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Application Note

Inverter for Motor Control

600V IGBT
Gen.3 Intelligent Power Module (IPM)

Application Note
BM6437*S/-VA

Gen.3 IGBT-IPM built in Gate driver, Bootstrap Diode, IGBT device and Fast Recovery Diode for regeneration into one package.
Gen.3 IGBT-IPM inherited strong features from Gen.2 IPM have been improved.

This application note describes Gen.3 IGBT-IPM features and design method to get the best performance.
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Gen.3 IGBT-IPM series

Application Note

1. Introduction

1.1. Application

B AC100 to 240Vrms(DC voltage less than 400V) class motor control
B Motor control for White Goods (Air conditioner, Washing Machine, Refrigerator)

1.2. Lineup

Series Part Number Rating
BM64374S-VA 15A/600V
Temperature Output function BM643755-VA 20A/600V
Thermal Shutdown function BM64377S-VA 30A/600V
BM64378S-VA 35A/600V

1.3. Features

3-phase DC/AC inverter
600V/15A,20A,30A,35A

Low Side IGBT Open Emitter
Built-in Bootstrap Diode

High side IGBT Gate driver(HVIC)

SOI(Silicon On Insulator) Process

Drive Circuit

High Voltage level Shifting

Current Limit for Bootstrap Diode

Control Supply Under-Voltage-Lockout(UVLO)

B Low side IGBT Gate Driver(LVIC)
Drive Circuit
Short Circuit Current Protection(SCP)
Control Supply Under-Voltage-Lockout(UVLO)
Thermal Shutdown(TSD)
Temperature Output by Analog Signal(VOT)

B Fault Signal(LVIC)

Corresponding to SCP, TSD, UVLO Fault(Low Side IGBT)

Input interface 3.3V, 5V Line
UL acquisition: UL1557 File E468261

-VA : Long Pin type
Table 1.2.1 Lineup table
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Figure 1.3.1 Block Diagram
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1.4. The differences between previous series

Major differences between Gen.3 IGBT-IPM (BM64*7*) and Gen.2 IGBT-IPM (BM64*6*) are described as below.

For more details, refer to device datasheet.

. Related
Function Gen.2 IGBT IPM Gen.3 IGBT IPM Topics
Current range 15A/20A 15A/20A/30A/35A 1.3
Temperature Monitoring VOT = 2.77+0.14V (at LVIC = 90°C) VOT = 2.774£0.05V (at LVIC = 90°C) 294
Accuracy Equivalent to £6 °C Equivalent to +2 °C -
Thermal Protection TSD products and VOT products TSD & VOT products 1.2
Not support Support
(minimum FO assertion period (minimum FO assertion period
Fault Output Identification SCP: min 20us SCP: min 45ps 225
UVLO: min 20us UVLO: min 90us
TSD: min 20us) TSD: min 180ps)
Extension of the disabling
IGBT Not Support Support 225
(Fault pulse tuning)
Support
Product Identification Not Support Identify by impedance between HINU - 226

GND,HINV - GND,HINW — GND during
power off

Trip voltage for Short
Circuit Protection

0.48V £0.025V (Products with VOT)

0.48V £0.05V (Products with TSD)

0.480V +0.025V

Table 1.4.1 Differences of function
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Application Note

2. Specifications

2.1. Maximum Ratings

Table 2.1.1 describes Specifications of BM64375S as an example.

Inverter Part
Item Symbol Ratings Unit Description
This value is the maximum voltage which can
be biased between P-NU, NV, NW without the

Supply Voltage Vp 450 Vv switching operation. A voltage suppressing
circuit is necessary if P-NU, NV, NW voltage
exceeds this value.

This value is the maximum P-NU, NV, NW
surge voltage which can be applied during
switching operation.

Supply Voltage(surge) VPurge) 500 V' |A snubber circuit lower pattern inductance is
necessary if P-NU, NV, NW voltage exceeds
this value.

. The maximum sustained collector-emitter

Collector-emitter Voltage Vces 600 Vv voltage of built-in IGBT

Each IGBT continuous lc +20 A Continuous DC current (Tc = 25°C)

Collector Current |05 lcp +40 A |Pulse(less than 1ms) current(Tc = 25°C)
Maximum junction temperature is150°C (@Tc
<100°C)

Average junction temperature should be

Junction Temperature Tjmax 150 °C [limited to 125°C (@Tc < 100°C) for the safe
operation.

Power chips are not damaged immediately at
150°C, its power cycles are reduced.
Control Part
ltem Symbol Ratings Unit Description
Applied between the HVCC and GND pins,

Control Supply Voltage Vce 20 Vv the LVCC and GND pins.

. Applied between the VBU and U pins, the VBV

Floating Control Supply Voltage Vas 20 Vv and V pins, and the VBW and-W pins.
Applied between the HINx, LINx and GND

Control Input Voltage Vin -0.5to Vec +0.5 Vv pins. (x = U,V,W)

Fault Output Supply Voltage VFo -0.5to Vec +0.5 V  |Applied between the FO and GND pins

Fault Output Current IFo 1 mA  |Sink current at the FO pins

Current Sensing Input Voltage Ve -0.5t0+7.0 V  |Applied between the CIN and GND pins

Temperature Output Voltage Vor -0.5t0+7.0 V  |Applied between the VOT and GND pins

Bootstrap Diode Part
Item Symbol Ratings Unit Description
The maximum sustained reverse voltage of

Reverse Voltage Vre 600 v built-in bootstrap diode.

Maximum junction temperature is 150°C (@Tc
£100°C)

Junction Temperature TimaxD 150 °C |Average junction temperature should be
limited to 125°C (@Tc<100°C) for the safe
operation.
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Entire System

Item Symbol

Ratings

Unit

Description

Self Protection Supply Voltage
(SCP Capability) Ve(erom)

400

Maximum supply voltage for turning off IGBT
safely in case of short circuit or over current.
(under the conditions of Vcc = 13.5 t016.5V,
non-repetitive, less than 2us)

Module Case Temperature Tc

-25to +115

°C

Defined as the case temperature just over the
chip.

Please measure Tc by mounting a
thermocouple on the heat sink surface at the
defined position. (See Figure 2.1.1)

Isolation Voltage Viso

1500

Vrms

Isolation voltage between all shorted pins and
the ceramic parts (Al203) of IPM. In the case of
using the flat heat sink, isolation voltage is
1500Vrms because of discharge between pins
and the flat heat sink. If convex shape heat sink
will be used for enlarging clearance between
pins and the heat sink (2.5mm or more is
recommended), isolation voltage is 2500Vrms.
(See Figure 2.1.2). IPM is certificated by
UL1557 at the condition of 2500Vrms with a
convex shape heat sink.

Table 2.1.1 Absolute Maximum Ratings of BM64375S

Tc Detecting Point

TOP VIEW

detecting point

Figure 2.1.1 Tc Detecting Point (unit: mm)

Ceramic parts (Al203)

N | min.1.45

J @5 1 L@5) Jmint.05 |22

Heat sink

Figure 2.1.2 In the case of using the convex heat sink (unit: mm)
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Thermal Resistance

Limit
Item Symbol Unit Conditions
Min Typ Max
Junction to Case Thermal Rinh(-c)_IGBT - - 3.0 °C/W  |Inverter IGBT(1/6 Module)
Resistance Rih(c) FWD - - 3.9 °C/W |Inverter FWD(1/6 Module)

The above specification shows the thermal resistance between chip junction and the case at steady state. The thermal
resistance saturates in about 10s. The unsaturated thermal resistance or transient thermal impedance is reported in Figure

2.1.3.

Zth (j-c)* is the normalized value of the transient thermal impedance. (Zth (j-c)* = Zth (j-c) / Rth (j-c)).
For example, the IGBT transient thermal impedance of BM64375S in 0.3s is 3.0°C/W x0.8 = 2.4°C/W.
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Figure 2.1.3. Transient Thermal Impedance
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2.2. Protection Features and Operating Sequence
2.2.1. Short Circuit Protection (SCP)

The IPM’s short circuit protection circuit detect the overcurrent by comparing the CIN pin voltage generated at the
external shunt resistor.

After the detection of an overcurrent, the SCP protection operates, turns off all low side IGBTs and the FO open drain is
activated. In order to prevent malfunction by recovery current or switching noise, it is recommended to mount an RC filter
with a 1.0us time constant, as close as possible to the CIN pin.

N+

P_od
24)
L
U %)
23
High Side ,’/
Gate Driver |
(HVIC) " v A
@F M
' s
w /21\/ C3
&/
5
C 0 LINU
» LINV _|l/
> LINW
NU ~
(3 WYele @)
5V C6 .
7"]/'7_ Low Side ST
Gate Driver ~ |——| ,”Shunt ",
R1 FO (LvIC) NV / Resistor \
14 (19)— H
e T
s 777 o) SN N R A
D2|c8 >~ GND ;’/
¥ X vor

Recommend 1.0us Time constant

Figure 2.2.1 Short Circuit Current Protection
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mShort Circuit Current Protection Timing Chart (protection with the external shunt resistor and RC filter)
a1. Normal operation: IGBT on and outputs current Ic.
a2. Short circuit current detection (trigger SCP)
It is recommended to set RC time constant shorter than 2.0us (1.0us recommended).
a3. Turn off of all low side IGBT’s gate (soft turn off).
a4. All low side IGBTs are off.
a5. The FO open drain is activated
(SCP = H < 45ps: the FO open drain is activated 45us (Min),
SCP = H > 45ps: the FO open drain is activated during SCP = H).
a6.LIN=L
a7. LIN = H, but all IGBTs keep OFF during SCP = H.
a8. The FO open drain is deactivated, but IGBTs stay off until the next LIN positive edge (LIN = L—H).
IGBT of each phase can return to normal state by triggering each LIN positive edge.
a9. Normal operation: IGBT on and outputs current Ic.

« -
LIN a6 a7 » a8 i
« | |
1
scp SET ?  REseT| |
1 a3 : a9:
IGBT gate i \ « ! I
Lo p) : !
[
1 1 1
1 a4 : !
1 ] 1 :
SCP Trip Current ot i !
1k L
! | I
at | o
1 ! 1 1
Ic | : : :/\/\

i « !

| D) :

:

___________________ /X L AL
The Voltage between [}~ i '
Shunt Resistor e 3 « )

(' Delay by RC filter »

A e—

Normal operation Trigger SCP
Due to delay by RC filter, did || After delay by RC filter, reached SCP
not reach SCP trip voltage trip voltage and triggered SCP

Figure 2.2.2 SCP Timing chart

SCP works switching off low side IGBTs only.
In case of trigged SCP and the FO open drain is activated, please stop controlling IPM quickly to avoid the abnormal
state.
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mSetting the Value of Shunt Resistor

The value of shunt resistor Rsnunt is set according to following equation. The calculation is based on the short circuit
current protection trip voltage Vsc and the protection current setting value Iscp

RsHunt = Vsc / Iscp

The maximum protection current setting value Isce (max) should be set less than the IGBT minimum saturation current
considering variation of shunt resistor or Vsc.

In this example we calculate Rsnunt for Iscp = 34A (DC rate current: 20A x 1.7) of BM64375S.

Table 2.2.1 shows variation of Vsc (Tj = 25°C. Vcc = 15V)

Limit
Item Symbol Unit Condition
Min Typ Max
SCP Trip Voltage Vsc 0.455 0.480 0.505 Vv

Table 2.2.1 Specification of SCP Trip Voltage

The range of the protection current setting value Isce can be calculated using the following equations

Iscp(Min) = Vsc(Min) / Rstunt(Max)- - - (a)
Iscp(Typ) = Vsc(Typ) / RsHunt(Typ)- - - (b)
Iscr(Max) = Vsc(Max) / RsHunt(Min)- - - (c)

According to (c)

34A = 0.505V / RsHunt (Min)

RsHunt (Min)

= 14.85mQ

If the shunt resistance precision is within £5%,

Rsnunt (Typ)

Rshunt (Max)

= 14.85mQ/0.95 = 15.63mQ

= 15.63mQ x 1.05 = 16.41mQ

So the range of Iscp is shown in Table 2.2.2 (at Tj = 25°C. Vcc = 15V)

ltem

Min Typ Max
RsHunT setting range 14.85mQ 15.63mQ 16.41mQ
Iscp operation range 27.7A 30.7A 34.0A

Table 2.2.2 Operative SCP Range

There is the possibility that the actual SCP trip level becomes less than the calculated value. This is considered due to

the resonant signals caused mainly by parasitic inductance and capacity. We recommend to make a confirmation of the
resistance by prototype evaluation.

© 2020 ROHM Co., Ltd.

10/45

No. 63AN158E Rev.001

2020.12
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mSetting the RC Filter Time Constant
It is necessary to set the RC filter of SCP sensing circuit in order to prevent malfunction of SCP protection due to noise
interference. The RC time constant t depends on the noise interference and the SCSOA of the IPM. (Recommended t
=1.0us)

When the voltage drop on the external shunt resistor exceeds the SCP trip voltage (Vsc), the time (t1) that the CIN pin
voltage rises to the SCP trip voltage (Vsc) can be calculated using the following expression:

Vsc = RsHunt*lc-{1-exp(t1/ )}
t1  =-t-In(1- Vsc/ RsHunt"Ic)
Vsc : SCP trip voltage

lc  :IGBT peak current

T : RC filter time constant
t1 : The time to supply Vsc voltage to CIN pin

The IPM internal time delay (t2) to shut down IGBT gate is shown in Table 2.2.3.

ltem Min Typ Max

IPM internal delay time - - 0.65us
Table 2.2.3 IPM internal delay time

Therefore, the total delay time (twotal) in the SCP chain is the following:
ttotal = t1 + t2

After validation by actual environment, please finalize RC filter time constant to keep ttotal Within IGBT SCSOA.

© 2020 ROHM Co., Ltd. 11/45 No. 63AN158E Rev.001
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2.2.2. Under Voltage Lockout (UVLO)

The reduction of control power supply voltage causes the gate voltage of IGBTs to drop and IGBTs cannot operate
properly. To avoid this the UVLO function is implemented.

Both the floating power supply (Vss) of HVIC and the control power supply (Vcc) of LVIC have UVLO function.
However, only LVIC power supply activate the FO output signal

Table 2.2.4 shows operating behavior at each supply voltage.

Supply voltage[V] (Vce, Ves)

Operating Behavior

0to4.0

It is recommended to turn on the control power supply before to energize the DC link to avoid
IGBTs malfunctions.

HVIC and LVIC may not work properly due to out of normal operating voltage range.
Protection functions such as UVLO or FO signaling are not guaranteed.

4.0 to Vccuvr(Vee), Vesuvr(Ves)

UVLO function and FO signal outputs are active.

Vecuvr to 13.5(Vec)
Vasuvr to 13.0(Ves)

IGBT can work. However, IGBT conduction and switching losses could increase and the
junction temperature could rise.

13.5 to 16.5(Vec)
13.0 to 18.5(Vas)

Recommended working conditions.

16.5 to 20.0(Vcce)
18.5 to 20.0(Ves)

IGBT can works. However, switching speed becomes fast, resulting in noise level increase.
The saturation current of IGBT becomes large, resulting in short circuit withstand time
reduction.

20.0 or above

HVIC, LVIC may be destroyed.
Using zener diode (1W, 20V to 22V) is recommended.

Table 2.2.4 Operating Behavior versus Control Supply Voltage

mControl Supply (LVCC) Under-Voltage Lockout (UVLO) operating sequence (implemented in LVIC)

b1. Control supply (LVCC) voltage exceeds UVLO release level (Vccuvr), but IGBT turns on by the next ON signal
(LIN = L — H). IGBT of each phase return to normal state by LIN ON input signal to each phase.

b2. Normal operation. IGBT ON and output current Ic.

b3. LVCC voltage drops to UVLO trip level (Vccuvr).

b4. All low side IGBTs turn off despite of control input condition.

b5. The FO open drain is activated for (90us (Min)) : when UVLO = H period of < 90us, but enabling period is extended
while LVCC voltage is below Vccuvr.

b6. LVCC reaches Vccuvr.

b7. Even if LVCC voltage reaches Vccuvr, during LIN = H, IGBTs do not turn on until inputting the next LIN positive edge

(LIN = L>H)

b8. Normal operation. IGBT ON and outputs current Ic.

Figure 2.2.3 LVCC UVLO Timing chart
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mControl supply (VBS) Under-Voltage Lockout (UVLO) operating sequence (implemented in HVIC)
c1. Control supply (VBS) voltage exceeds UVLO release level (Vesuvr), but IGBT turns on by the next ON signal (HIN =
L—H).
c2. Normal operation. IGBT ON and output current Ic.
c3. VBS voltage drops to UVLO trip level (VssuvT)
c4. Only IGBT of the corresponding phase turns off despite control input signal, there is no FO signal output.
c5. VBS reaches Vassuvr.

c6. Even if VBS reaches Vasuvr during HIN = H, IGBTs do not turn on until inputting the next ON signal (HIN = L—H).
c7. Normal operation IGBT ON and outputs current Ic.

RESET

Figure 2.2.4 VBS UVLO Timing chart
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2.2.3. Thermal Shutdown (TSD)

IPM has thermal shutdown function by monitor the LVIC temperature. In case the LVIC temperature exceeds and
keeps over the thermal shutdown trip level, the FO open drain is activated and all low side IGBTs turn off.

Limit
Item Symbol Unit Condition
Min Typ Max
Trip Temperature TsoT 115 130 - °C  |Monitor LVIC temperature
Hysteresis Temperature TspHys - 20 - °C  |Monitor LVIC temperature

Table 2.2.5 Thermal Shutdown temperature

mThermal Shutdown (TSD) Operating sequence (Monitoring LVIC temperature)
d1. Normal operation. IGBT ON and outputs current Ic.
d2. LVIC temperature (Tj) exceeds thermal shutdown trip level (Tspr).
d3. All low side IGBTSs turn off despite control input condition.
d4. The FO open drain is activated for (180us (Min)) : when TSD = H period of < 180us, but enabling period is extended

while LVIC temperature (Tj) is above Tspr-TspHys.
d5. LVIC temperature (Tj) drops to Tspr-TspHys.

d6. Even if LVIC temperature (Tj) reaches Tspr-TspHys during LIN = H, IGBTs do not turn on until inputting the next LIN

positive edge (LIN = L—H).

d7. Normal operation: IGBT ON and outputs current Ic.

LIN ' « ' d6
1 X ) 1 1
= : -
TSD i 1 |SET RESET i
E T B
| b i i
o Tsor o L . |
! o ! !
_Tsor-Tsorys _________ HY R : :
Tj(LVIC) /oo !
i vy | i
a1 ' d3

1

lc 4/\4 /\/\ « i I

| R |

1 1

d4
o 5

Figure 2.2.5 TSD Timing chart
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Gen.3 IGBT-IPM series Application Note

FRD IGBT LvIC

&

Heatsink

Figure 2.2.6 Heat conduction from power devices

Notice

1) In case of TSD trip and FO output, please stop controlling IPM quickly in order to avoid the device damage.

2) If the cooling system is in abnormal state (e.g. heat sink comes off, fixed loosely, or cooling fan stops) when TSD ftrips,
do not operate the IPM. This may cause the junction temperature of power chips to exceed its maximum Tjmax rating
(150°C).

3) TSD function detects LVIC temperature, so it cannot respond to fast temperature increase of power chip. Therefore,
TSD will not work properly in the case of events like motor lock or over current.

© 2020 ROHM Co., Ltd. 15/45 No. 63AN158E Rev.001
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2.2.4. Temperature Output by Analog Signal (VOT)

The IPM has built in temperature sensor on LVIC, and outputs the analog voltage according to the LVIC temperature.
The heat generated at IGBT and FWD transfers to LVIC through the package and outer heat sink. So LVIC temperature
cannot respond to fast temperature increase of power chips effectively. (e.g. motor lock, short circuit)

It is recommended to use this function only to protect against slow transient events like cooling system malfunctions
and continuous overload operation. (i.e. use the same way a thermistor that was implemented on a heat sink.)

mTemperature Output (VOT) Characteristics
Table 2.2.6 shows the current capability of VOT output. VOT output is created by amplifying the temperature signal as
described in Figure 2.2.7. Figure 2.2.7 is an example of VOT output circuit in the case of using an RC filter.
The characteristics of VOT output vs. LVIC temperature is linear as in Figure 2.2.11.

Min
Source current(Note 2) 1.7mA
Sink current(ote 3) 0.1mA

(Note 2) Current flow from VOT to outside
(Note 3) Current flow from outside to VOT
Table 2.2.6 VOT Output Capability (Tc = -25 to 100°C)

LvIC & 5V
Temperature W
Signal _ VvOT
)
N 1 O——W\ Mcu
Ref g
GND 1
777 777 777

Figure 2.2.7 VOT Output circuit

mDetection of temperature lower than room one
It is recommended to place 5.1kQ pull down resistor to get linear output characteristics at temperature lower than room
temperature. When the pull-down resistor is placed between the VOT and GND pins (control GND), the extra current
calculated by VOT output voltage divided by pull down resistance flows as LVIC circuit current continuously.
In the case VOT is used to detect only temperature higher than room temperature, it isn't necessary to insert the pull
down resistor.

LvIC o 5V
Temperature W
Signal _ VOT
M Lot " !
N 1 @ . ; MCU
Ref g ' !
GND ! = 5.1kQ
777 : 77

Figure 2.2.8 VOT Output Circuit in the case of temperature detection lower than room one
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mUsing VOT with low voltage controller (MCU)
In the case of using VOT with low voltage controller (e.g. 3.3V MCU), VOT output might exceed control supply voltage
when temperature rises excessively. If system uses low voltage controller, it is recommended to place a clamp diode
between controller supply control and VOT output to prevent over voltage.

3.3V
LvIC P
W— T
Temperature ! i
Signal — VOT : |
r O —h MCU
Ref + §
: GND
777 777

Figure 2.2.9 VOT Output circuit in the case of using with low voltage controller

mVOT protection level exceeding control supply voltage of controller
In the case of using low voltage controller, if it is necessary to set the trip VOT level to control supply voltage (e.g. 3.3V)
or higher the VOT output need to be divided by resistance voltage divider circuit and then input to A/D converter on MCU.
In that case, sum of the resistance of divider circuit should be as much as 5kQ.
Considering the divided output voltage not exceeding the supply voltage of controller clamp diode is not necessary.
However, the use of the diode is related to the divided output level.

LvIC —-©— 3.3V

Temperature Wy P .
Signal _ voT ' R pyor
M ! . !

N T O—W n MCU
Ref § ! !
GND ! R2 |
Q | |
1 1

77N T VT

DVOT =VOT-R2/(R1+R2) R1+R2=5kQ
Figure 2.2.10 VOT Output circuit in the case with high protection level
© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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mVOT Output vs LVIC temperature

Gen.3 IGBT-IPM series

130

2020.12

120

110

No. 63AN158E Rev.001

100

Condition

LVIC temperature 90°C
LVIC temperature 25°C

70

Unit
Y,
Y,

60

50

typ | Max

40

Limit
272|277 | 2.82
0.93|1.13|1.33

18/45

LVIC temperature [°C]

n

m

Table 2.2.7 VOT voltage

30

20

Symbol
Vor

10

Figure 2.2.11 VOT Output vs LVIC temperature Characteristics
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2.2.5. Fault Output (FO)

The FO pin consists in open drain output and Schmitt input.

The device supports SCP (Short Circuit Protection), UVLO (Under Voltage Lockout) and TSD (Thermal Shutdown) as
protection function for LVIC. When a protection function detect a malfunction, the FO open drain is activated for the
period shown in Table 2.2.9 for each factor, and all low side IGBTs turn off in spite of control input condition.

The device supports UVLO (Under Voltage Lockout) as protection function for HVIC, but the FO open drain is not
activated. (Refer to 2.2.2).

The IPM monitors the FO pin input voltage in order to turn off low side IGBTs. The low side IGBTs turn off period can
be extended by external CR. (Fault pulse tuning)

15V - | [HVCC Under Voltage
detection | P
R HINU Level
MCuU WV Wy é\shiﬂer— HE
C1 U
|
R1 HINV
. Level [ | Gate
W—t- /W\’_é\ shifter[ ] Drive [ | Vv
C1
|
R1 HINW Level
IW\(’:FL v é\shiﬂer— HE W
F GND |
i
15V-e-| |LVCC Under Voltage | Y©
Lvee detection
R1 LINU ?
MNV—t- T
C1
| NU
v v .
LvCC
R1 LINV ? E Gate
Wy L Drive [T
C1
| NV
v v
LvCC
R1 LINW?
AM—2- —H
C1 NW
5V |
R2 Lvce
o & AW %
-+ v —7
027_—|/_7_ [ SCP
Duration *+ovro
Timer 4_35
GND
—H
777
Figure 2.2.12 FO pin and other control pins
© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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mFO pin output feature

1.0
The device integrates an open drain output that need to be pulled Tj=25°C
up to external power supply. 8 Vee =15V
Figure 2.2.13 shows V-I characteristics of the FO pin as a > 0.6
representative example. A maximum sink current: 1mA. @)
< 04
ie.
An external pull up voltage: 5.0V, pull up resistor: 10kQ 0.2
Minimum high voltage of the FO pin:
5.0V - 10kQ x 10pA = 4.9V 0.0
0.0 0.2 0.4 0.6 0.8 1.0
IFO [mA]
Figure 2.2.13 FO pin V-l characteristics
Limit
ltem Symbol Unit Condition
Min Typ Max
Output low voltage VFo - - 0.95 \Y, IFo = 1mA
Leak current IFoLEAK - - 10 MA  |VFo =5V
Table 2.2.8 FO pin Electric characteristics (output)
FO activated timing
Event Event time(min) FO activated timingote 7)
Short Current Circuit < 45us 45us
SCP . X
Protection > 45us SCP time
<90us 90us
UVLO Under Voltage Lockout > 90 UVLO time
HS (until the LVCC(LVIC) exceeds the Vecuvr)
<180us 180us
TSD Thermal Shutdown > 180 TSD time
Hs (until Tj(LVIC) is below the Tspr-TspHys)

(Note 1) No external RC component on the FO pin

Table 2.2.9 FO timing

scP SET RESET

| 45us

FO ™ ¢ ,

UVLO ISET RESET
i
FO ; 90ps >I
i
Tsb ISET RESET
O —; 180us

A

A A

Figure 2.2.14 FO activated timing chart (min)

© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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mThe FO pin output feature

Limit
Item Symbol Unit Condition
Min Typ Max
H input threshold voltage VINH - - 2.6 \%
L input threshold voltage VINL 0.8 - - \Y,
Input hysteresis voltage Vhvs - 0.25 - \Y,

Table 2.2.10 FO pin Electric characteristics (input)

The low side IGBTs turn off period can be extended by tuning charge time of C2 by placing external C2 and R2. This is
useful for providing a SCP information of a very short time (min 45u) when implemented with isolation products that have a
long delay such as photo coupler..

Photo coupler Control signals
(High speed)

Photo coupler
MCU ——» | (Highspeed) | —»
—— | Photo coupler —>
—»| (High speed) —L

—

» [ Photo coupler
(High speed)

IPM

Photo coupler FO
(High speed)

Photo coupler

(High speed) R2

Photo coupler

Low speed C2
( peed) I

Figure 2.2.15 Extension IGBT turn off period

--- )
LIN ab a7 a8 : o«

| >
scp [sET RESET, « |

N P
IGBT gate i \

«

D

IGBT turn off period

SCP trip current -~

al

Voltage between

TR
Delay by RC time constant
1

1

,

1 1

1 T

FO a5 \ | =T FO Vi 2
1 1

1 1 1
! 1
1 1
1

1

MCU FO input
(Photo coupler)

[P LI

'Photo coupler delay time | .
1

1

Figure 2.2.16 Extension IGBT turn off period timing chart
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2.2.6. Control inputs (HINU, HINV, HINW, LINU, LINV and LINW)

Figure 2.2.12 FO pin and other control pins shows a typical control pin connection.
HINU, HINV, HINW, LINU, LINV and LINW pins are pulled down by 3.3/5.0/7.1kQ (min/typ/max) internally.

An additional filter can be used to reduce the noise, please make sure that R1 C1 constant meets input threshold voltage
in proper timing.

Limit Unit Condition
Item Symbol
Min Typ Max
H input current lINH 0.7 1.0 15 mA Vin =5V
L input current IINL -10 - - MA Vin =0V
H input threshold voltage ViNH - - 26 \Y,
L input threshold voltage ViNL 0.8 - - \%
Input hysteresis voltage Vhys - 0.25 - V

Table 2.2.11 Control input, HINU, HINV, HINW, LINU, LINV, LINW Specification

When there is no power at HVCC, Table 2.2.12 shows the input resistance value of HINU, HINV and HINW on each
product respectively.

Input resistance(kQ)™efe 1) During no power at HYCC
. . 5:HINU — 6:HINV — 7:HINW —
Series Part Number Rating 9 or 16:GND 9 or 16:GND 9 or 16:GND
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
BM64374S-VA 15A/600V | 175 | 25 | 34
Temperature
Output function BM64375S-VA 20A/600V 35 | 50 | 68
Thermal 70 | 100 | 136 | 70 | 100 | 136
Shutdown BM64377S-VA 30A/600V | 70 | 100 | 136
function BM64378S-VA 35A/600V | 140 | 200 | 272

Table 2.2.12 Lineup table

-VA : Long Pin type
(Note 1)  When power on at HVCC, input resistance shows 3.3/5.0/7.1kQ (min/typ/max).
Depending on the connection method of the +/- terminal of the instrument, the resistance may be smaller than the actual value.

During power on HVCC During power off HYCC

HVIC
25kQ
100kQ
_ Input resistance: 300kQ
Input resistance : 5kQ Except 5kQ
HVCC = 13.5V or above HVCC =0V

I
In case of BM64374S-VA
Figure 2.2.17 Input resistance equivalent block diagram

© 2020 ROHM Co., Ltd.
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Each device can be distinguished by input resistance of HINU, HINV and HINW.
When measuring input resistance, apply current from HINX pins. Warning: applying current form GND leads to
improper resistance value.

Applying current Device identification resistor

=i
@T gﬁ oo

L
LI
47 HVIC

a) When applying current form HINX pins
— Input resistance shows proper value

Applying current Device identification resistor

e e

8l © = 5 50

L

]
 S—|

HVIC

b) When applying current from GND
— Current flows Di and pull down resistor (5kQ), too.
Then input resistance shows improper value.

Figure 2.2.18 Notes on measurement

© 2020 ROHM Co., Ltd. 23/45 No. 63AN158E Rev.001
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2.3. Package

There are two type of packages

2.3.1. Outline drawing

Package Name

HSDIP25

3. 5£0. 25

1. 5£0. 05

42z

(3 5{
(u
) T
(3. 3%31

Q.8
‘ HEAT SINK SIDE

(2. 656)

A
38+0. 5 /
20X1. 778 (=35. 56)
350, 3
0. 28 16—0. 5
1. 778x0. 2
= 0
bl bk S
H
™ =+
0 .
Dy £ % : o -
_49,__ '_____'G‘_ 3 i,l -
2-R1. 6 " Type nawe —| : . e
Lot No 2 o
Specular surface finish _ e t'[
I A IV 1 A a-c1. 2 :
B
0. 28 s—0 & o
2. 564+0. 2 T
14X2. 54 (=35. 586)
0. 5 0. 5 0. 5
0.5
Iy
=}
+i
q 10 h
I 1 —

N A

(1. 2)

(

1. 2)

(2.

756)

DETAIL A

Jﬂ

0. 42
L

DETAIL B

{UNIT :mm)

PKG:HSDIP25
Drawing No. EX641-5002

Figure 2.3.1 VA Long Pin Type
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2.3.2. Pin Description

Pin No. Pin Name Function
1 NC Not connected (GND potential)
2 VBU U phase floating control supply
3 VBV V phase floating control supply
4 VBW  |W phase floating control supply
5 HINU  |U phase high side IGBT control
6 HINV |V phase high side IGBT control
7 HINW  |W phase high side IGBT control
8 HVCC [Control supply for HVIC
9 GND  |Ground (Note 1)
10 LINU U phase low side IGBT control
11 LINV |V phase low side IGBT control
12 LINW  |W phase low side IGBT control
13 LVCC  |Control supply for LVIC
14 FO Alarm output
15 CIN Short circuit detection
16 GND  |Ground (Note 1)
17 VOT Temperature Output
18 NW W phase low side IGBT emitter
19 NV V phase low side IGBT emitter
20 NU U phase low side IGBT emitter
21 W phase output
22 V V phase output
23 U phase output
24 Inverter supply
25 NC Not connected Note 2

(Note 1) Two GND pins (9 & 16pin) are connected inside IPM, please connect one pin (16pin is recommended) to the 15V power supply GND outside and

leave the other open.

(Note 2) NC pin is not electrically connected to any other potential inside.

Table 2.3.1 Pin Description

TOP VIEW

Figure 2.3.2 Pin Configuration

© 2020 ROHM Co., Ltd.
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2.3.3. Marking
Figure 2.3.3 shows Marking Diagram There is a bottom side.
BOTTOM NIEW

LLILLRLELELL

] ]

Part Number

LOT Number

. r ¥ - . - - -

Figure 2.3.3 Marking Diagram

Part Number
[B M6 4 3 7 xS

- [x x|

Part Number Package
S HSDIP25 VA Long Pin Type

LOT Number
[1]2]3 4]5 6 7[8 9

10 11 12 13 14]

I
Lot

number)
Part number (Serial code)
Date of manufacture
Month of manufacture (form 1 to C)
Year of manufacture last digit

number (Serial

2.3.4. [Insulation distance
Table 2.3.2 shows insulation distance.
Item Clearance[mm] | Creepage[mm]
Between live pins with high potential 2.50 3.00
Between pins and heat sink 1.45 1.50
Table 2.3.2 Distance of insulation
| Ceramic parts (Al203)
\ ;
L T |
5 |';(3'.5')"""'l """ LG Tania |mns
Heat sink

Figure 2.3.4 In the case of using the convex heat sink (unit: mm)
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2.3.5. Heat sink mounting and precautions

When installing a module to a heat sink, excessive uneven fastening force might apply stress to inside chips or ceramic
of heat sink plate, which will lead to breakage, crack or degraded device. Figure 2.3.6 shows recommended fastening
sequence. Use a torque driver to fasten to the specified torque. The temporary fastening torque is set from 20 to 30% of the
maximum torque rating. Evenly apply thermally conductive grease with 100pum to 200um thickness over the contact surface
between the module and the heat sink. Please use a type of grease that does not change in quality and age within
operating temperature range. Deeply clean the contact surface of module and the heat sink before mounting.

It is recommended to install the module directly to the heat sink after applying grease. When inserting a heat radiation
sheet between a module and a heat sink, it might apply stress depending on thickness and elastic modulus of the sheet to
inside chips or ceramic of heat sink plate, which will break, crack or degrade the module. A heat radiation sheet is needed
to prevent IPM from bending into + side of Figure 2.3.5.

n
|
25 2b

! Heat Radiation Sheet !

Temporary fastening : 1—-2
Permanent fastening : 1—-2

Figure 2.3.6 example of recommended Fastening Sequence Figure 2.3.5 Flatness after Installing to a Heat sink
(When Using a Heat Radiation Sheet)
Limit
Item Unit Conditions
Min Typ Max

Mounting T 0.59 0.69 0.78 Mounting Screw M3(Nete 7)

ounting forque ’ ' ’ N-m Recommended 0.69N-m
Flatness of Outer Heat Sink -50 - +100 pm  |Refer to Figure 2.3.7

(Note 1) Plain washers (ISO 7089 to 7094) are recommended.
Table 2.3.3 Mounting Torque and Heat Sink Flatness Specification

In order to get effective heat dissipation, it is necessary to enlarge the contact area as much as possible to minimize the
contact thermal resistance.
Figure 2.3.7 shows measurement Part for Heat Sink.

Measurement Part for Heat Sink

Figure 2.3.7 Measurement Point of Heat Sink Flatness

© 2020 ROHM Co., Ltd. 27145 No. 63AN158E Rev.001
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3. Application
3.1. Application example

3.1.1. Non-isolated control by driving IPM directly

Wire as close as possible to the U, V, and W pin
and connect to the motor on its main wires.

D 7
)
H
—@)
High Side I’/
Gate Driver |
(HVIC) ™4 v A
@) M
|
! ’(‘ —z
W /21\/ c3| |ca
O/
S
C 0 LINU Long wiring here might
LINV r ’/ cause short circuit failure
11
) LINW V
T » LvCC c
5V .
7]/'7_ Low Side
Gate Driver ——| Shunt
R1 FO (LVIC) Resistor
14
15V ~o> A
D N
oo & Lic 77 S\ CIN
~J GND —|’/
- VOT

B R2
co
iL AN

Wiring B: To minimize noise by shunt Wiring A: In order to
resistor, RC filter (R2, C9) should be prevent any noise, wire
mounted as close as possible to CIN pin wide and short.

and wire wide and short.

Long wiring here might cause SCP level
fluctuation and malfunction.

Figure 3.1.1 Application Example (Non-isolated control by driving IPM directly)
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3.1.2. Isolated control by driving IPM through photo coupler

Wire as close as possible to the U, V, and W pin
and connect to the motor on its main wires

NOIN

Wiring B: To minimize noise by shunt
resistor, RC filter (R2, C9) should be
mounted as close as possible to the CIN
pin and wire wide and short.

prevent any noise, wire

wide and short.

fluctuation and malfunction.

C1D1C2 1\ VBU P @)
. | [\
x
H
U 62
&)
High Side I’/
Gate Driver I
(HVIC) " VAN
@) M
.
4
W /21\/ ca| |ca
&/
Long wiring here might
cause short circuit failure
_| V
NU ~~N
20
\)7 ‘'C
1 1
Low Side "o
Gate Driver 4”/ ! ||| Shunt
(LVIC) i | ! Resistor
W\
D N
1
— !
1
'l
1
A
Wiring A: In order to Long wiring here might cause SCP level

Figure 3.1.2 Isolated control by driving IPM through photo coupler
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3.2. Selection of Components (Refer to Figure 3.1.1)

1) The VBU, VBV, VBW pin
-The bypass capacitor(good temperature, frequency characteristic electrolytic type C1: 22uF to 100uF) should be mounted
as close as possible to the pin in order to prevent malfunction or destruction due to switching noise and power supply
ripple. In addition, to reduce the power supply’s impedance in wide frequency bandwidth, ceramic capacitor (good
temperature, frequency and DC bias characteristic ceramic type C2: 0.1uF to 0.22uF) should also be mounted.

-Zener diode D1 (1W / 20 to 22V) should be mounted between each pair of control supply pins to prevent surge destruction.
(Recommended PDZV20B)

-Line ripple voltage should meet dV/dt <1V/us, Vripple £2Vp.p.

-The wiring from U, V, and W pin should be as thick and as short as possible. They should be connected directly and
separated from the main output wires.

2) The HVCC, LVCC pin
‘The bypass capacitor (good temperature, frequency characteristic electrolytic type C9) should be mounted as close as
possible to the pin in order to prevent malfunction or destruction due to switching noise and power supply ripple. In
addition, to reduce the power supply’s impedance in wide frequency bandwidth, ceramic capacitor (good temperature,
frequency and DC bias characteristic ceramic type C5 and C6: 0.1uF to 0.22uF) should also be mounted.

-Zener diode D2 (20 to 22V) should be mounted between each pair of control supply pins to prevent surge destruction.
(Recommended PDZV20B)

‘Line ripple voltage should meet dV/dt <1V/us, Viipple S2Vp-p.

3) The P pin
-To prevent surge destruction, the wiring between the smoothing capacitor C4 and the P pin, N point should be as short as

possible.
-Snubber capacitor (C3: 0.1uF to 0.22uF) should be mounted between the P pin and the N point.

4) Control input pins (HINU, HINV. HINW. LINU. LINV. LINW)
-The wiring should be as short as possible to prevent malfunction.

‘Input drive is active-high type. There is a 3.3kQ (Min) pull-down resistor in the input circuit of IC. When using RC coupling
circuit, make sure the input signal level meets the input threshold voltage.

‘Dead time of input signal should be more than specified value.

-The pull-down resistors of Control input are enabled during supplying recommended voltage at the LVCC pin and the
HVCC pin. Otherwise, the LINU, LINV and LINW show high impedance, the HINU, HINV and HINW show specific
resistance correspond to (2.2.6 Control inputs (HINU, HINV, HINW, LINU, LINV and LINW))

5) The FO pin
-The FO output is open drain. It should be pulled up to control power supply(e.g. 5V, 15V) by a resistor that makes Iro up to
1mA.lro is estimated roughly by the formula of control power supply voltage divided by pull-up resistance(R1).
In the case of pulled up to 5V, R1 = 10kQ is recommended.

‘In case of input to MCU by photo coupler or something, FO output duration timing can expand adding a capacitor (C7) in
order to align the propagation delay of photo coupler.

6) The CIN pin
‘RC filter (R2, C5) should be mounted as close as possible to the pin in order to prevent malfunction by recovery current or
switching noise. It is recommended to select low tolerance, temp-compensated type for RC filter (R2, C9).
The time constant R2xC9 (1.0us is recommended) should be set in order to shut down SCP current within 2ps.
The time constant is subjected to the wiring pattern on the board, etc. and should be evaluated in the actual application. .

-The point D at which the wiring to the CIN filter is divided should be near the pin of shunt resistor. The NU, NV, NW pins
should be connected near to NU, NV, NW pins.

-To prevent malfunction, the wiring of B should be as short as possible.
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7) The VOT pin (refer to 2.2.4)

‘It is recommended to place 5.1kQ pull down resistor to get linear output characteristics at temperature lower than room
temperature. When the pull down resistor is placed between the VOT pin and the GND pin (control GND), the extra current
calculated by the VOT output voltage divided by pull down resistance flows in LVIC circuit current continuously.

In the case of only using the VOT to detect only temperature higher than room temperature, it is not necessary to insert

the pull down resistor.

‘In the case of using the VOT with low voltage controller (e.g. 3.3V MCU), the VOT output might exceed control supply
voltage 3.3V when temperature rises excessively. If system uses low voltage controller, it is recommended to insert a
clamp diode between control supply of the controller and the VOT for preventing over voltage.

‘When the VOT pin is not used, please do not connect the VOT pin.

8) The GND pins
“Two GND pins (9 & 16 pin) are connected inside IPM. Please connect one pin (16 pin is recommended.) to the 15V power

supply GND outside and leave the other open.

-Connect control GND to power GND by common broad pattern can cause malfunction due to power GND fluctuation. It is
recommended to connect control GND and power GND to a single point N (near the pin of shunt resistor).

-To prevent malfunction, the wiring of A should be as short as possible.

9) The NU. NV. NW pins
‘In case of operation with a single shunt resistor, please short the three pins (NU, NV and NW). In addition, to prevent
malfunction, the wiring of C should be as short as possible.

10) One-shunt resistor drive
‘Recommended Shunt Resistors :1mQ to 10mQ PMR series (Metal plate type)

:10mQ to 910mQ LTR series (Long terminal type)

https://www.rohm.com/products/resistors

NU, NV, NW should be all connected each other at nearest pins.

Wiring inductance should be less than 10nH.
IPM (Inductance of a copper pattern with length=17mm, width=3mm is

nul7h __about 10nH.)
N
NV
GND NW

RC filter

Wiring from the GND pin should be connected
close to the pin of shunt resistor.

I
Wiring from shunt resistor to RC filter should be connected
near the pin of shunt resistor.

Low inductance shunt resistor like surface mounted (SMD) type is recommended.

Figure 3.2.1 Wiring Pattern around the Shunt Resistor when Operating with One-shunt Resistor

© 2020 ROHM Co., Ltd. 31/45 No. 63AN158E Rev.001
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11) Three-shunt Resistors Drive

‘It is not recommended to use the voltage of each shunt resistor directly in the CIN pin when IPM is operated with three
shunt resistor. In that case, it is necessary to use the external protection circuit as below.

-Set the time constant R¢Cs (1.0us is recommended) of external comparator input in order to stop the IGBT within 2us when
short circuit occurs. The time constant is subjected to the wiring pattern on the board, etc. and should be evaluated in the
actual application.

-It is recommended to set the threshold voltage VREF to the same rating of short circuit trip level (Vsc = 0.48V(Typ))

-To prevent malfunction, the wiring of A, B, C should be as short as possible.

-OR output high level should be set greater than maximum Vsc rating 0.505V and lower than the CIN absolute maximum
rating 7V when the protection is active.

Wiring inductance should be less than 10nH.
(Inductance of a copper pattern with length=17mm, width=3mm is about 10nH.)

IPM ——
Ce; External SCP Circuit
—{_lcin NUE_F2Wh - .
NV af\\\, Wiring from GND pin should be connected
GND awi :r:'VV\/' - close to the pin of shunt resistor.
)
v
A R¢ B
MW - 5V
Cr 1
Wiring from shunt resistor h
to RC filter should be W e Wy % OR outout
connected closet to the P
pin of shunt resistor.
AW\ -
L VREF——t
Comparator
(Open collector type) 77

Figure 3.2.2 Wiring Pattern around the Shunt Resistor when Operating with Three-shunt Resistor
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3.3. Application configuration example

Converter Brake Inverter
e [Resistor|
(Rectifier) 600V IGBT IPM
L1 650v| B cump
3-phase FRD Diode
AC200v/ L2 — -
100V N 650V M
L3 IGBT | |
ACDC with MOSFET | —|_Shunt Resistor
‘||‘ @I Op
LN Amp Tobit | T6bit
"""" A AT AT

Isolation
Transfor

Sub
system

Power Devices
Sensors & Interfaces

Voltage Regulators

Power Devices
-IGBT IPM
600V

-Fast Recovery Diode
650V Low VE Low noise

-IGBT discrete
SCWT 8ps (min)
SCWT 5ps (min)

-Gate Driver

Isolated Simple Gate Driver
Non-isolated Simple Gate Driver

Sensor & Interfaces
+Shunt Resistors

+ImQ to 10mQ
10mQ to 910mQ

Voltage Regulators

ADC

A.D.C

) | Gate Driver |

| DC24V :
DC12V i :' """"" ‘:USB
pcsoy  control MCU :‘gﬂ_: Control MCU 1 35485
|
E&l> o=+ wotor control ! ! Communication
_________________________ Control
Isolation

Figure 3.3.1 Application example with IPM

https://www.rohm.com/products/ipm/igbt-ipm
BM6437xseries

https://www.rohm.com/products/diodes/fast-recovery-diodes
RFL series

https://www.rohm.com/products/igbt/field-stop-trench-igbt

RGS series
RGT series

https://www.rohm.com/products/power-management/gate-drivers

BM61M41RFV-C
BD2310G

https://www.rohm.com/products/resistors

PMR series (Metal plate type)
LTR series (Long terminal type)

For Primary power supply https://www.rohm.com/products/power-management/ac-dc-converters-ics

+ACDC Built-in or external 650V/800V MOSFET

650V/800V PWM up to 30W
650V/800V PWM over 30W
650V/800V PWM buck converter
External FET PWM/QR control IC

BM2Pxxx (65kHz/100kHz 650V), BM2PxxxEK (65kHz/100kHz/130kHz 800V)
BM2P01xT (65kHz 650V)

BM2Pxxx (65kHz/100kHz 650V), BM2Pxxx (65kHz/100kHz 800V)
BM1PxxFJ (PWM 65kHz/100kHz 650V), BM1QxxFJ (QR 650V),

BD762xFJ (QR for SiC MOSFET)

© 2020 ROHM Co., Ltd.
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3.4. PCB Layout Guidance

VBU Nel ]
:\F/:;)\?tlng Supply (F)
Floating Suppl
:VBW 9 Supply P:' Power Source
[ |Floating Supply
U .
I % * Iatlng no |1 O
[ [HINV
(L) C_Jmw (G) (E)
HvCC gf * v " B
L ] F—Eatlng GND 1 O
= o T
[ JuNu L L
|tV & Lo — b
i FloatingGND | | (O
15V Control Supply LvCce u
QF * % EFO (I)\ NU ﬂc) Power GND
(K) :C'N _|_—’W\/— NV (B)
Control GND [_IGN
t T(J) o J\/W
— o)

Control GND
TNH)

Figure 3.4.1 Precaution of PCB Design
A) It is recommended to connect control GND and power GND only at one N point.
B) It is recommended to use the surface mount type resistor with low inductance.
C
D

E) Place snubber capacitor between the P pin and point N and closely to terminals.

Wiring between the NU, NV, NW pins and the shunt resistor should be as short as possible.

(A)
(B)
(©)
(D) Wiring to the CIN pin should be divided near the shunt resistor terminal and as short as possible.

(E)

(F) Wiring should be as short as possible. Floating control supply wire potential fluctuates between the P pin and the GND
at switching. Therefore, it may cause the malfunction if low potential wires (e.g. control input pin, control supply) are
located near or cross these switching wires. Please pay attention particularly when using multi layered PCB.

(G) Bootstrap negative electrodes should be connected to the U, V, W pins directly and separated from the main output
wire.

) Wiring should be as short and as thick as possible.

I) Wiring should be as short as possible in order to prevent the malfunction due to noise.

(H

(

(J) Connect CIN filter’s capacitor to control GND (not to power GND).

(K) Capacitor and Zener diode should be located closely to the LVCC and GND pins.
(

L) Capacitor should be located closely to the HVCC pin.

© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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3.5. Snubber Circuit

In order to protect IPM from extra surge, the wiring length between the smoothing capacitor and the P pin-N points (shunt
resistor terminal) should be as short as possible. Also, from 0.1uF to 0.22uF snubber capacitor should be mounted in the
DC-link and near to the P pin and N points.

There are two positions ((A) or (B)) to mount a snubber capacitor as shown in Figure 3.5.1 Recommended Snubber circuit

location.
Wire Inductance
P[] avava\ o
I
®) | \®

IPM
NU

- /\ 77/
NV —AW\ NN
=S

Figure 3.5.1 Recommended Snubber circuit location

The Snubber capacitor should be installed in the position (B) so as to suppress surge voltage effectively. However, the
charging and discharging current generated by the wiring inductance and the snubber capacitor will flow through the shunt
resistor, which might cause erroneous protection if this current is large enough. In order to suppress the surge voltage
maximally, the wiring inductance at (C) (including shunt resistor parasitic inductance) should be as small as possible. A
recommended wiring example is shown in location (A).

3.6. Inverter Power Supply and Collector-Emitter Voltage

The surge voltage of inverter power supply and collector-emitter voltage should be within the specified voltage. If the voltage
is higher than the specified value, power line inductance should be reduced, and the snubber circuit should be used.

Vces : Maximum Rating of IGBT Collector-Emitter Voltage, 600V.
Ve : Supply voltage applied between the P-N pins, 450V.
VP (surge) : Total amount of Ve and surge voltage generated by the wiring inductance between the P-N pins and the

DC-link capacitor, 500V.
VP (PROT) : Self protection supply voltage limit (Short circuit protection capability), 400V.
Condition VCC=13.5 to 16.5V, Inverter part Tj=125°C, non-repetitive, less than 2ps.

éVP(surge)
I V
c A CcE ‘
'y
<Vp Short circuit cu <VpproT)
Vce=0, Ic=0
(A) Turn Off Switching (B) Short Circuit
Figure 3.6.1 Waveform(lc, Vce, Vp) in Turn Off Switching and Short Circuit mode
© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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3.7. Allowable Current Value

Figure 3.7.1 shows the typical motor rms current (lo) versus carrier frequency (fc) following inverter operating conditions
based on IGBT-IPM. This curves are examples of admissible inverter output rms current under carrier frequency under
maximum operating temperature condition (Tf = 100°C, Tj = 125°C).
This characteristic can change depending on control mode, motor types.

Conditions: Ve = 300V, Vcc = Vs = 15V, P.F = 0.8, VcEe (sat) = Typ., Switching loss = Typ., Tj = 125°C, Tr= 100°C

Rth (j-c) = max, 3-phase PWM modulation, fo = 60Hz sine waveform output.

22
_ —BM64374S B
E \ ——BM64375S
<18 -
= \ —BM64377S
2 16 |
s \ —BM64378S
O
14 ~
<
g \ \
5 12
g
c 10 ——
>
s 8 —
= \

6 \

4 || P=300V, cosp=0.8, m=1,

Tc=100°C, Tj=125 °C
2 | 3-phase modulation
0 ; ; ; ; ; ; ; ; ; ‘
0 2 4 6 8 10 12 14 16 18 20

PWM Carrier Frequency fc[kHz]

Figure 3.7.1 lo-carrier frequency characteristics

Loss calculation software can be downloaded at ROHM web site.
URL.: https://www.rohm.com/products/ipm
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3.8. Short Circuit Safe Operating Area (SCSOA)

Figure 3.8.5 SCSOA main data show the circuits to obtain the SCSOA of Gen.3 IGBT IPM series devices and the SCSOA
main data, respectively.

ViN : IGBT gate driving signal on the LINW pin
Vbus : IGBT collector voltage: 400V
Tj : The IPM temperature 125°C
P
()Y @)
-
<3> VBV !
,
@)
VBW
) High Side | ’/
Gate Driver 1
(HVIC) ™4 v ]
@)
) HINU
S HINV | ’/
HINW ™4
7 W ()
5 HVCC P \&/
- GND h Isc A
10 LINU
» LINV _| ’/ L ___Vbus
Vi » LINW U A—_—
Voo CHLvee @)
Low Side
Gate Driver ~ ———|
(LVIC)
14 FO NV
(9
CIN ]
15
|
o GND ,’/
) VOT NW o
\ >
I »
Figure 3.8.1 SCSOA test circuit
© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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120

110 \\
100

90 \

VCC=16.5V

T \
Isat (max) = 73A
@ VCC = 16.5V \
Limited by maximum \

~
o

Ic[Apeak]
(=]
o

(3]
o

40 saturation current of IGBT
30
20
10
0
0 1 2 3 4 5

Short Circuit Withstand Capability:tw[us]
Figure 3.8.2 Typical BM64374S (15A) SCSOA curve

180 \
160 \
140 \
VCC=16.5V
120 /
T
100 Isat (max) = 112A
@ VCC = 16.5V
Limited by maximum \
60 saturation current of IGBT

Ic[Apeak]
(o]
=)

40
20
0
0 1 2 3 4 5
Short Circuit Withstand Capability:tw[us]
Figure 3.8.3 Typical BM64375S (20A) SCSOA curve
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240 \
220 \
200

180 \\ /VCC=1 6.5V ——
160
140 !

'%' Isat (max) = 157A \

2 120 @ VCC = 16.5V

S \
2 100 Limited by maximum

saturation current of IGBT

80
60
40
20

0

0 1 2 3 4 5
Short Circuit Withstand Capability:tw[us]
Figure 3.8.4 Typical BM64377S (30A) SCSOA curve

400 \
350 \
300

250

VCC=16.5V

T

Isat (max) = 250A
@ VCC =16.5V \
150 Limited by maximum

saturation current of IGBT

Ic[Apeak]
N
S
S

100
50
0
0 1 2 3 4 5
Short Circuit Withstand Capability:tw[us]
Figure 3.8.5 Typical BM64378S (35A) SCSOA curve
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4. Bootstrap Circuit
4.1. Bootstrap Circuit Operation

For three-phase inverter circuit driving, normally four isolated control supplies (three for high side driving and one for low
side driving) are necessary. The use of floating control supply with bootstrap circuit can reduce the number of isolated
control supplies from 4 to 1 (Low side control 15V supply).

Bootstrap circuit consists in a bootstrap diode (BSD), a bootstrap capacitor (BSC) and a current limiting circuit. This
product integrates BSD and current limiting circuit so the bootstrap circuit needs only the outer BSC (Figure 4.1.1).

BSC act as a control supply to drive high side IGBT. It supplies gate charge current and circuit current of HVIC.

Charge consumed by driving circuit is re-charged from Low side control 15V supply to BSC via current limiting circuit and
BSD when voltage of output pin(U, V, W) goes down to GND potential in inverter operation. But there is the possibility that
enough charge doesn't perform due to the condition such as switching sequence, capacitance of BSC and so on. The BSC
voltage drop by deficient charge makes the loss of high side IGBT increasing and might work UVLO. This must be
considered during bootstrap circuit design.

A |

~ VB !

_________ » e P .
Initial charging root L P — 4() N
______________________ ;| BSD 5scZ !

VCC !

HVIC U, Vv, W !

_ ) ) r :

VS \>/ v

4 H

' () | — VB

' b Current limiti "/
: urrent limiting |

| ™4

)
/

J ’/
|
- LVIC B N S

Figure 4.1.1 Bootstrap Circuit
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4.2. Initial Charging

In bootstrap circuit, it is necessary to charge to the BSC initially. BSC charging is performed by turning on all low side IGBT
normally. When outer load(e.g. motor) is connected to IPM, BSC charging may be performed by turning on only one phase
low side IGBT since potential of all output pins will go down to GND level through motor windings. However, its charging
efficiency might become lower due to some reason. (e.g. wiring resistance of motor).

There are mainly two procedures for BSC charging. One is performed by one long pulse (Figure 4.2.1), and another is
conducted by multiple short pulse (Figure 4.2.2). Multi pulse method is used in case of some restriction like control supply
capability. Necessary time of initial charging depends on the capacitance of BSC and current limiting circuit. After a detailed
evaluation on the actual application, please secure enough charge time depending on BSC capacitance.

Vee |
LIN HHHH LIN TR

I
—® Start PWM

HIN

Charge Current

Vgs f

| > |
Initial charging Initial charging
Figure 4.2.1 Waveform by one charging pulse Figure 4.2.2 Waveform by multiple charging pulses
© 2020 ROHM Co., Ltd. No. 63AN158E Rev.001
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4.3. Bootstrap Diode and Current Limiting Circuit

Ve-IF properties of built-in bootstrap diode and current limiting circuit (including voltage drop by the current limiting circuit)
are shown in Table 4.3.1 and Figure 4.3.1.

BSC in high-resistance at charging and reduces a load to 15V control supply.

The current limiting circuit raises charging efficiency by low resistance during PWM mode and reduces rush current to

Limit
ltem Symbol Unit Conditions
Min Typ Max

Ire = 1TMA

VrB1 0.3 0.6 0.9 V  |Voltage drop between HVCC-
VBX (X = U,V,W)

Forward voltage I 100mA

FB =

VrB2 1.1 20 29 V  |Voltage drop between HVCC-
VBX (X = U,V,W)

500

400

ImA]

200

100

Table 4.3.1 Specification of Bootstrap Diode Part

|
Tj=25°C
V=15V
——/_.
e
3 6 12 15

9
VelV]

200
175
150
2(125
%00
75
50
25

0

VeV]

Figure 4.3.1 Characteristic of bootstrap diode Ve-Ir curve
(Between HVCC-VBX terminal (X=U, V, W))

\ \
Tj=25°C
— V=15V
/ //
/ ’
0.0 0.5 1.0 15 2.0 2.5 3.0
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4.4. Bootstrap Circuit Current

Bootstrap supply circuit current Iss at steady state is maximum 0.15mA (Tj = 25°C. Vcc = Vss = 15V, Table 4.4.1). In

switching state, gate charge and discharge are repeated by high side IGBT switching, the circuit current increases

proportional to carrier frequency. Figure 4.4.1 to Figure 4.4.4 show typical Iss-carrier frequency fc at high temperature.
To calculate the BSC, please consider Iss at switching mode. Since the high current rating consume larger circuit current,
be careful during the development of the series product to use the same PCB layout.

Limit
ltem Symbol Unit Conditions
Min Typ Max
VBS circuit current 1 IBs1 - 0.06 0.15 mA  |Vin =0V
VVBS circuit current 2 Iss2 - 0.06 0.15 mA  |Vin =5V
Table 4.4.1 Specification of Bootstrap Circuit Current
Condition :Tj=125°C. Vcc = Ves = 15V. IGBT ON duty = 10. 30. 50. 70. 90%
700 I
u}
g0 L 10%
——30%
T 500  —e—50%
5 —— 70%
£ 400 ’
5 —e— 0%
2 300
s
100 —
1]
] o 10 15 20
Carrierfrequency[kHz)
Figure 4.4.1 BM64374S (600V/15A) Igs- Carrier Frequency fc
H00
ao0 —— 10%
0
q00 L 30%
T 600 ——50%
= | ——T0%
5 800 = oo
S 400
<300
200 4/./
100
I
0 o 10 15 20

Carrierfrequency[kHz]
Figure 4.4.2 BM64375S (600V/20A) Iss- Carrier Frequency fc
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1200

1000

a00
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— —+—30%

——10%
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./,./'
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Figure 4.4.3 BM64377S (600V/30A) Iss- Carrier Frequency fc
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Figure 4.4.4 BM64378S (600V/35A) Iss- Carrier Frequency fc
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com
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