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[0 General Description
BYD SiC Power Module BM1040F12B34U2

provides low switching, which introduce the
advanced SiC MOSFET chip, it is able to take on a
perfect performance in various applications with

switching frequencies in the range of 1-30KHz.
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[J Key Features

e The 3rd
Material-Silicon Carbide
* Blocking Voltage 1200V

L4 LOW RDS ©on)y

Generation Semiconductor

*  Low Switching Losses

*  Low Qg and Cres

*  Low Inductive Design=15nH

e Ag Sintering

e Tvjop=175°C

* Direct Cooled Cu PinFin Base Plate
* High Performance SisN4 Ceramic

* Integrated NTC Temperature Sensor

O Applications

¢  Automotive Application
e AC Motor Control
. Motion/Servo Control

e Maximum applied voltage platform: 750V
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[ Characteristic Values
® Absolute Maximum Ratings/& K% {H

Parameter Symbol Conditions Temperature Value Unit
Drain-source Voltage v — 1200 v
3 iy DSS - vi=
Rtk — YRR L '
DC Drain Current | Veez18Y T,=175°C, 600 A
D GS=
MG R " Tr=65°C
Pulsed Drain Current,t, Limited By
. NI N Ip pulse - = 2000 A
Timax kil B
10 hours over
Maximum transient Gate-source Voltage
Ves lifetime - -11/+23 \Y
AR L
Tpulse<1us
Gate-source Voltage,Maximum Value v 5.5/420 v
GSmax - - -55/+
HB L "
Gate-source Voltage
VGSop - - '5/+1 8 V
AR L
Total Power Dissipation Tr=65C
Prot - 1222 w
FERTIE Tvj=175C
® MOSFET Characteristics/MOSFET 5§t
Parameter Symbol Conditions Temperature | Min. Typ. Max. | Unit
Temperature under switching conditions Tyiop / -40 - 175 T
Drain-source On Resistance R Ves=18V,|1p=480A T\=25°C - 1.7 2.8 mQ
y DS(on)
YR — VAR 1 B " Ves=18V,Ib=480A  T,=175°C - 4 - mQ
Drain-source Breakdown Voltage V( Ves=0V lo=1mA 1200 v
; BR)DSS 6s=0V,Ip=1m - - -
Rk — R F R E
Gate Threshold Voltage 10=80mA,Vbs=Vas T\j=25°C 2.1 3.2 5.8 \Y
. Vasith)
AR R LR Ib=80mMA,Vos=Vas | Ty=175°C 16 | 25 46 |V
Gate to Source Charge [ XHERBHE Qgs Vbs=850V, - - 592 - nC
Gate to Drain Charge [ i3 IRiR & Qg Ves=-5V to 18V, - - 320 - nC
Total Gate Charge | TH% 2 F & Qq lo=780A - - 1520 - nC
f=1MHz
Internal gate resistor P #BHfiA% Fa B Raint _ - - 1.4 - Q
Tj=25°C
Input Capacitance i\ BB Ciss - - 32 - nF
Output Capacitance ¥JH H& Coss | Vps=850V,Ves=0V, - - 1.84 - nF
Reverse Transfer Capacitance c f=1MHz 176 .
- - - p
Rz -
Gate-source Leakage Current | Veem20V — 100 A
N . N GSS GS= vi= - - n
AR - TR AR U L R :
Zero Gate Voltage Dranin Current | Vo=t 200V — 150 A
. N . N DSS DS= vi— - - u
TetR-R AR A :
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Parameter Symbol Conditions Temperature | Min. Typ. Max. | Unit
T\=25°C - 159 - ns
Turn-on Delay Time, Inductive Load ) T.2150°C 122
N N N d(on) vi= - - ns
TR 7] :
T=175°C 113 - ns
T\=25°C - 134 - ns
Rise Time, inductive load ‘ T.2150°C 113
r vi= - - ns
LFtut :
Ty=175°C - 111 - ns
Ty=25°C - 540 - ns
Turn-Off Delay Time, Inductive Load ) Vbs=650V T 150°C 625
. N d(off) - vi= - - ns
FRWTFEIR BT[] ¢ Ips=600A, i
Roon=12.4Q, Ty=175°C - 642 - ns
Reo=8.25Q T,=25°C - 81 - ns
Fall Time, Inductive Load —
, t Ve=-5V/+18V Ty=150°C - 89 - ns
TR E Ls=30nH
T=175°C - 92 - ns
T\=25°C - 45 - mJ
Energy Dissipation During Turn-on Time
. Eon ij=150°C - 38 - mJ
Fri@mFe
T=175°C - 37 - mJ
T\=25°C - 51 - mJ
Energy Dissipation During Turn-off Time
Eorr T\=150°C - 51 - mJ
RIETHiAE
Ty=175°C - 51 - mJ
Ty=25°C - 182 - ns
Turn-on Delay Time, Inductive Load ) T.2150°C 145
2 S d(on) vi™ - - ns
FEIRIER N 7] ’ :
T=175°C 136 - ns
Ty=25°C - 174 - ns
Rise Time, inductive load ¢ T.2150°C 151
N r vi= - - ns
EFHE 1A :
T=175°C - 148 - ns
Ty=25°C - 495 - ns
Turn-Off Delay Time, Inductive Load . Vps=650V To2150°C 57
N d(off - vi= - - ns
TR 1o “ los=1040A, !
Reon=12.4Q, ij=175°C - 588 - ns
RGOf‘f=8.2SQ ij=25°C - 104 - ns
Fall Time, Inductive Load =-
‘ t Ve=-5V/+18V Ty=150°C - M3 - ns
T B R] Ls=30nH
Ty=175°C - 115 - ns
Ty=25°C - 81 - mJ
Energy Dissipation During Turn-on Time
. Eon T\=150°C - 67 - mJ
TriE e
T=175°C - 67 - mJ
Ty=25°C - 111 - mJ
Energy Dissipation During Turn-off Time
Eott T\=150°C - 112 - mJ
KU FE
T=175°C - 112 - mJ
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® Body doide/ & k& RFE

Parameter Symbol Conditions Temperature Min. Typ. Max. | Unit
Isp=1040A T,;=25°C - 4.6 6.5 \Y
Forward Voltage J% [f] B /£ Vsp
Isp=480A T,;=25°C 1 3.5 6 Y,
Peak Reverse Recovery Current
. lrrm - 222 - A
R RS A L
Recovered Charge [z [ & .1 Qnr Ves=-5V/18V, Ty =175°C - 8 - nC
Reverse Recover Time % [k £ i [A] trr ls0=600A, - 62 - ns
V=650V,
) T,;=25°C 0.2 - mJ
di/dt=6100A/us
Reverse Recovery Energy XMk E 58 En T,=150°C 0.7 - mJ
Ty=175°C 1.0 - mJ
Peak Reverse Recovery Current
. lirm - 327 - A
R AR W AE L
Recovered Charge % [F]1k & HLff Qr Ves=-5V/18V, Ty =175°C - 15 - nC
Reverse Recover Time X [H K S} 8] ter V=650V, - 76 - ns
Isp=1040A,
) T,=25°C 0.5 - mJ
di/dt=6100A/us
Reverse Recovery Energy X[\ {k E 58 Er T=150°C 2.0 - mJ
Ty=175°C 27 - mJ
® Thermal-Mechanical Specifications #fH
Parameter Symbol Conditions Min. Typ. Max. | Unit
Thermal Resistance Junction To Coolant R BLimin:50%Z. — K¥, 50%K 0.09 KW
th(j-f) min;o0% & 1%, 7] - . -
53R S HE
® Module Characteristics/ &R
Parameter Symbol Conditions Min. Typ. Max. | Unit
Dimensions Rt LxWxH Typical , See Outline Drawing 154.5x126.5%29.5 mm
Isolation Test Voltage #%iiif & VisoL t=1min,f=50HZ 3.8 kV
According To - -
Clearance Distance In Air 9 Term. ToBase | 4.5 mm
- da IEC 60664-1
] - -
And EN 50124-1 Term. To Term 4.5 mm
According To Term. ToB 9 - -
Surface Creepage Distance 9 erm. loBase mm
S ds IEC 60664-1and
EN 50124-1 Term. To Term 9 - - mm
Mass E& m - - - 680 - g
Av [At=12L/min,
Pressure Drop In Cooling Circuit AP T=25°C  Cooling Fluid=50% - P
s = ,Cooling Fluid=50% - . - a
AEEHR P EZE
Water/50% Ethylenglycol
Maximum Pressure In Cooling Circuit
e P - - 250 - kPa
R HBIH P IIBRRE S
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Parameter Symbol Conditions Min. Typ. Max. | Unit
Stray Inductance Module Z%# Hi /& Lsce - - - 15 nH
Screw M4-baseplate to heatsink
Mounting Torque For Modul Mounting 1.8 2.0 25
M Screw EJOT Delta PT N-m
R ) 2 S B 045 = 05 | 055
WN5451 25x10 PCB to frame
Terminal Connection Torque Screw Mb—-terminal to
. M ) 3.0 - 6.0 N-m
SRR terminal
® NTC-Thermistor Characteristic Values/ g = [H 45
Parameter Symbol Conditions Min. Typ. Max. | Unit
Rated Resistance % & Rzs Tc=25°C - 5.0 - kQ
Deviation Of R100 R100 firZE AR/R TC=100C, R100=493Q -5 - 5 %
Power Dissipation 3E#{Th#% Pa2s TC=25C - - 20.0 | mw
B-value B-{f Basiso R2=Ra2sexp[B2si50(1/T2-1/(298.15K))] - 3375 - K
B-value B-'fﬁ Bas/go R2=R256Xp[825/30(1/T2-1/(298.1 5K))] - 3411 - K
B-value B-'fﬁ Bas/100 R2=R256Xp[825/100(1/T2-1/(298.15K))] - 3433 - K
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[ Characteristics Diagrams/4F 14 i 28
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Fig.1 Output Characteristic MOSFET (typical)(T,;=25°C) Fig.2 Output Characteristic MOSFET (typical)(T,=150°C)
K1: MOSFET#i i (Ty=25°C) Kl2: MOSFET#i R4 (Ty=150°C)
1200 6
V=18V
1000 g
800 4
[
E
600 53
PR o
s o
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400 VGS=18V )
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200 VGS=9V 1
0 0
0 1 2 Vps(V) 3 4 5 6 0 so  T(°C) 100 150 200
Fig.3 Output Characteristic MOSFET (typical)(T.,;=175°C) Fig.4 Drain-source On Resistance vs. Junction Temperature
[&13: MOSFET#i 45 (Ty=175°C) Bl 4. Rtk — R P BE R B 1 06 &
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Fig.5 Gate Threshold Voltage vs. Junction Temperature Fig.6 Typ. Transfer Characteristics
15 AR B H 5 3 B RO &R Kl6: fLimesE
-8 -6 2 0 -8 6 0
0 0
-200 -200
Vos=-4V -~ e
< <
£ 3
600 -600
-800 -800
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Fig.7 3rd Quadrant Characteristics(T,;=25°C) Fig.8 3rd Quadrant Characteristics(T,j=150°C)
5 7: =R IR (Ty=25°C) Bl 8: H=RIRHFH(T,=150°C)
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-8 6 -4 Vpg(V) -2 0 200 | |
0
V=650V
Ve=-5V/+18V on Tl
Reo,=12.4Q
- Reoi=8-25Q
200 150 Goff
Vgs=-4V
S V=0V
-400 E
off
S:Ja 100
)
-600 —
E // Eon
i
Ves=18V /
-800 50 /
1,000 / /
. / E..
0 200 400 600 800 1000 1200
-1,200 lps(A)
Fig.9 3rd Quadrant Characteristics(T=175°C) Fig.10: Switching Loss vs. Drain Current(T,;=25°C)
9: FE=ZRIRHE(Ty=175°C) E110: FF e 5Tk IR M 5% R (Ty=25°C)
200 200
| | | [
Vps=650V V=650V
Ves=-5V/+18V Vgs=-5V/+18V
Reon=12.4Q | Reon=12.4Q0
g E E,,+E
150 || Rer=8:250 Font Eoff 150 || Reor=8:250 ontEoff
Eoff Eoff
100 100
E E
; / o ) / / ~Fon
50 / 50
% 3 % En
0 — 0
200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Ibs(A) Ips(A)
Fig.11 Switching Loss vs. Drain Current(T,=150°C) Fig.12 Switching Loss vs. Drain Current (T,=175°C)
1M FFRIFE SR BRI & (Ty=150°C) K12 FFRIFE S IR IR IR R (Ty=175°C)
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80 1000
Vps=650V Vps=650V
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Vge=-5V/+18V Vge=-5V/+18V
Reon=12.4Q 800 Reon=12.4Q
60 Reor=8-25Q Reor=8-25Q
tdoff
Eoft 600 /
m
40 :F;
E E., 400
o
20
200 taon
i
Err T
0 0
(e}
50 T(°C) 100 150 200 0 0 100 T(°C) 150 208
Fig.13 Switching Loss vs. Junction Temperature Fig.14 Switching Times vs. Junction Temperature
B13: JFRBFE S 45 R R Kl14: JFSRI 1) 5 45 H % &
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Fig.15 Switching Loss vs. Gate Resistor(T,=25°C)
EI15: ORI A FLBH G R (Ty=25°C)

Fig.16 Switching Loss vs. Gate Resistor(T,j=150°C)
KI16: FFOCHFES ) FLBH ¢ & (Ty=150°C)
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Fig.17 Switching Loss vs. Gate Resistor(T,=175°C)
EIM7: FEORHFES IR FLBH ¢ R (Ty=175°C)

Fig.18 Switching Times vs. Gate Resistor (T;=25°C)
KI18:  FF ORI ] 5 78K HLBH ¢ £ (T=25°C)
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Fig.19 Switching Times vs. Gate Resistor(T,;=150°C)
EI19: FFICHT E] 5 718K HLBH G £ (Ty=150°C)

Fig.20 Switching Times vs. Gate Resistor(T,=175°C)
K120: FFOCH A5 4% FLBH ¢ & (Ty=175°C)
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Fig.21 Typ.transient thermal impedance ( MOSFET) Fig.22 Typ. NTC-Temperature Characteristics
K21: WA SHBT(MOSFET) K22: NTC #vkit
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O Attention

Correct and Safety Use of Power Module

Unsuitable operation (such as electrical, mechanical stress and so on) may lead to damage of power modules.

Please pay attention to the following descriptions and use BYD's IGBT modules according to the guidance.

During Transit:

* Tossing or dropping of a carton may damage devices inside.

« If a device gets wet with water, malfunctioning and failure may result. Special care should be taken during rain or snow to
prevent the devices from getting wet.

Storage:

» The temperature and humidity of the storage place should be 5~35°C and 45~75% respectively. The performance and
reliability of devices may be jeopardized if devices are stored in an environment far above or below the range indicated above.
Prolonged Storage:

» When storing devices more than one year, dehumidifying measures should be provided for the storage place. When using
devices after a long period of storage, make sure to check the exterior of the devices is free from scratches, dirt, rust, and so
on.

Operating Environment:

« Devices should not be exposed to water, organic solvents, corrosive gases, explosive gases, fine particles, or corrosive
agents, since any of those can lead to a serious accident.

Anti-electrostatic Measures:

« Following precautions should be taken for gated devices to prevent static buildup which could damage the devices.

(1) Precautions against the device rupture caused by static electricity

Static electricity of human bodies and cartons and/or excessive voltage applied across the gate to emitter may damage and
rupture devices. Sense-emitter and temperature-sensor are also vulnerable to excessive voltage. The basis of anti-electrostatic
is suppression of build-up and quick dissipation of the charged electricity.

* Containers that are susceptible to static electricity should not be used for transit or for storage.

* Signal terminals to emitter should be always shorted with a carbon cloth or the like until right before a module is used. Never
touch the signal terminals with bare hands.

* Always ground the equipment and your body during installation (after removing a carbon cloth or the like. It is advisable to
cover the workstation and its surrounding floor with conductive mats and ground them.

* Use soldering irons with grounded tips.

BYD Semiconductor Company Limited exerts the greatest possible effort to ensure high quality and reliability.
Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent electrical sensitivity and
vulnerability to physical stress. It is the responsibility of the buyer, when utilizing BYD products, to comply with the standards of
safety in making a safe design for the entire system, including redundancy, fire-prevention measures, and malfunction
prevention, to prevent any accidents, fires, or community damage that may ensue. In developing your designs, please ensure
that BYD products are used within specified operating ranges as set forth in the most recent BYD products specifications.
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