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Abstract
Recently, the industry has seen the development of a wide range of new Pb-free alloys. A significant element of uncertainty
within the industry regarding these new alloys is the lack of defined data requirements for alloy acceptance.

This paper describes the progress of recent efforts to standardize Pb-free solder alloy testing requirements. Hewlett-Packard,
the iNEMI consortium, the Solder Products Value Council, and the IPC are working together to create such standards. To
facilitate the standardization of alloy testing, the required tests are divided into three major areas, each of which may be
covered by a separate standard.

e  Material properties

e Solder joint reliability

e Impact to manufacturing processes
This paper presents the status of standardization efforts in each of these three areas.
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Introduction

Due to the documented limitations of near-eutectic Sn-Ag-Cu (SAC) solders, the industry has seen the development of a wide
range of new Pb-free alloys [1, 2]. The increasing number of Pb-free alloys available provides opportunities to address the
limitations of SAC305, SAC405, and similar materials. The development of improved Pb-free solders is expected as Pb-free
technology matures, and may provide improvements in solder joint reliability as well as decreased costs over the long run.
At the same time, having the choice of so many alloys presents challenges in managing the supply chain, and introduces a
variety of technical risks. For example, the high melting point of low Ag alloys will shrink an already small reflow process
window. Low Ag alloys may also decrease thermal fatigue resistance in some circumstances [3—5].

One situation regarding new alloys that creates uncertainty within the industry, and which may slow the adoption of
improved materials, is the lack of defined information requirements for alloy acceptance. A significant obstacle to useful,
data-driven assessments of alternate Pb-free alloys has been the inconsistent testing performed on new materials. The data
from experiments conducted, while valid on their own, are often not comparable to data from other equally valid experiments,
due to differences in the choice of test conditions, controls, or other parameters. Also, alloys formulated to meet specific
goals, such as improved mechanical shock resistance or reduced Cu dissolution, have not been consistently tested to
determine suitability for general use by assessing other performance aspects, such as thermal fatigue life.

This paper describes the progress of recent efforts to standardize Pb-free solder alloy testing requirements, thereby facilitating
acceptance of new alloys that meet varying company and product requirements. Hewlett-Packard, the iINEMI consortium, the
Solder Products Value Council, and the IPC are working together to create such standards. The key to this standardization is
the assumption that, while the acceptability of any alloy may vary from product class to product class, and possibly from
company to company, the testing methodology and data requirements should be largely the same. In this case, standard
testing could be done once, and the data then could be used across the industry as companies make specific alloy
acceptability assessments. To facilitate the standardization of alloy testing, the required tests are divided into three major
areas, each of which may be covered by a separate standard.

e  Material properties

e  Solder joint reliability

e Impact to manufacturing processes



The status of standardization efforts in each of these three areas is presented in this paper. First, efforts at Hewlett-Packard
Co. (HP) are described, followed by a description of activities within the iNEMI consortium, collaboration with the Solder
Products Value Council (SPVC), and the IPC.

HP Approach and Status

As described in detail elsewhere [6], HP has been developing company specifications to define test data requirements for new
alloys. The tests defined in these specifications are driven by the reliability concerns related to solders, including the impact
on the manufacturing process window.

Each specification is broken up into 3 areas: basic material properties, reliability testing, and the impact to the manufacturing
process. The required tests in each area depend on the risks associated with the various solder forms, so there are three
specifications, one for each of the three different solder forms: wave/miniwave, reflow solder paste, and BGA/CSP ball
alloys. For example, the concerns for wave soldered through-hole joints are very different from those for reflowed BGA
solder joints, so the required testing differs for the different alloy forms. Therefore, the miniwave/wave specification requires
testing against a maximum Cu dissolution level within the HP process window (as Cu dissolution is a concern for through-
hole joints), but the only solder joint reliability test required is pin pull testing. In contrast, BGA solder ball alloys require
thermal cycle and drop/shock testing to address concerns with these failure modes for BGA joints. Another reason for
having separate specifications for the different solder forms is that the target users of the documents (for qualifying alloys)
are likely to be different for the different solder forms.

Figure 1 — Proper solder joint formation (top) is possible with current solder technologies. Changes in alloy
composition can make it impossible to form good solder joints (bottom) within HP’s process window, thereby failing
HP’s requirements.

An important aspect of the HP specifications for alloy testing is to address potential impacts of alloy composition on
manufacturing processes that can affect reliability of the printed circuit assembly (PCA). Figure 1 illustrates one such
concern, where an alloy’s high liquidus temperature may result in poor solder joint formation within the limits of HP’s
current Pb-free solder process window. As shown schematically in Figure 2, the manufacturing tests to address such



concerns are not intended for process optimization. The objective is to understand the effective processing window for the
new alloys and to quantify the risks of damage to other materials in the systems from the time and temperature requirements.
This requires assessing conditions beyond the normal process window in order to locate the process “cliffs.”

A summary of the tests required for each solder form is as follows. (Note: other tests, particularly for basic material
properties, are defined as optional.)
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Figure 2 — Schematic representation of solder process effectiveness as a function of temperature. Current solder
technologies have high process success across the entire HP Pb-Free process window (black line). A new solder alloy
may have decreased process performance (red line), leading to the risk of unnecessary rework or thermal damage to

laminates and components.

Wave/miniwave specification:
e Required material properties information:
o Liquidus and solidus temperatures
e Solder joint reliability:
o pinpull
e  Manufacturing:
o Wetting balance
o Wave alloy manufacturing DoE (evaluating TH fill, proper solder joint formation, and Cu dissolution)
o Miniwave alloy manufacturing DoE (evaluating TH fill, proper solder joint formation, and Cu dissolution)
BGA ball alloy specification:
e  Required materials properties info:
o Liquidus and solidus temperatures
o Elastic constants (dynamic)
o  Stress-strain relationship
e Reliability:
o Accelerated thermal cycling
o Mechanical shock
e  Manufacturing:
o Wetting balance
o Manufacturing DoE for BGA components (evaluating IMC thickness, proper solder joint formation,, and
Cu dissolution)
Solder paste alloy specification:
e Required testing is the same as in the BGA ball alloy spec, with the addition of:
o Manufacturing DoE for leaded components (proper solder joint formation)
Since the previous progress report [6], HP has completed, or nearly completed, the first revision of the solder alloy material
requirements for all three solder forms. The status of each specification is as follows.
e Released 15 July 2009. Wave and mini-pot wave solders: HP specification EL-MF-862-09, “HP Sn-Ag-Cu Solder
Alloy Material Requirements—Wave and Miniwave.”
e Released 15 December 2009. BGA ball alloys: HP specification EL-MF-862-10, “HP Sn-Ag-Cu Solder Alloy
Material Requirements — BGA/CSP Solder Ball Alloys.”
e Expected release February 2010. Reflow solder paste alloys: HP specification EL-MF-862-11, “HP Sn-Ag-Cu
Solder Alloy Material Requirements — Reflow Solder Paste Alloys.”



As stated in the earlier report [6], these three specifications emphasize standard testing, including the use of appropriate
controls. An example of how controls are used to set pass/fail requirements is shown in Figure 1 for the case of accelerated
thermal cycle testing. In this case, performance that equals or exceeds that of the historical and presumably “lower bound”
Sn-Pb alloy constitutes acceptable thermal fatigue properties for the new alloy under test. Thus, in this example, New Alloy
#1 performs better than eutectic Sn-Pb and meets HP’s requirements, while New Alloy #2 fails HP’s requirements because
performance is below that of eutectic Sn-Pb.

Schematic Weibull Plot
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Figure 1 — Schematic Weibull plot of ATC data, including Sn-Pb and SAC 305 controls. The requirement for a
passing alloy in ATC is equal or better performance than Sn-Pb. In this example, New Alloy #1 passes but #2 fails to
meet these requirements.

As stated earlier, the focus of the selected tests is on providing data that address HP’s reliability concerns. Since our earlier
report in 2008 [6], however, the authors determined that PCA-level tests were not practical for two areas of potential concern:

transient bending and vibration.

For transient bending, or flexure, of lead-free PCAs, HP’s experience is that transient bend testing results in pad cratering in
almost every case (see Figure 2). PCA-level bend test results, therefore, are highly sensitive to the properties of the laminate,
making alloy assessment by bend testing extremely problematic. Thus, the released specifications do not include a bend test
requirement. Instead, these specifications include the requirement to report the elastic constants and the stress-strain
properties of yield strength and ultimate tensile strength (UTS). Acceptance is based on the new alloys having elastic moduli
and strength values no larger than those for SAC405. Since the propensity for bend/flex failures increases as the elastic
stiffness and plastic strength of the alloy increase [7, 8], these values are limited to those of the strongest SAC alloy accepted

today by HP.

For vibration testing, HP’s investigations have shown that there are no useful standards on vibration testing, nor do any
provide a standard test vehicle specification; vibration test results are highly sensitive to the design of the test vehicle.
Furthermore, vibration is not a major issue for most HP products, unlike automotive or aerospace electronics. Thus, HP will
address any vibration concerns for new alloys on a case-by-case basis. Standardized vibration testing that provides data on
the basic alloy vulnerability to this failure mode is an area for industry attention.

INEMI Recommendations

Since 2007, the iNEMI consortium has been investigating new Pb-free solder alloys. A team of 18 companies spanning the
entire supply chain (solder suppliers, component suppliers, EMS providers, and OEMs) now comprises the Pb-Free Alloy
Characterization Project team. The Phase 1 efforts were focused on establishing and communicating the industry state of
knowledge regarding new Pb-free solder alloys [1]. The gaps selected for attention in the current project fall into two
categories: (1) standardizing information requirements and test methods for alloy acceptability assessments, and (2) long-
term thermal fatigue reliability [2].



Figure 2 — Pad cratering, revealing glass fibers in the laminate on the PCB side (top) and the solder joint with lifted

pad on the BGA substrate (bottom).

The iNEMI team continues to develop a set of recommendations for solder alloy test requirements. So far, the team has
tentatively agreed on a number of basics.

Standardize on tests and methods, not on pass/fail criteria. Pass/fail criteria will depend on the product type,
company and industry sector, whereas the test data from which to make those assessments are likely to be
independent of these factors.

Testing should address three areas: basic material properties solder joint reliability, and the impact of alloy
composition on manufacturing processes. This approach aligns with HP’s.

Solder joint reliability tests should include at least mechanical shock (drop) and accelerated thermal cycle testing.
Bend and vibration are of interest and are still under consideration.

Material property testing is likely to include at least: measurement of liquidus and solidus temperatures, dynamic
elastic constants, tensile testing for yield strength, UTS, elongation to failure, and coefficient of thermal expansion
(needed for modeling).

Concerns that need to be addressed in assessing the impact of alloy composition on manufacturing process window
are still under consideration. The team tentatively agrees that the industry needs to understand the impact of alloy
composition on the process window, not just whether or not a board can be built under a narrow set of specific
conditions. At this point, the team is considering the sensitivity of results to equipment used, PCA characteristics
(thermal mass, etc.), and process materials (e.g. fluxes).

Tests must focus on alloy performance and results must not be overwhelmed by other parts of the assembly
(laminate properties, board design, etc.).

Test protocols should avoid creating new test methods — use industry standard test methods wherever possible.

Currently, the iNEMI team is looking in detail at the HP specifications, particularly the BGA ball alloy specification, as a
starting point for establishing alloy testing guidelines for the broader industry. These recommendations will be provided to
the IPC for consideration in developing industry standards.



SPVC Recommendations
In December of 2008, the SPVC invited representatives from the iNEMI Pb-Free Alloy Characterization team to begin
discussions on alloy testing. This initial meeting led to agreement on several points.

e  We should begin drafting three separate standards: material properties solder joint reliability, and manufacturing
impact. Furthermore, it was agreed that we should start with the most straightforward and move to the more
complex, leading to the following prioritization:

1. Material properties
2. Solder joint reliability
3. Impact on manufacturing process

e Data need to be “transferrable” or “portable.
assessments around the industry.

e  Tests must focus on the impact of the alloy composition and not on other parts of the system (e.g., solder fluxes,
manufacturing equipment, etc.)

e Testing must be economical.

2

That is, data collected at one lab need to be useful for acceptability

Based on this initial meeting, a group was formed to begin work on the first two standards (material properties and solder
joint reliability). This group has been led by Dr. Greg Munie of IPC. Several drafts have been developed and reviewed by
the team, representing a significant step forward in the development of industry standards. A draft standard for basic
material properties has been sent to IPC for formal development into a standard. Issuance of the standard will be dependent
on which committee finally agrees to sponsor the effort, the SPVC being an industry group and not a standards body.

IPC Standards Development

The IPC’s role is to develop formal standards for the industry on alloy test requirements. Under the leadership of Dr. Munie,
the IPC process is to begin with drafts provided by the SPVC. This has already taken place in the case of the standard for
basic material properties. Furthermore, the IPC will consider input from the iNEMI Pb-Free Alloy Characterization team, as
well as individual companies.

As of the writing of this paper, the IPC is reviewing the SPVC draft on standard testing for basic material properties. The
next step is to establish committee sponsorship. From this point, drafts will work through the normal IPC processes for
development and release of standard(s) for alloy testing.

Conclusions and Next Steps
The need has been seen by HP, iNEMI, the SPVC and IPC for standardized methods for testing new Pb-free alloys. These
groups agree that input from all segments of industry are needed: solder suppliers, CMs, BGA component manufacturers,
OEMs. A consensus is starting to build for the following.
e Standards are needed in three areas: (1) basic material physical and mechanical properties, (2) solder joint reliability,
and (3) impact of alloy composition on manufacturing processes.
e Tests are needed that minimize the effects of materials other than the alloys themselves (fluxes, laminates, etc.) or
processing equipment, such that the resulting data are portable and useful to OEMs in making acceptability
decisions for their products.

HP has taken the lead in driving standardization of alloy testing methods. To date, HP has released test requirements
specifications for wave/miniwave solders and BGA ball alloys. Release of a specification for reflow solder paste alloys is
expected in February 2010. These specifications are being used as a starting point for the iNEMI Pb-Free Alloy
Characterization team in the development of guidelines for the broader industry.

In parallel with iNEMI, the SPVC is helping to lead the development of industry-wide standards. This group has met with
the iNEMI Pb-Free Alloy Characterization team and others, has drafted standards for basic material properties and reliability
testing, and has submitted a draft of the former document to the IPC. The IPC is considering creation of formal industry
standards based on input from the SPVC, iNEMI, and individual companies, such as HP.
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—=xpo. Opportunities and Risks of

Expanding AIon Ch0|ce

Industry has seen development of
many new Pb-free solder alloys

— Limitations of near-eutectic Sn-Ag-Cu
(SAC) alloys

* Birittle fracture

» Cost of wave solder bar

» Copper dissolution
New alloys provide opportunities to
address limitations of near-eutectic
SAC

— Lack of accepted test methods and data
creates uncertainty, slows adoption

Alloy choice adds risk, complexity
— Supply chain management
— Technical risks

Before rework

_______________

After rework




~=xpo-  Lack of Test Standards

Creates RiIsk

Risks of not having standard test data

— High melting point alloys will shrink an already
small process window; need data to establish
practical process limits

— Alloys formulated to meet specific goals not
consistently tested to determine general suitability

« Example: low-Ag alloys tested for improved
mechanical shock performance but thermal
fatigue reliability not evaluated

Risks of not having standard test methods

— Data from one valid experiment may not be
comparable to another (data not “portable”)
— Test results may not directly correlate with OEM
concerns
» Data must enable alloy acceptability decisions

— Example: Bulk properties not sufficient to
predict solder joint thermal fatigue life

CSP Package
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B C SP Package [mias

Incomplete solder joint
formation for a 1% Ag ball
alloy assembled at the low
end of typical Pb-free reflow
process window.



(‘:c-g%o Efforts Underway to Address Lack of

Solder Alloy Test Standards

Key assumption: alloy acceptability may vary by industry sector,
product type, and company BUT testing methodology and data
requirements are largely the same

IS IS NOT
Standardized Standardized
tests and reporting P/F criteria

Underlying data needed to evaluate new alloys are
similar even if acceptance criteria vary by industry, by
company, by product
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IPC

HP Approach

« Specify: (1) test methods, (2) test parameters,
(3) test vehicles, (4) control samples,
(5) pass/falil criteria

— Evaluate new alloy performance consistently and improve
reproducibility
— Portability of data
« Define reporting requirements

— Enable data comparisons between different alloy
assessments

— Example plots and tables provided to ensure consistency
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Controls

« Controls were selected to ensure appropriate acceptance

criteria can be set

— Example: ATC has both Sn-Pb and

SAC305 controls

* Requirement for passing:
performance as good as or

better than eutectic Sn-Pb

(lower bound)

* New Alloy #1 passes but

New Alloy #2 fails

Failures (%)

« SAC305 data to benchmark
against current Pb-free solution
« Correct controls allow comparison
to historical and published
performance of known materials

« Simplifications made where possible

to reduce test matrix

99

Schematic Weibull Plot
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— ATC testing done using only one PCB surface finish (OSP)



APEX _
«=XP0 Alloy Test Requirements
Address Key Concerns

« Therequired tests are divided into three major areas:
— Basic material properties
— Reliability
— Manufacturing

« Concerns vary by solder form:
3 separate specifications developed

— Wave/mini-pot rework: HP specification EL-MF-862-09 (July ‘09)
— Barrel fill, copper dissolution
— Through-hole pin-pull strength
— BGAJ/CSP ball: HP specification EL-MF-862-10 (Dec. ‘09)
— Head-in-pillow defects
— Thermal fatigue & drop/shock reliability
— Reflow solder paste: HP specification EL-MF-862-11 (Feb. “10)
— Similar concerns as BGA/CSP ball but includes leaded devices
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Summary of HP Test

Requirements (1 of 2)

BGA ball alloy specification

Required materials properties info:
— Liquidus and solidus temperatures

— Elastic constants (dynamic)
— Stress-strain relationship
Reliability:

— Accelerated thermal cycling
— Mechanical shock
Manufacturing:

— Wetting balance

— Manufacturing DoE for BGA
components (evaluating IMC
thickness, proper solder joint
formation, and Cu dissolution)

EL-MF8&2-10

A

15-Dec-2009

HF Sn-Ag-Cu Solder Alloy Material Requirements — BGA/CSP Solder

Ball Alloys

Crawner

Ailesn Allen

Responsible Group

Global Engineering Services

Document Identifier

EL-MF8E82-10

Revision and Date

A, 15-Dec-2009

Abstract

This document describes HF's requirements for testing electronics-
grade tin-based lead-free ball grid aray/chip scale packags
(BGACEP) solder ball alloys for use in all HP products manufactured
intermally or externally. It also serves as the application for submitting
materials to be considered for inclusion in the hist of materials
approved for use in HP products.

Applicability

Al manufacturers of HF products must comply with this specification
with regard to the solder usad in the manufacturing process.

Status

APPROVED

2 Copyright 2009, Hewleti-Packard Development Company, L.P.

Thiis is an uncontrolled copy when in printed form.
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250 Summary of HP Test
Requirements (2 of 2)

Solder paste alloy specification
* Required testing is the same as in the BGA ball alloy spec, with the addition of:

— Manufacturing DoE for leaded components (evaluating proper solder joint
formation)

Wave/miniwave specification

* Required material properties information:
— Liquidus and solidus temperatures

« Solder joint reliability:
— Pin pull

« Manufacturing:
— Wetting balance

— Wave alloy manufacturing DoE (evaluating TH fill, proper solder joint
formation, and Cu dissolution)

— Miniwave alloy manufacturing DoE (evaluating TH fill, proper solder joint
formation, and Cu dissolution)




APEX o
e Reliability

« Mechanical and thermal fatigue
reliability tests are key for any new alloy
— Thermal cycling

« |IPC-9701: TC1 (0° Cto 100° C)
10 minute ramps,10 minute dwells,
6000 cycles or failure of all components,
whichever occurs first

« TH = precondition + pin pull
— Mechanical shock

« JESD22-B111, B, 1500 G,
0.5 ms duration, half-sine pulse

— Vibration
* Not included (see next slide)

— Four-point bend
* Not included (see next slide)
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a=xP9 \ibration and Bend Response

Vibration
« No useful standards with specified test
vehicle

— Results highly dependent on design,
components

« Not a significant failure mode for most
HP products
« Address on a case-by-case basis

Bend/Flex
« HP experience is that bend testing
results in pad cratering in most cases

— Difficult to extract impact of alloy from
PCB properties

* Proxy tests for concerns about alloy
stiffness & strength leading to poor

_ Pad cratering following
board flex performance: bend testilg

elastic modulus, yield strength
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"% Test Vehicles Established

« Consistent test vehicles and use of controls minimize impact of
variables other than the solder alloy

« Simple, inexpensive, and easy to source test vehicles when
possible

« Control alloy(s) and board surface finish(es) tailored for each test

« BGA ball alloy
— ATC & manufacturability test kit (Practical Components)
« See next slide
— Drop/shock test kit (Practical Components)
« Simplified version of JEDEC JESD22-B111 standard test board
« Solder paste reflow alloy
— ATC & BGA manufacturability test kits; same as for BGA ball
— Manufacturability for leaded devices, passives (Practical Components)
— Drop/shock test kit; same as for BGA ball
« Wave & mini-pot rework alloy
— HP “Culebra” board



kb0 Example — BGA Ball Alloy
ATC & Manufacturing TV

« Alloys (ball and paste) 139.7 MV

— New alloy ||
— Eutectic Sn-Pb (lower bound)
— SAC305 (current Pb-free solution)

:
- Packages 1 gi i
— 192 1/0 CABGA (ATC & mfg.) wo
— 14 mm x 14 mm body size e i
— “Large” die: 475 mils x 475 mils Sk §
(12.06 mm x 12.06 mm) 5| e :
— 0.8 mm pitch, 0.46 mm ball dia. N
— 208 BGA (mfg. only) A:‘fﬁﬁ;: -----------------
« Board §§mﬁ"§§
— 55in.x5.5in. s |\ N | | N B s

— 0.062 in. thick; 4 layers

\ . u7 Ull
— 8 CABGA-192 components per board \—’J

Py WAWPRAC TICALCOMPONEN 16.C0M ™

. . PH 714-7572-0010 FAXs 714-252-0026 mg?ﬂmls
— 1 daisy chain net per component L, ' =LA
— OSP surface finish Test Kit Available from
_ NSMD pads Practical Components




—expo  Manufacturability

 Goal =characterize process window
(NOT process optimization)

— Many alloys can be successful in optimized
processes due to the inherent solderability of
high Sn alloys

— Alloys with small process windows may not
be robust enough for general use

— Understanding the process window and
behavior over an extended temperature range §
also helps to gauge the likelihood of ]
processes being run beyond component
temperature limits

— Characterizing the process window is more
important for this type of assessment than
identifying the existence of point solutions

* Identify the process “cliffs”
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«=pro  Manufacturability

: Risk of
Risk of _ | thermal
unnecessar Points of process failure damage
y rework / \ issles
——
2 \.>
ST
= D
7 o Example of risky alloy )
8 = =
= d - =
S & i) Current HP Pb-Free = &
N o | S Wave Process Window S| 2
1)) (¢b) ]
7)) (O] (&)
@ o O
S o o
a
| | | | | |
215 225 235 270 285 300

Temperature (deg. C)

 Current solders have high process success across the entire HP
Pb-Free process window (black line).
* A new solder alloy may have decreased process performance (red line)
— Risk of unnecessary rework or thermal damage to laminates/components



T Manufacturing Tests

 Challenges
— No standard tests (HP developed DoESs)

— Wide variety of equipment combinations
and processes (controls)

— Reported data are not comparable to
other tests (tests address mfg. concerns)

« The following tests have been included in
the manufacturing assessment of new
alloys:

— Wave solder process characterization
(HP developed DoE)

— Reflow process characterization
(HP developed DoE)

— Rework process characterization and
copper dissolution assessment
(HP developed DoE)

— Wetting balance (IPC J-STD-003, F1)
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~=xro.  INEMI Pb-Free Alloy
Characterization Project

INEMI assessment of key areas where knowledge is lacking for new alloys

High Priority Knowledge Gaps iINEMI Alloy
Advantages and disadvantages of specific Characterization Project
alloys Focus Areas

Composition limits for microalloy additions;
ranges of effectiveness

Standard method to assess new alloys;

standard data requirements
Consistency of testing methods, including test [l Test standards
vehicles & assembly, test parameters, etc.

Establish the microstructural characteristics of
specific alloys

Long term reliability data for new alloys,
particularly low Ag & microalloyed

Lack of thermal cycle data for evaluating new
alloys; benchmark to Sn-Pb and SAC 305/405
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Progress (1 of 2)

Standardize on tests and methods, not on pass/fail criteria

Testing should address three areas (aligns with HP approach)
— Basic material properties
— Solder joint reliability
— Impact of alloy composition on manufacturing processes
Solder joint reliability tests should include at least mechanical
shock (drop) and accelerated thermal cycle testing
— Bend and vibration are of interest and are still under consideration

Material property testing is likely to include at least:
— Liquidus and solidus temperatures
— Elastic constants (dynamic or quasi-static under discussion)
— Tensile testing for yield strength, UTS, elongation to failure
— Coefficient of thermal expansion (needed for modeling)
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Progress (2 of 2)

« Assess impact of alloy composition on manufacturing process window

— Insufficient just to understand whether or not a board can be built under
a narrow set of specific conditions

— Team is considering the sensitivity of results to equipment used, PCA
characteristics (thermal mass, etc.), and process materials (e.g. fluxes)

 Tests must focus on alloy performance and results must not be

overwhelmed by other parts of the assembly (laminate properties,
board design, etc.).

« Test protocols should avoid creating new test methods — use industry
standard test methods wherever possible

Coefficient of Thermal Expansion of New Alloy
26 -
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ik SPVC Obijectives

* Dec. ‘08: Solder Products Value Council (SPVC) met with
representatives from the iINEMI Pb-Free Alloy Characterization team
to begin discussions on alloy testing

« Agreement that SPVC would begin drafting three separate
standards in alignment with INEMI and HP

— Start with simplest/least controversial and move to more
complex/controversial
1. Basic material properties
2. Solder joint reliability
3. Impact on manufacturing processes

« Data need to be “transferrable” or “portable”

— Data collected at one lab need to be useful for acceptability
assessments around the industry.

« Tests must focus on the impact of the alloy composition and not on
other parts of the system (e.g., solder fluxes, mfg. equipment, etc.)

 Testing must be economical
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 “Task Group” formed
— Led by Dr. Greg Munie of IPC

— Addressing first two standards
(material properties, solder joint
reliability)

* Several drafts have been developed
and reviewed by the team

— Significant step forward in the
development of industry standards

A draft standard for basic material
properties has been sent to IPC for
formal development into a standard

— Issuance of the standard will be
dependent on which committee
agrees to sponsor the effort

 SPVC is an industry group, not
a standards body

Progress
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Canhd IPC Involvement

Cipc

« The IPC’s role is to develop formal standards for the industry on alloy
test requirements.

— IPC process to begin with drafts provided by the SPVC
« Draft already provided for basic material properties standard

— IPC will also consider input directly from the INEMI Pb-Free Alloy
Characterization team, as well as individual companies

* As of mid February 2010, the IPC is reviewing the SPVC draft on
standard testing for basic material properties

* Next steps are to:
— Establish committee sponsorship

— Work drafts through the normal IPC processes for development and
release of standard(s)
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IPC

Outline

« Summary and Conclusions
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a=""?Conclusions and Next Steps

HP, INEMI, the SPVC and IPC are working toward standardized methods
for testing new Pb-free alloys
« A consensus is starting to build for the following
— Standards needed in three areas: (1) basic material physical and
mechanical properties, (2) solder joint reliability, and (3) impact of alloy
composition on manufacturing processes
— Tests are needed that minimize the effects of materials other than the
alloys themselves (fluxes, laminates, etc.) or processing equipment,
» Resulting data need to be portable and useful to OEMs in making
acceptability decisions for their products
« HP has released test requirements specifications for the three common
forms of solder: BGA balls, reflow solder paste, wave/mini-pot rework

 INEMI is starting with the HP specs and is drafting standards that
address needs of the broader industry
— Drafts to be provided to the SPVC and IPC for their consideration

« The SPVC and IPC continue to develop standard test requirements so
that alloy choice can be facilitated throughout the industry



APEX

Thank You for Your Attention



	Table of Contents

	Technical Paper

	Presentation
	Home



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




