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Chapter 7 Troubleshooting

n Trouble Shooting

In comparison to standard modules, IPMs have various protection functions (overcurrent, overheating,

etc.) built in, so that their devices are not easily destroyed by abnormal conditions. However, destruction

may occur depending on the abnormality, so that countermeasures are required once the cause and state

of occurrence have been clarified. An analysis diagram indicating the cause of destruction is shown on

page 2 and should be used to investigate the causes of destruction.

(For element fault judgment, refer to the Module Application Manual, chapter 4, item 2 "Fault Judgment

Method".)

Also, in the case of alarm output from the IPM, use the alarm cause analysis diagrams of Fig. 7-2 to

investigate the cause.

E Fault Analysis Diagrams

Destruction of

IPM destruction IGBT part

Destruction of
FWD part

Destruction of
control circuits

Reliability
degradation

RBSOA
e A
deviation
Gate
B
overvoltage
Excessive junction c
temperature rise
D
E
F

Fig. 7-1 (a.) IPM Fault Analysis Diagram (The letters A to F connect to the following diagrams.)
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A RBSOA deviation

[Estimated trouble location]

Excessive
shutdown current

Excessive turn-off current

Upper and lower
arm short-circuit

Faulty operation of
input signal circuit

— Control PCB fault

Insufficient dead time

— Control PCB fault

Output short-circuit

Abnormal load

Earth fault

Abnormal load

— Overvoltage |

Excessive power source
voltage

Abnormal input

Motor regenerative
operation

voltage

Regenerative circuit

No overvoltage protection
operation

fault

Control PCB fault

Insufficient snubber
discharge

Snubber circuit fault

Snubber resistor wire

T

Off operation at the
time of short-circuit

break

Gate drive circuit fault

B Gate overvoltage

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

|_ Control power
source overvoltage

Fig. 7-1 (b) Mode A: RBSOA Deviation

Control PCB fault

[Estimated trouble location]

Excessive power source

voltage

Spike voltage

Control power source circuit
fault

Power source wiring fault
Capacitor fault

Fig. 7-1 (c) Mode B: Gate Overvoltage



Chapter 7 Troubleshooting

C Excessive junction temperature rise (rapid temperature rise)

[Estimated trouble location]

Steady loss
increase

Increase of saturation | |
voltage VCE(sat) | |

Insufficient control power
source voltage

_|

| Gate drive circuit fault

| | Control power source

circuit fault

Collector current

increase (repeated short-circuit)

. E

Upper and lower arm short-circuit

Input signal circuit
erroneous operation

|— Control PCB fault

Insufficient dead time Control PCB fault

Output short-circuit
(repeated short-circuit)

[ Abnormal load

Ground short
(repeated ground short)

_|

[ Abnormal load

Control PCB fault

—| Overload I

| Abnormal load

Switching loss
increase

Switching frequency |
increase |

Carrier frequency increase

|_

I Control PCB fault

-

Input signal faulty operation |
(oscillation)

[ Control PCB fault

|7 Input circuit fault

—I Turn-on loss increase |—

Turn-on time increase I

Insufficient power Input circuit fault
source voltage

Excessive
turn-on current

|_|

short-circuit

Upper and lower arm

|—| Insufficient dead time |—Contro| PCB fault

—I Turn-off loss increase |—

Large surge voltage [

Snubber circuit fault

Excessive
turn-off current

short-circuit

_|
_|
_|
| —

Upper and lower arm

Input signal circuit
erroneous operation

|— Control PCB fault

Contact heat resistance Insufficient element |

Insufficient dead time Control PCB fault

Insufficient tightening

- -

increase tightening |

torque

—| Large fin bending |I

Fin bending fault

I Insufficient thermal compound quantity |7

Insufficient compound
quantity

Decrease of cooling |

Insufficient dust protection

—| Case temperature rise |——|

performance |

Heat sink clogging
Drop of cooling fan
speed or stop of fan

measures

Defective cooling fan

Abnormal rise of
ambient temperature

Fig. 7-1 (d)
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Local overheating of Defective cooling system
stack

Mode C: Excessive Rise in Junction Temperature
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D Destruction of FWD part

Excessive rise in
junction temperature

K N

Steady loss increase |—|

[Estimated trouble location]

Overload [

Power factor drop

Abnormal load

—| Switching loss increase |—|

Switching frequency
increase

Carrier frequency
crease

Contact thermal resistance
increase

| |

Insufficient element
tightening force

Control PCB fault

Control PCB fault
Input signal circuit fault

Control PCB fault

Large fin bending

Insufficient tightening torque

Insufficient thermal
compound quantity

Fin bending fault

Insufficient compound quantity

—| Case temperature rise |—

Drop of cooling
performance

Heat sink clogging

Insufficient dust protection
measures

Drop of cooling fan speed
or stop of fan

Defective cooling fan

Abnormal rise of

Excessive surge voltage at |

_|
_|
_|
_|
_|

ambient temperature

Local overheating
of stack

Defective cooling system

Snubber circuit fault

Overvoltage .
time of reverse recovery |

| di/dtincrease at time

| of turn-on

Control power source
voltage increase

Control power source circuit fault

| Minute pulse reverse

Excessive surge voltage at
time of IGBT turn-off

Excessive charging current to |

| recovery phenomenon

|_|
|_|
|_|

Gate signal breaking
by noise etc.

Control power source circuit fault

—— A

|_
|_
|_
|_
T

Control PCB fault

Overcurrent |—|

converter part at time of use |

Fig. 7-1 (e)

Charging circuit fault

Mode D: Destruction of FWD Part
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E Destruction of control circuits [Estimated trouble location]
— Overvoltage Excessive control power Control power source circuit fault
source voltage
Spike voltage Power source stabilization
Capacitor fault
Long power source wiring
Control voltage application status
desorption
— Excessive input part voltage Control circuit fault
—— Excessive static electricity Insufficient antistatic measures
— Input part overcurrent Abnormal input pull-up resistance

Fig. 7-1 (f) Mode E: Destruction of Control Circuit
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F Damage related to reliability and product handling

[Estimated trouble location]

—| Destruction from handling |—

_|

External force, load Prgduct loading Loading conditions
at time of storage

t t el t at t f .
I Stress a ri:::::qa ime o |—Stress of the terminal part

_|

| Too long screws used for main terminals
. Screw length
and control terminals

Excessive tightening torque I | Tightening part

Terminal part

_|

Tnsufficient tight i{ [{ K . . .
nsu |C|§n g . ening force for |—| Excessive contact resistance |—Ma|n terminal part
main terminal screws

_|

N . E: i ibrati t i f .
Vibration xcessive vibration at time o Transport conditions
transport (product, equipment)

| f In§uff|<:|ent fixing of par.ts at Product terminal part (check
time of product mountin o
for stress from vibration)

_|

Impact shock |—| Dropping, impact, efc. at time |—Transport conditions
of transport

Thermal ret5|stalnc<7 of soldered O\ierhgatllng ?; tlme of Assembly conditions at the
erminals erminal solderin, time of product mounting

_|

Storage under abnormal Storage in corrosive "
i — Storage conditions
conditions atmosphere

| Storage in atmosphere where
condensation occurs easil
| Storage in environment with
excessive dust

_| Reliability (Ife)
degradation

|_

* For the results of the
reliability tests performed
by Fuiji Electric Device
Technology, refer to the
specifications and the

reliability test result report.

_|

_|

Storage at h!gh temperature Long-term storage at high St CohiETs
exposure to high temperatures temperatures
Storage at low temperatures Long-term storage at low
exposure to low temperatures temperatures
Excessive humidity Long-term storage at high
(exposure to humidity) temperature and high
Thermal stress fatigue from repeated gentle rise and fall of product temperature | Matching of application
(temperature cycle, ATc power cycle) conditions and product life

_|

Thermal stress failure from rapid rise or fall of product temperature (thermal impact) |—

_|

‘Thermal stress failure of wiring in product, etc., caused by change of semiconductor chip |
temperature because of rapid load changes etc. (ATj power cycle)

_|

Long-time voltage application under high temperature (high Long-term use at high
temperature application (between C and E or G and E)) temperatures

Long-time voltage application at high temperature and | | Long-term use at high |
high humidity (application under moisture (THB)) humidity

_|

Use in a corrosive gas atmosphere Long-term use in atmosphere
9 P of hydrogen sulfide, etc.

Fig. 7-1 (g) Mode F: Damage Related to Reliability and Product Handling
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3.1

Alarm Cause Analysis Diagram
Cause analysis in the event an IPM alarm occurs

When an inverter using an IPM comes to an alarm stop, a survey must first be done to find out whether

the alarm was output from the IPM or from a device control circuit (other than the IPM).

If the alarm was output by the IPM, determine the cause according to the following cause analysis

diagram.

For observation of whether there is an IPM alarm or not via the alarm output voltage, the presence or

absence of an alarm output can be confirmed easily by inserting a 1.5 kQ resistor between the IPM alarm

terminal and the cathode of the alarm photodiode and measuring the IPM alarm terminal voltage.

Phenomenon

[1PM alarm occurrence]

Explanation of alarm cause

—

] Normal alarm

—[TioH |—]

The chip temperature Tj is detected by the
temperature detection element (diode) built
into all IGBTs.

When TjOH exceeds the trip level
continuously for 1 ms or longer, the IGBT is
switched off for protection.

—0oC

The collector current is detected by the
current flowing through the current sensing
IGBT built into all IGBT chips.

When the overcurrent trip level is exceeded
continuously for approximately 5 s or longer,
the IGBT is switched off for protection.

UV

When the control power source voltage Vcc
drops below the undervoltage trip level
continuously for 5 s or longer, the IGBT is
switched off for protection.

—{TcoH —

The insulation substrate temperature is
detected by the temperature detection
element (IC) installed on the same ceramic
substrate as the power device.

When the TcOH trip level is exceeded
continuously for 1 ms or longer, the IGBT is
switched off for protection.

—| Faulti alarm I

« When the control power source voltage Vcc
exceeds the absolute max. rating of 20 V or
when an excessive dv/dt or ripple is
applied, the drive IC may be damaged or a
faulty alarm output.

o When noise current flows in the IPM control
circuit, the IC voltage may become unstable
and a faulty alarm output.

How to determine alarm cause

e Measure the control power source voltage Vcc,
the DC input voltage d, the output current lo.

o Measure the case temperature Tc directly under
the chip, calculate ATj-c, and estimate Tj.

¢ Confirm the IPM installation method.
(Fin flatness, thermal compound, etc.)

e The alarm holding time in many cases is longer
than 2 ms.

o Observe the alarm and the output current (U, V,
W) with an oscilloscope.

o Observe the alarm and the DC input current (P, N)
with an oscilloscope.

o Observe the current change 5 us before alarm
output.

o Confirm the trip level and the detection location in
case of current detection with CT, etc.

e The alarm holding time in many cases is 2 ms.

o Observe the alarm and Vcc with an oscilloscope.

o Observe the power source voltage change 5 us
before alarm output

¢ In case of instantaneous voltage drops, the alarm
holding time in many cases is 2 ms.

o Measure the temperature at the side of the
copper base with a thermocouple.

o Observe the alarm output period with an
oscilloscope.

e The possibility that the alarm is TcOH is large
when output is made for a longer period than the
2 ms of the alarm holding time.

o Ashort pulse alarm in the order of us is output.

o Observe the Vcc waveform during motor
operation with an oscilloscope, preferably in the
vicinity of the IPM control terminals.

e Vcc <20V, dv/dt <5 Vs, and Vripple < 2 Vp-p
shall apply (all four power supplies).

e Confirm that there is no external wiring between
IPM control GND and main terminal GND. In case
of wiring, noise current flows into the IPM control
circuit.

¢ When the drive IC is damaged, there is a high
possibility of abnormal increase of Icc.

Ex.: If lccp > 10 mA @Vin = "High", confirm the
abnormality of IPM peripheral circuits.

Refer to "Cautions for Design and Application" and
"Application Circuit Examples" in the delivery
specifications.

Fig. 7-2 Alarm Cause Analysis Diagram
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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. /
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