GSFC PEMs Information and Links

Background Information
 

Plastic Encapsulated Microcircuits (PEMs) offer advantages of size, weight, cost, and availability.  Though increasing daily, PEMs do not have the amount of field history in high reliability and rugged applications that hermetic electronic packaged parts have.  This lessened understanding of PEMs failure modes and reliability has been a barrier to their use in NASA systems.  Refer to NASA Directive NPD 8730.2B for guidelines for managing Electrical, Electronic, and Electromechanical (EEE) parts.
 

In spite of this barrier, the military and aerospace electronics industries have begun to reconsider the use of PEMs due to the following reasons:
1. Improvements in reliability of PEMs, as evidenced by their use in the automotive industry          
2. Improved methods of accelerated testing and reliability prediction                
3. Concerns that many hermetic part types may not be available for future designs of space systems
Replacing military part numbers with their commercial counterparts cannot be done (without considerable analysis and testing) in high-reliability applications with the expectation that the system reliability is maintained.  The quality assurance system employed by most plastic encapsulated microcircuit (PEM) manufacturers is targeted to commercial applications and is significantly different from the system used for the production of military and space-grade parts.  For this reason, NASA part engineers have to subject PEMs to thorough screening and qualification procedures in order to realize the benefits of using advance technology and high-performance Commercial Off-the-Shelf (COTS) PEMs for space applications.
 

Technical Discussion
 

Background and Selection
PEMs selection is based on their intended use.  Factors for selecting PEMs are based on, but not restricted to, performance, environmental, criticality, and lifetime requirements.  Whether or not a PEM meets the selection criteria is based partly on the standard test practices for military and aerospace components, experience accumulated by the parts engineering community, and guidelines established by the high-reliability electronics industry.  NASA GSFC has produced a white paper on the use of PEMs in space systems NASA PEMs Policy White Paper, and a policy reflecting the conclusions of the white paper, NASA/GSFC PEMs Policy.

The entire system of parts specification, qualification, screening, and control needs to be modified to accommodate the unique features of PEMs.  The document PEM-INST-001 “Instructions for Plastic Encapsulated Microcircuits (PEM) Selection, Screening, and Qualification”, released in May 2003, provides a detailed background and analysis of PEMs quality and reliability issues as they related to use in space systems and provides a detailed test flow for space users.  EEE-INST-002 “Instructions for EEE Parts Selection, Screening, Qualification and Derating” has adopted the PEM-INST-001 test flows.

 

Uprating

The use of parts outside their manufacturer-specified temperature limits requires uprating, which is defined as a process to assess the capability of a part to meet the performance requirements of the applications in which the part is used outside the manufacturers' specifications.  Uprating for operating temperature outside specifications is called thermal uprating.  Uprating should be considered as an option to mitigate environmental mismatch, only when no other feasible alternative can be found.  The cost and availability advantages of PEMs commercial (0°C to 70°C) and industrial (-40°C to 85°C) parts are now driving many electronics manufacturers to consider their use in applications that previously mandated military temperature grade parts. For NASA applications which require qualification to the standard military temperature range of -55°C to +125°C, uprating is essential to establish sufficient reliability for the commercial and industrial PEMs.   

PEMs Database  
Goddard has developed a PEMs database that will store information of current testing and failure information of the PEMs used in various missions.  The long-term goal is for all NASA installations to culminate all their PEMs research and integrated it into one centralized database, which can be used by NASA, U.S. military and private industry.  Contact Marcellus Proctor to request access to this database.
 

Project Listing
The following is a list of projects that are using PEMs.  Refer to the PEMs Database for the most recent project list.
1. STEREO
2. GLAST
3. SWIFT
4. EOS
5. ST-5
6. TIMED
7. GRACE
8. CONTOURS
9. MLA
 

Molding Compound
In the paper entitled “ Critical Concerns, Solutions and Guidelines for Use of Plastic Encapsulated Microcircuits for Space ”, material reduction and degradation due to outgassing in a vacuum environment was noted as a failure mode particular to epoxy encapsulated parts used in space (outgassing beyond acceptable limits also poses a threat to sensitive surfaces such as optics).  Contamination and corrosive additives in the molding compound can also lead to failure of the metal lead frame, the wire bond and unprotected surfaces on the microcircuit die.  Each manufacturer has a different method for developing their molding compound, which leads to different PEM performances.
 

Derating
PEMs degradation depends upon temperature and factors such as molding material, current density through the circuit elements, the ability of the device to dissipate heat and impurities present during the manufacture of PEMs.  There are reported instances of commercial PEMs being designed and manufactured with very shallow rating margins.  The paper “ Plastic Encapsulated Microcircuit (PEM) Derating, Storage and Qualification Report” proposes more detailed analyses for determining derating criteria for commercial PEMs compared with what is normally done for military grade PEMs.   

Radiation
Radiation in a space environment consists primarily of high-energy electrons, protons, alpha particles, and heavy ions.  Traces of radioactive elements in PEM molding compounds, such as uranium and thorium, are sources of ionizing radiation that can cause errors in programmable integrated circuits and shifts in logic and memory devices.  The paper Radiation Hardness Assurance (RHA) discusses radiation effects that are more damaging to COTS components due to changing processes by the manufacturer.
 

Qualification/Screening
· All PEMs intended for space applications, independent of the required quality level, should be screened, qualified and subjected to DPA.  Qualification by history is not allowed. 

· Screening is the only element of the quality assurance system that is applied to the flight parts and affects the reliability of the lot.  The purpose of screening is to reduce infant mortality failures; however, improper testing and handling of the parts can introduce more defects than it reveals during screening.  For this reason, extreme caution should be undertaken to reduce the possibility of ESD/EOS and mechanical damage to the parts.  Most PEM manufacturers provide an ESD rating that can be used to estimate part sensitivity. (See ESD Site)

· PEMs are typically rated for a relatively reduced temperature range that is within the range used for stress testing military-grade parts.  For this reason, screening and qualification of PEMs require a thorough analysis of testing conditions to avoid damage to the parts and the possibility of introducing new failure mechanisms, especially when one is considering an uprating program.
· All results of DPA, screening, and qualification should be logged onto the GSFC PEMs database to gain more experience in application of PEMs for space projects and to analyze the effectiveness of the existing quality assurance procedures. 

· Every standard and/or instruction for qualification of microelectronic components becomes obsolete with time.  This timeframe is especially short for PEMs because of ongoing changes in the design and materials used and the lack of experience in qualifying commercial parts for high-reliability applications.  A significant amount of information regarding screening and qualification of PEMs is continually generated by GSFC space projects.  Analysis of this information and additional testing will allow optimizing stress test conditions, evaluating the importance of characterization of molding compounds, and assessing the value of different testing techniques.  Based on the results of this analysis, necessary corrections in the qualification and screening test flows will be made to reduce the cost and improve the system of quality assurance of PEMs for space applications. 
· Most PEMs manufacturers do not screen or perform lot acceptance testing on 100 percent of their product as part of the standard flow, except for new products or high-density devices.  It is suggested that EEE-INST-002 and PEM-INST-001 be followed to the maximum extent possible when creating test flows for PEMs that will be used in space programs.  Additional standard tests for microcircuits can be found in MIL-STD-883.
