\' 70-W212NMA600NB04-M200P60
datasheet
Vincotech

flow MNPC 4w 1200V / 600 A

e Mixed voltage NPC
e Low inductive
e High power screw interface

e Solar inverter
e UPS
e High speed motor drive

e 70-W212NMA600NB04-M200P60

Maximum Ratings

Tj=25°C, unless otherwise specified

Parameter Symbol Condition Value Unit

half bridge IGBT (T1, T4) (T1,T4)

Collector-emitter break down voltage Vce 1200 \
DC collector current Ic T;=T;max T,=80°C 517 A
Pulsed collector current Icpuise tp limited by Tymax 1200 A
Power dissipation per IGBT Piot T;=T;max T,=80°C 1051 w
Gate-emitter peak voltage Ve +20 \
Short circuit ratings \t/SCCC ;r/JGSEiiOSi/C 81500 ;ils
Maximum Junction Temperature Tjmax 175 °C
neutral point FWD (D2, D3) (D2, D3)

Peak Repetitive Reverse Voltage VRrrM 650 \
DC forward current Ie T;=T;max T,=80°C 254 A
Repetitive peak forward current Irrm tp =1 ms T,; < 150°C 800 A
Power dissipation per FWD Peot T;=T;max T,=80°C 354 w
Maximum Junction Temperature T;max 175 °C
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Maximum Ratings
Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
neutral point IGBT (T2, T3) (T2, T3)
Collector-emitter break down voltage Ve 650 \
DC collector current Ic T;=T;max T,=80°C 344 A
Pulsed collector current Icpuis t, limited by Tymax 1200 A
Power dissipation per IGBT Peot T;=T;max T,=80°C 629 w
Gate-emitter peak voltage Ve +20 \%
o . tsc T;<150°C 10 5

Short t rat

ort circuit ratings Voo Vee=15V 360 v
Turn off saf ti RBSOA I Vee max = 1200V 800

urn off safe operating area ( ) cmax Ty = 150°C
Maximum Junction Temperature Tymax 175 °C
half bridge FWD (D1, D4) (D1 ,D4)
Peak Repetitive Reverse Voltage VRrrM 1200 \
DC forward current I: T;=T;max T,=80°C 272 A
Surge forward current Tesm 1100 A
t,=10ms , sin 180° T;=150°C

I2t-value It 3026 A%s
Repetitive peak forward current Ierm tp limited by Tymax 1200 A
Power dissipation per FWD Piot T;=T;max T,=80°C 596 w
Maximum Junction Temperature Tjmax 175 °C
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Maximum Ratings

Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
DC link Capacitor
Max.DC voltage Vvax 630 \
Operation Temperature Top -40...+105 °C
RMS Current Irms 10 A
General Module Properties
Material of module baseplate Cu
Material of internal isulation Al203
Thermal Properties
Storage temperature Tstg -40...+125 °C
Operation temperature under switching condition Top -40...+(Tjmax - 25) °C
Insulation Properties
Insulation voltage Vis t=2s DC voltage 4000 \Y
Creepage distance min 12,7 mm
Clearance min 12,7 mm
Comparative tracking index CTI >200
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Characteristic Values
Parameter Symbol Conditions Value Unit
V.[V] or|Ic[A]or
3“ RI’} OF \Vee [V] or |I. [A] oF T; Min Typ Max
e Vos[V]  |Io[A]
half bridge IGBT (T1,T4) (T1,T4)
j=25° 6,6
Gate emitter threshold voltage Veeeny |Vee=Voe 0,03 Pi=§§5(gc 5,4 6 v
T
Collector-emitter saturation voltage Veg(sat) 15 600 P],=fgsgc é:?? %
. . Tj=25°C 0,1
Collector-emitter cut-off current incl. FWD Ices 0 1200 Ti=125°C mA
j=25° 1500
Gate-emitter leakage current Iges 20 0 ngsfc nA
Integrated Gate resistor Ryint 3,25 Q
. Tj=25°C 323
Turn-on delay time taon) TJ1'=125°C 340
. Tj=25°C 73
Rise time t, TJ1'=125°C o1
ff delay ti t Tj=25°C 234 ns
Turn-off delay time 4 |Rgoff=0,5 Q £15 350 600 Ti=125°C 274
=250,
i Rgon=0,5 Q Tj=25°C 48
Fall time te Ti=125°C 66
Tj=25°C 23
Turn-on energy loss per pulse Eon Ti=125°C 31
Ti=25°C 18 mws
Turn-off energy loss per pulse Eofr Ti=125°C 26
Input capacitance Cies 60000
Output capacitance Coss  |f=1MHz 0 10 Tj=25°C 12000 pF
Reverse transfer capacitance Cres 1000
100um
i i i i K/W
Thermal resistance chip to heatsink per chip Rinsn preapplied PCM 0,09 %
Thermal resistance chip to heatsink per chi Rypy  |L00Um grease 0,11 K/wW
ermal resistance chip to heatsink per chip W |1 w/mK ,
neutral point FWD (D2, D3) ( D2, D3)
j=25° ,66
FWD forward voltage Ve 400 E:fgssc } 60 \
Ti=25°C 158
Peak reverse recovery current Irrm Ti=125°C 192 A
=25° 281
Reverse recovery time ter E:fgssc 417 ns
Ti=25°C 18
Reverse recovered charge Qr Rgon=0,5 Q +15 350 600 Ti=125°C 35 uC
- 558
Peak rate of fall of recovery current E(rez)tma E:fgssc 2802570 A/us
—550
Reverse recovered energy Erec E:fgssc ; mWs
100um
: ) . ’ KW
Thermal resistance chip to heatsink per chip RenH preapplied PCM 0,27 /'
Thermal resistance chip to heatsink per chi Ry |100um grease 0,31 K/W
ermal resistance chip to heatsink per chip wn | Tw/mk ,
neutral point IGBT (T2, T3) (T2,T3)
j=250 6,4
Gate emitter threshold voltage Veeny [Vee=Vee 0,0032 ngsfc 5.1 5.8 \Y
=555
Collector-emitter saturation voltage Veggsat) 15 400 P],=fgsgc }:gg %
j=25° 0,1
Collector-emitter cut-off incl FWD Iees 0 650 o 25esc mA
j=25° 1500
Gate-emitter leakage current Iges 20 0 ngsfc nA
Integrated Gate resistor Ryint 1 Q
. Tj=25°C 209
Turn-on delay time taon) TJ1'=125°C 213
. Tj=25°C 44
Rise time t, TJ1'=125°C 49
Turn-off delay ti t Tj=25°C 250 ns
urn-off delay time 4 |Rgoff=1 Q £15 350 600 Ti=125°C 265
=250,
i Rgon=1Q Tj=25°C 79
Fall time b Ti=125°C 106
Tj=25°C 6
Turn-on energy loss per pulse Eon Ti=125°C 9
Ti=25°C 21 mws
Turn-off energy loss per pulse Eofr Ti=125°C 58
Input capacitance Cies 24640
Output capacitance Coss  |f=1MHz 0 25 Tj=25°C 1536 pF
Reverse transfer capacitance Cres 732
Gate charge Qaate 15 480 400 Tj=25°C 2507 nC
100um
i i i i K/W
Thermal resistance chip to heatsink per chip Rinsn preapplied PCM 0,15 %
. . . n 100um grease
Thermal resistance chip to heatsink per chip Rinsn 1W/mK 0,17 K/W
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Characteristic Values
Parameter Symbol Conditions Value Unit
V.[V] or|Ic[A]or
3“ RI’} OF \Vee [V] or |I. [A] oF T; Min Typ Max
e Vos[V]  |Io[A]
half bridge FWD (D1, D4) ( D1, D4 )
Tj=25°C 2,19
FWD forward voltage Ve 400 Ti=125°C 547 \Y
Tj=25°C 48
Reverse leakage current I 1200 Ti=125°C A
Tj=25°C 448
Peak reverse recovery current Irrm Ti=125°C 568 A
. Tj=25°C 70
Reverse recovery time tr Ti=125°C 138 ns
- Tj=25°C 19
Reverse recovered charge L Qrr Rgon=1Q +15 350 600 Ti=125°C 53 Ve
i(rec)ma Tj=25°C 20142
Peak rate of fall of recovery current dt Ti=125°C 14965 A/us
Tj=25°C 4
Reverse recovery energy Erec Ti=125°C 13 mWs
. . " . 100um
R,
Thermal resistance chip to heatsink per chip W | reapplied PCM 0,16 K/W
Thermal resistance chip to case per chip Rinsn 100um grease 0,18 K/W
1W/mK !
DC link Capacitor
Capacitance C 1360 nF
Tolerance -10 +10 %
Dissipation factor T,=20°C 0,0004
Climatic category 40/105/56
Thermistor
Rated resistance R Tj=25°C 22000 Q
Deviation of Rygg AR/R |R100=1486 Q Tj=100°C -12 +14 %
Power dissipation P Tj=25°C 200 mw
Power dissipation constant Tj=25°C 2 mwW/K
B-value Beas/s) |Tol. £3% Tj=25°C 3950 K
B-value Bas100) [TOl. 3% Tj=25°C 3996 K
Vincotech NTC Reference B
Module Properties
Module inductance (from chips to PCB) Lsce c-pca 5 nH
Module inductance (from PCB to PCB using Intercon board) Lece pca-pcsl 3 nH
Resistance of Intercon boards (from PCB to PCB using Intercon board) | RcCy e Tc=25°C, per switch 1,5 mQ
N Screw M4 - mounting according to valid application note|
Mounting torque M FSWB1-4TY-M-*-HI 2 2,2 Nm
N Screw M5 - mounting according to valid application note|
Mounting torque M FSWB1-4TY-M-*-HI 4 6 Nm
N N Screw M6 - mounting according to valid application note|
Terminal connection torque M FSWB1-4TY-M-*-HI 2,5 5 Nm
Weight G 710 g
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)
Figure 1 IGBT Figure 2 IGBT
Typical output characteristics Vge=15V Typical output characteristics
Ic = f(Ver) Ic = f(Vee)
800 800
~ 700 “700
600 600
500 500 '__
400 400
300 300
200 200
100 / 100
0 / 0 /
0,0 05 1,0 15 2,0 25 Vee (V) 30 0 1 2 3 4 Vee V) 5
At At
ty = 350 ys t, = 350 ys
;= 25/125/150 °C T = 150 °C
Vge= 15 \ Vee from 7 Vto 17 Vin steps of 1 V
Figure 3 IGBT Figure 4 FWD
Typical transfer characteristics Typical FWD forward current as
Ic = f(Vee) a function of forward voltage
I = f(Ve)
600 1400
/ /Y
g j “1200
500
1000
400
800
300
600
200
// 400
100 // 200
0 0
0 2 4 6 8 10 v (v) 12 0 05 1 15 2 25 v 3
At At
tp = 350 ys tp = 350 ys
Ve = 350 Y
Tj= 25/125/150 °C Tj= 25/125/150 °C
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Buck operation

Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)

Figure 5 IGBT Figure 6 IGBT

Typical switching energy losses Typical switching energy losses
as a function of collector current as a function of gate resistor
E = f(I¢) E = f(Rg)
125 80
3 :
w w
100
60
75
40
50
20
25
0 0
0 200 400 600 800 000 | 1200 0 2 4 6 8 Ro@) 10
With an inductive load at With an inductive load at
T = 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 Y Vee = 350 Y
Vge = +15 \Y Ve = +15 \Y
Rgon = 0,5 Q Ic= 601 A
Rgofr = 0,5 Q
Figure 7 FWD Figure 8 FWD
Typical reverse recovery energy loss Typical reverse recovery energy loss
as a function of collector current as a function of gate resistor
Erec = f(Io) Erec = f(Rg)
.8
2
E
w7
Erec
6| T e T
Erec
5
4
3 e —t— 3 o~ - - __bL______]
Erec
2
T T |
| |
| |
0 1 L
0 200 400 600 800 1000 1e(A) 1200 0 2 4 6 8 Ro(®) 10
With an inductive load at With an inductive load at
Tj= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 Y Vee = 350 Y
Vge = +15 Vv Vge = +15 Vv
Rgon = 0,5 Q Ic= 601 A
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)

Typical switching times as a
function of collector current
t = f(Ic)

Typical switching times as a
function of gate resistor
t = f(Rg)

1000 | .(a) 1200

0 2 4 6 8 Ro(2) 10

T = 125 °C
Vee = 350 \Y

Vge = +15 Vv

Rgon = 0,5 Q

Rgofr = 0,5 Q

Figure 11

Typical reverse recovery time as a
function of collector current

FWD

With an inductive load at

T = 125 °C

Vee = 350 Vv

Ve = +15 Y

Ic = 601 A

Figure 12 FWD

Typical reverse recovery time as a
function of IGBT turn on gate resistor

t, = f(Ic) tr = f(Rgon)
0,6 0,7
2 g
= by = te
0,5 06
' t
05
04 / e
/
ty 04
03
03
—_—
02 tr
0,2
01
01
0,0 0,0
0 200 400 600 800 L) 1200 0 2 4 6 8 Ren( @) 10
At At
= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 \% Vg = 350 \Y
Ve = +15 Vv I = 601 A
Rgon = 0,5 Q Ve = +15 \Y
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)
Figure 13 FWD Figure 14 FWD
Typical reverse recovery charge as a Typical reverse recovery charge as a
function of collector current function of IGBT turn on gate resistor
Qr = f(I¢) Qr = f(Rgon)
50 50
< |~ Qn S
o 40 L — 2
| — Qn Qr
© // i I — m— e
20 / 20
—T Qn \
// ] Q”
10 10
0 0
0 200 400 600 800 1000 L) 1200 0 2 4 6 8 @ 10
At At
5= 25/125/150 °C T = 25/125/150 °C
Ve = 350 Y Vg = 350 Y
Vge = +15 \Y I = 601 A
Rgon = 0,5 Q Vge = +15 v
Figure 15 FWD Figure 16 FWD

Typical reverse recovery current as a
function of collector current

Typical reverse recovery current as a
function of IGBT turn on gate resistor

Irrm = f(I¢) Irrm = f(Rgon)
250 250
< <
E J——— E
200 =1 200
1
E— | \
150 — RIRM 150
RRM Q lrrm
IRRM
100 100
Irrm —
50 50
0 0
0 200 400 600 800 ® 1200 0 2 4 6 & (e 1
At At
j= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 \% Vg = 350 \%
Ve = +15 Vv I = 601 A
Rgon = 0,5 Q Ve = +15 \Y
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)
Figure 17 FWD Figure 18 FWD
Typical rate of fall of forward Typical rate of fall of forward
and reverse recovery current as a and reverse recovery current as a
function of collector current function of IGBT turn on gate resistor
dIy/dt,dI./dt = f(Ic) dlo/dt,dle/dt = f(Rgon)
% 7000 dl/dt . 10000
?E, dlddtTT £ . diefdt; | —=—
< 6000 s N dig/dt 7 |
El 5 8000 s
5000 h'*q,-_-.-______ S “._
[ — — 6000 ".-" \"\
01Nl — LR
R
3000 T ——
4000 ) oo, R
2000
| 2000
1000
= \\
0 0
0 200 400 600 800 1000 | (a) 1200 0 2 4 6 Ryon(2) 10
At At
5= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 Y Vg = 350 Y
Vee = +15 \Y I = 601 A
Rgon = 1,0 Q Vee = +15 \Y
Figure 19 IGBT Figure 20 FWD
IGBT transient thermal impedance FWD transient thermal impedance
as a function of pulse width as a function of pulse width
Zingn = f(tp) Zingn = f(tp)
10° 10°
E L] .
N T —
I — ?;/
10" 10" 7 = A
| 1"
] // 7
L/
D=05 L1 D=05
0,2 0,2
10° 0.1 - 10° ’
, ] 0,1
/ 0,05 7 = 0,05
1 0,02 / 0.02
0,01 | — '
' — 0,01
i // 0,005 > 0,005
| 0.000 — 0.000
10° = f T T T f 10° T T T T f
10° 10* 10° 10? 10t 10° 10t % 08 10* 10° 10? 10" 10° 0 *©®
At At
D= t,/ T D= t, /T
Preapplied PCM Thermal grease Preapplied PCM Thermal grease
RtH = 0,09 K/W Rtnn = 0,11 K/W Rnn = 0,27 K/W Rtnn = 0,31 K/W

IGBT thermal model values
100um preapplied PCM

R (C/W) Tau (s) R (C/W)
0,042 1,916 0,051
0,024 0,234 0,030
0,023 0,035 0,028
0,002 0,006 0,002

copyright Vincotech

Tau (s)
1,916
0,234
0,035
0,006

100um grease 1W/mK (P12)

R (C/W)
0,040
0,044
0,044
0,087
0,038
0,015

10

FWD thermal model values
100um preapplied PCM

Tau (s)
5,632
1,073
0,202
0,041
0,012
0,001

100um grease 1W/mK (P12)

R (C/W)
0,047
0,051
0,051
0,100
0,044
0,017

Tau (s)
5,632
1,073
0,202
0,041
0,012
0,001
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)

Figure 21 IGBT
Power dissipation as a
function of heatsink temperature

Figure 22 IGBT

Collector current as a
function of heatsink temperature

Piot = f(Th) Ic = f(Th)
2000 800
o 700 |
1500 600
500 |
1000 | 00 |
300
500 | 200 |
100
0 " ) 0 , ;
0 50 100 B0 1,(°0cp 20 0 50 100 150 T, (°C) 200
At At
T,= 175 oC T = 175 Je
Vee = 15 \Y
Figure 23 FWD Figure 24 FWD

Power dissipation as a
function of heatsink temperature

Forward current as a
function of heatsink temperature

Piot = f(Th) Ie = f(Th)
700 500
g -
- <
£ -
600
400
500
400 300
300 4
200 1
200 4
100
100
0 T 0 . T 1
0 50 100 150 .00 200 o 50 100 150 T.(°0) 200
At At
T = 175 °C Ty = 175 °C
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Buck operation
Half Bridge IGBT (T1,T4) and Neutral Point FWD (D2,D3)

Figure 21 IGBT

Reverse bias safe operating area

Ic = f(Vee)
1400
<
= IcMAX
1200 T
A\
1000 w
\\ 3
[a]
800 \ \ E
\\ ¥
a
600 \ \ 5u
\\ -
400 \\
\\
200 | \\\
0 ; ; .
0 200 400 600 800 1000 1200 1400
Vee(V)
At
T = 25,150 oC
Uccminus:Uccpluszuct‘/2
Vge = +15 \%
Rgon = 1 Q
Switching mode: 3 level cont
2 level dashed
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)
Figure 1 IGBT Figure 2 IGBT
Typical output characteristics Vge=15V Typical output characteristics
Ic = f(Vce) Ic = f(Vce)
1200 1200
< < /
_1000 1000
800 800
/ —
600 600
[
“ “ 4_
200 / 200
—
0 / 0
0 1 3 Vee (V) 4 0 1 2 3 4 Vee (V) 5
At At
t, = 350 15 t, = 350 15
j= 25/125/150 °C T = 151 °C
Vge= 15 \ Vee from 7 Vto 17 Vin steps of 1 V
Figure 3 IGBT Figure 4 FWD
Typical transfer characteristics Typical FWD forward current as
Ic = f(Vee) a function of forward voltage
I = f(Ve)
500 1200
< <
_1000
400
800
300
600
200
400
100
/ 200 /
0 o ==
0 2 4 6 8 10 Ve (v) 12 0 1 2 3 4 Ve 5
At At
t, = 350 ys tp = 350 ys
Ve = 350 Y T = 25/125/150 °C
T = 25/125/150 °C
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)

Typical switching energy losses
as a function of collector current
E = f(Io)

Typical switching energy losses
as a function of gate resistor
E = f(Rg)

60

E (mWs)

1200

100

E (mWs)

Eqit

=

|
|
|
| |
| |
| |
| |
I I
0 2 4 6 8 Re(2) 10

With an inductive load at

Tj= 25/125/150 °C

Vee = 350 \

Ve = +15 \Y

Rgon = 1,0 Q

Rgoff = 1 Q

Figure 7 FWD

Typical reverse recovery energy loss
as a function of collector current
Erec = (1)

With an inductive load at

T = 25/125/150 °C

Vee = 350 Vv

Vge = £15 Vv

Ic = 600 A

Figure 8 FWD

Typical reverse recovery energy loss
as a function of gate resistor
Erec = f(Rs)

18

E (mWs)

Erec

Re (@) °

With an inductive load at

Tj= 25/125/150 °C
Vee = 350 \Y
Vge = +15 Vv
Rgon = 1 Q
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With an inductive load at

Tj= 25/125/150 °C
Ve = 350 Vv
Vee = +15 \
Ic = 600 A
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)

Figure 9 IGBT

Typical switching times as a
function of collector current
t = f(Ic)

Figure 10 IGBT

Typical switching times as a
function of gate resistor
t = f(Rg)

t(ps)

0,01

0,001

0 200 400 600 800 1000 | (a) 1200

t(ps)

0,01

0,001

With an inductive load at

With an inductive load at

Tj= 126 °C Tj= 126 °C
Ve = 350 Y Vee = 350 Y
Vge = +15 \Y Ve = +15 \Y
Rgon = 1 Q Ic = 600 A
Rgoff = 1 Q
Figure 11 FWD Figure 12 FWD
Typical reverse recovery time as a Typical reverse recovery time as a
function of collector current function of IGBT turn on gate resistor
tr = f(Ic) tr = f(Rgon)
0,20 14
% ;1,2 o
015 :" t
— ] T 1
08
0,10
I 06
.
0,05 // 04 "
0,2 /
0,00 0 /
0 200 400 600 800 1000 L 1200 0 2 4 6 8 pa@ B
At At
j= 25/125/150 °C j= 25/125/150 °C
Vee = 350 Y Vg = 350 Y
Vge = +15 Vv I = 600 A
Rgon = 1 Q Vge = +15 Vv
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)
Figure 13 FWD Figure 14 FWD
Typical reverse recovery charge as a Typical reverse recovery charge as a
function of collector current function of IGBT turn on gate resistor
Qr = f(I¢) Qr = f(Rgon)
80 80
g g
\(;:70 ;: 70 | ———— Q«
|~ Qn //
60 P Qrn
— Qn
50 50
40 40
30 30
| — Q« Qrn
20 / 2
© / )
0 0
0 200 400 600 800 1000 ) 1200 0 2 4 6 8 Ryon(9) 10
At At
5= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 Y Vg = 350 Y
Vee = +15 Vv I = 600 A
Rgon = 1 Q Vge = +15 Vv
Figure 15 FWD Figure 16 FWD
Typical reverse recovery current as a Typical reverse recovery current as a
function of collector current function of IGBT turn on gate resistor
Irrm = f(I¢) Irrm = f(Rgon)
700 700
< <
= 600 | _:600
//,_\ |RRRRMM \
500 /// - 500
400 / 400
300 300
200 200 |
-
100 100 IRrM
0 0
0 200 400 600 800 000 | o 1200 o 2 4 6 8 py(@ 1
At At
j= 25/125/150 °C Tj= 25/125/150 °C
Ve = 350 Y Vg = 350 Y
Vee = +15 Vv I = 600 A
Rgon = 1 Q Vge = +15 Vv
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)
Figure 17 FWD Figure 18 FWD
Typical rate of fall of forward Typical rate of fall of forward
and reverse recovery current as a and reverse recovery current as a
function of collector current function of IGBT turn on gate resistor
dIo/dt,dI./dt = f(Ic) dIo/dt,dIe/dt = f(Rgon)
21000 -~ 30000
g diJdt; =—— § dig/dt ¢
5 g | el ] 5 ddt
£ & 25000
15000 o
20000
12000 unes
15000
9000
10000
6000
0 000 ot e ey
0 0
0 200 400 600 800 1000 | (a) 1200 0 2 4 6 8 Ryn(®) 10
At At
T = 25/125/150 °C T = 25/125/150 °C
Vee = 350 \Y Vp = 350 Y
Vee = +15 Vv Ir = 600 A
Rgon = 1 Q Vee = +15 Vv
Figure 19 IGBT Figure 20 FWD

IGBT transient thermal impedance
as a function of pulse width
Zingn = f(tp)

FWD transient thermal impedance
as a function of pulse width
Zingn = f(tp)

10° 10°
g g
| =1
| — B | ——
1017 | T = 10" i
—”///’ / i | /
7
74 /f'
4 /
B D=05 / D=0,5
10? 0,2 I 10* e / 0.2 |
/4 0,1 i 0,1
0,05 / 0,05
L H 0,02 ] I 002 |
/ 0,01 1 / 0.01
L LT 0,005 —— 0,005
0.000 / 0.000

10° T T T f 10° T T T
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Preapplied PCM Thermal grease

Repin = 0,15 K/W Rthin = 0,17 K/W
IGBT thermal model values

100um preapplied PCM 100um grease 1W/mK (P12)

R (C/W) Tau (s) R (C/W) Tau (s)
0,029 2,074 0,033 2,074
0,027 0,416 0,030 0,416
0,030 0,086 0,034 0,086
0,048 0,018 0,054 0,018
0,011 0,005 0,012 0,005
0,006 0,001 0,007 0,001

copyright Vincotech

Preapplied PCM Thermal grease
Repin = 0,16 K/W Rthin = 0,18 K/W
FWD thermal model values
100um preapplied PCM 100um grease 1W/mK (P12)
R (C/W) Tau (s) R (C/W) Tau (s)
0,015 5,007 0,0165 5,007
0,026 1,172 0,0296 1,172
0,033 0,251 0,0377 0,251
0,052 0,054 0,0590 0,054
0,022 0,015 0,0252 0,015
0,011 0,002 0,0120 0,002
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)
Figure 21 IGBT Figure 22 IGBT
Power dissipation as a Collector current as a
function of heatsink temperature function of heatsink temperature
Prot = f(Th) Ic = f(Th)
1200 600
2 ) z
o >
1000 500
800 400
600 300
400 200 +
200 100 +
0 T 0 T T
0 50 100 150 Ta(°C) 200 0 50 100 150 Ta(°C) 200
At At
T = 175 oC T = 175 oC
Vee = 15 Y
Figure 23 FWD Figure 24 FWD
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Prot = f(Th) Ir = f(Th)
1200 500
B g
& =
1000 -
400
800 -
300 +
600
200
400
100
200 +
0 . . 0 : :
0 50 100 150 Th (°C) 200 o 50 100 150 Th (°c) 200
At At
T = 175 oC Ty = 175 oC
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Boost operation
neutral point IGBT (T2,T3) and half bridge FWD (D1,D4)
Figure 25 IGBT Figure 22 IGBT
Reverse bias safe operating area Gate voltage vs Gate charge
Ic = f(Vee) Vee = f(Qg)
1000 1 15 -
< S
- 3
I MAX .
800 X T
\ \ Vce=130V
00 | \ \ . Vee=520V
Moy e
\ 5
400 4 \ \ h 6 /
\
\ \
200 \ 31
\
A\!
0 ‘ ‘ ‘ 0 ‘ ‘
0 100 200 300 400 500 600 700 0 200 400 600 800 1000
VeeV) Qq(nC)
At At
Ty = 25\150 oC Ic = 400 A
Uccminus:Uccplus=UCc/2
VGE = +15 Y,
Rgon = 1 Q
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Thermistor
Typical NTC characteristic
as a function of temperature
RT = f(T)
24000 NTC-typical temperature characteristic
S
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12000 \
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4000
0
25 50 75 100 T(°C) 125
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Figure 1 Half Bridge IGBT

Switching Definitions Half Bridge

General conditions

Turn-off Switching Waveforms & definition of tyos, teoss

70-W212NMA600NB04-M200P60

datasheet

T; = 125°C
Rgon = 05Q
Rgoff = 015 Q
Figure 2 Half Bridge IGBT

Turn-on Switching Waveforms & definition of tyo,, teon

(teosr = integrating time for E ) (teon = integrating time for E,,)
150 150
e
125 125
o / \ \L\WM
100 s : A A A A A AN n r o] 100 Vee
Ve 20%
CE 90%
VGE
75 75
. taon
50 - Ve 50 /
teorr \\
25 / \ 25 -
I 195 I Veeio% Id 10% Veeaw
0 \’;"7[\\‘/" %\"—w’“"—“\m 0 W M
teon
Y
25 -25 T T
0,2 0 0,2 0,4 0,6 08 1 4.8 5 5.2 5.4 5.6 5.8
time (us) time(us)
Ve (0%) = -15 \Y Ve (0%) = -15 \Y
Ve (100%) = 15 \Y Ve (100%) = 15 \Y
Ve (100%) = 350 \Y Ve (100%) = 350 \Y
Ic (100%) = 599 A Ic (100%) = 599 A
taort = 0,27 Hs taon = 0,34 Hs
teofr = 0,97 Hs teon = 0,80 Hs
Figure 3 Half Bridge IGBT Figure 4 Half Bridge IGBT
Turn-off Switching Waveforms & definition of t; Turn-on Switching Waveforms & definition of t,
150 150
% / % |
VCE ¢
125 125
fi\tfﬂ
I M A A~ Vee
100 100
ICQ % IC%%
75 75 74
t
T ICGD%
50 50
IC4U%
25 25 - T
lciow RVATA e VN lcioy
o ‘_~.—a—\// . cio: o ,v\/\_,_,\,_/\/\/_/‘/‘ 10%
25 -25 ;
0,1 0,2 03 0,4 ) 05 52 53 54 55 )
time (us) time(us)
Ve (100%) = 350 \Y Ve (100%) = 350 \Y
Ic (100%) = 599 A Ic (100%) = 599 A
tr= 0,07 us t = 0,09 us
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Figure 5 Half Bridge IGBT

Turn-off Switching Waveforms & definition of tg.

Figure 6 Half Bridge IGBT

Turn-on Switching Waveforms & definition of tg,,

125 4 125 4
% Poit Ic 19 %
Eon
100 A 100 A —
Eqq
Pon
75 A 75 /
50 - 50 /
25 25
Ve 0% J Vee1o% / Veesw
0 0
tEoff teon
-25 T T T T -25 T T T 1
-0,2 0 0,2 0,4 0,6 0,8 4,8 5 52 54 5,6
time (us) time(us)
Potr (100%) = 209,70 kW Pon (100%) = 209,70 kW
Eofr (100%) = 26,34 mJ Eon (100%) = 33,64 mJ
teofr = 0,97 Hs teon = 0,80 Hs
Figure 7 Half Bridge IGBT Figure 8 Neutral Point FWD

Gate voltage vs Gate charge (measured)

Turn-off Switching Waveforms & definition of t,,

~20 1 150 q
b3
w %
> 15 - Iy
100
10
5 / e
50 A
fitted
0
Va
-5 0 RRM 10%
-10 o RRM 90%
M 100%
.50 4
-15
20 : ‘ -100 ‘ ‘ )
-500 0 500 1000 1500 2000 2500 3000
Qg (nC) 52 54 5,6 58 time(us) 6
Veeort = -15 \Y V4 (100%) = 350 \%
VGeon = 15 Vv I,(100%) = 599 A
Ve (100%) = 350 \% Irrm (100%) = -192 A
Ic (100%) = 599 A ty = 0,42 us
Qg = 2710,20 nC
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Switching Definitions Half Bridge
Figure 9 Neutral Point FWD Figure 10 Neutral Point FWD
Turn-on Switching Waveforms & definition of tq, Turn-on Switching Waveforms & definition of tg,ec
(torr = integrating time for Q,,) (terec= integrating time for E,..)
150 125 4
% % Erec
g S Qr 100
100 L
- 75 ] terec
50 4
50 -
0
25
.50 4
03—
-100 : : -25 . . ,
52 54 56 5,8 6 62 6,4 54 5,6 58 6 62 6,4
time(us) time(us)
I4(100%) = 599 A Prec (100%) = 209,70 kW
Q.+ (100%) = 34,86 uC Erec (100%) = 6,58 mJ
tor = 0,85 Hs terec = 0,85 HS
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Half Bridge switching measurement circuit

oo

4 l
700w ) T3 Lioac C\p
T4 D "
‘R2
. .
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Switching Definitions Neutral Point

General conditions

125 °C
1Q
1Q

Vincotech
T;
Rgon
Rgoff
Figure 1 Neutral Point IGBT

Turn-off Switching Waveforms & definition of tyos, teoss
(teosr = integrating time for E¢)

Figure 2 Neutral Point IGBT
Turn-on Switching Waveforms & definition of tyo,, teon
(teon = integrating time for E,,)

150 200 -
il /V‘\WM =0
100 A - [
GE 90% = oo Vee Vee AA~— T
-5 | 100 A ] M1
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et e | [ o i B
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Vc (100%) = 350 \Y Vc (100%) = 350 \Y
I (100%) = 601 A I (100%) = 601 A
taort = 0,23 Hs taon = 0,21 Hs
teofr = 0,58 Hs teon = 0,38 Hs
Figure 3 Neutral Point IGBT Figure 4 Neutral Point IGBT
Turn-off Switching Waveforms & definition of t; Turn-on Switching Waveforms & definition of t,
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Switching Definitions Neutral Point
Figure 5 Neutral Point IGBT Figure 6 Neutral Point IGBT
Turn-off Switching Waveforms & definition of tg. Turn-on Switching Waveforms & definition of tg,,
125 125 4
* Poff I 19 %
Eon r
100 - 100 -
|
75 / 75 4
50 50
/ PD"
25 25
w Uge 10% Uce 3%
0 0
tEu“ 1E(’)n
T
-25 T T -25 | |
0.2 0 0.2 04 time (us) 08 49 5 51 52 53 time(us) 54
Potr (100%) = 210,20 kW Pon (100%) = 210,2041 kW
Eofr (100%) = 27,94 mJ Eon (100%) = 13,39 mJ
teofr = 0,58 Hs teon = 0,38 Hs
Figure 7 Neutral Point IGBT Figure 8 Half Bridge FWD
Gate voltage vs Gate charge (measured) Turn-off Switching Waveforms & definition of t,,.
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s
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T i L
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Switching Definitions Neutral Point

Turn-on Switching Waveforms & definition of tq,
(tor= integrating time for Q,,)

Turn-on Switching Waveforms & definition of tg,ec
(terec= integrating time for E,..)

150 1 125 4
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100 ly Qr 100 4 Prec Bree | 1
///
/
int 75 1Erel:
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0
25 A
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0 )
-100 -25 T T T
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Qi+ (100%) = 51,60 uC Erec (100%) = 12,97 mJ
taint = 0,33 Hs terec = 0,33 Hs
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Neutral Point switching measurement circuit
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Lload
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Ordering Code and Marking - Outline - Pinout

Ordering Code & Marking

Version Ordering Code in DataMatrix as| in packaging barcode as
without PCM 70-W212NMA600NB04-M200P60 M200P60 M200P60
with PCM 70-W212NMA600NB04-M200P60-/3/ M200P60 M200P60-/3/

Driver pins Low current connections Power connections
Pin | X1 | ¥i | Function |Groupl M4 | y3 | v3 |Function] M6 |x2| v2 | Function
1.1 | 4,5 [ 78,7 G1-1 T1 | screw screw
1.2 | 45 816 El-1 T1 3.1 -37 [ 89,8 DC+ 2.1 0 0 Phase
1.3 [39,5]78,7] G1-2 11 | 3.2 |81,4]89,8] DC+ 22 |22] o Phase
1.4 [39,5]81,6 E1-2 T1 3.3 -37 [ 65,2 CE 2.3 |44 0 Phase
1.5 [1,95]| 68,4 E2-1 T2 3.4 [81,4[65,2 CE 2.4 0 [110,4 DC+
1.6 [ 4,85 68,4 G2-1 T2 3.5 -37 | 45,2| Phase 2.5 |22]110,4| Neutral
1.7 [ 39,2] 68,4 G2-2 T2 | 3.6 |81,4]45,2| Phase | 2.6 | 441104 DC-
1.8 [ 42,1]|684 E2-2 T2 3.7 -37 [ 20,6 DC-
19| -22| 46 G3-1 T3 3.8 |81,4]|20,6 DC- 32 04 Centerline of press-fit pinhead
1.10| -2,2 | 48,9 E3-1 T3 ‘W’ _ -
1.11| 46,2 | 46 G3-2 T3 N jaal
1.12[46,2 48,9 | E3-2 T3 i ol =l
1.13[-6,75] 29,2 E4-1 T4 N §§ %%
1.14|-6,75[ 32,1 G4-1 T4 : I
1.15| 50,8 | 29,2 E4-2 T4 < )
1.16| 50,8 | 32,1 G4-2 T4
1.17 | 19,5 | 30,2 |Desat-DC+
1.18| 24,6 | 30,2 |Desat-DC+ ! !

1.19] 19,5 | 44,7 | Desat-GND)
1.20 | 24,6 | 44,7 | Desat-GND convexity for each baseplate

1.21| 67,7 | 86,7 NTC ) only convex: 0,25+0,15mm
1.22] 67,7 89,8 NTC {0z}

134,79

b 23 V8
I
@ 55
[Ca) o w o
& g 2 3
[
%
S
$
b
a
[
@ i
s, ey gt A -
L
1

169 285 - X3 T
strew depth from PCB fo

X2 min. 9
— X1 max. 12
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DC+ Neutral DC-
O NITC
Neutral C== C ”
DC+ DC+
El-1 == - E1-2 Neu
Gl-1 = - G1-2
Neutral E21my Ei:.z Neutral
E4-1
CE ‘@ Tl( G2-1ad S, E D4 CE
r =T
q
Phase s = E3-2 Phase
@31 Desat-GND ~ G3-2
— G441 G4-2 e
= E4-1 el E42 =
Desat-DC+

DC-

Neutral \ Neutral
Phase Phase Phase
Identification

ID Component Voltage Current Function Comment
T1, T4 IGBT 1200V 600A Buck Switch
T2, T3 IGBT 650V 400A Boost Switch
D2, D3 FWD 1200V 400A Buck Diode
D1, D4 FWD 650V 400A Boost Diode

C Capacitor 630V DC Link Capacitor
NTC NTC Thermistor

copyright Vincotech

30

17 Mar. 2015 / Revision 1



\' 70-W212NMA600NB04-M200P60
datasheet
Vincotech

DISCLAIMER

The information given in this datasheet describes the type of component and does not represent assured

characteristics. For tested values please contact Vincotech.Vincotech reserves the right to make changes without further
notice to any products herein to improve reliability, function or design. Vincotech does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its
patent rights, nor the rights of others.

LIFE SUPPORT POLICY
Vincotech products are not authorised for use as critical components in life support devices or systems without the
express written approval of Vincotech.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, or (c) whose failure to perform when properly used in accordance with instructions for use
provided in labelling can be reasonably expected to result in significant injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or system, or to affect its safety or effectiveness.
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