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flow MNPC 1 1200V /160 A

flow 1 12mm hosing

o mixed voltage NPC topology < <
e reactive power capability iy %’/ " _ﬁ“m :L!&/-
< m T

e |low inductance layout
e Split output
e Common collector neutral connection

12mm solder pin 12mm PressFiT pin

Target Applications
e solar inverter ZS_”:'}

e UPS
e Active frontend

Low current connection

LA

e 10-FY12NMA160SH-M420F /1 H
e 10-PY12NMA160SH-M420FY T
Maximum Ratings
Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
Halfbridge IGBT Inverse Diode (D1, D4)
Repetitive peak reverse voltage VRRM 1200 \%
Typ=80°C 14
DC f d t | T;=Tmax A
orward curren 3 =T; T.280°C 19
Repetitive peak forward current lerm tp=10ms 14 A
Tp=80°C 31
Power dissipation per Diode P, w
p p tot T.=80°C 47
Maximum Junction Temperature Timax 150 °C
Halfbridge IGBT (T1, T4)
Collector-emitter break down voltage Ve 1200 \%
T,=80°C
DC collector current Ic T=T;max " 116 A
T.=80°C 156
Repetitive peak collector current Icpuise t, limited by Tymax 640 A
Ty=80°C 260
Power dissipation per IGBT Prot Ti=Tjmax ' w
T.=80°C 394
Gate-emitter peak voltage Vee +20 \Y
t T<150°C
Short circuit ratings sc ! 10 Hs
Vee Vee=15V 600 \%
Maximum Junction Temperature Tijmax 175 °C
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Maximum Ratings
Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
NP Diode (D7, D8)
Peak Repetitive Reverse Voltage VrrM T=25°C 600 \%
Tp=80°C 66
DC forward current | T=T;max A
F = T.=80°C 90
Repetitive peak forward current lerM t, limited by Tjmax 240 A
Tp=80°C 67
Power dissipation per Diode P, T=T;max w
pation’p o =l T,=80°C 101
Maximum Junction Temperature T;max 150 °C
NP IGBT (T2, T3)
Collector-emitter break down voltage Vce 600 \%
T,=80°C
DC collector current Ic T=T;max " 63 A
T.=80°C 83
Repetitive peak collector current lepuise t, limited by Tymax 300 A
o T,=80°C 94
Power dissipation per IGBT Piot T=Tjmax n W
T.=80°C 142
Gate-emitter peak voltage Vee +20 \Y
t T<150°C
Short circuit ratings sc ! 6 Hs
Vee Vee=15V 360 \%
Maximum Junction Temperature Tijmax 175 °C
NP Inverse Diode (D2, D3)
Peak Repetitive Reverse Voltage VrrM T.=25°C 600 \%
Typ=80°C 13
DC f d t | T=T;max A
orward curren I3 =T; T.280°C 18
Repetitive peak forward current Ierm t, limited by Tymax 30 A
Typ=80°C 20
P dissipati Diod P T=Tmax W
ower dissipation per Diode tot =T; T.280°C -
Maximum Junction Temperature T;max 150 °C
Halfbridge Diode (D5, D6)
Peak Repetitive Reverse Voltage VRRM T=25°C 1200 \%
T,=80°C
DC forward current 3 T=T;max " %6 A
T.=80°C 50
Repetitive peak forward current lFRM t, limited by Tymax 120 A
T,=80°C
Power dissipation per Diode Piot T=Tjmax n 61 W
T.=80°C 92
Maximum Junction Temperature Tijmax 150 °C
DC link Capacitor (C1, C2)
Max.DC voltage Vmax Tc=25°C 630 \%
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Maximum Ratings

Tj=25°C, unless otherwise specified
Parameter Symbol Condition Value Unit
Thermal Properties
Storage temperature Tsig -40...+125 °C
Operation temperature under switching condition Top -40...+(Tjmax - 25) °C
Insulation Properties
Insulation voltage Vis t=2s DC voltage 4000 \%
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
zGE m o NVeeMor  [kiAor u Min Typ Max
°° Vos [V] o [A
Halfbridge IGBT Inverse Diode (D1, D4)
Tj=25°C 1 1,97 2,7
Forward voltage Vi 7 Ti=125°C 165 \
Thermal resistance chip to heatsink per chip Rygy  |Thermal grease 2,24
thickness<50um Kw
Thermal resistance chip to case per chip Rinc A =1W/mK 1,48
Halfbridge IGBT (T1, T4)
Gate emitter threshold voltage Veeay [Vee=Vee 0,004 5 58 6.5 \
Collector-emitter saturation voltage Vee(say 15 160 1 gg§ 25 \
Collector-emitter cut-off current incl. Diode Ices 0 1200 1 mA
Gate-emitter leakage current lees 20 0 480 nA
Integrated Gate resistor Rgint none Q
. 133
Turn-on delay time taony 135
Rise time t, 20
23
. 225 ns
Turn-off delay time ta(orr) Rgoff=4 Q 5 a5 100 276
: Rgon=4 Q B 38
Fall time t 9
64
Turn-on energy loss per pulse Eon 180
3,18 W
2,52 mws
Turn-off energy loss per pulse Eoft 203
Input capacitance Cies 9320
Output capacitance Coss f=1MHz 0 25 Tj=25°C 600 pF
Reverse transfer capacitance Crss 520
Gate charge Qgate 15 960 160 Tj=25°C 740 nC
Thermal resistance chip to heatsink per chip Rk Thermal grease 0,37
thickness<50um Kw
Thermal resistance chip to case per chip Riuc  |A=1W/mK 0,24
*additional value stands for built-in capacitor
NP Diode (D7, D8)
Diode forward voltage Ve 120 14 igg 2 \
Peak reverse recovery current IrRrM igz A
Reverse recovery time tr gg ns
Reverse recovered charge Qn Rgon=4 Q +15 350 100 ggg uc
Peak rate of fall of recovery current di(rec)max 152736876 Alus
0,31
Reverse recovered energy Erec Ti=125°C 101 mws
Thermal resistance chip to heatsink per chip Rinn Thermal grease 1,05
lickness<50um KW
Thermal resistance chip to case per chip Rinac A =1W/mK 0,69
copyright Vincotech 4 09 Okt 2014 / Revision: 4
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Characteristic Values
Parameter Symbol Conditions Value Unit
V. [V] or Ic [A] or
zGE m o NVeeMor  [kiAor u Min Typ Max
°° Vos [V] o [A
NP IGBT (T2, T3)
Gate emitter threshold voltage Veeay [Vee=Vee 0,0016 5 58 6.5 \
Collector-emitter saturation voltage Vee(say 15 100 105 11588 185 \
Collector-emitter cut-off incl diode Ices 0 600 0,0052 mA
Gate-emitter leakage current lees 20 0 1200 nA
Integrated Gate resistor Rgint none Q
. 103
Turn-on delay time tdon) 103
Rise time t, 16,8
19,2
. 158 ns
Turn-off delay time ta(ofty Rgoff=4 Q s a5 100 179
- =40Q 44
Fall time t Rgon=4
64
Turn-on energy loss per pulse Eon 1,06
1,52 W
2,48 Hws
Turn-off energy loss per pulse Eoft Ti=125°C 332
Input capacitance Cies 6280
Output capacitance Coss f=1MHz 15 480 100 Tj=25°C 400 pF
Reverse transfer capacitance Crss 186
Gate charge Qgate Tj=25°C 620 nC
Thermal resistance chip to heatsink per chip Rinn Thermal grease 1,01
lickness<50um Kw
Thermal resistance chip to case per chip Rinac A =1W/mK 0,67
NP Inverse Diode (D2, D3)
. Tj=25°C 1,00 1,61 2,15
Diode forward voltage Ve 15 Tj=125°C 1’57 \
Thermal resistance chip to heatsink per chip Riun Thermal grease 3,43
hickness<50um Kw
Coupled thermal resistance inverter transistor-diode Rinac A =1W/mK 2,27
Halfbridge Diode (D5, D6)
Diode forward voltage Ve 60 150 gﬂ 340 \
Reverse leakage current Iy 1200 200 A
Peak reverse recovery current |lrRrM i% A
Reverse recovery time tr ‘gé ns
Reverse recovered charge Qn Rgon=4 Q +15 350 100 162'2741 uc
di(rec)max 5985
Peak rate of fall of recovery current Tt 2890 Alus
Reverse recovery energy Erec ;éi mws
Thermal resistance chip to heatsink per chip Rinn Thermal grease 1,15
lickness<50um Kw
Thermal resistance chip to case per chip Rinac A =1W/mK 0,76
DC link Capacitor (C1, C2)
C value C |DC+ to Neutral and DC- to Neutral | | | 100 | | nF
Thermistor
Rated resistance R T=25°C 22000 Q
Deviation of R25 AR/R  |R100=1486 Q T=25°C -5 +5 %
Power dissipation P T=25°C 200 mwW
Power dissipation constant Tj=25°C 2 mW/K
B-value Bsiso)  |Tol. £3% Tj=25°C 3950 K
B-value Bsiioo)  [Tol. 3% Tj=25°C 3996 K
Vincotech NTC Reference B
Module Properties
. . per module
Thermal resistance, case to heatsink Rihch APaste=1W/(m- K)/Agrease=1W/(m-K) thd. KW
Module stray inductance Lsce \V23990-P-M107-*-31 5 nH
Chip module lead resistance, terminals -chip RCCy4ep Tc=25°C, per switch thd. mQ
: Screw M4 - mounting according to valid application note
Mounting torque M Flow1-4TY-P-*-HI for PressFiT, V23990-P-M101-*-31 for SolderPin 2 22 Nm
Weight G 42,28 g
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Half bridge (T1, T4 / D7, D8)
half bridge IGBT and Neutral Point FWD
Figure 1 IGBT Figure 2 IGBT
Typical output characteristics Typical output characteristics
lc = f(Vce) lc = f(Vce)
320 320
< <
o [ © /
240 240
I
160 160 /
80 80
0 0
0 1 2 3 4 Vee (V) 5 0 1 2 3 4 Ve (V) 5
At At
th= 250 'S th= 250 'S
Tj= 25 °C Ti= 125 °C
Vge from 7V to 17 Vin steps of 1 V Vee from 7V to 17 Vin steps of 1 V
Figure 3 IGBT Figure 4 NP FWD
Typical transfer characteristics Typical FWD forward current as
lc=f(Vag) a function of forward voltage
Ir = f(Ve)
100 300
g g T, = Tjnac25°C Tj=25°C
- T} = Tjnar25°C 0
80
T,=25°C
200
60
150
40
100
20
50
0 0
0 2 4 6 8 10 Vg (V) 12 0 05 1 15 2 Ve (V) 25
At At
th= 250 'S th= 250 'S
Vee = 10 \Y Tj= 25/150 °C
Tj= 25/150 °C
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Half bridge (T1, T4 / D7, D8)

half bridge IGBT and Neutral Point FWD

Figure 5 IGBT
Typical switching energy losses
as a function of collector current

Figure 6 IGBT

Typical switching energy losses
as a function of gate resistor

E =f(Ic) E =f(Rg)
8 r 8
& ! Eoft vigh T @ Eontigh T
= ! =
£ | E
w | w
|
|
] [ L T
Eon High T Eon Low T
Ecm High T
4 4 L
EoftLow T
2 I i e
|
0 0
0 50 100 150 Ic(A) 200 Rs(Q) 20

T,= 25/125  °C
Vee= 350 v
Vee = +15 %
Rgon = 4 o)
Ryoft = 4 o)

Figure 7 NP FWD

Typical reverse recovery energy loss
as a function of collector current

With an inductive load at

T,= 25/125  °C
Vee= 350 %
Vee = +15 %
le= 100 A

Figure 8 NP FWD

Typical reverse recovery energy loss
as a function of gate resistor

Erec = f(lc) Erec = f(RG)
16 T T 16
— | |
@ -
E | | 2
E I ! Erec High T B
w | | w
|
12 ! S N S
08 8fp--- - - - -------------_-r_-_- - - - - - - _-__
Erec High 7
04 04 F-—-N---""-"-"-“"--——
|
| ErecLow T
0 0 L L
0 4 8 12 16 Rs (Q) 20

With an inductive load at

T,= 25/125  °C
Vee= 350 %
Vee = +15 %
Rgon = 4 o)

copyright Vincotech
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T,= 25/125  °C
Vee= 350 %
Vee = +15 %
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Half bridge (T1, T4 / D7, D8)

half bridge IGBT and Neutral Point FWD

Figure 9 IGBT
Typical switching times as a
function of collector current

Figure 10 IGBT

Typical switching times as a
function of gate resistor

t=f(lc) t=f(Rg)
1,00
?
E
0,10
0,01
| |
| | | |
| | | |
0,00 L L 0,00 . .
0 40 80 120 160 1c(A) 200 0 4 8 12 16 Rc(9Q) 20

With an inductive load at

7= 125 °C
Vee= 350 %
Vee = +15 %
Rgon = 4 Q
Rgoft = 4 Q

Figure 11 NP FWD

Typical reverse recovery time as a
function of collector current

With an inductive load at

T,= 125 °C
Vee = 350 v
Vee= +15 v
le= 100 A

Figure 12 NP FWD

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

tfl’ = f(lc) tfl’ = f(RQOH)
0120 0,180
E; tr High T -~
- 0,150
— / tor vigh 7
0,090
0,120
0,060 0,090
[" Low T
. —
0,060
— bt
0,030 ]
/
0,030
0,000 0,000
0 40 80 120 160 Ic(A) 200 0 4 8 12 16 Rgon(Q) 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 100 A
Rgon = 4 Q Vee = +15 \%
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Half bridge (T1, T4/ D7, D8)
half bridge IGBT and Neutral Point FWD
Figure 13 NP FWD Figure 14 NP FWD

Typical reverse recovery charge as a

Typical reverse recovery charge as a
function of collector current

function of JFET turn on gate resistor

er = f('c) er = f(Rgon)
12 10
\Lé: Qur vigh T g
o 9
10 c
8

Qrr igh T
6

Qrrtowt

2 [ Quir

0 40 80 120 160 1c(A) 200 0 4 8 12 16 Rgon(Q) 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee= 350 \Y Vg= 350
Vee= +15 \Y Ie= 100 A
Rgon = 4 Q Vee = +15 \%
Figure 15 NP FWD Figure 16 NP FWD

Typical reverse recovery current as a

Typical reverse recovery current as a
function of collector current

function of JFET turn on gate resistor

lrrm = f(lc) lrrm = f(Rgon)
200 250
< <

IRRM High T

g

\

N
8

| e

\ IRRM High T

40 50
lRRM Low T
0 0
0 40 80 120 160 1c(A) 200 0 4 8 12 16 Rgon(Q) 20

At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 100 A
Rgon = 4 Q Vee = +15 \%
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Half bridge (T1, T4 / D7, D8)

half bridge IGBT and Neutral Point FWD

Figure 17 NP FWD Figure 18 NP 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 JFET turn on gate resistor
dlo/dt,dlec/dt = f(IC) dlp/dt,dlec/dt = f(Rgon)
E,lADOD & 30000 L7 ey mepp——
dig/dtiignt = = = =
< e/t 7 s ot |~
< 12000 — 5 dheltign |
& } 25000
o
10000
20000
8000
Aty 15000
6000 L)
{— 10000
4000 N
liec/dtyign v
dig/dtiign 1 5000
2000 \
R
0 [}
0 40 80 120 160 1c(A) 200 0 4 8 12 16 Rgon(Q) 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 100 A
Rgon = 4 Q Vee = +15 \%

Figure 19 IGBT Figure 20 NP 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'
: g
10° 10° =
b T
=TT L H—2
] ,/?/ /
10* | LU—T1 A 1071 .
p7 D=0,5 H i D=05
02 ] [ 02 ]
! 0,1 | 0,1
102 = ] / 005 = PO m— 0,05
002 || — 002 T]
— 0,01 001 H
I 0,005 0,005 [}
0.000 0.000
10° T ; 10°
10° 10 10° 10° 10° 100 6 g 10° 10* 10° 102 10° 100 5O 10
At At
D= /T D= /T
Rthan = 0,37 KW Ripn = 1,05 KW
IGBT thermal model values FWD thermal model values
R (C/W)  Tau(s) R (C/W) Tau (s)
0,06 2,4E+00 0,05 7,4E+00
0,15 4,0E-01 0,27 1,3E+00
0,12 1,0E-01 0,55 2,7E-01
0,03 1,3E-02 0,11 4,0E-02
0,01 8,4E-04 0,04 5,1E-03

0,03 6,0E-04
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Half bridge (T1, T4 / D7, D8)
half bridge IGBT and Neutral Point FWD
Figure 21 IGBT Figure 22 IGBT
Power dissipation as a Collector current as a
function of heatsink temperature function of heatsink temperature
P = f(Th) Ic = f(Th)
500 180
B -
o 450 %
150
400
350
120
300
250 %
200 +
60 1
150
100
304
50
] . 0 .
0 50 100 150 Tn(°C) 200 0 50 100 150 Tn (°C) 200
At At
Tj= 175 °C T= 175 °C
Vee= 15 \Y
Figure 23 NP FWD Figure 24 NP FWD
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Pio = f(Th) e =f(Th)
150 120
g <
o8 &
120
%
9 4
60
60 4
30
30
0 v 0
0 50 100 150 Th (°C) 200 0 50 100 150 Tn (°C) 200
At At
T= 150 °C T= 150 °C
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Safe operating area as a function
of collector-emitter voltage

10-FY12NMA160SH-M420F
10-PY12NMA160SH-M420FY

Half bridge (T1, T4 / D7, D8)

half bridge IGBT and Neutral Point FWD

Gate voltage vs Gate charge

datasheet

lc=f(Vee) Vee = f(Qy)
16
h T4
10°
o — ~ 240V
rd 12
N
NN \\\ NN e NOT 960V
™N ™N 10
™N N
N
/ \\\ I /
- \\ NN m>\@s N 8
\\
~N
‘\\ N 6
10° DC NN \\
N TN
N 4
\\
107 24
0 . . . . :
L 0 100 200 300 400 500 600 700 800
10° 10 10° 10 Ve (V) Qg (NC)
At At
D= single pulse Ip= 20 A
Th= 80 °C Vps= 600 \Y
Vee = 0 Y T= 25 °C
Tj = ijax °C
Reverse bias safe operating area
le=1(Vce)
200 q
<
-©
IcMAX
160
u% \
o
AN
120 - - \\ -
80 \
X
\ <
2
\ [P
40 \
0 ! ! !
0 200 400 600 800 1000 1200 1400
Vee(V)
At
Ti= Timax25  °C

Uccminus: Uccplus

Switching mode :
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Neutral Point IGBT (T2, T3/ D5, D6)
neutral point IGBT and half bridge FWD
Figure 1 Figure 2 NP IGBT
Typical output characteristics Typical output characteristics
lc = f(Vce) lc = f(Vce)
300 300
< g /
250 2;0 /
200 200 — |
150 150
100 100
50 50
0 0 — T
0 1 0 1 2 3 4 Vee (V) 5
At At
th= 250 'S th= 250 'S
Tj= 25 °C Tj= 150 °C
Vge from 7V to 17 Vin steps of 1 V Vee from 7V to 17 Vin steps of 1 V
Figure 3 NP IGBT Figure 4 FWD
Typical transfer characteristics Typical FWD forward current as
I = f(Vae) a function of forward voltage
Ir = f(Ve)
60 200
= 2 T)= Tjhac25°C
> 1= Tinac25°C e
50
160
40
Tj=25°C
120
30
T,=25°C .
20
40
10
0 0
0 2 4 8 0 1 3 Ve (V) 4
At At
th= 250 us p = 250 'S
Vee = 10 \Y Tj= 25/150 °C
Tj= 25/150 °C
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Neutral Point IGBT (T2, T3/ D5, D6)

neutral point IGBT and half bridge FWD

Figure 5 NP IGBT Figure 6 NP IGBT

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

6 ; 6

é : EuffH\ghT é

w ! o

o

IS

Eon igh T
3o ________ L T ___ ]
| |
|
on Low T
-t T Eo« High T
| |
2 |

! ; EoftLow T
| |
1 1 1
: :
o \ \
0 40 80 120 160 1c(A) 200 0 4 8 12 16 Re(D) 5
With an inductive load at With an inductive load at
Tj= 25/125 °C Tj= 25/125 °C
Vee = 350 \Y Vee = 350 \Y
Vee= +15 \Y Vee= +15 \Y
Rgon 4 Q Ic = 60 A
Ryofr = 4 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(lc) Erec = f(RG)
5 s
E o

IS

2 2 F—————= e b=
| |
| |
| |
\L\ I
1 1 | : ErecLowT
| |
| |
| |
| |
0 0
0 40 80 120 160 1. (A) 200 0 4 8 12 16 Ro () 5
With an inductive load at With an inductive load at
Tj= 25/125 °C Tj= 25/125 °C
Vee= 350 \% Vee = 350 \%
Vge = +15 \% Vee= +15 \%
Rgon = 4 Q Ic = 60 A
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Neutral Point IGBT (T2, T3/ D5, D6)

neutral point IGBT and half bridge FWD

Figure 9

Typical switching times as a
function of collector current
t=1f(lc)

NP IGBT

Figure 10 NP IGBT

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

t(ps)

|
|
|
|
1
0 40 80 120 160

t(ps)

0,01

| |
| |
| |
| |
1 1
0 4 8 12 16

0,001 0,001
Ic(A) 200 R (Q) 20
With an inductive load at With an inductive load at
Tj= 125 °C Tj= 125 °C
Vee = 350 \Y Vee = 350 \Y
Vee= +15 \Y Vee= +15 \Y
Rgon = 4 Q Ic = 60 A
Ryofr = 4 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
tfl’ = f(lc) tfl’ = f(Rgon)
012 08
I te High T 7
£ E
009 06
tr High T
006 /// trr Low T 04
/
003 02
[" Low T
0,00 0
0 40 80 120 160 Ic(A) 200 0 4 8 12 16 Ren(Q) 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 60 A
Rgon = 4,0 Q Vee= +15 \Y
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Neutral Point IGBT (T2, T3/ D5, D6)
neutral point IGBT and half bridge FWD
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
er = f('c) er = f(Rgon)
18 15
E Qrr High T ig
) /
12
12
s Qi High T
erLDwT
9 /
6
6
er LowT
3
3
0 0
0 40 80 120 160 Ic(A) 200 0 4 8 12 16 Rgon () 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 60 A
Rgon = 4,0 Q Vee = +15 \Y
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

lrrm = f(lc) lrrm = f(Rgon)
180 200
< IreMm High T <
160
IRRM Low T
120 /
/ 120

) \ lww ,
30

0 40 80 120 160 Ic(A) 200 0 4 8 12 16 Rgon () 20
At At
Tj= 25/125 °C T= 25/125 °C
Vee = 350 \Y Vg = 350 \Y
Vee= +15 \Y Ie= 60 A
Rgon = 4,0 Q Vee = +15 \Y
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Neutral Point IGBT (T2, T3/ D5, D6)

neutral point IGBT and half bridge FWD

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
dly/dt,dlec/dt = f(IC) dlo/dt,dlrec/dt = f(Rgon)

10000 18000

% %

€ S

< <

3 3

3 415000

5 8000 5

12000

9000

lrec/dty o v
6000

2000 \

4000

T

Aleltgn 1 3000
! Wil 7
0 0
0 40 80 120 160 1 c(A) 200 0 4 8 12 16 Rgon (Q 20

At At
T,= 25/125  °C T,= 251125  °C
Vee= 350 v Vg = 350 %
Vee = +15 % = 60 A
Rgon = 4,0 Q Vee = +15 %

Figure 19 NP 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"
¢ ¢
10° == 10° |
— I 79 =
___——//// 7 T B ’/
s /!
- 7
10" 1 10" U
4?
1 D=05 o L D=05
| /// 0,2 | L 0,2
L 0,1 1] 0,1
10? il 10? E|
005 ] - 0,05
0,02 002 7
0,01 m 0,01
0,005 i 0,005 |
0.000 0.000
10° t - 10° T T T
10° 10" 10° 10? 10" 0w H®) e 10° 10" 10° 10? 10" 10° HE) g0t
At At
D= tp/T D= tp/T
Ripn = 1,01 KIW Ripgn = 1,15 KIW
IGBT thermal model values FWD thermal model values
R (C/W)  Tau(s) R (C/W) Tau (s)
0,05 6,49 0,05 4,90
0,16 1,27 0,13 0,82
0,52 0,25 0,59 0,18
0,18 0,07 0,22 0,05
0,07 0,01 0,10 0,01
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Neutral Point IGBT (T2, T3/ D5, D6)
neutral point IGBT and half bridge FWD
Figure 21 NP IGBT Figure 22 NP IGBT
Power dissipation as a Collector current as a
function of heatsink temperature function of heatsink temperature
P = f(Th) Ic = f(Tn)
180 100
g g
n? -©
150 +
80
120
60
%
40 1
60
20
30+
] . 0 .
0 50 100 150 Th(°C) 200 0 50 100 150 Th(°C) 200
At At
T= 175 °C T= 175 °C
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
Pio = f(Th) e =f(Th)
140 70
B <
n:s' -
120 60
100 50
80 40
60 30
40 20
20 10 \
0 : 0
0 50 100 150 Th (°C) 200 0 50 100 150 Th (°C) 200
At At
T= 150 °C T= 150 °C
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Neutral Point IGBT (T2, T3/ D5, D6)

neutral point IGBT

Reverse bias safe operating area

le=1(Vce)
125
<
©
IcMAX
100
w\
-
2y |F
o) o
°
75 =\
50 \
X
\ <
>
8
\ >
25 \
0 ! ! :
0 100 200 300 400 500 600\, ) 700
CE!
At
T = Timaxc25  °C

Uccminus: Uccplus

Switching mode : 3 level switching
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NP IGBT Inverse Diode (D2, D3)
Figure 25 NP Inverse Diode Figure 26 NP Inverse Diode
Typical FWD forward current as FWD transient thermal impedance
a function of forward voltage as a function of pulse width
Ie = f(Vg) Zingn = f(tp)
50 10
< 7= 25°c//
40 g |
NS || H— "'// q
,—-7/
// Tl
T= Tnac25°C 10 | A
30 - /
a‘/
ey / D=05
10" |1 0.2
> 0,1 7
10 L1 0,05 |
0,02
0,01
0,005
0.000
] 102
0 05 1 15 2 25 VF(V) 3 10° 10 10° 10° 10t @ ) o
At At
t= 250 us D= tp/T
Rinan = 3,43 KW
Figure 27 NP Inverse Diode Figure 28 NP Inverse Diode
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Pio = f(Th) e =f(Th)
50 2
g <
2 ~
40 20
30 + 15 4
20 + 10 +
10 5
0 . 0
0 50 100 150 Th (°C) 200 0 50 100 150 Th (°C) 200
At At
T= 150 °C T= 150 °C
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Half bridge Inverse Diode (D1, D4)

Figure 1 Halfbridge IGBT Inverse Diode Figure 2 Halfbridge IGBT Inverse Diode

Typical FWD forward current as FWD transient thermal impedance
a function of forward voltage as a function of pulse width
Ie=1(Ve) Zingn = f(tp)
24 10!
<
e T)= Tjnac25°C -
20 \i
| =
= 950 A
16 Tj=25°C I /7 LA
10° [
, 7
12 /
A
/ D=0,5
8 10* 74 0,2
0,1
—" 0,05
4 B 0,02
0,01
0,005
0 0.000
0 05 1 15 2 25 3 VF(V) 35 o . s R . C |
10 10 10° 10 10 1
At At
t= 250 us D= /T
Rihgn = 2,235 KW

Figure 3 Halfbridge IGBT Inverse Diode Figure 4 Halfbridge IGBT Inverse Diode

Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Pio = f(Th) e =f(Th)
70 2
B g
& iy
60
20
50
15 4
40
30
10 +
20 4
5
10 +
[} . . [}
0 50 100 150 Th(°C) 200 0 50 100 15 T, (°C) 200
At At
T= 150 °C T = 150 °C
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Figure 1

Typical NTC characteristic
as a function of temperature

RT =(T)

Thermistor

Thermistor

22000

NTC-typical temperature characteristic

S

o
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Switching Definitions half bridge (T1, T4 / D7, D8)
General conditions
T = 125°C
Rgon = 4Q
Rgoff = 4Q
Figure 1 half bridge IGBT Figure 2 half bridge IGBT
Turn-off Switching Waveforms & definition of t doff » LEoff Turn-on Switching Waveforms & definition of t 4o, teon
(teor = integrating time for E %) (tgon = integrating time for E ;)
125 300
% Ldoft % "
250
100 c»ov\mm»\rwlﬁw-\/um/\m
ek \ A
200
75 .
le 150 -
VCE
50
\ CE%U% teort 100 /\ SVARWEN {
I 19 N4 g F
25 \" / \\ VCE tL‘lur\ L «
M 50
0 T Awm—~ri Ve o 0 V1% 7/ c1f[):no” Veess
-25 ! . . . -50 ; ; !
0,1 0 0,1 0,2 03 0,4 05 08 . (u5)0,7 2,85 2,95 3,05 3,15 3,25 335 (ime(us)>45
Vee (0%) = -15 \ Vee (0%) = -15 \%
Ve (100%) = 15 \% Ve (100%) = 15 \%
Vc (100%) = 700 \Y Vc (100%) = 700 \Y
Ic (100%) = 100 A Ic (100%) = 100 A
tdoff = 0,28 us Idon = 0114 us
teoft = 0,66 us teon = 0,27 us
Figure 3 half bridge IGBT Figure 4 half bridge IGBT
Turn-off Switching Waveforms & definition of t ¢ Turn-on Switching Waveforms & definition oft |
130 300
% fitted %
[ 250
1°° T X
IC 90% 200
70
| 150
'C 60%
VCE
0 100 1 /\/
IC 40%
50 ~
10 |
'C10%
t 0
-20 ! ! . . . ! -50 ; ; :
0,14 0,18 0,22 0,26 03 34 0,38 3,1 3,15 32 3,25 33
time (us) time(us)
V¢ (100%) = 700 \Y Vc (100%) = 700 \Y,
Ic (100%) = 100 A Ic (100%) = 100 A
t= 0,06 us t= 0,02 us
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Switching Definitions half bridge (T1, T4 / D7, D8)
Figure 5 half bridge IGBT Figure 6 half bridge IGBT
Turn-off Switching Waveforms & definition of t Eoff Turn-on Switching Waveforms & definition of t ~ go,
120 4 120 4
% %
E I
100 Eor 100 on
80 / 80 |
POH
60 60 /
40 / 40
20 A 20 4
Veeson Post GE10% Veeaw
0 0 =
tEoff tEon
I 1%
-20 . : . -20 T T T T T |
01 0 01 0.2 0,3 04 05 06 e sy 08 29 29 3 305 31 315 32 325 33 335 ﬁ?ﬁg(us)sAs
Post (100%) = 70,22 kw Pon (100%) = 70,22 kw
Eoff (L100%) = 4,03 mJ Eon (100%) = 3,18 mJ
teoft = 0,66 us teon = 0,27 us
Figure 7 half bridge IGBT Figure 8 neutral point FWD
Gate voltage vs Gate charge (measured) Turn-off Switching Waveforms & definition oft
20 120 4
s * 1
4] 80 -
(=2
> (\ 7 o
10 o 40
\Z
0

! 0%
Y\ fitted /"R
0 -40 \ %/
-80

-10 - -120 4
IrrM90%
= Ipqw100%
-160 1 RRM: °
-20 ‘ ‘ ! -200 ; ; ‘
-200 0 200 400 600 800 1000 1200 31 3,14 3,18 3,22 3,26 33
n time(us)
Vgeoft = -15 \Y, V4 (100%) = 700 \Y
Vaeon = 15 \% 13 (100%) = 100 A
V¢ (100%) = 700 \% Irrm (100%) = -151 A
Ic (100%) = 100 A ty = 0,08 us
Q= 1140,19 nC
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Switching Definitions half bridge (T1, T4 / D7, D8)
Figure 9 neutral point FWD Figure 10 neutral point FWD
Turn-on Switching Waveforms & definition of t =~ o Turn-on Switching Waveforms & definition of t ~ gec
(tor = integrating time for Q ) (terec= integrating time for E o)
150 150
% %
100 - la &f\_\___ .
tor 100
50 |
terec
0
50
Prec
-50 A
-100 \ 0 F—
-150
-200 ‘ ‘ ‘ -50 ‘ ‘ !
31 3,15 32 3.25 33 fimews) 335 31 315 32 3.25 33 time(us)3~35
14 (100%) = 100 A Prec (100%) = 70,22 kw
Q. (100%) = 7,13 uc Eec (100%) = 1,01 mJ
ter = 0,16 us tErec = 0116 us
half bridge switching measurement circuit (T1, T4 / D7, D8)
Figure 11 half bridge IGBT
Voo
dyriamic messnrements D5
L., 15v T& } -
D2 I—®——{
= 27 oUT1
3%470uH 7kohm o ‘[ T2 >
5nH
wvdc w2 O00uH
€S 15v 1oV Vce
700 RS
3*470uF 47 koh T3 D3 @ ouUTZ2 o
1mH
L6
Ic
= \
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Switching Definitions neutral point IGBT (T2, T3 / D5, D6)
General conditions
T = 125°C
Rgon = 4Q
Rgoff = 4Q
Figure 1 neutral point IGBT Figure 2 neutral point IGBT
Turn-off Switching Waveforms & definition of t doff » LEoff Turn-on Switching Waveforms & definition of t 4o, teon
(teor = integrating time for E %) (tgon = integrating time for E ;)
125 250
% Lot % le
100 e N AR, 200 -
Ve 90% R I
VGE
757 150
50 VCE 100 \,\’J_,,r‘
\7 \(CE 90% Ic 1% |
teor Vee
25 AN 50 —ree =
/ V3%
\ Veel® o~ Liciow .
0~ M» 07 e /T\"
-25 . . . . -50 T T T )
-0,2 0,1 0 0,1 0,2 0,3 4 0,5 2,85 2,95 3,05 3,15 3,25 3,35 3,45
time (us) time(us)
Ve (0%) = -15 v Ve (0%) = -15 \%
Ve (100%) = 15 \% Ve (100%) = 15 \%
Vc (100%) = 700 \Y, Vc (100%) = 700 \Y
Ic (100%) = 100 A Ic (100%) = 100 A
Lot = 0,18 us tdon = 0,10 us
teoft = 0,44 us teon = 0,18 us
Figure 3 neutral point IGBT Figure 4 neutral point IGBT
Turn-off Switching Waveforms & definition of t ¢ Turn-on Switching Waveforms & definition oft |
125 250
1
fitted %
%
100 200 -
&W%%
75 150 -

Lo Vee \W
50 100 o0
40% . : S
25 \ 50 ""CE
N Y
0 =—— : 0

-25 T T

|
c

2
=
&

T T 1 -50 T T T 1
003 006 009 012 015 018 021 024 027 030 2,95 3 3,05 31 3,15 32 325, .3
time (us) time(us)
V¢ (100%) = 700 \Y V¢ (100%) = 700 \Y
Ic (100%) = 100 A Ic (100%) = 100 A
= 0,064 us t= 0,019 us
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Switching Definitions neutral point IGBT (T2, T3/ D5, D6)
Figure 5 neutral point IGBT Figure 6 neutral point IGBT
Turn-off Switching Waveforms & definition of t Eoff Turn-on Switching Waveforms & definition of t ~ go,
130 130
% %
Epn L
i //
100 Em/ 100
70 70 4
40 40
Uge90% R
ge (
10 10 Uy T0% P
Legr 1. 1% teon Uce3%
-20 ‘ ‘ ‘ ‘ 20 ‘ ‘ | ; ;
-0,2 -0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 28 29 3 31 32 33 34 35
time (us) ' ’ ! ! ’ time(us) ™
P (100%) = 69,93 kw Pon (100%) = 69,9279 kW
Ecf (100%) = 3,32 mJ Eon (100%) = 1,52 mJ
teoft = 0,44 us teon = 0,18 us
Figure 7 neutral point IGBT Figure 8 half bridge FWD
Gate voltage vs Gate charge (measured) Turn-off Switching Waveforms & definition oft
20 150
s %
) lg
D MJ\ 100 A4t ]
10 o) 2oy R
50 i tfl’
04 0 Uy ~ fitted
-50 v
.10 4
-100 4
Iram90%
-20 T T T T T ] -150 R 100%
-200 0 200 400 600 800 1000 205 3 305 31 315 32 325 33 335 34
Qg (nC) time(us)
VeEoff = -15 \% V4 (100%) = 700 \Y
Vagon = 15 % 14 (100%) = 100 A
Ve (100%) = 700 % Irrw (100%) = -142 A
Ic (100%) = 100 A ty = 0,07 us
Q= 950,59 nC
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Switching Definitions neutral point IGBT (T2, T3/ D5, D6)

Figure 9 half bridge FWD Figure 10 half bridge FWD

Turn-on Switching Waveforms & definition of t o Turn-on Switching Waveforms & definition of t ~ gec
(o= integrating time for Q ) (terec= integrating time for E o)
150 120
9 %
% Ig Qn ’
100 //_/__ r 100 el
toint f_’(, f
50 X 80
I e
0 WWWW 60
-50 hv 40
-100 - 20
Prec
-150 H 0
-200 . . . . . -20 T T T . )
28 3 315 33 345 36 375 39 405 42 435 295 31 325 34 35 37 385 4 415 43
time(us) time(us)
13(100%) = 100 A Prec (100%) = 69,93 kw
Q,; (100%) = 12,71 uc Erec (100%) = 3,61 mJ
tQint = 1,00 us tErec = 1100 us
neutral point IGBT switching measurement circuit (T2, T3 / D5, D6)
Figure 11 neutral point IGBT
@,cc
B i X s
l 1 157 T1 D1
i
T ; |; Woe
Dz
D7 OUT1 @
L . Tz -
I*470uF
EnH
hgnls W % Z00uH
cr ’ E
7oo EnH
3*470uFr 47 ko hmn T3 = L/|D8 ouTzZ
Lt |

150 T4

v]
[
v}
o
I
LT
w]
[yl

copyright Vincotech 28 09 Okt 2014 / Revision: 4



v .
\ Vincotech

10-FY12NMA160SH-M420F
10-PY12NMA160SH-M420FY

Ordering Code and Marking - Outline - Pinout

datasheet

Ordering Code & Marking

Version Ordering Code in DataMatrix as in packaging barcode as

without thermal paste 12mm housing 10-FY12NMA160SH-M420F M420F M420F

without thermal paste 12mm housing with PressFiT 10-PY12NMA160SH-M420FY M420FY M420FY

with phase change thermal paste 12mm housing 10-FY12NMA160SH-M420F-/3/ M420F M420F

with phase change thermal paste 12mm housing with PressFiT 10-PY12NMA160SH-M420FY-/3/ M420FY M420FY

Outline

#in table 82 =05
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3 7 26085 i = 10 7 P 290 a3
I : T Vincaterh o, o, 6 5 L P2
S = o ] cslcoow @E
18 | 308 2
12 331 23 “u)j \
® 2 =01 2%5 | \® 43 .02
il 40, 183 1
s 1535
= o 163 Pin table
2& 53 1655 Pin X
25 503 B8 29 505 r4
% s s o | = 2
27 o 5z 3 | ess 26
2 9z 32 103

17,18,19,20 e

Pinout
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Low current connection

-

9“1
1.

)\ - 23242526

TL
L

7,8 - 27,28,29,30
D3
R
T4 D4 D6
2 N
11 .—Z—. 12
3456 == T
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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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