Process management for
avionics — Aerospace aind
defence electronic svstems
containing leaa-{ree solder

Part 22: Technical guidelines

[
bSlo ..making excellence a habit’


https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013

PUBLISHED DOCUMENT

National foreword

This Published Document is the UK implementation of IEC/TS
62647-22:2013.

The UK participation in its preparation was entrusted to Technical
Committee GEL/107, Process management for avionics.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2013.
Published by BSI Standards Limited 2013

ISBN 978 0 580 82732 7
ICS 03.100.50; 31.020; 49.060

Compliance with a British Standard cannot confe:: immunity from
legal obligations.

This Published Document was publishea inder the authority of the
Standards Policy and Strategy Committee ¢a 31 October 2013.

Amendments/corrigenda issu ed 'iince publication

Date Text affec.>d



https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013

IEC/TS 62647-22

Edition 1.0 2013-09

TECHNICAL
SPECIFICATION

Process management for avionics — Aerospace 7iid u2fence electronic systems
containing lead-free solder —
Part 22: Technical guidelines

NTEZNATIONAL
ELZCTROTECHNICAL

COMMISSION PRICE CODE X B

ICS 03.100.50; 31.020; 49.060 ISBN 978-2-8322-1112-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013

-2- TS 62647-22 © IEC:2013(E)
CONTENTS

FOREWORD ...ttt ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e anns 5
INTRODUGCTION ..ottt e e e e e et et e e e e et e ea e e et e e e e e an e e en e eneees 7
1 S ToTo] o 1Y PPN 9
2 NOIMALIVE TEIEIENCES ..ottt e e e et et et et e et e e 9
3 Terms, definitions and abbreviations ... ... 10
3.1 Terms and definitioNs. .. ... 10
3.2 A EVIatiONS .. e 18
A AP PIOACKI s .16
4.1 (7= a1 Y PP 13
4.2 AS S UMD ON < e e e 16
5 General Pb-free solder alloy behavior...... ..o 17
5.1 GeNEral. e 17
5.2 Elevated temperature.........cooooiiiiiii i \ T 17
5.3 LOW temMPeratures ... s e 18
5.4 Temperature CYCIING ... T 20
5.4.1 GENETAL oo e 20
5.4.2 Solder thermal cycling failure mode..............o.ooiiiiiiii 21
5.4.3 Stress relaxation considerations ......... ... 21
5.4.4 Ramp rate......cooooiiiiion T 21
5.4.5 Dwell time at elevated temporatcre. ..o 21
5.4.6 Dwell time at low temperaiare. .o 22
5.5 Rapid mechanical loading (vibration/chork) .....ccooviiiiiii 22
6  System level Service enVIrONMENT .. ..o i 22
6.1 LT 1= = | 22
6.2 Service eNVIFONMENT ... .. i e 23
6.3 Electronics/electrical ec viprent thermal environments ... 23
6.3.1 LT 1Y = PP 23
6.3.2 Electicnics/electrical equipment steady temperatures..................... 23
6.3.3 El:ctronics/electrical equipment temperature cycling ...................... 23
6.4 ViIbration €00 SiiOCK ...ee 23
6.5 [ [T 4o L A PPN 24

6.6 Other exviionments: salt spray, fungus, cooling air quality, and fluid
P A D Y e 24
6.7 Other special requirements ..o 24
High peiformance electronics testing .......ooouiiiiiii 24
Solder joint reliability considerations.... ..o 25
8.1 L= a1 Y PN 25
8.1.1 OVEIVIBW o 25
8.1.2 Final solder joint composition ........cooiiiiiiii 25
8.1.3 Solder wetting and final joint shape ...........ccooiii, 25
8.1.4 Strength of the PCB/PWB and component interfaces...................... 26
8.2 Mixing of solder alloys and finiSheS ..o 26
8.3 Pb-free terminations in tin-lead joiNts ... .o 26
8.3.1 GBNETAL e 26

8.3.2 Ball grid array Pb-free terminations in tin-lead joints....................... 27


https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013

TS 62647-22 © IEC:2013(E) -3 -
8.3.3 Flat pack and chip device Pb-free terminations in tin-lead
JOINES e 29
8.4 Tin-lead terminations in Pb-free joints ... 30
8.4.1 GBNETAL e 30
8.4.2 Ball grid array tin-lead terminations in lead-free joints..................... 30
8.4.3 Flat pack and chip device tin-lead terminations in lead-free
JOINES L 30
8.5 Bismuth effects ..o 30
8.6 JCAA/JG-PP testing of mixed alloy combinations ............ccooooiiiiiiiiiiin. 31
8.6.1 GBNETAL e 31
8.6.2 NV IDration ..o 31
8.6.3 Thermal shock testing.......ooiviiiii . K)
8.6.4 Combined environments ... 32
8.7 Pb-free solder and mixed metallurgy modeling ... 32
9 PIECE PAITS .ot 36
9.1 MaAterialS ... e T e 36
9.2 Temperature rating ......c.coooiiiiiii e e e 36
9.3 Special considerations ..o Y 36
9.4 Plastic encapsulated microcircuit (PEM) moisture sens.‘ivity level (MSL) ......... 36
9.5 Terminal finish ... 36
9.6 ASSEMDIY SIrESSES oot 38
9.7 Hot solder dipping ..o e e 38
10 Printed CirCUit DOards.. ... e 38
10.1 GeNErAl. . e 38
10.2 Plated through holes ... e 38
10.3 Copper diSSOIULION ...t 39
10.4 PCB/PWB laminate materiale io. e 40
10.4.1 General ...... I, Y e e 40
10.4.2 Coefficient cfthé rmal expansion ..., 40
10.5 Surface finisSh . ... 41
10.6 Pb-free PCB/PW L avalification ... ... 42
10.7 PCB/PWB arivurk and design considerations for Pb-free solder
APP AT O 5 i e 42
11 Printed circuit boa:d (PCB)/printed wiring board (PWB) assembly............cooooiiiiiiininne. 43
11.1 (=Y g1 P 43
11.2 FCR/PWB process indicator COUPONS .. c.uieiieiiiee e 43
11.3 Salder insSpection CriterioN ... ... 43
114 ~luxes, residues, cleaning and SIR ISSUES ......covuiiiiiiiiiiiiieeee e 43
12 Mocule assembly considerations ...... ... 49
12.1 Connectors and SOCKETS ... ..o i 49
12.2 Heatsinks/modUIES ... ..o 49
12.3 Conformal CoatiNG .. ..iuiii e 49
13 ManUfaCtUMING FESOUICES .....oui it 50
14 Aerospace wiring/cabling considerations ........ ..o 50
14 1 Insulation temperature rating ........cooooiiii i 50
14.2 Cable CONNECIONS ... e 50
14.3 Wire 1ermMINalS ..o 51
14.4 1T 0] o= 1= 51

14.5 ST =T A o T PP 51


https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013

-4 - TS 62647-22 © IEC:2013(E)

B ST Ao T 0] (=Y o - 11 51

15.1 (7= a1 =Y P 51

15.2 Piece part reWOrK ... ... 53

15.2.1 Ara Array FEWOIK ...t e e e e 53

15.2.2 Surface mount capacitor/resistor rework ... 53

15.2.3 Through hole piece part rework .........coooiiiiiiii e 53

15.3 (D L=Y oTo) gl 1= A=Y I =Y o - 1 PR 54

15.4 Mixed solder rework temperature profiles..........cooooiii 54

15.5 ST ] Fo 1Y i 10 = PP 54

15.6 Rework/repair Cleaning ProCeSS ... oo iiuiiiieiei e 55

15.7 INSPECtioN reqQUIrEMENTS ... ...05

16 Generic life 1ESHING ..o e e 55

16.1 Thermal cycling, vibration, and shock testing ...........ccocoiiiiii il ....55

16.2 Other eNVIrONMENTS ..o e e 56

16.2.1 SaAlt fOG . i N VT 56

16.2.2 Cooling air quUality....cc.oeiii e 56

16.2.3 Fluid compatibility ... 56

16.2.4 Generic humMIdity. ..o e 56

17 SImMIlarity @nalySiS. ..o e e 56

Annex A (informative) Equipment service environmental defin't cove o 58

A.1 Steady temperature service environments.... ...t 58

A.2 Service cyclic temperature enVviroNMEN 3 ... 58

710 [ Yo = o1 4 1278 PP 59

Table 1 — Review of piece part surface finisk and potential concerns.................ccocooiiinn. 33

Table 2 — Elements promoting and suprescing tin whiskers.......coooooiiiiiiii 34

Table 3 — Elements promoting and supissiiig tin pest.....oooiiiii 35
Table 4 — Piece part lead/terminal‘anc RGA ball metallization tin whisker and tin pest

[T 0T 0 XY = 1 V2 37

Table 5 — PCB/PWB metallization in whisker and tin pest propensity ..........c.ccooviiiiiininnnn. 42
Table 6 — Piece part terniinc« a:i1d BGA ball metallization solder process compatibility

FISK e PSP P 44

Table 7 — PCB/PWHCL fini, h solder process compatibility risk ..o, 46

Table 8 — Piece.oart te.minal and BGA ball metallization reliability risk............c...ccooiiiinn. 47

Table 9 —PCL/PWB metallization reliability FisK............ooouiiiiiii e 48

Table 10 — Ru!ative rigidity of IPC-CC-830 conformal coating categories .............ccccoovevennnen. 50

Table 11 — Process temperatures of mixed alloys .........oooeiiiiiiii e, 55


https://www.stdhive.com/standards/bs-pd-iects-62647-222013-pdf/

PD IEC/TS 62647-22:2013
TS 62647-22 © IEC:2013(E) -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC
SYSTEMS CONTAINING LEAD-FREE SOLDER -

Part 22: Technical guidelines

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz-tio: con. >rising
all national electrotechnical committees (IEC National Committees). The object of IEC 's tu. r.omote
international co-operation on all questions concerning standardization in the electrical and electrcic fields. To
this end and in addition to other activities, IEC publishes International Standards, Techrical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter rei>rred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National ¢ ~r mittee interested
in the subject dealt with may participate in this preparatory work. International, ¢~vernriental and non-
governmental organizations liaising with the IEC also participate in this preparatio. . IE\. coiiaborates closely
with the International Organization for Standardization (ISO) in accordance ~w:.n cc..ditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, n1s nearly as possible, an international
consensus of opinion on the relevant subjects since each technica. cc mmittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatic nal tse and are accepted by IEC National
Committees in that sense. While all reasonable efforts are.ma.'e tc .~/ isure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible .ar ti =2 way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natior.n| C mmittees undertake to apply IEC Publications
transparently to the maximum extent possible in their nauonal and regional publications. Any divergence
between any IEC Publication and the correspondirg national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation < confe.mity. Independent certification bodies provide conformity
assessment services and, in some areas; < cec’ to IEC marks of conformity. IEC is not responsible for any
services carried out by independent ~ertif c7uon bodies.

6) All users should ensure that they hare . e latest edition of this publication.

7) No liability shall attach to IEC oiits \‘irectors, employees, servants or agents including individual experts and
members of its technical comr...'2es cad IEC National Committees for any personal injury, property damage or
other damage of any nature w.atsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of. ne ,:tkication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn t> the Normative references cited in this publication. Use of the referenced publications is
indispensable for the v rrict application of this publication.

9) Attention is d'a.n to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. 'EC _hall not be held responsible for identifying any or all such patent rights.

The main tack of IEC technical committees is to prepare International Standards. In
excepticaal circumstances, a technical committee may propose the publication of a technical
spucificat’'on when

* the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

- the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC/TS 62647-22, which is a technical specification, has been prepared by IEC technical
committee 107: Process management for avionics.
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The text of this technical specification is based on the following document:
IEC/PAS 62647-221.

This technical specification cancels and replaces IEC/PAS 62647-22, published in 2011. This
edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Coherence with IEC/TS 62647-1 and IEC/TS 62647-2 definitions.

b) Reference to IEC 62647 documents when already published.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
107/205/DTS 107/218/RVC

Full information on the voting for the approval of this technical specificatic» caa be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISQ/IEC Directives, Part 2.

A list of all parts in the IEC 62647 series, publishe« undcr the general title Process
management for avionics — Aerospace and defence e'ec.-or.c systems containing lead-free
solder, can be found on the IEC website.

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

e transformed into an International stz 1da.d,

e reconfirmed,

e withdrawn,

e replaced by a revised e lition, or

e amended.

A bilingual version ¢‘ thi,, publication may be issued at a later date.

1 IEC/PAS 62647-22, which served as a basis for the present document, has been derived from GEIA-HB-0005-2.
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INTRODUCTION

0.1 General

The global transition to lead-free (Pb-free) electronics impacts the aerospace, defence, and
high performance (ADHP) industry and other industries having high reliability applications in
various ways.

0.2 Transition to Pb-free

In addition to the perceived need to replace the tin-lead solders used as an interconnect
medium in electronic and electrical systems, the following variations to established prec-tice
will need to be considered:

e components and printed circuit boards (PCBs)/printed wiring boards (PWBs) will noed to
be able to withstand higher manufacturing process temperatures;

e printed circuit boards (PCBs)/printed wiring boards (PWBs) will need .to have robust
solderable lead-free (Pb-free) surface finishes;

e manufacturing and inspection techniques are needed that yield repeateble reliability
characteristics;

e at least initially, Pb-free alloys used within the equipment shoulu be | 2stricted to those that
are compatible with tin-lead soldering systems;

e a maintenance strategy should be developed that will facliz*~ the support repair of new
and existing equipment throughout a long life time whir.n cari be higher than 20 years.

This document will establish guidelines for the use ¢ Pu.-free solder and mixed tin-lead/lead-
free alloy systems while maintaining the high re''abiiity standards required for aerospace
electronic and electrical systems. Currently the lergest volume of lead (Pb) in many of these
electronic systems is in the tin-lead eutectic (Sn-37Pb) and near eutectic alloys
(Sn-36Pb-2Ag, Sn-40Pb) used in printed cirzuit board/printed wiring board assemblies, wiring
harnesses and electrical systems. High-!2ac soider alloys are not specifically addressed in
this document; however, many of the inethouologies outlined herein are applicable for their
evaluation.

A good deal of the information desired for inclusion in this technical guidelines document does
not exist. A large number of 1cad-free (Pb-free) investigative studies for aerospace and high
reliability electronic and el¢ctrical systems are either in progress or in the initiation stage. The
long durations associated w th.reliability testing necessitates a phased release of information.
The information contain>d herein reflects the best information available at the time of
document issuance. It ic not the goal of this document to provide technical guidance without
an understanding of +ky that guidance has technical validity or without concurrence of the
technical comr.unity in cases where sufficient data is lacking or conflicting. The document will
be updated a. nev. data becomes available.

Further complicating matters is the fact that no single alloy across the supply base will be
replacing the heritage tin-lead eutectic alloy and that it is not likely that qualification of one
alloy. covurs qualification for all other alloys. Given the usual requirement for long, high
pe-forinarice electronic service lives, any lead-free (Pb-free) alloy will need to have
preaictable performance when mixed with heritage tin-lead alloys. Lead-free (Pb-free) alloys
containing elements such as bismuth (Bi) or indium (In) that can form alloys having melting
points within the equipment’s operating temperature range will need to be considered very
carefully before use. Although lead-free (Pb-free) solder alloys are still undergoing some
adjustments, it appears that the Sn-Ag-Cu family of alloys will be used for surface mount
assembly and either Sn-Ag-Cu, Sn-Cu or Sn-Cu-Ni (Sn-Cu stabilized with nickel) alloys will be
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dominant in wave solder applications. In addition, some applications are using the Sn-Ag alloy
family [1] [2] [3].2

The majority of the lead-free (Pb-free) solder alloys being considered have higher melting
temperatures than tin-lead eutectic solder. In order to make use of the lead-free (Pb-free)
solders, changes to the molding compound, die attach and printed circuit board (PCB)/printed
wiring board (PWB) insulation systems are being introduced to accommodate the 30 °C to
40 °C higher (54 °F to 72 °F higher) processing temperature. Thus, not only is the lead-free
(Pb-free) transition changing the solder alloy, but a significant portion of the electronic
packaging materials are changing as well. The higher melting point, greater creep resistance
and higher strength of the lead-free (Pb-free) alloys have driven a significant amount of study
into the thermal cycling and mechanical vibration/shock assessments of these new alloys

The consumer electronics industry has invested considerable resources to ensure that 10aa-
free (Pb-free) solder will perform adequately for their products. Creep resistance of lea -free
(Pb-free) alloys can vary considerably from heritage tin-lead solders. The . ‘reep/stress
relaxation performance of the solder depends on the stress level, temperature ana ‘ime for a
specific solder material and joint composition. Therefore, one needs to estoblish what the
acceleration factor is between a particular test condition and application. Thc-ir terpretation of
the results of a head-to-head testing needs to be assessed in terms of the anticioated service
conditions with respect to these acceleration factors. Thermal preconditicnir.g prior to thermal
cycling should be considered in the lead-free (Pb-free) solder assezsmunt plan particularly as
it relates to changes in solder microstructure. Modeling/analysis is needed to properly
compare the tin-lead and lead-free (Pb-free) alloy perforinarce and correct for the stress
relaxation differences obtained for the various piece parts ana ¢ ic.vnal cycling conditions.

While there is much data on near eutectic SAC (e.¢, “ACI55 and SAC405) Pb-free thermal
cycling, there is less information regarding leac-fre> (Pb-free) vibration and shock
performance. Fortunately, the vibration and s'iock performance data can be obtained
relatively quickly. During vibration/shock testing, t'ie near eutectic SAC Pb-free solder
behaves more rigidly than the Sn-Pb solder transferring greater loads to the interfaces
between the solder alloy and the substrate iterfaces. The increased amount of tin in Pb-free
alloys increases the intermetallic thicknexs ivhen copper substrates are used. In addition,
when nickel or electroless nickel (niciial == ohosphorous) substrates are used, the increased
copper in the SAC alloy can recult ‘n th formation of intermetallics on the nickel interface,
which are less robust than Sn-Cu or Sn-Ni intermetallics that are typical of tin-lead solder
joints. Mechanical test results to- late suggest that a robust assessment of lead-free (Pb-free)
alloy assembly in vibration.2nu =nhock environments will need to include thermal aging for
interface and microstructu-a: ctabilization prior to any dynamic mechanical testing. Alloys
other than SAC shoulcd be cssessed to determine their vibration and shock performance
characteristics.

2 Numbers in square brackets refer to the Bibliography.
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Part 22: Technical guidelines

1 Scope

This part of IEC 62647 is intended for use as technical guidance by aerospace, defence, and
high performance (ADHP) electronic applications and systems suppliers, e.g., original
equipment manufacturers (OEMs) and system maintenance facilities, in developing and
implementing designs and processes to ensure the continued performance, quality, reliability,
safety, airworthiness, configuration control, affordability, maintainability, and supportability of
high performance aerospace systems (subsequently referred to as ADHP) both during and
after the transition to Pb-free electronics.

The guidelines may be used by the OEMs and maintenance facilities to implement the
methodologies they use to ensure the performance, reliability, airworthiness, safety, and
certifiability of their products, in accordance with IEC/TS 62647-1:2012.

This document also contains lessons learned from previous experience with Pb-free
aerospace electronic systems. The lessons learned give specific references to solder alloys
and other materials, and their expected applicability to various operating environmental
conditions. The lessons learned are intended for guidance only; they are not guarantees of
success in any given application.

This document may be used by other high-performance and high-reliability industries, at their
discretion.

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/TS 62647-1:2012, Process management for avionics — Aerospace and defence electronic
systems containing lead-free solder — Part 1: Preparation for a lead-free control plan

IEC/TS 62647-2, Process management for avionics — Aerospace and defence electronic
systems containing lead-free solder — Part 2: Mitigation of deleterious effects of tin

IEC/TS 62647-3:—, Process management for avionics — Aerospace and defence electronic
systems containing lead-free solder — Part 3: Performance testing for systems containing
lead-free solder and finishes3

GEIA-HB-0005-4, Guidelines for Performing Reliability Assessment for Lead Free Assemblies
used in Aerospace and High-Performance Electronic Applications

IPC/JEDEC JP002, Current Tin Whiskers Theory and Mitigation Practices Guideline

3 Under consideration.





