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3-Level NPC1 Inverter Module 

/ Features  

     

· 1050V /  

1050V Trench with Field Stop Technology  

· ᵞ ῏  

Low switching losses 

· Vcesat  

Vcesat with positive Temperature Coefficient 

ῖ / Applications: 

 

 VCE = 1050V̆ IC nom = 400A / ICRM = 800A 

· Ữ  

Energy Storage System 

· ᾣᴟ  

Solar Inverters 

·  Ҍ  

Uninterruptable Power Supplies Systems 

IGBT, T1/T4 

ṿ / Maximum Ratings 

Parameter Conditions Symbol Value Unit 

-  

Collector-Emitter voltage 
Tvj = 25̄C VCES 1050 V 

  

Implemented collector current 
 ICN 400 A 

 

Continuous DC collector current 
TC  = 80ÁC, Tvjmax = 175ÁC IC nom 360 A 

ṿ  

Repetitive peak collector current 
tP = 1ms ICRM 800 A 

-  

Gate Emitter voltage 
 VGE °20 V 

 

Junction Temperature  
 Tj -40 to +175 Ņ 
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ṿ / Characteristic Values 

Parameter Conditions Symbol 

Value Unit 

Min. Typ. Max.  

-  

Collector-Emitter saturation voltage 

VGE = 15V, IC = 400A 

VGE = 15V, IC = 400A 

VGE = 15V, IC = 400A 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj =150C̄ 

VCEsat  

1.62 

1.96 

2.06 

2.00 

 

 V 

- ṿ  

Gate-Emitter threshold voltage 
IC = 6.5mA, VGE = VCE    Tvj=25̄C VGE(th) 4.40 4.70 5.10 

 

Gate charge 
VGE = -15Vé+15V QG  1.63  ʈC 

ῤ  

Internal gate resistor 
 RGint  0.80  W 

῀  

Input capacitance 

f = 100KHz, VCE = 25V,  

VGE = 0V, Tvj = 25̄C 
 

Cies  28.9  nF 

₮  

Output capacitance 
Coes  1.07  nF 

ᴰ  

Reverse transfer capacitance 
Cres  0.11  nF 

-  

Collector-Emitter cut-off current 
VCE = 1050V , VGE = 0V Tvj = 25̄C ICES   100  uA 

-  

Gate-Emitter leakage current 
VCE = 0V, VGE = 20V        Tvj = 25̄C IGES   1 uA 

 

Turn-on delay time 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

td on 

 129 

124 

119 

 

ns 

҉  

Rise time 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

tr 

 41 

46 

48 

 

῏  

Turn-off delay time 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff  = 15W 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

td off 

 546 

589 

602 

 

Ҋ  

Fall time 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff  = 15W 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

tf 

 67 

99 

109 

 

̂ ‖̃ 

Turn-on Energy loss per pulse 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

di/dt = 3400A/us(Tvj = 150 ) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Eon 

 13.5 

16.9 

18.6 

 

mJ 

῏ ̂ ‖̃ 

Turn-off Energy loss per pulse 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff = 15W, 

dv/dt = 4900V/us(Tvj= 150 ) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Eoff 

 8.97 

11.9 

12.9 

 

-  

Thermal resistance, junction to 

 heatsink Thermal grease,  

Thickness = 100um Ñ2%  

 = 3.0W/mK 

RthJH  0.186  

K/W 

-  

Thermal resistance, junction to case 
RthJC  0.140  
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IGBT, T2/T3 

ṿ / Maximum Ratings 

Parameter Conditions Symbol Value Unit 

-  

Collector-Emitter voltage 
Tvj = 25̄C VCES 1050 V 

  

Implemented collector current 
 ICN 400 A 

 

Continuous DC collector current 
TC = 80, Tvjmax = 175ÁC IC nom 360 A 

ṿ  

Repetitive peak collector current 
tP = 1ms ICRM 800 A 

-  

Gate Emitter voltage 
 VGE °20 V 

 

Junction Temperature  
 Tj -40 to +175 Ņ 

ṿ / Characteristic Values 

Parameter Conditions Symbol 
Value Unit 

Min. Typ. Max.  

-  

Collector-Emitter saturation voltage 

VGE = 15V, IC = 400A 

VGE = 15V, IC = 400A 

VGE = 15V, IC = 400A 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj =150C̄ 

VCEsat  

1.63 

1.97 

2.07 

2.00 

 

 V 

- ṿ  

Gate-Emitter threshold voltage 
IC = 6.5mA, VGE = VCE    Tvj=25̄C VGE(th) 4.40 4.70 5.10 

 

Gate charge 
VGE = -15Vé+15V 

 
 1.63  ʈC 

ῤ  

Internal gate resistor 
 

 
 0.80  W 

῀  

Input capacitance 
f = 100KHz, VCE = 25V,  

VGE = 0V, Tvj = 25̄C 
 

Cies  28.9  nF 

 Coes  1.07  nF 

ᴰ  

Reverse transfer capacitance 
Cres  0.11  nF 

-  

Collector-Emitter cut-off current 
VCE = 1050V , VGE = 0 V Tvj = 25̄C ICES   100 uA 

-  

Gate-Emitter leakage current 
VCE = 0V, VGE = 20V        Tvj = 25̄C IGES   1 uA 

 

Turn-on delay time 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

td on 

 
131 

124 

115 

 

ns 

҉  

Rise time 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

tr 

 
45 

52 

55 
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῏  

Turn-off delay time 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff  = 15W 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

td off 

 550 

594 

611 

 

Ҋ  

Fall time 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff  = 15W 

( ) / (Inductive load) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

tf 

 60 

87 

97 

 

̂ ‖̃ 

Turn-on Energy loss per pulse 

IC = 200A, VCE = 600V 

VGE = °15V, RGon = 8W, 

di/dt = 3000A/us(Tvj = 150 ) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Eon 

 12.7 

15.8 

17.4 

 

mJ 

῏ ̂ ‖̃ 

Turn-off Energy loss per pulse 

IC = 200A, VCE = 600V 

VGE = °15V, RGoff = 15W, 

dv/dt = 4800V/us(Tvj = 150ÁC) 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Eoff 

 9.10 

12.3 

13.3 

 

-  

Thermal resistance, junction to 

 heatsink 

Thermal grease,  

Thickness = 100um Ñ2%   

 = 3.0W/mK 

RthJH  0.189  

K/W 

-  

Thermal resistance, junction to case 
RthJC  0.142  

ԋ ,D5/D6 

ṿ / Maximum Ratings 

Parameter Conditions Symbol Value Unit 

ṿ  

Repetitive peak reverse voltage 
Tvj = 25̄C VRRM 1050 V 

  

Implemented forward current 
 IFN 400 A 

 

Continuous DC forward current 
TC = 80ÁC, Tvjmax = 175ÁC IF 280 A 

ṿ  

Repetitive peak forward current 
tP = 1ms IFRM 800 A 

I2tṿ 

I2t-value 
tp = 10ms, sin180Á, Tj = 125oC I2t 9300 A2S 

 

Junction Temperature  
 Tj -40 to +175 Ņ 

ṿ / Characteristic Values 

Parameter Conditions Symbol 

Value Unit 

Min. Typ. Max.  

 

Forward voltage 

IF = 400A, VGE = 0V 

IF = 400A, VGE = 0V 

IF = 400A, VGE = 0V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

VF  

2.31 

2.56 

2.55 

 V 

ṿ  

Peak reverse recovery current 

IF = 200A,  
-diF/dt = 4900A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

IRM  

144 

170 

179 

 A 

 

Recovered charge 

IF = 200A,  
-diF/dt = 3900A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Qrr  

9.64 

18.4 

21.7 

 mC 
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̂ ‖̃ 

Reverse recovered energy 

IF = 200A,  
-diF/dt =3900A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Erec  

2.52 

5.64 

6.88 

 mJ 

-  

Thermal resistance, junction to 

 heatsink 
Thermal grease,  

Thickness = 100um Ñ2% 

 = 3.0W/mK 

RthJH  0.262  

K/W 

-  

Thermal resistance, junction to case 
RthJC  0.212  

ԋ ,D1/D4 

ṿ / Maximum Ratings 

Parameter Conditions Symbol Value Unit 

ṿ  

Repetitive peak reverse voltage 
Tvj = 25̄C VRRM 1050 V 

  

Implemented forward current 
 IFN 400 A 

 

Continuous DC forward current 
TC = 80ÁC, Tvjmax = 175ÁC IF 280 A 

ṿ  

Repetitive peak forward current 
tP = 1ms IFRM 800 A 

I2tṿ 

I2t-value 
tp = 10ms, sin180Á, Tj = 125oC I2t 9300 A2S 

 

Junction Temperature  
 Tj -40 to +175 Ņ 

ṿ / Characteristic Values 

Parameter Conditions Symbol 

Value Unit 

Min. Typ. Max.  

 

Forward voltage 

IF = 400A, VGE = 0V 

IF = 400A, VGE = 0V 

IF = 400A, VGE = 0V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

VF  

2.31 

2.56 

2.55 

 V 

ṿ  

Peak reverse recovery current 

IF = 200A,  
-diF/dt = 5000A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

IRM  

138 

150 

160 

 A 

 

Recovered charge 

IF = 200A,  
-diF/dt = 5000A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Qrr  

9.79 

18.7 

22.0 

 mC 

̂ ‖̃ 

Reverse recovered energy 

IF = 200A,  
-diF/dt = 5000A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Erec  

2.55 

5.64 

6.89 

 mJ 

-  

Thermal resistance, junction to 

 heatsink 
Thermal grease,  

Thickness = 100um Ñ2% 

 = 3.0W/mK 

RthJH  0.259  

K/W 

-  

Thermal resistance, junction to case 
RthJC  0.207  
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ԋ ,D2/D3 

ṿ / Maximum Ratings 

Parameter Conditions Symbol Value Unit 

ṿ  

Repetitive peak reverse voltage 
Tvj = 25̄C VRRM 1050 V 

  

Implemented forward current 
 IFN 300 A 

 

Continuous DC forward current 
TC = 80ÁC, Tvjmax = 175ÁC IF 210 A 

ṿ  

Repetitive peak forward current 
tP = 1ms IFRM 600 A 

I2tṿ 

I2t-value 
tp = 10ms, sin180Á, Tj = 125oC I2t 6100 A2S 

 

Junction Temperature  
 Tj -40 to +175 Ņ 

ṿ / Characteristic Values 

Parameter Conditions Symbol 

Value Unit 

Min. Typ. Max.  

 

Forward voltage 

IF = 300A, VGE = 0V 

IF = 300A, VGE  = 0V 

IF = 300A, VGE = 0V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

VF  

2.27 

2.50 

2.48 

 V 

ṿ  

Peak reverse recovery current 

IF = 200A,  
-diF/dt = 3900A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

IRM  

131 

144 

150 

 A 

 

Recovered charge 

IF = 200A,  
-diF/dt = 3500A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Qr  

8.94 

16.4 

19.2 

 mC 

̂ ‖̃ 

Reverse recovered energy 

IF = 200A,  
-diF/dt = 3500A/ms 

(Tvj = 150̄ C)  
VR = 600V, VGE = -15V 

Tvj = 25̄C 

Tvj = 125̄C 

Tvj = 150̄C 

Erec  

2.39 

5.17 

6.23 

 mJ 

-  

Thermal resistance, junction to 

 heatsink 
Thermal grease,  

Thickness = 100um Ñ2%   

 = 3.0W/mK 

RthJH  0.316  

K/W 

-  

Thermal resistance, junction to case 
RthJC  0.262  
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/NTC-Thermistor 

ṿ/Characteristic Values 

Parameter Conditions Value Unit 

R25 T = 25  5  Kɋ 

ǶR/R  ī5  5 % 

Bīvalue B (25/50), tolerance Ñ3%  3375  K 

Bīvalue B (25/100), tolerance Ñ3%  3433  K 

 / Module 
 

Parameter Conditions Symbol Value Unit 

 

Isolation test voltage 
RMS, f = 50Hz, t = 1min VISOL 3200 V 

ῤ  

Internal isolation 
  Al2O3  

  

Creepage distance 
 / terminal to heatsink  11.5 

mm 

 - /Terminal to terminal  6.8 

    

Clearance 

 / terminal to heatsink  9.4 

mm 

- /Terminal to terminal  5.5 

 

Comperative tracking index 
 CTI > 400  

 ( ) 

 RTI Elec. 
housing RTI 140  

Ữ  

Storage temperature 
 Tstg -40  125 C̄ 

 

Mounting torque for modul mounting 
 M 3.0  5.0 Nm 

 

Weight 
 W  267  g 
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IGBT T1/T4 
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1. ῖ ₮  (Tvj = 25) 

Figure 1. Typical output characteristics (Tvj = 25) 

2. ῖ ₮  (Tvj =150 ) 

Figure 2. Typical output characteristics (Tvj =150 ) 
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3. ῖ ₮  (VGE = 15V) 

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

4. ῖ ᴰ (VCE = 20V) 

Figure 4. Typical transfer characteristic(VCE = 20V) 
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5.̓͂  

Figure 5. Switching losses of IGBT̆ 
VGE = ¤15V, Rgon = 8ɋ̆ Rgoff = 15ɋ, VCE = 600V 

 
 

 

6. ̓͂  

Figure 6. Switching losses of IGBT, 
VGE  = ¤15V,Ic = 200A, VCE = 600V 
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7.  IGBT 

Figure 7. Transient thermal impedance IGBT, 
 ZthJC = f(t) 

8.  

Figure 8. Capacitance characteristic 
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9. ῖ ₮  (Tvj = 25) 

Figure 9. Typical output characteristics (Tvj = 25) 

10. ῖ ₮  (Tvj = 150 ) 

Figure 10. Typical output characteristics (Tvj = 150 ) 
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11. ῖ ₮  (VGE = 15V) 

Figure 11. Typical output characteristics (VGE = 15V) 

12. ῖ ᴰ (VCE = 20V) 

Figure 12. Typical transfer characteristic(VCE = 20V) 
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13.̓͂  

Figure 13. Switching losses of IGBT̆ 
VGE = ¤15V, Rgon = 8ɋ̆ Rgoff = 15ɋ, VCE = 600V 

14. ̓͂  

Figure 14. Switching losses of IGBT, 
VGE = ¤15V,Ic = 200A, VCE = 600V 
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15.  IGBT 

Figure15. Transient thermal impedance IGBT, 
ZthJC = f(t) 

16.  

Figure 16. Capacitance characteristic 
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21. Ẓ  ԋ  

Figure 21. Forward characteristic of Diode 

22. ̓͂  ԋ  

Figure 22. Switching losses of Diode 
Rgon = 8ɋ, VCE = 600V 
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23. ̓͂  ԋ  

Figure 23. Switching losses of Diode 
IF = 200A, VCE  = 600V 

24.  ԋ  

Figure 24. Transient thermal impedance Diode  

ZthJC = f(t) 
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17. Ẓ  ԋ  

Figure 17̈ Forward characteristic of Diode 

18. ̓͂  ԋ  

Figure 18̈ Switching losses of Diode 
                 Rgon = 8ɋ, VCE = 600V 
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19. ̓͂  ԋ  

Figure 19̈ Switching losses of Diode 
                IF = 200A, VCE = 600V 

20.  ԋ  

Figure 20. Transient thermal impedance Diode 
ZthJC = f(t) 
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21. Ẓ  ԋ  

Figure 21. Forward characteristic of Diode 

22. ̓͂  ԋ  

Figure 22. Switching losses of Diode 
Rgon = 8ɋ, VCE = 600V 
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23. ̓͂  ԋ  

Figure 23. Switching losses of Diode 
IF = 200A, VCE  = 600V 

24.  ԋ  

Figure 24. Transient thermal impedance Diode  

ZthJC = f(t) 
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25.   

Figure 25. NTC-Thermistor-temperature characteristic 
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