Current and future space and defense systems face potential risks from the continued use of tin-lead solder, including: compliance with current environmental regulations, concerns about potential environmental legislation banning lead-containing products, reduced mission readiness, and component obsolescence with lead surface finishes.  For example, the United States Environmental Protection Agency (USEPA) has lowered the Toxic Chemical Release reporting threshold for lead to 100 pounds.  Overseas, the Waste Electrical and Electronic Equipment (WEEE) and the Restriction on Hazardous Substances (RoHS) Directives in Europe and similar mandates in Japan have instilled concern that a legislative body will prohibit the use of lead in aerospace/military electronics soldering.  Any potential banning of lead compounds could reduce the supplier base and adversely affect the readiness of missions led by the National Aeronautics and Space Administration (NASA) and the U.S. Department of Defense (DoD).  Before considering lead-free electronics for system upgrades or future designs, however, it is important for the DoD and NASA to know whether lead-free solders can meet their systems’ requirements.  No single lead-free solder is likely to qualify for all defense and space applications.  Therefore, it is important to validate alternative solders for discrete applications.
As a result of the need for comprehensive test data on the reliability of lead-free solders, a partnership was formed between the DoD, NASA, and several original equipment manufactures (OEMs) to conduct solder-joint reliability (laboratory) testing of three lead-free solder alloys on newly manufactured and reworked circuit cards to generate performance data for high-reliability (IPC Class 3) applications.  

The use of conventional tin-lead (Sn/Pb) solder in circuit board manufacturing is under ever-increasing political scrutiny due to environmental issues and increasing regulations concerning lead.  The USEPA has cited lead and lead compounds as one of the top 17 chemicals imposing the greatest threat to human health.  The “Restriction of Hazardous Substances” (RoHS) directive enacted by the European Union (EU) and a pact between the United States’ National Electronics Manufacturing Initiative (NEMI), Europe’s Soldertec at Tin Technology Ltd. and Japan’s Japan Electronics and Information Technology Industries Association (JEITA) are just two examples where worldwide legislative actions and partnerships/agreements are affecting the electronics industry.  As a result, many global commercial grade electronic component manufacturers are initiating efforts to transition to lead free in order to retain their worldwide market.  Lead-free components will be finding their way into the inventory of aerospace or military assembly processes under government acquisition reform initiatives.  These actions will result in increased risks associated with manufacturing and subsequent repair of military electronic systems.  

Starting in 2001, the USEPA lowered the Toxic Release Inventory (TRI) reporting threshold for lead to 100 pounds annually.  Previously, facilities were not required to report releases of lead and lead compounds unless they manufactured or processed more than 25,000 pounds annually, or used more than 10,000 pounds a year.  This requirement affects federal facilities, which, under Executive Order 12856, must file annual Toxic Release Inventory reports if they meet the threshold requirements.  

The commercial sector is driving component and board suppliers to provide primarily lead-free compatible surface finishes and alloys.  If the military electronics industry does not proactively participate in determining the impact of lead-free solders, it is possible that parts with lead-containing finishes may become impossible to procure or acquisition costs for “military lead containing components” will become prohibitive.  Military and space applications are typically more severe than traditional commercial electronic applications.  IPC defines three performance classes for surface mount assemblies, which are based on end use.  IPC-6011 spells out performance classes for printed wiring boards.  Class 1, General Electronic Products, includes consumer products, some computer and computer peripherals suitable for applications where the major requirement is function of the completed printed board.  Class 2, Dedicated Service Electronic Products, includes communications equipment, sophisticated business machines, instruments where high performance and extended life is required and for which uninterrupted service is desired but not critical.  Class 3, High Reliability Electronic Products, includes the equipment and products where continued performance or performance on demand is critical.  Equipment downtime cannot be tolerated and must function when required such as in life support items or flight control systems. Printed boards in this class are suitable for applications where high levels of assurance are required and service is essential [1].
While work has been done to determine lead-free reliability for Class 1 and Class 2 applications, there has been little comprehensive data published on Class 3 surface mount assemblies.  To resolve the need for better understanding how lead-free solders perform under harsh environments, a joint project was initiated by the DoD’s Joint Group on Pollution Prevention (JG-PP) in 2001 to characterize  the performance of lead-free solders as potential replacements for conventional tin-lead solders used on printed wiring assemblies (PWAs).  
The Joint Council on Aging Aircraft (JCAA), via USAF Aging Aircraft Division, assumed the role of government project manager from the JG-PP in May 2003.  The JCAA is composed of primary members including Air Force Aging Aircraft, Army AMCOM, Navy Aging Aircraft, Coast Guard Aging Aircraft, DLA Aging Aircraft, FAA Aging Aircraft and adjunct members including NASA, Marine Corps, and Academia.  The primary objectives of the JCAA are to field products to improve the availability and affordability of aging aeronautical systems.  The reason for this project leadership change was that the JG-PP Working Group lead-free solder project encompasses much more than the pollution prevention goals established by the JG-PP.  Alternatively, the JCAA saw the value of the lead-free solder project with regard to the numerous logistical and repair issues currently ongoing through out the aircraft and assets owned and maintained by the DoD and NASA.  The JCAA at the director level have agreed to take over managing the lead-free solder project. 
The intent of the study is to test for functional (electrical) reliability of representative test boards assembled and reworked with lead-free solders.  “Representative” was defined as circuits now on defense/space systems (surface mount technology, plated through hole, and mixtures of old and new components).  In addition, a portion of the test vehicles built for the lead-free solder project will test the effectiveness of repairing lead-containing printed wiring boards (PWBs) with lead-free solder.
