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The DoD is currently feeling the effects 
of a dramatic change in the technology used to 
produce and repair micro-circuitry…
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This change effects the reliability and 
maintainability of…

All DoD Weapon SystemsAll DoD Weapon Systems
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Why you should care…
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Why you should care…
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Why you should care…
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Mature technology

Used to inhibit growth of “Tin Whiskers”

Proven industry standard

Well documented engineering characteristics

Excellent history of reliable use

Low cost

History of Tin-Lead Solder
63% Tin / 37% Lead solder alloy

Utilized in the electronics industry for over 60 years

Presenter
Presentation Notes
A solder blend of 63% tin and 37% lead results in a eutectic alloy - one that acts like a pure metal with a single melting (and solidification)  point. 
Compared to lead-based electronics, we have very little field history for lead-free electronics.   
Most of the lead-free products that have gone into production so far were designed for maybe a one-year lifetime before they are expected to be discarded.
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The electronics industry is 

eliminating Lead from the 

world-wide market.

History of Tin-Lead Solder

Presenter
Presentation Notes
Lead has long been known as hazardous to humans and the environment and has been banned in plumbing, coatings, gasoline paint, and some ammunition.  A burgeoning source – electronic waste – poses a substantial new threat to the environment as lead and other chemicals leach from computers, cell phones and other electronic devices being buried in landfills.  In an effort to continue to limit lead from ending up in our landfills, water, and environment a union of European nations sought to reduce the amount of lead in the manufacture process.  RoHS – Restriction of Hazardous Substances Directive, restricts the use of certain hazardous substances in electrical and electronic equipment.  
The directive was adopted in 2003.  Beginning July 1, 2006 the European Union began banning the import of electronic components that include lead, mercury, hexavalent chromium, cadmium and several other substances.  Similar measures are being considered or are already in place in other countries, including Japan, China, South Korea, Argentina, Australia and the United States.

Given the global nature of the electronics industry, however, the European ban is in essence international in scope. To be able to sell parts to countries in Europe and to remain competitive, manufacturers are forced to remove lead from their manufacture process.  Manufacturers of piece parts and components will not carry two manufacture lines for the same product….one containing lead and another that does not contain lead…unless they are directed by DoD stating we require the long proven, industry standard of 3% lead in  finishes and 63% Tin /37% Lead in the soldered components.  
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Because of Lead-Free, DoD is in 
the middle of an uncontrolled 
transition for which we are 
currently unprepared.

Presenter
Presentation Notes
The very popular term leadfree or lead-free is incorrect, both technically and legally.  The RoHS Directive (and WEEE Directive) do not require lead-free, for example, zero percent lead.  The requirement is 0.1 percent or less for lead and four other hazardous substances.   A proper term would be RoHS compliant. 
There are three basic impacts to this change in the composition of solder alloys and of component leads: 
First is the unknown long term reliability of the solder joints made using the new lead- free solder alloys relative to the well-known high reliability available from the tin-lead solders used for the past 50 years.
The second major concern is the tin whisker risk from the use of electroplated pure tin finishes on components. Component vendors consider the pure tin electroplated components an inexpensive drop-in replacement for the now-banned tin-lead electroplated finishes.  Vendors are known to have replaced tin-lead with whisker-prone pure tin finishes without changing component part numbers.   
The third major concern is the latency, or built-in failure mechanisms due to lead-free, can exist either in lead-free original equipment or lead-free components having been reworked or repaired at the Depot level. The original or repaired equipment may look and test fine, but long term may be susceptible to failure mechanisms not seen with the standard tin-lead assemblies for the last 50 years.  
This is new, we know how our leaded systems should work, we just don’t know how removing lead will affect our systems.
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Electronics Market Share 

The Military and Aerospace 

sectors have little influence on the 

global transition to Lead-Free.

Presenter
Presentation Notes
Aerospace is being “swept along” by a supply chain that is beyond our control.
"It's whistling in the wind if you think we're turning this back. China's full-bent on it, the major markets are into it. The world flipped over in one fell swoop.“  George Galyon, IBM Corp.
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Reliability & Maintainability Issues
Lead-Free parts have entered the supply chain

Technicians lack knowledge and have not received guidance 

Lead-Free outside of current directives

No standard Lead-Free alloy

Over 300 different Lead-Free alloys 

No reliability/engineering data

Tests prove some alloys are not compatible

Tin Whiskers have been found on components

Presenter
Presentation Notes
The RoHS Directive does not require finished electrical/electronic equipment to be marked in any way, or for the material content of the equipment to be provided to consumers. 

The material bans in the RoHS Directive affect our:
• Material choices.
• Component choices.
• Manufacturing/testing/repair processes.
• Design rules.
• Qualification of materials/components/processes.
• Reliability testing.
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There is high reliability risk for 
DoD when we don't know for sure 
what solder we are using in the 
repair process.

Reliability & Maintainability Issues

Presenter
Presentation Notes
The NASA Electronic Parts and Packaging Program (NEPP) has done a great deal of work on the reliability of lead-free electronics. They have an extensive web site at http://nepp.nasa.gov/
The results of NEPP’s research are not encouraging.  Lead-free solders are very susceptible to the following failure modes, which have been almost unknown/unheard-of with lead-bearing solders:
Tin whiskers, causing short circuits.
Tin pest, causing the tin to crumble.
Sensitivity to shock, causing solder joints to crack if the product is dropped onto a hard surface.
Conductive Anodic Filaments, causing shorts inside Printed Circuit Boards (PCB)s. 
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Lead-Free Parts
Involves multiple electronic components:

Capacitors

Presenter
Presentation Notes
The following slides show an example of the types of components that are affected by changes in the alloys utilized in the manufacture process.  
These slides are by no way inclusive.  Nor do they show the assemblies and the solder joints that can be affected as well.
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Lead-Free Parts
Involves multiple electronic components:

Capacitors

Flat Packs
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Lead-Free Parts
Involves multiple electronic components:

Capacitors

Flat Packs

DIPS
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Lead-Free Parts
Involves multiple electronic components:

Capacitors

Flat Packs

DIPS

Transistors
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Lead-Free Parts
A recent random sampling 

identified 90% of 2N2222A 

transistors are Lead-Free

Presenter
Presentation Notes
This is a great example of a transistor that is currently in our inventory.   However, it should be noted here that through our efforts to mitigate risk of infiltration of Lead-Free, DLA has in fact identified this part number has indeed been changed to reflect the presence of 3% lead.  We in the Air Force, and perhaps throughout DoD, have not been made aware there is a new part number JANTX2N2222A, and that we should be ordering it instead of the long-standing customary 2N2222A.  

This is a good example of how organizations within DoD are aware of the problem and are doing their part to make adjustments for the changes but are unable to push information concerning their efforts to the next using organization for them to facilitate proper action.
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A recent random sampling 

identified 90% of 2N2222A 

transistors are Lead-Free

2N2222A transistors are used in 

over 170 USAF assets

Lead-Free Parts
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Tin Whiskers
Tin Whiskers are electrically conductive, crystalline structures 
that grow from tin surfaces.

Numerous electronic system failures have been attributed to short 

circuits caused by Tin Whiskers.

Tin Whiskers have been successfully suppressed for decades by 

the addition of at least 3% lead to the tin plating used in high

reliability applications.

Tin Whiskers pose a serious reliability risk to electronic assemblies.

Presenter
Presentation Notes
Tin Whiskers are not a new phenomenon.  They were identified in the 1950s, steps were taken to understand and to safeguard  electronics, resulting in the addition of a minimum of 3% Pb to the lead finish and the specification of 37% Pb/63% Sn solder in assemblies.
Examples:   
In the 1980s, the U.S. Food and Drug Administration recalled some pacemakers because of a high failure rate caused by tin whiskers.

In 1998, PanAmSat Corp.'s $250 million Galaxy IV communications satellite, which provided service to tens of millions of pagers across North America and thousands of pay-at-the-pump gas station machines, was deemed a total loss after two processors failed. The main spacecraft control processor, which governs the satellite's positioning and other functions, failed for an unknown reason, and the backup couldn't be used because tin whiskers had shorted it out a year before.

At least 10 other satellite failures have been blamed on tin whiskers, according to the NASA database.
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Presenter
Presentation Notes
Example of Tin Whiskers discovered in the Enhanced Signal Data Converter, part of the Throttle Control Unit on the F-16.  The ESDC has, for several years, been plagued with failures.  These failures have resulted in the aircraft moving into uncommanded afterburner, among other failures.  The whiskers identified in these pictures were discovered many months after the aforementioned incidents .  As yet, there is no definitive proof the previous failures were caused by the observed tin whiskers.   However, there is no proof they did not.  
As all with electronics experience know, there are unsubstantiated, unrepeatable, and unverifiable phenomena occurring daily .  The point here is that we sometimes experience failures we cannot resolve, but by allowing unidentified alloys into our systems we are only increasing the risk of more unresolvable failures.  
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Immediate Needs
Establish Policy

Develop DoD Lead-Free Control Plans

Define Lead-Free risk management strategies and processes 

Define quality and reliability assurance strategies

Stop unintended infiltration of Lead-Free parts into supply system

Obtain management awareness & support

Bigger than any Service/Agency/Command
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Obtain funding

Investigate New Materiel Solution

Viable options available 

Both DoD and Industry will need to find “the” solution

Requires extensive testing, reliability data collection

Educate key personnel on impending changes
Program Managers, Planners, Buyers, Electronics Technicians, 
Engineers, Equipment Specialists, Contracting Officers

Immediate Needs
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Long Term Solutions
Transition Challenges
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Technical

Potential redesign 

Manufacturing (legacy systems)

Quality and reliability issues

Repair/Rework challenges

Troubleshooting difficulties

Transition Challenges

Long Term Solutions
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Logistics

Supply Chain

Materiel Control

Quality and Deficiency Reporting (QDR) 

Vendor Compliance Certification

Sustainment of Legacy Systems

Transition Challenges

Long Term Solutions
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Economic Considerations

Materiel

Parts

Education/Training

Guidelines for repair of Lead-Free assemblies

New/emerging systems meet LFCP requirements

Transition Challenges

Long Term Solutions
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