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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 mod-
ification extends the overall processing time by 20 to 30%
and puts significant additional strain on the soldering materi-
als. 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 equip-
ment’s ability to effectively heat the module being reworked
while, at the same time, not overheating adjacent compo-
nents. 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 cop-
per dissolution of the barrels and traces on the PWB and, there-
fore, 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 equip-

ment steps (e.g., placement, wave or reflow, and rework).
These measures help ensure that process steps are within the
control parameters needed to remain within the tight thermal
process window posed by lead-free process materials.

The successful conversion to lead-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. As high-reliability products begin to make
the conversion to lead-free, the industry needs to meet the
remaining challenges of manufacturing these complex
assemblies. The iNEMI High-Reliability RoHS Task Force
developed these recommendations to provide direction to
these efforts and is committed to working with the appro-
priate standards bodies to ensure that formal standards are
updated to support evolving manufacturing needs. 

Au: iNEMI’s High-Reliability RoHS Task Force was
finalizing its position statement on lead-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.  PCD&M
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Ed.: References available online at www.pcdandm.com/cms/
content/view/2363/95

CHARACTERISTIC TEST METHOD COMMENTS / SUGGESTED VALUE1

Decomposition temp, Td, (5% weight loss by TGA)2,3 IPC-TM-650.2.3.40 ≥335˚C

Glass transition temperature (Tg), ˚C, by TMA4 IPC-TM-650.2.4.24c ■ Tg >140˚C for all products

■ 165˚C for products with >10 layers, >6:1 aspect 
ratio, or containing BGAs 

In-plane coefficient of thermal expansion CTE(x-y),     IPC-TM-650.2.4.24c Solder joint stress depends on peak processing 
ppm/˚C temperature, component CTE

Out-of-plane coefficient of thermal expansion – CTE(z),  IPC-TM-650.2.4.41 Via/PTH barrel and land stress depends on peak 
ppm/˚C, α1 (above Tg)  and α2 (below Tg)5 processing temperature, PTH copper ductility

SECONDARY PARAMETERS

Time to delamination (T-260) IPC-TM-650.2.4.24.1 ≥30 min.

Time to delamination (T-288) IPC-TM-650.2.4.24.1 modified ≥5 min.
per paragraph 6.1 to 288˚C

TEST METHOD, SPECIAL

Copper ductility – PTH barrel IPC-TM-650, 2.4.2 Depends on peak processing temperature, and PTH 
aspect ratio

PRODUCT LEVEL VALIDATION

Solder float at 288˚C (6X) Similar to IPC-TM-650, 2.4.13 First article cross-sections must pass
except loaded with SAC solder

Conductive anodic filament testing Preconditioning + IPC-9691, Pass
IPC-TM-650, 2.6.25

Note 1: Suggested values are highly dependent upon the product being assembled. Values suggested are based on thermally complex high layer count boards that have high material resin content,
require multiple Pb-free soldering processes at or near the limits of the J-STD-020C profile requirements, and have long life requirements. Specific values will vary with the requirements of individual
products.  
Note 2: TGA (thermo-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 
compare similar materials, and not used as an absolute value in isolation.
Note 4: Thermo-Mechanical Analysis (TMA) is preferred over DSC and DMA in determining Tg because total expansion from room temperature to max. processing temperature is a critical product
parameter and because TMA reports the expansion of the material as a function of temperature. 
Note 5: The z-axis CTEs (z-axis expansion (%) per IPC-TM-650, 2.4.41 (50-260˚C), both below and above Tg, are important to long-term reliability. Users should ensure that materials specified and 
associated plated-through-hole copper wall thickness and copper ductility meet reliability requirements of the products. 

TABLE 1. Parameters for Pb-Free Materials


