DATASHEET

SISTO650FP105i23_A02(_A03)

FP-Type three-level IGBT module

Maximum ratings?
PARAMETER

Collector-emitter voltage
Implemented DC collector current T1-T4

Collector current T1-T4

Peak collector current

Gate-emitter voltage

Peak Repetitive Reverse Voltage D1-D6

Implemented DC forward current (D2, D3)

Continuous forward current (D2, D3)
Peak forward current (D2, D3)
Continuous Forward Current (D1, D4)
Repetitive Peak Forward Current (D1, D4)
Continuous Forward Current (D5, D6)
Repetitive Peak Forward Current (D5, D6)
Isolation voltage

Junction operating temperature

Case temperature

Storage temperature

Mounting torques 2

IGBT? T1, T4

SYMBOL

VCES

len

IrrRm
Visol

Tyicom)

Ve =1050 V
lc= 650 A

m 23 ultra-low loss micro pattern Trench IGBT chipset

SWisSsSEM

m Cu baseplate for low thermal resistance
m For solar power and Energy storage applications

®m |ndustry standard package

CONDITIONS

Vee=0V, Ty = 25°C

Tc=110°C, Ty = 175°C

to=1ms

to=1ms

t, =10 ms

to =10 ms

1 min, f =50 Hz

Base-heatsink, M5 screws

MIN

-20

Scan for latest download

1 Maximum rated values indicate limits beyond which damage to the device may occur per IEC 60747
2 For details, please refer to the mounting instructions

5 Characteristic values according to IEC 60747-9
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MAX

1050

650

450

1300

20

1200

400

400

800

280

840

210

630

3200

175

125

125

UNIT

> < < » >

< » >» >» >» > >

°C

Nm
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PARAMETER
Collector(-emitter) breakdown

voltage

Collector-emitter
saturation voltage *

Collector cut-off current

Gate leakage current

Gate-emitter threshold voltage

Gate charge
Input capacitance
Output capacitance

Reverse tansfer capacitance

Internal gate resistor

Turn-on delay time

Rise time

Turn-off delay time

Fall time

Turn-on switching energy

Turn-off switching energy

SYMBOL

V(erces

VEsat

Ices

lees

VeE(th)

Qe
Cies
COQS

Cres

Raint

tacon

tr

tacorn

tr

Eon

Eot

CONDITIONS

Vee =0V, Ic=10 mA, Ty; = 25°C

le=600A, Vee =15V Ty = 25°C
Ty = 150°C
Ty =175°C

Vce=1050V, Vee =0V Ty = 25°C
Ty =125°C
Ty =175°C

Vee=0V, Vee =20V

lc =12 mA, Vce = Veg, Ty = 25°C

lc=450 A, Ve =650V, Vee =-15V .. 15V

Vee=25V, Vee =0V, f =100 kHz, Ty; = 25°C

Per switch
Vee =650V, Ic =200 A, Ty = 25°C
Re=2.5 Q, Vee = -6/+15 V, o
Cee = 10 nF, Ty =150°C
s =17 nH, inductive load Ty =175 °C
Ty = 25°C
Ty = 150 °C
Ty=175°C
Vce =650V, Ic =200 A, Ty = 25°C
Rec =8.2 Q, Vee = ‘6/+15 V, o
Cee = 10 NF, Ty =150 °C
Ls = 17 nH, inductive load Ty =175 °C
Ty = 25°C
Ty = 150°C
Ty =175°C
Vee =650V, Ic =200 A, Ty = 25°C
Re=2.5Q, Vee =-6/+15 V, R
Cee = 10 nF, Ty =150°C
Ls = 17 nH, inductive load Ty = 175°C
Vee =650V, Ic =200 A, Ty = 25°C
Re=2.5Q, Vee = ‘6/+15 V, .
Cee = 10 NF, Ty = 150°C
Ls = 17 nH, inductive load Ty = 175°C

4 Collector-emitter saturation voltage is given at chip-level
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MIN

1050

-0.5

55

TYP

1.65
2.05

2.15

15

31
46

1.12

0.46

0.8
106
114
115
22
24
24
1050
1210
1250
52
109
110
515
4.4
4.55
17.5
21.6

23

MAX

0.5

UNIT

mA
mA
mA

UA

ucC
nF

nF

nF

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
m)J
mJ
mJ
mJ
m)J

mJ
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IGBT° T2, T3

PARAMETER
Collector(-emitter) breakdown

voltage

Collector-emitter
saturation voltage ¢

Collector cut-off current

Gate leakage current

Gate-emitter threshold voltage

Gate charge
Input capacitance
Output capacitance

Reverse tansfer capacitance

Internal gate resistor

Turn-on delay time

Rise time

Turn-off delay time

Fall time

Turn-on switching energy

Turn-off switching energy

SYMBOL

V(erces

VEsat

Ices

lees

VeE(th)

Qe
Cies
COES

Cres

Raint

tacom

tr

tacofn

tr

Eon

Eofr

5 Characteristic values according to IEC 60747-9
¢ Collector-emitter saturation voltage is given at chip-level

SwissSEM Technologies AG

CONDITIONS

Vee =0V, Ic=10 mA, Ty; = 25°C

lc=600A, Vee =15V Ty = 25°C
Ty = 150°C
Ty =175°C

Ve =1050V, Vee =0V Ty = 25°C
Ty =125°C
Ty =175°C

Vee=0V, Vee =20V

lc =12 mA, Vce = Ve, Ty = 25°C

lc=450 A, Ve =650V, Vee =-15V .. 15V

Vee=25V, Vee =0V, f =100 kHz, Ty; = 25°C

Per switch
Vce =650V, Ic =200 A, Ty = 25°C
Re =2.5 Q, Vee ='6/+15 V, .
Cee = 10 nF, Ty =150°C
Ls = 27 nH, inductive load Ty = 175°C
Ty = 25°C
Ty = 150°C
Ty = 175°C
Vee =650V, Ic =200 A, Ty = 25°C
Re =10 Q, Vee =-6/+15 V, _ R
Cee = 10 nF, Tui =150°C
Ls = 27 nH, inductive load Ty = 175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Vee =650V, Ic =200 A, Ty = 25°C
Re =2.5 Q, Vee ='6/+15 V, .
Cee = 10 NF, Ty = 150°C
Ls = 27 nH, inductive load Ty = 175°C
Vee =650V, Ic =200 A, Ty = 25°C
Re =10 Q, Vee =-6/+15 V, .
Coe = 10 NF, Ty =150°C
Ls = 27 nH, inductive load Ty = 175°C

SEM DS 0092
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MIN

1050

-0.5

55

TYP

1.65
2.05

2.15

15

3.1
46

1.12

0.46

0.8
114
119
119
23
25
27
1240
1410
1450
40
72

83

5.4

5.7
18.6
235

25.1

MAX

0.5

UNIT

mA
mA
mA

WA

ucC
nF

nF

nF

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
m)J
mJ
mJ
m)J
mJ

mJ
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Diode’ D2, D3

PARAMETER

Forward voltage®

SYMBOL

Ve

SiC inverse Diode’ D1, D4

PARAMETER

Forward voltage?°®

Peak reverse

recovery current

Recovery charge

Reverse recovery time

Reverse recovery energy

SYMBOL

Ve

Irm

Qrr

tr

Erec

CONDITIONS

lr=500 A

CONDITIONS

lr=300A

Vr=650V, =200 A,
dl/dt = 5100 A/us (175°C),
Re=2.5Q, Ve =-6/+15V,
Cee = 10 nF,

Ls = 27 nH, inductive load

7 Characteristic values according to IEC 60747-2
8 Forward voltage is given at chip-level
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Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty =25°C
Ty = 150°C
Ty =175°C
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MIN

MIN

TYP

2.3

24

2.35

TYP

1.55

2.15

2.3

60

60

60

0.85

0.84

1.25

23

24

26

0.34

0.35

0.37

MAX

MAX

UNIT

UNIT

> > r» < < <

ns

ns

ns

m)J

mJ

mJ
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SiC neutral point Diode® D5, D6

PARAMETER

Forward voltage?°®

Peak reverse

recovery current

Recovery charge

Reverse recovery time

Reverse recovery energy

NTC Thermistor

PARAMETER

Rated resistance
R100
B-value B

B-value B

SwissSEM Technologies AG

SYMBOL | CONDITIONS
Ve Ir=200 A
Irm Vr=650V, =200 A,
dl/dt = 6200 A/us (175°C),
Re=2.5Q, Vee =-6/+15V,
Cee = 10 nF,
Ls = 17 nH, inductive load
QI’V
ter
EVEC
SYMBOL CONDITIONS
Ra2s Tc=25°C
R1o0 Tc=100°C
Bas/s0 R2 = Ras exp [Bas/s0(1/T2 — 1/(298.15K))]
B2s/100

SEM DS 0092

Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C
Ty = 25°C
Ty = 150°C
Ty =175°C

R2 = R2s €Xp [B2s/100(1/T2 = 1/(298.15K))]
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MIN

MIN

468

TYP

1.5

2.0

2.15

83

75

75

0.74

0.58

0.59

12

30

30

0.23

0.34

0.35

TYP

3375

3433

MAX

MAX

518

UNIT

> » » < < <

ns

ns

ns

m)J

mJ

mJ

UNIT

kQ
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Package properties °

PARAMETER

IGBT thermal resistance junction
to case IGBT

Diode thermal resistance
junction to case

IGBT thermal resistance case to
heatsink IGBT

Diode thermal resistance case to
heatsink

Comparative tracking index

Module stray inductance

Resistance, terminal chip

Maximum RMS current per pin

SYMBOL

Rtng-cyieet

Rth(-c)biode

Rtn(c-s)ieet

Rtn(c-s)biode

CTI

Lscin

Ls Cout

Rec+eer
Raa+ccr

ITerm RMs

CONDITIONS

Per switch

IGBT per switch
IGBT

diode per
switch

T1, T4
T2, T3
D1, D4
D2, D3
D5, D6
T1, T4
T2, T3
D1, D4

D2, D3

D5, D6

Inner commutation loop

QOuter commutation loop

Per leg, Tc = 25°C

? Package and mechanical properties according to IEC 60747-15

SwissSEM Technologies AG
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T1+T2

D5+T2

T3+D6

T3+T4

D1+D2

D3+D4

SISTO650FP105i23 A02 vé.0en.docx

MIN

600

TYP

0.030
0.030
0.045

0.045

0.065

7.7

4.5

50

MAX

0.074
0.074
0.145
0.132

0.193

0.245

0.425

0.345

0.255

0.475

0.450

UNIT

K/W

K/W

K/W

K/W

nH

nH

mQ
mQ
mQ
mQ
mQ

mQ
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Mechanical properties

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT
Dimensions LxWxH Typical 113 x 62 x 17.3 mm?3
Clearance distance in air da According to IEC 60664-1 Terminal 15.7 mm
and EN 50124-1 to base:
Terminal 5.4 mm
to terminal:
Surface creepage distance ds According to IEC 60664-1 Terminal 17.5 mm
and EN 50124-1 to base:
Terminal 5.4 mm
to terminal:
Mass m 250 g

Ordering Information

OPTION ARTICLE NUMBER

Welded straight pins SISTO650FP105i23_A02

Soldered flexible pins SISTO650FP105i23_A03

SwissSEM Technologies AG SEM DS 0092 7/17
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Electrical configuration

DC(+)

| T1/D1
G1
Cx
T E1

D5 T2/D2
G2 O—I

N1 AC1
E2

N2 AC2

D6 | T3/D3

G3
E3

m™

lcy "

| T4/D4
G4

E4
T2
DC(-)
Outline drawing
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This is an electrostatic sensitive device.
This product has been designed and qualified for Industrial Level.
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Characteristics

IGBT1,2,3,4
IGBT on-state characteristics T1 - T4 (typical)

IGBT transfer characteristics T1 - T4 (typical)

lc=f(Vce) lc=f(Vee)
Vee=15V Vce = 20V
800 7 1200 -
Tvj = 25°C / Tvj = 25°C [
— —Tvj=150°C / — —Tvj=150°C !
c—ee-Tvj = 175°C /'/ 1000 | ====sTvj= 175°C I’
600
800
< 400 < 600
g iy
400
200
200
0 0

25

Veesat (V)

0 25 5 75 10 125 15
Vee (V)

IGBT output characteristics T1 - T4 (typical)

IGBT output characteristics T1 - T4 (typical)

lc=f(Vce) le=f(Vce)
Ty= 25 °C Ty= 175 °C
800 T 800 s
cecsssses VGE =19 V gy / ceseeesss VGE =19 V .,-I/ /
-===-VGE=17V [ - —===-VGE=17V YA
veE=15v A1 [ VGE = 15V g,
- .= VGE=13V i ,'/ - = VGE=13V FV /
— —VGE=11V af. — —VGE=11V S
600 - .. VGE=9V sf - /

600 | —..veE=9V Pt/

. /
7 |

< 400 < 400
- -

200 200

0 0

2.5 3
VCEsat (V) VCEsat (V)
SEM DS 0092 9/17
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IGBT RBSOA

Capacitance characteristics (typical)
Ic = f(Vcem) C =f(Vce), Tyj=25°C
Reoff > 10 Q, Vee=-6/+15V f =100 kHz, Vee =0 V
1400 100
—
1200 Y
\
\
1000 chip \ L
\ 10 -__: T Cies
= = =module 25°C \ e FGRY
N - = = Coes
800 \ N\
2 \ W ----Cres
N o DAY
S \ g TS
600 \ 5 \ SN
\ “ TR
~
\ \\\ ~
400 \ 1 Sao >
N
\ \\\\ T ~
\ ~
200 \ ‘\\
\ SN
\ I
0
0 200 400 600 800 1000 1200 0.1
Veem (V) 0 1 10 100
Vee (V)
IGBT gate charge (typical)
Vee = f(Qe), Tvj = 25°C
Vece= 650V, Ic=450 A
20
15
10
- 5
Z
5
0
-5
-10
-15
0 1 2 3 4
Qg (HO)
SwissSEM Technologies AG SEM DS 0092
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IGBT1/4

IGBT switching losses T1, T4 (typical)

E = f(lce)

Vce= 650V, Reon= 2.5 Q, Reofr= 8.2 Q, Cee = 10 nF,
Vee=-6/+15V

IGBT switching times T1, T4 (typical)

t = f(lce), Tvj= 175 °C

Vce= 650V, Reon= 2.5 Q, Reofr= 8.2 Q, Cee = 10 nF,
Vee=-6/+15V

80
====-F0n 175°C
70 | = —Eoff 175°C Y, /
Eoff 150°C /
60 = = =Fon 150°C /
50
E 40
L
30
20
10
0
0 200 400 600

Ic (A)

10
====-td(on)
—
td(off)
- - = tf
e ———
1
n
.
h ~
~
~
~ - e e -
0.1 ---—--"-"-::-- e - ———-
— e a =1
- -
-
-~
e
0.01
0 200 400 600
Ic (A)

IGBT switching losses T1, T4 (typical)

IGBT switching times T1, T4 (typical)

E =f(Re) t =f(Re), Tvi= 175 °C
Vee= 650V, Ic=200 A, Vee=-6/+15V, Cee= 10 nF Vce= 650V, Ic=200 A, Vee=-6/+15V, Cece= 10 nF
80 10
60 e===-td(on)
— et
1
50 td(off)
- - = tf
E 40 2 -~
w - ig
L d
'l’ Cd
====-E0n175°C 01 S~a -=-"
- N
20 — — Eoff 175°C -~
/ -~
/ — — —Eon 150°C 7
10
/ Eoff 150°C /
/
/
0 0.01
0 10 20 30 40 0 10 20 30 40
R (Ohms) Rs (Ohms)
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IGBT2/3

IGBT switching losses T2, T3 (typical)

E = f(lce)

Vce= 650V, Reon= 2.5 Q, Reorr= 10 Q, Cee = 10 nF,
Vee=-6/+15V

IGBT switching times T2, T3 (typical)

t = f(lce), Tvj= 175 °C

Vce= 650V, Reon= 2.5 Q, Reofr= 10 Q, Cee = 10 nF,
Vee=-6/+15V

90
m===e-E0on 175°C
80 | == = Eoff 175°C /’
Eoff 150°C
70 1 o = —Eon 150°C %
60
. 50
E
w 40
30
20
10
0
0 200 400 600

Ic (A)

10
====-td(on)
—_——tr

td(off)
- - =tf
\
1

@

2

o

0.4 | SSITTTTITTTTTTNC _
e - - - - = - - -
— —
— — — —
’
/
/
/
7
0.01
0 200 400 600
Ic (A)

IGBT switching losses T2, T3 (typical)

IGBT switching times T2, T3 (typical)

E = f(Re) t =f(Re), Tyy=175°C
Vce= 650V, Ic=200 A, Vee=-6/+15V, Cee= 10 nF Vce= 650V, Ic=200 A, Vee=-6/+15V, Cee= 10 nF
80 10
70
60 ====-td(on)
— e I
1
50 td(off)
- - =tf
g 40 g "—’
L * ’t”" -
s PR
30 'l’ P
01 * - -
- /- -— =
20 -===-Eon 175°C
/ s
’l = = Eoff 175°C /
10 // — — —Eon 150°C /
4 Eoff 150°C
0 0.01
(6] 10 20 30 40 0 10 20 30 40
R (Ohms) Rs (Ohms)
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Diode 1/ 4

Diode forward characteristic D1, D4 (typical) Diode switching characteristics D1, D4 (typical)
Ir = f(VE) Erec = f(Ir), Irm = f(lF)
Vce= 650V, Reon=2.5Q, Cee= 10 nF, Vee=-6/+15V
600 .y, 0.6 140
/ ,'
VAR,
/
/ v
12
500 r /S 0.5 0
r )/
/7 /
YA 100
4
400 /1y 0.4
I’/
) ~ 80
~ , 2
< 300 x4 Eos ~
o 10 g &
4 w 60
200 0.2 ====-FErec 175
40
Erec 150
v =25°% IRM 175
1 A ==
00 = = =Tvj=150°C °
— - |RM 150
e===-Tyj=175°C
0 0 0
0.0 05 10 15 20 25 30 35 4.0 0 100 200 300 400 500 600
Ve (V) Ie (A)
Diode switching characteristics D1, D4 (typical)
Erec = f(di/dt), Irm = f(di/dt)
Vce= 650V, lc=200 A, Vee=-6/+15V, Cee = 10 nF
0.8 120
Reon: RS
0.7 l”
I8
100
[)
d
0.6
80
0.5
£ <
E 0.4 60
o G
0.3
40
0.2
20
0.1 " = &= IRM 175
— = |RM 150
(0] 0
0 2000 4000 6000 8000
dig/dt (A)
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Diode 2/ 3

Diode forward characteristic D2, D3 (typical)

Ir = f(Vr)
600 P
Tvj = 25°C I”
] = K
- = =Tvj=150°C
500

a===-Tvj=175°C

400

300

I (A)

200

100

Ve (V)
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Diode5/ 6

Diode forward characteristic D5, D6 (typical)
Ir = f(VFr)

Diode switching characteristics D5, D6 (typical)
Erec = f(Ir), Irm = f(lF)
Vce= 650V, Reon=2.5Q, Cee= 10 nF, Vee=-6/+15V

450 .y, 0.6 120
/ ,'
VAR
400 7 ,’
/7 4 0.5 100
7 )/
350 i
YA
4
300 /1y 0.4 80
/4
Vir4
__ 250 t; [y ~
NS ¥4 Eos 0 &
w / ,’ o E
— 200 ’ wr -
150 0.2 ———=-Frec 175 40
Erec 150
100 Tvj=25°C IRM 175
A == 2
- = =Tvj=150°C 0 0
50 = = |[RM 150
e===-Tyj=175°C
0 0 0
0.0 05 10 15 20 25 30 35 4.0 0 100 200 300 400 500 600
Ve (V) Ie (A)
Diode switching characteristics D5, D6 (typical)
Erec = f(di/dt), Irm = f(di/dt)
Vce= 650V, lc=200 A, Vee=-6/+15V, Cee = 10 nF
0.6 120
Reon: RS
0.5 ] 100
0.4 80
= <
\E/ 0.3 5R 60
&
A1)
/
0.2 20R 40
—=®=-FErec 175
01 —— Erec 150 20
- ® =|RM 175
P = |RM 150
0 0
0 2000 4000 6000 8000 10000
dig/dt (A)
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Thermal Impedance
Thermal impedance IGBT 1-4

Thermal impedance SiC SBD D1/4 & D5/6

Zing-o) = f(t) Zing-o) = f(t)
100.00 1'000.00
D1/4
- = =D5/6
AT T
100.00
= =
V4 V4
) >
%0.00 S
5 9
2 g r; (K/kW) T; (S)
N N i=1 15.99 | 4.09E-04
10.00 i=2 m.78 2.78E-02
i=3 17.25 | 4.93E-01
T4 | K/KW)| 7,(s) D5/6 |r (K/kW)| ()
i=1 55.90 | 3.10E-02 =1 21.28 | 4.09E-04
i=2 7.45 4.40E-04 i=2 148.78 | 2.78E-02
i=3 10.79 | 7.01E-01 i=3 2295 | 4.93E-01
1.00 1.00
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01
t(s) t(s)
Thermal impedance Si Diode D2/3
Zing-o) = f(t)
1'000.00
—D2/3
100.00
=
7
S~
<
9
5
10.00
D2/3 | (K/kW)| 1,(s)
i=1 14.55 | 4.09E-04
i=2 10176 |2.78E-02
i=3 15.70 | 4.93E-01
1.00
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01
t(s)
SEM DS 0092 16 /17
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Revision History

Release Version Description

2026-07-30 v5.0 Final Datasheet

2026-09-01 V6.0 QG graph added
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