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the solder paste, with Cu volume % of metal
ranged from 17 to 60 volume % of metal.
Formation of semi-continuous high melting
Cu chain network was achieved, with the
use of CuSn IMC bridges between Cu
particles. This chain network, at sufficient
concentration, serves as skeleton and
maintains the shape of the sandwiched
solder paste layer, thus prevented further
spread out and outgassing upon subsequent
SMT reflow process, and also allowed
formation of TIM joint even in the absence of
solderable metallization on flip chip and
packaging housing. Presence of significant
amount of ductile solder within TIM joint
promises high resistance against brittle
cracking under stress. The Cu content could
be further optimized between 17 and 33
volume % of metal to avoid flux bleeding and
maintain good epoxy adhesion between TIM
phase and parts. The 20°C thermal
conductivity achieved was 6.1 W/mK, and
could be up to about 13 W/mK with further
epoxy flux optimization.
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Thermal management is always a challenge in
the electronic industry. The need for faster,
more powerful devices makes this challenge
even harsher and more difficult to overcome,
thus the need for improved high performance
materials continues to grow. The solutions for
thermal interface material (TIM) include
thermal grease, thermal gel, phase-change
material, solder preform, and liquid solder
[1-3]. All of those suffer from either
performance limitation such as pump-out, or
building of liquid solder dam, or poor thermal
conductivity. Solder paste and solder preform
are thermally effective as TIM. However, the
constraint is that both sides have to be
solderable metallization. Consequently, the flip
chip backside and the package housing or heat
sink need to be plated with solderable surface
finishes, such as NiAu. This inevitably
increases the cost. Solder paste suffers further
from flux fume and voids generated, therefore
is obviously unacceptable. The voids are
results of outgassing within liquid solder joints.
With solder preform being a good thermal
conductor, a solder preform-like material which
maintains the shape of preform but forms
intimate contact in-between flip chip and
housing without metallization will be desired.
Furthermore, the shape of preform should be
maintained even at subsequent SMT assembly
reflow process, similar to our earlier work [4]. If
a type of filler particle with thermal conductivity
better than that of solder can be incorporated in
the solder paste, this TIM material will have an
enhanced thermal conductivity.

A novel epoxy SAC solder paste TIM system
has been developed with the use of
non-volatile epoxy flux. Cu filler was added to
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Abstract SXE AL

The fourth industrial revolution has been
around since 2015; it took some time for
many industries & companies to absorb and
translate the vision into actions. Digital
transformation seemed as a long and vague
journey for many manufacturers. The
pandemic has emphasized the need for
agility — leading to the conclusion that a
digital transformation is a must.

The future lies in the applications layer — the
micro-solutions:

1. Stand-alone SaaS applications

2. Clear and focused ROI

3. Solving a specific problem

4. Leading to operational excellence

In this session, we will deep dive into the
details of micro-solutions in Electronics
Manufacturing — how we identify counterfeit
components and use machine-learning for
advanced analytics.
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Ever evolving packaging and assembly
requirements have been driving the design of
solder alloys with higher thermal and
mechanical reliability. There has always been
a latent interest in low temperature solders
(LTS) as they can potentially reduce material
and energy costs, promote long-term reliability,
and help reducing labor and equipment
maintenance cost. Most recently such interest
has increased exponentially, being motivated
by the need of reducing dynamic warpage of
ultra-thin electronic packages for markets such
as mobile, computing, wearable devices, and
Internet of Things.

Finding a suitable solder alloy that can be
processed at lower temperatures and forms
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solder joints with high mechanical and
thermal reliability is not an easy task. For
example, a certain alloy may have higher
drop shock and lower thermal cycling, while
another alloy may have higher thermal
cycling and lower drop shock performance.
However, a fact that is rarely discussed is
that heterogeneous Sn-Bi-Cu/LTS solder
joints require higher processing temperature
than homogeneous LTS joints to obtain
comparable drop shock performance. This
presentation will show how the drop shock
performance of a third and fourth
generations SnBi solder is affected by alloy
melting behavior, processing and assembly
conditions.

The two low temperature solders evaluated
(Alloy 3 and Alloy 4), have between 49 and
58 wt.% Bi, and additives that result in
distinct alloy microstructures. The
heterogeneous solder joints are obtained by
assembling CTBGA84 packages having
SAC305 balls on printed circuit boards by
using Alloy 3 and Alloy 4 type 4 solder
pastes. These are then processed at 1650C
and 1750C reflow peak temperatures, which
are considerably lower than the SAC305
melting range, and evaluated for drop shock
performance. The drop shock test procedure
uses the voltage method, based on
JESD22-B111 (Nov. 2016) and IPC/JEDEC
9706 standards, in which the electrical
continuity of each CTBGA84 component is
monitored by using a high-speed event
detector. The drop shock results are
discussed in detail, and the cumulative
failures are analyzed using Weibull plots.

The results confirm that, in general, the drop
shock performance of heterogeneous solder
joints depends on matching the melting
behavior of the LTS alloy to an appropriate
reflow profile. Additionally, further
processing optimization during solder paste
printing can be used for obtaining 100-200%
higher drop shock performance using Alloy 3
and Alloy 4 solders. Such results are very
encouraging for supporting the use of Alloy 3
and Alloy 4 solders in other applications
requiring high drop shock resistance, such
as mobile, handheld devices, and in-cabin
automotive.
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Low-temperature solders (LTS) with reflow
peak temperatures of 200°C and below- have
been studied intensively since 2017. The
International Electronics Manufacturing
Initiative’s (INEMI) Board and Assembly
Roadmap forecasts up to a 20% adoption rate
of LTS for board assembly by 2027. BiSn
solders are the leading candidates in these
studies  because their low eutectic
temperatures of 138°C allow the reflow peak
temperature to be as low as 165°C-170°C.
However, their low-melting temperatures may
also limit their operation temperature, which
restricts the product application  with
compromised reliability relative to SAC305. In
addition, the intrinsic brittleness of Bi phases
renders a poor drop shock performance. A
Sn-rich In-containing solder paste—Durafuse
™ | T—reflowable at 200°C and above, was
designed for excellent drop shock performance
with acceptable thermal fatigue behavior.
Durafuse™ LT is a mixed solder powder paste,
in which In-containing powder will melt first
around 118°C to spread and wet. Then, the
Sn-rich powder (melting point >217°C) will
keep dissolving into the molten solder during
reflow. After reflow, the solder joint shows the
remelting temperature around 189°C. The drop
failure number of Durafuse™ LT (reflowed at
200°C  peak temperature) is around
two-orders-of-magnitude higher than that of
BiSnAg eutectic solder and another ductile
BiSnAg solder. By optimizing the reflow profile,
the drop shock performance of Durafuse™ LT
is superior to SAC305. Thermal cycling tests
(-40 to 125°C, 10min dwelling) on BGA192 and
a chip-resistor (1206, 0805, and 0603)
demonstrated the dependence of the
characteristic life on the reflow profiles. A

EFREMHI2N2021

plateau-type profile is preferred for excellent
drop shock resistance and acceptable
reliability performance.
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Abstract ZEXLN

With  the development of electronic
equipment towards miniaturization and
high-density, the electrochemical migration
(ECM) between adjacent electrodes on the
high-density printed circuit board (PCB)
under the effect of temperature, humidity and
bias voltage is becoming more and more
severe. In addition, the dust in the air
pollution environment enters into the
electronic products with the air flow and
adheres to the surface of PCB, which has a
complex impact on the ECM process. In this
paper, two kinds of ECM test methods, water
drop test (WD) and temperature humidity
bias test (THB), were used to study the
mechanism and characteristics of the effect
of soluble salt in dust on the ECM failure of
PCB. NaCl was selected as a representative
substance of soluble salts to conduct WD test
and THB test with different concentrations
respectively. The time to failure of ECM
under different conditions was obtained by
online detection of the surface insulation
resistance of PCB, so that the relationship
between insulation failure of the circuit board
and the salt concentration was analyzed.
Based on the electrochemical theory, the
action mechanism of soluble salt on the ECM
of PCB was discussed by combining with the
growth morphology of dendrites and the
detection of the element compositions. The
similarities and differences of ECM under two
different experimental methods under soluble
salt pollution were compared so as to analyze
the influence of dust pollution on the reliability
of high density circuit.
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Electronic assembly defluxing is a critical
process step particularly for those
manufacturing IPC Class Il electronics. A
key component of the cleaning process is
the use of aqueous-based engineered
cleaning solutions. Today, most
commercially available cleaning agents are
inhibited to protect sensitive components
and formulated using either pH alkaline or
pH Neutral basis on which the remainder of
the formulation is designed. Once optimized,
these cleaning agents effectively remove
post solder residues from around and
underneath all of the components thereby
ensuring the manufacturer that their
assemblies can meet the desired reliability
requirements.

Electronic assemblies continue to grow
more complex in terms of component
design, board density, reduced standoff
heights, and increased use of specialized
but more sensitive material sets. Different
market sectors may have unique materials
that need to be considered when developing
and/or selecting a chemistry for the cleaning
process. Moreover, with the advancements
in component technology and increased
demand for smaller, denser connections and
as those connections migrate inside the
package, the conventional line between
packaging and assembly has blurred. These
advances continually challenge the cleaning

process.

An effective cleaning process involves a
combination of mechanical, thermal and
chemical energies. Often times, cleaning
process improvements can be realized by
improving the mechanical energy in terms of
spray bar configuration, spray nozzle
specifications, and spray pressure, thermal
energy by adjusting the cleaning agent wash
temperature, and chemical energy by
adjusting the cleaning agent concentration.
However, chemical energy can be improved
by increasing the solvency of the cleaning
agent itself as it relates to specific residues.

In this study, several companies explored
alternate cleaning agent options in pursuit of
continuous process improvement as well as
meeting new product cleaning challenges.
Each company was using an inline cleaner
with an aqueous based cleaning agent and
each had an optimized process that met their
cleaning process requirements. However,
they elected to explore the benefit of a
cleaning agent with greater solvency in an
effort to improve overall process efficiency
and to expand the process window.

This paper documents their current cleaning
process as well as presents field data
detailing the cleaning process performance
improvements and resulting cleanliness
levels achieved on complex assemblies
through the use of a cleaning agent with
greater solvency.
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Abstract 3TE KL

Hole fill requirements in Types Il and Il
assemblies had traditionally required the use of
Ag bearing Pb-free alloys during wave
soldering. As a result of continuous alloy
developments, an opportunity now exists to
employ Ag-free Pb-free alloy that can meet
such hole fill requirements.

The significant improvement in wetting
performance, of this new Ag-free alloy, has led
to successful wave soldering assembly of
complex boards. SAC305 hole fill performance
has been achieved using an Ag-free, low cost
alloy in a wave soldering process.

Potentially more than 40% cheaper than
SAC305 within a typical wave soldering setup
with no additional modifications or upgrades
needed, there is strong impetus to explore
suitable assembly opportunities with this
Ag-free alloy.

Reduced Cu dissolution is an important
process control parameter that is used to
characterize the performance of different
materials. The Cu dissolution becomes ever
more important considering the present trend
in the electronic assembly industry to move to
non-metallic pad finishes. The reduced Cu
dissolution speed preserves the integrity of the
Cu traces and extends the life of the wave
solder alloy.

Underside QFP saw great reduction of bridging
when compared with other alloy candidates.
This is due to proprietary additives in this
Ag-free alloy, that enhances wetting force and
shortens wetting time. Overall reduction in
solder bridging can be expected with all other

EFREMHI2N2021

components.

The natural reduction in thermal cycling
performance of Ag-free alloy remains, as
seen in comparisons with SAC305.
However, many Types Il and Ill assemblies
are Class 2 compliant, opening many
attractive opportunities with this exciting
alloy development.

This paper lays out the key elements
working together to deliver optimal
performance at the lowest cost currently
available in a very matured process.

Key words: Ag-free, hole fill, wave soldering,
Cu dissolution, Type Il assembly
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Abstract X E AL

Cleaning or lack thereof can have a serious
impact on the long-term durability and
reliability of some finished products. Using a
single number conductive measurement limit
as a control basis for key precision or critical
cleaning processes can be tremendously
risky and expensive. IPC removed from the
J-STD-001 Rev. H, the ROSE limit of
1.56ug/cm? as a statement of “Clean” due to
modern flux, component, and board designs.
One size no longer fits all with today’s
technology. This is the reason the IPC
J-STD-001 no longer sets a limit for the
ROSE, and in fact WP-019B states “passing
the ROSE test using the 1.56 value, does not
guarantee that an assembly is clean, good or
acceptable.” Likewise , the PM-019B also
states there are no pass-fail levels for Cation
or Anion levels in lon Chromatography. The
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question, answer, and responsibility fall on the
manufacturer and/or OEM to determine the
acceptable ROSE limit will meet their
cleanliness needs for reliability, based on
objective evidence.

In this paper we will explore how a PCB can
achieve a ROSE value under the previous 1.56
ug/cm recommended limit, as well as industry
acceptable limits of ion chromatography, yet
still not meet the reliability and durability
requirements of field operation. Dendrites
formed causing field failures even after
cleaning to the previously stated acceptable
limits. By modifying the process parameters of
the cleaning process, conducting chemical and
electrical testing to validate it meets acceptable
performance under harsh conditions, one can
use objective evidence to re-establish the
correct ROSE value. This exercise re-confirms
the relationship between cleanliness and a
product’s reliability and durability in the field.
This paper will walk through the necessary
steps needed to determine what the
acceptable number is required to meet each
product reliability demands and why. We will
further explore why some products can pass
with a higher number and/or a different
cleanliness measurement, how you can avoid
mistakes in a very competitive market, and
reduce your cost while improving brand
reputation. Daniel Gao will present:

* Process Qualification/Monitoring test results
vs. SIR/HTHE results on live product.

* Examples of these qualification parameters
follow, but ended in field failures due to
dendrites

» What environments pose the greatest risk.

» What areas of the assembly tend to be most
problematic

» Steps necessary to monitor and maintain
consistent cleanliness.

An open Question and Answer session will
enable attendees to discuss their specific
process needs and changes to successfully
maintain a robust cleaning process.
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Abstract SXE AL

According to Prismark Partners, the use of
quad-flat no-leads (QFNSs) is growing faster
than any package type except for flip-chip
CSPs. Prismark projects that by 2013, 32.6
billion QFNs will be assembled worldwide,
which represents 15% of all IC packages.

However, QFNs can be a challenge to
assemble, especially when it comes to
voiding. In most QFN assembly processes,
solder paste is used as a means of
attachment. This approach can be
problematic, as excessive voiding often
occurs due to the lack of standoff on the
component and the high flux content of the
paste. The addition of a solder preform can
reduce such voiding by increasing the solder
volume of the joint without adding flux
volume.

Adding preforms to an assembly process is
very easy. Preforms are packaged in tape &
reel for easy placement by standard pick and
place machines, right next to your
components. The focus of this paper will
quantify the preform requirements and
process adjustments needed to use preforms
in a standard SMT process. In addition,
experimental data showing void reduction
using preforms will also be presented.

Keywords: QFN, solder preforms, QFN
packages, flux
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Abstract X AL

Weak Organic Acids (WOA) are a common
component of no clean liquid flux. These acids
provide the cleaning and etching capabilities
required to prepare surfaces to accept solder.
They are also a source of chemical
contamination that can cause electrical and
corrosive failures on circuit assemblies. The
ability to assess the risk of flux residue after
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soldering in the production environment is a
challenge for assemblers and flux
manufacturers alike. In this study the
accuracy of common residue extraction
methods and a comparison of electrical and
soldering performance of common WOA is
performed to illustrate the challenges
associated with flux residue assessment as
it relates to reliability.
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Can All Liquid Fluxes Work Well

On OSP Pad Finish?
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Abstract SLE KN

Printed circuit board (PCB) assemblers are
increasingly using Organic Solderability
Preservative (OSP) as their preferred surface
finish due to several advantages of this
coating over metallic surface finishes.
However, OSP coatings after exposure to
one or more thermal excursions can become
more challenging to solder especially during
wave solder applications. For example, a
thick multi-layered double-sided PCB coated
with OSP that has been exposed to one or
more SMT solder paste reflow cycles may
experience reduced solder wetting or hole fill
by the assembler when wave soldered.

PCB manufacturers and assemblers believe
this reduction in solder wetting on
pre-reflowed OSP is due to thermal
degradation of OSP coating. Different
mechanisms for this thermal degradation of
OSP coating have been proposed by
researchers. But until now no complete study
has been reported detailing the chemical
nature of the degradation and how to address
the poor wetting issue on such degraded
OSP coating.

In the current study, we have investigated the
chemical changes OSP coating undergoes in
thermal excursions. Elements of soldering
flux that may neutralize the effect of such
degradation were short-listed. Wetting
property of Pb-free solder on thermally
exposed OSP was studied in presence of
these elements and fluxes containing them.
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Abstract JXE AL

The number of through-hole components on
printed circuit boards (PCB) has declined
significantly ~ over the last decade.
Miniaturization in electronics has resulted in

EFREMN 22021

less THT (through-hole technology) and
leads with a finer pitch. For this reason, the
soldering of these components has also
changed from wave soldering to
Point-to-point selective soldering. Soldering
these small, fine-pitch components is a
challenge when surface mount components
(SMD) are positioned very close to THT
components on the PCB layout. This study,
done in cooperation with a large automotive
EMS customer, defines the process
windows for through-hole technology for
fine-pitch components. It determines what is
feasible to solder and defines layout design
parameter that make soldering possible with
SMD areas and other components on the
assembly.

Key words: fine pitch, point-to-point,
selective soldering, THT.
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