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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 23: Rework and repair guidance to address the implications
of lead-free electronics and mixed assemblies

1(E)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatiq ising
a|l national electrotechnical committees (IEC National Committees). mote
iternational co-operation on all questions concerning standardization int 5. To
this end and in addition to other activities, ions,
Technical Reports, Publicly Available Specifications (PAS) and “IEC
Plublication(s)”). Their preparation is entrusted to technical committées; a bsted
i the subject dealt with may participate in this preparatory non-
gpvernmental organizations liaising with the IEC also participé bsely
wlith the International Organization for Standardization (I d by
apreement between the two organizations.

2) The formal decisions or agreements of IEC gr technlc ional
cpnsensus of opinion on the relevant subjec m all
interested IEC National Committees.

3) IEC Publications have the form of recommenda ional
Committees in that sense. While all reasonfable effort IEC
Plublications is accurate, IEC cannot be any
nlisinterpretation by any end us

4) I order to promote internati gtions
transparently to the maxi dence
between any IEC Public ed in
the latter.

5) I§C itself does ig rmity
apsessment servisg any
services carried out Ky i

6) AJl users should eénsuyeXhat the

7) No liability sprall a ch {o ¥ and
nembers ofits tes i i i inj pe or
other da and
ekpenges IEC
Plublicatigns.

8) Attention is dfawn to ormative references cited in this publication. Use of the referenced publicatigns is
irdispensable, forthe cgrrect application of this publication.

9) Attentioniis*drawn to the possibility that some of the elements of this IEC Publication may be the subjgct of
phtentirights. IEC shall not be held responsible for identifying any or all such patent rights.

A PAS—Ts—atechmicat—specificatiom ot fulfittimg—theTequirementsforastandard;, butmade

available to the public.

IEC-PAS 62647-23 has been processed by IEC technical committee 107: Process

management for avionics.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the

committee concerned as indicated in
the following document

Draft PAS Report on voting
107/132/PAS 107/140A/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single 3-year period, following which it
shall be revised to become another type of normative document, or shall be withdrawn.

This PAS is based on GEIA-HB-0005-3 and is published as a double logo PAS. GEIA,
Government Electronics and Information Technology Association, has been transformed into
TechAmerica Association.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
und . . . . ing a

colqur printer. T~

@C@
o
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INTRODUCTION

0.1 General

This PAS is intended to facilitate the development of procedures and processes for use when
undertaking the rework/repair of Aerospace and High Performance (AHP) electronics systems.
It is intended to contain sufficient information to support the processing of equipment that
incorporates either Tin-Lead (SnPb) or Lead-Free (Pb Free) solder alloy, SnPb or Pb-Free
piece parts and printed wiring board finishes, or a combination thereof.

4rers
hing
(D)
and

.« ellah)lllty

stan

Thig PAS

6261

Thig PAS may be referenced in propos , , acts,

and [other aerospace and high perfor

0.2 | Pb-Free and Legislation

Recpnt Directives and Legi i i G ; iminati ead

and| other hazardous m@ 8 e i i . In

electronics, Lead (Pb) 3 2 ece

yedars, and more recently in the solder sphgres
ages. Since there is no “drop-in” replacemenit for
ave emerged in the manufacturing industry as
ent alloys are being used in Printed Wiring Bogrds
Aish, piece part termination finish and as solder allpys,
with literally hundreds of possible combination$ of

part|attachment and P,

for attachment of Ball-
SnPp solder all
replacements. Th Se

The jority 2 ge alloys being considered have melting temperatures 61 °F to T9°F
(34 PC to e an that of SnPb eutectic solder. These higher Pb-Free procesjsing
tem ire\ sighificant changes to convective rework/repair procedures and njinor

adju in~co tive hand soldering procedures to ensure that quality products wi|l be
prodquced.:

Another major concern is the potential re-emergence of Tin Whiskers as an additibnal
equipment failure mechanism. Tin Whiskers are electrically conductive, crystalline structures
of Sn that grow under compressive force from surfaces where Sn [especially electroplated Sn]
is used as a final finish. Tin Whiskers have been observed to grow to lengths of several
millimeters (mm). Numerous electronic system failures have been attributed to short circuits
caused by Tin Whiskers that bridge closely-spaced circuit elements. Tin Whiskers have been
successfully suppressed for decades by the addition of Pb to Sn plating used in high reliability
applications. With the global shift to Pb-Free solders, Tin Whiskers have re-emerged as a
major concern to reliability. IEC/PAS 62647-2 (GEIA-STD-0005-02) further discusses Tin
Whisker issues and mitigation techniques.

This document will provide guidance to the organization performing rework/repair on various
combinations of SnPb, Pb-Free and mixed technology assemblies likely to be seen as the
global transition to Pb-Free solder continues. The organization typically consists of program
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management, procurement, process engineering, bench technician, and quality assurance
personnel.

Procedurally, conductive Pb-Free rework/repair is similar to that of SnPb. However,
adjustments must be made to accommodate the generally poorer wetting ability of Pb-Free
solders as well as differences in appearance and inspection criteria. Convective rework/repair
will require redevelopment of profiles to accommodate the higher melting temperature of Pb-
Free alloys. Also, Pb-Free rework/repair has a tighter process window leaving a smaller
margin for error in comparison to SnPb. With the proper materials, preparation, skill, and the
use of fundamentally sound procedures, Pb-Free rework/repair can be successfully and
reliably accomplished

@C@
o

1 http://www.solder.net/leadfreerepair.asp
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PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC
SYSTEMS CONTAINING LEAD-FREE SOLDER -

Part 23: Rework and repair guidance to address the implications
of lead-free electronics and mixed assemblies
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PAS 62647-22, Process management for avionics — Aerospace and defence electn

onic

systems containing lead-free solder — Part 21: Technical guidelines

GEIA-STD-0005-1, Performance Standard for Aerospace and High Performance Electr
Systems Containing Lead-free Solder

GEIA-STD-0005-2, Standard for mitigating the effects of tin

performance electronic systems

onic

in aerospace and high

GEIA-HB-0005-1, Program management / Systems engineering guidelines for managing the
transition to lead-free electronics

GEIA-HB-0005-2, Technical guidelines for aerospace and high performance electronic
systems containing lead-free solder
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3

For

3.1

Terms and definitions

purposes of this PAS, the following terms and definitions apply:

alloy composition
is stated as weight in percent. For instance 63Sn-37Pb corresponds to a mixture of 63 % by
weight of Tin (Sn) and 37 % by weight of Lead (Pb)

3.2

assemblies

are
part

3.3
bac
refe

34
ball
BG/
is a
prov
3.5

coe
CTE

is thie linear dimensional c

3.6

con
refe
tran

3.7

con
refe
tran

3.8
cop

sold

is trLe excessive los

electronic items that require electrical attachments, including solderi wires or p
terminations; examples include circuit cards and wire harnesses

kwards compatibility
's to Pb-Free materials compatible with a SnPb process

grid array
\
surface mount package type that uses a
ide direct electrical interconnectio

anged in an arra
and the circuit board

fficient of thermal expansion

Huctive
's to the use a
sfer heat to the 4

vective
's to the
sfer

per dissol
of copper from plated-through-hole barrels and pads caused by way
r fountain processing primarily with high Tin (Sn) content solders

ece

e to

Nt to

e or

3.9
criti

cal

item or function, if defective, will result in the system’s inability to retain operational capability,
meet primary objective, or affect safety

3.10

customer
refers to an entity or organization that (a) integrates a piece part, soldered assembly, unit, or
system into a higher level system, (b) operates the higher level system, or (c) certifies the
system for use. For example, this may include end item users, integrators, regulatory
agencies, operators, original equipment manufacturers (OEMs), and Subcontractors


https://iecnorm.com/api/?name=1ea522ee7e2623bef99e54ec03aa1b92

-10 - PAS 62647-23 © IEC:2011(E)

3.1

delamination

is a separation between plies within a base material, between a base material and a
conductive foil, or any other planar separation with a printed board that may propagate under
thermal stress

3.12

depot level maintenance
D

is maintenance requiring major overhaul or a complete rebuilding of parts, assemblies,
subassemblies, and end items, including the manufacture of parts, modifications, testing, and
reclamation as required. Depot maintenance serves to support lower categorie§ of
maifntenance by providing technical assistance and performing that mainte e beyond their
responsibility

is a|two technology process for the applicatio Si i lied
using Electroless plating, requiring the/presenece path
that|converts the metal salts into mets c i sion
plating process deposits a new metal in|this
prodess, plating stops when the surface of the™as ly a

d coating thickness can be obtaiped

oughithe imynersion process. The control of the
w. ing’results

alloy melts/freezes completely without gping

eutgctic (Solder)

is the alloy copripusitio
thropgh a pasty (rpartially

or performance on demand, or equipment down time caphnot
nment may be uncommonly harsh, and the equipment must
h as life support or other critical systems

and
rds,
software maintenance, and fabrication or manufacture of repair parts, assemblies, piece
parts. Intermediate maintenance consists of repair of aircraft and engine components, WRAs,
and LRUs forwarded to the Intermediate level by the organizational level flight-line activities.
WRA and LRU repair is accomplished by the removal, troubleshooting, and replacement of
faulty SRA and SRU, pieces, and parts within the WRA/LRU

3.18

lead

Pb

in this PAS, if the element “Lead” is implied, it will be stated as either Pb or as Lead (Pb)
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3.19

lead-free

Pb-Free

is defined as less than 0,1 % by weight of Pb in accordance with Waste Electrical and
Electronic Equipment (WEEE) guidelines

3.20

lead-free control plan
LFCP

refers to an aerospace or military system Supplier’'s document that defines the processes that
assure the plan owners, their Customers, and all other stakeholders that aerospace and high
perfprmance high-reliability electronics systems containing Pb-Free solder will continue.tp be
religble, safe, producible, affordable, and supportable. Technical guidance N be
found in IEC/PAS 62647-21 (GEIA-HB-0005-1)

3.21
line[replaceable unit
LRU
is apblack box of electronics removed and replaced at the flig

3.22
liqujdus
is the minimum temperature at which all compone i» e in

3.2
me3sling
is condition that occurs in Iamma ed in which internal glass fibers|are

separated from the resin a condition manifests itself in the form

of discrete white spots or

3.2

organic solder@y
OSH

is a| thin organic
solderability of ba

the

3.2
organiza
0]
is maintenanc performed by an operating unit on a day-to-day basis in support gf its
own|operations>Qrganizational-level maintenance typically includes "inspections," "servicing,"
"harjdlings~and "preventive maintenance” and is limited to the replacement of electronics
assgemblies at the WRA and LRU (black box) level of major aircraft and engine compongnts.
ThefeXcan be an exception is where troubleshooting and piece parts level repair|are
accompiished atthe Organizational tevel

3.26

Pb-Free tin

is any Tin alloy with <3 % Lead (Pb) content by weight. This means that some Pb-Free
finishes other than Pb-Free Tin, such as Tin-Bismuth and Tin-Copper, are considered to be
“Tin” for the purposes of this document. Many of these alloys have not been assessed for
whiskering behavior

3.27

Pb-Free tin finish

is Pb-Free Tin final finishes or underplating either external or internal to a device, PWB, or
other hardware. This includes all terminations and surfaces, even those coated,
encapsulated, or otherwise not exposed. It may include finishes on electrical piece parts,
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mechanical piece parts, and PWBs. It does not include Pb-Free bulk solders, assembly
materials, solder balls, or those devices where the Pb-Free Tin finish has been completely
replaced

3.28

piece part

is an electronic component that is not normally disassembled without destruction and is
normally attached to a printed wiring board to perform an electrical function

is Cu-plated hole in a circuit board used to accommoda 3 p part

quality assurance

is planned and systematic set of activities to arly
established and that the defined process or prod
3.32

des

repair
is t%e act of restoring the functional capabi
com

3.33

lity of a.de
SFOX SP
rewprk

is the act of reprocess ing icles, through the use of original or equivglent
prodessing in a couipliance of the article with applicable drawings or

spegifications

3.3
rewprk/repai

refefs to the.family -Free alloys containing Tin (Sn), Silver (Ag), and Copper (Cu) usgd in
surface mount technology or sometimes in wave solder processes. The alloys typically haye a
comjpasition near the eutectic (Sn3.5Ag0.9Cu)

3.36

shop replaceable assembly

SRA

is a component assembly inside a black box (LRU or WRA) typically consisting of individually
replaceable circuit cards

3.37

shop replaceable unit

SRU

is a component assembly inside a black box (LRU or WRA) typically consisting of individually
replaceable circuit cards
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3.38

should

indicates that, among several possibilities, one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not
necessarily required; or that (in the negative form) a certain course of action is deprecated but
not prohibited

3.39
SnCu (Tin Copper)
solder or alloy refers to Pb-Free alloys that are comprised of Tin-Copper (Sn-0.7Cu)

3.4

Sn%Ni (Tin Copper Nickel)

solder or alloy refers to Pb-Free Tin-Copper with trace Nicke
(Sn@.7Cu0.05Ni). Some formulations also include other minor additio
(Ge

3.41
SnPb (Tin Lead)
solder or alloy refers to Tin-Lead alloys at or near the e

3.42
soldered assembly
is ah assembly of two or more basj sed
soldered assembly is one in which thexsolder a ~ bred

3.4
system
is ome or more units th

3.4
ternpination Q
is the term used™

term

part

3.45

Tg

refefs torthe glass transition temperature of laminate material
3.47

High Tg

refers to the glass transition temperature of laminate material > 338°F (170 °C)

3.48

tin whisker

is a spontaneous crystal growth that emanates from a Sn surface. They may be cylindrical,
kinked, or twisted. Typically they have an aspect ratio (length/width) greater than two, with
shorter growths referred to as nodules or odd-shaped eruptions. See IEC/PAS 62647-2
(GEIA-STD-0005-2) for further description of Tin Whiskers and their physical attributes
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3.49

underplating

is the plating made as a base of a surface overplating usually required as a barrier to prevent
leeching of two dissimilar metals into one another

3.50

weapons replaceable assembly

WRA

is a black box of electronics, replaced at the flight-line level

3.51
X-rJy fluorescence
XRHF
is a[form of metallurgical analysis that uses x-rays to identify compositjo alloys|and
ternfination finishes

4 [Symbols and abbreviated terms

Ag Silver

AHP Aerospace and High Performance
Au Gold

Bi Bismuth

BGA Ball Grid Array

C4 Ball Controlled Coll Ball
CALCE Center for Advahged

CBGA Ceramic Ball Grid A

CCA Circuit Card Assemb

CM Contract Manuf

CTE Cogffigjent o

Cu
D
ENIG

oint Grotp on Pollution Prevention
wernment Electronics and Information Technology Association
HA Air Solder Leveling

LFCP Lead-Free Control Plan

LRU Line Replaceable Unit

mpn Millimeter

MSB Moisture Sensitive Devices

Ni Nickel

(0] Organizational Maintenance Level

OEM Original Equipment Manufacturer

OSP Organic Solderability Preservative

Pb Lead

Pb-Free Lead-Free

PCB Printed Circuit Board (also known as PWB)

Pd Palladium

PTH Plated-Through-Hole

PWB Printed Wiring Board (also known as PCB)

QFN Quad Flat No Leads package

RoHS 2002/95/EC Restriction of Hazardous Substances

SnAgCu Pb-Free solder alloy of Tin (Sn), Silver (Ag), and Copper (Cu)
SAC Pb-Free solder alloy of Tin (Sn), Silver (Ag), and Copper (Cu)

SACB Pb-Free solder alloy of Tin (Sn), Silver (Ag), Copper (Cu) and
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Bismuth (Bi)
SMT Surface Mount Technology
SMTA Surface Mount Technology Association
Sn Tin
SnBi Pb-Free solder alloy of Tin (Sn) and Bismuth (Bi)
SnCu Pb-Free solder alloy of Tin (Sn) and Copper (Cu)
SnCuNi Pb-Free solder alloy of Tin (Sn), Copper (Cu), and Nickel (Ni)
SnPb Tin/Lead (normally 63 % Tin / 37 % Lead)
SRA Shop Replaceable Assembly
SRU Shop Replaceable Unit
WEEE 2002/96/EC Waste Electrical and Electronic Equipment
WRA VWWeapons Replaceable ASSsembly
XRF X-Ray Fluorescence

5 |Pb-Free Concerns

The| transition from SnPb to Pb-Free rework/repair 3 ¢ ) rns.
IEC|IPAS 62647-1 (GEIA-STD-0005-1) identifies five major akeas™tha S iddred.
Thoge areas include reliability, configuration control, ) in| the
system, and rework/repair. If the concerns in the first fo ified,

ose assemblies
identify and mitipate
nts for rework/repdir.

planned for, assessed, managed, and documented
becomes extremely difficult. A quality Lead-Free Co
potgntial concern areas and provide the technician

5.1 | Reliability

The[program manager should understa iti - i part
termination finishes or mixing SnPb iabili the

and Iammate materials @nd\ fini S g and
intrgducing the use of alterateNpaterials,

The|reliability of tke the
join{ and the oint
religbility is influewCe e of
the solder surfaceand th inati - i [ . initi itign of
the |solder used o] g joiat i i ifi i ring
prodess as t izafl ini i i joint. nt of
dissplved p etal typically does not significantly alter the initial alloy
comfposifon, < i ball
solder face
finis 6 pad
inteffaces or-~grai . i i i i with

5.1. Mixed metallurgy reliability

In a reworked/repaired solder joint, metallurgy mixing is a major reliability concern to
electronics equipment suppliers and users. As SnPb BGA ball metallurgy and SnPb finished
piece parts are being quickly replaced by Pb-Free alternatives, Pb-Free solders may be either
intentionally or unintentionally mixed with SnPb solder and/or Pb bearing finishes throughout
their service life and during repair activity. Annex A lists a number of the termination finishes
that potentially could be encountered. Annex B provides a summary of the Tin Whisker
propensity for the various elemental additions to Sn.

5111 Pb-Free terminations in SnPb joints

One result of the WEEE/RoHS directives and the responding piece part fabricator initiative is
the introduction of piece parts with Pb-Free surface finish terminations into existing traditional
SnPb soldering processes. The variety and compositions of the Pb-Free surface finishes
being delivered into the electronics industry is extensive. Many of these piece parts materials
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will find their way into the inventory of aerospace and Defence assembly processes under
government acquisition reform initiatives. Electronics assembly design teams must be
knowledgeable on the potential impact of the Pb-Free surface finish piece part and pad
interface on solder joint integrity. The impact is not universal—solder joint integrity
degradation can range from slight to severe depending upon the use environment.

5.1.1.2 SnPb terminations in Pb-free joints

The introduction of SnPb terminated piece parts in a Pb-Free solder system is likely during
the early stages of Pb-Free assembly processing while the piece part supply stream still
contains SnPb terminated piece parts.

Bismuth (Bi)

ility.
oint

the
isision

ing,
and
nce
nPb

DO5-
inish.

ave

rent
alloy i D ini i i impact
ont Hce)
envi e$ involved in the rework/repa|r process should understand the

appfopriate cconfigurapion controls (e.g., traceability) that are necessary for the program’s
environment.

Thefenare applications within AHP systems where acceptance of alternate materials may be
acceptable. Any deviation from the assembly drawings must be approved and promulgated by
the responsible engineering authority or the delegated representative.

Introduction of alternate solder alloys and piece part termination finishes that deviate from the
assembly drawing may or may not affect the user’s configuration management process. The
use of Pb-Free termination finishes in SnPb assemblies may not be considered a
configuration change. However, the use of alternate solder alloys on that assembly may result
in a configuration change. The authorized deviation to assembly drawing requirements should
be accompanied by clear, well documented rework/repair procedures.

NOTE Commercial part Suppliers may or may not modify part numbers when converting to Pb-Free or changing
existing Pb-Free finishes.
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5.3 Risk management

Risks need to be identified early and a mitigation strategy engaged. The appropriate Systems
Engineering process of Risk ldentification, Risk Analysis, and Risk Mitigation should be
followed. Risk identification and risk assessment should be performed for any deviation
(transition to Pb-Free or mixed assembly, etc.) for the particular end-use conditions of the
assembly. The program manager has the responsibility to conduct analysis and complete a
risk management plan that identifies risk and provides mitigation methods. This plan should
include impacts to rework/repair and provide revised procedures as necessary.

5.4 Tin whiskers

Whiskers are elongated single crystals of pure Sn that have been reported~tq grow to more
thaf 10 mm (250 mils) in length (though they are more typically 1 or lesg)yand from
0,3 im to 10 um in diameter (typically 1 um - 3 um). Whiskers grow spont i t an
applied electric field or moisture (unlike dendrites) and independe - gfic sure
(they grow in vacuum). Whiskers may be straight, kinked, hooked a are
repqrted to be hollow. Their outer surfaces are usually striate ' egin
soon after plating. However, initiation of growth may alsg t RS ictpble
natyre of whisker incubation and subsequent growth i i EMSs
reqyiring long term, reliable operation. More informati Tin
Whiskers of this document and IEC/PAS 62647-2 (GE

5.5 | Copper dissolution (erosion)

The| high Sn content of the common d in
thropgh-hole wave soldering has createcd\rews Dhds.
Solder fountain rework/repair of connettors and ather Sing
excgssive dissolution of the PWB pad \and (barel the
solder wave can occur, o yorkieepiir can completely dissolve the plated hole at
the knee. Under common\condjti evdissolution rates may be so high that traces| are
almost completely dissolved\withi . Btabilized alloys composed of Sn, Cu,|and

inclyding bright dissolution rates comparable to SnPb, good [flow

small amounts of Ni ha o\ 8r several advantages for wave soldering applicatipns,
characteristics, a

Due| to the high of eopper dissolution in high Sn content Pb-Free alloys, sqlder
fountain rewg /rea| hesealloys should be avoided. Continuous vacuum extragtion
methods shd c K O maximize plated-through-hole integrity allowing for potential
future rew i

Sepprate solder-fountains should be maintained in situations where rework/repair is bping
perfprmed gmlegacy $nPb and Pb-Free assemblies. See Subclause 7.2 for additional sqlder
fountain details.

6 Materials

6.1 Solder

Some examples of solder alloy types are listed below.

6.1.1 Solder alloys

IPC/JEDEC J-STD-609 designations (e0 — e9) are listed after some of the common Pb-Free
alloys:

e Contains Pb >0.1 Wt % e0
e Tin-Silver-Copper (SAC) family of alloys; e1
e Tin-Copper; e2
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e Tin-Copper-Nickel “Stabilized”; e2
e Other alloys containing Bismuth; e6
e Tin-Silver-Copper-Bismuth (SACB); e6
e Solders containing Indium; e7
e Melting temperature is less than 302°F (150 °C)
e Other Pb-Free alloys

e Currently over 200 different formulations exist

sphe¢res, ribbon or foil, ingot or bar, and preforms. Pb-Free sold
distinguishable from SnPb solders or other Pb-Free alloys so it is imp
keep all solder alloy materials clearly marked in the manufacturer
solder or solder paste with missing labels may render the pa
testing. It is especially important to maintain 100 % control of\sold
are present at the rework/repair station and cross contamindtio

6.1.2.1 Solder wire

A wide range of solid and flux-cored Pb-Free . |The
diameters for rework/repair have not ¢f .015”
being common. Due to the inherent stiffnes , - are

6.1.2.2 Solder paste

In appearance Pb-Free an identical. At least one manufacturer|has

tintgd the flux chemistfy i e ethod to identify it as Pb-Free. In gengral,
pasfe application m ds i ) have not changed. To enhance
solderability, there ip site lands\or pads should be properly tinned especially when
reworking/repairin i idi rapidly making rework/repair difficult. Although|flux
formulations are vasgfly diff and weting may be reduced, the application and use of| Pb-
Freg solder paste ipile

6.1.2.3

Solder grefo ate)used in a variety of manufacturing and rework/repair applications |that
require precisexano of solder. Pb-Free solder preforms have few notable differences from
SnPp prefornis. ili i an inherent difference in Pb-Free
soldfring can) be~expected. This can be minimized through proper site preparation dyring
rework/repair.

6.2 L Fluxes

The transition to Pb-Free solders has driven the requirement for new fluxes formulated for the
higher melting temperature and slower wetting characteristics of Pb-Free solders.
Compatibility of Pb-Free alloys with the flux chemistry is critical for acceptable results in both
assembly and rework/repair. Fluxes contained in wire solder, flux pens, and dripper bottles
should be fully compatible with the assembly fluxes and cleaning materials. All fluxes should
be labeled properly for positive identification at the bench. Fluxes used for Pb-Free are
available in the same liquid, paste, and gel forms as used in SnPb rework/repair.

NOTE See J-STD-004, “Requirements for Soldering Fluxes,” for additional information on flux composition and
activity level categories.


https://iecnorm.com/api/?name=1ea522ee7e2623bef99e54ec03aa1b92

PAS 62647-23 © IEC:2011(E) -19 -

6.3 Piece parts

The transition to Pb-Free solder affects the piece part termination finish, not the function of
the part. Pb-Free through-hole and surface mount piece parts still require the same practices
and precautions for receiving, storage, handling, preparation, and use. At facilities that
rework/repair SnPb and Pb-Free assemblies, parts bins, staging locations, and piece part
packaging should be clearly marked and segregated to prevent unintentional mixing of
material.

6.3.1 Termination finishes

Sonfe of the Pb-Free finishes being applied o piece part terminaiions include the following:

e Tin (Sn), including matte Sn and bright Sn
e Tin Silver (SnAg)

e Tin Copper (SnCu)

e Tin Silver Copper (SnAgCu)

e INickel Palladium (NiPd)

e INickel Palladium Gold (NiPdAu)
e Tin Bismuth (SnBi)

Piede part manufacturers typically offe i i atives for each part type.
Whgn soldered, some of the piece<pari\{i e solder, and may cause
detrlmental intermetallic phases in the i joi In some cases, a small
percentage of an incompatible piece pa nPb
this
lists
OYS.

Free
two
5ed,
and
also
gtion

- hown that automated x-ray inspection systems can be effectively ysed
to eyaluate Pb-Free array package solder joints deformities, defects, and irregularities. The x-
ray [nspeetion systems may have to be optimized to take into account the contrast differences
of the'Pb-Free solder and the differences in solder fillet shape and length. T

6.4 Printed circuit boards
6.4.1 Laminate material

PWBs are constructed out of different laminate materials depending on application. PWBs
(heritage/low Tg) may be damaged during rework/repair using the higher Pb-Free processing
temperatures. Both high glass transition temperature and high decomposition temperature are
important to prevent damage to PWBs during rework/repair processes. If these properties are
not known, careful heating application (both in temperature and soldering time) during the
rework/repair process is critical to prevent damage to the PWB.
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6.4.2 Surface finish
Many PWB Pb-Free surface finishes are available including:

e Tin (Sn)

e Electroless Nickel Immersion Gold (ENIG)

e Immersion Silver (ImAgQ)

e Organic Solderability Preservatives (OSP)

e Hot Air Solder Leveling (HASL) finishes with SAC and SnCu alloys are also available.

While the surface finish is outside the control of the technician, it may be a factdr in
detgrmining compatibility with specific termination finish and solder alloys( In addition, engure
that| PWB materials can withstand reflow temperatures without warpége othen damgge.
IECIPAS 62647-22 (GEIA-HB-0005-2) provides more information on } inishes.

6.5 | Conformal coatings

Conformal coatings have been used for many years to proié N assemblies ysed
in many high-reliability applications. Conformal coating and aerospace
equipment to primarily provide a moisture barrier fo i i Iudmg piece |part
terminations and PWB traces. It also provides se on g ch as protecting| the
assgembly from mechanical damage, dust, fungus if Qthercontaminants that may
causge corrosion or current leakage.

Withh the advent of Pb-Free materials and probte al coating has an additipnal
posiftive attribute when used as part of & formal T sker mitigation strategy. Unfortunately,
the more aggressive fluxes assomated W|t s also mean that greater care nust
be tpken in cleaning the p0Osa I|ca QN of any coating. ThIS is espemally the
case after rework/repair, i i

Conformal coatings ma
e Tin Whiskerzk {

e Thermal heat

e llow shrinkage i agplicati [ i ying
gtress todami

e [Resilién
e llow muisture

e Inorganie-composition to prevent fungus growth

Given the concerns with Lead contamination and the incompatibility of inter-mixing some Pb-
Free alloys, each solder alloy, as designated in Subclause 6.1.1, should have its own unique
set of equipment. This recommendation is to preclude cross-contamination of assemblies
through use of common soldering and desoldering equipment. Segregation of soldering
equipment includes but is not limited to: soldering iron tips, extractor tips, sponges, tip
cleaning tools and dressings, wire solder, and solder paste. This list should also include hand
and supporting tools that cannot be effectively cleaned of all residual solder and might include
acid brushes and wooden alignment tools.


https://iecnorm.com/api/?name=1ea522ee7e2623bef99e54ec03aa1b92

PAS 62647-23 © IEC:2011(E) -21 -

71 Hand soldering equipment
711 General hand soldering equipment considerations

Hand soldering equipment for Pb-Free soldering is no different than equipment used for SnPb
soldering. The same equipment can be used for either application requiring only a tip change
to prevent cross-contamination of alloys and process modifications for the slower wetting Pb-
Free alloys. Improvements in soldering iron technology directly benefit Pb-Free soldering,
although they were not specifically designed for that purpose.

One equipment consideration is the use of fixed temperature or variable temperature models.
Fixeld temperature equipment uses healer cartridges that provide better thermal managerhent
at the joint by applying additional power to maintain tip temperature under load. Hand

soldering equipment with a fixed temperature rating makes them 1_choice| for
rew@rk/repair to minimize process variations. Variable temperature edquipment is_well syited
for nework/repair applications where thermal load requirements vary’from CCA‘t . Many

varigble temperature equipments have a password protected 5. enabling
management to disable the temperature adjust feature making thei S produgtion
and [touch-up as well.

The|use of Nitrogen-assisted soldering irons is anothe help to mitigate
profjlems associated with reworking/repairing Pb-Free soldersS\Nitrogen creates an |nert

environment around the soldering tip and work area, s{|owing iddtion rate. The uge of
Nitr¢gen can open the process windo sye wetting, and produge a
shinjer, less grainy, finish. On equigm ‘ Ni nassed through or near| the
heater, the Nitrogen is warmed enrout ide's at capability. This may dllow

the pse of lower soldering temperatures i \nimigi ide formation.

power for ther an gement and tip protection safeguards| are

: orPbjFree soldering should have enough power to
maintain tip temperat oyt extrefre swings below and then above theg set
temperature. Because ol and wear out much quicker than SnPb tips,

featbres that turnthe i as the iron is removed/replaced in the tool stand| are
highlly desirablo et- > that idle or turn the iron off after a period of

nonjyise are also irRpo

For [Pb-Free rework/repair,
also|l important features. [

7.1.2 Tip sele

Maximum héat transfencto t work area is essential in Pb-Free soldering. Selection pf a
soldering i itidthe €st mass tip practical for the application is critical to maximize
hea{ transfen ; equipment with high power and fast thermal recovery is highly
recdgmmended~ W possible, use the same soldering temperature as with a §nPb
solder. Most~{ip~manifacturers have transitioned to 100 % Sn finished soldering iron fips.
TheEe tips,~when new, are compatible with both SnPb and Pb-Free processes. Once tipq are
used with a specific solder alloy, they should be used only with that alloy.

71.3 Soldering iron tip life

Tip life will be substantially reduced with Pb-Free solders. Tin is an active metal and interacts
with the Iron (Fe) plating on the soldering iron tip. Iron leaches more quickly into the higher
Sn content of the Pb-Free alloys. Soldering tips used for Pb-Free soldering erode
approximately three to four times faster than tips used with SnPb. To enhance tip life, most tip
manufacturers have increased the thickness of the iron plating on their soldering tips. See
Figure 1. Tip inspection should be performed on a daily basis to ensure Cu washing of the tip
core into the solder connection does not occur. Any soldering tip that shows plating cracks,
wear areas, or exposed Cu core must be discarded. See Figure 2. Cleaning oxidation from a
Pb-Free tip can be a difficult task. Flux-cored solder and sponge or soft brush is
recommended. Steel wire brushes, files and other abrasive methods should be avoided as
they will wear out tip plating quickly. Chemical methods stronger than authorized fluxes,
including tip tinners, should be avoided, especially if they contain Zinc Chloride, which is an
acid.
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_______— Solder

\- Iron/Tin FeSn
Intermetallic Layer

—

Copper Core

—— Iron (Fe) Plating

Figure 1 — Soldering iron tip construction

——.<

Copper Core

Worn Iron (Fe) /Exposed Co
lsfye

Thelfollowing recommendations will help ongevity of soldering tips:

e

¢ 600 °F to 650°F (3¥ R applications

o Keep the tip o) : ing it with a coating of solder
o Always apply fres i extip pefore placing the soldering iron back into the |tool
g$tand

Turn off the sqlderi , ot in use for 10 min or longer. If the soldering irgn is
equipped with a te back feature it should be enabled.

Rework/repairtequireynents for large through-hole piece parts and connectors, high defsity
circyiit boards; or piece parts with heat sinks can be accomplished with the use of a sqlder
fountain(system. During the rework/repair activity, only the desired specific circuit board afeas
are pubjected to the direct contact of the molten solder and the associated thermal energy

The increased Copper Dissolution rate is the most critical issue faced when performing Pb-
Free solder fountain rework/repair of plated-through-hole (PTH) connectors and large through-
hole devices. A known characteristic of solder fountain rework/repair with traditional SnPb
alloys is the amount of Copper Dissolution from the pads and barrel walls of PTH. The
introduction of Pb-Free alloys, specifically those with high Sn content, including the SAC
family and SnCu alloys, dissolve Cu from PTH pads and barrels faster than SnPb alloys.
Studies conducted to date generally support processing guidelines allowing only a single
solder fountain rework/repair cycle using SAC and SnCu alloys.

The area of greatest concern for Copper Dissolution is the point, called the “knee,” where the
pad and barrel wall connect. This area of the Cu pattern typically has the thinnest initial
volume of plated Cu. Solder fountain rework/repair of multi-termination or multi-pin devices
with Pb-Free solder can have significant impact to the reliability of the solder connections. A
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single rework/repair attempt can completely dissolve all or portions of the Cu interfacial
connection at the knee. Solder may flow over this dissolved area at the knee and may form an
acceptable looking solder joint. This hidden defect would place the solder joint at increased
risk for premature failure. Figure 3 shows Copper Dissolution of a PTH measured at 20, 22
and 36 second fountain dwell time with A30C5 solder.

t KNEE KNEE

N
. I

Pictures Courtesy of Flextronics

D

Confact time with the flowing solder fountain, preheat tenf{peraiure @nd increased solderf pot
temperature are inter-related factors influencing the ratg epperDissotution during Pb-Free
fountain rework/repair. Contact time with the flowing he fountain nozzle hag the

Figure 3 — Copper dissolution

grez 3 ari important role in the
rate e zlex(turbulent flow) verses| the
end igf N ick laminates will be more
Sus( and
subs

Ag 3 g¥e been identified as alternatives to
SAQ caus ' per Dissolution rates. These alloys| are
dop N2 thér trace elements. Stabilized SnCu alloys
redyce Copper Dissoluti and produce shinier, more traditional, sqlder
joints than SAC or Sn i1z Cu alloys typically cost less as they contain no
Ag. Q

All RWBs have unique haracteristics of PTH plating quality and initial thicknjess.
Thelinitial Pb-Fr&e allo dfacture the assembly, laminate thickness, base matgrial
of the piece pact termipa and ground and power plane connections to the PTH all have
an geffect oR ) on rates. Therefore, Pb-Free solder fountain rework/rgpair
prod i untgue\ for wach assembly and require validation through testing. In cases
whe canngt support fountain rework/repair, alternative methods, inclugding
conyective 1 e

All Pb-Freessolder féuntain rework/repair processes and procedures should be validated by
engineering to identify the risks and concerns related to laminate damage, piece part dampge,
and| solder joint reliability. IEC/PAS 62647-22 (GEIA-HB-0005-2) provides informatior on
Copper Dissolution. The following guidelines should also be considered for solder fountain
rework/repair of Pb-Free assemblies:

e avoid SAC and SnCu alloys;

e use “stabilized” SnCu for rework/repair of SAC and SnCu manufactured assemblies, if
possible;

e optimize preheat and solder fountain temperatures to reduce contact time and improve
solder mobility;

e reduce the rate of solder flow through the fountain nozzle;
e select nozzle configurations with baffling to minimize solder turbulence;

e identify and record the solder contact time for all solder fountain rework/repair activities;
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e increased solder pot temperature required for Pb-Free solders requires specific plating
finishes for all fountain system surfaces contacting the molten solder, typically a dedicated
system is used for Pb-Free rework/repair operations;

e increase the monitoring of solder bath alloy contaminate levels as a result of increased pot
temperature and higher Copper Dissolution rates;

e potential for reflow of solder or damage to adjacent piece parts as a result of increased
temperature and dwell times should be considered,;

e inspect for cracking of vias and piece part barrel walls in the molten solder contact area
due to Z-axis expansion of the laminate material;

° Ispect Tor lifting of pads as a result of higher temperatures and contact time;

evelop alternate procedures for convective, infrared, and vacuum extr

7.3 | Convective soldering equipment

7.3.1 Thermal profile issues

Cor;lvection reflow processes are the most popular of the operati | . ically,
these processes provide a lower temperature difference acfos i ece
part|solder joints. As with all other reflow systems, unif N {ure > ig the
primary goal. Any thermal profile developed will contdi disti , ing but
not |imited to ramp up, dwell time, maximum temper > i hse.
The| critical parameters in the develoment o] Less
invojve the determination of the appre i g ifiate
and| maintain reflow of all applicabl 5 the
assembly to reduce the effects of oxidation, ters
such as ramp rate, peak reflow te i and

temperature gradients across the PWB\mu cI ely monitored and strictly maintained.
Oncg the thermal profile 3CBSS' | , it is vi gas
flow| rates are consta Qnitore - ility. ili ires

relafing the specific set po KL i itqring
these zones. 3 fect
repqatability.

Pb-kree solderm ¢ ditional concerns that must be addressed when selegting
the | appropri i . These concerns are associated with the higher
temperatures§ i e aintgin the required soak and peak temperature levels associpted
with|variotis S

8 |[General orki{repair considerations

All tewdrk/repair of CCAs should be performed with the solder alloy and piece part finish
comjposition used to manufacture the original assembly unless assembly drawingi or
rew T T U i uthorize U T rars. rials

are authorized for use, they should be clearly identified on all rework/repair documentation.
Each electronic assembly should be evaluated on its own reliability concerns and
rework/repair options available prior to any rework/repair activities being performed.

As piece part manufacturers’ transition to Pb-Free termination finishes, introducing alternate
materials into SnPb assemblies, engineering has the responsibility to establish acceptable
procedures that provide for the reliable rework/repair of these assemblies. This may require
retinning parts to mitigate Tin Whiskers and specifying alternate flux and cleaning processes
to address higher process temperatures, if required.

Engineering studies to date show general backwards compatibility of Pb-Free solder alloys
and termination finishes with legacy SnPb. Pb-Free solder alloys, with the exception of Bi
containing Pb-Free alloys, show general compatibility with trace amounts of SnPb
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contamination. Industry still has concerns regarding the soldering of Pb-Free area array
packages with SnPb solder. It can be accomplished, but at Pb-Free soldering temperatures
instead of the soldering temperatures of the SnPb solder paste. There are long term solder
joint reliability concerns resulting from the mixing of solder alloys (Pb-Free and SnPb).

Deviation from the original assembly materials may in some cases result in mixing of
incompatible materials reducing the reliability of the assembly. Alternate materials should be
thoroughly assessed for compatibility with the original assembly materials prior to
authorization for use in rework/repair. Positive identification of the solder cannot be made
through visual inspection alone. While most Pb-Free solder joints exhibit steeper wetting
angles, reduced wetting and less shiny appearance when compared to SnPb, these visual

chanacteristics will not identify the solder type used.

In ®EM and CM facilities, solders used in assembly should be with

information available to make informed rework/repair decisions. In sjtt pair

technician does not have access to assembly documentation, d in

asseémbly may be very difficult to determine. Technicians should the

techinical documentation of the assembly to determine solder allg

8.1 Rework/repair procedure order of precedence

Thelorder of precedence in rework/repair procedure

a) nework/repair procedures identified in a (i.e., commefcial

aintenance manuals, tech orders { ifi nehtation, FAA’s ARINC Prgject
71 Paper);

b) CP)
i

c) fework/repair proceduresde

NOTE IPC

7711

8.2

Forn pair

tech lent

inte and

Subs ced

sold

Tec

e PWB/RCB land and pad finishes;

. and soldering of through-hole and SMT Pb-Free piece parts;

e rework/repair of Pb-Free assempblies;

e cleaning issues;

e Pb-Free visual inspection guidelines;

e X-ray inspection of hidden interconnects (BGA, QFN, etc.);
e documentation for Pb-Free operation.

8.3 Pb-Free rework/repair considerations

The processes used to rework/repair CCAs assembled using Pb-Free solders are similar to
SnPb solder. The same type of equipment and process steps used for SnPb soldering can be
used for Pb-Free soldering. Proper training is required to understand the process and
appearance differences when using Pb-Free solders to ensure the quality and reliability of the
assembly is maintained. When multiple alloys are present on the production floor, multiple
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rework/repair lines should be established and kept separate. All materials and equipment
used should be segregated to preclude contamination of either line. Not all of the materials
used for Pb-Free rework/repair are compatible with SnPb solder and could degrade the solder
joint reliability. While specific alloy compositions have specific traits, several general process
and solder processing considerations of Pb-Free solder apply in the rework/repair process.

8.3.1 General process considerations
e All assemblies should be preheated prior to any rework/repair activity

e Higher processing temperatures may cause measling, delamination, and/or lifted pads

Ider
the

the
lass

fiber, and Cu

oisture Sensitive Devices (MSDs) in properly

This
hrge

as wetting, wetting angles, and joint appearance | will
stion criteria such as those contained in the IPC-A-610 cap be

o [ es and extended dwell times may increase oxidation, hindering| the
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CopperDissolution

pegregation of SnPb and Pb-Free solder materials and equipment should be exercised

Rework/repair should minimize excessive heating of adjacent piece part solder joints
8.3.3 Flux considerations

While Pb-Free flux formulations are different from SnPb flux formulations, their use remains
essentially unchanged. All flux applied by flux pen or dripper bottle should be applied in small
controlled quantities (sparingly) to prevent intrusion into unwanted areas and match (or be
compatible with) the flux formulation used in the flux cored wire solder. Any remaining
inactivated residual flux may cause corrosion or other unwanted issues and should be
cleaned off.

The amount of thermal energy applied to a connection affects the flux performance.
Significant increases in soldering iron temperatures should be avoided. Too high a soldering
iron temperature will cause the flux to evaporate before it can properly activate, remove
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oxidation, and promote solder wetting. Pb-Free rework/repair will usually require an increase
in the solder wire flux core from 1,0 % common in SnPb, to amounts in excess of 3 %. Pb-
Free formulated fluxes designed to withstand higher process temperatures, higher oxidation
rates and the poor wetting ability of Pb-Free, may also require some modifications in
rework/repair cleaning processes. See Subclause 11.1 Cleaning.

General guidance on flux considerations.

9

9.1

9.1.
IPC{JEDEC J-STD-609; A

Use flux sparingly to prevent intrusion under adjacent parts

Higher melting points of Pb-Free solder will require higher activation temperature flux

. 1ot + | &l 4 Y
GIIUIIIIDLI}’ U adulnove aucyualc VVUL[IIIB

Use flux formulated for Pb-Free processing

The flux should have activator systems designed to solder a vafie and
piece part finishes

he flux must be active enough and remain active during tip G : the
}educed wetting of Pb-Free alloys

ue to the higher processing temperatures, flux resic nore difficult to remove
nd require modifications in cleaning processes

Pre-rework/repair processes

Alloy identification

| IPC/JEDEC J-STD-609

%f Components, PCBs and PCBAs to Identify

Lead (Pb), Pb-Free and ot j ' ifi industry approved marking and labgling
method to identify maiexial inate > A surface finish, solder alloy (Pb-Frefe or

SnPp solder)) and
STD-609 also @
identification and & 1ab

609
proMidi

sed in the manufacturing process. IPC/JEDE[C J-
for individual piece parts termination finish
ece parts packaging. The use of IPC/JEDEC J-§TD-
contract, can aid in the rework/repair procesg by

q

golder alloyoralloys (Pb or Pb-Free) used in reflow, wave or other soldering process

lhe conformal coating type applied during the assembly process

iece parts termination finishes when assembled parts are marked

piece parts termination finish when identified on exterior label of replacement component
packaging

the maximum piece part temperature rating when identified on exterior label of
replacement component packaging

Table 1 provides a guide to the IPC/JEDEC J-STD-609 assembly and piece part marking
methods used to identify laminate type, Halogen presence, CCA surface finish, solder(s), and
conformal coating. Refer to IPC/JEDEC J-STD-609 for additional information on board
marking and labeling requirements.
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PCB BASE MATERIAL BARE BOARD PLATING

FINISH
HF = Halogen Free

ASSEMBLY SOLDER USED
(Reflow—Wave—Other)

These codes also identify piece part
termination finishes

CONFORMAL
COATING TYPE

/92 HF b0 el ER
Contains Pb Epoxy Resin
/95 HF b1 et UR
Aluminum Hydroxide Pb-Free HASL Tin — Silver — Copper Urethane Resin
SNAgCu
Flame Retardant Sn alloys — with no Bismuth
Tg 110 °C - 150 °C (Bi) or Zinc (Zn) “SAC” types /\(\
/99 KF b2 e2 K R
Bronjine Immersion Silver (ImAg) Sn alloy combinations with no\BiNqr AcChlic Rgsin
Zn
Flamg Retardant with
inorggnic fillers excludes SnAggu
Tg 150 °C min. &\
/ 126\ HF b3 e3 ¥ SR
Bromine Tin (Sn) Tin (Sn) \> Silicone Res|n
Flame Retardant with Electrolytic or immefsio Q
inorggnic fillers
Tg 170 °C min.
e \M} XY
Othef types are :Sreci S al (no Sn content) Paraxylyleng
available
Silver (Ag)
Gold (Au)
Q Nickel-Palladium (NiPd)
Nickel-Palladium-Gold (NiPdAu)
e5
Base|Material “slash’ Other alloys containing Sn, no Bi

#is followed by /HF"’
if lampinate is lqloge \
AN

Tin-Zinc (SnZn)
Tin-Zinc-“other” (SnZnXx)

RN

For PCB’s made Wt >rganic Solderability
more than one'grade o reservative (OSP)
laminate identify the
matelial with the
lowejt temperature

eb
Alloys containing Bi

rating

e7

Low Temp Solders (150 °C)
containing Indium (In) — no Bi

b7, b8, b9
Unassigned

e8, e9

Unassigned

Example:

195 - HF — b2 - e1-e2- AR

Multifunctional Epoxy Laminate, Halogen Free, Immersion
Silver PCB Finish, SAC solder used for reflow and a Tin
alloy (no Bi nor Zn) used for wave, Acrylic Resin Conformal

Coating
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9.1.2 X-Ray fluorescence (XRF)

XRF is a technology used in industry to positively identify the constituent metals of solder
alloys, termination finishes, and PWB land/pad finishes. XRF exposes the material under test
to high energy x-rays. The reflected energy is used to identify the elemental characteristics of
the item under test.

XRF equipment is available in both handheld and desktop models and varies widely in
features, targeting methods, software, and accuracy. While there is variation amongst
manufacturers’ models and types, desktop models are usually more accurate as they have
smaller column sizes, better software, more advanced targeting and aiming ability, motorized
stagies for accurate positioning, and better resolution. Desktop units are typ|cally more
expe¢nsive than handheld units. Handheld units offer affordability and portab but lack the
refifements and accuracy of desktop units. In general terms, handhe)ds esktops|can
hanglle homogenous bulk solder joint identification with reasonable 4CYy, accyrate
iderIification of piece part terminations is better suited for desktop Wnits due 1Q thejr more
advanced aiming and targeting features.

9.1.8 Pb swabs

Pb gwabs are an inexpensive method of providing a ge nrésence. This|test
method has an accuracy, claimed by the swab Suppfier, of C osPb swabs identify only| Pb,
so if may be a useful tool for determining whether ermination finish is|Pb-
Freq, but is not useful to determine the constitue

Pb pwabs are based on the reactivity 3n cogmpounds capable of forming
strongly colored complexes with Pb. Whet > , a pink color that is specifi¢ for
Pb develops within 30 s and is stable for hours. P s.have an indefinite shelf life, proyvide
rapigl results, are low cost, a i ndhpon-hazardous.

NOTE Pb swabs may leave chemj S|dues | is‘eurrently not known if these residues will interact with cirguitry

matefials causing short ang i C esting should be performed to validate compat|b| ity of
Pb syabs with assembly m

Becpuse of the “aboVe e ok Pb swabs is not recommended for determining Pb
confent.

9.2 Piece pa

The|clea piece part terminations, conductors, and printed wiring surfaces
sholild ke suffisj re solderability. When required, the surfaces should be cleanefd by
either chemjca gr tinning. Cleaning should not damage the piece part, piece [part
terminations, condyctors. Knives, emery cloth, sandpaper, sandblasting, braid, erasersg, or
othgr abrasives sheuld not be used.

9.2. Piece part preparation

9.21.1 Dry bake of moisture sensitive piece parts

Many electronic parts, especially surface mount parts, have a Moisture Sensitivity Level
(MSL) rating that identifies a parts susceptibility to moisture absorption. IPC/JEDEC J-STD-
020 “Moisture/Reflow Sensitivity Classification for Non-hermetic Solid State Surface Mount
Devices” provides MSL ratings and identifies conditioning requirements for each MSL level.
Refer to J-STD-033 for bake out requirements and floor life for each MSL rating.

9.2.1.2 Hot solder dip for tin whisker mitigation

When hot solder dipping for tin whisker mitigation, use an approved, documented process.
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9.2.2 CCA preparation

9.2.21 Conformal Coating Removal

The conformal coating should be removed and replaced in accordance with IPC 7711/7721 or
other applicable documentation. Methods of coating removal vary depending on the coating
type used and may include use of chlorinated solvents, heat application, mechanical abrasion,

and micro-abrasive blasting techniques.

9.2.2.2 Preheating of CCAs prior to rework/repair

Prelfeating 15 Tecommended for every SMT TewWork/Tepalr process. Preneating minimizey the

risk |of thermal shock to the laminate and piece parts. The technician should-employ apreheat

method which heats the rework/repair areas of the assembly as evenly ag(possible.

Preheating is typically accomplished by either a temperature co ating

plat¢, a controlled convective heating device, or a system that cambines ¢ ve|and

conyective heating.

Controlling both the rate of temperature ramp up as well as<the bl to

avoiding damage and optimizing the piece part installg s. The assembly

is ramped at an acceptably safe rate until it rea ] it is

thermally soaked or evenly heated. To avoid thermal shp ate should be between

4 °F to 9°F (2 °C to 4 °C) per segond unt e Sri temperature is reached.

Replacement piece parts should b ith_the~ CCA to the recommerded

levels. Recommended soak temperature

[ ]

e 212°F (100 °C) for epoxy CCAs with up to six internal laygrs

e 248°F (120 °C) i imidexand highmass CCAs with seven or more intgrnal
lpyers

NOTE If the prehed not have\a temperature/readout, use a thermocouple and digital thermomefer to

determine CCA surfa

Prel

issipation characteristics of the assembly;

. voids adjacent sotder connection reflow on densely populated assemblies.

10 |Rework/repair processes

Ider

Conformal coating removal, piece part removal, and pad preparation should be executed per

approved procedures (See Subclause 8.1).

10.1 Conductive Hand Soldering
There are some notable differences between SnPb and Pb-Free hand soldering.

e SnPb eutectic solder melts at 361°F (183 °C)

e The leading group of SnAgCu and SnCu Pb-Free solders melts between 423°F (217 °C)

and 440°F (227 °C)
e Higher Pb-Free melting points (compared to SnPb) may require

¢ higher initial soldering iron temperatures;
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e longer dwell times on the termination;
e increased thermal buildup in the laminate and land/pads; and

e increased potential for laminate or conductor damage;

e increased “Z” axis expansion of the assembly may cause cracking of plated-through-

holes.

Higher Pb-Free solder melting temperatures do not automatically equate to higher solder tip
temperatures. With a clean tip of the proper mass and shape, 600°F (315 °C) to 650°F
(343 °C) should meet most SMT soldering requirements. The higher solder me

Iting

temperatures require more of the tip’s available heat be transferred to the work surface. This

is agcomplished by paying close attention to tip mass and shape to provide maximum caontact

ared, not by automatically turning up the soldering iron temperature. CCA.thefmal

dynamics require using higher temperatures, tip oxidation becomes an/i nore

difficult to maintain a properly wetted tip. The soldering iron must r€rain hted

with| the solder alloy. Pb-Free solders are more sensitive to the &ffest ring

iron] Higher soldering temperatures can result in the soldering iton\tip\beg idized if

not pleaned and coated. The soldering performance can be in Ider

flux jand soldering in a Nitrogen atmosphere.

The|Pb-Free soldering process, just as in traditional ¢ bper

mategrials selection, preparation, and execution. Thé Pb ires

the formation of a heat bridge for rapid heat tran i bl of

the |solder and heat source at the same timeg may

reqy v to

achi

Pb-f ers. Wetting speeds will vary anmong

diffgrent Pb-Free alloys d i Y i rface tension, flux type, and melt

tem ost Pb-Free solders, icicles and bridging

may come) comfortable with the nuances of Pb-Free

rewgrk/repair. These igsue d oravoided using the following techniques

L]

[ ]

L]

[ ]

L]

. hen eat the circuit board before reworking/repairing to impfove

e ¢hoose-the largest possible soldering tip to allow for full coverage of the solder pad to
llow_for the best thermal control of the process with minimum time on the terminatign to
erform the application;

e the use of higher “Thermal Capacity” tools, especially in Pb-Free applications, will allow

the use of lower temperatures and better quality workmanship;
ensure the flux content in the wire is at least 2-3 % by weight;
avoid prolonged contact times;

avoid needless rework/repair of the connection;

enable the “Setback” or “Auto-Off” features of your soldering stations to help extend tip

life;

remove all flux residues using approved procedures.
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10.2 Convective soldering process

For convective hot gas rework/repair specific profiles should be developed and used for the
alloy type and thermodynamics of the assembly. SnPb profiles must not be used with Pb-Free
assemblies and vice versa. Conversion of SnPb profiles to Pb-Free profiles is more
complicated than adding 80°F (27 °C) [typical] to the temperature limits of the SnPb profile.
Specific concerns are detailed herein.

10.2.1 Solder paste handling

Proper identification and segregation of Pb-Free solder paste is required to prevent cross
conamination.

10.2.2 Paste printing

The| printing process for Pb-Free pastes is equivalent to the pro Ider
pastes. It is important to follow guidelines recommended by the\ pa yterg to
accgmmodate paste specific requirements. In general, the Pb- S isti ield
similar performance in terms of stencil life, aperture release ~print defl i ility.
Ong important factor that should be considered in purchamg SN Pb-Free palstes
have higher surface tension and do not wet or spread-—c ds as easily as
eutgctic solder pastes. This can lead to exposed p f terial a ing,
whigh can be rectified by modifying the stencil pet BSi pste
covgrage on the pads. Stencils used with Pb-Fre S \ gring
pasfes due to possible cross-contamina

10.2.3 Reflow process

10.2.3.1 Process considerations

The 3 granufacturing environment is hot |gas
rework/repair. The higlt ) small, localized areas for long periods of
time i f ' onitored on the assembly, including maximum
piece part body > , imqate survivability, and maximum temperatures of poth
adj -si [ solder’joints. The objective of the rework/repair prog¢ess
is tg mimic, as clos SS| the primary attachment SMT reflow process to ensure|that
solder joint for {ability) are similar. There are several challenges in making
assembly reflow and\hot ga k/fepair processes identical. The main difference between
the |[two prq i assembly reflow is a full heat excursion, while the hot|gas

rewgrk/repai i 4l heat excursion. This localized heat creates local stresses

In dgeneral, there arg some differences of BGA rework/repair with Pb-Free solder balls

hger

C dcompared to conventional SnPb joints. The expectec total
process t|me WI|| vary from one product to another but a rework/repalr cycle time range of
7-10 minutes per piece part is not uncommon;

e to reach proper wetting of the Pb-Free solder on the pad, the temperature at the solder
joint has to reach approximately 446°F (230 °C);

o the alignment of new BGA parts must be as accurate as possible, because unlike Pb
BGAs, there is less self-centering with Pb-Free BGA parts.

10.2.3.1.1 Prebake

Prebake the PWB to remove absorbed moisture content. The typical prebake temperature
range is from 194 °F to 257°F (90 °C to 125 °C). The time and temperature is dependent on
assembly exposure and thickness. Refer to J-STD-033 for further guidance.
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10.2.3.1.2 Machine configurations

Higher thermal profiles require more support from bottom heaters. In general applications,
4000 W is the minimum wattage for bottom heaters. Nozzle designs with some form of
turbulence generator can help to reduce temperature deltas across the package. Nitrogen
atmospheres reduce solder viscosity, but are not required for low and medium complexity
assemblies.

10.2.3.1.3  Profile development

An improper profile may result in the lifting of pads if the solder is not fully molten before
rempval Is attempted. On the other hand, It the piece part Is heated extensively, damage|can
occur to surrounding piece parts on the PWB. When soldering any piece~part, a isuitpble
thermal profile ensures that the piece part and PWB are not overhea all-the sqlder
joints are reflowed.

It is|necessary to monitor the temperatures at critical locations on S re|that
the |temperature of the solder joints, the temperature differe a SOt , and| the

temperature of the adjoining piece parts are within accepiahle\limits. DA method of
monitoring employs the use of a portable data logging deyi R i thermocouples
mounted onto the assembly at various locations duringt eSSt ded
that|the thermocouples be attached as close to the £orners s e pis i.e., BGASs)
as possible.

The|Maximum Peak temperature delts i 50°F
(5 °C to 10 °C). This requires allowance fo s f|C|et pre i b be
absorbed across the product assembly i hent

of the paste. Higher flux percentages r

Thefmocouples must als6 ‘A S at adj i safe
temperatures. The maximum alfow i imi - s is
regylated by the IPC-JED

Thefmal protec@ sreeni : i ificati void
unigt i S > ’ 7 i i , i il to
cergmi

ece
parts from excessive Yiea

A set of ted for Pb-Free BGAs requires that the peak temperaturg¢ be
betweer’k 446 3F ) (230 °C and 245 °C). Time above liquidus should be betweep 35
and S ssive thermal exposure can damage the PWB material and crgate
thicker inter-metallic compounds.

10.2.3.1(4)" Site Preparation

The piecepartattach—siteshoutdbedressedby usingcopperwick,constantvacuumremoval,
or other approved method to prepare the attach pads for receiving the rework/repair piece
part. A smooth, level, solderable surface is desired. Any damage incurred during site
preparation should be resolved.

10.2.3.1.5 Rework/Repair Concerns

Piece parts to be used for rework/repair should be handled in accordance with the IPC/JEDEC
J-STD-033 MSD requirements table.

Replacement of the piece part occurs using the same profile after the PWB has cooled to
baseline temperature.

Localized rework/repair site cleaning may be required per individual product specifications.
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10.2.3.1.6 Process Validation

Successful replacement verification should include automated or manual visual inspection and
x-ray confirmation for any “hidden” solder joints. Electrical test should also be performed
where applicable to confirm successful rework/repair operations.

11 Post-Rework/Repair Processes

11.1 Cleaning

re all flux residues have been successfully re
piece parts in proximity. All masking materials, if us
resilue cleaned from the assembly.

The| entire assembly, including the a
reqirements and should be inspected
flux residue, or any residual cleaning chemistry.

iJtter,

11.2 Inspection

The| resulting Pb-Freg s ainy
surface. Solder joints v as
easily as SnPbe the
i Add jgints

, q | for

. Technicians and inspectors will have to adjust their
r joint to allow for these differences. Although the visual
ent than SnPb, the acceptability requirements of IPC-A{610

cgive formal classroom training to applicable standards and methods

ispositionf defegts. Training should include the differences in appearance between|Pb-

Freg solderjoints and SnPb solder joints. Additional inspection criteria will be required when
muliiple(salder alloys are used in the rework/repair process.

11.3  Reapplication of Conformal Coating

During rework/repair, the conformal coating is removed in accordance with applicable
documentation such as IPC 7711/7721 and replaced per manufacturer’s instructions. See
Subclauses 6.5 and 9.2.2.1 for additional information.
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Table A.1 — Piece-part terminal and BGA ball metallization solder process compatibility

— 35—

Annex A
(informative)

Termination Finishes

risk (see IEC/PAS 62647-22 (GEIA-HB-0005-2))

Terminal or PCB SnPb Solder SAC Solder (SMT | SnCu or SnCuNi SnAg solder
Metallization (1) and Wave) wave solder
Sn- Jto 5 wt % Pb None Low (2, 3) Low (3) Low (2,.3)
Sn- 37 to 40 wt % Pb None Medium (2, 3) Medium (3) (\QM?dL{m (2,13)
Sn, Reflowed / Fused / None None None No
Dipp¢d (4)
Sn, Bright Electrodeposit | Shelf Life (6, 7) Shelf Life (6, 7) Shelf fe (6, She¥ _Life(6, 7)
— Avgid (5) Solder Voids (8) Solder Voids (8) So/d{ |ds (8) olde |ds

Sn, Mlatte Electrodeposit Shelf Life (6, 7) Shelf Life (6, 7) If L\(Eﬁ\ f Life (6, 7)
(4) Solder Voids (8) Solder Voids (8) de Voidsx(8) der Voids (8)
SnBi|(2-5 wt % Bi SMT Low- None SMT one MT None SMT
contgnt in terminal Medium (10)

platirfg, which results in

~0.2 to 0.5 wt % in most

final BMT solder joints);

Bi finjishes are not

recommmended for wave

soldgr (9)

Antinpony Bearing No DAta No ata No Data No Data

SAC [pipped (11) No ne\) None None

he N[ N N

SnCy electrodeposit - ne N M None None

Avoid (12)

Sn- (.5 to 0.9 wt % Cu- N}&e/ None None

0.05Ni Plated or Dip

Avoid (12)

Ni/Pd/Au electrodepe@t\ \ow\(\s) Medium Medium Medium

1 All alloy pefc e.given i welght percent.

2 Som undthat a SnAgPb alloy can form having a melting point of 178°C, which may
imp omokawa, Y., and Ishizuka, N., “Delamination by Reheating in SMD Solder Joint
Using C Res & Devlop., Vol. 44, No. 3, July 2003 pp. 251 — 255] and Karl Seelig
and David ad Contamination in Lead-free Electronics Assembly”, White paper AIM Solder

3 Pb from.the finish ¢ah contaminate the wave solder bath.

4 Qrganic co-deposited compounds are typically removed from the Sn coating during the reflow/fusing
process.

5 Bright Sn finish is not recommended due to Tin Whisker propensity of bright Tin plating. Bright Sn is
defined as having 0.2 % — 1.0 % Carbon Content with 0.5 pm — 0.8 um grain size. Matte Sn is a film with
lower internal stresses and larger grain sizes than bright Sn. Matte Sn plating is defined as having
0.005 % — 0.050 % Carbon with 1 um — 5 pm grain size. [‘Recommendations on Lead-Free Finishes for
Piece-parts Used in High Reliability Products “, iNEMI Tin Whisker User Group, Herndon, VA USA,
Version 4, Updated December 2006].

6 Co-deposited organics can limit shelf life and/or solderability.

7 Insufficient coating thickness can result in reduced shelf life. Recommended thickness is 10 um nominal

(8 um minimum) when no Ni underplating is used. The minimum thickness should be 2 um when a Ni
underplate is used to ensure shelf life. [‘Recommendations on Lead-Free Finishes for Piece-parts Used
in High Reliability Products”, INEMI Tin Whisker User Group, Herndon, VA USA, Version 4, Updated
December 2006]. The lower rate of Ni diffusivity retards NiSn intermetallic formation thus limiting the
stresses which would drive Tin Whisker growth.
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8 In right Sn or thicker matte Sn coatings, co-deposited organics can yield solder voids during solder
reflow for some solder joint geometries.

9 Not recommended for pin through-hole, Bi may accumulate in wave solder pot.

10 Environmental reliability should be substantiated on the programs considering small amounts of total Bi
in the final solder joint.

11 There may be Tin Whisker risk with SAC alloy dipped finishes where they become thin around corners
and edges. Note: Thicker coatings tend to isolate the intermetallic layers and dissipate whisker
formation inducing stresses.

12 Avoid SnCu due to the Tin Whiskering propensity of this plating. SnCu provides all of the raw materials
for generating the intermetallics that drive Tin whisker formation. Tin whiskering propensity is high. Hot
Solder Dipped SnCu is being used in some applications. [‘Recommendations on Lea e Finishes_for
Piece-parts Used in High Reliability Products,” iNEMI Tin Whisker User Group,
Version 4, Updated December 2006]

13 |Electrodeposited plating should be analyzed to ensure that the final soIderJ t
to strength reduction associated with Au embrittlement.

Table A.2 - BGA Piec %@

Ball

CBGA/CCGA/BGA/ C4 SnPb Solder SAC Solde( \C\l\/ SnAg solder
/\

Sn37Pb (includes None I|k un Qs) Unlikely
Sn36Pb2Ag) Co tion inafion Combination

10Sn90Pb None Un i High (1)
Combination

SnCy No D ta No&e\ /Idone None

SAC Me@m\&l( NQne\) \) None None

Cu wjre column (3) ﬁ)\ (‘\ N\J Low Low

1 Smetana, J., | waden, K Shangguan, D. Gleason, J., Memis, |, Love, D.,
Dauksher, W: i a e Design, Materials and Process of High Density
Packages,” IP v

(20093). In some cases, tilting of CCGA columns was observed
after Pb-free reflo

2 Pb Ball/SAC paste) combinations are not as reliable as the
Ball/SnPb paste) combination. See mixing of alloys section.
3 eS a wire that is 10 mils in diameter, 60 mils long having a finish of 0.05
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