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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENDURANCE TEST METHODS FOR DIE ATTACH MATERIALS -

Part 2: Temperature cycling test method for die attach materials applied
to discrete type power electronic devices

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC 63215-2 has been prepared by IEC technical committee 91: Electronics assembly
technology. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

91/1895/FDIS 91/1912/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English. Documents
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63215 series, published under the general title Endurance test
methods for die attach materials, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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ENDURANCE TEST METHODS FOR DIE ATTACH MATERIALS -

Part 2: Temperature cycling test method for die attach materials applied
to discrete type power electronic devices

1 Scope

This part of IEC 63215 applies to the die attach materials and joining system applied to discrete
type power electronic devices.

This document specifies the temperature cycling test method which takes into account the
actual usage conditions of discrete type power electronic devices to evaluate reliability of the
die attach joint materials and joining system, and establishes a classification level for joining
reliability (reliability performance index).

The test method specified in this document is not intended to evaluate power semiconductor
devices themselves.

The test method specified in this document is not regarded as the one for use to guarantee the
reliability of the power semiconductor device packages.

NOTE The test result obtained using this document will not be used as absolute quantitative data, but for
intercomparison with the other die attach materials results using the same setup.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60194-1, Printed boards design, manufacture and assembly — Vocabulary — Part 1:
Common usage in printed board and electronic assembly technologies

IEC 60194-2, Printed boards design, manufacture and assembly — Vocabulary — Part 2:
Common usage in electronic technologies as well as printed board and electronic assembly
technologies

IEC 60747-15, Semiconductor devices — Discrete devices — Part 15: Isolated power
semiconductor devices

Documents
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, terms and definitions given in IEC 60194-1,
IEC 60194-2, and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.11
TEG chip
chip with test patterns for process and device evaluation and control

Note 1 to entry: In this document, the heating resistor chip is as in 6.1.

3.2 Abbreviated terms

C-SAM constant-depth mode scanning acoustic microscope
SAT scanning acoustic tomography
TCT temperature cycling test
TEG test element group
4 General

The regions of the die attach materials and joining systems to be evaluated are shown in
Figure 1. The test method in this document is applicable to evaluate the durability of the die
attach materials against thermal stress to the power electronic devices but not to test the
mechanical strength of the power electronic devices themselves.

Therefore, the conditions for accelerated stress conditioning by a cycling test can exceed the
maximum allowable temperature range for the power electronic devices.

Documents

Document Sharing Hub

Full document details: IEC 63215-2-2023


http://avadocuments2026.com/doc/iec-63215-2-2023
http://avadocuments2026.com/doc/iec-63215-2-2023

-8 - IEC 63215-2:2023 © |IEC 2023

] / S
. e 6
| o | AT AT p 8
7 ~ .
.-"/.-"//////////////////////:‘; 6
5 5 \5
— 1,

IEC

Key

1 power electronic device chip
die attach material

base substrate

device termination

plating layers

inter-metallic compound layers

regions for evaluation

o N o a b~ W N

crack

Figure 1 — Regions for evaluation for discrete type power electronic device

5 Test apparatus

5.1 Die bonding equipment

The die bonding equipment shall be able to realize the die bonding conditions.

5.2 Temperature cycling chamber

The temperature cycling chamber shall be able to realize the temperature cycling profile
specified in Figure 2 and Table 1. The general requirements for the temperature cycling
chamber shall be in accordance with test Na of IEC 60068-2-14.

5.3 Thermal resistance measuring equipment

The thermal resistance measuring equipment shall be able to measure thermal conductivity in
accordance with I[EC 60747-15, and also be able to calculate the thermal resistance value of
the specimen as in Annex A.

5.4 Ultrasonic flaw inspection equipment

Ultrasonic flaw inspection equipment such as scanning acoustic tomography (SAT) or constant-
depth mode scanning acoustic microscope (C-SAM) shall be able to detect cracks and voids in
the die attach joint by non-destructive inspection of the ultrasonic scanning, and be able to
calculate the crack propagation area ratio in die attach joint as in Annex A.

6 Specimen

6.1 General

The specimen shall be a heating element chip which is bonded using die attach material under
evaluation on the base substrate. The heating element chip which is able to realize the test
conditions specified in Clause 7, can be either a heating resistor chip (heaterﬂﬁﬁ:eﬂ'ﬁents

hereafter referred to as "TEG chip") or a power semiconductor device chip
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An example of the specimen structure is described in Annex B.

6.2 Preparation of specimen

The die attach joint is made by the reflow soldering method or sintering method, for example.
Depending on the die attach material, a press joint system, or reduced pressure reflow or formic
acid atmosphere reflow for oxidation/reduction operation, may be used to secure the joint.

The preparation process for an example structure of the power electronic device specimen is

described in Annex B.

7 Evaluation test

71 Test method

711 General
The test method for evaluation shall be done by the temperature cycling test.

7.1.2 Temperature cycling test
The test shall be made in accordance with test Na of IEC 60068-2-14 and the following details.

Place the specimen in the temperature cycling chamber specified in 5.2 where the best airflow
is obtained and where there is sufficient airflow around the specimen.

The temperature cycle shall be started from the low temperature side as shown in Figure 2. The
test cycles shall be as specified in the product specification.
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Key
Tax maximum storage temperature 4 hold time at 7 ;.
T normal ambient temperature ty hold time at 7
Tin minimum storage temperature teye one temperature cycle
Figure 2 — Temperature cycling test
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7.1.3 Test conditions

The product specification shall specify the temperature cycling test conditions selected from

Table 1.
Table 1 — Temperature cycling test conditions
Step Test conditions
TA B TC
Thin  °C -40+5 -40+5 -40+5
Thax C 150 £ 5 175+ 5 200+ 5
Ly Iy 20 min or more

) Unless otherwise specified in the product specification, the specified measurements
Intermediate shall be made at the following cycles:

measurement
0 (initial), 500, 1 000, 1 500

Number of specimens | 5 or more for each test condition

Key
Tin:  Minimum storage temperature,
T__: minimum storage temperature,

max”

¢, and ¢, start when the temperature of the specimen reaches the specified temperature.

The transition time from 7, to 7, and reverse transfer shall be within 3 min and include a cycle time with the

duration to reach the thermal stabilizing time of the specimen (refer to IEC 60068-2-14).

7.1.4 End of test criteria

Each evaluation test shall be terminated if the thermal resistance value (Ry,) of the specimen

increases by 20 % from the initial measurement, unless otherwise specified in the product
specification.

Each evaluation test shall continue up to the test cycles specified in the product specification,
except if the end of the test criteria specified above is reached.

7.2 Inspection and measurement
7.21 Visual inspection

The specimen shall be subjected to visual inspection. There shall be no defect which would
impair validity of the test result.

7.2.2 Thermal resistance measurement

Thermal resistance of the specimen shall be measured using thermal resistance measuring
equipment specified in 5.3 and the adopted measuring method referred to as the static heating
method specified in Annex A, to determine the degree of deterioration.

The thermal resistance measurement method such as the static heating method (heating
method or cooling method) or dynamic heating method (thermal transient characterization
method) which are used in the marketplace, may be used based upon the agreement between
trading partners.

The thermal resistance shall be recorded so that the change in the thermal resistance value of
one of the specimens can be traced.
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7.2.3 Ultrasonic flaw inspection

The image of die attach conditions of the same specimen crack and the other defects shall be
taken using ultrasonic flaw inspection equipment specified in 5.4, to determine the degree of
deterioration.

The image of ultrasonic flaw inspection and crack propagation area ratio shall be recorded for
the die attach damage data recognized by two-valued image processing.

7.3 Test procedure
7.3.1 Test preparation

If the residue flux on the specimen has to be cleaned, the cleaning method should be specified
in the product specification.

The mounting for the evaluation test shall be ensured.

7.3.2 Preconditioning

If required, the preconditioning conditions shall be specified in the product specification.

7.3.3 Initial measurement

All specimens shall be subjected to initial measurement in accordance with 7.2.

The measuring condition for the initial measurement should be specified in the product
specification.

7.3.4 Test

All specimens shall be subjected to the test in accordance with 7.1.

7.3.5 Intermediate measurement

The specimen shall be taken from the temperature cycling chamber at the intermediate
measuring cycle specified in Table 1.

All specimens shall be subjected to the thermal resistance measurement for intermediate
measurement in accordance with 7.2.2.

All specimens shall be subjected to the ultrasonic flaw inspection for intermediate measurement
in accordance with 7.2.3.

7.3.6 Post-test treatment

After the evaluation test, if it is necessary to align the measurement condition, the specimen
shall be subjected to post-test conditioning specified in the product specification under the final
measurement conditions. The product specification may specify the recovery period to cool
down and the stabilizing temperature for the specimen.

7.3.7 Final judgment

The specimen shall be taken from the temperature cycling chamber at the end of the test.

At least one specimen shall be observed in the cross section to check the damage conditions
of the die attach region. The specimen for the cross section should be selected by the result of
ultrasonic inspection in accordance with 7.2.3.
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The test results should be evaluated in conjunction with the intermediate measurement results.

The recorded thermal resistance data and the crack propagation area ratio (die attach damage
data) should be analysed in correlation with each specimen individually.

If the thermal resistance value (Ry,) increased up to 20 %, then the failure cycles shall be
determined.

Once the test is completed, if the thermal resistance value (Ry,) is not reached to 20 %, the

specimen shall be evaluated by ultrasonic flaw inspection. If the horizontal crack propagation
area ratio reaches up to 30 %, then it is necessary to determine the failure cycles.

Once the test has finished up to 1 500 cycles, if the thermal resistance value (R;,) is not reached

to 20 % and the crack propagation area ratio is not reached up to 30 %, the specimen is judged
to have performance index "Level 1" as shown in Annex C.

If the crack propagation area ratio at the end of the test criteria is significantly too small, the
increased rate of thermal resistance value (R;,) of 20 % should be re-defined to a decreased

value (e.g. 30 %) to determine the failure cycles.

The measuring condition for the final measurement should be specified in the product
specification.

8 Failure cycle

The failure cycle of the specimen shall be the test cycles for which the end of the test criteria
specified in 7.1.4 or failure criteria specified in the product specification are reached, due to
crack propagation area at the die attach joint (interface).

The failure cycles for the temperature cycling test should be extrapolated from the thermal
resistance change during the test to reach the end of the test criteria in 7.1.4.

The representative failure cycles of the specimens under the same test conditions shall be
decided based on the statistical failure rate specified in the product specification. If the product
specification does not specify the details, then the shortest failure cycle number shall be taken.

As a reference of the reliability performance for the specimen, the reliability performance index
corresponding to the failure cycles in the temperature cycling test is as shown in Annex C.

9 Items to be specified in the product specification

The product specification shall specify the following items if applicable:

a) specification of the discrete type power electronic device (Clause 6)

b) evaluation test conditions, if other than specified in Table 1 (7.1.3);

c) end of test criteria (increasing ratio limit for thermal resistance) (7.1.4)

d) test preparation, if required (7.3.1)

e) preconditioning, if required (7.3.2)

f) initial measurement items and conditions (7.3.3)

g) post-test treatment (7.3.6)

h) final judgment items and conditions (7.3.7)

i) failure cycle and reliability performance level (Clmments
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Annex A
(normative)

Thermal resistance measuring method at die attach region

A.1  Thermal resistance measuring method

A.1.1 General
For the temperature cycling test, the specimen specified in 6.1 is used. If the specimen which

is made of a TEG chip (refer to Figure B.1) is used, the top surface temperature of the TEG
chip can be estimated from the temperature characteristics of the heating resistor.

Figure A.1 shows an example of the structure of the specimen using a TEG chip.

IEC

Key
1 base substrate 2 TEG chip
3 terminal 4 bonding wires

5 adhesive

Figure A.1 — Example of the structure of the specimen using a TEG chip

A.1.2 Temperature characteristics measurement for TEG chip

The thermal characteristics of the heat resistance of the TEG chip specimen are obtained by
the following procedure:

a) put the specimen into the constant temperature chamber;
b) apply measuring current, for example 1 mA;
c) measure the temperature (7;) and voltage drop between terminals (U);

d) repeat b) and c) for at least three (3) different temperatures.

Figure A.2 shows an example of the measurement.
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