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iNEMI Staff: Steve Payne 
 

 

Background/Context 
 

The need for specifications for material used for printed circuit boards (PCBs) and printed circuit board assemblies 

(PCBAs) in harsh environments has long been identified. The existing process is inconsistent with no coherent view of 

specifications for high power, high density and high reliability. Many international standards are not written specifically 

for harsh environment applications and are, therefore, not always sufficient or appropriate. As a result, OEMs have 

defined their own specifications for PCB assemblies. Tier 1 (T1) suppliers who supply multiple OEMs often specify 

multiple standards to encompass a range of applications and a wide customer base. 

In addition, PCB and PCBA material suppliers wish to be able to test against a set of standards and agreed tests with 

mutually agreed evidence of the potential utility of new materials. 

 

The project objective is to demonstrate to Tier 1s and OEMs that new materials are future facing and will at least 

meet some of the industry agreed test requirements. These materials are also worthy of being tested by an OEM’s 

predefined test method because set of test methodologies, proposed by the iNEMI project, are culled from a series of 

existing standards and tests being suitable for acceptance for an OEM’s future needs. 

 

Phase 1 of the Project focused on Automotive OEMs specifications and requirements; the project team undertook a 

cross comparison and proposed a simplified sequence of test methodologies which could provide a high probability of 

a materials suitability for applications in harsh automotive environments. 

Phase 2 of the project is to develop a common test vehicle(s) to accurately reflect typical DUT (device under test) 

modules, and to validate or develop relevant pass/fail criteria. 

 

Additionally in phase 2, the Project will review standards and test methodology requirements for PCBA materials in 

other industry sectors, such as Aerospace, which require high reliability and durability in harsh environments. A 
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summary discussion paper will be produced considering commonality and applicability of Phase 2 output for a number 

of harsh environment applications in addition to automotive. 

 

Scope of Work 

 

 Problem:  For electronics used in harsh environments there is no unified and accepted suite of material 

standards that encompasses all applications and environmental conditions. 

 

 Opportunity:  Delineate and understand the range of failure modes, material requirements and existing 

standards and specifications to enable a compendium of recommended standards and an associated common 

test vehicle with accepted pass/fail criteria to be used industry wide for materials used in harsh environments. 

 

 Major Objectives: 

 

o Review the test regimes as recommended as in Phase 1. 

 

o Define a range of common components and PCB structures and associated materials used in 

applications experiencing harsh environments. 

 

o Design a typical PCB test vehicle to encompass a range of chosen assembled components together 

with standardized test patterns to evaluate the specific test criteria defined in Phase 1 and reviewed in 

Phase 2. 

 

o Undertake a limited range of tests on PCB laminate; solder alloys etc. to demonstrate acceptability 

that the suite of test procedures and test vehicles provide fundamental evaluation of a materials 

suitability and durability in harsh environments. 

 

o Harsh environments would not be limited to high operating temperature but also high humidity 

conditions, including conditions under vibration. 

 

o Phase 2 will consider 2 generic categories of harsh environment: 

 

a) Electrochemical driven by heat, humidity and voltage 

b) Mechanical driven by temperature and vibration/stress 

 

o Undertake an Industry consensus review with Tier 1 and OEMs. 

 

 It is anticipated that this Phase 2 project would take 18 months. 
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Purpose of Project 

 

 The iNEMI 2017 Roadmap and Technical Plan emphasizes the extreme reliability requirements in electronics 

to meet warranty requirements and mission critical applications. 

 

 Electronics assemblies are required to operation reliably in a variety of harsh environments; including high and 

low temperature extremes, high and low humidity extremes, vibration, shock, drop, exposure to dirt and 

contaminants, moisture, chemicals, radiation, and gasses. 
 

 When specifying PCBs and PCBAs, OEMs supplement current procurement standards (e.g., IPC) with their 

own specifications to provide greater assurance that their reliability requirements will be fulfilled. 

 

 The purpose of this project is to build on the suite of test procedures proposed in Phase 1 by designing a 

common test vehicle(s) and demonstrating that the test vehicle, in conjunction with the suite of agreed tests, 

successfully provides a first pass verification that a particular material is worthy of consideration for the full 

OEM qualification testing. 

 

 The benefits of this project will include: 

 

o Enable commonality in specifying PCB and PCBA within the supply chain from materials suppliers 

through to the OEM. 

 

o Provide better assurance for meeting reliability requirements as material choices widen and the 

miniaturization of PCB designs continues. 

 

o Reduce costs and associated timescales in re-qualifying products for each OEM proprietary 

specification in particular reducing timeframe and reduced failures from initial material selections. 

 

o Provide base criteria for considering other applications that experience harsh environments 

 

o Enable Tier 1 and OEMs to be able to more easily compare material datasheets from differing 

suppliers. 
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IS / IS NOT Analysis 

 

 

  This Project IS: This Project IS NOT: 

Number PCBA Material Characterization for Harsh Environments Project 

1 

A PCB, flex circuit & PCBA materials study for harsh 
environment applications; harsh conditions include 
elevated (>125°C) continuous operating 
temperature and high humidity.   

Revising existing or creating new standards. 

2 

For determining a preferred set of materials that are 
worthy of further study by an OEM, Tier 1 and others 
in the supply chain.   

A replacement for in-house testing at an OEM or Tier 
I. Also will not allow determination of a single 
candidate for further investigation. 

3 
Consensus driven: failure mechanisms will be 
considered holistically. 

To consider solely one aspect of the PCB or PCBA. 

4 
Seeking input from all interested parties: materials 
suppliers, Tier I's, OEM's. 

Be exclusive. 

5 
Focused on field failure modes. 

Not for unexceptional board design features and 
components that are unlikely to result in failures in 
the final assembly. 

6 

Using readily available materials, components and 
standard PCB manufacture and PCBA assembly 
methods. 

To consider unusual or exotic PCB designs; non-
standard component types; unusual materials; non-
standard assembly methods. 

7 
Include PCB design criteria. 
 

Leave PCB design until the last minute. 

8 

Will examine if combinations of components, 
materials, manufacturing and design and assembly 
techniques create combinations that will 
realistically exacerbate failure modes (e.g. SIR under 
large components). 

Consider failure modes in isolation. 

9 

Will consider both water-wash and no-clean flux 
testing. 

Include bare die assembly onto PCB or flex.  

10 
Will consider board coatings.  

Not consider bare boards / uncoated assemblies 
only. 

 

 

Business Impact 

 

The decision on choice of materials used in harsh environment electronics requires consideration of high-reliability 

needs in addition to cost penalties for over specifying for a particular application. By formulating a compendium of 

material requirements and associated test vehicle(s) for harsh environment applications and cross referencing to a suite 

of existing standards, a user will be able to specify a category of materials that will likely meet the reliability 

requirements while minimizing excessive costs through over specification. Additional cost and time savings may be 

realized by reducing the need for requalification for all OEM specifications. 

 

The typical cost of a full material approval cycle is in the order of $90-120K.  If this cycle needs to be conducted 

over multiple OEM test standards, the costs are multiplied. 
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Participating Organizations 

 

The following organizations have expressed their interest during the Initiative Phase. 

 

iNEMI member companies: 

 

 Alpha (MacDermid Performance Solutions) 

 Elmatica 

 Foresite Inc. 

 Heraeus 

 i3 Electronics 

 Indium Corporation 

 iST 

 Nihon Superior Co., Ltd. 

 University of Binghamton 

 Wistron Corporation 

 

Non-member companies interested in participating in Phase 2: 

 

 C.R.F. S.C.p.A 

 

Outcome of Project 
 

Publish a common material qualification and quality reliability scheme for use by the supply chain to include the suites 

of existing tests and associated test vehicle which meet a consensus of supply chain requirements. 

 

To review commonality and applicability to additional industry sectors (such as Aerospace) who have similar demands 

of high reliability in harsh environments.  

 

Dissemination: 

To be determined by the project team.  It is proposed that results will be disseminated through a Final Report and 

through technical presentations targeted to the electronics supply chain. 

 

Previous Related Work 
 

The Phase 1 project considered a range of potential field failures, their related physics of failure and the associated 

standard test methodologies to define a compendium of tests. The team also considered test-to-failure studies and 

modelling, and these may be included in further work as it could be beneficial in transferring predictive test data 

validity between future products and applications. 

 

There are a number of initiatives working in the field of reliability of electronics in harsh environments. This is not 

seen as negating the impact of Phase 2 but rather enforces the need to undertake an all-encompassing review 

incorporating existing and developing standards including those for semiconductor packages. The following provides a 

brief overview of current related work: 

 

IPC-6012DA Amendment 1, Automotive Applications Addendum to IPC-6012D, Qualification and 

Performance Specification for Rigid Printed Boards is currently under review prior to publication. 

 



 

 

NOTE: All changes to SOW must be approved by the Technical Committee for version control Page 6 of 13 

SAE Automotive and Aerospace standard - SAE J3168 Recommended Practice for Reliability Physics 

Analysis of Electronic Equipment, Modules and Components https://www.sae.org/standards/content/j3168/ 

 

Q-100 Semiconductor qualification and SAE 6338 Process for Assessment and Mitigation of Early Wearout 

of Life-limited Microcircuits. https://www.sae.org/standards/content/arp6338/ 

 

Prospective Participants 
 

To encompass the electronics supply chain from OEM to material and component suppliers and to include Tier 

1/ODM companies including PCB assembly facilities, Tier 2, PCB fabricators and suppliers of materials for PCB 

fabrication and assembly. Also to include other industry sectors such as aerospace where electronic PCB assemblies 

experience harsh environments. 

 

Project Plan 

Schedule with Milestones 

Note: Quarters (Q1, Q2, etc.) are from project start date and not Calendar year. 

 

  Q1   Q2   Q3   Q4   Q5   Q6   Q7   Q8  

Phase 2                         

Task 1: Test Vehicle 

Definition 
   M1                     

Task 2: Fabricate & 

Assemble 
     M2                   

Task 3: Testing           M3              

Task 4: Analysis of 

Testing  
             M4           

Task 5: Final Report & 

Dissemination 
                  D      

                         

 

 M1 – Milestone/Deliverable 1 

 M2 – Milestone/Deliverable 2 

 M3 – Milestone/Deliverable 3 

 M4 – Milestone 4 

 D – Final deliverable report and presentation 

Phase 2 – Detailed Information 

Task 1: Test Vehicle Definition 

 

 Sub Tasks: 

1.1 Review Phase 1 Output 

1.2 Specify range of components to be assembled to Test vehicle – source components 

1.3 Specify requirements of test vehicle; assess existing test vehicle suitability 

1.4 Design of Test Vehicle 

1.5 Design of experiment 

 

https://www.sae.org/standards/content/j3168/
https://www.sae.org/standards/content/arp6338/
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 Resources: 

o Task 1.1 (15 man-days total - All) 

o Task 1.2 (10 man-days total - All) 

o Task 1.3 (5 man-days total - All) 

o Task 1.4 (CAD / CAM resource 3 man-days total) 

o Task 1.5 (5 man-days) 

 Materials: None - digital data 

 Process: 

Total Resource required 38 man-days 

Duration of Task 1: 4 months 

 

Task 1.1 

All Partners will review the output from Phase 1, specifically the range of chosen test methodologies to 

determine if all are valid and if additional tests are required such as for surface coatings. In addition harsh 

environments will encompass humidity in addition to high operating temperatures. Vibration will be re-

considered with particular consideration of practicality and availability of test jigs and instrumentation. 

Deliverable: Re-issue of suite of test methodologies. 

 

Task 1.2 

Through liaison with OEM’s and Tier 1 a range of typical components will be selected with consideration of 

anticipated future requirements (2-5 years). Automotive and aerospace qualified (or equivalent) components 

will be sourced. In addition PCB fabrication and assembly resources will be assessed from Partners and / or 

third party industry sources. 

Deliverable: BOM 

 

Task 1.3 

From consideration of the BOM (Task 1.2 output) and the range of standard test coupons associate with the 

chosen suite of tests (Task 1.1 output), the pattern requirements and structure (e.g. number of inner layers) 

for the test vehicle will be initially determined. There will be review of existing Test vehicles from Partners 

and third parties to determine suitability of all or part. 

Deliverable: Design data in a form suitable for CAD/CAM interpretation. 

 

Task 1.4 

From the output of task 1.3 the Test vehicle design will be finalized including panelization suitable for PCB 

fabrication and assembly. CAD data will be processed through a Front-End System at one or more chosen 

PCB fabricator. 

Deliverable CAM data suitable for Test vehicle (PCB) fabrication 

 

Task 1.5 

Through consideration of Tasks 1.1 through 1.4 determine range of PCB designs (variation of structures), 

selection of PCB laminates; solder alloys, fluxes and PCBA coatings; include specification for surface finish, 

solder mask areas and other design criteria. Agree sample sizes and combination of materials. Agree range of 

flexible circuits to be manufactured. 
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Deliverables: 

 Synopsis of review of Phase 1 Output 

 BOM including confirmation of procurement sources 

 Design of Experiment 

 CAD / CAM data ready for PCB Fabrication 

 

Task 2: Fabrication and Assembly of Test Vehicles 

 

 Sub Tasks: 

2.1 Fabrication of set(s) of test vehicle PCB 

2.2 Procure BOM (sets of components for assembly) 

2.3 Assemble components onto sets of PCB’s utilizing agreed range of solder alloys & fluxes 

2.4 Coat agreed proportion of PCB assemblies 

 

 Resources: 

o Task 2.1 (Sub-Contract in kind or at cost £/$/€ ) 

o Task 2.2 (Procure Components in kind or at cost £/$/€) 

o Task 2.3 (Sub-Contract in kind or at cost £/$/€) 

o Task 2.4 (Sub-Contract in kind or at cost £/$/€) 

 Materials: PCB, components and PCBA materials 

 Process: 

Total Resource required 23 man-days 

Duration of Task 1: 3 months 

 

Task 2.1 

From output of Task 1.4 and 1.5 select bare PCB vendor(s) and place order on PCB fabricator for agreed 

selection of PCB types with agreed range of materials (e.g. laminates) and surface finish etc. as specified in 

output of tasks 1.4 & 1.5. Rigid (multilayer) PCB’s to be manufactured in accordance with IPC 6012 Class 3 

Automotive Addendum. Undertake batch testing to ensure no faults through manufacturing process. 

Deliverable: Batches of bare PCB (and flex) to be stored in controlled conditions prior to assembly. 

 

Task 2.2 

Place order for components as defined in agreed BOM. Components to be automotive or aerospace qualified 

or equivalent. On receipt of components goods receiving checks to be undertaken. 

Deliverable: BOM sets of components in preparation for PCB assembly; to be stored in controlled conditions. 

 

Task 2.3 

Place order for PCB assembly process with one or more supplier. PCB’s to be assembled in accordance with 

class 3 of IPC-A-610 Acceptability of Electronics Assemblies. Undertake standard inspection to ensure no 

assembly process faults. There will be a limited range of solder and fluxes used as previously specified in the 

Design of Experiment. 

Deliverable: PCB Assemblies. 

 

Task 2.4 

Conformal coat an agreed proportion of the PCB assemblies. Ship to agreed test house; store in controlled 

conditions. 

Deliverable: Conformal coated batch of PCB assemblies. 
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Deliverables: 

 Agreed range of PCB and flexible circuit assemblies, tested and in preparation for testing. 

 

Task 3: Undertake Range of Materials Tests 

 

The objective of Task 3 is to provide accurate test data determine the effectiveness and suitability of the test 

vehicle(s) to accurately reflect typical DUT (device under test) modules, and to validate or develop relevant pass/fail 

criteria. 

 

The test is not assessing the specific performance of a particular material or for comparison of a range of materials or 

components. 

 

Testing will be carried out on PCB and flexible circuit assemblies as described and defined in Task 1.1 (reviewed 

output - Suite of Test Methodologies - from Phase 1) in conjunction with the output of Task 1.5 (Design of 

Experiment). 

 

The following chart is a summary of tests for bare PCB’s and assembled PCB’s and refers to output from Phase 1. 

Following the chart is a list of the test methodologies referenced. Note that the test methodologies specified are from 

the output of Phase 1 and these will be reviewed in Task 1.1. 
 

SUMMARY LIST OF TESTS 

 

  Electrical Thermal 

  

CAF SIR ECM 
Creep 

Corrosion 

Damp 
Heat 

Cycling 

Thermal 
Cycling 

Thermal 
Shock 

Thermal 
Stress 

Ref 1.i 1.ii 1.iii 1.iv 2.i 2.ii 2.iii 2.iv 

PCB Tests ● ● ● ●         

PCBA Tests   ● ●   ● ● ● ● 

 

 

  Mechanical 

  
Vibration 

Mechanical 
Shock 

Mechanical 
Stress 

Shear 
Test 

Dynamic 
Flex 

Bend 
Test 

Pull Test Void 

Ref 3.i 3.ii 3.iii 3.iv 3.v 3.vi 3.vii 3.viii 

PCB Tests         ●       

PCBA Tests ● ● ● ●   ● ● ● 
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Electrical 
1.i CAF:  Conductive Anodic Filament Test 

Test method selected   IPC TM-650 2.6.25a 
 

I.ii SIR: Surface Insulation Resistance Test 
Test method selected    IPC J-STD 004B 

 
1.iii ECM: Electro Chemical Migration 

Test method selected    IPC TM-650 2.6.14.1 
 

1.iv Creep Corrosion 
Test method selected    ASTM B809-95 

 
Thermal 

2.i Damp Heat Cycling 
Test method selected    IEC 600-2-30 

 
2.ii Thermal Cycling 

Test method selected    LV-124 (VW-8000) 16.3 
 

2.iii Thermal Shock 
Test method selected    DIN/IEC 60068-2-14 

 
2. iv Thermal Stress 

Test method selected    Q100-005 
 
Mechanical 

3.i Vibration: Mechanical Cycle 
Test method selected    IEC 60068-2-64 / section 5.11 

 
3.ii Mechanical Shock 

Test method selected    AEC-Q100 Rev H 
 

3.iii Constant Mechanical Stress 
Test method selected    AEC Q100- rev. H 

 
3.iv Solder Shear Strength 

Test method selected    IPC 9708 (referencing JESD22-B117A) 
 

3.v Dynamic Flexibility test 
Test method selected    IPC6013 

 
3. vi Bend Test 

Test method selected    IPC-9702 
 

3.vii Pull Test 
Test method selected    IPC-9708 

 
3.viii Void 

Test method selected    IPC-A-610F, Class 3 

 Resources: Test facilities from Project Partners or sub-contract services. 
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 Materials: various and as required by test methodologies 

 Process: 

Total Resource required 25 man-days 

Duration of Task 1: 6 months 

 

 

 
 

Deliverables: 

 Test data from each test undertaken for specific material and construction variations of the test vehicle. 
 

Task 4: Analysis of Test Results & assessment of acceptance criteria 

From the output of Task 3, the results would be analyzed to determine the suitability of the test vehicle and to provide 

empirical verification for the chosen suite of test methodologies to meet the Project objectives. The full project team 

will be provided with the results of the testing for discussion and analysis. 

 

 Resources: All Project Partners 

o Duration of Task 4: 4 months 

 Materials: None 

 

 

Deliverables: Report on analysis of test results. 

 

Task 5: Publish antecedent test guidelines for PCBA material in harsh environments 

 

 Dissemination of deliverables through publication of technical paper (s) including associated presentations on 

the recommended test guidelines for materials used in PCB & PCBA products for a range of applications that 

experience harsh environments. 

 Resources:  All members of consortium to be involved.  Seek input from PCB fabricators, EMS companies. 

material suppliers, and OEM’s and Tier 1. 

 This should take 2-3 months. 

 Materials:  None. 

 Process: interviews with OEMs and Tier 1, conference calls. 

 

Deliverables: 

1. Publish a guideline of a suite of established test methodologies and associated test vehicle(s) for testing of 

PCB & PCBA materials as a first-pass prior to full OEM qualification test. 

2. Dissemination of results to demonstrate validity of guidelines. 
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Summary of Timescales 

 

Dates shown are estimates only assuming start in May 2018 
 

 
 

 

Summary of Resources Required: 
 

Tasks Resource Type Resource Availability Contributing 
Firm 

Remarks 

 
Test 
Vehicle 

 
BOM / 
Components 
  

   Foresite Inc.  Foresite Umpire 41F 

   Alpha   

      

          

 
Test 
Board 

Rigid PCB Design    Foresite Inc. 
Alpha 

 Foresite Umpire 41F 

Flex Design       

PCB Fabrication    Electrotek 
(thru Foresite 
Inc.) 

 Foresite Umpire 41F 

Flexible circuit 
Fabrication 

      

          

 
Board 
Assembly 

Stencil 
Manufacture 

 Laser Cut Stencil Facility  Alpha  Can do design and manufacture 

PCB Assembly 1.SMT line 
2.Wave solder line 

 Wistron Corp 
Various 
(thru Foresite 
Inc.). 
Alpha 
Indium 
Corporation 

 Alpha full assembly pilot line in New 
Jersey 

Flex Assembly       
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Test 

  Thermal cycle test and 
T&H test requirements 

 i3 Electronics   

Environmental Foresite Inc. Foresite/GTS   

Electromechanical Foresite/GTS Foresite/GTS   

          

 
Failure 
Analysis 

  1. Optical Microscope, 
2. Metallography 
microscope, 
3. SEM, 
4. Fourier Transform 
Infrared Spectrometry, 
5. Micro-section, 
6. Dye and pry, 
7. X-ray(2.5D) 

Wistron Corp. 
 
Indium 
Corporation 

 
 
 
Capable for 1, 2, 3, 5, 7 

Full FA Lab 
capability 

Foresite Inc. Foresite/GTS 
  

          

 

 

Phase 2 – Detailed Information 

 

Project Monitoring Plans 
 

 Ensure open lines of communication among participants. 

 Review all project requirements with participants before the project begins. 

 Project participants will meet bi-weekly to review various aspects of the project and make plans for next 

phases of the project. 

 Meeting minutes provided through e-mail. 

 Follow-up with individuals on an as-needed basis. 

 Workshops and face-to-face meetings as determined by the project team. 

 Progress reports will be provided upon request for presentation at regularly scheduled iNEMI meetings (e.g., a 

short series of PowerPoint slides showing the work in progress at member council meetings). 

 Track and document approximate man-months per quarter per team member (this will require the active 

members of the team to provide estimates). 

 Track and document approximate number of people on the project per quarter (this can be tracked through 

iNEMI's WebEx account.) 

General and Administrative 

Guidelines for this project and all other iNEMI Projects are documented at 

http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 

 

http://thor.inemi.org/webdownload/join/gen_guidelines.pdf

