High-Complexity, Thermally Challenging Pb-Free Product Recommendations 2]

An INEMI task group's review of components, laminates and equipment.

The conversion to Pb-free assemblies and processing has been a disruptive and, in many
cases, costly process for manufacturers. While many have managed the conversion, it is

causing concern among manufacturers producing high-complexity, thermally challenging '

products that require high reliability over long periods of service. E 1 montFElD
Conversion to Pb-free alloys - such as SnAgCu (SAC) - raises questions about the long-term .

reliability of Pb-free materials as compared to standard SnPb formulas. (Many producers of [:ﬂ u ntd own t[] -J U l}f ] ' 2[][] ﬁ

high-reliability products will take the lead exemption in the short term, of course, but will
eventually need to comply with the directives.)

The broad component mix, board thermal properties and resulting thermal gradients across complex assemblies pose many thermal challenges
and push current capabilities to the very edge of allowable limits. New soldering materials, maximum qualified component temperatures and
primary attach or rework equipment are all sources of concern.

The iINEMI High-Reliability RoHS Task Force consists of OEMs and EMS providers whose products are characterized by long service life and
high-reliability requirements. For these companies, maintaining product reliability is critical. The task force has developed several
recommendations to address the primary areas of concern for Pb-free processing of thermally challenging assemblies.

Components. For nonhermetic solid-state SMDs, it is imperative that component suppliers demonstrate compliance with J-STD-020C" to the
maximum exposure temperatures for primary attach and rework. (As specified in Table 4.2, these temperatures range from 245°C+0° to
260°C+0°, depending on package thickness and volume.)

For other non-IC, MCM and SiP devices, INEMI recommends that the procedures outlined in J-STD-020C be used for establishing moisture-
sensitivity level (MSL) ratings and peak temperature survivability. In addition, certain industry specifications, namely IPC-95032 and IPC-95043,
must be updated to reflect Pb-free processing requirements. iNEMI task force representatives will work with standards committees to provide
input and rationale for the proposed changes.

Small SMDs that will be attached to the bottom side of a PCB and then passed through a wave solder or solder dip machine (full body
immersion) should be qualified to JESD22A111.4 Components frequently wave soldered in this manner include small discrete components,

SOT-23 and lower 1/O leaded devices with pitches 21.27 mm (0.050"). JESD22A111 specifies a max. exposure temperature of 260°C (+5/-0°C)
for a maximum of 10 (1) sec. for SnPb wave soldering. However, it has not been updated to reflect requirements of Pb-free wave soldering.

Not only do SAC alloys melt at higher temperatures, they also do not wet as well as SnPb. Minimum hole-fill requirements for PTH devices (per
IPC-A-610%) require increased solder pot temperature. The iNEMI task force recommends that max. exposure temperature be increased to a
minimum of 265°C to accommodate new alloys used for Pb-free wave soldering. To help offset this hotter temperature, the time required at
265°C can be reduced to 5 sec. minimum (laminar and chip wave combined). (This requirement is based on a wave solder pot temperature of
260°C +5°, a minimum wave solder conveyor speed of 3.25'/min. and a maximum wave contact distance [chip wave plus laminar wave] of
3.25".) The task force recognizes, however, that some thermally sensitive components will require special handling or fixtures if used on the
bottom-side.

For BGAs or other area array packages, suppliers must meet coplanarity requirements (at room temperature) for the appropriate package outline
specifications. Suppliers must also ensure assembly capability when packages are subjected to the max. reflow temperatures specified in Table
4.2 of J-STD-020C.

Laminate and PWB materials. While laminate materials used for SnPb assembly have been successful in less complex assemblies at Pb-free
processing temperatures, issues arise when using these materials for complex, thermally challenging products. Moving to higher temperatures
increases materials sensitivities and several parameters - Td, Tg, CTE(x-y), CTE(z) - must be re-examined for reliability issues such as potential
for delamination, peeling and warpage. More testing and evaluation is required before new laminate materials can be considered "Pb-free
compatible" for all applications in high-complexity systems.

After initial material selection, the manufacturer will need to validate acceptable performance of the materials while in use. Manufacturers must
make sure that laminates can withstand both process temperatures and stress and will not be "invisibly weakened" in any way that would show
up later in the field. Table 1 summarizes the test methods recommended to validate performance, including CAF and thermal/temperature
cycling.



Table 1. Test Methods Recommended to Validate Performance

Pamameters for Pb-Free Materals

Characteristic |  TestMethod | Comments/ Suggested Valus *
Deoompositon temg, Td, (5% weight loss e .
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Note 1: Suggested values are highly dependent upon the product being assembled. Values suggested are based
on thermally complee high layer count beards that have high material resin content, require multiple Pb-
free soldering processes at or near the limits of the J-5T0-020C profile require ments, and have long life
requirements. Specific walues will varg with the requirements of individual products.

Note 2: TGA ithermo-gravimetric analysis).

Note 3: Td, a characteristic determined by a standard test method and evaluated at 5 min., is substantially

higher than delamination temperatures evaluated at 30 .and 5 min. Td should be used to campare simi-
lar materials, and not used as an absolute value in isdation.

Nate 4: Thermo-Mechanical Analysis (THA)Y is preferred ower DSC and DMA in determining Tg because total
expansion from room temperature to max. processing temperature is a critical praduct parameter and
because TMA reparts the expanzion of the material as a function of temperature.

Note 5: The z-asis CTES (z-axis expansion (%) per IPC-TM-G50, 2.4.41 (50-260°C), bath below and abowe Tg, are
important to long-term reliability. Users should ensure that materials specified and associated plated-
thraugh-hole copper wall thickness and copper ductility meet reliability requirements of the praducts.

Equipment. The capabilities of primary attach and rework equipment are strained by higher thermal mass PWBs and assemblies, and it is
difficult to stay within the minimum and maximum temperature limits imposed by J-STD-020C and JESD22A111. Process speed, peak
temperatures, flux chemistry, solder pot contamination and soldering gas atmosphere are key areas of concern, and product and process
designers need to work with equipment providers to understand and resolve these issues.

Reflow profiling studies using SAC solder for various thermally challenging products have demonstrated that the reflow oven speed must be
slowed to guarantee a good solder joint (i.e., stay below the upper component body temperature limits defined by J-STD-020C while
simultaneously staying above the minimum reflow temperature). However, this modification extends the overall processing time by 20 to 30%
and puts significant additional strain on the soldering materials. Key issues from a materials perspective include:

Ability of flux to handle higher temperatures at longer pre-heat times (135° to 200°C for 3 to 4 min.).

Total profile times of 8 to 9 min.

Rework of large assemblies also challenges the equipment's ability to effectively heat the module being reworked while, at the same time, not
overheating adjacent components. Techniques to improve reworkability include:

Whole board preheat to reduce heatsinking effects of PWB power and ground planes.
Improved adjacent component "shielding" from hot gas rework temperatures to prevent secondary reflow.

Preheating PWBs is also an issue when reworking PTH components. As discussed, the higher tin content combined with the slower wetting and
spreading of SAC result in the need for higher solder pot temperature and longer contact time to achieve the same degree of hole fill. This, in



turn, increases copper dissolution of the barrels and traces on the PWB and, therefore, requires tighter control of rework processes or
equipment.

Manufacturers should consider adding process modeling, thermal and process profiling, or some type of overall process equipment verification
instrumentation for all process equipment steps (e.g., placement, wave or reflow, and rework). These measures help ensure that process steps
remain within the tight thermal process window posed by Pb-free process materials.

The successful conversion to Pb-free alloy systems for products that require high-reliability performance over the long term depends upon the
entire supply chain doing its part to create, test and guarantee materials, components and process systems. The iINEMI High-Reliability RoHS
Task Force developed these recommendations to provide direction to these efforts and is committed to working with the appropriate standards
bodies to ensure that formal standards are updated to support evolving manufacturing needs. n

Au: INEMI's High-Reliability RoHS Task Force was finalizing its position statement on Pb-free manufacturing requirements as this article went to
press. For a copy of the final statement, go to inemi.org/cms/projects/ese/High_Rel_RoHS.html.
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