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Chapter 3 Descriptions of Functions

n Function Tables

The functions built into the IPM are shown in Tables 3-1 to 3-3.

Table 3-1 IPM Built-in Functions (R-IPM)
600 V system
Built-in Functions
Eljmsgrt Model Commfgv:g; an;:er and Upper Arm Lower Arm Package
Dr | UV | TjOH | OC | ALM | OC | ALM | TcOH
6MBP15RH060 N v - - N N - P617
6MBP20RH060 VoW v - - N N - P617
6MBP30RH060 v oA v - - v v - P617
6MBP50RA060 VoW v v - v v v P610
6in1 | BMBP75RA060 N oW J v - N N N P610
6MBP100RA060 v oA v v - N N N P11
6MBP150RA060 VoW v v - N N N P611
6MBP200RA060 N oA V v - N N N P612
6MBP300RA060 VoW N N - N N v P612
7MBP50RA060 N oW v V - V v V P610
7MBP75RA060 VoA v v - v v v P610
Zinq | 7MBP100RA060 VoA v v - N N N P11
7MBP150RA060 VoA v v - N N N P11
7MBP200RA060 N oW V v - N N N P612
7MBP300RA060 v W V v - \ N N P612
1200 V system
Built-in Functions
Eljmsg: Model Commfgv\':g anﬁer and Upper Arm Lower Arm Package
Dr [UV | TjOH | OC | ALM | OC | ALM | TcOH
6MBP15RA120 N l - - ol V -~ P619
6MBP25RA120 VoW v v - v v v P610
6inq | GMBP50RA120 VoA v v - v v v P611
6MBP75RA120 VoA v v - v v v P611
6MBP100RA120 VoA V v - N N N P612
6MBP150RA120 Y V v - \ N N P612
7MBP25RA120 N v V - V V V P610
7MBP50RA120 VoW v v - v v v P611
7in1 | 7TMBP75RA120 VoW N N - N N N P611
7MBP100RA120 VoW N N - N N N P612
7MBP150RA120 ~ ~ N N _ N N N P612
6MBP25RJ120 VoW N N N N N N P621
6in1 | BMBP50RJ120 N oA v v N N N N P621
6MBP75RJ120 v [ W v v v v v v P621
7MBP25RJ120 VoW v v v v v v P621
7in1 | 7MBP50RJ120 VoW N N N N N N P621
7MBP75RJ120 v [N v v v v v v P621

Dr: IGBT drive circuit,
ALM: Alarm output,

UV: Control power source undervoltage protection,
TcOH: Case overheating protection

TjOH: Element overheating protection,
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Chapter 3 Descriptions of Functions

Table 3-2 IPM Built-in Functions (R-IPM3)

600 V system
Built-in Functions
Number Model o ver e 70| Upperam [ Lower amm Package
Dr | UV | TiOH | OC | ALM | OC | ALM | TcOH

6MBP20RTA060 N oW v - - N N - P619
6MBP50RTB060 VoW V V - V v V P610

6in1 | 6BMBP75RTB060 VoA v v - N N N P610
6MBP100RTB060 VoA v v - N N N P11
6MBP150RTB060 N v v - v v N P611
7MBP50RTB060 oW N N - N N N P610

2inq | 7MBP75RTB06O N oA V v - N N N P610
7MBP100RTB060 v oA v v - N N N P611
7MBP150RTB060 VoW N N - N N V P611
6MBP50RTJ060 VoW V V V V v V P621

6in1 | GMBP75RTJ060 N oW V \ N N N N P621
6MBP100RTJ060 VoA v v v N N N P621
6MBP150RTJ060 v | A V \ \ \ N N P621
7MBP50RTJ060 v oA N N N N N N P621

2inq | 7MBP75RTJ060 N oA V v N N N N P621
7MBP100RTJ060 N oA V v N N N N P621
7MBP150RTJ060 N | \ N N N N N P621

Dr: IGBT drive circuit,  UV: Control power source undervoltage protection,  TjOH: Element overheating protection, OC: Overcurrent protection,

LM: Alarm output, TcOH: Case overheating protection
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Table 3-3 IPM Built-in Functions (Econo IPM)

600 V system
Built-in Functions
Eljmsgrt Model Commfgv\tg; an‘:er and Upper Arm Lower Arm Package
Dr | UV | TjOH | OC | ALM | OC | ALM | TcOH
6MBP50TEA060 N v N \ \ \ N - P622
6in1 | BMBP75TEA06O N v N v \ \ N - P622
6MBP100TEA060 \ v \ v \ S N - P622
6MBP150TEA060 \ v \ v \ \ N - P622
7MBP50TEA060 N N N \ \ S N - P622
2inq | TMBP75TEA06O \ v \ \ \ \ \ - P622
7MBP100TEA060 \ v \ \ \ \ \ - P622
7MBP150TEA060 \ v \ \ \ \ \ - P622
1200 V system
Built-in Functions
Eljmsg: Model Commfgv\'::; an;:er and Upper Arm Lower Arm Package
Dr | UV | TjOH | OC | ALM | OC | ALM | TcOH
6MBP25TEA120 N v \ v \ S N - P622
6in1 | BMBP50TEA120 \ v \ v \ S N - P622
6MBP75TEA120 \ v \ \ \ \ N - P622
7MBP25TEA120 N N \ v N \ v - P622
7in1 | 7TMBP50TEA120 \ v \ \ \ \ \ - P622
7MBP75TEA120 v v \ \ \ \ \ - P622
Dr: IGBT drive circuit, UV: Control power source undervoltage protection,  TjOH: Element overheating protection, OC: Overcurrent protection,

ALM: Alarm output, TcOH: Case overheating protection

E Function Descriptions

2.1 IGBT, FWD for 3-phase inverters

As shown in Fig. 3-1, IGBT and FWD for 3-phase inverters are built in, and a 3-phase bridge circuit is
formed inside the IPM. The main circuit is completed by connecting the main power source to the P and N
terminals and the 3-phase output lines to the U, V, and W terminals. Connect a snubber circuit to suppress
the surge voltages.

2.2 IGBT, FWD for brake

As shown in Fig. 3-1, IGBT and FWD for brake are built in, and an IGBT collector is connected internally
to the B terminal. By controlling the brake IGBT through connection of brake resistance between the
terminals P and B, the regeneration energy can be dissipated while decelerating to suppress the rise of
voltage between the P and N terminals.
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Fig. 3-1 3-Phase Inverter Application Model (in Case of 7MBP150RTB060)

2.3 IGBT drive function
Fig. 3-2 shows the pre-driver block diagram. As the IPM incorporates an IGBT drive function, the IGBT
can be driven without designing a gate resistance value by connecting the photocoupler output to the IPM.

The features of this drive function are introduced below.

¢ Independent gate resistance control
A special turn-on/turn-off Rg not using any exclusive gate resistance Rg is built in.  With this, the dv/dt
of turn-on and turn-off can be controlled individually, so that the merits of the element are fully

demonstrated (Turn on/Normal Shutdown).

¢ Soft shutdown
During an overcurrent or other abnormality, the gate voltage is lowered softly and gently to prevent

element destruction by surge voltage (Soft Shutdown).
e Errorneous ON prevention

Since a circuit is set up to ground the gate electrode with low impedance while OFF, erroneous ON

caused by the rise of VGE due to noise can be prevented (Off Hold).
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Chapter 3 Descriptions of Functions

e Areverse bias power source is not required.
As the IPM has a short wiring between the drive circuit and the IGBT, the wiring impedance is small,

making driving without reverse bias possible.

e Alarm latch
Alarms have a latch period of approximately 2 ms, and the IGBT does not operate even when an On-
signal enters during the latch period. In addition, as the alarms for each phase, including brake, on the
lower arm side are connected mutually, all IGBTs on the lower arm side are stopped for the latch period

when a protection operation is performed on the lower arm side.
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(Same circuit as X-phase)
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Chapter 3 Descriptions of Functions

2.4 Overcurrent protection function (OC)

Two detection methods are used, the sense IGBT method and the shunt resistance method.

(1) Sense IGBT method

Models: P610/P611/P612/P621/P622

e The main current flowing in the IGBT is detected by taking the sense current flowing in the current
sense IGBT inside the IGBT chip into the control circuit. The sense current is extremely small in
comparison with the main current, so that the detection loss can be kept minimal in comparison with the
shunt resistance method.

¢ When the overcurrent protection loc level is exceeded for a duration of approximately 5 us (tdoc), the
IGBT goes through a soft shutdown. As a detection filter is installed, faulty operations caused by
instantaneous overcurrents or noise can be prevented.

e When after approximately 2 ms the level drops below loc and the input signal is OFF, the alarm is
released.

(2) Shunt resistance method

Models: P617/P619

¢ Overcurrent protection is performed by detecting the voltage at both ends of the current detection shunt
resistance R1, connected to the DC bus bar line N. When the overcurrent detection level loc is
exceeded for a duration of approximately 5 us (tdoc), the IGBT goes through a soft shutdown. As a
detection filter is installed, faulty operations caused by instantaneous overcurrents or noise can be
prevented.

e When after approximately 2 ms the level drops below loc and if the input signal is OFF, the alarm is
released.

2.5 Short-circuit protection function (SC)
The SC protection function always operates with the OC protection function to suppress the peak

current when a load or arm is shorted.

2.6 Undervoltage protection (UV)

e The UV protection function performs soft shutdown of the IGBT when the control source voltage (Vcc)
continuously drops below VUV for approximately 5 us.

¢ As the hysteresis VH is provided, the alarm is released if Vcc recovers to VUV + VH or more after
approximately 2 ms and the input signal is OFF.

2.7 Case temperature overheating protection function (TcOH)

e The TcOH protection function detects the insulating substrate temperature with the temperature
detection elements set up on the same ceramic substrate as that on which the power chips (IGBT,
FWD) are set up and performs soft shutdown of the IGBT when the detected temperature exceeds the
protection level TcOH continuously for approximately 1 ms.

¢ As the hysteresis TcH is provided, the alarm is released if Tc drops below TcOH-TcH after approximately
2 ms.

e The TcOH detection positions are shown in Fig.3-3 to Fig.3-6.
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Fig. 3-3 TcOH Detection Position (P610)

Fig. 3-4 TcOH Detection Position (P611)
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Fig. 3-6 TcOH Detection Position (P621)
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2.8 Chip temperature overheating protection function (TjOH)

e The TjOH protection function detects the IGBT chip temperature with the temperature detection
elements set up on all IGBT chips and performs soft shutdown of the IGBT when the detected
temperature exceeds the protection level (TjOH) continuously for approximately 1 ms or more.

o As the hysteresis TjH is provided, the alarm is released if Tj drops below TjOH-TjH after approximately 2
ms and the input signal is OFF.

2.9 Alarm output function (ALM)

e When a protection function operates, the alarm output terminal becomes conductive against each
reference potential GND. With open collector output, a function for direct drive of the photocoupler is
provided, and a 1.5 kQ series resistor is built in.

e When a protection function operates, the alarm signal is output continuously for approximately 2 ms
(tALM). The alarm is released when the alarm cause has been removed, tALM has elapsed, and the
input signal is OFF. When the cause is TcOH, the alarm is released regardless of the input signal.

e As the alarm terminals of the drive circuit on the lower arm side are connected mutually, all IGBTs on

the lower arm side, including the brake, are stopped when any one of the IGBTs outputs an alarm.

n Truth Tables

The truth tables when a fault occurs are shown in Tables 3-4 to 3-7.

Table 3-4 Truth Table (P617, P619)

Cause of IGBT Alarm Output
Fault U-phase V-phase W-phase Low Side Low Side
High side uv OFF * * * High
U-phase TjOH OFF * * * High
High side uv * OFF * * High
V-phase TjOH * OFF * * High
High side uv * * OFF * High
W-phase TjOH * * OFF * High
OoC * * * OFF Low
Low side uv * * * OFF Low
TjOH * * * OFF Low

* Depends on input logic
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Table 3-5 Truth Table (P610, P611, P612)

Cause of IGBT Alarm Output
Fault U-phase V-phase W-phase Low Side Low Side

. . OoC OFF * * * High
U'_%?]:'S‘ie oV OFF ; - - High
TjOH OFF * * * High

. . ocC * OFF * * High
\'j_'gﬂass";e uv - OFF - - High
TjOH * OFF * * High

. . ocC * * OFF * High
W?g‘hzf: uv * * OFF * High
TjOH * * OFF * High

oC * * * OFF Low

Low side uv * * * OFF Low
TjOH * * * OFF Low

TcOH * * * OFF Low

* Depends on input logic

Table 3-6 Truth Table (P621)

Cause of IGBT Alarm Output
Fault U-phase | V-phase | W-phase | LowSide | ALMU | ALMV | ALMW | ALM
. . ocC OFF * * * Low High High High
U'_%E:'S‘ie uv OFF * * * Low High High High
TjOH OFF " - * Low High High High
o oC " OFF " * High Low High High
\'j_'gﬂass";e uv * OFF - - High Low High High
TjOH > OFF > > High Low High High
o oc * » OFF > High High Low High
W?g‘hzf: uv > > OFF * High High Low High
TjOH » * OFF * High High Low High
oC * * * OFF High High High Low
. uv » * » OFF High High High Low
Low side TjOH - * - OFF High | High High Low
TcOH * * * OFF High High High Low

* Depends on input logic

Table 3-7 Truth Table (P622)

Cause of IGBT Alarm Output
Fault U-phase V-phase W-phase Low Side ALMU ALMV ALMW ALM
o ocC OFF - - * Low High High High
B'_%E:"S‘ie uv OFF - - * Low High High High
TjOH OFF - - * Low High High High
o ocC * OFF * * High Low High High
\'j_'gﬂ:sge uv * OFF * * High Low High High
TjOH * OFF * * High Low High High
. . oC * * OFF * High High Low High
W?g‘hzzj: uv * * OFF * High High Low High
TjOH » * OFF * High High Low High
oC * * * OFF High High High Low
Low side uv * * * OFF High High High Low
TjOH * » * OFF High High High Low

* Depends on input logic
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B} 1P Block Diagrams

The IPM block diagrams are shown in Fig. 3-7 to Fig. 3-14.

VinU | I. -
o J_ * Pre-driver 1 ;
1‘ %SV
GNDU ! ! ! . U,
chcV | 3
. I
GNDV I )i )i )i vV,
CVch |
. |
SGNDW I | l ! W,
o \Vcc |
1
JVinX *
oI ’ pre-driver 27"
Vinz I
ALM .
1
= R1
T b—'\/\/\z—u—N20
GND Ll l

Fig. 3-7 IPM Block Diagram (P617)
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Fig. 3-8 IPM Block Diagram (P619)
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Fig. 3-9 IPM Block Diagram (P610, P611, P612 with Built-in Brake)
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Fig. 3-10 IPM Block Diagram (P610, P611, P612 Without Brake)
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Fig. 3-11  IPM Block Diagram (P621 with Built-in Brake)
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Fig. 3-12 IPM Block Diagram (P621 Without Brake)
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IPM Block Diagram (P622 with Built-in Brake)
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B Timing Charts
The timing charts for the protection functions are shown in Fig. 3-15 to Fig. 3-21.

Undervoltage protection (UV) (1)

lam

|
|

| -— >
T |

! notam

<1> <2> <3> <4> <5> <6> <7> <8>

Fig. 3-15 Timing Chart UV (1)

Refer to Fig. 3-2 <3>.

<1> If Vcc is below Vyy + Vy while Ve is ON, an alarm is output.

<2> If the period in which V¢ falls below Vyy is shorter than 5 us, the protection function does not work
(while Vin is OFF).

<3> An alarm is output when a period of about 5 us elapses after V¢ falls below Vyy if Vin is OFF, and
IGBT remains OFF.

<4> |f V¢ returns to Vyy + Vy after tam elapses, UV is reset after tam elapses if Vin is OFF and the
alarm is also reset simultaneously.

<5> If the period in which V¢ falls below Vyy is shorter than 5 us, the protection function does not work
(while Vin is ON).

<6> An alarm is output when a period of about 5 us elapses after V¢ falls below Vyy if Vin is ON, and
a soft IGBT shutdown occurs.

<7> If V¢ returns to Vyy + Vy after tam elapses, UV is reset after tam elapses if Vin is OFF and the

alarm is also reset simultaneously.

<8> An alarm is output if V¢ falls below VUV while V¢ ¢ is OFF.
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Undervoltage protection (UV) (2)

I
i[5 5us
IaLm |
I
| — | -— |
" tawm ' taLm ‘
<1> <2> <3> <4>

Fig. 3-16 Timing Chart UV (2)

Refer to Fig. 3-2 <3>.

<1>

<2>

<3>

<4>

If Vcc is below Vyy + Vy while Ve is ON, an alarm is output. (Until Vin changes to OFF)

If Vcc returns to Vyy + Vy after tam elapses, UV and the alarm are reset simultaneously with the
return of Vyy + V4 if Vin is OFF.

Even if V¢ returns to Vyy + Vy after taw elapses, UV is not reset after ta v elapses if Vin is ON.
UV and the alarm are reset simultaneously with Vin OFF.

If Vin is ON while V¢ is OFF, the alarm is output, and a soft IGBT shutdown is executed while Vcc

is below Vyy.
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Overcurrent protection (OC)

Vin

|
(A A 1 _ L | e —
1 ! !
1 ! !
, |
! . !
IC | | |
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| | 1 1 | 1
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1 1 | |
o .
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| |
laLm L L
) o |
el | | re* < tdoc :‘—’|< tdoc
* g ) o |
taLm o Lo
<1> <2> <3> <4> <5> <6>

Fig. 3-17 Timing Chart OC

Refer to Fig. 3-2 <3>.

<1> An alarm is output and a soft IGBT shutdown is executed when tpoc elapses after Ic rises above
loc.

<2> OC and the alarm are reset simultaneously if Vin is OFF when ta \y elapses.

<3> An alarm is output and a soft IGBT shutdown is executed when tpoc elapses after Ic rises above
loc.

<4> |f Vin is ON when ta m elapses, OC is not reset. OC and the alarm are reset simultaneously when
Vin is OFF.

<5> If Vin changes to OFF before tpoc elapses after Ic rises above loc, the protection function is not
activated and a normal IGBT shutdown is executed.

<6> If Vin changes to OFF before tpoc elapses after Ic rises above loc, the protection function is not

activated and a normal IGBT shutdown is executed.
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Short-circuit protection

Vin

laLm

<1> <2> <3> <4> <5> <6>

Fig. 3-18 Timing Chart SC

Refer to Fig. 3-2 <2>.

<1>

<2>

<3>

<4>

<5>

<6>

If the load shorts after Ic has started flowing and Ic exceeds Isc, the Ic peak is suppressed
instantly. An alarm is output and a soft IGBT shutdown is executed when tpoc elapses.

OC and the alarm are reset simultaneously if Vin is OFF when ta u elapses.

If the load shorts and Isc is exceeded simultaneously with the start of flow of Ic, the Ic peak is
instantly suppressed. An alarm is output and a soft IGBT shutdown is executed after tpoc elapses.
If Vin is ON when ta v elapses, OC is not reset. OC and the alarm are reset simultaneously when
Vin is OFF.

If the load shorts after Ic has started flowing and Ic exceeds Isc, the Ic peak is suppressed
instantly. Then, if Vin changes to OFF before tpoc elapses, the protection function is not activated
and a normal IGBT shutdown occurs.

If the load shorts simultaneously with the start of flow of Ic and Ic exceeds Isc, the Ic peak is
suppressed instantly. Then, if Vin changes to OFF before tpoc elapses, the protection function is

not activated and a normal IGBT shutdown is executed.
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Chapter 3 Descriptions of Functions

Case temperature overheating protection (TcOH)

<1> <2> <3> <3> <4>

Fig. 3-19 Timing Chart TcOH

Refer to Fig. 3-2 <4>,

<1> An alarm is output if the case temperature Tc continuously exceeds Tcon for a period of about 1
ms, and if Vin is ON, a soft shutdown of all IGBTs on the lower arm side is executed.

<2> |If Tc falls below Tcon-Tcu before taum elapses, the alarm is reset when ta \y elapses.

<3> If Tc exceeds continuously Tcoy for a period of about 1 ms, an alarm is output. (While Vin is OFF)

<4> |f Tc has not fallen below Tcon-Tcy when tam elapses, the alarm is not reset. When Tc falls below
Tcon-Tcn after tam elapses, the alarm is reset.
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Chapter 3 Descriptions of Functions

IGBT chip overheating protection (TjOH) (1)

<1> <2> <3> <3> <4>

Fig. 3-20 Timing chart TjOH (1)

Refer to Fig. 3-2 <4>,

<1> An alarm is output and a soft IGBT shutdown is executed if the IGBT chip temperature Tj
continuously exceeds Tjon for a period of about 1 ms.

<2> |If Tj falls below Tjou-Tjy before tam elapses, OH and the alarm are simultaneously reset if Vin is
OFF when ta v elapses.

<3> An alarm is output if Tj continuously exceeds Tjon for a period of about 1 ms, and if Vin is OFF, the
protection function is not activated.

<4> When Tj falls below Tjou-Tjy after taim elapses, OH and the alarm are reset simultaneously if Vin is
OFF.
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Chapter 3 Descriptions of Functions

IGBT chip overheating protection (TjOH) (2)

Fig. 3-21 Timing Chart TiOH (2)

Refer to Fig. 3-2.

<1> If Tj exceeds Tjoy and then falls below Tjoy within about 1 ms, OH does not operate regardless of

whether Vin is ON or OFF.
<2> If Tj exceeds Tjoy and then falls below Tjoy within about 1 ms, OH does not operate regardless of

whether Vin is ON or OFF.
<3> If Tj exceeds Tjoy and then falls below Tjoy for a period of about 3 us or longer, the 1 ms detection

timer is reset.
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. This Catalog contains the product specifications, characteristics, data, materials, and structures as of February 2004. w

The contents are subject to change without notice for specification changes or other reasons. When using a product listed in this
Catalog, be sure to obtain the latest specifications.

. All applications described in this Catalog exemplify the use of Fuji's products for your reference only. No right or license, either

express or implied, under any patent, copyright, trade secret or other intellectual property right owned by Fuiji Electric Device
Technology Co., Ltd. is (or shall be deemed) granted. Fuji Electric Device Technology Co., Ltd. makes no representation or
warranty, whether express or implied, relating to the infringement or alleged infringement of other's intellectual property rights which
may arise from the use of the applications described herein.

. Although Fuiji Electric Device Technology Co., Ltd. is enhancing product quality and reliability, a smail percentage of semiconductor

products may become faulty. When using Fuiji Electric semiconductor products in your equipment, you are requested to take
adequate safety measures to prevent the equipment from causing a physical injury, fire, or other problem if any of the products
become faulty. Itis recommended to make your design fail-safe, flame retardant, and free of malfunction.

The products introduced in this Catalog are intended for use in the following electronic and electrical equipment which has

normal reliability requirements.

* Computers * OA equipment + Communications equipment (terminal devices) * Measurement equipment

* Machine tools ¢ Audiovisual equipment « Electrical home appliances * Personal equipment « Industrial robots etc.

. If you need to use a product in this Catalog for equipment requiring higher reliability than normal, such as for the equipment listed

below, it is imperative to contact Fuji Electric Device Technology Co., Ltd. to obtain prior approval. When using these products for
such equipment, take adequate measures such as a backup system to prevent the equipment from malfunctioning even if a Fuji's
product incorporated in the equipment becomes faulty.

« Transportation equipment (mounted on cars and ships) * Trunk communications equipment
* Traffic-signal control equipment « Gas leakage detectors with an auto-shut-off feature
* Emergency equipment for responding to disasters and anti-burglary devices « Safety devices

. Do not use products in this Catalog for the equipment requiring strict reliability such as (without limitation)

* Space equipment « Aeronautic equipment * Nuclear control equipment
* Submarine repeater equipment * Medical equipment

Copyright © 1996-2004 by Fuiji Electric Device Technology Co., Ltd. All rights reserved.
No part of this Catalog may be reproduced in any form or by any means without the express permission of Fuji Electric Device
Technology Co., Ltd.

. If you have any question about any portion in this Catalog, ask Fuji Electric Device Technology Co., Ltd. or its sales agents before

using the product.
Neither Fuji Electric Device Technology Co., Ltd. nor its agents shall be liable for any injury caused by any use of the products not in
accordance with instructions set forth herein. /






