 0.038
103
0.001 0.01 0.1 1

t(S)

B 20. SRR BT — A

Figure 20. Transient thermal impedance Diode
Zic = 1f(t)
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—ikE D2/D3
600
—25°C
— 150°C
400
<
= 300
200
100
0
00 05 10 15 20 25 30 35 40 45
Ve (V)
K 21 IE A R e AR
Figure 21. Forward characteristic of Diode
20
Erec, Tvj=125°C
Erec, Tvj=150°C
16
=12
E \
4
0
00 25 5.0 75 100 125 150 175 200
R(Q)
23, JFRAME
Figure 23. Switching losses of Diode
Ir = 200A, Vcg = 600V
10°
Rlyp
10*
S)
=
10°
10°
0 25 50 75 100 125 150

Tyre (°C)
25. Sl L AR B AR B R P R

Figure 25. NTC-Thermistor-temperature characteristic
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Erec (ml)

Zyye (K/W)

12
Erec, Tvj=125°C
10 Erec, Tvj=150°C
8
6 \
) \
2
0
00 25 5.0 75 100 125 150 175 200
R(Q)

Bl 22. JF oA AR
Figure 22. Switching losses of Diode
Rgon = 8Q, Ve = 600V

10[!
——Z,,:FRD

10"

107
( 1 2 3 4
rifK/W]: 0.031 0.100 0.127 4.08E-03
Ti[s]: 0.307 7.37E-03 0.037 0.041

10°

0.001 0.01 0.1 1

t(S)

24, WS AHIT AR
Figure 24. Transient thermal impedance Diode
Zmc =1(t)
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22/ Circuit Diagram
DC+ o
T1
o1 ol BD1
E1
= X3
T2
D5 G2 D2
E2
N1 P1
M2 o0 P2
D6 & G3 i D3
E3
o X4
X1
T4
G4D—/ D4
E4
X2
DC- =
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