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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 3: Performance testing for systems containing
lead-free solder and finishes
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A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public.

IEC-PAS 62647-3 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
107/124/PAS 107/135A/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 is based on GEIA-STD-0005-3 and is published as a double logo PAS. GEIA,
Government Electronics and Information Technology Association, has been transformed into
TechAmerica Association.

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shall be revised to become another type of normative document, or shall be withdrawn.
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INTRODUCTION

The implementation of Lead-free (Pb-free) interconnection technology into electronics has
resulted in a variety of reactions by designers, manufacturers, and users. While the prime
motivation for Lead-free (Pb-free) technology was to address the social concern of improving
the environment by limiting the amount of toxic and dangerous substances used in products,
the ramifications of this initiative have provided a state of uncertainty regarding the
performance — in this context, defined as operation and reliability, i.e. the expected life cycle
of a product — of aerospace and defence systems. For over fifty years, Tin-Lead solder was
the benchmark for electronics assembly and generations of research baselined its
performance under a variety of operating conditions including the harsh settings of aerospace
and [defence equipment. However, with the integration of Lead-free (Pb-free) techndlogy,
aero$pace and defence companies are faced with questions as to whether thése|new

matefrials will provide, as a minimum, the same degree of confidence le of
criticpl systems and products

In eyaluating performance, two approaches are used: analysis/modsling d ftest. | This
document addresses the latter, providing guidance and direti ) and
execption of performance tests for Lead-free (Pb-free) elett i user

of this document needs to be aware of the following: This docume e not)give answefs as
to how to perform a specific test. Products and systems>appli ry immensely, so

designers need to understand use conditions and i i . s is
undefrstood, then this document can be used tg-givwe % (iw to
devel]op a suitable test, e.g., ascertai sed,

comprehending all the environmenté } i ferial

Sourd engineering knowledge and juc i 3 this
document.

The |global transition the
electronics industry; itli ¢ distt duce
electfonic equip igh p icati . icati , inafter
described as AHR S [ . i arsh
operating environme g ifeti , i i . In many
cases, 2 AHP
indugtry prodygtio . ¢ low and, due to low market share, may not be able to
resist the g (Pb-free). Furthermore, the reliability tests conducted by
suppliers ratex émponents, and sub-assemblies cannot be assumed to agsure
relialpility i ations. This document provides guidance (and in some dases
directtion) i manufacturers, and maintainers of AHP electronics in assessing

perfdrmance 6fLead-free (Pb-free) interconnections.

Over| the_past several decades, electronics manufacturers have developed methods to
conduetvand interpret results from reliability tests for lead-bearing solder alloys. Since these
alloys have been used almost universally in all segments of the electronics industry, and
since a large body of data, knowledge, and experience has been assembled, the reliability
tests for Pb-bearing solder alloys are well-understood and widely accepted.

When it became apparent that the use of Pb-bearing alloys would decline rapidly, programs
were implemented to evaluate the reliability of the Lead-free (Pb-free) replacement alloys.
Those programs have generated a considerable database. To date, however, there is no
reliability test method that is widely accepted in the AHP industries. Reasons for this include:

a) No single Lead-free (Pb-free) solder alloy has emerged as a replacement for lead-bearing
alloys; instead, a number of alloys are being used in various segments of the electronics
industry.

b) The physical, chemical, and metallurgical properties of the various Lead-free (Pb-free)
replacement alloys vary significantly.
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c) Due to the many sources of solder alloys used in electronic component termination
materials or finishes, assembly processes, and repair processes, the potential number of
combinations of alloy compositions is nearly unlimited. It is an enormous task to collect
data for all these combinations.

d) The test methods developed by other segments (References [1] and [2]) are directed
toward shorter service lives and more benign environments. Also, there is still a question
of suitable dwell times and acceleration factors. (However, the intent of this document is to
provide a mean of coordinating the information from References [1] and [2] into a basic
approach for AHP suppliers.)

e) The data from reliability tests that have been conducted are subject to a variety of

|pi‘nrprnf9hr\nc

free)| solder alloys to wait until a larger body of data has been collect nethods for
conducting reliability tests and interpreting the results have gained w igh-
reliability products. In the long run, this will indeed occur. However, ad-free
(Pb-free) solder is well under way and there is an urgent need sthqd, or
set pf methods, based on industry consensus. While ackopowledging p nties
mentioned above, this document provides necessary informratic designi cting
perfdrmance tests for aerospace products. In addition, when_dewelgpino g, the
matelrial in question needs to be suitably characterized. j i serti imate
tensile strength, yield strength, Poisson’s ratio, cre been
shown to be key attributes in evaluating fatigue chs ers.
Because of the dynamic nature of the \ b-free) electronics, thig and
othef simi ide . ilethis document is based op the
best | [ i i 2 ated as future knowledge and datp are
obtai

The is N ribe™a certain method, but to aid avionics/ deflence
suppli i isfyi eliabilitfy~andiar~performance requirements of IEC/PAS 62647-1

(GEIA-
Accordingly, it i

upport the expectations in GEIA-HB-0005-1| [6].

— aldefault method Rpar hat require a pre-defined approach and

- a ot wish to develop their own test methods

Also, - S ing the Lead-free (Pb-free) interconnections, i.e., the “sygtem”
comprised 8 a5 well as the component and board finishes. While the bdlk of
this | ti 3 isgussed reliability testing of Lead-free (Pb-free) assemblies,| this

docu eption to test guidelines to evaluate the performance of the Lead-free
(Pb-{rrée) interc@nnection. The guidelines presented in this document do not suggest mefhods
for reliabilitystésting of product. That is left to each individual user. The document proyides
insight as t0 what approaches should be used as part of a performance test when Lead-free
(Pb-f|ree) interconnection is of prime interest.

In summary, the purpose of this PAS is threefold:

1. Itis meant to provide a means to acquire sound, accurate data regarding the performance
of a Lead-free (Pb-free) interconnection under harsh conditions (aerospace, military,
medical, etc.,)

2. It is usable for further design assessment and operation of a product, and

3. Itis usable as part of a process development study.

Finally, any portion of this document may be used to develop a Lead-free (Pb-free) assembly
test program, i.e., this PAS is tailorable and provides room for flexibility. For those situations
in which results are used for reliability, verification, or qualification, it is strongly
recommended that stakeholder concurrence be sought and documented so that expectations
are understood and addressed.
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PROCESS MANAGEMENT FOR AVIONICS -
AEROSPACE AND DEFENCE ELECTRONIC
SYSTEMS CONTAINING LEAD-FREE SOLDER -

Part 3: Performance testing for systems containing
lead-free solder and finishes

1 $cope

This |PAS defines for circuit card assemblies (CCA)

— a|default method for those companies that require a pre-defined

— a|protocol for those companies that wish to develop their own te

The |default method (Section 4 of the PAS) is intended_for q troni ipment
man ki le to
develop methods specific to their own products and applicati N itfle or
no ofther information is available to define, conduct, (and ihte z iability,
qualification, or other tests for electronic eqw ¢ 2INi - - sqlder.
The default method is mtended to be it q toward minimizing the risk
to us

The lities
that ¢t reliability, qualification, or prqcess
development tests that gz 5, their operating conditions, and |their
applications. Users of the essary knowledge, experience, and|data
to cystomize their ow 6 i nducting, and interpreting results from the
data] Key to developi € i irmuwnderstanding of all material properties fof the
Lead-free (Pb-fré berial i ) ell as knowledge of package- and board{level
attriqutes as de i cti AN. As an example, research has shown thaj the
mechanisms for ¢re t between Tin-Lead and Tin-Silver-Copper ($AC)
solders. Understanaing vechanisms is key to determining critical test parameters |such
as dyell time for t \ ing. e protocol portion of this document provides guidange on
perfdrming suffici aracterigation of new materials in order to accurately define| test
parainete

Use is encouraged, since it is likely to yield more accurate results, and {o be
less an the default method. Reference [7] provides a comprehensive overvigw of
thosg technical considerations necessary in implementing a test protocol

This RA ected

in electronic products contamlng Lead- free (Pb-free) solder. One failure mode, fatigue-failure
thru the solder-joint, is considered a primary failure mode in AHP electronlcs and can be
understood in terms of physics of failure and life-projections. Understanding all of the
potential failure modes caused by Lead-free (Pb-free) solder of AHP electronics is a critical
element in defining early field-failures/reliability issues. Grouping of different failure modes
may result in incorrect and/or misleading test conclusions. Failure analysis efforts should be
conducted to insure that individual failure modes are identified, thus enabling the correct
application of reliability assessments and life-projection efforts.

When properly used, the methods or protocol defined in this PAS may be used along with the
processes documented in compliance to Reference [3], to satisfy, at least in part, the
reliability requirements of References [3] and [4].
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This PAS may be used for products in all stages of the transition to Lead-free (Pb-free)
solder, including:

e Products that have been designed and qualified with traditional Tin-Lead electronic
components, materials, and assembly processes, and are being re-qualified with use of
Lead-free (Pb-free) components

e Products with Tin-Lead designs transitioning to Lead-free (Pb-free) solder; and

e Products newly-designed with Lead-free (Pb-free) solder.

For programs that were designed with Tin-Lead solder, and are currently not using any Lead-
free = iti is |

progfams to have processes in place to maintain the Tin-Lead configuratien_including
outsqurced or manufactured by subcontractors.

With|respect to products as mentioned above, the methods presen
intended to be applied at the level of assembly at which soldering
assembly level.

2 Normative references

The following referenced documents are indispensable(for thek\applicgtion of this document.
For dated references, only the edition cited applj eferences, the latest edition
of th¢ referenced document (including/any ame

IIPC-9701A, “Performance Test Methods
Mount Solder Attachments”, IPC, Fgbruary 2Q

2) IPC/JEDEC-9703, “Testing Methodo s
(onditions”, DATE TBD

atigh Requirements for Sufface

xo0lder Joint Reliability in Shock

3) | ated Reliability Testing of Surface Mount Splder
A

4) J > gembly Mechanical Shock”, November 2004

5) IEC/PAS 62 ent for Avionics — Aerospace and defence electronic
slystems conta < Part 1: Lead-free management

6) g Standard for Aerospace and High Performlance

ing Lead-free (Pb-free) Solder. Government Engineerind and

Infor 6ciation, 2006

7)

ess management for Avionics — Aerospace and defence eIecIonic
edd-free solder — Part 2: Mitigation of the deleterious effects of ti

I
S

8) GEIA-STD-0005-2; Standard for Mitigating the Effects of Tin whiskers in Aerospacq and
High ~Performance Electronic Systems. Government Engineering and Informjation
Tlechnology Association, 2006

9) IEC/PAS 620647-2T, Aerospace and defence electronic systems contaming tead-1ree solder
— Part 21: Program management — Systems engineering guidelines for managing the
transition to lead-free electronics

10) GEIA-HB-0005-1, Program Management / Systems Engineering Guidelines For Managing
The Transition To Lead-free (Pb-free) Electronics, 2006

11) IEC/PAS 62647-22, Aerospace and defence electronic systems containing lead-free solder
— Part 22: Technical guidelines

12) GEIA-HB-0005-2, Technical Guidelines for Aerospace and High Performance Electronic
Systems Containing Lead-free (Pb-free) Solder, 2007

13) MIL-STD-810, “Department of Defence Test Method Standard for Environmental
Engineering Considerations and Laboratory Tests”, revision F, January 1, 2000.

14) MIL-HDBK-217F, “Military Handbook, Reliabilty of Electronic Equipment”’, 2 December
1991.
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15) NASA-DoD LFE Test Protocol, 19 September 2007

16) Shigley, Joseph Edward, Mechancial Engineering Design, THIRD EDITION, McGraw-Hill
Book Company, New York, NY, 1977, pp. 185-188.

17) Collins, J.A., Failure of Materials in Mechanical Design, John Wiley and Sons, New York,
NY, 1981, pp. 240-269.
18) “Fatigue (Material)”, Wikipedia, http://en.wikipedia.org/wiki/Metal_fatigue

19) Joint Group on Pollution Prevention, “Lead-free (Pb-free) Solder Testing for High
Reliability”, Project Number S-01-EM-026, (A full report on the JG-PP effort can be found
at the JG-PP Web site).

LeadFreeElectronics_Proj2.html

21) Directive 2002/95/Ec of the European Parliament and of the Coune
on the restriction of the use of certain hazardous substances i
gquipment (commonly known as the RoHS or Restriction 6
Directive)

22) Gommunication with W. Engelmaier, January 7, 2006

23) Gommunication with W. Engelmaier, January 7, 20068
A. Dasgupta on September 28, 2007

nmunication| with

3 Terms and definitions
For t
3.1

AHP
Aeroppace and High Perfor &, Te i arsh
and stringent operating 3

3.2
cougon Q
a tegt sample repfes

higher level test ve

ct or

3.3

CTE
Coefficig
3.4

DSC
DiffefentialyScanning Calorimeter.

3.5
JCAA
Joint Council on Aging Aircraft.

3.6

JG-PP

Joint Group on Pollution Prevention, referring to the Department of Defence initiative that
sponsored a project to obtain design data from testing Lead-free (Pb-free) assemblies under a
series of military environments.

3.7

lead

term associated with the termination of an electronic component, i.e., the structure that makes
electrical contact with a printed wiring board.
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3.8

lead-free (Pb-free)

meaning that the content of the element lead is < 0.1 % by weight. [The chemical symbol for
the element is used so as to not confuse the reader when the term “lead,” meaning the
electrical connection of a component, is used.]

3.9

PSD

Power Spectral Density; describes how the power of a signal or time series is distributed with
frequency.

3.10

RoH$B

Restfiction on Hazardous Substances (Directive 2002/95/EC of the EyrOpean i and
of tHe Council of 27 January 2003 on the restriction of the uge \of certajn- Tt dous

substances in electrical and electronic equipment).

3.1
tin-lead

soldgr bearing the elements tin and lead, respectivel
unlegs otherwise specified.

mounts of §3-37

3.12
vehicle
a test sample such as a populated circe

4 Default Test Methods

Use pf the default method
test goupons may also

4.1 | Test Veh

ard assemblies (CCA). Also, the upe of
erns listed in Section 4.1.1 are considerged.

Test|vehicles ysey in\tes onic systems containing Lead-free (Pb-free) solder|shall
cons|st of safdered ) at are representative of the materials and processes usgd in
the @ssempbl pair\procedures used by the AHP manufacturer or repair fagility.
Charpctérizati nd documentation of the test vehicle attributes (both design| and

mandfactuni _ smmiended. Test vehicle attribute documentation shall include, |at a
minirnum, the~fgllowing data:

o oard type, material, size, finish, thickness, Copper content

. iece-part material, package size, package type, termination finish

e Assembly solder alloy

e Assembly processes including fluxes and cleaners

e Thermal management materials

e Underfill and staking materials

e Other mechanically attached structures

e Environmental coatings

e Repair history/process (including solder alloys)

The utilization of electrically functional assemblies/units or representative test vehicles is

permitted provided full characterization of the electronic assembly materials, test vehicle
configuration, and assembly processes are documented. The IPC-9701A specification
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(Section 4.2) contains additional guidance on the characterization and documentation for test
vehicles [1].

The use of test coupons may be used but the user is cautioned that various attributes of
concern can be different at coupon level, i.e., cool down rates, metallurgy, pitch, others. If the
use of coupons is desired, the user shall perform an analysis to determine if such attribute
differences exist. If differences are determined, the user shall mitigate associated risks. Be
aware that results are based upon the processes used and that complete documentation of
the processes is necessary if this document is being used to evaluate the processes.

4.1.2 Sample size

The humber of test vehicles shall be based on a statistically based samp ize andranglysis
plan.| Accordingly, several options are available. IPC-9701A specifies a\minimurynumbler of
33 tgst samples. However, sample sizes can be smaller or largernd W-upQn usage
condjtions. Annex A provides additional insight into sample size sel¢

4.2 | Pre-Conditioning by Thermal Aging Method

Lead-free (Pb-free) solder properties tend to change ove t|m QVve typical stqrage
condjtions, so test programs shall include some precehditioging before the primary
environments (e.g., temperature cycling, vibratio . ! S to replicate these
changes for the lifetime to be assessed [1]. 7 gmperature aging| can

acce|erate these changes, such as graj ) ' ic compound growth, diffulsion-
driven voids, segregation, and oxidatign W also help gain consisfency
among test articles by driving the grain s v\ilar characteristics. The isothg¢rmal
aging method may not cause changes re i i icati i ents
and processing conditions (curing bake, [ iroomental stress screening, field use

and ptorage, etc.), so the test protoc interpretation must account for this
effect, and different time/{femperat ingtio y be required for different programs. In
addiffon, the test protqgcol » i preconditioning environments to agsess
all thie effects pertinen icati

4.21 Therm'

The default accelgxa w tailoring the basic isothermal aging preconditioning
expopure follows }

AF | isacceleration factor (dimensionless)

T, IS the test temperatare in K (in the default case, 100 'C, of 373.15 "K)
T, is the application temperature

a is the activation energy (eV), and

k is Boltzmann’s constant (8.620 x 1075 eV/°K).

For most metallics, E, typically is 0.9 to 1.0. However, use of measured results, i.e., actual
test data, is encouraged when available.

NOTE 1 E, is based on specific material properties. (Each mechanism, i.e., grain growth, intermetallic compound
growth, etc., may have its own E_ and a summation of E_ should be used by either test or analysis.)

NOTE 2 Isothermal aging may be used as a preconditioning process prior to mechanical vibration and shock
qualification testing. Specific details are beyond the scope of this document.

NOTE 3 Other models may be used as appropriate.

(1)
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4.2.2 Default Test Parameters

The isothermal aging of assembled test vehicles should consist of 100 °C for 24 hours. These
isothermal aging parameters will not represent all applications, so the preconditioning
exposure should be tailored as necessary to meet the goals of a particular test program.

4.3 Default Temperature Cycle Test Method
4.31 Test Parameters

The temperature cycIe test parameters test temperature ranges, and thermal cycle test

A oring
fures
than
each
than
rts a

| etc.).
st be

" type

considered. Refer to NOTE 1 in Section 5.2. Accordingly, use of
test, ile., straight performance test.

4.3.2 Test Duration

The humber of temperature cycles (0
experted performance of the samples i
comy f
statigti

ient enough to evaluat¢ the
zations. Continuing the test to
scommended in order to obtain pfoper

NOTH] b eycles is considered a standard duration for|many
compani izati . 1 9¥Q1A prpvides additional guidance for duration values.

NOTH| of this docu nent, pro ides further information about the number of temperature cyclgs and
their i

4.3.3

Failu inati srred by either of two methods.

One |me i i monitor failure per the daisy-chain monitoring method as
desclibéq i S 01A, Section 4.3.3. Implementation of this method requires| the
man S purpose assemblies constructed from special-purpose | test
comﬂ‘ test\boards. This method is therefore not generally applicable to stardard
functional hardware

The gsecond method is to monitor electrical performance of functioning circuit card asseniblies
continuously during test.

For each of these two methods, the test monitoring and failure criteria shall be fully
documented.

Traditionally, for Tin-Lead solder, a third method has occasionally been used, i.e., failure
analysis via optical criteria. For Lead-free (Pb-free) solders, this method is not recommended.
The failure modes of most Lead-free (Pb-free) solders, as known at this time, would render
the optical approach useless since the cracks tend to be extremely small and cannot be
reliably discerned against the naturally frosty and fissured surface of Lead-free (Pb-free)
solder.
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Failure analysis shall be performed in accordance with the test plan, on a minimum of three
components per test board type. Typical candidates for failure analysis include: early and
failures that fall near the statistical fit, and failures that deviate from the statistical fit.

Techniques for failure analysis may include methods such as "dye and pry" or cross-
sectioning, as appropriate for the components in question. Failure modes shall be
documented. The most important information to be obtained from the failure analysis is
whether or not the failure is associated with the solder interconnection, or whether it relates to
the package or board, or some other non-solder related failure. Beyond this, failure analysis
should also provide information on where solder joint failures occur (within the bulk solder or
at the intermetallic layer or interface). Results may also distinguish between fracture modes
withi
test ¢

Statis
test

docu
to thé experimental data.

4.3.4 Acceleration Model

Whil¢ this document is not meant for use exg
sectipn is presented for information.

wing

The default general form of the accelera

(1a)
Where;
AF
AT, have
AT,
C

depen ency eaded versus leadless configurations.
Addifional.possible™dépendencies are discussed in Note (1).

For mahy Lead-free materials, many parameters have not yet been characterized. Many
referéences are available which discuss the fatigue ductility exponent. It Is the responsibility of
the user to choose the applicable value. Examples for presently documented values for the
fatigue ductility are in Annex B. It provides a short subset of such references. Annex B also
provides properties (e.g., acceleration test parameters, fatigue ductility exponents, etc.) for
presently known materials but the user should be aware that “C” is not yet known for many
Lead-free (Pb-free) materials.

This basic model assumes that there are no significant differences between the test vehicle
and in-use application except for the temperature differential or that differences between test
conditions and in-use conditions do not have a significant effect on the acceleration factor.

If there are significant differences other than temperature differentials, additional correction
factors to this equation may be required depending on the solder material being used. Factors
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that have been identified as modifying the basic acceleration factor equation or the value of c,
for some solder materials, include but are not limited to:

e Dwell times at temperature

o Component packages including die dimensional characteristics

e PWB attachment designs (pad dimensions)

e Solder thickness

e PWB thermo-mechanical characteristics (Coefficient of thermal expansion, stiffness,
thickness, etc.)

hermal ramp rates

oating material

oating application methods

An AF model supported by the literature for the specific m i ing ed “should be
selegted and applied within literature supported limits to predi¢t appli of a

matefrial from known performance under known conditions, \ 3 le of
test-{o-application and product characteristics for \t basic
acceleration factor equation.

NOTE 1
i) ill be
ssumed
i) (room
ﬁemperature) to 95 °C will be assumed. The differe
iii) cle is
i p ramp
ffates and dwell times areAdexti . i it there
re no significant differenc S
iv) Using the test temperp { igha 165 °C in this case, compute the AF. In this case the|AF is

165/70)"3=13.1.

V) Determine the, the desired design life. In this case assume one cydle per

vi) ent to
NOTH| d the
mater e this
trend.

4.4

In dg test

be useds For a wider range of stress levels (e.g., design verification), MIL-STD-810F [9]|shall
be used—lfthere is—a-conflict between any of the cited standards rnqllirnmnnfe and-thoke of
the specific product or system requirements, the user shall conduct an analysis to determine
which of the two is most beneficial (conservative) and proceed accordingly.

and }Eow the test data will be utili,zed. If accelerated testing is of interest, IPC-SM-785 [3]|shall

In all cases, samples shall be pre-conditioned in accordance with Section 4.2.

4.5 Mechanical Shock

In deciding upon a mechanical shock test, the designer will need to determine the purpose of
the test and how the test data will be utilized. If accelerated testing is of interest, IPC-SM-785
[3] shall be used. For moderate levels of shock, JESD22-B110A [4] shall be used. For a wider
range of stress levels (e.g. design verification), MIL-STD-810F [9] shall be used. If there is a
conflict between any of the cited standards requirements and those of the specific product or
system requirements, the user shall conduct an analysis to determine which of the two is most
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beneficial (conservative) and proceed accordingly. In addition, IPC/JEDEC 9703 [2], as an
informational reference, provides further insight into tailoring a shock test.

In all cases, samples shall be pre-conditioned in accordance with Section 4.2.

4.6 Combined Environments

Since combined environmental testing is a relatively new concept in performance testing, no
default approach exists at the present time. Section 5.5 provides information and possible
approaches as part of a protocol effort in characterizing new materials. The user may refer to
Section 5.5 for insight on such testing.

5 Protocol to Design and Conduct Performance Tests

In orfer to conservatively assess the as-designed equipment perfo
know the Fallure Rate of a soldered Jomt at the end of equip
accu
comy
acco
(pach
acce
perfg
desig

pf its

NOTE

Q

4l high

3 0

§ and

y 11iX, substrate characteristic, and compc nent
type,| will produc d ff ords, solder (or other interconnection matefials)
will fequire suf erial properties) prior to executing performance
tests| For examplé A 5Qldex _has been characterized in the industry and the|data
shows different stréss X adi esponse times than that for eutectic Tin-Lead sqlder.
Thus|, ' atenals, robust testing of materials properties must be conddcted
to acqui 3 ' Q address specific concerns, e.g., reliability models of intefest.

An in
ramp

that use of bulk test samples may not be representative of material
¢ action configuration. When at all possible, actual soldered| test
be considered for accurate results.

User
behalvior i
vehigles should

5.1 Test Vehicles

R H " ) T ) ) H o b Add
eqLIIUIIIUIILD ofall VT UIC SdlIlTIT do IMMUSCT 11T OCUUUIT <. 1. 1.

5.2 Temperature Cycle Test Protocol
This test protocol is based on the following assumptions:

e The acceleration model is a form of the inverse power law;
e Temperature cycling is the appropriate stress method;

e High-temperature and low-temperature dwell times (t,,4) are critical parameters of the time-
temperature cycle [18]

e Sufficient low temperature limit is —40 °C or -55 °C dependent upon contract requirement.
[User should note that this limit can be different especially for new materials if
characterization indicates that stress relaxation changes significantly at a lower
temperature.]
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e The ramp rate shall be less than 20 °C /minute. A slower ramp rate can be used if
characterization data indicates that stress relaxation is not affected. User is also directed
to IPC-9701A for further implications in using a slower ramp rate.

e The dwell time t,4y must exceed the recovery time (t,) for a given alloy, or combination of
alloys. Shorter t,4 may be used if the user provides documentation relative to the effect of
shorter t, 4 on cyclic damage, and hence, on the acceleration factor.

NOTE One issue with using —55 °C for the low temperature limit is that less creep occurs at low temp, so the
assessment of the acceleration factor with most models now in use treats a 15 °C delta at low temperature the
same as a 15 °C delta at high temperature. The effect is that one could assume a greater acceleration factor for the
majority of the application environment (centered at approximately 25 °C) than should be taken. On the other hand,
colder temperatures can induce greater stress in the solder joint that may initiate a crack. Current industry

experfence suggests that the basic guidance used on SnPb solder probably applies here: Accelerate mastjof the
fatigug through temperature ranges most likely to be encountered in use; address the «colt\temperature|limits
(belov approxifately
—20 °( promise apgroach
may | limith\appligs) for
acceld ) can
be us ofille).
User ons of the
abov documented, and
conc

The solder performiance
tests

5.21

Durin ed to and dissipated as creep wofk by
the ¢ ] The timeframe during which this
occu gst described as “stress relaxation fime”
or “c i

The B and combinations thereof, that are used ip the
manyfacturer or ai ility all be determined over a range of temperajures
that include the i

The B d results of these measurements shall be documented
for a

Figu 3. a xationaNmethod for accomplishing this requirement. If the method illustrated
in F rified, then the applicable methods used shall be defined| and
documented.

NOTE| The purpose of this test is to ensure that the high-temperature dwell time is long enough for mechanical

stressles 16 be relieved in the alloys being tested.
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o Pick off points to plot on next page N =
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L []
8 T, T,
=

Time

Figure 1 — Notional me
for a given solde

The $teps in this method are:

elect samples represé ive a%ﬁand ombinations to be tested. The samples
i e s of

1. S
do not necessarily have to ctrgriic components.
Apply stresses to of strain in the selected samples
Measure t., which i 8 ired for the samples to recover to a defined minjmum
siress level, ) s afe relieved, over a range of temperatures. Various
ethods of measuhqy 3 sed; illustrated above are mechanical, and thg¢rmal

easurements

It is |expectex - ic methods and parameters will be selected for each given
application.

5.2. < e\the_high-temperature dwell times and temperatures

The fhigh tempera dwell times, t,4, for all alloys, and combination, for the given|high
temperature limit of the temperature cycle test shall be determined for each Uypper
tempierature limit, on the basis of the data collected from Section 5.2.1.

The specific methods, parameters, and results of these determinations shall be documented
for all solder alloys, and combinations thereof.

Figure 2 shows a notional method for accomplishing this requirement. The relationship
illustrated in Figure 2 should be verified for all alloys, and combinations thereof. If it cannot be
verified, then the applicable relationship shall be verified and used.
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from Figure 1

S t,q selected from the
S shaded region
_ o)
o Slope = E, N
S / o
7=
N

Q o
CEJ / s ~
~ t replotted o

Fig
dw

The

Time to Recovery

ure
but

y an

(2)
wher| k is
Boltz
5.2.3
Othe 3 ele\testYarameters shall be selected and documented for all perfinent
solde 5 3 !

NOTH Since t}, is™s red to be the critical parameter for this type of test, the default values in Sectior] 4.3.1
may be used-for the Yotwer temperature limit and dwell time, and temperature ramp rate. Alternately,|other

parameters may be used, provided that they are documented.

5.2.4—GCenduettests

Temperature cycle tests shall be conducted, using the parameters determined in Section 5.2.
The observed failures shall be analyzed to verify that they are due to temperature cycling

stresses.

5.2.5 Determine the temperature versus cycles-to-failure relationship

The relationship between the cycles-to-failure and the temperature cycling range shall be

determined and documented for all alloys, and combinations thereof.

Figure 3 shows a notional method to accomplish this requirement. It illustrates an S-N curve
based on the inverse power law, which is used to determine the exponent of Equation 3. If
this relationship cannot be verified, the applicable relationship shall be determined and

documented.
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Slope of the line is
- - inverse power law
""" exponent B in
equation (3)

Log Cycles to
Failure

Figure 3 — Notional method for determining t
relationship between cycles to failure

s cycles to failure for test

s temperature at test, and

1 Typical operational environments can take sustained time to accrue high cycle fatigue failure. Exc
on/levels at the circuit card assembly level can introduce secondary failure modes that would 1

encou

Estimate the
'elationshir . through 5.2.5, above, shall be used to estimate
tycles to failur r alloys, and combinations thereof, for the given
cations.
Vibratio
ibration , the user is referred to Section 4.4. However, prior to selectlng a
od, review the information provided in NOTES 1 through 3 for addifional

bssive
ot be

ntered during normal life. If, after reviewing the suggested methods in Section 4.4, the user feels this

is the

case, then further analysis may be necessary. For example a finite element analysis of the board can be performed
to establish expected limits or determine use of a step stress test approach. Should the results show excessive
component lead stress or if board level deflection exceeds prudent design limits, then test design should be

exerci

sed with caution, especially if accelerated life testing is intended.

NOTE 2 Regarding fatigue, equivalent damage and less test time can be realized by raising test levels. This
relationship is a nonlinear factor. A simplified fatigue relationship to determine time at test levels versus
operational limits should be used. This is equivalent to the vibration fatigue life limit or service life. It is
recommended that the lowest vibration level that will meet test duration time be used and that the test duration

may n

eed to be adjusted when defining the test level.

NOTE 3 MIL-STD-810, method 514.3, paragraph 1-4.9, has been used to determine test level and test time to
satisfy fatigue life requirements [9]. Equation 4 provides the relationship using the inverse power law:

where

(3)

(4)
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W
T

1/m =

vibration level (PSD)
time to achieve high cycle fatigue failure

material constant (slope of the log/log S/N curve)

and W, and T, are established by material characterization.

Supplier

data is frequently supplied with this data available. Be sure to select the appropriate value or adjust for

worst case operating temperature.

5.4 Mechanical Shock

For mechanical shock test methods, the user is referred to Section 4.5. However, prior to

sele ; v for
addifional insight on method selection.
NOTE| With all solder alloys, the formation of intermetallic compounds (IMC) dueg bipation ing the
soldell processes and solid state diffusion will occur. With Lead-free (Pb-free) solde of th punds
demonstrate a much more brittle characteristic, forming a ductile / brittle interface. j i 5 of a
Lead-free (Pb-free) solder joint due to shock has been along this IMC interfaee> \ ifi Qnshi tween
the two interface materials is used to determine the acceleration of crack propagation_a ) e. The
impact of multiple shocks has not been provided since it is not consjd 3 i it is
recomimended that operational profiles must be considered when consid N ilses.
Equdg
Whefe
AF | = acceleration factor
g5 | =Young’
gs | = Young’s modulusor t
5.5 | Combined Enviror
The ferm combin t will
experience more : pular
appr > g s to
understand the j t will
see ing i ions.
Oncq ose
condjtions \ , the magnitude of the stress, and the percentage of timg that
the SS | [ duty cycle) on the product. Since thermal cycle, vibration] and
mechanica hree sources that influence crack propagation, the scope ofl this
document will B 8d to these three environments.
If on sing
open sed,
in Eq. (6)

k

D=>" (m/N;)

i=1
Where
i = number of environmental conditions (effects)
n; =number of cycles at the ith effect
N; =Total number of all effects cycles (lifetime) for the product.

(5)

(6)
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The quantity D is the total damage (sum of all effects) and is experimentally found to be
between 0.7 and 2.2 although usually, for design purposes, D s assumed to be 1.

With Miner's Law, the approach would be to add the effects (damage) of each stress
(environmental condition) over the life cycle of the product.

D= Nthermal cycle/NthermaI cycle + nvibration/Nvibra’tion +

Nmech shock/Nmech shock ¥ ........ + ni/Ni

Whefe each term represents that component of damage attributable ondlition
cited|and “i” is the i"" stress or environmental condition.
Compined environmental testing provides the closest approximation ) lance
capapility a solder joint of a given alloy can achieve.
The fotal damage accuracy can be improved by cong i , i factors for each sfress
effeqt notionally expressed by Eq. (8):
wherg
W is the weighting f vn in

Section 5.3).
Since it is cri th » stem
application, the ghting Cycle
temperature Ilmlts a i _ f , ion, vi [ i | and
shock environme
NOTH| Classica i al testing has used 20 gs. Pulse duration has varied from 9 ms to P0 ms
depending o i apphNcati his environment should be adjusted if a greater g-level is seen in the pctual
use envirg Raas missie launch, which can be as high as 100 gs) or if shock is a greater driving fagtor in
the low cy g _fallure n as a ground vehicle in off-road applications). The frequency and number df total
shock| pulses ™ ( of tailored as part of the overall environmental profile. The vibration environment
remains to be (defi . Test time duration and the g-level for a given solder alloy must be evaluated. The
combipation of\these threg environments (thermal cycle, vibration, and shock) must be tailored such that the total
destryctiverforce is great enough to result in failure of the test article starting in the second half of the te$t and
preferpbly, 100 % of all test articles fail at the end of the duration of the test. As a minimum, 63 % of the popylation
should faiduring the testing if properly designed. This will allow standard Chi Square statistical methods|to be

used to predict the solder joint Tallure rate and the AF of the test environment.

The total damage of the combination of all environments can be greater than the sum of the
individual environments as indicated in Miner's Law. However, at this time this factor is
assumed to be 1 until further testing can be performed to demonstrate this relationship with
some degree of confidence.

5.5.1 Combined Environment Relation

Recalling Equations (1a), (4), and (5), Miner's Law can be expressed to determine the
cumulative damage based on contributions from each environment contributes to the failure.
Each of the environments acceleration factor (AF) is weighted by the percent each
environment contributes to the total destructive force. By weighting the acceleration factors
with an operational profile, a close approximation of the combined test environment is
established.

(8)
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(ATY/AT,)B = (N, /Ng) = (AF), (1a)

AF = (£//€,)12 = (AF),

AF (Combined Environment) ~ (A*(AF)1) + (B*(AF)Z) + (C*(AF)S)

The
accu
factof
for a :celerated life test (ALT). Calculate the time required to accumula
of cycles (T,). Insert the time into Equation 4 and calculate f

bired
mber
d to

accu ation
shou]d be evenly distributed over the entire test duration. Tota S st is
reduced.
5.5.2
The ead-
free {free)
perfg 5-PP
Lead
e D
electronics assemblies
o A
ahd aerospace electro
e Develop baseline - i process guideline and risk assessmenf for
apsembling S \ Pb-free) defence and aerospace electrpnics
apsemblies
This [project inclu sycle, vibration, mechanical shock, and a combined environment
test that is comp |se cycte and vibration in separate actions, not truly combjned.
Anngx C co a from this test effort. The designer is encouraged to rqview
Anngx C an ifs(i at his/her discretion. The user must keep the following in

mind pxoject is provided as an example only. The project was designed to
exce=d\the normah anticipated environments to provide failure data as quickly as possible.
Each program{must\evatlate the protocols and determine if the profiles presented can be
used|to predictTailures in their environments.

5.5.3 Additional Insight: Concept of Life Cycle per MIL-STD-810

Earlier in this section, the concept of life cycle was discussed as an approach to identifying
those environmental conditions that contribute to the overall stress or effects experienced by
a product. MIL-STD-810, Revision F [9], introduces the crucial necessity of tailoring the test
requirements to the application requirements (i.e., life cycle environmental profile). This then
allows one to specify a MIL-STD-810 test method and appropriate application specific criteria
to define the proper test. Be aware that one weakness in the vibration method is that it
identifies the fatigue exponent as a constant value, when in reality it varies with material and
structure properties. Thus analysis and/or testing is required to determine the value of the
exponent.

The user is encouraged to review Section 4 and Annex C of MIL-STD-810 for additional
information on typical use histories for various military/aerospace platforms as well as climatic
conditions.

(4)

(5)

(9)
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5.6 Failure Determination and Analysis

Regarding any failure analysis activity following a protocol study, refer to the direction and
information provided in Section 4.3.3.

6 Final Remarks

This standard was developed with a overall focus of providing value to the user. It was
generated thanks to the inputs of a global team involved in the aerospace/ defence industry
and sensitive to the performance challenges in ma|nta|n|ng customer conﬂdence Lead free

s 5 > beific
prod iti . in, i i only
requ i ' the
conc

The
user
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Annex A
(informative)

Test Sample Size

In this discussion, "F,," numbers refer to the percentage of the sample size, or, in an
application, the number of the population of parts that have failed; i.e., Fg, refers to the point
in life where 50 % of the individuals in the sample or population have failed. Fy, refers to the
point where 0.01 % of the sample or population has failed, etc. Obviously, with a small sample
size [ike 10, the Fy, point for a population cannot be measured direcily, since the first ailure
in th{s sample size would be at the F,, point, but must be estimated by/statistical analysis.
The [Fg3 point (63 % of population or sample has failed) is commonly dard
metric in wear-out discussions because this point is directly calculated i ution
estimation software programs which is a factor that mathematically detegmi K ortips of
the Weibull distribution function (please refer to statistical texts-for\fur ' i f the
Weibull distribution).

Also] in this discussion, sample size refers to the number~af co er of
soldgr joints. The first failure of any solder joint of a gompen i ined that
sample item. The number of solder joints is absolu j =20
meams 20 nominally identical components solder , on
identical printed wiring boards (PWBs ame

PWB, as long as the location (locé S i are
known/incorporated.

Sample size of 33 is often used as al|def > . nent.
Smaller samples sizes ( | the
objegtive, and the resul brger
sample sizes, N=50, 3 rics,
espegially in early-distribyti iabi fox_proddcts such as heart-implant electronics] and
morg opportunity\fo i without
hampering prec iduifi . s’needed, use N = 50. If + 20 % is appropriate| use
N = 10. The expected i sults’based on sample size can be calculated up-front by

0 is
c f the
Fe3 point), vefst t m to
obtain highekprecisi

using appropriatge

If thg objestive iy : ntral
to the failure~distributijon of the population between no failures and 100 % failures) be dised,
such| as the\Fg; 0K F£, failure percentage points. If the objective is to estimate early failure
points inhg life distribution, such as the F 54 or F 44 points, use a larger sample size.

It is desirable To allow the test to run until all samples fail. This provides higher confidence
levels and precision of the statistical estimates. But suspension (i.e., terminating the test)
when 60 % of the parts have failed , to approximately cut the test time in half, will yield
metrics with reasonable confidence levels within 5-10 %. If the objective is specification
compliance data (i.e., greater than a pre-determined number), recognize that sample-size is
critical: the greater the sample-size, the more likely to encounter failing samples. Again, that
can be estimated up-front. For any set of failure data, commonly available Weibull estimating
software programs can provide a "most likely" estimate of population life over time and
confidence intervals for this estimate.

Without testing to failure, characterizing reliability (or cumulative failure, F,) requires
assuming a failure distribution shape for reliability levels of practical interest in most
applications, such as Fp4 and lower. In addition, without data varying stress levels, there must
also be an assumption for the test acceleration factor, AF. If reasonable data exists to
estimate the acceleration factor, testing of N samples can only estimate reliability levels
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around F oo/, SO typical test times to address an application requirement with lifetime T s
must exceed AF*T ;.. The amount that the test time should exceed this time depends on the
failure distribution.

@%
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Test Temp
(°C)

Maximum

125°C
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Annex B
(informative)

Material Properties of Lead-free (Pb-free) Solder Materials

This annex provides data and information regarding those material properties and test
parameters unique to specific Lead-free (Pb-free) interconnection materials.

For SAC 305:

Givep the amount of work already performed in characterizing SAC 305 (| .0Ag=0J5Cu)
alloy] Table B1 below provides test and acceleration model parameters/A A 3

Allowpble | Allowable | Allowable Test AF Substrate Pre-
Tept Temp in Temp in Dwell Exponen- tabilizati | Cgndition
Terp Service Service Time tial Factor on Points ing

to Start
Dwell
Periods

¢) (°C) (°C)

RoHS 95 % of 100
Complian | Temperat Hpurs at
1

Minifium Maximum Minimum Minutes

t Only ure Delta 00 °C
Set
Points
-55[°C X X X

AF

AF + Test
[temp
delta/in
service
temp
delta]*Ex
ponential
Factor

Testing
below -
20°C
may
cause
pre-
mature
failure
due to
non-
creep
related
failure
mechanis
ms
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Example
Temp Test In-Service Test/Use
Low -40 10
High 125 80
Delta 165 70 2.36
Temp Ratio Test/Use 2.36 2.36
Area Array 2512
Exponent Exponent
2.70 1.50
AF @ 10 Minute Dwell 10.13 3.62
AF |Factor for 1+ Hour In Service Dwells 0.50 0.50
AF for 1+ Hour In Service Dwells 5.06

Assume 1 Thermal Cycle per day @ 12 hour
dwells (typical commercial aircraft

ur dwells

vl

equired 1 % failure in-service cycles 360.00

Required 1 % failure test cycles 71.1 ur dwells

1422.07 hour dwells

Required 1 % failure test cycles

NOTE[S Supplement to Table B1:

1) Tg e that
2) Dpwell times at temperature~are 10 minu i tween

c amber set pomts That ig, i p -40° °C, i i .5%

3) The acceleration equation powe : i i . r chip
rgsistors or capacjtors S
4) Ap in-service o~ dwell
periods greater thar 1k
A itioning pexi tiated
4.
posed
pbntact

1) Fpidemiblogical Study on Sn-Ag-Cu Solder: Benchmarking Results from Accelerated Life Testing
CraigMHillman, Nathan Blattau, Ed Dodd, and JoeIIe Arnold SMTA 2006 Chicago

yeY F 3 Ectioaatina Eotic: IIF F ] nrl I:.- Jolder

=StHatH attgt H 1=

2) Dot AaR I\II L “Qh-n.n Dnv\n Av\nr

stermeahs hael RERG H

Interconnects Under Temperature Cycle Loadlng“ IPC/JEDEC Global Conference on Lead Free Reliability &
Reliability Testing for RoHS Lead Free Electronics, Boston, MA, April 10-11, 2007. (Note: IPC 9701A 4.3.1 is
recommending 24 hours at 100C.)

3) Osterman, Michael, “Effect of Temperature Cycle on the Durability Lead-free (Pb-free) Interconnects
(Sn96.5Ag3.0Cu0.5 and SnCuNi)”, University of Maryland Center for Advanced Life-Cycle
Engineering Project C06-06, 2006.

4) Dasgupta, A., “Risk Assessment & Accelerated Qualification of Lead-free (Pb-free) Electronics,” University of
Maryland Center for Advanced Life-Cycle Engineering Project C03-05, 2003

References Regarding Fatigue Ductility Exponent

Engelmaier, Werner, Solder Joints in Electronics: Design for Reliability, Engelmaier Associates, L.C., Ormand
Beach, FL, www.tms.org/Meetings/ Annual-97/Program/Sessions/MA332.html

Salmela, Olli, “Comments on the IPC Surface Mount Attachment Reliability Guidelines”, quality and Reliability
Engineering International, Qual. Reliab. Engng. Int. 2005; 21:345-354, published online 10 March 2005 in Wiley
InterScience (www.interscience.wiley.com). DOI: 10.1002/qre.667


http://www.dfrsolutions.com/
http://www.tms.org/Meetings/Annual-97
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Osterman, M. et. al., “Effect of Temperature Cycle on the Durability Lead-free (Pb-free) Interconnects
(Sn96.5Ag3.0Cu0.5 and SN100C)”, Report of Project C06-06, CALCE EPSC Fall 2006 Technical Review,
University of Maryland Center for Advanced Life-Cycle Engineering, October 17, 2006.
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Annex C
(informative)

NASA-DoD Lead-free (Pb-free) Electronics Project Test Information
(from the NASA-DoD Lead-free (Pb-free) Project Joint Test Protocol,
19 September 2007)

NOTE At the date of publication, Information in this Annex was found at the JG-PP Web site

the

program must evaluate the protocols and determine whether the prof' ted c

This [NASA-DoD project is provided as an example only. The project was designed o e}eed

used| to predict failures in their environments. The information pr is.*section is
presg¢nted as information for use at the user’s discretion. The Joint {es found
at

http:{/www.teerm.nasa.gov/projects/NASA DODLeadFreeEIectm

Vibration Test

The oIIowmg protocol was developed for the 2007 NASA Il Le (Pb-free) Electrpnics

project, ‘ Pb-free) finisheg on
electfonics components and various Lead-free B€) f d on the repair and rgwork
procg¢sses used by various Original Equipme ngd.DoD repair depots.

This [test was designed to atlsfy the i nts of MIL-STD-810F (Test Method
Stangard for Environmend{al E sideratigns and Laboratory Tests) Method $14.5

(Vibrption) and was pegformn:

Jonfirm the eJectrical tinui a est channel prior to testing. One channel wjill be
uged per coR

Place the printed ' ' PWAS) into a test fixture in random order and njount

Jonduct 3 S in fhie” Z-axis only (i.e., perpendicular to the plane of the djircuit
i our with displacements applied in the Z-axis as that will nesult

Run the_testwusing\the’stress steps shown in Table C.3. Subject the test vehicles tp 8.0
9lms for ong/hour\ Theén increase the Z-axis vibration level in 2.0 g,,,¢ increments, shaking
for one hiour per step until the 20.0 g, level is completed. Then subject the test vetlficles
tg a final one hotr of vibration at 28.0 g,s-

Jontinuously monitor the electrical continuity of the solder joints during the test @ising
emmmﬂ#ecﬂy
to the test vehicles and then glued to the test vehicles (with stress relief) to minimize wire
fatigue during the test.

If feasible, a complete modal analysis should be conducted on one test vehicle using a
laser vibrometer system in order to determine the resonant frequencies and the actual
deflection shapes for each mode.

The stakeholders agreed that a stress step test representing increasingly severe vibration
environments was appropriate for this test. A step stress test was required since a test
conducted at a constant 8.0 g,,,s level (Step 1) would take thousands of hours to fail the same
number of components as a step stress test. This is because some locations on a circuit
assembly experience very low stresses and severe vibration is required in order to fail
components at these locations. The shape of the PSD (Power Spectral Density) curve for
each step stress level was designed so that all of the major resonances of the test vehicles


http://www.teerm.nasa.gov/projects/NASA_DODLeadFreeElectronics_Proj2.html
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would be excited by the random vibration input. The PSD curves presented in MIL-STD-810F
were used as guides for the creation of this step stress test but were not directly duplicated.

/ \
/ \\
/,
V. \\
N 0.1 / ,/' \\\\
I Viy AN RN ¥ 7
~ 17777 O\ i
1) 77/7 /7 AN L\ {
~ //, / N\ \\} N |
a ;// / / AN AN
o 1//// \\Y\ \
7 P\
//j;’ N <\\\ \:§§\ |
0.01 / RS \
y 4 ANUBLY >
— \NAEAN
- N\
/ N\
a /

0.001

10 10000

Level 8

Level 7

Figure C.1 — Vibration Spectrum
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Table C.1 — Vibration Profile

PAS 62647-3 © IEC:2011(E)

Level 1

Level 2

Level 3

20 Hz @ 0.00698 G*/Hz

20 Hz @ 0.0107 G*/Hz

20 Hz @ 0.0157 G¥/Hz

20 - 50 Hz @ +6.0 dB/octave

20 - 50 Hz @ +6.0 dB/octave

20 - 50 Hz @ +6.0 dB/octave

50 - 1000 Hz @ 0.0438 G%/Hz

50 - 1000 Hz @ 0.067 G*/Hz

50 - 1000 Hz @ 0.0984 G%/Hz

1000 - 2000 Hz @ -6.0 dB/octave

1000 - 2000 Hz @ -6.0 dB/octave

1000 - 2000 Hz @ -6.0 dB/octave

2000 Hz @ 0.0109 G¥/Hz

2000 Hz @ 0.0167 G*/Hz

2000 Hz @ 0.0245 G%/Hz

Composite = 8.0 G,

Composite = 9.9 G,

Composite = 12.0 G,

Level 4

Level 5

Level 6

20 Hz @ 0.0214 G*/Hz

20 Hz @ 0.0279 G*Hz

20 Hz @ 0.0354 G*/Hz

20 - 50 Hz @ +6.0 dB/octave

20 - 50 Hz @ +6.0 dB/octave

20 - 50 H={@ +6.0 dB{octave

50 - 1000 Hz @ 0.134 G*/Hz

50 - 1000 Hz @ 0.175 G*/Hz

50 - 180Q Hz @ 02215 &%/H]

-

00 - 2000 Hz @ -6.0 dB/octave

1000 - 2000 Hz @ -6.0 dB/octave

[0

g

e

2000 Hz @ 0.0334 G*/Hz

2000 Hz @ 0.0436 G*/Hz

< 20004z ® 0.0552 52/Hz

Composite = 14.0 G,

Composite = 16.0 G,

\, Compbosite = 18:0 G,

Level 7

Level 8

20 Hz @ 0.0437 G*/Hz

20 Hz @ 0.0855 G%/Hz, ~.

20 - 50 Hz @ +6.0 dB/octave

20 - 50 Hz @ +6.0-dBJoctave

50 - 1000 Hz @ 0.2734 G*/Hz

50 - 1600 Hz @-0.5360-G¥/Az

—_

00 - 2000 Hz @ -6.0 dB/octave

o o]

2000 Hz @ 0.0682 G*/Hz

2000tz @ 0\1330°G Kz

Composite = 20.0 G,

Chmposite = 200G

Vibration Test Rationale

The general requikems
detefmining ho@
vibration test was
specffically for the
Elecfrical and El

same n

Method 514.5,
r alloys perform under severe vibration.
teps shown in Figure C.1 and Table C.1 develp
s (Pb-free) Electronics Project by the Electro

) Parts and Packaging Group of NASA Marshall Sp

(Vibration) are appropriate

2 number of components that would fail during the test.
level would have required thousands of hours to fail the

for

The

ped
nic,
ace

test
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Table C.2 — Vibration Test Methodology

Parameters

Start at 8.0 g, . then step up in 2 g, increments in the axis perpendicular to the plane of the test
vehicles until the 20.0 g, - level is completed. Vibrate for 1 hour at each test level. Finish with 1
hour at 28.0 g, .-

Number of Test Vehicles Required

Manufactured Rework
Mfg. LF Mfg. LF
Mfg. SnPb | Mfg. LF Rwk. SnPb Rk SoPb Rwk. LF
ENIG SN100C
5 5 4 5 5 4 5

Trials ger Specimen 1 f\

Vibration Major or Unique Equipment.
Spedific equipment included

— Hlectro-dynamic shaker (Figures C.2, C.3)
— Bvent detector

—  Flixture

Figure C.2 — Vibration Test Fixture
(from JCAA/JGPP Lead-free (Pb-free) Solder Project Team®)
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