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Abstract:

Consider defluxing at the design stage. This involves determining how product design may impact the assembly
process. It also involves selecting the most effective, rugged defluxing option relative to the assembly design. The
reward is reliable, competitive, and profitable electronics assembly. Selecting the right defluxing process must take
into consideration not only performance requirements and costs but also miniaturization, component configuration,
as well as local, national and international regulatory constraints. Changes in product design and the increase in
highly-populated assemblies may impel modification of the defluxing process. Changes in the defluxing chemistry
and in the defluxing process can benefit product quality and performance.

Supply Chain

Increasingly, those who fabricate electronics assemblies are part of a complex supply chain, one where electronics
assemblies are themselves part of even more complex assemblies. Understanding and anticipating the requirements
of your customers will make the product even more valuable. Developing techniques to evaluate current and future
product lines in terms of design and choice of materials as well as materials compatibility is essential to remain
competitive, especially with high-value and mission critical assemblies. This involves selectively evaluating the
offerings of equipment and cleaning chemistry suppliers to achieve a rugged defluxing process.

Defluxing and Cleaning Review

In the past, most electronics assemblies were defluxed. Rosin fluxes, traditionally used in military and other high-
reliability applications, had to be cleaned with CFC-113 or trichloroethane. In most instances, ultrasonic cleaning
was considered unacceptable.

The production phaseout of ozone depleting chemicals (ODC’s) required the development of defluxing processes
that did not involve chlorofluorocarbons (CFC’s). The replacement efforts, beginning in the late 1980’s, were
arduous and challenging. In retrospect, however, it was a productive experience that benefited industry and the
environment. Defluxing options increased. Adqueous, semi-aqueous, and advanced solvent processes grew in
availability and acceptance. Even more important, the soils (fluxes) changed. RMA fluxes were supplanted by
water-soluble OA flux or low-residue (ho-clean) flux, even for many high-reliability applications. Manufacturers
who had been in the electronic assembly field for many years saw cleaning problems vanish, because the need to
clean was eliminated. Ok, maybe the no-clean flux requires a bit of cleaning. However, water or dilute aqueous
cleaners did the job.

Over the past few years, technical performance requirements, new design, and safety/environmental regulations
have again made design of defluxing processes important.

Defluxing is cleaning

Defluxing is a cleaning process. Cleaning is the removal of soil; soil is matter out of place. In most instances, the
cleaning or defluxing process consists of three stages: washing, rinsing, and drying. The wash step removes soil
from the surface while avoiding soil redeposition. Rinsing removes residual cleaning agent, and may also continue
removal of fluxes and other soils. Drying removes water or solvent (in cleaning, solvent usually means organic
solvent). In all three steps, materials compatibility problems must be avoided. That is, the steps must be
accomplished without unacceptable surface or product modification.

Especially with close-packed or low standoff components, pressure spray alone may not adequately deliver cleaning
chemistries or rinse to the region to be defluxed. A guideline developed by Bill Kenyon for electronics defluxing is
the “wetting index,” a measure of how easy it is for a chemical to get into tight spaces. The index is proportion to
density and inversely proportional to viscosity and surface tension. The physical parameters and wetting index of a
few defluxing and cleaning chemicals are shown in Table 1.
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Table 1. Physical parameters and Wetting Index
Cleaning Agents Density Surface Viscosity Wetting Index
g/ cm3 Tension Centipoises
Dynes/cm3
CFC-113 1.57 17.3 0.65 140
1,1,1-trichloroethane 1.32 25.6 0.79 65
HFE-569sf2 (HFE 7200) | 1.43 13.6 0.61 172
n-propyl bromide 1.35 25.9 0.49 106
Acetone 0.79 (20 C) 23.3(20C) 0.36 (20 C) 94
Isopropyl alcohol 0.78 21.8 (15C) 2.4 (20 C) 15
d-limonene 0.84 25 1.28 26
H20 1.00 72.8 1.00 14
H20 w/ 6% | 1.00 29.7 1.08 31
ethanolamine-based
saponifier

Final assembly requirements, military and aerospace

Military and aerospace assemblies require careful evaluation of the end use requirements. For example, when an
electronics assembly is incorporated into a weapons system, cleaning requirements and anticipated cleaning
techniques of the initial electronics assembly must be considered in the context of the final assembly. This is true
even if traditional solders rather than lead free are used. In addition, materials of construction must be evaluated in
terms of anticipated contamination requirements.

Physical Barriers to Contamination

The initial electronics assembly may pass tests for ionic contamination with flying colors. However, it may have to
withstand potential contamination from other product. For example, anodized materials vary in process quality. We
see batch to batch variability, where one lot of anodized material visibly discolors the process bath. In a way, such
an obvious problem is good, in that there is a clear, immediate indication of a problem. On the other hand, one
manufacturer recently complained about a “dulling” of anodized parts. Is this “dulling” or “discoloration” corrected
by a change in the cleaning process? Perhaps. However, there is the nagging suspicion that in the process of
forming discoloration, a contaminant may be generated that could migrate to the electronics assembly.

One solution is to apply a potting compound or a conformal coating to protect the assembly. Of course, there are
issues of using the correct coating, applying it as per instructions, and using the correct curing protocol. Before
applying the coating, the surfaces to be coated must be both defluxed and cleaned of other contaminants, or the
results can be analogous to repainting a wall that is covered in grease. Adhesion may not be optimal. Flaws in the
coating can allow contaminants released during subsequent assembly and handling to contact and contaminate your
electronics assembly. Careful control means you are not part of the problem. Certainly, part of this control can
involve monitoring the fabrication and cleaning processes used by suppliers of electronics assembly components.
However, consideration of complete cleaning as well as defluxing during assembly helps assure that your
contribution to the final assembly is rugged.
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Contamination Levels — More than Conductive Contamination

The final, final assembly (the one that includes both your product and many other materials of construction) may
have requirements for low particulate and thin film residue, requirements that encompass both conductive and non-
conductive residue. Examples of such requirements are found in IEST-STD-CC1246D [1]. This specification,
derived from an older Military Specification of the same number, is rather general. For example, while the residue
level is listed, how you determine that residue, including extraction techniques, are not specified. Extraction may be
performed by rinsing, refluxing, or, increasingly, using ultrasonics. Water or any of a number of organic solvents
may be called out. Electronics components that are damaged or modified by ultrasonics or where potting and
conformal coating are not adequately controlled may yield spuriously high particulate and/or non-volatile residue
(NVR) levels.

Residues that are not detected by ionic analysis techniques may still compromise assembly performance. Capacitive
coupling from residues may become important at high frequencies, thus affecting triggering circuits or
communication applications [2]

lonic or non-ionic contamination may have many sources. Table 2 lists a number of soils that may contaminate a
product.

Table 2 Examples of Soils
Solder flux (rosin, organic acid, low residue)
Oils, greases
Metal working fluids
Lapping, polishing compounds compounds
Particles (metal fines, chips, skin flakes, polishing grit)
Acids
Water
Solvent
Product Assortment
Residual product/breakdown (in processing equipment)
Deposited cleaning agent residue
Rust-preventative
Bacteria, mold, life-forms (alive or dead)

Medical Devices

Designing rugged electronics assemblies for use in medical devices is particularly challenging. Many of the issues
of concern in military and aerospace applications also hold for medical devices. However, the issues for medical
devices are even more complex.

For one thing, there tends to be a very high level of secrecy on the part of the final assemblers, perhaps more so than
in military and aerospace. Competitive sensitivity certainly plays a role. However, the level of secrecy can be so
high that, within a given facility, the processes and practices of one group may be kept secret from another group.
This makes process integration a challenge, to say the least.

In addition, the phrase “regulatory issues” carries a connotation for medical devices beyond that of, say the
Environmental Protection Agency, OSHA, or REACH. Specifically, the Food and Drug Administration (FDA)
requires that device manufacturers demonstrate safety to the patient, particularly if there will be direct contact with
the body or if the devices will be implanted. Because there are so many different materials of construction,
configurations, and uses, obtaining regulatory approval is often accomplished on a case-by-case basis. Required
testing may include Total Organic Carbon (TOC), biocompatibility, and risk analysis of the nature and potential
consequences of leachable residue such as outlined by ASTM method F-2459-05 [3] and ISO Standards 10993-17
[4] and 10993-18 [5]. Leachable residue is often more complex in medical devices in that the device manufacturer
has to consider not only the level of residue and impact on reliability of the device but also, in some cases, the
impact on the patient. This means that the steps in the defluxing and cleaning processes, including not only washing
but also rinsing and drying have to be carefully defined. Even process chemicals that have a fairly benign worker
safety profile can have catastrophic effects on the host. Catastrophic effects come with liability implications for the
final, final assembler of the device.
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In addition, the FDA may respond by issuing advisories against using the cleaning agent in question, certainly
without proof that all of the cleaning agent residue has been removed. The device manufacturer is left to ponder and
justify what “all” means. Alternatively, another cleaning or defluxing agent may be selected, perhaps one with less
well-defined information about the consequences of use.

This regulatory complexity and the potential liability concerns can have unfortunate societal implications. Some
manufacturers refuse to knowingly sell electronics assemblies to device manufacturers. Others, justifiably, explain
that the final device assembler has the responsibility for demonstrating lack of contamination Suppliers of cleaning
agents may have similar provisos, even if those cleaning chemistries are regularly used in device manufacturing.
The associated level of secrecy on the part of device manufacturer can result in a lack of communication on the part
of the final device manufacturer with the supplier of electronic assemblies and vice versa. This means that the
desired levels of contamination and desired manufacturing practices may not be clearly communicated. As a
supplier of electronic assemblies to be used as part of medical devices, setting quality standards and observing GMP
would be of value in these critical applications, even where the final device assembler has the ultimate
responsibility.

Regulations and Performance Requirements

(Safety and Environmental)

Certainly, REACH has added a level of complexity to many global operations. Even within North America, the
impact of regulations, primarily environmental regulations, but also some worker safety issues, has potential impact
on assembly performance and long-term reliability.

Aerospace and aeronautic electronics assemblers must cope with restrictions on air toxics and on volatile organic
compounds (VOCs). Where assemblies are purchased infrequently and intermittently and where they are required to
a certain test specifications, we may run into unanticipated problems. That is, the type of flux and the associated
defluxing process may be modified; and the assembly may meet the specifications. However, especially where
many variables have changed, it must be determined whether or not those specifications cover the anticipated
performance needs.

There is also the issue of finding appropriate suppliers. Some assemblers will not accept contracts where defluxing
is required; or they will accept projects that use either water alone or water with low levels of cleaning chemistry.

In effect, environmental requirements impact product performance standards.

Suggestions toward Future Quality Development
We need more comprehensive performance standards that include conductive and non-conductive residue.

Process options have to be considered, and perhaps reconsidered. There is a general concern with using appreciable
levels of additives; and many groups have an aversion to using organic chemicals. While cleaning under close-
spaced components is possible using water or water-based chemicals, the surface tension, density, and viscosity or
water, alcohol, and other process chemicals limits their utility. The level of required process control is such that as
rugged defluxing process is not readily achievable. In addition, while ultrasonic cleaning is gaining some
acceptance, other groups have a concern with product damage. Certainly, there is such a potential; and we have
seen ultrasonics used inappropriately. [6]. At the same time, we have also observed component damage due to high-
pressure spray. The potential for component damage from physical and chemical cleaning forces must be
considered.
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