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Project Overview 
This project will: 

1. Define and propose a methodology for selecting existing electronic components for extended 
reliability. Extended reliability includes use in initial application for longer period than qualified 
for, or capability to be re-furbished or re-used. In addition, the methodology will define the stress 
testing to simulate extended electronic component use. 

2. Address the lack of standards to enable successfully extending the reliability of electronics 
components by providing a data-based approach to determining the extended use of electronic 
components.  

 

Background/Context/Motivation 
Current electronic component utilization is dictated by the desired or “commercial” lifetime. 
However, as governments and consumers become more environmentally aware and as products 
become more complex, the desired lifetime1of a product can exceed the actual lifetime2 () by 
nearly 2x as shown below Figure 1. 

In addition, recent (2020/2021) supply chain interruptions and constraints have exacerbated 
increased part utilization from inability to extend lifetime of existing components, or refurbish or 
re-use components.  

Failure of one or two electronic components associated with each of the domestic appliances 
listed in Figure 1, would result in the scrapping of the appliance. This could lead to the wastage of 

 
1 Desired lifetime is what a customer perceives as renewal cycle 
2 Actual lifetime can be defined by intrinsic component limitations or design for use 
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the remaining functioning components, the electronic units and the unnecessarily addition of the 
appliance to either landfill or material recycling processes.   

 

 
Figure 1, Desired Lifetime vs Actual Lifetime for Consumer Products (Source: EEA Eionet 
Report - ETC/WMGE 2020/3 - Electronic products and obsolescence in a circular economy) 

 

Waste electrical and electronic equipment (WEEE) is one of the fastest-growing waste streams in 
the EU and worldwide. According to the latest Global E-Waste Monitor, a record 53.6 million 
metric tonnes (Mt) of electronic waste was generated worldwide in 2019, up 21 % in just five 
years (http://ewastemonitor.info/). 

The replacement of each listed appliance in Figure 1, will result in a further increase in demand 
for electronic components. Hence, there will be in increase in   raw materials and chemical usage 
during component manufacturing and the environmental effect will be substantial, as depicted in 
Figure 2. We can see that the resource utilization of electronic components is very significant and 
thus an extension in the lifetime of any appliance, through the extended use, refurbish or reuse of 
components would create a measurable reduction in waste and reduce resource impacts (raw 
material consumption, waste generation). 
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Figure 2: A general view indicating the effect of manufacturing electronic systems on the 

need for resources and their effect on the environment. (where did the picture come from?) 

 

In Europe, as a consequence of the first circular economy action plan in 2015, several material 
efficiency standards were developed by CEN/CLC/JTC 10 under mandate 543 (see Appendix A: 
References: Table A1). In particular the standard EN 45552:2020 will be relevant for this work, 
since it defines a general method for the assessment of the durability of energy-related products, 
including their reliability. 

Extended reliability assessments can be used to identify and select components that are suitable to 
be refurbished, reused and/or re-assembled. These components could enable longer usage, beyond 
their initially assessed shelf life and expected operational life. Enabling them to extend the life of 
electronics systems such as in Figure 1. 

Importantly, there is presently no useful standard process which might assist manufacturers to 
assess and extend the reliability of the electronic components assembled into their products. 

Ignoring early failures (infant mortality), failures of electronic components/systems are normally 
divided into “random” inherent failures and aging related failures.  

• Random failures: These failures are caused by overstress and manufacturing defects that 
lead to a shortened lifetime. The probability of failure is usually assumed constant and for 
a single component, is typically very low.  

• Aging related failures: Are caused by the constant degradation of the components, which 
will cause failure over time. The aging related failures can be noticed by an increasing 
probability of failure at the end of life.  

When an extension of lifetime is desired, both failure probabilities must be investigated.  

Aging related failures should only occur after the qualified lifetime. For the constant failure, a 
doubling of lifetime will mean a doubled failure probability over lifetime. This may be 
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neglectable, if the constant failure rate is very low, but if the accumulated failures are already 
bordering acceptable criteria, an increase in lifetime will need improved products and improved 
tests to characterize the failure rate. Presently, the only general-purpose standard for reliability is 
contained in JEDEC/IPC standards. Other relevant reliability-related IEC standards are included 
in Appendix A: References, Table A2.  

 

Purpose of Project – Phase 1 
Project Purpose 
The initial purpose of the project (phase 1) will be to define a methodology for assessing the 
extended reliability for new/unused existing electronic components. The methodology will 
include both a part selection method and a test/stress methodology. This methodology and 
demonstration of feasibility are intended to provide a starting point for potential industry 
standardization. The overall project will be conducted in two separate phases.  

Project Scope: 
In Phase 1, the project will develop a methodology to execute the proof-of-concept data 
collection. The methodology would encompass: 

- Part selection methodology: criteria for unused parts to be studied for extended 
reliability, based on part type, use, re-usability, criticality on system, cost, 
environmental impact among other issues.  

- Application Methodology: different markets use different environmental conditions 
to test and assess materials and components. 

- Test/stress methodology: tests and stresses required to assess extended lifetime of a 
product: stress to fail, pass/fail criteria, quantitative based lifetime extrapolations, re-
assembly performance amongst many other items. 
 

Materials within scope:   
Components will be selected during Phase 1 from electronic industry system (such as passives, 
contact pins, connectors, integrated circuits and other solderable components). The surface finishes 
associated with printed circuit boards will be considered when repair, rework and 
interchangeability (re-manufacturing) of electronic components are being assessed.  
  
Materials not within scope:  
Printed circuit boards and other mechanical component carriers/boards. System level assemblies 
(unless they represent sub-systems that can be tested and interactions of components failure modes 
and reliability are well understood). 
Excluded from Phase 1, but can be considered for future phases: 
Electronic housings, wires, cables, bonding and harnesses, and the materials and failure modes 
associated with printed circuit boards. 
  
Methods within scope:   
Environmental (thermomechanical, chemical) ageing tests. Burn in, extended reliability curves 
(e.g. HTOL), operating lifetime stresses.  
The information may originate from project team members and published technical papers. The 
team will also link the above technical topics to their assumed failure root causes (to the extent that 
is possible with project resources).  
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Methods not within scope:   
Component functional characterization, component qualification and validation, acceleration factor 
studies. 
  

Phase 1 Outputs 
• Develop, validate and publish methodology.  

• Develop Go/No Go Criteria regarding building and testing  

• The criteria for moving to Phase 2 (data collection and project development) will 
depend on: 

1. Part selection criteria is able to cover markets and uses that are 
shared in more than one market and would have significant 
chance of being extended in use or remanufactured. 

2. Test and stress development methods can be translated to years 
for life in the field. Technical basis for test and stress 
development should be clear and well understood and testing 
should be achievable within 1 year or less.  

• If Go: conduct testing and report out à This will be Phase 2 

• Based on testing plan/results, consider strategies for life extension 
options and/or include in initial testing runs 

• If No Go: recommendations for next steps 

• Collect information about selected technical topics related to electronic equipment reliability 
for the application environment selected for this project.   
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IS / IS NOT Analysis 
 

This Project IS:  This Project IS NOT: 

Proof of concept for actual lifetime assessment of 
electronic components  Standards Development 

Proof of concept of reliability and test 
methodologies  Not biased to any supplier 

Proof of concept for part selection (e.g. criticality, 
reworkability etc.)  Aligned to “right to repair” or other policy 

development 

Technical assessment of potential fail modes and 
reliability for used parts   

Proof of concept for lifetime extension of 
exemplary component 

  

  

Business Impact 
Outcome of Project 

• Publication of derived methodology based on criteria that can be widely adopted by 
industry.  
o Share relevant information from this project with, at least, JEDEC standards 

committee for them to consider developing a standard. 
• Collection and reporting of data relevant to the electronics industry (discrete 

component manufacturers and users) as determined by the project team 
o Development of (Early) guidelines which can be implemented to the industry: 

§ Example work instruction. 
§ Manufacturing requirements (e.g. from OEM to EMS for example) 
§ Journal or seminar publication 

• Confirm ability to progress to phase 2. Selection of parts and testing for Phase 2 
• Definition of a verification process / test matrix for the phase 2 testing protocols  

 
This project will provide the following benefits to participating companies and the industry in 
general: 

• Capability for users to assess real lifetime of a component. 
• Capability for Reduction in full system fabrication resourcing, enablement of 

systematic refurbishment, design for durability, cost and/or waste reductions 
• Proof of concept for standard developments in the future  
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• Proof of concept for extended lifetime or storage life of a component with economical 
relevance 

• Framework to assess useful lifetime of electronic parts 
• Framework to translate to business models/resource impact 
• Provide more flexibility in the supply chain to address shortages of parts/materials by 

increasing component reliability and durability 
 

Participating Organizations in SOW Development 

Intel Keysight 

Picosun Fraunhofer IZM 

CRF  

 

 

Previous Related Work 
• Electronics Goes Green and other presentations 

• Various standards listed in Appendix A: References 
 

Prospective Participants 
Participants on this project may include: 

• OEMs 

• Suppliers – Semiconductor and other component suppliers  

• Commercial Testing Labs 

• Academic Institutions 
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Project Plan - Schedule with Milestones 
 

 Months 1 2 3 4 5 6 7 8 9 1
0 

1
1 

1
2 

1
3 

1
4 

1
5 

1
6 

1
7 

1
8 

  Phase 1 Approx. 8 months 

Ph
as

e 
1 

Task 1:  Develop Part Selection 
Criteria (Select Parts) 

 

                  

Task 2:  Develop Test 
Strategy/Reliability Plan 

 

                  

Task 3:  Collection / Reporting 
of Relevant Existing data 

 

                  

Task 4:  Phase 2 Go/No Go 
Determination 

 

                  

Task 5:  External 
Communications and If Go, 
develop Phase 2 SOW 

                  

   Phase 2 Approx. 18 Months …. 

Ph
as

e 
2 

 

Develop/Research appropriate test vehicle                   

Understand Necessary costs (Materials, 
Testing etc.)  

                  

Go/No Go                   
Conduct Testing                   
Disseminate Results                   

 

Detailed Information: 
Project Tasks 

In order to address environmental considerations and customer expectations of the product 
lifetime, while providing business drivers for the involved parties in the value chain, the project 
has the following specified tasks. 

Task 1:  Develop Part Selection Criteria (Select Parts) 

• Select electronic systems/products of interest: in applications areas including mobile, 
automotive, data center, communications, PC.  

• Create a list of commonly used parts in selected system: by functionality and approximate 
number and type (starting point included in SOW) 

• Create a matrix with commonly used parts containing, at a minimum:  

o Criticality for operation of system: e.g. redundancy or expected system operation if 
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part deteriorates. 

o Part interaction with system: ability to be reworked, replaced etc. 

o Approximate part carbon/resource footprint.  

o Ability to recycle part.  

o Approximate part “useful lifetime”. 

o Approximate part “availability over time” e.g. business cycle replacements for part. 

o Information on means to extend the lifetime of the specific components 

• Create a matrix for reliability data collection: 

o Common fail modes per part type 

o Published or known approximate “useful lifetime” per part type 

o Published or known stresses used at a part level vs system level to understand 
reliability. 

o Published or known pass/fail testing at part level.  

o Proposed means to extend the lifetime 

• Create selection criteria for parts of interest for extended reliability assessment: 

o Based on impact, importance, availability, project resources etc. 

 

Task 2:  Develop Test Strategy/Reliability Plan 

• Create a reliability/test plan to assess useful life, and possible means to increase it: 

o Test to fail, acceleration models, use condition extrapolations etc. 

o Consideration and possibly test the effect of PCB to the component reliability (e.g. 
mechanical stress induced by CTE difference). 

 

Task 3:  Collection / Reporting of Relevant Existing data  

o Task 1 and 2 are concurrent with Task 3 and will identify data that needs to be 
collected and disseminated 

 

Task 4:  Phase 2 Go/No Go Determination  

o Identify the critical path items for a Phase 2 Go/No Go decision and then make the 
Go/No Go decision for Phase 2 

 

Task 5:  External Communications and If Go, develop Phase 2 SOW 

 
Risks 

• Participation from the right expertise (Phase 1) 
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Resources 
Phase 1 – No resources other than participant’s time are anticipated 
Phase 2 - Resources will be needed for testing 

Area Resource Needed 

Materials Components for tests 

Test facility 

Mitigation methods, e.g. ALD coating 

 

 

Test vehicle assembly, for 
testing of components 

TBD in 1st Phase 

Measurement/Test TBD in 1st Phase, e.g. elevated temperature, moisture, ionic 
gaseous contamination 

 

 

Others  

 

 

Project Communication 
• An iNEMI Project Manager will be assigned to the Project team to facilitate the communications, 

meetings and project plan.  
• Participants will commit to attend regular iNEMI project calls to discuss/review progress. 
• Test results will be presented and reviewed at these Team meetings and others arranged as needed. 
• Status reports will be made to the iNEMI Technical Committee and TIG on a periodic basis.  
• Team will decide by majority vote to approve any external publications. 
• Team will decide on any changes to the plan with the approval of the majority of the team, iNEMI VP 

of Technical and Project Operations and the iNEMI Technical Committee. 
 

 

General and Administrative 
Guidelines for this project and all other iNEMI Projects are documented at: 
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htp://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 
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Appendix A:  References 
 
 

Table A1: CEN/CLC/JTC 10 standards  
 

Reference Title 
EN 45552:2020 General method for the assessment of the durability of energy-related products 
EN 45554:2020 General methods for the assessment of the ability to repair, reuse and upgrade energy-related 

products 
EN 45555:2019 General methods for assessing the recyclability and recoverability of energy-related products 
EN 45556:2019 General method for assessing the proportion of reused components in energy-related products 
EN 45557:2020 General method for assessing the proportion of recycled material content in energy-related 

products 
EN 45558:2019 General method to declare the use of critical raw materials in energy-related products 
EN 45559:2019 Methods for providing information relating to material efficiency aspects of energy-related 

products 
EN 45553:2020 General method for the assessment of the ability to re-manufacture energy-related products 

 
Table A2: Reliability Related IEC Standards 

• IEC 62506: Methods for product accelerated testing 

• IEC 61123: Reliability testing - Compliance test plans for success ratio 
• IEC 60068 (all parts), Environmental testing  

• IEC 60300-3-1:2003, Dependability management – Part 3-1: Application guide – Analysis 
techniques for dependability – Guide on methodology 

• IEC 60300-3-5, Dependability management – Part 3-5: Application guide – Reliability test 
conditions and statistical test principles  

• IEC 60605-2, Equipment reliability testing – Part 2: Design of test cycles  

• IEC 60721 (all parts), Classification of environmental conditions IEC 61014:2003, 
Programmes for reliability growth 

• IEC 61164:2004, Reliability growth – Statistical test and estimation methods  
• IEC 61124:2012, Reliability testing – Compliance tests for constant failure rate and constant 

failure intensity  

• IEC 61163-2, Reliability stress screening – Part 2: Electronic components 

• IEC 61649:2008, Weibull analysis IEC 61709, Electronic components – Reliability – 
Reference conditions for failure rates and stress models for conversion 

• IEC 61710, Power law model – Goodness-of-fit tests and estimation methods  

• IEC 62303, Radiation protection instrumentation – Equipment for monitoring airborne 
tritium.  

• IEC/TR 62380, Reliability data handbook – Universal model for reliability prediction of 
electronics components, PCBs and equipment  

• IEC 62429, Reliability growth – Stress testing for early failures in unique complex systems 
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As shown in Figure A3, we can use approximate sales volumes and impact on capacity to further 
select components for the feasibility testing. Those methods will be defined during phase 1 of the 
project.  

 
 

 
Figure A3. IC and Market Expectations (Prismark IC report Q4’20) 

 

Appendix B 
Part selection and application, in scope and out of scope definition:  

Table 1 shows the components most widely used across different applications. In general, 
active, and passive components are shared between applications and markets and are 
within scope. Boards, mechanical and enclosures will not be in scope for this study. In 
particular boards being very customized per application would require extensive 
characterization, which is out of scope for this SOW. As a result, Table 2 shows the 
components in scope and out of scope for this SOW. 

 Industry 
  Automotive Mobile Communications Data Center PC 
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Years of use 15 max 3 max 10 max 7 max 5 max 
Component 

type           
Active           

IC      
NAND/DRAM 

memory      
NOR flash      

Passives      
Capacitors      
Inductors      
Resistors      

Transformers      
Board      
Mechanical       

Chassis      
Enclosures      

Electrical      
Cables      

Connectors      

Table 1:  High level classification of components used per industry 

 

  Industry 
  Automotive Mobile Communications Data Center PC 

Years of use 15 max 3 max 10 max 7 max 5 max 
Component type           

Active           
IC      

NAND/DRAM memory      
NOR flash      

Passives      
Capacitors      
Inductors      
Resistors      

Transformers      
Board      
Mechanical       

Chassis      
Enclosures      

Electrical      
Cables      

Connectors      
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Table 2: Components types in (Y) and out (N) of scope for Phase 1 Consideration 

 

Proposed classification based on type and fail mode 

After determining thecomponents types in scope and out of scope, we plan to prioritize selected 
components based on a set of criteria. These criteria and selection process will be expanded in 
phase 1. Table 3 shows a proposed impact criteria and prioritization for each component within 
scope. Impact is classified from 1 to 5, where 1 is low and 5 is high. During phase 1, the criteria, in 
particular the environment impact, will be further refined.  

 

The grading would be determined as follows: 

Cost/Availability: 1 Low Cost, 5 High Cost (5% of total system cost) 

Testability: 1 Inability to test individual parts on existing platforms, 5 Available platforms and 
programs to test 

Reworkability: 1 Fail post additional reflow, 5 Multiple reflow and resolder resistance 

Fail Mechanism: 1 Extrinsic (system based), 5 Intrinsic (solely part related) 

Redundancy: 1 Multiple parts on systems to prevent single point fail, 5 System does not work 
without the part 

Environmental impact 1 Low carbon footprint, 2 High carbon footprint (based on iNEMI 
calculator). 
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Component 
type               

IC 
Power 

management 
ICs,  

MOSFET 
Analog. 

Digital (e.g. 
LNA), Mixed 

Signal 

3 4 3 2 1 
plastics, 

metal 
etc. 

13 

NAND 
DRAM 4 4 3 2 1 use Au 

wire 14 

EEPROM 4 4 3 2 1 Au wire 14 
NOR flash 1 3 3 4 1 Au wire 12 
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Passives        
Ceramic 

Capacitors 1 2 4 4 4 Raw 
materials 15 

Electrolytic 
capacitor 1 2 4 3 4 Al, Ta 

cap 15 

Inductors 2 2 4 4 4 Raw 
materials 16 

Ferrite beads 2 2 4 4 4 Raw 
materials 16 

Resistors 1 2 4 4 4 Raw 
materials 15 

Board N N N N N NA NA 

Table 3: Proposed part prioritization methodology (Example) 

 

In the next level of detail during phase 1, we plan to  choose specific manufacturing part number 
and industry to focus on. From table 3 we can reduce focus based on grading to: Memory 
(DRAM), Integrated Circuits, Electrolytic capacitors, Inductors. 

 

. 


