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Get Datasheets from the WEB

[F= Fuiji Electric

Innovating Energy Technology

Datasheets can be downloaded from Fuji Electric Semiconductor web site.

[F= Fuiji Electric
2MBI600VX-120-50

Innovating Energy Technology

IGBT Modules

Power Module (V series)
1200V / 600A / 2-in-1 package

W Features
Low Veggpay
Low Inductance Module structure
Solderless press-fit terminals
W Applications
Inverter for Motor Drives, AC and DC Servo Drives
Uninterruptible Power Supply Systems, Wind Turbines, PV Power Conditioning Systems

W Outline drawing ( Unit : mm )

NOTE) [T WOKED SI0E WITH A TOLERANCE OF [785,3)

Weight 350g (typ )
W Equivalent Circuit

[ lnverter | 1 Thermistor |
e 1l

our

N FM5F8402
1 2014111

ric Innovating Energy Technology
YX-120-50 IGBT Modules
fharacteristics (at Tj= 25°C unless otherwise specified)
- Characteristics
Symbols Conditions i 5 | max
1 legs | Vom0V, Vee= 12000 - - a0 | ma
loss | Vee=OV, Voe=t20V - . 600 | nA
A Vogm | Vee=20V, lc=600mA &0 65 T W
v T=25C - 265 310
tormina) T2 - 300 -
e Ve = 15 T=150°C - 3.05 - v
pe Ic=600A T=25 - 1.85 2.30
T=1857C - 220 -
T=150°C - 225 -
[Etance 5 - 125 - ]
b Vee=10V, V=0V, =1MHz | - 4B - F
- 550 5
Vo= 600V - 180 -
Vige= £15V - 120 - nsec
L= a0nH - 7050
- 110 -
v T=25C - 250 .00
" T=125°C - 255 -
(rmminal) -
Ve =0V Teis0C | - 260 - v
3 1626004 TZ5C § (EC BEEG
CGVm‘ ToET| - 85 B
Pl TEI60C T80
[T} T - 200 .
5000
g " T=T00C o T
Jus B T=25/50°C G306 | sars | w4e0 | K
stanct
Symbols [ =
ym min., e, A,
ce = 1GaT - - 0.04
el - .
: FWO T | ooy
5578 Ryq, | with thermal compound - 0.0167 -
[Vl which i Gefined maunting on 0 agdianal cooling fin with thermal compaund

FMEFB402

3 2014111

ric

YX-120-50

Innovating Energy Technology

IGBT Modules

vs. Collector-Emitter voltage
= 25°C | chip

Colector current vs. Collactor-Emittar voltage {typ.)
T;=150°C / chip

1400

1200

3
3

@
8

2
2

Callactor current: . [A]
=
2

N
8

2 ] 4 5
flor-Eriitier vatage: Ve, V]

o

a
"
w
@

Callector-Emiter wallage: Vey [¥]

vs. Colleclor-Ermilter vollage
e = 15V 1 ehip

llector-Ermitter vollage vs. Gate-Emitlsr valtage
T,= 25°C / chip

Collector-Emities Vahage: Ve V]

2 E) 4 5
tor-Exmitzer Voltage: Vg (V]

. Collactor-Emitier Voitaga
L t= AMHzZ, Tj= 25°C

5 10 15 i 25
Gate-Emiter Voitags: Vae (V]

Dynamic Gata Charge (typ.)
Vee=600V, Ic=6004, Tj= 25°C

800

500

400

Cobactor-Emittar volage: Ve [V]

fior-Emitier votaga: o (V]

Confidential
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Maximum Voltage FC Fuii Electric

Innovating Energy Technology

B Absolute Maximum Ratings (at T.= 25°C unless otherwise specified)

Maximum
ltems Symbols Conditions . Units
: Ratings
Collector-Emitter voltage Vees @ 1200 N
Gate-Emitter voltage Vs \ +20 v

\ VcEs : Maximum collector-emitter voltage with zero
gate-emitter bias.

VGEs : Maximum gate-emitter voltage with zero emitter-collector bias. Electric strength of

gate is low because of MOS-gate structure. Need to take measures against static electricity.
(Withstand voltage against static electricity is less than 1kV. Don’t touch the gate pins with bare hands.)

Isolation |between terminal and copper base (*1) )
.V : .
voltage |between thermistor and others (*2) 159 AC: 1min 2500 VAC

Viso : Maximum effective value of the sine-wave voltage between the terminals and
the heat sink, when all terminals are shorted.

Metallic-base is insulated from circuit by the thin ceramic substrate. Don’t drop the
module at handling. (There is danger of getting an electric shock when the substrate cracks.)

Confidential
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Maximum Current

B Absolute Maximum Ratings (at T.= 25°C unless otherwise specified)

f | Continuous Tg=25°C 750 )
A T.=100°C 600
Collector current I pulse 1ms 1200 A
-le 600
X -l pulse "\|1m 1200 y

Ic : Maximum continuous DC collector current.
More than five times of ratings current flows

during accident such as short circuit etc.

IC = (ijax e TC) / (VCE(sat) * Rth(j-c))

Ic pulse : Maximum pulse collector current
(Turn on pulse current)

This value just represents IGBT DC behavior, can be a

reference of choosing IGBT, but not yardstick.
----- Infineon

— ¢ / = Ic pulse : Maximum continuous DC collector
current / pulse current of anti-parallel diode

Confidential

- See also “Short circuit capability” and “RBSOA”

MT5F32726 © Fuji Electric Co., Ltd. All rights reserved.
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Maximum Power Dissipation [, Fuil Bectric.

B Absolute Maximum Ratings (at T.= 25°C unless otherwise specified)

—
B |
3]

1 device 3750 W

I:)C = (Tj(max) —25°C ) / Rth(j-c)
- (175 —-25)/ 0.04 = 3750

Collector power dissipation

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.. 5§




Maximum Temperature FZ Fuii Electric

Innovating Energy Technology

I The maximum junction T:~n : The maximum junction
j * Tj(max) The ma im Ju. o} jop a -j | ctio |
temperature of the die including temperature of the die including thermal
thermal ripples under limited and ripples during continuous, repetitive
non-cyclic operation condition and/or cyclic operation
Junction temperature Tj 175
Dperatlng. ]unptlon term:_:-erature Top / 150
(under switching conditions) °’C
Case temperature T. @ 125
Storage temperature Ta \ -40 ~125

\ T : Case temperature during continuous

operation. Especially base plate temperature is
defined.

Tstg : Temperature range for storage or
transportation, when there is no electrical load on
the terminals

Confidential MT5F32726 © Fuji Electric Co., Ltd. All rights reserved. 6




« oy . . Fuji Electric
DEf"“t'On Of TjOp and Tj(maX) Inﬁg E%IrgyTechnollogy

Below table shows example of the allowed
temperature ranges to operate in.

Never exceed Tj

(max)*
Tiop Ti(max)
Maximum temperature 150°C 175°C
Static v v
Switching v v
Guaranteed
RBSOA v B}
SCSOA v -
: . Continuous Non-cyclic
Operating condition
regular load overload

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.| 7




Example: Overload condition

[F= Fuiji Electric

Innovating Energy Technology

Regular operation = Overload - Regular operation

A

including thermal ripple !

AN

< Regular operation ):‘Overloagé( Regular)
T< Tjop T< Tj(max)

including thermal ripple

Confidential MT5F32726

> Time

© Fuji Electric Co., Ltd. All rights reserved. 8



Screw Torque

[F= Fuiji Electric

Innovating Energy Technology

Screw Torque (Terminals)

Screw
Torque

Mounting (*3) @

3.5

Terminals (*4)

4.5

Nm

(*3) Recommendable Value : 2.5-3.5 Nm (M5)

(*4) Recommendable Valug 254 & hlea hac)

Confidential

Please refer to mounting instructions

www.fujielectric.com/products/semiconductor/model/igbt/mounting/

MT5F32726
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Soldering Condition LG i Bectric

Recommended soldering conditions for Fuji IGBT module products

1. Products range

All of Fuji IGBT products

2. Applicable part
Tab or pin type Control (sub) terminals of standard product
All terminals of SIL, PIM-C product
All pin terminals of Econo-series product

3. Recommended soldering condition at the terminal

260 +- 5C [/ 10 +-1 sec. (by Solder bath)

350 +-10C / 3 +- 0.5 sec. (by Soldering iron)

Ref.No.: MT5F15147

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.| 10




Current Characteristics

M Electrical characteristics (at Tj= 25°C unless otherwise specified)

Characteristics

ltems Symbols Conditions - Units
min. typ. max.
Zero gate voltage [ Vee=0V, Vee= 1200V 3.0 mA
Collector current CES GETH T TCE '
Gate-Emitter _ _
leakage current lses ‘ =0V, Vee=£20V 600 nA

Confidential

[F= Fuiji Electric

Innovating Energy Technology

Icgs : Collector current with zero gate-emitter bias
when a specific collector-emitter voltage is applied.

Iggs : Gate to emitter current with collector-emitter shorted
when a specific gate-emitter voltage is applied.

MT5F32726

© Fuiji Electric Co., Ltd. All rights reserved.l| 11



Voltage Characteristics

VGE(th) : Threshold gate-emitter voltage at which

collector current start to flow

o

(Gate-Emitter \

threshold voltage Veem | Vee=20V, 1c=600mA 6.0 6.5 7.0
v T=25°C 2.65 3.10

crlsl T=125°C 3.00

(terminal) =
Collector-Emitter Ve = 15V T,=150"C 3.06 R

saturation voltage v lc= 600A T=25°C 1.85 2.30

{gﬁj&"}” T=125°C 2.20

\_ P \ T=150°C 2.25

[F= Fuiji Electric

Innovating Energy Technology

If gate-voltage exceeds Vg by
malfunction of circuit etc, IGBT
will be erroneous ON.

VcE(sat) / Vr : Saturation value of Gate-emitter voltage of IGBT or
forward voltage of FWD at a specific condition.

Forward on voltage

Ve
(terminal) {

Ve
(chip)

/

Ve = OV
le= 600A

T=25"C 2.50 3.00
T=125°C 2.65

T=150°C 2.60 -
T=25°C 1.70 2.15
T=125°C 1.85

T=150°C 1.80

Confidential

MT5F32726

1 |

Use these values for power
loss calculation.
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IGBT Output Characteristics FO Fuii Electri

Innovating Energy Technology

Use these data for loss i .
calculation and cooling Be careful wit prg\{lded
design temperature conditions.

Collector current vs. Collector-

er voltage (typ.)
T,= 150°C / chip

Recommended VGE : 15V*10%

1400 : : .
1200 Froi G2, ISV O Increase of Loss
000 f Saturation ON-resistance

800 reglon Ron = BVe / Al

Collector current: I [A]

400 B A o Active Increase conduction loss
_________ | region Don’t use IGBT in this region
200 o G AVCE ........................................
0 : ......... F i
o 1 2 3 4 5

Collector-Emitter voltage: Vg [V]
IGBT built-in voltage

Confidential
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IGBT Output Characteristics FO Fuii Electri

Innovating Energy Technology

Collector current vs. Collector-Emitter voltage
Vge = 15V / chip

1400
1200 [ - Fuji IGBT has positive temperature coefficient.
High T, 2 High Vg
= 1000 . _ ,
© _ This feature is good for paralleling of
5 800 ¢ IGBT modules.
5 [
O 600
S [
8 I
= 400 |
& L
200 |
D -l S T S T S R S SR S S SR N
0 1 2 3 4 5
Collector-Emitter Voltage: V¢ [V]
Confidential MT5F32726 © Fuji Electric Co., Ltd. All rights reserved.. 14




FWD Output Characteristics FC i Blectric

Innovating Energy Technology

Necessary data for loss
calculation, cooling design
(thermal rating).

Forward current vs. Forward vitage (typ.) Be careful with provided

chip temperature conditions.

1400 |

1200 }
< 1000 |
T T T S —— Fuji FWD has positive temperature
g : 5 coefficient in large current region.
LS ST [ T —— I/ A S
g - |
g [
L I i

200 -

0
0 1 2 3
Forward on voltage: V¢ [V]
Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.l| 15




Output Characteristics MOSFET vs IGBT ,K?giu"gflﬁﬁtrﬁy

MOS-FET has
advantage in small
current area.

Confidential

30

25

20

15

Drain current
Collector current [A]

10

0

7
' 1

Output characteristics of 15A class module

/,, /< /
/', /GBT
IGBT |, ! 1200V/15A
600V/15A, N -
I 4 /
\I'\/A/II /
I 7
! ) A MOS-FET
! // 250V/14A
1 ’
|‘ ’,/ '/
L / /%\ MOS-FET
= S 600V/13A
/ ‘.
V4
-~ ,,
o ~A-r-7 3 4 5 6

IGBT built-in voltage

MT5F32726

Drain — Source Voltage

Collector — Emitter Voltage [V ]

© Fuji Electric Co., Ltd. All rights reserved.

IGBT has advantage in
large current area.
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Electrical Characteristics mﬁ,ﬂﬁﬂfﬁﬁiﬂfy

M Electrical characteristics (at Tj= 25°C unless otherwise specified)

Cies : Gate-emitter capacitance, when a specified voltage is applied between
the gate and emitter as well as between the collector and emitter, with the
collector and emitter shorted in AC.

Use the Qg characteristics for drive circuit design, because input capacitance
strongly depends on Collector-Emitter voltage.

Input capacitance Cies Vee=10V, Vge=0V, f=1MHz - 48 - nF

Qn

Gate
supply
voltage

C

[

:

Cics = CGF + CGC

Gate drivé

circuit
Minimize this area

= | Optional QE C[]e:-_:,, — CCE —I_ CG(_

negative gate
supply voltage

[ Crcs = CGC

Ce

Confidential MT5F32726 © Fuji Electric Co., Ltd. All rights reserved.” 17




Gate Charge(Qg) Characteristics [ [uliElectric

Necessary data for

drive circuit Dynamic Gate Charge (typ.)
Vec=600V, Ic=600A, Tj=25°C

(Current and thermal rating)

20 800
V =15V —HB E B 4 600
GE F Vee | | | | ; S
Em -”j ............................................................ .i ............. i 4[}[} g
Gate drive power L i >
( _ gate res'stance |OSS) g} 5 ; .............. + ............... + ............... ............. 1 ................... i ............ - 2[}[} E
g o} i 0o ¢
P=fc XQ;XV > | g
G GE g 5 ¢ 200 B
£ | o 5
PR : 400 3
© - i £
20 B e e L) 800
-6000 -4000 -2000 / 0 2000 400Q 6000
Ggfe charge: Qg [nC]
Quantity of electric charge Quantity of electric charge for
for gate charging -15V~15V gate charging OV~ 15V

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved., 18




Definition of Switching Time G, Fui Bectric.

ON
0 _90%

tf

toff

ton - 550 .
Turn-on time t, Vo= 600V Ic= BO0A - 180 -
L) Vee= #15V  Rg= 0.620Q - 120 - nsec
. tor L,= 80nH - 1050 -
Turn-off time T ? - 110 -
The value indicated on a catalog is a standard gate resistance value.
This is not manufacturer’s recommended value.
|IReverse recovery time | t, | 1-= BO0A | - | 200 | - [ nsec||

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved., 19




Switching Losses

Necessary data for loss
calculation, cooling design

(thermal rating).

Confidential

Switching loss: E,,,, E E,, [mJ/pulse]

[F= Fuiji Electric

Innovating Energy Technology

Switching losses are proportional to

DC bus voltage

Collector current: | [A]

MT5F32726

Switchiefg loss vs. Collector current (typ.)
Vee=600V;VGE=1£15V, Rg=0.62Q, Tj=125°C, 150°C
250
- —— Tj=125°C
- ---- Tj=150°C c o
i off
2{]{:} ......................................................................................... \ Eoff . IGBT
Turn-off loss
150
100 E,. : FWD Reverse-
E, ./ recovery loss
5[} .......................................
Son O ——E_,, : IGBT
0 . - . . Turn-on loss
0 500 1000 1500

© Fuiji Electric Co., Ltd. All rights reserved.| 20



Switching Loss vs Gate Resistance & uiElectric

Necessary data for loss
calculation, cooling design
(thermal rating).

Switching loss vs. Gate resistance (typ.)
fcc=600V, Ic=600A, VGE=%£15V, Tj=125°C, 150°(
400 R Poob E bRl T

—TEe B

0 e B B B

(]
=
o

.....................................

M
=
o

—
]
o

Switching loss: E,,, E .« E,, [mJ/pulse]

o

Gate resistance: R [Q]

Confidential MT5F32726 © Fuji Electric Co., Ltd. All rights reserved.” 21




Turn-on & Turn-off Measurement [fG FuiiElectric.

Lower arm turn-on and turn-off measurement

Double pulse method

1 Turn off Turn on
(~200uH) \ /
-VGE: -15V \e'=
+VGE: +15V VDC
TGE: -15V
Double pulse j_‘.; ‘ \
VGE lc Vce

Confidential MT5F32726 © Fuji Electric Co., Ltd. All rights reserved.. 22




Fuiji El '
Turn-on Waveform (IGBT) JFC Fuit Blectric.

— Y Y /

1 —Mirror effect ;
Ls E@ Free wheel Vee| T A
OFF i current 0 .
—— Y Y
Vpc T ceeemmaan
OFF £}| VcE
_ TYTY™Y
2 Decrease
OFF JE@ by di/dt
—_ L~
—__ Increase
ON gy by di/dt
_ TYTYTY
3 Reverse
OFF JE@ recovery
on (54 on

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.l| 23




Turn-off Waveform (IGBT)

e YTYTL "
1
P Increase
( by di/dt
orr P
—— — Y YT\
Decrease
OFF
W by di/dt
__ TYTYTY
3 .
Free wheeling
OFF £® current
—— —_ Y TY T
Vo T E}
oFF 7Ny
Confidential

MT5F32726

[F= Fuiji Electric

Innovating Energy Technology

-

. ‘Mirror effect
N — i A
VGE :j_; '
Vee | i !
""" 1

[=]m1-
m 4
[Co] -

Vcep = V. + Ls (-di/dt)

© Fuiji Electric Co., Ltd. All rights reserved.. 24



Definition of Switching Loss G, Fui Bectric.

Conduction loss =V x I

) i . L
Eon:]VCE'IC dt (J) Eoff:jVCE'IC dt (J)

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.l| 25




Reverse Recovery Measurement £ i Electric

Double pulse method

1
1
1
‘VGE: -15V 1
1
1

+Vge: +15V Re I I
Vgg:-1%v =m0 -- \

Double pulse
Reverse recovery
(Turn on)

Don't measure Vg,

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.| 26




Reverse Recovery Waveform (FWD)

[F= Fuiji Electric

Innovating Energy Technology

1 y : i ] 1
orF LB MCE T\ =0
Vo™ " +—"""— Free wheel T\ Vak=0;
current In =1 .
OFF £} | \Y Vi - Voc /TEIH cmilrrent
o 1%\
AV i : :
R TA
2 _— Decrease vE :
OFF JI@D by di/dt v B A L | Vi
L — 0 St AN T
ON @& Increase t 4+ 4 *
— by di/dt _ 1 4
3 Reverse 4
ap N
| oFF .l@ recovery | OFF ,E}
d QI
on (54 on S
Confidential © Fuiji Electric Co., Ltd. All rights reserved.l| 27

MT5F32726



e e e . . Fuiji El '
Definition of Switching Loss G, Fui Bectric.

-V

| Ve X I

0 -
Err=j|VCE-1F|dt v)

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved., 28




Thermal Characteristics mﬁ;‘,ﬂir;'ri‘iﬂfgy

5. Thermal resistance characteristics

Items Symbols Conditions - Charatt;t:rlstlcsmax Units
Thermal resistance R.. IGBT - - 0.04
(1device) thie) FWD - - 0.06 oI
Contact thermal resistance .

(1device) (1) Rinen ‘ ith thermal compound - 0.0167 -

(*1) This is the value which is deﬁne‘i moating on the additional cooling fin with thermal compound.

Rth(j-c) : Thermal resistance between the junction (chip) and
the case (bottom of base plate)

\

Rth(c-f) : Thermal resistance between the case and the surface of heatsink
when the IGBT is mounted on a heat sink with a thermal grease

- See also “Definition of Thermal Model”

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.l| 29




. . Fuiji Electri
Thermal Resistance Junction to Case mﬁg;,fi'rgyreeinﬂfgy

Necessary data for cooling
design (thermal rating).

Junction to case thermal resistance value is

0.1 almost saturated within one second.

Rin(i-c)(>)
Thermal resistance at steady-state

0.01

Thermal resistance value is inversely
proportional to die size.

i , FWD thermal resistance is larger than IGBT.

o —— I[sleu:i” 0.0001 | 0.0043 | 0.0525 | 0.1129 9 Be careful in case of rectifier usage

Rth IGBT 0.00428 | 0.00782 | 0.01901 | 0.00888 . .

con [ Fwp T o.006a2 | 001172 | 0.02852 | 001333 (PWM-converter etc.) that require the high

0.001 - duty to the diode.
0.001 0.01 0.1 1

Pulse Width : Pw [sec]

Thermal resistance: Ry, [°C/W]

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.| 30




Transient Thermal Impedance ,nﬁgi‘,fiirgf'rfiﬂfgy

Thermal resistance curve R, (t) is represented by Foster Equivalent
Network Model.
Foster parameters (r,, T,,) are provided in datasheet.

0.1

Foster equivalent

= 4 ¢ AN
o Yl [—— %
. th{j_p}(ﬂ = ron<l—exp| ——
) T
3 = C 7/
T 0.01
0]
3]
-
T
0
2 bl
T P i L i R R
E -1 [sec] 0.0043 | 0.0525 | 0.1129
_q;.t Rth IGBT | 0.00428 | 0.00782 | 0.01901 | 0.00889 }
= [[CIW]| FWD | 0.00642 | 0.01172 | 0.02852 | 0.01333
0.001 0.01 0.1 1

Pulse Width : Pw [sec]

Confidential MT5F32726 © Fuiji Electric Co., Ltd. All rights reserved.l| 31




Definition of Thermal Model

IGBT
Tim)
Junction (Chip) : Tj --------------------------
Rengic)
Tj_c
Case : T, —---gmmmmmerbie T.
T Rth(c-f)
. c-f
Heatsink : T Rt T,
h(f-a)
Tf-a
Ambient : T, T,

[F= Fuiji Electric

Innovating Energy Technology

FWD
Semiconductor die
Tj (D1) Solder
Copper foil
——Module
Ceramic

Copper Base plate

Thermal Grease

Heat sink

Case temperature T_: Surface of Cu base plate under the chip

Heat sink temperature T;: Surface of the heatsink under the chip

Confidential
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NTC - Thermistor FC, Fuii Electrc

Innovating Energy Technology

M Electrical characteristics (at Tj= 25°C unless otherwise specified)

Temperature characteristic (typ.) |
100 p= B e
______ [Ref.No.: MT6M5770
10
g
«
E .....
z 1
&
0.1 .
60 -40 20 0 20 40 &0 80 100 120 140 160 [
Temperature [*C]
R : Thermistor resistance at specified R(T) = Rysexp {325/T (% - 295 15)}
temperature '
B : Temperature coefficient of the 5 | (R50)/( 1 1 )
: =In| 5— —
resistance (B,ss) 2550 Ras 323.15  298.15
. . ' ;igg;::' - 5000 -
Thermistor Resistance ‘ R./ T=100°C 465 405 520 0 "
Thermistor B value B T=25/50°C 3305 3375 3450 K |

Confidential
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NTC - Thermistor FC Fuii Blectrc

Innovating Energy Technology

Ref.No.: MT5F19496
2MBI300VJ-120-50

Fuji : 6MBI450U4 120 Eupec : FS450R12KE3
(part of NTC thermistor mounting) (part of NTC thermistor mounting)

180 chip 1

160 k‘

140 il
—~ 1
@) /|
o 120
B / Cu base
E; 100 ’ I b f
7 I
® 80 Vi /] Fuji - 6MBI450U4-120 Eupec - FS450R12KE3
2 // / (part of NTC thermistor mounting) _(part of NTC thermistor mounting)
£ 60 LSS Y
2 [ Pz I Il

40 gt gl
=TT
LT | L —Ti(GBT)
20 LI — T(ntc)
L =gl — Delta
0 =—t—1"1T] I I
0.001 0.01 0.1 1 10 100 1000  SESEEEEEEEeeTro— 4920000
Time (sec) *NTC themistor is mounted on *NTC thermiStor is mounted on
DCB plate indipendent DCB plate.

Transient thermal behavior of NTC thermister and IGBT Junction Temperature

Confidential
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RBSOA, SCSOA

Reverse bias safe operating area
[1200V Inverter IGBT]

+Vge=15V, -Vge<15V, Rg=Rg(spec.) Tj=150°C

Collector current : x Ic rating [a.u.]
e
o
T
@
©
0]
- =
=
®
o
=
w
&
—

___________________________

(Repetitive pulse)

0 | i | i )
400 600 800 1000
Collector-Emitter voltage : VCE [V]

1200

1400

Main C1

™=l

Main C2E1

S

[F= Fuiji Electric

Innovating Energy Technology

VCE (terminal)
of Upper arm

CZE]

F 3

VCE (terminal)
of Lower arm

Fuji defined V value at the module terminal by
using Sense C1 and Sense C2E1 for upper arm and
Sense C2E1 and Sense E2 for Lower arm.

Switching characteristics of V¢ also is defined
between Sense C1 and Sense C2E1 for Upper arm
and Sense C2E1 and Sense E2 for Lower arm.

The maximum voltage is reduced at the higher current region because the chip voltage is
higher than the terminal voltage due to the internal stray inductance L and the switching

current di/dt (V = L*di/dt).
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[F= Fuiji Electric

Reverse Bias Safe Operating Area (RBSOA) Innovating Energy Technology

Necessary data for designing RBSOA
the drive condition and the
snubber main circuit. Reverse bias safe operating area (max.)
+VGE=15V, -VGE=15V JRg=0.62(), Tj=150°C
1400 [ ; / _
Current-Voltage switching locus during turn 1200 p e

off operation (reverse bias is applied).
The locus may not exceed the RBSOA.

[ Shut down |

: current
: : z : : : : : @© (1) .
ey e =
!c T S S8 S ’ ZZ”ZZZ ZZZéZZ Z. E
S R 7R S o]
T f\m 8 400 |
: : : i : : : : : ©
i Q
VCE L N 200
__________ 0 N : - : -
0 500 1000 1500
Collector-Emifter voltage: V¢|[V]
(1) (2) (3) (4) DC bus voltage

Turn-off spike voltage
w/o snubber
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FWD SOA: Pmax [F= Fuiji Electric

Innovating Energy Technology

| (l ) FWD safe operating area (max.)
F\rr Tj=150°C

VCE

1400 [

—
[y
=
=1

«—FWD SOA———

~"Locus of Ve and I

Reverse recovery current: |, [A]

Waveforms during reverse recovery 0 500 1000 1500 Vg

These figures show Fuji’s definition of FWD SOA (Safe Operating Area) and P__..
Guaranteed FWD SOA is shown in datasheet or spec sheet.

Locus of V. and I. during reverse recovery may not exceed the the FWD SOA .
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Short Circuit Capability (V-series) [FGFui Electric

600V-V serise 50 1200V-V serise
| - |

A A N P min.@125deg.C I CEE R min.@125deg.C
Ty SR IR I PRP min.@150deg.C|_| 7o) S B CLD L min.@150deg.C| |

——typ.@125deg.C I ——typ.@125deg.C
\ —typ.@150deg.C
N

I —— typ.@150deg.C I
b N\ 0 \\
20/ 20 F—a>ag .

[ - -
l .
-
_ e, —
-- - -
10 enlllze-

- -
----------

50

-
T Tean
- - -
-

(L0 e e e e [ B LU o = AT TP

Short circuit capability : Pw [usec]
J, I'
Short circuit capability : Pw [usec]

100 200 300 400 500 250 500 750 1000
Vee [V] Vce [V]

MT5F24337 MT5F24336

Vge: higher = SC current: larger > SC capability: shorter
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IGBT Test Procedures

(1) G-E Check

-y

M
N

CT or
Tester

If

leakage current should be within

E

- Short C and E terminal

- Measure leakage current or
resistance between G and E
terminal.

the device is normal, the

a few hundred nano-Amps.

(o

r several tens MW)
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(2) C-E Check
C

Gl CT or

Tester

E

- Short G and E terminal

- Measure leakage current or
resistance between C and E
terminal.

If the device is normal, the leakage
current should be within the maximum
ICES in the datasheet.

(or several tens MW)
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<= Fuiji Electric

Innovating Energy Technology

www.fujielectric.com/products/semiconductor/

» Semiconductors Product Catalog:
www.fujielectric.com/products/semiconductor/catalog/

» Application Manuals
www.fujielectric.com/products/semiconductor/model/igbt/application/

» Design Support
www.fujielectric.com/products/semiconductor/technical/

» |IGBT Loss Simulation Software
www.fujielectric.com/products/semiconductor/model/igbt/simulation/
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