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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONICS ASSEMBLY TECHNOLOGY -
SELECTION GUIDANCE OF ENVIRONMENTAL
AND ENDURANCE TEST METHODS
FOR SOLDER JOINTS

FOREWORD

rising all

national electrotechnical committees (IEC National Committees). The object of IEC is to ional co-
opleration on all questions concerning standardization in the electrical and electronic i d and in
a Reports,
Pdblicly Available Specmcatlons (PAS) and Guides ). Their
preparation is entrusted to technical committees; any IEC National Committee intetested ealt with
may participate in this preparatory work. International, governmental and non-qov 5 liaising
with the IEC also participate in this preparation. i ation for
Stpndardization (ISO) in accordance with conditions determined by agreegien ipns.

2) THe formal decisions or agreements of IEC on technical matters exp, rnational
copsensus of opmlon on the relevant subjects since each techdi from all
in

3) IEL National
Cq t of IEC
Pyblications is accurate, IEC cannot be held responsiblg for any
misinterpretation by any end user.

4) In|order to promote international uniforfaity, lications
trgnsparently to the maximum extent possible_in thei iong i publications. Any divergence|between
an tenl shall be clearly indicated in thq latter.

5) IEL i i indicpte its_approwaliaqd cannot be rendered responsible for any efuipment
de

6) Al

7) Ng servants or agents including individual exgerts and
m Committees for any personal injury, property dgmage or
other damage ¢ sy direct or indirect, or for costs (including legal f¢es) and
expenses arisi icati use\ of /or reliance upon, this IEC Publication or any other IEC
Pdblications.

8) Atention i i gferancés cited in this publication. Use of the referenced publidations is
indi : e

9) At gome of the elements of this IEC Publication may be the subject pf patent
rig vsible for identifying any or all such patent rights.

A PAS j$™a i Recification not fulfilling the requirements for a standard bui made

avail ‘

IEC- 38 submitted by the JEITA (Japan Electronics and Information Technology

Indusgtries” Association) and has been processed by IEC technical committee 91:
assembly. technology.

Eleq

tronics

The text of this PAS is based on This PAS was approved for
the following documents publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting
91/784/DPAS 91/821/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee

or subcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from the
publication date. The validity may be extended for a single three-year period, following which it
shall be revised to become another type of normative document or shall be withdrawn.
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INTRODUCTION

Tin-Lead eutectic solder had been used for both internal and external joints of electric and
electronic equipment for its characteristics and cost for long time. The recent request to reduce
burdens to the environment, however, resulted in various types of lead-free solders being
developed by many organizations. Now the solders used in production are being switched from
tin-lead based solders to lead-free solders in many production lines. The study of the solder
joints using lead-free solders has revealed that the reliability of the joints is not the same as that
of joints prepared using tin-lead solder. The Japan Electronics & Information Technology
Industries Association (JEITA) has been developing test methods to evaluate the performance
of the joints based on analysis of various experiments made by member experts. It should be
noted that any single test is not necessarily applicable to all the electronic components.| There
are gppropriate tests suitable for the size and shape of a component and/also™for sp€gific types
of ledds of components. This series of standards are thus prepared to grovide theyindusfry with
the necessary evaluation methods to produce reliable products to th

N
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ELECTRONICS ASSEMBLY TECHNOLOGY -
SELECTION GUIDANCE OF ENVIRONMENTAL
AND ENDURANCE TEST METHODS

FOR SOLDER JOINTS

1 Scope

This guidance describes the selection of an appropriate test method for reliability test of solder
joints for various shapes and types of surface mount devices (SMD) and leaded devices,

inclu

The

appli
not t

The
may

Hing various types of solder materiar.

w ~ Plating layer

ere are
ard but

b tests)

=—— Component ferminal

"4

| Solder Intermetallic
«—— Compound layers
Substrate Substrate land
SMD(le€>dt
RN
/ terminal _
Substrate Land o vion | EERRRRRRRRRS Plating layefs
typs component area Solder \ Intermetallit
/
(single-si board) | — Compound|layers
{ \‘Lea}termmal / Substrate Substrate Ia|||d
| | /V
| /4 P |
” Substrate ~
older
Land

Figure 1 — The joint regions for the reliability tests

The lead-free solders have different properties from those of the conventional tin-lead eutectic

solder.

composition of the solder used, the shape of terminals and surface treatment.

The reliability of soldered joints using lead-free solder may be reduced by the
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The factors affecting the joint reliability using Sn96,5Ag3Cu,5 solder are shown in Figure 2.
This solder has the properties of higher melting temperature and harder than the tin-lead
eutectic solder and the solid is not easily deformed. Consequently, the stress induced to the
joint becomes higher than the tin-lead eutectic solder.

These properties may induce break of a soldered joint by accelerated temperature changes, or
mechanical stress.

Accelerating factors

. Temperature cycle
Properties Factors affecting joint reliability (thermal stress)
1 Mechanical st
1)Hafd, not easily deformed Increased stress to solder Imep? ansli:ra ssress
2)High melting temp. Increased stress between Weidht/load t
High solidifying temp. Joint/ substrate (e.g., fillet lifting) {nvicad oRgapPRen
High soldering temp. Growth of reacting layer
3)Incfeased reactivity (Sn rich) Electrode/land melting, diffusion
4)Segregation by inclusionof low _y  Reduction of reliability by formation of N
mglting temp. metals (Pb, Bi) segregation layer TN oldér failure
5)Chgnge in materials/structure 3. Failure of electrode itself Interface failure
of ferminals Electrode failure
6)Degreased solderability —— . Deformation of fillet, defect forngation *Not [of component
anfl board
AN
Affecting
fomp ent: structure of terminals
Size

Bgard: Land, thickness, material
tructure of joints

The e/indispensable for the application of this documeht. For

a da ad applies. For an undated reference, the latest edition of
the r ding-dany amendment) applies.

IEC 6 ) ironmental testing. Part 1: General and guidance,

Ame g

IEC §0068-2-2:2008Y, Basic environmental testing procedures Part 2:Tests, Test B: Dry heat

IEC $0068-2-14:1984, Environmental testing — Part 2: Test N: Change of Temperature

pu | s 44000
Amehdment-+-4986

IEC 60068-2-78:2001 Environmental testing — Part:2-78: Tests — Test: Cab: Damp heat, steady
state

IEC 60194:2006, Printed board design, manufacture and assembly — Terms and definitions
IEC 61188-5(all parts) :Printed boards and printed board assemblies — Design and use

IEC 61190-1-1:2002, Attachment materials for electronic assembly — Part 1-1 Requirements for
soldering fluxes for high-quality interconnections in electronics assembly

IEC 61190-1-2:2007, Atftachment materials for electronic assembly — Part 1-2 Requirements for
solder pastes for high-quality interconnections in electronics assembly


https://iecnorm.com/api/?name=ca2ed052d37a6b2afc7d256fe6beabd0

- 8- PAS 62137-3 © IEC:2008(E)

IEC 61249-2-7:2002, Materials for printed boards and other interconnecting structure — Part 2-7;
Reinforced base materials clad and unclad — Epoxide woven E-glass laminated sheet of defined
flammability (vertical burning test), copper-clad

IEC 62137:2005, Environmental and endurance testing — Test methods for surface-mount
boards of area array type packages FBGA, BGA, FLGA, LGA, SON and QFN

IEC 62137-1-1:2007, Surface mounting technology — Environmental and endurance test
methods for surface mount solder joint — Part 1-1: Pull strength test

IEC 6243 2007 —Surface—moL g—technolog . S
methods for surface mount solder joint — Part1-2: Shear strength test

IEC 62137-1-3(91/708/CDV), Surface-mount technology — Environ ce test
methods for surface mount solder joint — Part 1-3: Cyclic drop test

IEC $2137-1-4(91/746/CDV), Surface mounting technology — ce test
methiods for surface mount solder joints — Part 1-4: Cyclic benrding

IEC $2137-1-5(91/743/CDV), Surface mounting tech ce test
methods for surface mount solder joints — Part 1-5:

3 Terms and definitions

For the purposes of this document, as the

following, apply.

3.1
leadifree

the I¢ad content in th
or legs than 0,1@

3.2
pull strength fok SMD
applied force Ktk nt of the lead of a gull-wing type SMD solder mounted and the
coppgr land iri ard using a jig to pull the lead

portionsof arn_electronic components or similar products i equal

3.3

applied force.to breakthe all the joints of leads of an SMD and lands on the printed wiring board
wher) a force is applied parallel to the side of the SMD

34
torque shear strength for SMD

applied force to break the soldered joints of leads of an SMD to the lands on printed wiring
board when a rotating force is applied to the SMD at the both end with the centre of the moment
at the center of the SMD with the rotation moment in parallel to the printed wiring board surface

3.5

monotonic bending strength for SMD

strength of soldered joints of SMD mounted on board when the board is bent convex toward to
the mounted SMDs expressed by the maximum bending depth to the break of joints
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3.6

cyclic bending strength for SMD

number of bending to the break of soldered joints of SMDs to the copper lands on board which
is fixed to a jig when the board is bent convex toward to the mounted SMDs

3.7

mechanical shear fatigue strength for SMD

imposition of cyclic shear deformation on the solder joints by mechanical displacement instead
of relative displacement generated by CTE (coefficient of thermal expansion) mismatch in
thermal cycling testing

NOTIj The mechanical shear fatigue tests continues until the maximum force decreases ta_a certain valye, which
corregponds to the appearance of an initial crack, or the electrical resistance-measuring ing ert can_deteqt electric
continuity interruption, and the number of cycles is recorded as fatigue life

3.8
cycllc drop test for SMD

number of drops to the break of soldered joints of an SMD to t
is fixed to a jig when the board is dropped from a specified hei

1 which

3.9
cyclic steel ball drop strength for SMD

number of drops to the break of soldered joints of a lands on a board when

the sfteel ball is dropped from a specified

3.10L

pull strength for lead terminal type device
maximum applied force to break the sqldered\jai ad of an SMD to a land on board when
the I¢ad is pulled using a jig

3.11
cree
stren
conti

when a

3.12
fillet{li
phen
land

r of the

3.13
dais
all chain of connections solder joint are connected in series

NOTE LGIIdD UTT buth DIdUO Uf d bUald Glld :cado [=1A~] DU:‘:‘.UI UUIIIIU\;tUd ;II d bha;ll ;II thU CdotT Uf d :Ift Uff tcat
4 Procedure of selecting the applicable test method

4.1 Stress to solder joints in the field and test methods

The correlations between the test methods and the actual stress induced to components are
shown in Figure 1. The printed wiring board and the shapes of terminals effective to correlate
the test results to actual conditions of the component mounting in the filed are also shown as
reference. The selection of a test method suitable for a specific shape of terminal is given in 4.2.
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Table 1 — Correlations between test methods and actual stresses in the filed

Test method Accelerated Applicable board/ Stress in the field and
. stress applicable products
(Applicable standard) application Components
Conduction test Temperature SMD Repeated thermal stress caused
IEC 62137:Annex B cycling by the Qifferencg !n thermal
Pull strength a) (rapid SMD expansion coefficients of
component and board at the
IEC 62137-1-1 ::ehrzr?g;e)ltgre (Gull-wing) ON/OFF of equipment and/or
Shear strength SMD temperature changes in the
IEC 62137-1-2 surrounding environment
Torque shear strength 2 SVID
Annex C
Monptonic bending test ® SMD

Annex D

Cycl|c bending strength test

Repeated board SMD

IEC p2137-1-4 bending d
ying,
equipnpent
Mechanical shear fatigue test Cyclic strain SMD ted"thexmal stress cauged

IEC p2137-1-5

(0] FF of equipment and/or

mperature changes in the
surgounding environment

Cycl|c drop test @
IEC p2137-1-3

Repeated\boa SMD %
drop

)@ﬁock induced to soldered joints
when equipment is erratically

Annex E

Cyc:ii steel ball drop strength test ¢

Repeated b,

dropped while the equipment|is in
use

Pull ptrength test
Annex F

<

e

inseytion type

Repeated thermal stress cauged
by the difference in thermal
expansion coefficients of
component and board at the
ON/OFF of equipment and/or
temperature changes in the
surrounding environment

Credp strength test
Annex G

Single-sided
TH/Leaded
insertion type

Degradation of soldered joint
when a continuous force is
applied

type

Obsgrve of fillepAifti noi en&\ aluation method | Single-sided
Anngx H TH/Leaded insertion

The external observation method
of fillet lifting phenomenon that
may occur when soldering an
alloy and the terminal plating

A

NOTE 1

3 This is a-test to & ate degradation of joint strength with repeated thermal stress induced to the joit by
mean$é of‘rapid temperature change for an accelerated test. A proper test should be selected accordirjg to
thedeatures of the component under test such as the shape of its leads.

b)

c)

1) temperature cycling test (Rapid temperature change): Sn-Ag-Cu, Sn-Zn, Sn-Bi and Sn-In

RIS IS a 1est 10 ChecK 1T there 1S a 1ailure at a soldered joint by measuring changes of resistance or the joint
without applying mechanical stress. This test method is not a new test method developed in this document
but referred here as an alternative method as it is a useful test especially for BGA and LGA.

Each temperature test is applied in the case of the following alloys.

2) High temperature / high humidity test: Sn-Zn

3) High temperature test: Sn-Bi

d)

NOTE 2 The vibration test is a test of a durability against the vibration a product may receive while in

transportation or in the service in the field. It was not proved that a vibration test, including the most severe

Applicable using Sn-Ag-Cu, Sn-Zn, Sn-Bi and Sn-In alloy

random acceleration test, could evaluate degradation of soldered joints.

included in this document.

The vibration test is, therefore, not
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4.2 Selection of test methods based on the shapes and terminals of electronic
components

4.2.1 Surface Mount Devices

The recommended test methods suitable for specific shapes and terminals of devices are listed
in Table 2.

Table 2 - Recommended test methods suitable
for specific shapes and terminals of SMDs

Types and terminals of device Rapid temperature change test Cuelic Mechanical
Numfber Shear {Toruel - Monatonic] =Y Cyclic | shear
- " esistance ’ Bendmg ;
Terminals o Examples Pull test| strength | shear bending drop test] | fatigue
terminal measurement L st
test test limit / test
s
EVIeC'rodes on2 Tantalum capacitor,
side 2 inductor - AB - - . (\ C -
(bertt leads) N\
Rectangular chip
Eledtrodes on 3 sides \Eﬁ 2 resistor/film - AB - - b C -
capacitor
© |Eleqtrodes on 5 Laminated
D [sidep \'i’/ d 4 2 capacitor, - A,B - R 2 C -
Q (inclliding cap) | thermistor, he
3 -
8 § .terrlmnals 4 or more Resistor array, A B C C
o (terrpinals on N ¥ capacitor array - ’ > - - -
=
o
3. ing — 1 ‘ 4ormore|]  Transformer AB C -(\ \\ \9 - C -
2 .
Q
o . a .
3 |Gullwing -2 ". ﬁ Upto6 Switch - A‘¥ 0- - - C -
3 4 »
=1
3 Gulljwing - 3 /" 4 or more Connector - \% A)B \_J C - C -
73 N
Eledtrodes on Inductor, tantalu
bottom . 2 capacitor "’< -(\ A B - - - C -
M
Roupd electrode o . . \A
(incliding cap) - < é.ﬂaclt rS/;eS|sto - ,B\\‘ B - _ _ c _
Leads on two N
sideb Dion D C - - - C -
(bertt lead)
% Gulljwing leads <> Eo 6 %Ntor %\/ B C - - - C -
3
3 A
3 [Gulljwing leads 6 orore QFP, AB - - C C C B B
5
g Pied
i Non}lead 4 GN QM - - - AB C B B B
0]
<.
o' |Ball plectrodgs on ) \B/
e AN L o Mt T O I c | B | B[] B
Eledtrodes AV
botigm )\ [N\ M LGA, FLGA - - - AB C B B B
withput ball

Note1} A: Recammen for accelerated endurance test, B: Applicable, C: Applicable when condition are met, -: Not applicable

Note2} One-of‘the following static mechanical tests is performed before or after the rapid temperature change test
according to the shape of the component under test.

a)\Pull strength test: SMD with gull wing terminals.

b) Shear strength test: Small rectangular SMD to which a pushing jig can be pressed to a side of the device.

Note3: The conduction test is applicable to devices to which a Daisy-chain can be formed on the mounting board
or within the device under test itself. Examples are those semiconductor devices not with leads
such as BGA, LGA or QFN.

Note4: The monotonic bending limit test is applicable to those components with height or large size to which the resistance
measurement test is available and which are not easily deformed. This test is applicable in case the resistance
measurement does not give a good criterion for the durability analysis and a mechanical stress is expected to exist
in the service.

Note5: The cyclic bending strength test and cyclic drop test are applicable to those components mainly used
in portable equipment.
The use of these tests should be specified in the specification of the product.
Note6: Each temperature test is applied in the case of the following alloys.
a) temperature cycling test (Rapid temperature change): Sn-Ag-Cu, Sn-Zn, Sn-Bi and Sn-In
b) High temperature / high humidity test: Sn-Zn
c) High temperature test: Sn-Bi
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4.2.2 Insertion component (leaded component)

The pull strength test is the basic test for such leaded components. The creep test should also
be used for components of a large size, or an external force seems to be applied continuously

from its structure.

The selection of the test shall be stated in the product specification for the component to be
mounted on solely single-side of a board. In many cases, strength of terminal leads in insertion
type through-hole mounted components may be inferior as compared to soldered joints. These

tests are not appropriate for equipment using this type of boards.

bite ¢f the load are given in Table 3.

Table 3 — Test method to recommend
from application and weight of the lead term'{ﬁ\ artx

rd and

Application, Component type (\IQ\ \ \
PWi§ SPiflet
Typ¢ Abplication Weight of a Pull strength | Creeg st Conduction
PP lead terminal test st test
No continuous Light A — —
Singlg- load Heavy B \ } / A — -
sided [TH . Light M x / (_‘\ . .
Continuous load N\
Heay \| N\ A7) - -
Both- General lead terminal part L \ B
sided 'H Daisy chain type part \ A

NOTE [ A: Applicable, B: Applig
NOTE R Environment of each te

b) Creep strength test:
c) Uift off test: R@

d) Conduction test: R@pid tempe
NOTE B For these test,

NOTE M In caWb thesided\[H board, the strength of the lead terminal tends to be smaller than th¢ strength
re )

of solder joint.

5 (
5.1
a) Solder
The tempeosition-ofthelead-free-solderforinterconnectionisnetspesified—Fhe-standard solder
composition is given in Table 4.which shall be used in case the composition is not specified in
the product specification.
Table 4 — Solder composition
Solder alloy Solder composition (Short name)
Sn-Ag-Cu Sn96,5Ag3Cu,5(A30C5) -

Sn-Zn Sn91Zn9(Z90) Sn89Zn8Bi3(Z80B30)

Sn-Bi Bi58Sn42(B580) -

Sn-In Sn88In8Ag3,5Bi,5(N80A35B5) -

Sn-Cu Sn99,3Cu,7(C7) -
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b) Board used in the tests

The board shall be the copper-clad laminate of glass-cloth epoxy type specified in IEC 61249-2-7.
When board of other material is used, it is recommended to choose board of fewer thermal
degradation, mechanical deformation and board breakage.

The monotonic bending strength test, cyclic bending strength test and cyclic drop test are not
applicable to specimens using a substrate made of materials which are hard to be deformed

such

Othe

as ceramics.

r test conditions are specified in the relevant test method.

c) I‘iounting of components to board
Mounting of components to board is specified below.

Test
sided

Test;
side
stren
comy

d) A

The
cycli
posit
boar
land

5 for SMDs are performed by mounting the devices on sing
board.

5 for leaded components for insertion mounting are
of board. Tests for leaded components mount appropriate

sads themselves

T double-

on one
as the
to the

pst and

board as illustrated in Figure 3. The

PWB thickness 1,6t

Component

!
o e s - -._!.— Nl ol
!
i
i
i
i
i
i
i
i
i
S E—
i
i
i
I
i
i

90 (span)
130

A

Figure 3 — An example of the mounting position of SMD

for monotonic bending, cyclic bending and cyclic drop tests

lace on
ile, the

5.2

Soldering condition

A proper soldering condition shall be selected to form appropriate solder fillet. Examples of the
temperature profile for the lead free solder for reflow and flow soldering are shown in Figures 4
and Figures 5.


https://iecnorm.com/api/?name=ca2ed052d37a6b2afc7d256fe6beabd0

- 14 - PAS 62137-3 © IEC:2008(E)

= Ty g

T
g )
s b 1Y)
= <>
g€
L
o h
- «— >

Time (s) (\

Solder compos,'m'gﬂ\ (\

Sn96,5Ag3Cu,5 Sn91zng*, SnBaznsBiK | Ri5aSn4d\.| SossIngAy3.5Bi5
T4 Minimum preheat temperature 150°C 130°C /\ NO}G\ 140fC
Tz Maximum preheat temperature 180°C 150°C \ NZE)\"C / 1601C
T3 || Soldering temperature 220°C ZO(ﬁ’C \ <2150 °\®\ 206[C
T4 || Peak temperature 250+5°C /220‘1-@\8\ o \QO\L\R{C 220 £[5°C
t: || Preheat time 90 +30s /90 308 90,+ 30 s 90+30s
b Soldering time 20~60s \ \ }O/L Q.S 0~60s 20~60s

NOTE* Sn91Zn9 is recommended soldering of N2 feflow copd'ft&n. > / ( \ . >

Figure 4 — An example of r s derWerature profile

perature) :T,

Lus
w
o

(D,)/@Inesed
o

\ \//\ Preheating temperature: T,

Preheating time: to

Sandll |

0 3 6 9 12 15
time(s)
Plc:lcat sv:dcl;llg
Preheat Preheat time Peak Soldering time
Solder composition temperature temperature

To t Tp &

°C S °C s
Sn96,5Ag3Cu,5(A30C5) 100~ 120 30~ 90 2505 3~5
Sn99,3Cu,7(C7) 100~ 120 30~90 250+ 5 3~5

Figure 5 — An example of flow soldering temperature profile

5.2.1 Other specifications

Details of other specifications are given in relevant test methods.
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5.3 Accelerated endurance test
5.3.1 Rapid temperature change test (apply to all solder alloy in this standard)

The rapid temperature change test as specified in IEC 60068-2-14 (Temperature change tests)
shall be performed for pull, shear, torque shear, and monotonic bending tests for SMDs and pull
test for leaded components. The temperature condition shall be chosen considering the effect
of temperature variation characteristics of a soldered joint to the stress relaxation of the joint
when a stress is applied to the joint. The temperature characteristics depend on the size of the
specimen (specific heat and heat dissipation of the specimen), size of the board, or the number
of boards tested in one measurement (see Annex A).

Recgmmended temperature conditions are given in Table 5.

Unleps otherwise specified, the number of temperature cycles is 500 Q0 ex¢ept for

the rgsistance measurement.

Sn96,5Ag3Cu,5 Sn912n9(/3n/as§2ns\\@ Bi58§5.42 Sn88In8Ag3,5Bi,5

Minifnum Temperature —40°C —40 \) —40°C —40°C
stordge G >

temgerature (\ N

Hold time 30 min Bgmip N N/ | 30 min 30 min

Maximum Temperature 125°C 125 85°C 125°C
storgdge

temperature

Hold time 30 min 30 min

5.3.2 High t@e i58Sn42 alloy solder only)

Peel|strength test, 8 rque shear strength test, and monotonic bend|ng test
of SMD and Pull stxe component in IEC 60068-2-2, as well as the follow, gpply.

5.3.3 Hi {: atyre and High humidity test (constant)

Peel|strength test, Shear strength test, Torque shear strength test, and monotonic bend|ng test
of SMD_and Pull strength test of leaded component in IEC 60068-2-78, as well as the follow| apply.

a) Test temperature and humidity: 65 °C, 85 %
b) Test time: 500 h and 1 000 h

5.4 Selection of test conditions and analysis of test results

a) Test speed

The test methods and conditions for the evaluation of durability of soldered joints shall be such
that the test does not break the specimen itself but damages are induced only to the soldered
joints. There is a tendency to increase the break of board and/or specimen in pull, shear, torque
shear, and monotonic bending tests for SMDs and pull test for leaded components when the test
speed is very high. It is recommended that the slower test speed with which a soldered joint
breaks in several tens of seconds to several minutes is chosen by performing a preliminary test
of a specimen.
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b) Board fixing

The measurement result may be affected if the board floats from the base or is distorted during
a test. The board shall be fixed firmly on a base preferably at a position near the testing
soldered joint.

The structure and/or size of the board fixing jig or the board supporting jig are specified in each
test method to assist reproducibility of the test.

c) Test result

The testresult-shall-beanalyzed-byconfirming-andrecording-not-only-the-strength-and
break of a soldered joint but also the mode of break.
6 Test method
6.1 | Body strength test of SMD before and after the rapid
change test
The pull, shear, torque shear, and monotonic bending i¢ SMs g dge the deg

degr
stren

6.1.1
The

a pu
the f

The
of br
reflo

The

The

hdation of strength and other characteristics of a aid emperature chan

gth test.

Pull strength test
pull strength test is applicable to SMI W se’leads. As illustrated in Fi
ling jig is hooked to one of the | f ad at an angle of 45 ° and to nj

brce to break the joint.

ges of the maximum pulling force an
change test. This test is applicable to

time to

gree of
pe. Pull

gure 6,
easure

i mode
both of

Substrate

Fastening jig -

Figure 6 — Pull strength test

6.1.2 Shear strength test for force applied to the side of a specimen

The shear strength test is applicable for SMDs of rather small size. As illustrated in Figure 7,
the maximum testing force is measured when a force is applied horizontally to a side of a

spec

imen. The specimen is soldered to a board by reflow soldering.
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Pushing tool

/ Specimen
A

A

= Wa [ Wimowe

\4

Specimen height: H

' Shear height < H/4

It is hecessary to keep the constant shear height which i of the
spec|men to obtain accurate measurement. The proper sp 083 to
0,15|mm/s (0,5 to 9 mm/s).

The details of the test are given in IEC 62137-1-2

6.1.3 Torque shear strength tes

The [torque shear strength test is a i est for
components to which the shear strength t v 5. This
test Js also applicable to &\ rathe . ated in
Figure 8 holds a specimé h. The
maximum torque to shg [ barallel

to thé board.

Screw fastening

Figure 8 — Torque shear strength test

The depth of the jig should be the same as to the height of the specimen to obtain accurate
measurement. The centre of rotation shall be the center of the specimen, and swaying of the
rotation axis shall be avoided. The proper rotation speed, if adjustable, is 0,00698 to
0,0175 rad/s (0,4 to 1,0 deg/s).

The details of the test are given in Annex C.

6.1.4 Monotonic bending strength test

The monotonic bending strength test is a test appropriate to a component of rather a large size.
As illustrated in Figure 9, the board with an SMD mounted is placed between two supporting
jigs with the mounted face down, and the board is pressed using a indenter on the back side
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until the soldered joint breaks, and the bending depth is measured. Measurement is made
before and after the rapid temperature change to evaluate the degree of degradation of soldered
joints.

span 90mm

|-
P>

Indenterwhed-dowm depth
Y —— /\

A

Supporting jig

It is fesirable that the board is bent with a circular bendi RS e for a
thin [board or a ceramic substrate. : ferably
measgured by conduction measurement using a circuft suek as

The distance between the two supporting jigs si b, R, of

The fest condition shall be used such/as the r . board
and the depth of pressing becomes lingar. S| t eck the
relation of pressing depth/and straimsand aly i Fessing

speed using strain gauge

The proper pressing speed’ is\0
boargl. The Iimit ,

The details of the te§

minate

6.2 | Cycli
The [cycli est is a test for rather a large leadless SMD used in gortable
equipm Figure 10, the board with an SMD mounted is placed betwgen two

) e/Mmounted face down, similar to the case of the monotonic Bhending
strength test: he byard is repeatedly pressed using a pressing rod on the back sige to a
predetermined depthand the number of bending until the soldered joint breaks is measyred by
means of_a continuous conduction measurement using a circuit such as the Daisy chain as
described in Annex B. T

supp, rting- ji

The test equipment and the structure of the supporting jigs are similar to those of the monotonic
bending strength test. The board, however, may not return to the original flatness after many
bending cycles and affect the test result. The structure of the jig should be such that the
curvature of the board is smooth and kept constant. Figure 11 illustrates such a specimen
supporting jig and indenter scheme to bend back the board compulsively to the original flatness
by holding both ends of the board to supporting jigs and the indenter using a bearing supporting
structure.

The appropriate speed of bending is 0,5 mm/s (30 mm/min). A preliminary test should be made
to determine a proper depth of pressing for each SMD of different size as to the joint breaks at a
bending of several thousands. Since the bending depth and the number of bending to break
give a roughly straight line on a log-log scale presentation, a proper depth may be determined
without much difficulty.
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A ceramic substrate is not suitable for this type of the bending test.

The details of the test are given in IEC 62137-1-4.

P Span 90mm .
?//\ Bending depth
:-) Indenter—}_
B \ &S i

Supporting jig

Figure 10 — Cyclic bending strengt

Substrate

Supporting jig

Support jig (head knocking type roller)

%élgure 11 — Structure of cyclic bending strength test

6.3 | Mechanical shear fatigue test

The mechanical shear fatigue test is the imposition of cyclic shear deformation on the solder
joints by mechanical displacement instead of relative displacement generated by CTE
(coefficient of thermal expansion) mismatch in thermal cycling testing. There are two types of
load-applying methods for the shear fatigue test as shown in Figure 12.

The straddle fatigue method is the imposition of shear deformation on the solder joints by
applying mechanical displacement to the substrate divided into two pieces. The lap shear
fatigue method is the method that the bottom of the substrate and the top of the component are
fixed between the lap shear jigs, and the mechanical displacement is applied to the jig by the
actuator, resulting in the solder joint deformation in shear mode. The fatigue tests were
displacement-controlled low cycle shear fatigue tests with the loading profile of a symmetrical
triangular wave or a sine wave. The tests were performed at 298 K or at elevated temperature.
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The mechanical shear fatigue tests continues until the maximum force decreases to a certain
value, which corresponds to the appearance of an initial crack, or the electrical resistance-
measuring instrument can detect electric continuity interruption, and the number of cycles is
recorded as fatigue life.

The details of testing method and testing condition are given in IEC 62137-1-5.

Screw . Component “\% Solder Substrate
|
i 0] 0 B SR N G il
Load cell i i Actuator
i i
Displacement sensor Target of displacement sensor

(a) Straddle method

N\
Compone{ ’ N\ K\ @

Substrate N ( ﬁ
N

nical shear fatigue for solder joint

Load cell

Figure 12 — Schema

6.4 Cyclicd<>t
6.4.1 Cyclic dro

The ¢ L nting SMDs used in portable equipment. As illustfated in
Figu board-is held to the board fixing jig with the component nounted
face 3 DY a eertain height onto the impact block. The number of drops until
the s aks\is measured by means of a continuous conduction measurement using

a cir
circu

chain. It is desirable to measure the instantaneous break| of the

The break ©f'a joint¥s caused by the strain in the board induced by the impact of the load at the
colligion,te’the board. A thinner board of 0,8 to 1,2 mm thick is suitable for this test comparing to
othertests using 1,6 mm thick board

It is necessary to stabilize the strain induced to the joints to increase the reproducibility of the
test. It is recommended to form a hemispherical protrusion to the board fixing jig to avoid
asymmetric sock by the fall onto the impact block. The fastening force of the board fixing screws
should be equal to all the screws as much as possible. The test equipment should have a
structure to minimize the friction of the board holding jig to avoid deviation of falling speed of the
jig to the impact block. The block should not have any dent. To check the reproducibility of the
test, it is desirable to make a preliminary test to check the form and magnitude of strain using a
strain gauge attached near the soldered joint of the device under test.


https://iecnorm.com/api/?name=ca2ed052d37a6b2afc7d256fe6beabd0

PAS

62137-3 © IEC:2008(E) -21-

Substrate Component [\/\/H /;Zcrew
| ~_
Colliding part )\‘f/ Substrate fi

Collision plane

Figure 13 — Cyclic d

The details of the test are given in IEC 62137-1-3

6.4.2 Cyclic steel ball drop streng

As illustrated in Figure 14 a SMD pounted “hoa held to the board fixing jig wWith the
component mounted face down, and\a sfee i opped from a certain height opto the
backpide of the board. TheNpumpbe 3 il the Soldered joint breaks is measurefd. The
positjon of the ball drop fo a DN§ s rear the peripheral of the componenjt which
is most vulnerable to 9 ica . ) The number of drops until the soldergd joint
breaks is judged by m S in QUS onuctlon measurement using a circuit sucHh as the
Daisy chain as i ycli 2 . gsirable to measure the instantaneous break of the
circujt (open).

The test equipme p ave_a good definition of the position of the ball drop to attajn good
reprgducibility.of sk“the stability of strain waveform in the objective soldér joint,
it is desirablé to make apre ary test to check the form and magnitude of strain using f strain
gauge attachs ed joint of the device under test

The details of thertest are’given in Annex E

i Component
Steel Substrate

P S

| N |

\

Substrate holding jig

Figure 14 — Cyclic steel ball drop test


https://iecnorm.com/api/?name=ca2ed052d37a6b2afc7d256fe6beabd0

-22- PAS 62137-3 © IEC:2008(E)

6.5 Strength test of leaded component
6.5.1 Pull strength test of leaded component

This is the test to measure the maximum force to break a soldered joint by holding lead terminal
of a lead insertion mounted SMD on a single-sided board to the board holding jig and by pulling
one of the leads perpendicular to the board as illustrated in Figure 15. This test is performed
before and after the rapid temperature change test and the degree of degradation of soldered
joints is evaluated. A lead cut-off from the component alone may be tested for the pull strength
test if the presence of the component makes it difficult to perform this test. The pulling speed
shall be selected from 1 mm/min, 2 mm/min, 5 mm/min, 10 mm/min, and 20 mm/min.

1 Puling direction

Lead
| | Substrate
/ x
L« | \iil
Land
Substrate fixing jig

The gletails of the test are given in Annex

6.5.2 Creep stren

This [test is to measure the'ti ired a tead solder mounted into a through hole on & board
breaks and fall* { ole by pulling the lead with a weight and left in|a high
temperature chambéras. 8 i gure 16. A lead cut-off from the component alohe may

be tg¢sted for the p ILcuIt to
perfdrm this tes { k of the soldered lead joint is measured by means of a
continuous conduxti e

The test ition_is™detarming€d by the melting temperature of the material used and ugually is
T>0,4 ' i y temperature in absolute temperature of the material). In the [case of
solder allo temperature is roughly 0,6 T, it is theoretically possible to pefform a

creep test from—50%C to just below the melting temperature. However, it is necespary to
cons|der thesstrengih of leaded component and the deterioration of the mounted boafd. The
pracfical \temperature range of the test for SMDs is from room temperature for low templerature
to +125C for high temperature test considering heat resistivity of the board used. higher
temperature may be selected for the board with a higher glass transition temperature (Ty). It is
desirable to perform a preliminary test as to select a proper load of pulling the lead.

The creep is judged by the weight of the load and the time to break of the soldered lead.

The details of the test are given in Annex G.
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|

Solder fillet

— 23—

Lead terminal

Land /V/

Substrate

The entire fixture within the dotted line are placed in a high temperature oven of 125°C

Resistance recorder

6.6

It is
of cd

The

\ |

X

Substrate fixing jig |

Fillet lifting between land
and board (De-lamination)

l«— Lead fixing jig

\

[

bunting

Crack in solder

Fillet lifting between fillet and land

Figure 17 — Fillet lifting phenomenon of soldered joint
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Annex A
(informative)

Condition of rapid temperature change test

A.1 Scope

The determination of the test condition of the rapid temperature change test is stated here as

reference.

A.2 The time necessary to leave a specimen to an environment
or an effective test

The shown in
Figure A.1. duction pf non-
balligtic strain in the solder. the sfress is
redug¢ed as time goes on.

The [fatigue of solder by repeated temperature change depends on the non-pallistic
strain. i nce~Nr the thermal expansion
coefficients of the board and the component g e rapid temperature change test
rela ' e the fatigue of the spldered
joint perature for some time [for the
durability test of the joint. ation to leave the joint|at the
tem

Itis perature, therefore, for fifteen minutes.

\y Sn-3.0Ag-0.5Cu joint
K 298K

398K

0 2000 4000 6000

Ttme (Sec)

Figure A.1 — Stress relation curve for a given strain to a soldered joint
(Sn96,5Ag3Cu,5)

A.3 Time required to the temperature change

The measured temperature of a air type temperature cycle change chamber is shown in
A.2. The temperature reaches to steady state in about five minutes when the number of

Figure
boards

loaded in the chamber is not large but it takes nearly fifteen minutes when a lot of chamber is

loaded in the chamber. Fifteen minutes is necessary to leave specimens in the chamber
test.

for the
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Temperature(°C) —

60 6] PO 105 120
time(min)

0 Substrate, Temperature distribution (0 substrate), Temperatur

min, a
sum ize the

temp



https://iecnorm.com/api/?name=ca2ed052d37a6b2afc7d256fe6beabd0

- 26 - PAS 62137-3 © IEC:2008(E)

Annex B
(informative)

Soldered joint test by electrical conduction

B.1 Scope

This test is for evaluation of durability of soldered joints by testing electrical conduction through

the joint without applying mechanical stress.

This ftest method is especially suitable to check the joint durability for multi
such| as BGA and LGA to which a static durability test such as sh
pracfiical.

B.2 | Testing component and Daisy chain

The festing component for a semiconductor device is a
conngected as illustrated in Figure B.1. All of the termxir
are gonnected alternatively to form a Daisy chain.

It is highly recommended that the stru
that ¢f the actual semiconductor devi

Resistance recorder

\K i
Q/ \Gom/ponentﬂ\\
09 Q 00Q
PR |

"N
CCIAN|

/ A\ |
/ \
strate Solder joint Land/Wiring

B.3 | Mounting condition and materials

£ Ll H

minal comy

onents
is not

als are
board

ture as

Th FH <l H <l 4 H | <l HIN ol J -~ | s 4 <l
e IIIUUIIlIIIy UTVILUT dAdlifu 11raltTlidlio UTOUITUTU TIT J. T Ul UTTT TITdlIlT TITALT dTT UoTU.

B.4 Test method

Measure the electrical resistance of the Daisy chain before and after the rapid temperature
change to evaluate the presence of breaks of soldered joints. The resistance of the chain
It is desirable to
continue resistance measurement until soldered joint breaks. See IEC62137 for the test method.

should be continuously measured to find the degree of degradation of joints.
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Annex C
(informative)

Torque shear strength test

C.1 Object

Annex specifies details of the shear strength test given in 6.2.

C.2 | Test method

The test should be made using the torque shear strength test equipmént of the
main| text of this document and the torque shear jig specified i to the
following test method.

C.2.1 Preconditioning

Pre-¢onditioning is specified in 7.2

C.2.2 Fixing of the test board

The j bolts.
The , or by
inserting it i ji hoard as shown in Figure C 1. The tegt board
shou torque
shea

C.2.8

The [est equip should

a scheme

Deriy S m torque before a torque shear strength test by meaps of a
preliminary te W an_ ini pecimen. Choose the displacement rate of the torque sphearing
jig in ) gth test from the obtained approximate torque in the preliminafy tests
as to| i attained in several tens of seconds to several minutes

NOTH| ent fate is not specified in this standard but it is desirable to select a displacement rdte in the
range|of 0,00698 rad/s to 0,0175rad/s (0,4 deg/s to 1,0 deg/s) when the test equipment is capable of adjusting the
displagement'rate.

In the case the displacement rate is not adjustable rotate the rotation jig as to the torque
reaches to the maximum torque in several tens of seconds to several minutes.

C.2.3.2 Position adjustment of torque shear strength test jig

The torque shear strength test jig covers vertically over the test board and then the jig is rotated
slowly for torque shear force(see Figure C.2). The rotation axis in applying the torque should
be adjusted to the center of the component mounted on the board. It is advisable to use a
holding jig to suppress the deviation/vibration of rotation axis is plausible.

C.2.3.3 Torque shear strength test failure

The torque shear strength test jig is placed vertically over the component and slowly rotated.
Care should be made that the torque meter is kept perpendicular to the board. The rotating
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speed should be 0,00698 to 0,0175 rad/s (0,4 to 1,0 deg/s) when it is adjustable. When the

speed is not adjustable, rotate the jig very slowly until the soldered joint breaks.

C.2.4 Torque shear strength test to a connector

It is recommended that the test equipment can adjust the rotation speed and has a sch
keep the rotation axis perpendicular to the test board.

C.241 Torque shear strength test jig for a connector

eme to

Prepare a torque shear strength test jig as illustrated in Figure C.3 for the torque shear strength

test pf a connector adjustable to the soldered joints of the connector and_its shape~tq assist
mechanical strength of the connector. It is desirable that this covering jig'shotid in €losg fitting
to thp connector with minimum clearance to improve measurement ag€t inNthe’ tegt. The
depti, H, of this covering jig should approximately equal to the heigh Place
the covering jig on the connector mounted on a test board.

C.2.4.2 Torque shear displacement rate to a connector

Ap X\ orghle shear usging an
initia spemmen \ i shearing tgst of a
spec he maximum torque is
attaimed at a time of several tens of seconds to se

NOTH| 3 S ht rate in
the r s , s , g i t which can adjust the speed [and also
radial|speed (rotation rate)

In th torque
reaches to the maximum

C.2.4.3 Position ¢ or
The forque she rotated
slowly for torque should
be af] use a
holdi

c.2.4.4

The rotated
slow vertical
posit] D698 to
0,0175 radfs*(0,4 t071,0deg/s) for the test equipment which can adjust the rotation displgcement
rate.| When the equipment is not capable of setting the rotation displacement rate, rofate the
torgye~shear strength test jig very slowly around the connector keeping the rotation Jaxis to

perpendicular to the board until the soldered connection breaks.
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Bolt down
Jig (four places)

Base of /
equipment Substrate
[—1 —1

Rotation center

Component

Component
P Substrate

gth test jig and position adjustment

A—> Rotation center

Covering jig

Covering jig

Rotation axis A—> [

\

. Covering jig Connector
=T g
Connector < 220 < l

° §
o O

£T3

A 4
3 =—2 == s 7y s iy WAY WiV AWIY Wiy s
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Figure C.3 — Torque shear strength test to a connector
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Annex D
(informative)

Monotonic bending strength test

This Annex specifies details of the monotonic bending strength test given in 6.2.

D.2 | Monotonic bending strength test equipment

Unlegs otherwise specified in the product specification, the monoto

equipment shou

D.2. Testing machine

The test should
of the main text

a) The machin

b) Tlhe machine should be able to
isplacement with time passage.

D.2.2 Substrate bending jig

The pubstrate bending jighshobd

component side of the i 2

s athetwis¥ specified byxthe product specifications, the jig should be as fq
it

indenter. Unles

NOTE| The structure

a) Material: T

Id be as follows.

be made using the monotonic bending stfe
of this document in accordance to the folfow;i

t the specimen with the face down
the center of the substrate down W

he‘'ina the | ould be steel.

SMD Supporting

Figure D.1 — An example of board bending jig

th test

of the
ith the
llows.
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D.2.3 Electrical resistance measuring instrument

The electrical resistance measuring instrument should have the mechanism to verify electrical
continuity and discontinuity on the test substrate and to be able to judge as interruption when
tance value exceed 1x10° Q. In order to detect electrical discontinuity of least quantity, a
desirable instrument is the one that can detect momentary continuity interruption of 10 to 100us.

resis

D.2.4 Recorder

The recorder should record displacement and force with time passage during the test.

D.3 | Test procedure

Unlegs otherwise specified by the product specifications, the tes be as
follows

a) The test substrate should be fixed to the substrate bending }Jig as falle

1) First, solder lead-wire to terminals (daisy chain) usé noniQring electrical resfistance
on the substrate, and then connect the wire to a me 1 i

2) Confirm that the centers of supporting jigs afe 3 nce from the cgnter of
the indenter (45 mm £ 0,5 mm).

3) The test substrate is set on the . e down of the surfacg mount
component side. Adjust the position_st & i will push at the centef of the
substrate.

4) Make sure that the indenter is i osition by having it in contact with the
substrate.

NOTE Ctually in

Unle
seled

R
c) Alsolder joint
N

onotonic be

s otherwise specified by the product specification, the displacement rate shd

tected.
.

brd the

20 mm.

uld be

ted in the range of 0,0083 to 0,1 mm/s (0,5 ~6 mm/min).

NOTE The proper displacement rate is to induce solder joint failure in several tens of seconds to several minutes.
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Annex E
(informative)

Cyclic steel ball drop strength test

This cyclic steel ball drop test is a simplified test for SMDs such as BGA, LGA and QFN
mounted in portable equipment to be used as an alternative of cyclic drop test. This test is not

to e\ aluata durabhility

uuuuuuuuuuuuuuuu —of-meunted—compoenenis—on—beard—itselbut-a—testferrelative—somparison
of the joint durability correlation between mounted components to the stre uced by the drop
of a steel ball.
E.2 | SMDs Mounting condition and materials
The ounting device and materials should be in accordance wit d descfibed in
5.1 of the main text. The thickness and material of the boafd 5y such\that may beind with
a regsonable radius of curvature at the shock of drop f not be deformed.
The fecommended thickness of the board is 1,6 my , e, cyclic drop tesf of 6.3
stateld in the main test.
E.3 | Test method
As illustrated in Figure E.1, a SMD held to the board fixing jig with the
component mounted face down, and\a sf i opped from a certain height opto the
backgide of the board. TheNnumpbe 3 il the Soldered joint breaks is measurefd. The
positjon of the ball drop fo S D\s s rear the peripheral of the componenjt which
is most vulnerable to 3 ica The number of drops until the soldergd joint
breaks is judged by mgans 2 intlQUs sxonduction measurement using a circuit such as the
Daisy chain as i is desirable to measure the instantaneous break of the
circujt (open).

_'/
: component
tee Y substrate
| A |

\

Substrate holding jig

Figure E.1 — Cyclic steel ball drop test

The test equipment should have a good definition of the position of the ball drop to attain good
reproducibility of the test. To check the stability of strain waveform in the objective solder joint,
it is desirable to make a preliminary test to check the form and magnitude of strain using a strain

gauge attached near

the soldered joint of the device under test.
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E.4 Correlation of this test to the cyclic drop test (an example)

Comparison of tests for the cyclic drop and cyclic steel ball drop were made for several
combinations of various electrode materials and solder alloys for 0,5 mm pitch — 64 pin QFN
mounted on 1,6 mm FR-4 board. The numbers of drops to break soldered joint were compared
as shown in Figure E.2. A good correlation between two tests was observed.

25

20

y = 0.To/ox +/1.6/939
R%= 0.9549 .

0 20 40
Number of cycli

Number of drops of steel ball to {he failure
=)

Cyclic drop test :
Steel ball drop test :
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Annex F
(informative)

Pull strength test

This Annex specifies details of the pull strength test specified in 6.5.1 of this standard.

F.2 [ Test procedure

The fest should be made using the pull strength test equipment specifie
of this document in accordance to the following procedure.

a) The specimen should be kept in the standard atmospheric gnyirg
6p068-1, 5.3 for more than 4 h before the test. The tes
appearance inspection of the specimen.

b) The test board should be fastened to the pull
sthematically in Figure F.1.

NOTE| When fastening the test board, the lead terminal
fastenling jig as to the lead is perpendicular to th e

c) Flasten the lead terminal to the jig‘ef the

NOTE1

mechanical, thermal or chemical stress to the spldered joinbofithe lead and land.

NOTE|2 Record the way of fixing\the test-board

NOTE|3 Any possible care
the pylling jig of the equipme

d) The pulling s d
0[333 mm/s@n
mm/min). The

NOTH| The pulling §
joint from the start of p

e) Pull a lead o
Record

NOTE| Whe
points| near the join{.

f) Record:the broke

position of the joint and the failure mode.

cted from the following, 0,167 mm/s (1 m
m/min) 1,67 mm/s (10 mm/min) or 3.33 m

hin text

in IEC
ter the

strated

he board

impose

minal.

is| fixing to

m/min),
m/s (20

reak the

broken.

A

—Putimgdirection

Lead
. | Substrate
| ]
L« |

Solder fillet

Land

Substrate fixing jig

Figure F.1 — Pull strength test
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