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General Description Features 8
. I (@]
This IGBT is produced using advanced MagnaChip’s Field :\I—/hgh Sp_e$d9§\v/wtchl|ng i‘ol‘AOW Power Loss
Stop Trench IGBT Technology, which provides high switching CE(sat) ~ 1 @ e o
; . B Exx=0.35mJ@ Tc=25°C A
series and excellent quality. ° o
B High Input Impedance <
This device is for PFC, UPS & Inverter applications. Wty = _80ns (.typ‘).@d'F/dt = 10004/ “So T
B Maximum junction temperature 175°C o
Applications 3
m PFC m Welder o
m UPS m |H Cooker T
H PV Inverter )
vy)
c -
TO-247
G
E
Maximum Rating
Parameter Symbol Rating Unit
Collector-emitter voltage Vce 650 \%
DC collector current, limited by T Te=25°C | 80 A
i .
collector current, i Y Timax Tc=100°C ¢ 40 A
Pulsed collector current, t, limited by Tjjmax lcputs 160 A
Turn off safe operating area Vce < 600V, Ty; = 175°C - 160 A
Diode forward current limited by T To=25°C | 40 A
| mi j
i Y Himax Tc=100°C - 20
Diode pulsed current, t, limited by Tyjmax IFpuls 160 A
Gate-emitter voltage Ve +20 \%
Power dissipation To=25°C P 375 W
Wi ISSI |
P Tc=100°C P 188 W
Short circuit withstand time
Vee < 400V, Vee = 15V, Ty = 150°C tsc 5 s
Allowed number of short circuits < 1000 H
Time between short circuits = 1.0s
Operating Junction temperature range Ty -40~175 °C
Storage temperature range Tstg -55~150 °C
Soldering temperature 260 °C
Wave soldering 1.6 mm (0.063 in.) from case for 10s
Mou.ntlng torque, M.3 screw M 06 Nm
Maximum of mounting processes: 3
Thermal Characteristic
Parameter Symbol Rating Unit
Thermal resistance junction-to-ambient Resa 40
Thermal resistance junction-to-case for IGBT Resc 0.4 °C/W
Thermal resistance junction-to-case for Diode Resc 1.2
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Ordering Information

Part Number Marking Temp. Range Package Packing RoHS Status
MBQ40T65FDSCTH 40T65FDSC -55~175°C TO-247 Tube Halogen Free

Electrical Characteristic (T,; = 25°C unless otherwise specified)

Parameter Symbol Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Static Characteristic
Collector-emitter breakdown voltage BVces lc = 2mA, Ve = 0V 650 - - \%
) ) Ic = 40A, Vge = 15V, T,;= 25°C 1.95 24
Collector-emitter saturation voltage VeE(sat) Vv
Ic = 40A, Ve = 15V, T,j= 175°C 2.3
Ty =25°C 1.3 1.9
Diode forward voltage VE Vee =0V, IF=20A | Ty;=125°C 1.15 \
T, =175°C 1.1
Gate-emitter threshold voltage VGE(th) Vce = Ve, Ic = 0.58mA 4.0 5.0 6.0 Vv
Vee = 650V, Ty=25°C - - 40
Zero gate voltage collector current Ices Vee = OV T,= 175°C . . 1000 MA
Gate-emitter leakage current lces Vee = 20V, Vce = OV - - +100 nA
Transconductance Ofs Vce = 20V, Ic = 40A, 17.0 S
Dynamic Characteristic
Total gate charge Qq - 219
Gate-emitter charge Qge xgi : ?gglv Ic = 40A, 3 26 nC
Gate-collector charge Qqc - 115
Input capacitance Cies - 2818 -
Reverse transfer capacitance Cres YEE1§/II2-|5ZV’ Vee =0V, - 131 - pF
Output capacitance Coes - 209 -

Internal emitter inductance
measured 5mm (0.197 in.) from case
Short circuit collector current _ _

Max. 1000 short circuits leso) :’GE; 155\;’ \4‘?‘3:'1‘;%9\(? - 180 - A
Time between short circuits: > 1.0s sC = OHS,

Le - 13.0 - nH

Switching Characteristic

1991 dois piaid A0S9 0SA4S910¥OAIN

Turn-on delay time td(on) - 58 -

Rise time tr - 54 - ns
Turn-off delay time tacofr) Vee = 15V, Ve = 400V, - 245 -

Fall time t Ic =40A, Rg = 7.9Q, - 40 -

Turn-on switching energy Eon Inductive Load, Ty =25°C - 1.15 -

Turn-off switching energy Eoff - 0.35 - mJ
Total switching energy Ets - 1.50 -

Reverse recovery time ter - 80 - ns
Reverse recovery current ler Ir = 20A, die/dt = 1000A/ ps, - 25 - A
Reverse recovery charge Qr T, =25°C - 1.0 - uC
Sl?rti(ra\ gc;)ft t:‘all of reverse recovery current di/dt _ 950 _ Alus
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Switching Characteristic

Turn-on delay time td(on) - 61 -

Rise time tr - 60 - ns
Turn-off delay time tacofr) Vee = 15V, Ve = 400V, - 260 -

Fall time tr Ic =40A, Rg = 7.9Q, - 38 -

Turn-on switching energy Eon Inductive Load, Ty = 175°C - 1.80 -

Turn-off switching energy Eoff - 0.38 - mJ
Total switching energy Ets - 2.18 -

Reverse recovery time ter - 145 - ns
Reverse recovery current ler Ir = 20A, die/dt = 1000A/ s, - 44 - A
Reverse recovery charge Qr T =175°C - 3.2 - nC
El?rti(ra\ gc;)ft t:‘all of reverse recovery current di/dt _ 680 _ Alus

Jun. 2014 Revision 0.0 3 MagnaChip Semiconductor Ltd.

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

17V

Collector Current, | [A]

— 1Mov-. -

9.0V

V=7V

Fig.

Collector-Emitter Voltage V. [V]

1 Typical Output Characteristics(T,=25°C)

140

100

T
J
120 [ T,=175C - -
[

T T . T T T T T T T
V,, =20V

T =25C =—| | [ | | |

[ [ [ [ [ [ //\,’
| /, _

80

hY

A R R S A A 4 AN T

60

Collector Current, I [A]

40

20

~/
I I I T, /J
]

6 7 8 9 10 11 12 13 14 15
Gate-Emitter Voltage V_ [V]

Fig.3 Typical Transfer Characteristics

160

140

120

T,=25¢ —— //
T,=175C - - -

100

80

60

Forward Current, I_[A]

40

20

v
7
-
-

0.0

05 1.0 15 2.0 25 3.0
Forward Voltage, V[V]

Fig.5 Diode Forward Characteristics

120

‘ ‘ oo et
T, =175C ! : ! ?}7\/}

Collector Current, | [A]

Collector-Emitter Voltage V. [V]

Fig.2 Typical Output Characteristics(T,=175°C)

4.0
Vestsv] S B S D
| | 1 | 1
S 35 | | | |  80A
8 I I I | | I
> T o
[
%3.0 t t
s — | I D I
z I I I I I I
L 25 T T T T "40A T
= —
E T N
éZO | /”’\’— | | |
g ’ | | | | | |
= Lo [ o ~20A o
= I 4 | Bl I 4
O [ T | | |
15
| | | | | |
e [ A [ B
1.0 i i i i i i
25 50 75 100 125 150 175

Junction Temperature, T, [C]

Fig.4 Typical Collector-Emitter Saturation Voltage
-Junction Temperature

15
| | | | | |
—
14 : \‘*\$ : \‘\40A:
Foo E e EEEE S ———7\777\
21_3 I I I I I I
w
S S [ B I I I
oy I — | I I I
9 2 | | | | |
I 20A
o ~_ [ [ s B X\"T"’
> [T
- 11 t ; t t t t
=4
o Lo T — [
§10 | | N B 10A |
2 o1
| | | | | |
kii\iii 777\ 777777 \777 777\ 777777 \777 \777
0.9 [ [ [ [ [ [
- - - I e e Tt ICTE I EICIEN 4=
0.8 i i i i i i
25 50 75 100 125 150 175

Junction Temperature, T, [C]

Fig.6 Diode Forward-Junction Temperature

Jun. 2014 Revision 0.0

Downloaded from AFfOW.com.

MagnaChip Semiconductor Ltd.

1991 dois piaid A0S9 0SA4S910¥OAIN


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

1991 dois piaid A0S9 0SA4S910¥OAIN

6.0 . . . . . . 6000 I
e T R B e R Cies V=0V
55l S~ : : : : : f= 1MHz
E 5.0 b < ; \
g - = e N T e
b 45 = ‘ ‘ T 4000
> : : S : 5
s k.o |- - - 2 il Rl Il & \
D 40—t : —= : : S
% - - = :\*j\: Mln‘* N = \%\ b *‘ - g r— — — 7\7 — — — — —
> 35 f T~ : : : ‘s Coes
k= : : Sl \\\ : S
o S e P A N DN
G 30 S~ : \j\ S 2000
N S R R R T e N —
A 1 1 1 N Cres \
sl - - - i - 0
25 50 75 100 125 150 175 0 5 10 15 20 2 30
Junction Temperature, T [C] Collector-Emitter Voltage, V. [V]
Fig.7 Threshold Voltage-Junction Temperature Fig.8 Typical Capacitance
16 \ 100 — T
I VCC=130V - y Ve =400V
14 L V=520V —— P | v =15v Ll | o | L
, R, = 7.90hm \ [~ \ T \
— TC=175'C
Z 12k // 80 td(on)
i ’ ) \ \ \ \ \ | \
>, 10 } 7 . % o s o o ,, o o o o o
& £ | | | | | |
9 8 [ 60 /
o B o
> £ BRI e | |
Q 6 ) F— —/ — | = — = —
= S /
& o LT | | | | |
) 4 - 40
[0]
©
§ [ 9= gl R R A I R
0 ; ; ; ; ; 20 | | | | | | |
0 50 100 150 200 250 10 20 30 40 50 60 70 80
Total Gate Charge, Q [nC] Collector Current, I_ [A]
Fig.9 Typical Gate Charge Fig.10 Typical Turn on-Collector Current
1000 — — — — — — — — — 4
T T A A e SR E— Ve, = 400V
e e e e e e Vee = 15V _ S
I /0 N R 2 79omm
T 1 T | | L oL Lo For
(7t S S | A (S S S — g
I e e v e M @ - S
E i = £ =TT ] T 3
= | L 1 o - o 2
2 | £
£ o = = = + £ A
[$] - [
= s Eoff
C% 10: = = =+ = = T = = = 2 ° /
[ — j— j— — — - Ve =400V — 1
[ — — T — I | V=185V i
e N e e e B S I | o = - T
B T o o o | S| Te=178C | 3 | ——— —
A A Sl A S B TR el B A - L —
obee—T . . . . . .
4
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Collector Current, |C [A] Collector Current, | [A]
Fig.11 Typical Turn off-Collector Current Fig.12 Switching Loss-Collector Current
Jun. 2014 Revision 0.0 5 MagnaChip Semiconductor Ltd.

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

70

60

Switching Time [nS]
\\’é.:

50

| | | | |
| | | | |
| | | | |
40 i i i i i
20

25
Gate Resistance, R [ohm]

Fig.13 Turn on Characteristics-Gate Resistance

3.0 ‘
VCC=4OOV ‘ ‘ ‘ ‘
VGE=15V
2.5 I, =40A
T,=175C -
’ | | s - .-
o) --1
E 20 1 1 1 P \
§ - - Eon /
= 45 | lo--T | ] |
> ==
g -
£ ]
£ L —] \ \ \
2 10
17
\ \ \ I eott \
i \ \
]
00 i i i i i
0 5 10 15 20 25
Gate Resistance, R, [ohm]
Fig.15 Switching Loss-Gate Resistance
1000 [ T ] —_ 1_ _ , T o — T , — T T T
F— - 1 - | - |- = == = qv,=400v
e e B e B i E I I N
e O I A N Y
ol e e e f1g=40A
R, =7.90hm
1 B e T - T T
T 7td(§ff)\7 [ N S I
R - (R -+ - - —1
‘o | | | | I I
A=)
= 100 | | | | | |
et
2 e e el I e e e T e
| f | Lo i _ —
e T L e e
| | | | | |
| | | | | |
| | | | | |
10
25 50 75 100 125 150 175

Junction Temperature, T, [C]

Fig.17 Turn off Characteristics
-Junction Temperature

1000

— 1 J— J— . J— J— —]
[ |V =400v [ | —_| I | — ]
L Ve=18v | _ - 1 - o ]
lsdA - — | — 4 [
L |T,=175¢ | _ _| . o |
T | | tdoff) | I
— -+ — — [ =
—_ I
I
2 | —T T | |
©
£ | | | | |
'_
o Or——F——F—7 1 7 [ T | T |
£ -  r = = F = | = 7
Z _— 1 - - e _— _— .
S -+ = = 4+ =] = 4
= — - — t— [ S
N = —T |— — —
7\ N | o 7\ | \7 o | B
7\ 1 | o 7\ | \7 o | B
10 | | | | |
0 5 10 15 20 25

Gate Resistance, R [ohm]

Fig.14 Turn off Characteristics-Gate Resistance

100 T T T T T
\ \ \ \ \
Vge=400v ||
Vg = 15V i \ [ \ \
I, = 40A | | | | |
80 LI R, =7.90hm
T | | | | |
| | | | | |
— I \7 o \7 T T R 7\ o 7\ 0 7\7
2 td(on)
=% | ! !
c
5 % I | L — |
£ | tr
E | \7 | L S L o 7\ . 7\ s 7\7
| | | | | |
40 | | | | | |
| | | | | |
JE I N A A R N R I
\ \ \ \ \ \
20 | | | | | |
25 50 75 100 125 150 175
Junction Temperature, T [C]
Fig.16 Turn on Characteristics
-Junction Temperature
25 T T T T T T T
Voo = 400V [ [ [ \ [
Ve = 15V e M I -
I, = 40A I I Ets | U
2.0 R =7.90hm " " e r - ;
I IS I I |
Tl T e ]
E‘ 15 =", 1 — 1 ! !
S I / | | | I
8’%77\777\77777777777
S 10
§ | | | | | |
@ [
| | | | | |
Eoff
05 ! ! ! ! ! !
- + T
[ R N B R
0.0 | | | | | |
25 50 75 100 125 150 175

Junction Temperature, T, [C]

Fig.18 Switching Loss-Junction Temperature

Jun. 2014 Revision 0.0

Downloaded from AFfOW.com.

MagnaChip Semiconductor Ltd.

1991 dois piaid A0S9 0SA4S910¥OAIN


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Switching Loss [mJ]

™

Reverse Recovery Charge, Q_[uC]

[Alus]

"

di /dt

Rate of fall of Irr,

2.0
Ve = 15V
|1, =40A - - - - - = A - - = 4 - = -
RG=7.90hm -
T,=175C _--"
15 T
_-
Ets PR
"/// //
1, =7
0 ’,” Eon
0.5
Eoff L
/
[
- - = = —— — ] = = = = = =
I
0.0
200 250 300 350 400 450

Collector-Emitter Voltage, V. [V]

Fig.19 Switching Loss-Collector Emitter Voltage

35 i
T =25C ——
T,=175C ===
3.0 1 ’= 20

25

2.0

—
|
05 //L/ : : :
500 600 700 800 900 1000
Diode Current Slope, di/dt [A/us]
Fig.21 Reverse Recovery Charge
-Diode Current Slope
400 - T
T,=25C ——
T,=175C — ==
IF =20A ‘
350 ——= e
\ et
300 [== 7~ ‘ ‘
T -
250
\ \
\ \
200
800 900 1000

Diode Current Slope, di/dt [A]

Fig.23 Rate of fall of reverse recovery current

-Diode Current Slope

™

Reverse Recovery Time, t_[ns]

m

Reverse Recovery Current, | [A]

Collector Current,IC, [A]

200 T T T T T
,=25C ——
[=175C ===
180 = 20A
L | | |
160 o= _
| B SR |
140 I
| | | | |
120
| | | | |
100
| | | | |
80
\ \ \ \ \
60 .
500 600 700 800 900 1000
Diode Current Slope, di./dt [A/us]
Fig.20 Reverse Recovery Time
-Diode current slone
50

40

30

20
T | |
\ \ \ \ \
10 . . :
500 600 700 800 900 1000
Diode Current Slope, di/dt [A/us]
Fig.22 Reverse Recovery Current
-Diode current slope
100: - /\\ —Ttp=1lus
: N10us
10 ]
~Jsous
-N100us
‘N 200us
500us
1 F
0.1

T,=25¢C
T,=175C

I.=20A

10 100
Collector-Emitter Voltage,V  [V]

Fig.24 Forward Bias Safe Operating Area

Jun. 2014 Revision 0.0

Downloaded from AFfOW.com.

MagnaChip Semiconductor Ltd.

1991 dois piaid A0S9 0SA4S910¥OAIN


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

1991 dois piaid A0S9 0SA4S910¥OAIN

300
T =25C —— T =25C ——
_ T,=150C — - - N To=150C - - -
g —_
> SH
_& 250 = 3
= - L
o - kel S <
5 200 — s S~
= | _ £ 5 ~
8 _ - g ; S~ ~ o
.‘g _ - '%' ~
o 150 > o
O g2 O L
b= - ©
o " o
< e
%) %]
100 : : :
10 : :
12 14 . 16 18 12 14 16
Gate-Emitter Voltage, V _ [V] Gate-Emitter Voltage, V__ [V]
Fig.25 Typical Short Circuit Collector Current Fig.26 Typical Short Circuit Withstand Time
80 400
70 350
z 60 s; 300
-0 D_E
= 50 - 250
3 40 S 200
O B
— (%2}
2 a
g % 5 150
= 2
(e}
© 20 o 100
10 50
0 0
25 50 75 100 125 150 25 50 75 100 125
Case Temperature, T _[C] Case Temperature, T_[C]
Fig.27 Case Temperature-Collector Current Fig.28 Power Dissipation-Case Temperature
10°
"9 "9
N 10" N
(0] (0]
[} [}
c c
] ]
Q. Q.
(7] (7]
(0] (0]
(4 X
© ©
£ £
(0] (0]
£ £
F 10 =
il | | ot Lo
10° 1x10° 1x10* 10° 10° 10" 10° 10° 1x10° 1x10* 10° 10° 10" 10°
Rectangular Pulse width [sec] Rectangular Pulse width [sec]
Fig.29 IGBT Transient Thermal Impedance Fig.30 FRD Transient Thermal Impedance
Jun. 2014 Revision 0.0 8 MagnaChip Semiconductor Ltd.

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

1991 dois piaid A0S9 0SA4S910¥OAIN

Physical Dimension
TO-247
Dimensions are in millimeters, unless otherwise specified
E A >
| A2
o N
fffff @ 5
AN
L
b2
b1
b E1
cllL A1
Dimension Min(mm) Max(mm)
A 4.70 5.31
A1 2.20 2.60
A2 1.50 2.49
b 0.99 1.40
b1 2.59 3.43
b2 1.65 2.39
c 0.38 0.89
D 20.30 21.46
D1 13.08 -
E 15.45 16.26
E1 13.06 14.02
E2 4.32 5.49
e 5.45BSC
L 19.81 20.57
L1 - 4.50
OP 3.50 3.70
Q 5.38 6.20
S 6.15BSC
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DISCLAIMER:

The Products are not designed for use in hostile environments, including, without limitation, aircraft, nuclear power
generation, medical appliances, and devices or systems in which malfunction of any Product can reasonably be
expected to result in a personal injury. Seller's customers using or selling Seller’s products for use in such
applications do so at their own risk and agree to fully defend and indemnify Seller.

MagnaChip reserves the right to change the specifications and circuitry without notice at any time. MagnaChip does not consider responsibility
for use of any circuitry other than circuitry entirely included in a MagnaChip product. MagnaChip=' is a registered trademark of MagnaChip
Semiconductor Ltd.
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