Board Assembly with PEMs – Technical Problems and a Recommended Solution for JPL
Known technical problems associated with storage, assembly of PEMs (Plastic Encapsulated Microelectronics):

1) Moisture cracking (usually called popcorning) (storage restrictions)

2) Flux restrictions

3) Board cleaning restrictions

4) Board soldering restrictions

1) Epoxy mold compound (the plastic of plastic packages) is a mixture of roughly 70% crushed electronic grade silica and 27% novolac cresol epoxy and about 3% special additives for moldability, coloring, flame retardant, etc.  The novolac epoxy is hygroscopic and will absorb water to approximately 0.4% by weight (in equilibrium).  Example curves of water absorption are shown in JPL-D19426 available in rules.  When subjected to vapor phase solder reflow (typically used in surface mount board assembly soldering) the entire package becomes elevated to the soldering temperature for a fraction of a minute.  This is usually 220°C to 240°C.  Naturally the absorbed water expands greatly and tries to vaporize.  However, it is locked in the epoxy matrix and so the package resists the expansion, creating a large internal stress.  Since epoxy mold compound in general is very tough, for the major of IC packages the part survives with no damage.  However, long and narrow packages will crack.  The crack will usually start near the die or lead frame and continue to the surface of the package.  To make matters more difficult, the crack is usually very small (typically visible under high power magnification) and the majority are on the underside of the package.  Since the crack substantially degrades the ability of the epoxy mold compound to protect the die from the attack of chemically active materials, PEM reliability after such a crack is degraded by potential ingress of fluxes and board cleaning solutions.  At the time of the crack (during solder attach) flux residue on the board is present.  After the soldering the board is subjected to a “dish washer” type cleaning in (hopefully) mild detergent solution.

To prevent moisture cracking of the PEMs during board soldering the standard industry technique is to “drybag” those PEMs of moisture cracking sensitivity level greater than 1.  The moisture crack sensitivity levels are described in IPC-J-STD-33.   Drybag is a sealed ESD plastic bag with an internal desiccant to restrict internal relative humidity to less than 30%.  There are restrictions (also delineated in J-STD-033 on the amount of time out of drybag (for example level 3 parts are restricted to storage outside drybag) of less than one week at a temperature of  less than 30 deg C and 60% relative humidity.  The latter restriction is to prevent re-adsorption of a sufficient amount of atmospheric water to make the package vulnerable to moisture cracking during soldering.  Alternatives are to bake out the part according to procedures specified b y the part manufacturers (these vary with package but are typically one day at 125 deg C).  An equivalent restriction on storage in an unrestricted environment of the baked out part applies.   Another alternative is to keep all the sensitive PEMs in a controlled low relative humidity environment (less than 30%RH).
2)  Aggressive fluxes will definitely attack the epoxy mold compound and cause pitting, etc.  I will need to check the fluxes used at JPL against the part manufacturer’s explicit recommendations.  I believe we are OK but a diligent review is recommended.

3) Aggressive (high PH, etc.) board detergents will attach the epoxy mold compound also.  I will need to check the board cleaning agents against the part manufacturer’s recommendations (and IPC standards).

4) Since, apparently, it is required that all drybags be opened on receipt at JPL (my experience is that part manufacturers are diligent about packing moisture sensitive PEMs in drybags), I recommend that all PEMs be immediately sent to dry nitrogen storage in 103.  A procedure should be issues to cover this process.

5) I need to write a procedure (or several) in the nature of AIDs to perform bakeout in the event that parts are inadvertently stored in an uncontrolled humidity environment.
6) I propose that 514 develop and maintain a short database (list) of PEMs with associated moisture sensitivity levels.  Since the part determines the handling restrictions and it is not dependent on circuit application or board design (ordinarily), I believe this is the most appropriate documentation.  Software should be developed to “link” this database into the PRDB or otherwise the part approval process so that the handling restrictions appear on the released parts lists.

