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Warning:

This manual contains the product specifications, characteristics, data, materials, and structures as of
October 2021.

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

All applications described in this manual exemplify the use of Fuiji'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 Fuji Electric Co., Ltd. is (or shall be deemed) granted. Fuji Electric
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.

MT6M15962b © Fuji Electric Co., Ltd. All rights reserved. 1



KA/ Fuji Electric

Innovating Energy Technology

A\ Cautions

(1) During transportation and storage
Keep locating the shipping carton boxes to suitable side up. Otherwise, unexpected stress might
affect to the boxes. For example, bend the terminal pins, deform the inner resin case, and so on.
When you throw or drop the product, it gives the product damage.
If the product is wet with water, that it may be broken or malfunctions, please subjected to sufficient
measures to rain or condensation.
Temperature and humidity of an environment during transportation are described in the
specification sheet. There conditions shall be kept under the specification.

(2)Assembly environment

Since this power module device is very weak against electro static discharge, the ESD
countermeasure in the assembly environment shall be suitable within the specification described in
specification sheet. Especially, when the conducting pad is removed from control pins, the product
is most likely to get electrical damage.

(3)Operating environment

If the product had been used in the environment with acid, organic matter, and corrosive gas
(hydrogen sulfide, sulfurous acid gas), the product's performance and appearance can not be
ensured easily.
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This chapter describes the troubleshooting.

1. Troubleshooting
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An IPM has various integrated protection functions (such as over current protection and over heating
protection) unlike a standard IGBT module, it shuts down safely in the case of abnormal conditions.
However, it may be destroyed depending on the abnormality of the failure that occurred. When the IPM
has failed, it is necessary to take countermeasures upon clarification of the situation and find the root

cause of the breakdown.

Failure tree analysis charts are shown in Figure 7-1. Carry out the investigation of the failure mode by
using these charts. For the failure criteria, see Chapter 4, Section 2 [IGBT test procedures] of the IGBT
Module Application Manual (RH984).

Furthermore, when an alarm signal output is generated from the IPM, investigation of the root cause
by referring to the alarm factor analysis chart in Section 3 of this chapter can be done.

2. Failure tree analysis charts

IPM breakdown

, i Deviation from
IGBT breakdown RBSOA specification A
Gate overvoltage B
Excessive junction temperature rise p————— C
— FWD breakdown D
|| Control circuit E
breakdown

Reliability E

breakdown

MT6M15962b

Fig.7-1 IPM failure tree analysis chart

(Symbols A to F are linked with those indicated in separate FTA pages.)
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A Deviation from RBSOA specification

Excessive

breaking current

Excessive turn-off
current

Short-circuit between

upper and lower arms

Input signal circuit
malfunction

Insufficient dead time

— Output short-circuit

[Estimated point of
disorder]

Control PCB disorder

Control PCB disorder

Load disorder

— Ground short circuit

Load disorder

Overvoltage

Excessive power
supply voltage

Motor regenerative

running

Input voltage disorder

Regeneration circuit

Overvoltage protection|

malfunction

disorder

Control PCB disorder

Insufficient snubber
discharge

Snubber circuit

disorder

Snubber resistance

Excessive surge voltage
at the time of reverse
recovery (FWD)

|| Turn-off action at the
time of short-circuit

open circuit

Gate drive circuit

disorder
Control PCB disorder

(a) Mode A: Deviation from RBSOA specification

B

Gate overvoltage

L]

Control power

supply overvoltage

Excessive power supply
voltage

Spike voltage

[Estimated point of
disorder]
Control power supply
circuit disorder
Power supply wiring
disorder
Capacitor disorder

(b) Mode B: Gate overvoltage

Fig.7-1 IPM failure tree analysis chart
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C Excessive junction temperature rise (rapid temperature rise)

Increased ;am(r{tedl

[Estimated peint of
disorder]

Gate drive circuit disorder

Insufficient control power

Increased steady-state|
loss voltage VCE (sat) |

Increased collector Over- |
current current |

supply voltage

Short-circuit of upper and

Control power supply circuit
sorder

Output short-circuit (repeated
short-circnit cusrent)

Control PCB disorder

i
Input signal circuit
malfunction

Insufficient dead time

lower arms (repeated short-
circuit current)

Control PCB disorder

Increased switching Increased s\ntrluugl
loss count [

Increased
turn-on loss

Increased
turn-off loss

Increased contact
thermal resistance

Case temperature
rise

Load disorder
Ground short circuit (repeated 1 oad di
short-cirenit current)
Over- “ontrol PCB disorder
load
Load disorder
Increased carrier frequency “ontrol PCB disorder
Input signal ontrol PCB disorder
malfinction
(oscillation)
Input circuit disorder
]JJCrf:IlE.Ed Insufficient control circuit disorder
turn-on time power supply voltage ¥
Excessive furn- Short-circuit ]?EIW?E]J | Tnsufficient Control PCE disorder
on current upper and lower arms
dead time
Excessive surge Suubber circuit disorder
voltage
Input signal
Excessive turn- Short-circuit between | circuit Control PCB disorder
off current upper and lower arms malfunction
Insufficient Control PCB disorder
dead time
Insufficient
element . .
tightening force Insufficient fig 2 forque

Excessive fin
warpage

Faulty fin warpage

Dropped cooling
capaci

[ § Tnsufficient compound weight
‘ Insufficient thermal compound weight }73 "

Clogged heat sink Faulty anti-dust measures
Dropped or stopped cooling Cootine fan disorder
fan revolution &

ambient
temperature

Abnormal rise of] B
Stack local overheating Cooling system disorder
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(c) Mode C: Excessive junction temperature rise

Fig.7-1 IPM failure tree analysis chart
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D FWD breakdown

Excessive junction
temperature rise

Increased steady-state

loss

Overload

Increased switching loss

Increased
switching count

Input signal malfunction

Increased carrier frequency

Increased contact thermal

resistance

Insufficient element
tightening force

L

[Estimated point of
disorder]

Dropped power factor

Load disorder

Control PCB disorder

Control PCB disorder

Input signal circuit disorder

Control PCB disorder

Excessive fin warpage

| |Insufficient thermal

compound weight

Case temperature rise

Dropped cooling

capacity

Abnormal rise of]

Clogged heat sink

Dropped or stopped cooling
fan revolution

Stack local overheating

L

ambient
temperature
Excessive surge voltage D
at the time of reverse
— Overvoltage
recovery
Increased di/dt at the nme Increased control power
of turn-on supply voltage
Minor pulse reverse Gate signal cracking caused
recovery phenomenon by noise or similar
Excessive surge voltage at A
the time of IGBT turn-off
Excessive charge current at the time of
— Overcurrent

Insufficient tigh torque
Faulty fin warpage
Insufficient compound weight

adjustment

Faulty anti-dust measures

Cooling fan disorder

Cooling system disorder

Snubber circuit disorder

Control power supply circuit
disorder

Control power supply circuit
disorder

Control PCB disorder

Charging circuit disorder

application to converter unit

(d) Mode D: FWD breakdown

Fig.7-1 IPM failure tree analysis chart
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E Control circuit breakdown [Estimated point of

disorder]
. Caontrol power supply circuit
L Overvoltage Excessive control e ey R
E | X disorder
pPOWer suj v voltage
! PPLy £ Power supply instability

Spike voltage

Capacitor disorder

Excessive power supply wiring
length

ON/OFF of control voltage
impression

External noise

Excessive minus .
— Capacitor disorder
voltage

External noise

Excessive input unit o
1 Control circuit disorder

voltage
Excessive static Insufficient static electricity
electriciry measures

(e) Mode E: Control circuit breakdown

Fig.7-1 IPM failure tree analysis chart
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F Breakdown related to reliability and product handling [EStir;ﬂte(LIm]int of
1s0raer)

— Breakdown caused by ’—LI—{Excessive loading during produet storage l—Loadmg conditions
erroneous handling
Excessive stress applied to terminals and
. - . Mounting work
case at the time of [PM mounting
Excessive stress applied to terminals and
= 5, ‘ PP R _L ‘ Forceful dismounting
case at the time of IPM dismounting
Excessive screw length used for mam
. h Screw length
terminals
Excessive tightening Torque applied to mounting
torque portion

Torque applied to terminal
Insufficient main portion

terminal tightening . Main terminal screw
 — = = Excessive contact resistance . -
torque tightening

Excessive vibration during
transportation (products, devices)

Vibration

onditions for transportation

Inferior fixing of components at
the time of product mounting

Falling. impact, etc. durin; . .
Impact £ p € Conditions for transportation
transportation

Product mounting conditions

Heat resistance of Excessive heating during Conditions for assembly
soldered terminals terminal soldering during product mounting

Storage in inferior Storage in corrosive gas

for storage

environment atmosphere

Storage in condensable
environment

Storage in dus

nvironment

Reliabi i Storage in high conditions Long-term storage in high I - onditions for storage
life) breakdown (shehving under high termperahe) temperature conditions I 2

¥ Storage in low temmperature condifions Long-term storage in low
For results of (shelving under low temperature} temperature conditions

reliability tests

H S bagh e e and high
conducted by Fuji A iuﬁﬁufé’;}\:’;ﬁé Long-term storags in high temperature
Electric, see the bigh temparature and high humidity) i high sty condimons

specification or i ‘
reliability test report. Thermal stress fatigue generated by repeating of gradual up-down of Matching of applied

product temperature (temperature cyele. ATe power cycle) conditions with product

service life
Thermal stress breakdown generated by rapid rise or fall of product
temperature (thermal impact)

Thermal stress fatigue breakdown to product internal wiring, etc. generated by changes in |
semiconductor chip temperature caused by rapid load change (ATc power cycle)

Long-time voltage impression (kigh humidity mmpression Long. term use in high
(between C-E and between G-E)) in hizh tenperature = = |
R temperature conditions
conditions
‘Oz-nine voltage Mipres=ion (Mg v - X
bumidity impression. (TEIB)) in high and bigh Long-term use m high temperatuwre and |
S = high hmidity conditions
bumidity conditions
Long-term use in atmosphere of
—|Uae in corrosive gas atmosphere = .
= g hydrogen sulfide or similar

(f) Mode F: Breakdown related to reliability and product handling

Fig.7-1 IPM failure tree analysis chart
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3. Alarm factor tree analysis chart

When the system equipped with the IPM has stopped and an alarm signal is generated, first carry out
investigations to identify whether the alarm signal was generated from the IPM or the device control

circuit (other than the IPM).

If the alarm signal was generated from the IPM, identify the factor in accordance with the alarm factor

analysis tree chart indicated in Figure 7-2.

Similar to V-IPM, it is possible to identify which protection function is activated by checking the alarm

signal pulse width in X-IPM too. Therefore, the factor analysis time can be shorten.

In addition, the alarm signal output voltage can be easily measured by connecting a 1.3 KQ resistor in

series between the IPM alarm signal output terminal and the cathode terminal of the optocoupler.

| Phenomenon

Alarm factor and method for identification

[Occurrence of an IPM alarm

—{Normal
alarm

Overcurrent

tALM Typ =2 ms

The collector current is detecied by checking the current that flows to the current sense
IGBT that is built in every IGBT chip.

The IGBT is OFF for protection, if the overcurrent trip level was continuously exceeded for
about 5 ps

[Method for identification of alarm factor]

+ Observe the alarm and output current (U, ¥, W) using an oscilloscope.

+ Observe the alarm and DC input current (P, N) using an oscilloscope.

+ Observe the change in the current 5us before occurrence of alarm output

+ Where a CT or similar is used for current detection, check the trip level and point of
detection.

Low control power
supply voltage

tALM Typ =4 ms

The IGBT i1s OFF for protection, if control power supply voltage Vcc was of undervoltage trip
level or less continuously for 20 ps.

[Method for identification of alarm factor]
+ Observe the alarm and Vcc using an oscilloscope.
+ Observe the change in the current 20 ps before occurrence of alarm output.

Chip overheat

tALM Typ = 8 ms

—]Erroneous alarm

The chip temperature is detected by the temperature detection element (diode) that is built
in every IGBT chip.
The IGBT i1s OFF for protection, if the TJOH trip level was exceeded continuously for 1 ms.

[Method for identification of alarm factor]

+ Measure control power supply voltage Vce, DC input voltage Vdc and output current lo

+ Measure case temperature Tc just below the chip, calculate ATj-c and estimate the value
of Tj

+ Check the IPM mounting method
(Fin flatness, thermal compound, etc.)

Unstable tALM

If control power supply voltage Vec exceeds absolute maximum rating, which is 20 V, or if
excessive dv/dt or ripple was impressed, there is a possibility where the drive IC is broken
and an erroneous alarm is output.

Furthermore, also in case noise current flows to the IPM control circuit, there is a possibility
where the IC volitage becomes unstable and an erroneous alarm is oufput

[Method for identification of alarm factor]
+ A short-pulse alarm of an ps is produced. = See chapter 6 section 1.2 1
+ Observe the Vcc waveform using an oscilloscope while the motor is running
It is desirable that the point of observation is located nearest to an IPM control terminal
+ Confirm that Ve < 20 V, dv/dt < 5 V/ps, npple valtage < +10% (with every one of four
power
supply unit).
« Confirm that no external wiring connection is made between IPM control GND and main
terminal GND-_ If wiring is made, noise current flows through IPM control circuit.
+ If the drive IC was broken, there is a large possibility where the value lcc nises to an
abnormal level.
Example: It is abnormal, if lccp = 10 mA, lcen =z 20 mA, and @Vin = OFF
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Fig.7-2 Alarm factor tree analysis chart
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