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Introduction:  Space is a harsh environment for modern microcircuits.  The solar wind interacts with the geomagnetic field to produce belts of trapped, high-energy electrons and protons.  Exposure to the electron environment results in total ionizing dose (TID) effects in SiO2, which can lead to increased leakage currents, parametric shifts, and functional failure for CMOS microcircuits.  In addition to TID effects, proton exposure can produce nuclear interactions leading to recoiling nuclear fragments that leave ionization tracks.  If the tracks intersect PN junctions, the resulting photocurrents can produce single event upsets (SEU) in data storage circuits (latches, flip flops, memory cells, etc.) and propagating single event transients (SET) that can be latched into down stream registers as bad data.  High-energy galactic cosmic rays directly produce SEU and SET effects and cannot be eliminated by reasonable amounts of shielding.

Commercial Solutions:  Fortunately, there are several design techniques (circuit and layout) that have been demonstrated to be effective in mitigating each of the radiation environments and their effects [1,2,3,4].  For these techniques to be useful in providing parts for the space community, they must be incorporated in affordable, qualifiable products.  The affordability of design-hardened parts depends on the cost associated with design, fabrication, assembly, testing, and qualification.  To be used in space, the resulting microcircuits must be qualified under provisions of Mil-PRF-38535.  It requires that the production flow be under quality supervision by the supplier of rad-hard parts.

In this paper, we examine the elements of cost associated with the production flow for several different microcircuit types.  The costs are based on the following assumptions:

· Designs are performed by a fabless design center;

· Prototyping is performed through MOSIS;

· The design center acts as the rad-hard source of supply and is the responsible party for quality;

· Fabrication is performed at a commercial vendor with no modification in design rules or process;

· Assembly and associated QML testing is performed at a QML qualified packaging vendor;

· All electrical test, burn-in, and life testing is performed at the design center;

· Qualification is based on lot sample testing rather than statistical process control.
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