SEMI-FUTURE

S3L400R10HA7U_C20

3-Level NPC1 Inverter Module

448/ Features

1050V Ja k37 2% 1 F AR

1050V Trench with Field Stop Technology

o RITRAE
Low switching losses

e Vcesat IFIRE &2

Vcesat with positive Temperature Coefficient

o RAHZEAEE AMB FEHR

Si3N4 substrate with Low thermal resistance

RN FH/ Applications:

s fEEERS

Energy Storage System
o JufRIARES

Solar Inverters
o ANTEIMT R

Uninterruptable Power Supplies Systems

IGBT, T1/T4
B KHEE / Maximum Ratings

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

Parameter Conditions Symbol Value Unit
PR A A L S
R Kﬁﬂi Tvj=25°C Vces 1050 A%
Collector-Emitter voltage
el R
Implemented collector current fen 400 A
s [rrpg
ﬁfk%%*&ﬁﬁ%ﬁ Tc =80°C, Tvjmax=175°C Ic nom 360 A
Continuous DC collector current
&G Ik y
%E@j‘{}.ﬁﬁ FHER T tp=1ms Icrm 800 A
Repetitive peak collector current
*ﬂﬂ*&-?i!%ﬂ& CEViN Vor 0 v
Gate Emitter voltage
E5ln] ]
) T; -40 to +175 C
Junction Temperature
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45AE{E / Characteristic Values

Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
. Vge= 15V, Ic=400A Tyj=25°C 1.65 2.00
SRR AT E ’
%iyf& ﬁlfﬂﬁ Har :Er. . Vae = 15V, Ic= 400A Ty=125°C | Vs 1.97
ollector-Emitter saturation voltage Vee = 15V, Ic = 400A T\i=150°C 2.05 \Y
R B [t
A ZV:%_H:& P AL Ic=6.5mA, Vce= Vce Tv=25°C VGE(th) 4.40 4.70 5.10
Gate-Emitter threshold voltage
W i Voe=-15V...+15V Qa 1.67 uC
Gate charge
& H
AR ) Raint 0.80 Q
Internal gate resistor
A s
MARE Cies 289 nF
Input capacitance
] = f=100KHz, Vcg= 25V,
B AR . Z, VCE ) Coes 1.07 nF
Output capacitance Vee= 0V, Tyj=25°C
T N
AR LIRS . Cres 0.11 nF
Reverse transfer capacitance
e T
b 7;{%17]‘})7(@2 B Vce= 1050V , Vge= 0V Tyj=25°C Ices 100 uA
Collector-Emitter cut-off current
W&'ksﬁ&{% 2 VcE= 0V, Ve =20V Tyj=25°C Iges 100 | nA
Gate-Emitter leakage current
Ic=200A, Vce= 600V Tyj=25°C 134
i AL IR I A
fu‘lﬁ f'jt. Ve = 415V, Roon= 8Q, Ty=125°C |  tdon 118
urn-on defay time (FUR %) / (Inductive load) T = 150°C 112
) Ic=200A, Vce= 600V Tyj=25°C 46
Tt _ _ '
Rise t VGe= %15V, RGon= 8Q2, Tyj=125°C tr 53
1se fime (B %) / (Inductive load) Ty = 150°C 55
ns
Ic=200A, Vce= 600V Tyj=25°C 551
> T ZiE 3R B} A
fﬁ Lf;i{ﬂf Vae = +15V, Raofr = 15Q Ty=125°C | taoir 594
urn-oft delay tme (FUE %) / (Inductive load)  Tij= 150°C 606
) Ic=200A, Vce= 600V Tvj=25°C 59
TR _ _ J
Fall t VGE =15V, Raofr = 15Q Tyj=125°C tr 87
atl ime (B %) / (Inductive load) Ty = 150°C 97
\ . Ic=200A, Vce= 600V Tyj=25°C 13.9
B EERE R (KD ’
f ’”*EH@ 1ﬂ i 1 Ve = £15V, Roon= 8Q, Ty=125°C |  En 17.0
Hrn-on ENergy foss per puise di/dt = 2900A/us(Tyi = 150°C)  Tyj=150°C 18.5 |
m
. X Ic=200A, Vce= 600V Tvj=25°C 8.77
WritikeneE (R ;
f & fiﬁbi lﬁ ke 1 Vo = +15V, Ror = 150, Ty=125°C |  Eor 11.6
Hm-Olt Enetgy foss per pulse dv/dt =5000V/us(Tyi= 150°C)  Tyj=150°C 12.5
Thermal resistance, junction to Renn 0.144
heatsink Th'ermal grease,
Thickness = 100um +2% K/W
oo IN=—E7 =3.0W/mK
gh-Hh e Rene 0.098

Thermal resistance, junction to case

Edited by Semi-Future Technologies, Edition V1.0



SEMI-FUTURE

S3L400R10HA7U_C20

IGBT, T2/T3

B RAUE{E / Maximum Ratings

Parameter Conditions Symbol Value Unit
AR R S A L
e E%ﬁﬂ} Tvi=25°C VcEs 1050 \Y%
Collector-Emitter voltage
e R LR
I 4 A
Implemented collector current N 00
AR RN EL U R
*%EM& i Te = 80°C, Tyjmax = 175°C I nom 360 A
Continuous DC collector current
IIJ yray
SRR BUR R tp=Ims Ierm 800 A
Repetitive peak collector current
B &
MK EST*&EEF Ver 90 v
Gate Emitter voltage
=]
Gl Tj -40 t0 +175 C
Junction Temperature
RFME{H / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
. Vge= 15V, Ic=400A Tyj=25°C 1.65 2.00
9 AR D EE TS ’
%f*& ﬁfﬂ}i Ll | Vo= 15V, Ic= 400A Ty=125°C | Vees 1.96
ollector-Emitter saturation voltage Vor = 15V, Ic= 400A T,y=150°C 204 v
- % [
e ZV:%._H:&I A Ic=6.5mA, Vee= Vce Tv=25°C VGE(th) 4.40 4.70 5.10
Gate-Emitter threshold voltage
B it Vee=-15V...+15V 1.67 uC
Gate charge
PN P AR P BEL . 0.80 o
Internal gate resistor
iﬁﬁ)\%ﬁ . Cies 28.9 nF
Input capacitance
f=100KHz, Vce= 25V,
Coes 1.07 nF
Vee= 0V, Tyj=25°C
T N
I e , Cres 0.1 nF
Reverse transfer capacitance
e L
SR kw&ﬁ B Vee= 1050V, Voe =0V Tyj=25°C Tces 100 | uA
Collector-Emitter cut-oft current
e R IR ER R
% kw&’ﬁ B Ve =0V, Vae = 20V Tyj=25°C Ioes 100 | nA
Gate-Emitter leakage current
Ic=200A, Vce= 600V Tvj=25°C 130
AR
?T:FﬁL 4 _i“—Jt VGE:iIS\/, RGonzgg, ij: 125°C td on 117
tiri-on gefay time (HUE A7) / (Inductive load)  Tyj= 150°C 115
ns
) Ic=200A, Vce= 600V Tyi=25°C 53
T 1] - N !
Rice 6 VGE= %15V, RGon = 8Q, Tj= 125°C te 59
1se time (FURF1 ) / (Inductive load) T = 150°C 62
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. N Ic=200A, Vce= 600V Tvj=25°C 540
e A R[] B ~ '
T o delay ti VaGe = %15V, Raofr = 15Q Tvi=125°C td off 581
uri-oit delay time (HE A3 / (Inductive load)  Tyj=150°C 594
) Ic=200A, Vce= 600V Tyj=25°C 55
R _ _ '
Pl Ve = %15V, Reofr = 15Q Tyj= 125°C te 84
atl time (& 5) / (Inductive load)  Tyj= 150°C 92
v e e £ = Ic=200A, Vce= 600V Tj=25°C 11.3
THESERL R (k) ¢ ce 1= 2
Ve =+15V, Roon = 8Q, Ty = 125°C Eon 15.5
Turn-on Energy loss per pulse )
di/dt = 2600A/us(Tv; = 150°C) Tyi=150°C 16.1 )
N N Ic =200A, Vce= 600V Tyj=25°C 8.96
BT EERE B (REIK )
fwjﬂfiﬁ“% ll ket | Ve = +15V, Raotr = 150, Tyi=125°C |  Eor 11.9
Hr-Ot BTy [0SS per puise dv/dt = 5000V/us(Tyj = 150°C)  Tyj=150°C 133
S5 B
Thermal resistance, junction to Thermal grease, Rinn 0.144
heatsink Thickness = 100um +2% K/'w
LB P =3.0W/mK
4 %m.nﬁﬁ o Ruuc 0.098
Thermal resistance, junction to case
iR .D5/D6
B RNBUE{E / Maximum Ratings
Parameter Conditions Symbol Value Unit
I It
&W?E AR Ty=25°C Viru 1050 v
Repetitive peak reverse voltage
1E[A] B
I 4 A
Implemented forward current m 00
‘$éd;IE ray ray
LR Te=80°C, Tyjmax= 175°C Ir 240 A
Continuous DC forward current
IE lh ray
Fﬂﬁﬁ I tp = lms Trrm 800 A
Repetitive peak forward current
Pt{E .
tp=10ms, sin180°, Tj= 125°C It 6100 A%S
’t-value
LEvH
S T -40 to +175 C
Junction Temperature
$FAEMH / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
Ir=300A, Vge= 0V Tyj=25°C 2.27
1E J ’
. il Eg(}; | Ir=300A, Vgt =0V Tvi=125°C Vr 2.47 A%
orward voltage Ir = 300A, Vae= 0V Tyi= 150°C 2.44
IF=200A — 950
. ' Tyj=25°C 109
S RS VA HL R -die/dt = 3100A/us J
o o Tvi=125°C Irm 128 A
Peak reverse recovery current (Tvi= 150°C) . 134
VR =600V, Vee = -15V Ty =150°C
Ir= 200A _ 5o
e ' Tyj=25°C 8.96
P52 LA -dir/dt = 3100A/us .
R Tyj=125°C Qr 162 uC
Recovered charge (Tvi=150°C) . I8k
VR =600V, Vee = -15V Tyj=150°C :
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IF= 200A — 950
o = ' Tyj=25°C 2.46
R SR (k) -dir/dt = 3100A/ps '
L ° ij: 125°C Erec 5.18 mJ
Reverse recovered energy (Tvj=150°C) . A
VR =600V, Vet = -15V Ty =150°C :
S5 B E
Thermal resistance, junction to Thermal grease, Rinm 0.222
heatsink Thickness = 100um +2% K/'W
L1 e B =3.0W/mK R 0.156
Thermal resistance, junction to case e '
— &% .D1/D2/D3/D4
B RAUE{E / Maximum Ratings
Parameter Conditions Symbol Value Unit
& &
52 L S P Ty=25°C Viru 1050 v
Repetitive peak reverse voltage
1E A BT
Implemented forward current Iy 400 A
%4 IE 325 b 92 240
LR E Te=80°C, Tyjmax= 175°C Ir A
Continuous DC forward current
lll ray
LIRS R tp = 1ms Trrm 800 A
Repetitive peak forward current
Izt {E 3 o 2 2
Prvalue tp=10ms, sin180°, Tj= 125°C I°t 6100 A%S
4 Tj -40 to +175 T
Junction Temperature .
4%4E{E / Characteristic Values
Value Unit
Parameter Conditions Symbol
Min. Typ. Max.
Ir=300A, Vge= 0V Tvj=25°C 2.31
IEEE EE(};E | Ir=300A, Vce = 0V Tvi=125°C VF 2.55 v
orward voltage Ir=300A, Vee= 0V Tyj= 150°C 2.52
IF= 200A — 950
; ' Tyj=25°C 115
2160 R 2 W 1 PR -die/dt = 2800A/us J
o o Tvi=125°C Irm 128 A
Peak reverse recovery current (Tvj=150°C) . 131
VR =600V, Ve = -15V Ty=150°C
IFr= 200A — 950
. y Tyi=25°C 9.03
WA LA -diF/dt = 2800A/us ’
A Tyj= 125°C Qr 16.5 uC
Recovered charge (Tvj=150°C) . 104
VR =600V, Vee = -15V Tyj=150°C :
IFr= 200A _ 950
. . , Ty =25°C 2.48
SRR AREE CRE i) -di/dt = 2800A/us :
. ° ij =125°C Erec 5.26 mJ
Reverse recovered energy (Tvj=150°C) . 629
VR =600V, Vee = -15V Tyj=150°C :
Thermal resistance, junction to Thermal grease, Rewn 0.220
heatsink Thickness = 100um +2% K/'W
LA ~3.0W/mk R 0.150
Thermal resistance, junction to case e '

Edited by Semi-Future Technologies, Edition V1.0



SEMI-FUTURE

S3L400R10HA7U_C20

FIE B R B B H/NTC-Thermistor

4&4E B /Characteristic Values

Parameter

Conditions

Value

Unit

R25

T=25°C

KQ

AR/R

%

B—value

B (25/50), tolerance +3%

3375

B—value

B (25/100), tolerance £3%

3433

FEHL / Module

Parameter

Conditions

Symbol

Value

Unit

2 M L

Isolation test voltage

RMS, f=50Hz, t = Imin

VisoL

3400

N A%

Internal isolation

Si3N4

& L B

Creepage distance

12.7

AR BT 3

Comperative tracking index

CTI

> 600

AR R E ()
RTI Elec.

housing

RTI

140

AR

Storage temperature

Tstg

125

°C

23 (K 4R

Mounting torque for modul mounting

2.0

5.0

HE
Weight

180
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IGBT T1/T4
800 — 800 —
E— 7 E— 7
00 ——1v )/ 00 ——a1v 7%
o =) o =
250 — v / / 250 —1v /,
S a0| —— 1oV // S a0| —— 19V
300 / 300
200 ; 200
100 / 100
0 0 ~
0.0 05 10 15 20 25 30 35 40 45 0.0 05 10 15 20 25 30 35 40 45
Vee (V) Vee (V)

Figure 1. Typical output characteristics (Tyj= 25°C)

B 1. B RS (T = 25°C)

800 — 800
B 25°C 7 /
700 | 1255C / ' 700
600 | —— 150°C // 600
. 500 / ; . 500
< 7 <
5 400 /1y 5 400
300 yay 300
200 / 200
100 /,/' 100
0 0
00 05 10 15 20 25 30 35 40 45
Ve (V)

Figure 3. Typical output characteristics (Vge= 15V)

B 3. SR R (Vee= 15V)

B 2. LR 4G YRR (T =150°C)

Figure 2. Typical output characteristics (Ty;=150°C)

‘ /
I 25°C
| ——125°C ///
| ——150°C /f
Vi
/A
Vi
/
//
//
/
/
]/
J
/
0 2 4 6 8
Vge (V)
4, AUEEIFFYE(Vee = 20V)

10

Figure 4. Typical transfer characteristic(Vcg= 20V)

Eon,Tj=125°C
EBoff,Tj=125°C
—-—--Eon,Tj=150°C
-~ Eoff, Tj=150°C L

50 40
sl Eon,Tj=125°C -
B Eoff,Tj=125°C . 35
40 - - Eon,Tj=150°C , 0l
35| - - Eoff,Tj=150°C i
30 = s
- -
E 25 5 E 2
L P 1= L
20 - IS 15
15 ~ k=T 0
10 A
5 a’&'/’ 5
0 | 0
0 50 100 150 200 250 300 350 400 0
Ic (A)
5T RA0HE

Figure 5. Switching losses of IGBT,

Vee= 215V, Rgon = 8Q, Rgoff=15Q, V¢ =600V
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10 15

Re ()
6. JF R4 FE

20 25

Figure 6. Switching losses of IGBT,
Vee = £15V,Ic = 200A, Ve = 600V
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10° —
— ——Z,,c:IGBT
__ 10t
2 i
N4 =
%
N 102
i: 1 2 3 4
ri[K/W]: 1.0E-3 0.024 0.053 0.018
‘T‘i[‘S]Z ‘2.27‘E-‘3 ‘O.‘2‘4‘0‘ ‘0.016‘ 1.4‘5E‘-3
- IR
0.001 0.01 0.1 1
t(S)

7. BB T IGBT
Figure 7. Transient thermal impedance IGBT,

Znic = (1)
IGBT T2/T3
800 —
B /i
) Y I/
v /)
| 15v )/
g 500 : : 1;x %/
_o 400 /
300 //
200 /
100 V4
00.0 05 10 15 20 25 30 35 40 45
Vee (V)

K 9. SR s i ReE (T =25°C)
Figure 9. Typical output characteristics (Ty;= 25°C)

800

B 25°C 7 /
001 ——125°C /T /
6007_1500(:
& 500 [/
5 400 / /

300 iy

200 /

/
100 /
0
00 05 10 15 20 25 30 35 40 45
Ve (V)

11, SRR (Ve = 15V)
Figure 11. Typical output characteristics (Vge = 15V)
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10° —
Cies |
107 — Coes_|
—— Cres —
10° )
\
© 00| I ———
10719 I B
10-11
5 10 15 20 25 30
Ve (V)
8. FLAHFE
Figure 8. Capacitance characteristic
800 —
pm— y
0 —1v /
I —— 15V
2 500 [ —— 17V %
S| TV
300
200
100
0 e
00 05 10 15 20 25 30 35 40 45

Vee (V)

K 10. dit W4 AR (Tyy= 150°C)
Figure 10. Typical output characteristics (Tvj= 150°C)

800

700 | ——125°C i

60l 150°C f/

”a 500

~

= 400

.
g

X
~

\\
™~

300

/
100 /

\\

00 2 4 6 8 10

Ve (V)

12. AL R (Vee = 20V)
Figure 12. Typical transfer characteristic(Vce=20V)
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50
45 B Eon,Tj=125°C
B Eoff, Tj=125°C
40 |- - - Eon,Tj=150°C =
35 | - = Eoff,Tj=150°C _
.30 L
= .
E 25 2
Y20 L R
15 =i
BBy
10 =
5 o=
0
0 50 100 150 200 250 300 350 400
Ic (A)
Bl 13 P Bk
Figure 13. Switching losses of IGBT,
Ve = 15V, Rgon = 8Q, Rgoff=15Q, Vcg =600V
10—
- ——2Z,,cIGBT
__ 10t
Q
G
10
i 1 2 3 4
rifK/W]: 0.020 0.029 0.038 0.010
Tl 0.021 0.090 3.91E-3 0.102
] | | | I | | |
0 IR
0.001 0.01 0.1
t(S)
P 15, S IFHYT IGBT
Figurel5. Transient thermal impedance IGBT,
Zinyc = (1)
—ikE D1/D2/D3/D4
600 —
| ——Tj=25°C
500 | —— Tj=125°C /
| ——Tj=150°C /
400
<
w300 /
200
100 //
0
00 05 10 15 20 25 30 35 40
Ve(V)

17. IE M e A

Figure 17. Forward characteristic of Diode
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E (mJ)

C(F)

Erec (mJ)

40
- Eon,Tj=125°C
35| Eoff, Tj=125°C
0| - EonTj=150°C
| - - Eoff,Tj=150°C P
25 LA
20 s
15 = e
10 =
5
0
0 5 10 15 20 25 30
Rs ()
K 14. JFR A HE
Figure 14. Switching losses of IGBT,
Vee= % 15V]Ic = 2004, Vg = 600V
10° i i
Cies |
107 E— CoesE
Cres —|
10 1)
\
107 |- I e ——
10-10 B m—
10-11
5 10 15 20 25 30
Vee (V)
Kl 16. AR
Figure 16. Capacitance characteristic
10
| Erec,Tj=125°C
: Erec,Tj=150°C 1
/ /_/
6 T ]
T
/
4 o=
2
0
0 50 100 150 200 250 300 350 400
I(A)

18. JFRAiAE W
Figure 18. Switching losses of Diode
Rgon = 8Q, V=600V
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10
| Erec,Tj=125°C
o Erec,Tj=150°C
~
\
S 6 R
E — T
g —
w 4
2
0
0 4 8 12 16 20

Rs(©Q)

Bl 19. JF R BiAE A
Figure 19. Switching losses of Diode
Iy = 200A, Ve = 600V

—tR%E D5/D6

600 I
| Tj=25°C /
s00 | —— Tj=125°C /)
| ——Tj=150°C /
400

e (A)

300
/,

200

100 7

A

0

0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0

Ve (V)

21, IE [l 4 1 B

Figure 21. Forward characteristic of Diode

10

| Erec,Tj=125°C

o Erec,Tj=150°C

e

= 6 T
E ~ | T
8 \_\ —]
m 4 —

2

0

0 4 8 12 16 20

Rs(Q)

K 23, JFoRdiae e
Figure 23. Switching losses of Diode
Iy = 200A, Vg = 600V
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Zyyc (KIW)

Erec (mJ)

Zyic (KIW)
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10° —————
- ——Z7,,FRD
10" — ]
10
S 1 2 3 4
rifK/W]: 0.020 0.124 1.05E-3 0.012
‘T‘i[‘s]l ‘0.2‘00‘0.‘0‘1“1 ‘ ‘8‘.0E—3 ‘0.0‘24‘
- IR
0.001 0.01 0.1 1

t(S)

B 20. EASAEHDT A
Figure 20. Transient thermal impedance Diode
Zinye = 1(t)

10
| Erec,Tj=125°C
o Erec,Tj=150°C ]
// L
4 ///
2 A
0
0 50 100 150 200 250 300 350 400
I:(A)
22, JFRABRE R
Figure 22. Switching losses of Diode
Rgon =8Q, V=600V
10° — —
— ——Z,c:FRD
i
10" — T
10
i 1 2 3 4
rif[K/w]: 0.018 0.013 0.019 0.104
Ti[s]: 0.180 0.024 0.036 6.82E-3
Il | | | | |
: IR
0.001 0.01 0.1 1

t(S)

24, WA IAHIT A
Figure 24. Transient thermal impedance Diode
Ziyc = (1)
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10° i
- —Ry,
10*
S
&
10°
10?
0 25 50 75 100 125 150

Tyre CO)
K 25, Sl L AR B B R B

Figure 25. NTC-Thermistor-temperature characteristic

¥4 B/ Circuit Diagram
DC+ o
T
61 oy FO1
E1
s X3
T2
A Dz
D54 G2
E2
N1 o—— P1
R T3
D6 & a3 D3
E3
o X4
X1
L %o
G4
E4
x2
DC- =
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3 R~f / Package outlines

104,4040,30
4,70+0,30
| |
il T
1,00:£0,05 16,7 020,30
93.00£0.10
82,00+0,20
Ny 7y
& HOBO 000 OGD FHEO OODDHOOO © = %
: =
$10,70+0,30 %
® %@ "é 44,40%0,30
ag00s0.20 ()l o |
2
© ® £5,50£0,10 %g 47.0040,30
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22,000,210 %'g
c00D08D BOOBOEOD —r
e = © v
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