ENVIRONMENTAL SPECIFICATION 5SZK 9118-01

General environmental conditions for high
power semiconductors

* BPM: BiPolar power
module

2HLWD: Housing less
welding diode

3 The gate unit of the IGCT

is not hermetic. The press-

pack thyristor of the IGCT
is hermetic

“Includes rectifier diodes,
avalanche diodes, fast
recovery diodes and other
types

°WD: Welding diode

S Thyristor includes BCT

1. Scope

Semiconductors housed in plastic packaging are
non-hermetic. This means the housings can be per-
meated by humidity and gases in both directions
(e.g. through openings at the power terminals).
Once water molecules are inside the housing, they
can reduce the blocking voltage or initiate corro-

This application note on environmen-
tal conditions (the “Note”) describes
the environmental conditions for
storage; transportation and handling;
and operation of our high power
semiconductors.

sion. Condensation must be avoided. Due to the im-
portance of climatic conditions, these parameters
are highlighted separately in this document.

2. Products
The Note applies to the following products and con-
ditions:

Environment

Non-hermetic products

Hermetic products

Storage, transportation and handling

62Pak, LoPak1, HiPak, LinPak,

Industrial operation - stationary use

StakPak, BPM!, HLWD?, IGCT?

Press-pack diode®, WD?,
thyristor®and GTO

Traction operation - ground vehicle
installations

HiPak, LinPak Press-pack diode, thyristor and GTO
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7TIGBT are used in 62Pak,
LoPak1, HiPak, LinPak and
StakPak

& In deviation to IEC 60721-
3-5reference to ISO 9223.
Condensation, salt mist,
road salt and splashing
water are not allowed

9In deviation to class 1K21
% In deviation to IEC
60721-3-5reference to ISO
9223. Condensation, salt
mist, road salt and
splashing water are not
allowed.

'In deviation to class
2K11
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3.ESD

IGBTs” and IGCTs are electrostatic sensitive devices.
Uncontrolled discharge e.g. voltage from a human
body may destroy the device. IGBT gate-emitter ter-
minals are electrostatic sensitive contacts and must
be short-circuited during storage, transportation
and handling. For IGCTs, the printed circuit board of
the gate unit is electrostatic sensitive and should
not be touched. When these devices are within an
assembly (e.g. modules connected with gate units),
a separate assessment is required. Further informa-
tionis provided in the IEC 61340-5-1 standard “Pro-
tection of electronic devices from electrostatic phe-
nomena”.

4. Storage

IEC 60721-3-1 classifies the groups of environmental
parameters and their severities to which products
together with their original packaging are subjected
when stored. After packaging, the product can gen-
erally be stored indoors in the original package for
the following times:

Products Storage time
62Pak, LoPakl, BPM, HLWD 2 years
HiPak, LinPak, StakPak, standard 5years
welding diode, IGCT

Press-pack diode, thyristor and GTO 20 years

An overview of the environmental conditions ac-
cording to IEC 60721-3-1is given in the following ta-
ble.

5. Transportation and handling

IEC 60721-3-2 classifies the groups of environmental
parameters and their severities to which a product
is subjected while being transported and handled.
When transporting in the original packaging, a max-
imum duration of 30 days should not be exceeded. A
overview of the environmental conditions defined in
IEC 60721-3-2 is given in the following tables.

Environmental condition Class
Climatic conditions 2K11
Biological conditions 2B1

Chemically active substances 1SO 9223 category C3%°

Mechanically active 2S1
substances

Mechanical conditions 2M4

Climatic conditions

Temperature -25°C...60°C!

5%...85%

Relative humidity

Condensation, precipitation,
ice, frost and similar

Not allowed at any time

6. Operation

6.1. General operation

Assumed operational life

The operational lifetime of products is determined
primarily by the applied functional load (see, for ex-
ample, the application notes on load-cycling capa-
bility and mounting instructions). Nevertheless, en-
vironmental conditions may also affect the assumed
operational lifetime. Provided the requirements and
conditions described in this application note and

Environmental condition Class
other relevant application notes and documentation
Climatic conditions 1K21
are met, we expect (but do not guarantee) an as-
Special climatic conditions 1z1 sumed operational lifetime as listed in the table be-
Biological conditions 1B1 low:
Chemically active substances 1ISO 9223 category C2°
Mechanically active 1510 Product Assumed ope:"aftltt.fnal
substances retime
Mechanical 1M10 62Pak, LoPak, HLWD, WD, BPM 5-10years
HiPak, LinPak, StakPak, GTO, IGCT 20 - 30 years
Press-pack diode and thyristor 25-35years
Climatic conditions
Temperature 5°C...40°C Altitude

Relative humidity 20% ... 75 %°

Condensation, precipitation,
ice, frost and similar

Not allowed at any time

We reserve the right to make technical
changes or modify the contents of this
document without prior notice. With re-
gard to purchase orders, the agreed par-
ticulars shall prevail. ABB Ltd does not ac-
cept any responsibility whatsoever for
potential errors or possible lack of infor-
mation in this document.

For installation at higher altitudes it is necessary to
consider the reduction of the dielectric strength and
cooling effect of the air. For further information see
IEC 60664-1 and EN 50124-1.

We reserve all rights in this document and
in the subject matter and illustrations
contained therein. Any reproduction, dis-
closure to third parties or utilization of its
contents —in whole or in parts - is forbid-
den without prior written consent of ABB
Ltd. Copyright© 2020 ABB

Allrights reserved
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2 The Comparative
Tracking Index or CTl is
used to measure the
electrical breakdown
(tracking) properties of an
insulating material.

3 No CTI for WD

4 Condensation, salt mist,
road salt and splashing
water are not allowed.

5 No electrically
conductive material
allowed.

* The mechanical
robustness against shock
and vibration strongly
depends on the
mechanical mounting. For
proper mounting see
applicable application
notes. 3M12 was tested
between 5 Hzand 150 Hz,
while the acceleration
spectral density (other
common abbreviations are
APSD, PSD or ASD)
between 85 Hz and 150 Hz
was tested witha
minimum PSD level of
0.034 (m/s?)2/Hz. The IGCT
was tested with sinusoidal
vibration in deviation to
|IEC 60721-3-3, which uses
random vibration. Itis
recommended devices are
tested in the customer
specific converter
construction.

" In deviation to class
3K22. The applicable
temperature range for
IGCTs is specified in the
data sheet.

#In deviation to class
3K24

Cosmic ray
Our high power semiconductors are designed to re-

duce the failure rate caused by cosmic rays. Cosmic
ray induced failures, however, can impact every
power electronic circuit. In particular, a careful as-
sessment is required when using semiconductors in
applications with a high utilization of the device’s
blocking capability and for equipment operated at
high altitudes. For more information and guidance
see the relevant application notes.

Pollution degree
Creepage and clearance distances for the housing

material are specified in the product data sheet. The
Comparative Tracking Index (CTI*?) is more than 600
for press-pack diodes, thyristors, GTOs and the

gate-anode isolation of the IGCT. Other products
have their CTl specified in the data sheet®:. The ap-
plicable pollution degree rating depends on the ap-
plication and voltage load. For further information,
see the relevant product data sheet, IEC 60664-1
and EN 50124-1.

6.2. Industrial operation - Stationary use at
weather protected locations

IEC 60721-3-3 classifies groups of environmental pa-
rameters and their severities to which products are
subjected when installed for stationary use at
weather protected locations. The following tables
provide an overview of the environmental condi-
tions according to IEC 60721-3-3.

Environmental condition

Non-hermetic products

Hermetic products

Climatic 3K22 3K24
Special climatic 3Z3 3Z3
Biological 3B1 3B1

Chemically active substances*

1ISO 9223 category C3

1SO 9223 category C5

Mechanically active substances?®® 3S5 356
Mechanical*® 3M12 3M12
Climatic conditions Class 3K22 Class 3K24

Air temperature

-25°C ... 55°CY -25°C... 55°C

Relative humidity

5%...85% 5% ...95 %

Absolute humidity

0.5g/m?...25g/m? 0.5g/m?...29g/m?

Rate of change of temperature 0.5°C/min 0.5°C/min
Low air pressure 70 kPa 70 kPa
Movement of surrounding air 1m/s 5m/s
Condensation No No
Water from sources other than rain No No
Formation of ice and frost (including No No

freeze-thaw)

ABB Power Grids Switzerland Ltd.
Semiconductors

Fabrikstrasse 3

5600 Lenzburg

Switzerland
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We reserve the right to make technical
changes or modify the contents of this
document without prior notice. With re-
gard to purchase orders, the agreed par-
ticulars shall prevail. ABB Ltd does not ac-
cept any responsibility whatsoever for
potential errors or possible lack of infor-
mation in this document.

We reserve all rights in this document and
in the subject matter and illustrations
contained therein. Any reproduction, dis-
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9 n deviation to IEC
60721-3-5 reference to ISO
9223. Condensation, salt
mist, road salt and
splashing water are not

6.3. Traction operation - Ground vehicle installa- tions are classified according to IEC 61373. An over-
tions view of the environmental conditions specified in
IEC 60721-3-5 and IEC 61373 classify the environ- IEC 60721-3-5 is given in the following tables.
mental conditions of operation for ground vehicle

installations. IEC 60721-3-5 classifies the environ-

conductive material mental parameters and their severities to which a

allowed. product will be exposed, while mechanical condi-
2! |n deviation to IEC
60721-3-5

22 In deviation to class 5K3
23The operation at low air
pressure due to high Climatic 5K3
altitude is limited by the

allowed.
29 No electrically

Environmental condition Class

influence of cosmic rays. Biological 5B1

During operation at low air

Chemically active substances 1SO 9223 category C3*°

pressure sufficient air-

cooling must be

Mechanically active substances® 552
guaranteed.
# In deviation to class 5K3 Contaminating fluids 5F1
Mechanical IEC 61373 Cat. 1 Class B!

Climatic conditions 5K3

Low air temperature -40°C

High air temperature in ventilated compartments (except engine +40 °C

compartments) or outdoor air

High air temperature in unventilated compartments (except engine +70°C

compartments)

Change of temperature air/air -40°C /+30°C
s . . -40°C /+30°C

Gradual change of temperature air/air, except in engine compartments 5/°C/min

Change of temperature air/water, except in engine compartments No??

Relative humidity, not combined with rapid temperature changes, except
in engine compartments of vehicles powered by internal combustion
engines

95% RH / +45°C

Relative humidity, combined with rapid temperature changes, air/air, at 95 % RH
high relative humidities. Not in close proximity of refrigerator air -40°C/+30°C
conditioning systems

Absolute humidity combined with rapid temperature changes, air/air at
high water content

60 g/m? of air
+70°C / +15°C

Low relative humidity 10% RH / +30°C

Low air pressure 70 kPa??

Movement of surrounding medium, air 20 m/s

Precipitation, rain

Water from sources other than rain No2*

Wetness
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7. References

IEC 60721-3-1:2018 Environmental Classifications -
Storage

IEC 60721-3-2:2018 Environmental Classifications —
Transportation and handling

IEC 60721-3-3:2019 Environmental Classifications -
Stationary use at weather protected locations

IEC 60721-3-5:1997 Environmental Classifications -
Ground vehicle installations

IEC 61340-5-1:2016 Protection of electronic devices
from electrostatic phenomena

IEC 61373:2010 Railway applications - Shock and vi-
bration tests

IEC 60664-1:2007 Insulation coordination for equip-
ment within low-voltage systems

EN 50124-1:2017 Railway applications - Insulation co-
ordination - clearances and creepage distances

ISO 9223:2012 Corrosion of metals and alloys — Cor-
rosivity of atmospheres

5SYA2042 Application note - IGBT Cosmic Ray Capa-
bility

5SYA2046 Cosmic rays on IGCT

5SYA2061 Failure rates of FRD due to cosmic rays
5SYA2043 Load-cycling capability of HiPak

Several mounting instructions available on our web-
page

IEC standards are copyright of the International
Electrotechnical Commission (IEC), Geneva, Switzer-
land:

IEC 60721-3-1 ed.3.0 Copyright © 2018 IEC Geneva,
Switzerland

IEC 60721-3-2 ed.3.0 Copyright © 2018 IEC Geneva,
Switzerland

IEC 60721-3-3 ed.3.0 Copyright © 2019 IEC Geneva,
Switzerland

IEC 60721-3-5 ed.2.0 Copyright © 1997 IEC Geneva,
Switzerland

8. Revision history

Version Change Authors

01 2020-01-22 Thomas Gloor

Important information and warnings

This document is for information purposes only.
Nothing in this document can be construed or be
considered as guarantee or assurance of product
characteristics. This document generally describes
certain characteristics of products in typical appli-
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changes or modify the contents of this
document without prior notice. With re-
gard to purchase orders, the agreed par-
ticulars shall prevail. ABB Ltd does not ac-
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potential errors or possible lack of infor-

abb.com/semiconductors mation in this document.

cations. These characteristics may vary depending
on the specific application or use. Therefore, prod-
ucts must be tested for the respective application
or use in advance and adjustments to the applica-
tions or use may be necessary. Each user of ABB
products is responsible for the safety of its applica-
tions or use of ABB products and must implement
all safety measures to prevent the applications or
the use of ABB products from causing, without lim-
itation, physical injury, fire or other harmful conse-
quences in case of any defect or failure of an ABB
product. The user is responsible to ensure that the
application design or the use of ABB products is
compliant with all applicable laws, regulations,
norms and standards. ABB products may not be
used where a defect or a failure of the product, or
any consequences of the use of the product, can
reasonably be expected to result in personal injury.
No representation or warranty is given, and no liabil-
ity is assumed, by ABB with respect to the accuracy,
completeness and/or use of any information herein,
including without limitation, representations or
warranties of non-infringement or alleged non-in-
fringement of intellectual property rights of any
third party. ABB does not assume any liability arising
out of the applications or the use of any product;
neither does it convey or grant any license under its
patent rights, copyrights, trade secrets or other in-
tellectual property rights, nor the rights of others.
ABB reserves the right to make technical changes or
to modify the contents of this document without
prior notice. Information contained in this docu-
ment may be outdated. ABB reserves all rights in
this document and the information contained
therein. Any reproduction or utilization of this docu-
ment or parts thereof for commercial purposes
without ABB’s prior written consent is forbidden.
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