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Flammability of microelectronic components, particularly those using molding compounds as encapsulants, is a safety concern that can be mitigated by the use of appropriate materials.  In most common plastic encapsulants, flame retardant capability is acquired through the use of bromine-based aromatic compounds.  These brominated flame retardants (BFRs) are preferred because of their low cost and effectiveness, especially in their ability of to ensure compliancy with industrial flammability standards.  Thus, the flame retardants with aromatically bonded bromine have the highest market share, primarily because they tend to be resistant to breakdown over time or temperature.  When the epoxy encapsulants are exposed to heat or open flames, the epoxy compounds break down and in the process release free radicals such as OH and H in the form of flammable gases.  BFRs work by chemically interfering with the gas phase of the combustion process.  However, bromine containing compounds have also been found to form dioxins during the combustion process, and these active dioxins are considered to be carcinogens by the Environmental Protection Agency (EPA).  Therefore, a strong trend is emerging for selecting bromine replacement materials that is focused primarily on environmental, health, and reliability concerns.

Phosphorous based flame retardants (PFRs) have been considered as alternate replacement materials to BFRs.  Phosphorous based flame retardants impede the combustion process through multiple reaction steps.  These PFRs are primarily divided into organic and inorganic compounds.  Organic phosphorous based flame retardants currently used in electronic applications consist of phosphates, phosphonates, phosphinates, and phosphine oxides.  However, the addition of organic phosphorous into molding compounds tends to increase the water absorbing property of the plastic encapsulants, increasing the probability of popcorning and moisture related failure mechanisms.  Therefore, inorganic phosphorous compounds usually have been preferred, including red phosphorous that has been commonly used in microelectronic applications.  Red phosphorous has been used as a flame retardant in polymeric materials and has exhibited a very high flame retarding capability.  However, consistent concerns about long-term stability of red-phosphorous based fire retardants have limited their extensive use in microelectronic applications.  Subsequently, improvements were made in the manufacturing process by some manufacturers for red phosphorous that led to their incorporation into molding compounds for COTS PEMs.  

University of Maryland (UMD) Computer Aided Life Cycle Engineering (CALCE) has examined the use of red phosphorous as a flame retardant in encapsulated microcircuits and prepared a report that discusses potential reliability risks.  This report provides instances of field failures where the use of red phosphorous is suspected to have a contributing role.  Chemical reactions, which can arise when red phosphorous is exposed to ambient humidity at high temperatures to form oxygen-containing phosphorous acids, are also presented.  The acids from these reactions are corrosive and may explain the cause of reported field failures in semiconductors encapsulated with epoxy resins containing red phosphorous as flame retardants.  The failure mechanism discussed in this report has been duplicated in a laboratory environment, and activation energies have been developed regarding temperature and humidity.  Additional investigation is required for reliability assessment concerning use of red phosphorous as flame retardants in molding compounds used in COTS PEMs.
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