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Foreword

The text of document 91/1188/FDIS, future edition 1 of IEC 62137-4, prepared by
IEC/TC 91 "Electronics assembly technology" was submitted to the IEC-CENELEC parallel vote and
approved by CENELEC as EN 62137-4:2014.

The following dates are fixed:

¢ latest date by which the document has to be (dop) 2015-08-13
implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2017-11-13
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

This document supersedes EN 62137:2004.

Endorsement notice

The text of the International Standard IEC 62137-4:2014 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60068-1:1988+A1:1992 NOTE Harmonized as EN 60068-1:1994 (not modified).
IEC 60068-2-2 NOTE Harmonized as EN 60068-2-2.

IEC 60068-2-6 NOTE Harmonized as EN 60068-2-6.

IEC 60068-2-21:2006 NOTE Harmonized as EN 60068-2-21:2006 (not modified).
IEC 60068-2-27 NOTE Harmonized as EN 60068-2-27.

IEC 60068-2-44:1995 NOTE Harmonized as EN 60068-2-44:1995 (not modified).
IEC 60068-2-58:2004 NOTE Harmonized as EN 60068-2-58:2004 (not modified).
IEC 60068-2-78:2001 NOTE Harmonized as EN 60068-2-78:2001" (not modified).
IEC 60749-1:2002 NOTE Harmonized as EN 60749-1:2003 (not modified).
IEC 60749-20:2008 NOTE Harmonized as EN 60749-20:2009 (not modified).
IEC 60749-20-1:2009 NOTE Harmonized as EN 60749-20-1:2009 (not modified).
IEC 61188-5-8 NOTE Harmonized as EN 61188-5-8.

IEC 61189-3:2007 NOTE Harmonized as EN 61189-3:2008 (not modified).
IEC 61189-5 NOTE Harmonized as EN 61189-5.

IEC 61190-1-1 NOTE Harmonized as EN 61190-1-1.

IEC 61190-1-2 NOTE Harmonized as EN 61190-1-2.

IEC 61760-1:2006 NOTE Harmonized as EN 61760-1:2006 (not modified).
IEC 62137-1-3 NOTE Harmonized as EN 62137-1-3.

IEC 62137-1-4:2009 NOTE Harmonized as EN 62137-1-4:2009 (not modified).

" Superseded by EN 60068-2-78:2013 (IEC 60068-2-78:2012): DOW = 2015-12-03.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

EN 62137-4:2014

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant

EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:

www.cenelec.eu

Publication

IEC 60068-2-14

IEC 60191-6-2

IEC 60191-6-5

IEC 60194

IEC 61190-1-3

IEC 61249-2-7

IEC 61249-2-8

Year

Title EN/HD
Environmental testing - EN 60068-2-14
Part 2-14: Tests - Test N: Change of

temperature

Mechanical standardization of EN 60191-6-2

semiconductor devices -

Part 6-2: General rules for the preparation
of outline drawings of surface mounted
semiconductor device packages - Design
guide for 1,50 mm, 1,27 mm and 1,00 mm
pitch ball and column terminal packages

Mechanical standardization of EN 60191-6-5
semiconductor devices -

Part 6-5: General rules for the preparation

of outline drawings of surface mounted

semiconductor device packages - Design

guide for fine-pitch ball grid array (FBGA)

Printed board design, manufacture and EN 60194
assembly - Terms and definitions

Attachment materials for electronic EN 61190-1-3
assembly -

Part 1-3: Requirements for electronic

grade solder alloys and fluxed and non-

fluxed solid solders for electronic soldering

applications

Materials for printed boards and other EN 61249-2-7
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

Materials for printed boards and other EN 61249-2-8
interconnecting structures -

Part 2-8: Reinforced base materials, clad

and unclad - Modified brominated epoxide

woven fibreglass reinforced laminated

sheets of defined flammability (vertical

burning test), copper-clad

Year


http://www.cenelec.eu/advsearch.html

BS EN 62137-4:2014

EN 62137-4:2014 -4 -
Publication Year Title EN/HD
IEC 62137-3 2011 Electronics assembly technology - EN 62137-3

Part 3: Selection guidance of
environmental and endurance test
methods for solder joints



BS EN 62137-4:2014

-5- IEC 62137-4:2014 © IEC 2014
CONTENTS

1 oo o 1Y 9
2 NOIrMatiVe refErENCES .. e e 9
3  Terms definitions and abbreviations ........ ... 10
3.1 Terms and definifioNS .. ..o 10
3.2 A DI EVIAtIONS .. e 10
7= a1 Y PP 10
5 Testapparatus and materials ... 11
5.1 T o1 o3 114 T= o 11
5.2 Reflow soldering eqUIPMENt ... e 11
5.3 Temperature Cycling Chamber ... ... 11
54 Electrical resistance reCOrder. ... .o e 11
5.5 TSt SUDSIIAtE ..o 11
5.6 SOl T PASTE e e 12
SPECIMEN PrEPaArATION .. et 12
Temperature CYCIING tESt ... . 14
7.1 Pre-CONAitiONING ... o 14
7.2 INitial MEASUIEMENT ... e 14
7.3 B I= 1S3 G o] e Yo7 LU 1 /= TSP 14
7.4 End of test Criteria. . ..o 16
7.5 =TT 1 =Y P 16
7.6 Final measurement ... e 16
8  Temperature CYCHNG life ..o 16
9 Items to be specified in the relevant product specification ... 16
Annex A (informative) Acceleration of the temperature cycling test for solder joints ............. 18
A.1 L= a1 =Y PP 18
A.2 Acceleration of the temperature cycling test for an Sn-Pb solder joint................... 18
A.3 Temperature cycling life prediction method for an Sn-Ag-Cu solder joint............... 19
A.4 Factor that affects the temperature cycling life of the solder joint.......................... 23
Annex B (informative) Electrical continuity test for solder joints of the package.................... 24
B.1 BN Al e 24
B.2 Package and daisy chain CirCUIt .........coiiiii e 24
B.3 Mounting condition and materials ... ..o 24
B.4 TeSt METNOA . ... e 24

B.5 Temperature cycling test using the continuous electric resistance monitoring
L5321 = 12 PP 24

Annex C (informative) Reflow solderability test method for package and test substrate
= o o P 26
C.1 LT a1 = PP 26
C.2 T eSSt EQUIPMENT . e 26
C.2.1 TSt SUDSIIAE .t 26
C.22 Pre-conditioning OVEN ... 26
C.2.3 SOl PASTE et 26
C.24 Metal mask for screen printing ........oooi i 26

C.2.5 Screen printing equUIpMeENt .. . s 26



BS EN 62137-4:2014

IEC 62137-4:2014 © IEC 2014 -6-

C.2.6 Package mounting equipment .. ... ... 26
Cc.2.7 Reflow soldering equipment. ... ..o 26
C.2.8 X-ray inspection eqUIPMENt .. ... 27
C.3 Standard MoUNTING PrOCESS ...ttt e 27
C.3.1 INitial MEaSUrEmMENT . ... e 27
C.3.2 Pre-Cconditioning ... 27
C.3.3 Package mounting on test substrate ... 27
C.3.4 R OV ETY e 28
C.3.5 Final measurement ... .o 28
C4 Examples of faulty soldering of area array type packages ............cooecveiiiiiiniennnnnn.. 28

C.4.1 Repelled solder by contamination on the ball surface of the BGA
= o= Yo [ 28
C4.2 Defective solder ball wetting caused by a crack in the package ..................... 28
C.5 Iltems to be given in the product specification...............o.coiiiiii 29
Annex D (informative) Test substrate design guideline.............oooi i, 30
D.1 LY o =T Y 30
D.2 Design StaNdard........ooieiii 30
D.2.1 =Y a1 Y P 30
D.2.2 Classification of substrate specifications.................co 30
D.2.3 Material of the test substrate ... 32
D.2.4 Configuration of layers of the test substrate.............co.coiiii 32
D.2.5 Land shape of test substrate...........cccooiiiiiiiiii 32
D.2.6 Land dimensions of the test substrate................o 32
D.3 Iltems to be given in the product specification..............ooo 33
Annex E (informative) Heat resistance to reflow soldering for test substrate ........................ 34
E.1 L= a1 =Y PP 34
E.2 TSt AP PArATUS e 34
E.2.1 Pre-conditioning OVEN .. ..o 34
E.2.2 Reflow soldering equipment.... ..ot 34
E.3 B I= 1S G o e Yo7 =T LU 1 = TP 34
E.3.1 L= a1 Y P 34
E.3.2 Pre-conditioning ... 34
E.3.3 Initial MeasuUremMeNnt ... e 34
E.3.4 MOISTENING PrOCESS (1) .iriiiiiiiiiie e e e eeas 35
E.3.5 Reflow heating (1) .o 35
E.3.6 MOISTENING PrOCESS (2) .iviitiitiiiii e e e e e e e eaaeas 35
E.3.7 Reflow heating ProCess (2) ... 35
E.3.8 Final measurement . ... 35
E.4 Items to be given in the product specification..............ccoooiiiiiiiii . 35
Annex F (informative) Pull strength measurement method for the test substrate land.......... 36
F.1 LT o= Y 36
F.2 Test apparatus and materials ... ... 36
F.2.1 Pull strength measuring equipment ... ... 36
F.2.2 Reflow soldering equipment .. .. ..o 36
F.2.3 T eSSt SUDSTIAte ... 36
F.2.4 SOldEr Dall ..o 36
F.2.5 SOIAET PASTE et 36
F.2.6 T PP 36

F.3 Measurement ProCEAUIE ... ... i e e 37



BS EN 62137-4:2014

-7- IEC 62137-4:2014 © IEC 2014
F.3.1 Pre-Cconditioning ... 37
F.3.2 Solder paste Printing.. ..o 37
F.3.3 Solder ball placement .. ... 37
F.3.4 Reflow heating ProCeSS ... 37
F.3.5 Pull strength measurement ... ... 37
F.3.6 Final measurement . ... 38
F.4 Iltems to be given in the product specification.................ccooiii 38
Annex G (informative) Standard mounting process for the packages..........cccoovviiiiiiin. 39
G.1 LT a1 = PP 39
G.2 Test apparatus and materials ... ... 39
G.2.1 TSt SUDSIIAE .t 39
G.2.2 SOl PASTE et 39
G.2.3 Metal mask for screen printing ........oooiiiii 39
G.2.4 Screen printing eqQUIPMENT ... s 39
G.2.5 Package mounting equipment .. ... 39
G.2.6 Reflow soldering equipment.... ... 39
G.3 Standard MOoUNTING PrOCESS ...ttt e 40
G.3.1 Initial MeasuUremMeNnt ... e 40
G.3.2 Solder paste Printing......coon i 40
G.3.3 Package MOUNtING .. ... 40
G.3.4 Reflow heating ProCEeSS ....oviiiiiiiii e 40
G.3.5 R COVETY e 41
G.3.6 Final measuremMent .. ... 41
G4 Items to be given in the product specification..............ccooviiiiiiii 41
Annex H (informative) Mechanical stresses to the packages ...........cooociviiiiiiiiin e, 42
H.1 LY o =T Y 42
H.2 MeChaniCal STrESSES .. ouiiiiiii e 42
710 [ Yo = o 1 1Y/ 43
Figure 1 — Region for evaluation of the endurance test ... 11
Figure 2 — Typical reflow soldering profile for Sn63Pb37 solder alloy..........ccoooviiiiiiiiiiinennn. 13
Figure 3 — Typical reflow soldering profile for Sn96,5Ag3Cu,5 solder alloy..............ccceeeiiniis 14
Figure 4 — Test conditions of temperature cycling test..........ccocoiiiiiiiiii i 15
Figure A.1 — FBGA package device and FEA model for calculation of acceleration
L= (o (= 21
Figure A.2 — Example of acceleration factors AF with an FBGA package device using
SN96,5Ag3CU,5 SOIAEr @llOY . e 22
Figure A.3 — Fatigue characteristics of Sn96,5Ag3Cu,5 an alloy micro solder joint
(Nf = 20 % load drop from initial 10ad) ..., 23
Figure B.1 — Example of a test circuit for the electrical continuity test of a solder joint ......... 24
Figure B.2 — Measurement example of continuously monitored resistance in the
temperature CYCIING 1eSt ... o e 25
Figure C.1 — Temperature measurement of specimen using thermocouples .......................... 27
Figure C.2 — Repelled solder caused by contamination on the solder ball surface................ 28
Figure C.3 — Defective soldering as a result of a solder ball drop...........cccooiviiiiiiiiiii i, 29
Figure D.1 — Standard land shapes of the test substrate .............cccooiiiiiiii i, 32

Figure F.1 — Measuring methods for pull strength ... 37



BS EN 62137-4:2014

IEC 62137-4:2014 © IEC 2014 -8-

Figure G.1 — Example of printed conditions of solder paste.............ooooiiiiii 40
Figure G.2 — Temperature measurement of the specimen using thermocouples .................... 41
Table 1 — Test conditions of temperature cycling test..........cooiiii 15
Table A.1 — Example of test results of the acceleration factor (Sn63Pb37 solder alloy)........ 19
Table A.2 — Example test results of the acceleration factor (Sn96,5Ag3Cu,5 solder

= 11 [o )V P PP 21
Table A.3 — Material constant and inelastic strain range calculated by FEA for FBGA

package devices as shown in Figure A.1 (Sn96,5Ag3Cu,5 solder alloy) .........ccoveiieiiniiiniennnes 22
Table D.1 — Types classification of the test substrate..............cooo 31
Table D.2 — Standard layers' configuration of test substrates..................cocoiiiiin s 32
Table G.1 — Stencil design standard for packages .........c.cooiiiiiii i 39

Table H.1 — Mechanical stresses to mounted area array type packages...........ccoooevveieenennn. 42



BS EN 62137-4:2014
-9- IEC 62137-4:2014 © IEC 2014

ELECTRONICS ASSEMBLY TECHNOLOGY -

Part 4: Endurance test methods for solder joint
of area array type package surface mount devices

1 Scope

This part of IEC 62137 specifies the test method for the solder joints of area array type
packages mounted on the printed wiring board to evaluate solder joint durability against
thermo-mechanical stress.

This part of IEC 62137 applies to the surface mounting semiconductor devices with area array
type packages (FBGA, BGA, FLGA and LGA) including peripheral termination type packages
(SON and QFN) that are intended to be used in industrial and consumer electrical or
electronic equipment.

An acceleration factor for the degradation of the solder joints of the packages by the
temperature cycling test due to the thermal stress when mounted, is described Annex A.

Annex H provides some explanations concerning various types of mechanical stress when
mounted.

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

NOTE 1 Mounting conditions, printed wiring boards, soldering materials, and so on, significantly affect the result
of the test specified in this standard. Therefore, the test specified in this standard is not regarded as the one to be
used to guarantee the mounting reliability of the packages.

NOTE 2 The test method is not necessary, if there is no stress (mechanical or other) to solder joints in field use
and handling after mounting.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest 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 60191-6-2, Mechanical standardization of semiconductor devices — Part 6-2: General
rules for the preparation of outline drawings of surface mounted semiconductor device
packages — Design guide for 1,560 mm, 1,27 mm and 1,00 mm pitch ball and column terminal
packages

IEC 60191-6-5, Mechanical standardization of semiconductor devices — Part 6-5: General
rules for the preparation of outline drawings of surface mounted semiconductor device
packages — Design guide for fine-pitch ball grid array (FBGA)

IEC 60194, Printed board design, manufacture and assembly — Terms and definitions





