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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURFACE MOUNTING TECHNOLOGY -
ENVIRONMENTAL AND ENDURANCE TEST METHODS
FOR SURFACE MOUNT SOLDER JOINT -

Part 1-3: Cyclic drop test

FOREWORD

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.

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.

IEC Publications have Jthe form ofyrecommendations 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 cannet{be ;held responsibletferthe,way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible0inl their ‘national and regional publications. Any divergence
between any IEC Publication,and the.corresponding national on regionab publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

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.

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.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62137-1-3 has been prepared by IEC technical committee 91:
Electronics assembly technology.

The text of this standard is based on the following documents:

FDIS Report on voting
91/802/FDIS 91/825/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts of the IEC 62137 series, under the general title Surface mounting technology
— Environmental and endurance test methods for surface mount solder joint, can be found on
the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

e reconfirmed,

« withdrawn,

o replaced by a revised edition, or
« amended.
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SURFACE MOUNTING TECHNOLOGY -
ENVIRONMENTAL AND ENDURANCE TEST METHODS
FOR SURFACE MOUNT SOLDER JOINT -

Part 1-3: Cyclic drop test

1 Scope

The test method described in this part of IEC 62137 applies to solder joints between terminals
of surface mounting devices (SMDs) and land patterns on printed wiring boards (PWBs).

This test is intended to evaluate the strength of the solder joints of larger sized multi-terminal
components and other components in devices (e.g. handheld mobile devices) in the event
that the device is dropped. The properties of the solder joints (e.g. solder alloy, substrate,
mounted device or design, etc.) are evaluated to assist in improving the strength of the solder
joints.

2 Normative references

The following referenced (documents.arelindispensable for'the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including'ahyamendments) applies.

IEC 60068-1, Environmental testing — Part1: Generaland guidance
IEC 60194, Printed boards design,-manufactire‘and assembly — Terms and definitions

IEC 61249-2-7, Materials for printed boards and other interconnecting structures — Part 2-7:
Reinforced base materials clad and unclad — Epoxide woven E-glass laminated sheet of
defined flammability (vertical burning test), copper-clad

IEC 61188-5 (all parts 5), Printed boards and printed board assemblies — Design and use —
Part 5: Attachment (land-joint) considerations

IEC 61190-1-2, Attachment materials for electronic assembly — Part 1-2: Requirements for
soldering pastes for high-quality interconnects in electronics assembly

IEC 61192-1, Workmanship requirements for soldered electronic assemblies — Part 1: General

IEC 61760-1, Surface mounting technology — Part 1: Standard method for the specification of
surface mounting components (SMDs)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60068-1 and
IEC 60194, as well as the following definitions, apply.

3.1

drop impact strength

strength of the test substrate held by a jig that is dropped from a specified height, as
represented by the number of cyclic drops that finally cause fracture at the intermetallic, the
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surface plating, or within the joint between a surface mounting device (SMD) termination and
a printed wiring board (PWB) copper land termination

3.2

strain

substrate surface strain

value indication measured by the strain gauge attached to the surface of the test substrate

NOTE It is a numeric dimensionless quantity representing the degree of stretching observed when the test
substrate is distorted.

3.3
maximum strain
maximum strain in the tensile side (+) on the measured strain waveform

3.4

momentary interruption detector

device that detects extremely short electrical discontinuity (momentary interruptions) in a
daisy-chain circuit

4 General remarks

The mechanical properties of the joint between a terminal to a land on a printed wiring board
using lead-free solder.are not the,same for,the joint using,tin-lead,solder due to the difference
in composing elements" of ‘the 'solders. Thus ‘it becomes important’ to test the mechanical
properties of solder joints using different solderjalloys,

This test is to evaluate the durability of joints that are formed by reflow soldering between
SMD pins/electrodes and substrate landsbin-relation’to drop heights. To evaluate the drop
impact that the specimenijoint-receives/othestrain’can‘be' used'as“an'indicator of the impact,
and it can quantitatively be measuredcusing'astrain ‘gauge’

NOTE This drop impact test is not intended to be targeted at components themselves. Refer to IEC 60068-2-27
and IEC 60068-2-31 for test methods of the components.

Figure 1 is a conceptual illustration of the joint strength evaluation area of this test.

SMD component

— Plated layers

Intermetallic compound
layers

\

Evaluation area

Substrate land

IEC 2095/08

Figure 1 — Area for evaluation in the cyclic drop test
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5 Test equipment and materials

5.1 Reflow soldering oven

Unless otherwise specified, the reflow soldering oven shall be able to realize the temperature
profile given in Figure 2.

5.2 Drop impact test equipment

This test equipment shall consist of a tester with a substrate securing jig and a measuring
instrument. Unless otherwise specified, the following specifications apply.

a) Tester: Use a tester that fulfills the requirements specified in Clause A.2.

b) Substrate securing jig: Use a substrate securing jig that fulfills the requirements specified
in A.2.2.

c) Measuring instrument: Use a measurement instrument that fulfills the requirements
specified in A.2.3.

5.3 Test substrate

Unless otherwise prescribed by the relevant specification, the test shall be conducted on a
specimen (device) mounted by its normal means on the following substrate:

a) Material: The substrate shall be a general double-sided board that is, as specified in
IEC 61249-2-7.

b) Thickness: The substrate thickness shall be either 1,0 mm or as specified in
IEC 61249-2-7.

c) Size: The substrate shall be of a size that allows testing using the jig specified in 5.2 b).
NOTE Since the substrate is supported at its margins, there should.not be lands (e.g., check lands) at the
margins of the substrate.

d) Land geometry: The shape and size of a land shall comply with the IEC 61188-5 series or
as specified by the component manufacturer.

e) Surface protection: The solderable areas of the substrate (lands) shall be protected
against oxidization by suitable means, e.g. by an organic or inorganic surface protection
layer. This protective layer shall not adversely have an effect on the solderability of the
lands under the soldering conditions described in Clause 6.

5.4 Solder alloy

Unless otherwise specified, the solder used in this test shall be Sn96,5Ag,30Cu0,5.

5.5 Solder paste

Unless otherwise specified, the solder paste used in this test shall comply with IEC 61190-1-2.
The solder alloy specified in 5.4 shall be used for the solder paste.

5.6 Specimen components

Unless otherwise specified, specimen components shall be of a structure that allows
continuity to be checked (e.g., daisy chain). They shall be designed based on the same
specifications as the actually used components. The solder joints should be checked, as
specified in IEC 61192-1, and the pattern design should be in accordance with the IEC 61188-
5 series.

When using daisy-chain connections, care shall be taken not to cause any break in wiring
patterns on the substrate. For example, the wiring patterns should be drawn not in the
longitudinal direction on the test substrate, but in the crosswise direction.
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5.7 Strain gauge
Unless otherwise specified, the following specifications apply:

a) The gauge length shall be 1 mm.
b) The strain gauge shall be a foil-type gauge.
c) The strain gauge shall be of a single-axis type.

6 Mounting method

The following steps shall be taken:

a) Apply the solder paste specified in 5.5 to the lands of a test substrate as specified in 5.3,
using a metal mask with openings of the same size, shape and configuration as the lands
on the substrate, made of stainless steel with a thickness of 100 um to 150 um.

b) Mount the test specimen on the test substrate with solder paste applied.

c) Use the reflow-soldering oven specified in 5.1 to solder the terminals under the conditions
given below. Typical temperature profile of reflow soldering is given in Figure 2 as
proposed in IEC 61760-1. The temperature is measured at the land.

300 T

SnAgCu Reflow

250 +

200 +

°C

Preheating

150 +

Temperature

100 -

50 +

0 30 60 90 120 150 180 210 240 270 300 330 360
Time s

Continous line: typical process (terminal temperature)

Dotted line: process limits. Bottom process limit (terminal temperature). Upper process limit (top surface
temperature) [EC 117607

Figure 2 — Typical reflow soldering profile

7 Test method and procedure and judgment conditions

7.1 Test procedure
Unless otherwise specified, the following test procedure applies:
a) Attach the strain gauge to the test substrate on the surface where the specimen

component is mounted, i.e. close to the component. When attaching the strain gauge, use
the procedure specified by the gauge manufacturer.
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7.2

Mount the test substrate on the substrate securing jig.

Drop the substrate securing jig holding the test substrate from the height specified in
Clause B.2 c) and then read the strain that results from the drop.

After the preliminary test (steps a) to c) above) for strain measurement is complete,
cyclically drop the substrate securing jig on which the test substrate is mounted from the
specified height.

Obtain the number of drops that finally cause a discontinuity.
When necessary, analyse the condition at the fracture location to identify the failure mode.
(see Clause B.2 f) .

Judgment conditions

When a momentary interruption in electrical continuity is found in the specimen, it shall be
judged as a failure.

NOTE There are two methods of failure judgment. One method is to continuously monitor the daisy-chain signal
line using a strain measurement instrument to judge occurrence of a momentary interruption. The other method is
to use a momentary interruption detector or other instrument for judgment.

8

Items to be included in the test report

The following items shall be included:

o O T O

)
)
)
)
)

- O

)

«Q
-

Date

Name of the test organization

Name of the electronic component,‘type, size, ‘dimensions

Material of the component terminals, and layer structure, if applicable

Material of the test substrate,size;.structure of layers; type;of protective layers
Geometry of substrate lands and-layer structure, if applicable

Types of solder alloy and solder paste used

Temperature profile of reflow soldering and the atmosphere (oxygen content, if soldered in
nitrogen atmosphere)

Drop impact test equipment (tester specifications, substrate securing jig dimensions and
material and measurement instrument specifications), test condition (temperature, RH,
sample aging, etc)

Graph representing the relationship between the drop height and the number of fractures
Graph representing the relationship between the strain and the number of fractures
Number of drops

Fracture mode (photograph, etc.)

Strain gauge model

Strain gauge attachment position

Items to be given in the product specification

The following items shall be included:

Q O T o

)
)
)
)
)

)

Reflow soldering oven (5.1)
Drop impact test equipment (5.2)
Test substrate (5.3)

Solder alloy (5.4)

Solder paste (5.5)
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Specimen components (5.6)

Strain gauge (5.7)

Mounting method (Clause 6)

Test method and procedure and judgment conditions (Clause 7)

62137-1-3 © IEC:2008
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Annex A
(normative)

Drop impact test equipment

A.1  Object

Annex A applies to the drop impact test equipment specified in 5.2 and provides details of the
equipment.

A.2 Drop impact test equipment

A.2.1 Tester

The tester is an equipment equipped with a mechanism that can drop a substrate securing jig
having a protrusion at its base, from a certain height onto a collision plane to apply impact
that would result from a free fall or similar situation. The tester shall fulfill the requirements
listed below (see also Clause C.2):

a) The tester mechanism shall use a substrate securing jig.

b) The tester mechanism shall.be capable of measuring, the strain.on the substrate surface
caused by drop impact.

c) The tester mechanism shall be - capableyof checking the\specimen's electrical continuity
during the test.

d) The tester mechanism shall be capable of holding the substrate securing jig in a stable
attitude to ensure that the protrusion will collide against;the plane when the jig reaches the
plane.

e) The collision plane shall be a steel plate. However, this is not mandatory if appropriate
strain repeatability can be obtained.

NOTE The collision plane should be firmly fixed to ensure that it does not move.
A.2.2 Substrate securing jig

The substrate securing jig shall carry a protrusion at its base. The test substrate shall be fixed
by bolts. The substrate securing jig is directly dropped onto the collision plane in order to
apply drop impact to the solder joints. The substrate securing jig shall fulfill the following
requirements:

NOTE 1 Figure A.1 is a conceptual illustration of the substrate securing jig.

a) Shape of the colliding part: The colliding part shall be an SR14 protrusion. However, this
is not mandatory if appropriate strain repeatability can be obtained.

b) Material of the colliding part: The colliding part shall be made of steel.

NOTE 2 Because the colliding part will be distorted by repeated collisions, a quenched steel plate should be
used.

c) Jig shape (thickness): The jig thickness shall be 15 mm. However, this is not mandatory if
appropriate strain repeatability can be obtained.

d) Distance between supporting points: This shall measure 80 mm. However, this is not
mandatory if the reliability of results can be ensured.

e) Test substrate securing method: The substrate shall be secured with bolts. The substrate
shall be fixed directly or indirectly using a plate.

f) Jig material: This shall be in aluminum alloy. However, this is not mandatory if appropriate
strain repeatability can be obtained.
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@ Screw

Substrate
Component

rad
Colliding part

Collision plane

IEC  2096/08

Figure A.1 — Conceptual illustration of a substrate securing jig (reference)

A.2.3 Measurement instruments

The strain measurement instrument and momentary interruption detector shall fulfill the
following requirements:

a) Strain measurement instrument: The strain measurement instrument is a device that is
used to measure the strain during drop impact tests and to detect electrical discontinuity
(momentary interruption).incthe daisy-chain circuityAmjinstrumentywith a 200 kHz or higher
sampling rate shall be‘used-"However,a‘sampling rate*lower than 200 kHz is allowed if the
reliability of measurement results,canibe ensured.

b) Momentary interruption detector: A momentary interruption detector shall be used when
momentary interruptions have to be detected using a means other than the measurement
instrument specified in A.2.3 a).

NOTE The resolution of the momentary'interruption' -detector''should be such that 100 us momentary
interruptions can be detected.
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Annex B
(normative)

Test method and procedure

B.1 Object

Annex B applies to Clause 7 and specifies details of the procedure.

B.2 Test method
The test methods and procedures are given below:

a) Strain gauge attachment: Attach the strain gauge to the test substrate. The gauge shall be
attached to the surface on which the specimen component is mounted, at a location in the
vicinity of the component. The gauge shall be oriented in parallel to the test specimen.

NOTE 1 The position of attachment should be controllable and clearly indicated. Figure B.1 shows an
example with a guide mark provided (see Clause D.4.)

Guide mark

IEC  2097/08

Figure B.1 — Strain gauge attachment example and guide mark

b) Test substrate attachment: The test substrate shall be attached to the substrate securing
jig with its component side facing downward.

c) Test level (height): Two test levels (heights), 1,5 m and 0,75 m, shall be used for tests.
However, if these two levels are inappropriate for a particular specimen, two different
levels can be used for tests.

d) Strain measurement (preliminary test): Strain measurement shall be conducted to read the
strain that, measured from the attachment position specified in 7.1 a) of this standard,
results from the drop from each test level (height). On the obtained strain waveform, the
peak tensile strain (on the + side) shall be considered as the maximum strain.
When various types of specimens are used, the strain shall be measured for each type of

specimen. If the specimens are of the same type, only one arbitrary specimen shall be
measured.

Strain measurement shall be conducted for different purposes, including checking the
compatibility between different testers in terms of response to a given drop impact and
checking the repeatability of a drop impact that the testers can apply.
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