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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 f i 30 comprising
all national electrotechnical committees (IEC National Commlttees) The i promote
international co-operation on all questions concerning standardization in the e Ids. To
this end and in addition to other activities, IEC publishes International ica ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides { S “IEC

governmental organizations liaising with the IEC also partlmpate i
with the International Organlzatlon for Standardization (ISO)na it ditions determined by

2) The formal decisions or agreements of IEC on technical matiers & v &S possible, an international
consensus of opinion on the relevant subjects since gash\te i vttee has representation from all
interested IEC National Committees

3) IEC Publications have the form of recom ernatiQnal use/and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o-ensdre that the technical content of IEC

Publications is accurate, IEC cannot be i the way in which they are used or for any
misinterpretation by any end user.

assessment ser
services carried ®

6)
7)
and”IEC National Committees for any personal injury, property damage or
tsoever, whether direct or indirect, or for costs (including legal fees) and
ication, use of, or reliance upon, this IEC Publication or any other IEC
8) ative references cited in this publication. Use of the referenced publications is

A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public.

IEC PAS 62647-22 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
107/131/PAS 107/139A/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.
Documents
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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-0005-2 and is published as a double logo PAS. GEIA,
Government Electronics and Information Technology Association, has been transformed into
TechAmerica Association.

@%
S
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INTRODUCTION

0.1 General

This PAS is intended for use by Aerospace and High Performance (AHP) electronics system
Customer, i.e., aerospace and defence vehicle integrators, operators, and regulatory
organizations, and their Suppliers, i.e., system Original Equipment Manufacturers (OEMs) and
system maintenance facilities as they incorporate Lead-free (Pb-free) solder or Pb-free piece-
parts and board finishes.

This PAS is intended to work in concert with IEC/PAS 62647-1 (GEIA-STD-0005-1), IEC/PAS
62647-21 (GEIA-HB-0005-1), and IEC/PAS 62647-2 (GEIA-STD-0005-2), Part way through
this documents creation, it was evident that three additional documents/were™eeded. As a
result, IEC/PAS 62647-3 (GEIA-STD-0005-3), IEC/PAS 62647-23 (G -
reliability assessment document GEIA-HB-0005-4 have been add
rework, and reliability prediction respectively.

e manufacturin
characteristi

W intaining the high rel|ab|I|ty standards required for aerospace
electronic and~electrisal systems. Currently the largest 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 circuit board assemblies, wiring harnesses and electrical
systems. High-Lead solder alloys are not specifically addressed in this PAS; however, many
of the methodologies 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 Pb-Free investigative studies for aerospace and high reliability
electronic and electrical systems are either in progress or in the initiation stage. The long
durations associated with reliability testing necessitates a phased release of information. The
information contained herein reflects the best information available at the time of document
issuance. It is not the goal of this PAS to provide technical guidance without an understanding
of why that guidance has technical validity or without concurrence of the technical community
in cases where sufficient data is lacking or conflicting. The PAS will be updated as new 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 qualiflcﬁ#
alloy covers qualification for all other alloys. Given the usual requiremont for ge

ents
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performance electronic service lives, any Pb-Free alloy must have predictable performance
when mixed with heritage Tin-Lead alloys. Pb-Free alloys containing elements such as
Bismuth (Bi) or Indium (In) that can form alloys having melting points within the equipments
operating temperature range must be considered very carefully before use. Although 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 dominant in wave solder applications. In addition,
some applications are using the Sn-Ag alloy family [1][2] [3].

The majority of the Pb-Free solder alloys being considered have higher melting temperatures
than Tin-Lead eutectic solder. In order to make use of the Pb-Free solders, changes to the
molding compound, die attach and printed circuit board insulation systems are being

; Pb-free alloys can
xation performance of

prior to thermal cycling should
acticularly as it relates to changes in

While there is m
there is less inf
vibration and

ds to the mterfaces between the solder alloy and the

substrate i esS. \TF reased amount of Tin in Pb-Free alloys increases the
Copper substrates are used. In addition, when Nickel or
electrolegs\Ni osphorous) substrates are used, the increased Copper in the

o formation of intermetallics on the nickel interface, which are less
n-Ni intermetallics that are typical of Tin-Lead solder joints.
Mechanical tes is to-date suggest that a robust assessment of Pb-Free alloy assembly
in vibration and shgck environments will need to include thermal aging for interface and
microstructural stabilization prior to any dynamic mechanical testing. Alloys other than SAC
should be assessed to determine their vibration and shock performance characteristics.
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PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC SYSTEMS
CONTAINING LEAD-FREE SOLDER -

Part 22: Technical guidelines

1 Scope

This PAS is intended for use as technical guidance by Aerospace sysfem pIiers e.g.,

continued performance quality, reliability, safety, airworthiness i sn  gontrol,
affordability, maintainability, and supportability of high performa 3 systems
(subsequently referred to as AHP) both during and after the tra - [ i

This PAS also containsNge 9 evious experience with Pb-Free aerospace
electronic syste J_give specific references to solder alloys and other
materials, and tk i i

IEC/PAS 62647-1, Aerospace and defence electronics systems containing lead free solder —
Part 1: Lead free management

IEC/PAS 62647-2, Aerospace and defence electronics systems containing lead free solder —
Part 2: Mitigation of the deleterious effects of tin

IEC/PAS 62647-3, Aerospace and defence electronics systems containing lead free solder —
Part 3: Performance testing for systems containing lead-free solder

IEC/PAS 62647-21, Aerospace and defence electronic systems containing lead free-solder —
Part 21: Program management — Systems engineering guidelines for managing the transition
to lead-free electronics
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IEC/PAS 62647-23, 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

GEIA-STD-0005-1, Performance standard for aerospace and high performance electronic
systems containing lead-free solder

GEIA-STD-0005-2, Standard for mitigating the effects of tin in aerospace and high
performance electronic systems

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

GEIA-STD-0006, Requirements for
Components

ARINC Project Paper 671:
2006.

MIL-1-46058C S ing Electrical (for coating printed circuit assemblies),

2006.

IPC/JEDEC J-STD-801D, Requirements for Soldered Electrical and Electronic Assemblies,
Feb. 2005.

IPC/JEDEC J-STD-002B, Solderability Tests for Component Leads, Terminations, Lugs,
Terminals and Wires, February 2003

IPC/JEDEC J-STD-006B, Requirements for Electronic Grade Solder Alloys and Fluxed and
Not Fluxed Solders for Electronic Soldering Applications, January 2006.

IPC/JEDEC J-STD-020C, Moisture/Reflow Sensitivity Classification for Non-hermetic Solid
State Surface Mount Devices, July 2004.

IPC/JEDEC J-STD-033B, Handling, Packing, Shipping and Use of Moisture/Reflow Sensitive
Surface Mount Devices, October 2005
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IPC/JEDEC J-STD-609, Marking of Symbols and Labels of PCB Assemblies and Piece Parts
to Identify Lead (Pb) and other Materials

IPC-A-610, Acceptability of Electronic Assemblies, Revision D, February (2005)

IPC-CC-830, Qualification and Performance of Electrical Insulating Compound for Printed
Wiring Assemblies, Revision B, August (2002)

IPC-TM-650, Test Methods Manual Method 2.6.25 Conductive Anodic Filament (CAF)
Resistance Test: X-Y Axis November 2003

IPC-1066 Marking, Symbols and Labels for Identification of Lead-Free and Other Reportable
Materials in Lead-Free Assemblies, Components and Devices, January

IPC-1752 Materials Declaration Management, February 2006

JESD97 Markir@
Components, an S

3 Terms and d
For purpgses Q

3.1
alloy composition
all alloy compositions are stated as weight 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

alloy 42

refers to a nickel-iron controlled-expansion alloy containing 42 % nickel that is often used as a
lead-frame material in electronic packages

33

Ag, Au, Bi, Cu, Ge, In, Ni, Pb, Sb, and Sn

refer to the elements Silver, Gold, Bismuth, Copper, Germanium, Indium, Nickel, Lead,
Antimony, and Tin, respectively

3.4
AHP

Aerospace, High Performance Systems Documents
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3.5

assemblies

are electronic items that require electrical attachments, including soldering of wires or
component terminations; examples include circuit cards and wire harnesses

3.6
AR
acrylic resin conformal coating

3.7

CAF

refers to Conductive Anodic Filaments that form in printed wiring boards, See IPC-TM-650
Method 2.6.25

3.8
CALCE
the University of Maryland Center for Advanced Life Cycle Engip

nSortium

3.9
CcLCC

3.10

critical

item or function, if defective, will result Sy
meet primary objective, or affect safety

3.1
creep

3.12
CSAM

3.13

quantify plated through hole stress

3.14

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

3.15

dicy cure
refers to the use of dicyandiamide (dicy), as a curing agent for epoxy resins

Documents

Document Sharing Hub

Full document details: IEC PAS 62647-22 2011


http://www.avadocuments.com/doc/iec-pas-62647-22-2011
http://www.avadocuments.com/doc/iec-pas-62647-22-2011

PAS 62647-22 © IEC:2011(E) -13 -

3.16

EM

refers to electromigration of the PCB metallization. Resistance to electromigration testing is
typically performed between electrically biased conductors at elevated humidity and
temperature

3.17
ENIG
refers to Electroless Nickel Immersion Gold Printed Wiring Board Finish

3.18
ER
epoxy resin conformal coating

3.19
eutectic

3.20

FR4

refers to Flame Retardant laminate
epoxy resin

3.21
Fick’s law

3.22
fillet lifting <>
refers to a separation

has the appeara

or product

requires contlnu petformance or performance on demand, or equipment down time cannot
be tolerated, or end-use environment may be uncommonly harsh, and the equipment must
function when required, such as life support or other critical systems

3.24
HALT and HAST
refers to highly accelerated life test and highly accelerated stress test, respectively

3.25
HASL
refers to the Hot Air Solder Level PCB surface finish

3.26

incubation period

in the context of Tin Pest formation refers to the time required at cold temperature to initially
form the brittle gray (a) Tin phase from the ductile white (B) Tin phase
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3.27

inoculation

in the context of Tin Pest formation refers to practice of facilitating the white (B) Tin to
gray (a) Tin phase transformation by using seed particles of the gray Tin phase on the white
Tin to reduce the nucleation barrier energy associated with the transformation

3.28
ICP
refers to Inductively Coupled Plasma/Mass Spectrometry based chemical analysis

3.29
Imm Ag or Im Ag
refers to an immersion silver printed circuit board finish

3.30
JCAA

refers to the Joint Council of Aging Aircraft Organization erpartment of

3.31

JGPP
refers to the NASA lead Joint Group on Pollution
the Pb-free solder testing that was completed wi

3.32
Kirkendall void formation
refers to voids induced in a diffusjon
interdiffusion coefficients

3.33
lead
for the purposes 6 thi g iNthexelement “Lead” is implied, it will be stated either as
Pb, as Lead (P as ead. Nf a piece‘part terminal or termination “lead” is referred to,
such as in a flat"pa4 inine>package, the nomenclature lead/terminal or lead-

3.35
LRU
is a line replaceable electronic unit

3.36
May
indicates a course of action that is permissible within the limits of this document

3.37

MSL

is the moisture sensitivity level rating of a plastic encapsulated electronic device as it relates
to soldering

3.38
Non-Eutectic
See Eutectic mixture definition
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3.39
OSP
refers to Organic Solderability Preservative finishes used on PCBs

3.40

PCB

stands for Printed circuit board, which is also commonly referred to as a Printed Wiring Board
(PWB)

3.41
PEM
refers to a plastic encapsulated microcircuit

3.42

peritectic
in a peritectic reaction, a solid phase and a liquid phase react on cooling
solid phase

Rroo e’a new

3.43
piece-part
is defined as an electronic piece part that is not no

3.44
PWB

(PCB)

3.45
PTH
stands for the plated t

layers and for cc@n

3.46

repair
is the act of resto
compliance ¢

| capability of a defective article in a manner that precludes
pplicable drawings or specifications

3.47
rework
is the act of
processing in a ma
specifications

ssing non-complying articles, through the use of original or equivalent
ér that assures full compliance of the article with applicable drawings or

3.48
RMA
refers to solder flux type: Rosin, Mildly Activated

3.49

RoHS

refers to the legislation enacted by the European Union on the Restriction of Hazardous
Substances, EU Directive 2002/95/EC, which places a restriction on the use of certain
hazardous substances in electrical or electronic equipment sold or used in the European
Union after July 1, 2006. These substances are lead, mercury, cadmium, hexavalent
chromium, polybrominated biphenyls, and polybrominated diphenyl ethers
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3.50

SAC

refers to the family of Pb-Free alloys containing Tin, Silver and Copper used in surface mount
technology or sometimes in wave solder processes. The alloys typically have a composition
near the eutectic (Sn95,6Ag3,5Cu,9)

3.51

SAC-L

refers to low Silver content SAC alloys that are not eutectic compositions. These alloys have
increasingly been used for BGA interconnects

3.52

should
indicates that, among several possibilities, one is recommended ag parii suitable,
without mentioning or excluding others; or that a certain course of S
necessarily required; or that (in the negative form) a certain course
not prohibited

3.53
SIR

3.54
SMT

3.55
SMTA
refers to the Surface

3.56
Sn-Cu €>
solder or alloy ref

3.57
Sn-Cu-(Ni)
solder or all

solder generally refers to the family of Tin-Lead alloys at or near the eutectic composition with
or without Silver added (Sn-37Pb, Sn-40Pb, or Sn-36Pb-2Aq)

3.59

solder ball technology

identifies a family of components that employ solder balls or bumps to make mechanical and
electrical connections between components and printed circuit boards. Examples are ball grid
arrays (BGA), flip chip, and chip scale interconnections

3.60

soldered assembly

is an assembly of two or more basic parts interconnected by a solder alloy. A Lead(Pb)-based
soldered assembly is one in which the solder alloys are solely Lead(Pb)-based. A Lead-free
soldered assembly is one in which the solder alloys are solely Lead-free
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3.61

supplier

refers to an entity or organization that designs, manufactures, repairs, reworks, or maintains a
piece part, unit, or system. For example, this includes original equipment manufacturers
(OEMSs), repair and rework facilities, Subcontractors, and piece part manufacturers

3.62
system
is defined as one or more units that perform electrical function(s)

3.63
Tq
is the decomposition temperature of a PWB laminate

3.64
Tg
is the glass transition temperature of a PWB laminate

3.65
tin whisker
is a spontaneous crystal growth that emanates fro

3.66
TSOP
refers to a thin small shrink outline ele

3.67
um
is a unit of length me

commonly refer@ 3

3.68
unit

o-meter or one millionth of a meter and is

3.69
UR
urethane re

3.70
XY
paraxylylene resin conformal coating (Also known by the trade name Parylene)

4 Approach

The guidelines given here are intended to be used in conjunction with IEC/PAS 62647-3
(GEIA-STD-0005-3) and GEIA-HB-0005-4 to demonstrate that the solder materials and
processes used in a given application will be reliable. They include

e identifying potential failure modes and mechanisms related to the solder materials,
piece-part types, and processes;

e ascertaining the program environmental and operating requirements;

e reviewing the details of the assembly solder process, solder stress, metallurgy,
temperature capability, and solder pad/terminal attachment strength;
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e selecting data sources or designing tests to evaluate the reliability of the selected
materials and processes, with respect to the potential failure mechanisms, in the
application;

e analyzing data or test results, and comparing them with program criteria.

The guidelines described here address the majority of concerns regarding the use of Pb-Free
solder in aerospace systems. The list is not exhaustive however, and other guidelines may be
required for specific applications, service environments, and materials. The guidelines
described here are not, by themselves, sufficient to assure the performance, reliability,
airworthiness, safety, or certifiability of any given system in any given application. To provide
such assurance, the program, including any unique functional, performance, and life tests,
must be run per the program contractual requirements. The methods to convert data from one
set of environmental conditions to another are described in IEC/PAS 6z (GEIA-STD-
0005-3) in conjunction with the guidelines given in the subsequent sectign

5 General Pb-Free solder alloy behavior

pical properties or
wetting characteristics. The melting point of pure Sn/s 23 ) .4 %) and the addition of
37 %Pb to the Sn reduces the melting temperature\to the i int of 183 °C (361 °F).
Similarly, the addition of Ag and Cu {g i emperature but not to the
same extent as Pb. The Sn95,6Ag3,k alloy melting temperature is
dlloy melts at a temperature of
227 °C (441 °F) [5], and the Sn96,5Ag3;% acti 221 °C [5]. These Pb-free solder
melting temperatures are considerably hig an Su-Pb eutectic. The higher melting

temperature of Pb-free alloys, results iR a increase (54 °F to 72 °F increase) in
processing temperature 4 d peratures used to process heritage Sn-Pb
alloys. Higher melting, te ' in i ased amounts of base metal dissolution

(see section Copper Disso)ui i ed/shrinkage stresses on components during

cooling. An additjgnal he SAC alloys have generally been found to be
stronger and m eritage Sn-Pb solders at typical electronic use
temperatures [2] [$1.

The Pb-free allojmit ers substantially from lamellar/colony structure of eutectic
Sn-Pb. The m -Ag and Sn-Ag-Cu is comprised of relatively large B phase Sn
dendrites. IM\betweeg tes, there are arrays of 3-Sn, Ags;Sn and CugSns phases [6].
In som i AgsSh platelets have been observed. The solidification behavior
strongly influenges microstructure. The Sn-Pb eutectic solder joint requires only 2°C

solidification with\the Sormation of the Ag;Sn. Unfortunately, the presence of Ag;Sn does not
facilitate the nucleation of the B-Sn and significant under-cooling can occur. An undercooling

of 18 °C (32 °F) was reported for 3-Sn [7]. The formation of large Ag;Sn intermetallic plates in

liquid Sn was observed during slower solidification rates for SAC alloys having 3.5 and 3.8

wt % Ag and not with the 3.0 wt % Ag alloy [8] [9]. These plates are expected to change the
mechanical response of the system. The Ags;Sn intermetallic plate may stop or re-direct a

crack propagating through the solder joint during environmental testing (such as thermal
cycling). If the plate is in the same direction of the shear load, life can be reduced [10], but it

is more common to see randomly oriented plates throughout the solderball in larger joints.

The presence of Ag;Sn plates is of greater concern for flip chip and wafer scale chip pack
solder joints [11]. The volume fraction of 3-Sn dendrites in the solidified solder is dependent

upon cooling rate and alloy composition [12]. The grain size of the B-Sn is relatively large with
respect to the solder joint size. A BGA solder joint can be comprised of as few as 10 to 30 B-

Sn grains and even fewer for wafer level chip scale package and flip chip joints [13]. Since
dispersed intermetallics in a SAC alloy tend to increase the hardness and stiffness of the
solder, a greater volume fraction of Sn dendrites generally results in a solder joint with
decreased stiffness. Reduced solder stiffness can be beneficial in some high stress shock
applications because the solder does not impart as much stress on the pad integ&tgments
the pad laminate interfaces. Presently, some investigators are evaluating SAC
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reduced Ag and Cu content (SAC-L) from the eutectic such as Sn98,5Ag1,0Cu,5 in an effort to
obtain improved drop shock performance of BGA assemblies. Unfortunately, the melting
temperatures of SAC-L alloys are greater than the traditional SAC alloys and their thermal
cycling characteristics require evaluation.

5.1 Elevated temperature

At elevated temperatures, accelerated intermetallic growth, grain growth and redistribution of
constituents within the solder joint occur via solid-state diffusion mechanisms. The majority of
Pb-Free solder alloys being considered have substantially higher Tin content than the Sn-Pb
eutectic solder, resulting in a greater availability of Tin to form intermetallics. The intermetallic
layer development generates property discontinuities that may influence the load carrying
capabilities of the solder joints during dynamic testing. Intermetallic gro o unassembled
PCB’s, or product that has already been fielded, can adversely affect ability of the
PCB for initial assembly, or the entire module for repair or modificatio

5.2 Low temperatures

ion temperature and
exhibit ductile-
solder samples

At low temperatures, the principle concerns are the ductile<rit e transy
Tin Pest (e.g., Tin Plague). The Sn-Ag, SAC, and Sn-Cu X
brittle transition behavior that differs substantially fropa—Sn

potentially a menace to Pb-Free solder Jomts
esults in a 26 percent increase in volume, crack
~NMhe increase in volume and accompanying cracking
» lop fractured and powdery regions on the surface. The
presence of s to promote further transformation of the white (B) Tin

as Tin Pest or TipAPlag
white () Tin @ :
because the crystallif

generation, and b

which can a aus® ignificant amount of the metallic Tin to convert to the brittle
gray Tin /§j jO e inherently small in volume, reliability may be compromised
with thée est. Solder with 40 % Pb is seldom affected by Tin Pest provided
that inoculation dusly transformed gray Tin is avoided [16]

During the operating life of electronic piece parts, Tin-rich joints will be subjected to
temperature excursions (typically between —-55 °C to 125 °C) with the colder temperatures
being conducive to the allotropic transformation of the Pb-free solder joints. It is likely that the
incubation time is reset each time the Tin is exposed to temperatures above the
transformation temperature. However, once powdery Tin Pest has formed, oxidation and a
phase transformation kinetics prevent the reformation of a continuous white (B) Tin metal
again.

An early reported instance of Tin Pest was described by Fritzsche [17] where the
disintegration of some blocks of Banka pig Tin was observed after exposure to the Russian
winter of 1867-8, when the temperature during January fell as low as —38 °C (-36.4 °F). The
blocks of Tin had disintegrated into granular crystalline pieces and coarse powder. (Note: The
typical composition of Banka Tin is 99.950 Sn, 0.007 Sb, nil As, trace Pb, nil Bi, 0.018 Cu,
0.045 Fe, nil Ag and nil Sulfur [18].) The growth phase of Tin Pest is typically much shorter
than the incubation period. The transformation may occur after a long incubation period at
temperatures below 13 °C (54 °F), the rate of transformation being highest at —-30 °C (-22 °F)
[16]. Subjecting the Tin material to a mechanical load that results in a residual teﬁbemﬁents
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considerably accelerates the process. Some possible sources of tensile stress in Pb-free
assemblies include bending of leads and thermomechanical stresses encountered during
thermal excursions. Mechanical treatment decreases the nucleation time due to an increase in
the number of reaction sites. Becker [19] noted that annealing and oxidation tend to increase
the nucleation time. Becker usually made his Tin Pest observations at 0 °C (32 °F)
presumably to minimize the effect that temperatures above 13 °C (54 °F) would have on the
transformation nucleation and rate data. Tin Pest nucleation is encouraged through
inoculation with a Tin [20] and elements or compounds having a diamond cubic crystal
structure similar to a Tin such as InSb, CdTe, and Ge [19]. The transformation is dependent
upon the impurities and alloying elements of the Tin. The incubation time of Tin Pest is highly
variable.

Tin pest is not a new problem with Lead-free solder. Bornemann [21] foGnd~that Pb, in the
amount generally found in solder, will not prevent Tin Pest from eve

enough time and cold enough temperatures. The work by Bornema

that Pb, in the amount generally found in solder, will not
occurring. (Note: Bornemann went through extensive effor i
ensure that the Tin surfaces were OXIde free.) The additi

h eventually
Qf experiments to
0.1 per cent by
ad the transformatlon

possibility that the re'sults of the .Born ’ i 04 change in the ASTM B32
solder specification. The role of antim i \ f Tin Pest in Sn-Pb alloys is
discussed in J-STD-006B Section 6.1.

Although Tin Pest ha
kinetics are still poorl

processed solderjoints.
alloy bulk test @
inoculated soldenAfoif

transformation occk

liquidus), diss . 3 erided to transform more readily than joints formed at lower
temperature . the liquidus). Recent experiments by Sweatman evaluated the
surities | purity Pb-free solder alloys (Sn-3Ag-0.5Cu, Sn-4Ag-1Cu, Sn-

[24]. In the first phase of the evaluation by Sweatman [24], Pb-free alloys were formulated
from 99.9 percen ree nines” pure Tin, placed in contact with an a-Tin nucleant and
exposed to a temperature of —45 °C for 180 days with no signs of Tin pest, while 99.99
percent “four nines” pure tin was observed to readily transform within hours. The impurity
analysis of the 99.9 percent pure tin revealed that the largest impurity was Pb at a level of
0.031 % followed by Sb at 0.006 % and As and Bi at 0.004 %. The second phase of the
Sweatman evaluation [24] assessed the addition of 0.01 % Pb, Bi, Ag, Zn, In, P, Au, Al, Cu,
Ge, Ni, Sb, Ga, and Fe alloying materials to 99.99 % pure Tin in contact with a-Tin for up to
30 hours and found that Pb at the 0.01 % level appeared to suppress the transformation while
0.01 % Fe significantly promotes the transformation. Sweatman suggests that since Pb occurs
naturally in primary Tin at around the 0.03 to 0.01 % level, which is still well below the 0.1 %
limit of the RoHS directive, there can be some confidence that tin pest will not occur in a Pb-
free alloy made with standard 99.9 % “three nines” pure tin. The effect of alloying additions to
Tin on the promotion or inhibition of Tin Pest is provided in Section 8, Table 3. With long
exposure at low temperature of electroplated pure Tin coatings on Copper, it is possible to
encounter transformation, but not with hot dip coating [25]. Bornemann [21] evaluated the
transformation of electrodeposited Tin and Tin alloys on steel panels. The pure
electrodeposited Tin coatings 0.0002 inch thick (5 um), whether inoculated or un-inoculated
began to show evidence of transformation after about four days at — 73 °C (- 99.4 ﬁoeeuments
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[19] found that reflowed electrodeposited coatings exhibited different Tin Pest formation
characteristics. During exposure to —-73 °C (-99.4 °F), the inoculated specimens exhibited
transformation in 4 days while the un-inoculated specimen took 14 months. The Tin-Zinc
electroplated samples (79.3Sn-20.7Zn, 0.0005 inch (12.7 um) thick) did not exhibit
transformation after two years at —73 °C (-99.4 °F) for either the inoculated or un-inoculated
samples. Later, Becker [19] attempted to directly deposit thin gray Tin films onto substrates
using electro deposition or evaporation, but he was unsuccessful. Becker was however able
to obtain Tin Pest on inoculated thin films of Tin.

While Tin Pest has been reported under laboratory conditions on test samples, real solder
joints have not exhibited Tin Pest. Tin-Silver (Sn-3.5Ag) solder has a long history of use in
high reliability applications and Tin Pest has not been an issue. Recent testing of Sn-0.7Cu-

5.3 Temperature Cycling

Creep-fatigue models
completeness. An as

many cases, pre
acceleration fac@'
to complete the

performance of gAP

ature difference or reduced dweII time, is required
a reasonable amount of time. The thermal cycling

High performaxce tions have historically relied on =55 °C to +125 °C thermal cycling
testing to~pro depce that equipment will function reliably once it is in service. It has
already been blished'that, Pb-Free eutectic SAC solder does not perform as well as Tin—

Lead under high~s thermal cycling conditions (large temperature difference and/or large
thermal expansion Coefficient mis-match driven solder joints) [28]. Implicit in any thermal
cycling discussion is that the printed circuit board used to connect the Pb-Free technology
piece-parts is reliable. The PCB plated through holes and traces must be able to withstand
the higher temperature Pb-Free solder reflow and rework stresses and go on to perform
reliably in test and service.

There has been, and will continue to be, considerable debate on why solders perform
differently under different thermal cycling conditions. There are many factors influencing
solder life that interact in complicated ways that are not completely understood. While the
understanding of the Sn-Pb system has improved greatly over the years, the study of this
system has revealed that several other factors may also be important contributors to solder
fatigue. In addition to the obvious need to define thermal cycling temperature extremes, dwell
time (at hot and cold) and ramp rate, the following must also be considered during an
assessment of solder fatigue:

e solder joint oxidation
e stress distribution in the solder joint Documents
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