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Outline:

• iNEMI Overview - iNEMI

• Project Background

• Survey Results

– Brief Overview of the Survey 

– Demographics

– Raw data prior to analysis

– Development and use of the discrepancy index

• Specifications, Standards, and Test Methods Identified

– Presentation on a select group of survey data

• Plans for next steps (Phase 2)

– More detailed analysis of the highest priority items 
identified in the survey analysis

• Summary



2

About iNEMI

International Electronics Manufacturing Initiative (iNEMI) is an industry-led 

consortium of around 107 global manufacturers, suppliers, industry 

associations, government agencies and universities. A Non Profit Fully 

Funded by Member Dues; All Funding is Returned to the Members in High 

Value Programs and Services; In Operation Since 1994.

Visit us at www.inemi.org

5 Key Deliverables:

• Technology Roadmaps

• Collaborative Deployment 

Projects

• Research Priorities Documents

• Proactive Forums

• Position Papers

3 Major Focus Areas:

• Miniaturization

• Environment 

• Medical Electronics

Mission: Forecast and Accelerate improvements in the Electronics 

Manufacturing Industry for a Sustainable Future.

http://www.inemi.org/
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International Membership 

Across The Total Supply Chain 

 Total Global Supply Chain Integration

 70% Growth in past 3 years

The International Membership Incorporated Location; Number of Members

INEMI Member Business Type
North 

America
Asia 

Region
Europe Totals

OEM 14 3 2 19

ODM/EMS (inc. pkg. & test services) 5 6 1 11

Suppliers (materials, software, services) 9 18 12 39

Equipment 8 0 2 10

Universities & Research Institutes 8 3 2 13

Organizations 11 1 2 14

Totals 55 31 21 107
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Background

Medical Electronics is one of iNEMI’s focus areas

Many members working in the fast growing area

iNEMI has been producing a Medical PEG for a number 

of Roadmap Cycles, identifying the midterm and long 

term research needs of the industry

Industry consensus that there are opportunities for 

collaboration that will help speed up the adoption of new 

technologies in medical devices. Seven potential 

projects/initiatives were identified.
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Specific Interest Levels by Initiative

These ARE Truly Excellent Levels of Interest



Project Leaders:

Strategy Tactics Start: End:

Issues Graphics

Focus Area:

Apr-13
TIG:

Goal:
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To develop a standard reliability method that can be implemented by medical 
device manufacturers within their component management process

Medical

Medical

Component Specifications for 
Medical Electronic Products

• Define a set of reliability qualification methods 
on a component level

• To define: What is acceptable ageing of 
components and what is failure?

• To create guidelines for OCMs to utilize physics 
of failure based reliability assessment

• To create guideline for medical OEMs on how to 
assess OCMs

• to develop a method for developing a test and 
screen matrix for electronic components that 
can be used to qualify the reliability 
performance of components for electronic 
medical devices

• Provide standard reliability method that can be 
implemented by medical device manufacturers 
within their component management process

• Need for Common Specifications for Medical 
Electronics Products

– Every electronic component that is purchased for high 
reliability medical products today must be individually 
qualified – no medical industry specifications exist for 
qualification of components or their suppliers 

– This situation increases costs for component 
manufacturers

2/12 10/13

Peter Lampacher, Vibrant Med-el 
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Issues Graphics
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To provide a methodology that can be used to qualify reliability 
performance of portable electronic medical devices

Medical

Medical

Qualification Methods for Portable Devices

• Focused on portable medical devices, including 
stand alone devices and peripheral devices 
associated with implantable systems

• Identification of extant industry tools and 
standards 

• To lead to well-defined, industry-accepted 
lifetime/reliability assessment procedures for 
portable medical devices

• Develop a method for developing a test and screen 
matrix for electronic components that can be used 
to qualify the reliability performance of 
components for electronic medical devices

• This project will result in a standard reliability 
method that can be implemented by medical 
device manufacturers within their component 
management

• For those situations in which the failure 
mechanisms or test methodologies are not known, 
this project will be part of a more complex solution

• Need for Common Specifications for Medical 
Electronics Products

– Focus on electronic components 

– Every electronic component that is purchased for high 
reliability medical products today must be individually 
qualified – no medical industry specifications exist for 
qualification of components or their suppliers. 

– This situation increases costs for component 
manufacturers

2/12 6/13

Grady White, NIST
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Identify lacking standards for product testing to ensure reliable function 
of implantable electronic products (i.e. FDA class 3)

Medical

Medical

Defining Requirements for the Development of 
Implantable Reliability Specifications

• Identification and compilation of existing 
reliability, quality and safety standards

– Compile a preliminary list of existing standards

– Develop a project participant questionnaire

• Survey development

• Survey data collection - conclusions & 
recommendations

• Focused on implantable medical devices, FDA class 3    

• Identification/compilation of existing reliability/quality/ 
safety standards specific to implantable electronic 
devices 

• Information gathering: industry survey of commonly 
used/modified test standards; determination of device-
specific usage environments  

• Applicable/relevant to a broad range of implantable 
electronic technologies 

• Standardization of recurring scenarios and 
their application to test routines will mitigate 
these factors and offer to the industry as well 
as to the patient a faster level of innovation, a 
higher profit, and lower personal and litigation 
risks

2/2012 6/2013

John McNulty, Exponent and Erik Jung, Fraunhofer IZM 
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Problem Statement

• The proposed focus of the program is to identify lacking 
standards for product testing to ensure reliable function of 
implantable electronic products (i.e. FDA class 3)

• The situation is becoming more acute with recent 
developments in novel implantable electronic products, which 
cannot utilize traditional hermetic packaging (e.g. sealed Ti 
housings) in order to operate properly at the desired site (e.g. 
subcutaneous glucose monitors, retinal implants, brain-
computer interfaces, etc.). 

• Existing standards for products used in harsh environments 
do not cover the specific environmental conditions that an 
implant may see during long years of operation, e.g. X-ray 
screening, aggressive cell agglomeration, local changes in the 
ambient chemistry, thereby under- or over-estimating risk to 
the patient.
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Scope of the Project

•Goal: Standardization of recurring scenarios and their 
application to test routines will mitigate these factors and 
offer to the industry as well as to the patient a faster level 
of innovation, lower costs, and lower personal & 
litigation risks.

•Our approach to achieving this goal is separated into 
three phases:

– Phase 1: Review of Reliability Standards Relevant to 
Implantable Medical Electronic Devices

– Phase 2: Gap Analysis and Protocol Development

– Phase 3: Methodology Recommendations (based on 
results of Phase 2)
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Anticipated Outcomes and Benefits 

The following are desired project goals:

– A comprehensive survey of existing reliability testing 
practices in implantable medical electronics

– Determination of typical usage environments for particular 
categories of implantable electronics

– Sharing these results through iNEMI forums, conferences, 
and white papers

Business Impact:

– Providing clear insight for participating implantable device 
manufacturers and electronic component suppliers 
regarding current test methods and their limitations for 
particular device technologies and/or implantable device 
environments

– Stimulating the standards development effort

– Harmonizing test methods and requirements across the 
medical electronics industry
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GHTF – Global Harmonization Task Force

• Founded in 1992

•Group comprised of national medical device regulatory 

authority representatives – NOT industry

• 5 study groups

•Dozens of documents generated but apparently still not a 

uniform standard publication based on this

•Disassembled in 2012

•Replaced by the International Medical Device Regulators 

Forum, with industry consultancy

• Industry-based harmonization would be beneficial
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Project Scope

What the Project IS / IS NOT:

This Project IS: This Project IS NOT:

Phase 1 

• Focused on implantable electronic 

medical devices, i.e. FDA class 3    
• Repeat of prior work

• Identification/compilation of 

existing reliability/quality/ safety 

standards specific to implantable 

electronic devices 

• Intended to be a static model that 

can be used indefinitely without 

further updates and input from the 

medical electronics industry

• Information gathering: industry 

survey of commonly used/modified 

test standards; determination of 

device-specific usage environments  

• Reviewing material compatibility 

issues

• Applicable/relevant to a broad 

range of implantable electronic 

technologies 

• Development of reliability 

standards/ methodologies
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Project Tasks & Timeline for Phase 1

Task 1

Identification and compilation of existing reliability, quality and safety 
standards

Task 1 (a) Compile a preliminary list of existing standards

Task 1 (b) Develop a project participant questionnaire

Task 2

Survey development

Task 3

Survey data collection - conclusions & recommendations

Task 4

Project Outputs:
- Webinar & publication
- Phase 2 SOW
- Publish white paper
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Timeline for Phase 1

Q1 Q2 Q3 Q4 Q5

Phase 1
Task 1

Identification and compilation of existing reliability, 
quality and safety standards
Task 1 (a) Compile a preliminary list of existing 
standards
Task 1 (b) Develop a project participant questionnaire

Task 2
Survey development

Task 3
Survey data collection - conclusions & 
recommendations

Task 4
Project Outputs:
- Webinar & publication
- Phase 2 SOW
- Publish white paper
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Erik Jung, Fraunhofer IZM
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Defining Requirements for the Development of 

Implantable Reliability Specifications

• Survey Demographics

• Purpose of Survey

• Overview of Survey Question Topics

• Examples of Survey Results

• Survey Summary

– Regulatory Environment

– Supply Chain

– Existing Standards

– Test Method Harmonization

– Identification of Standards, Test Methods, and Specifications

• Next Steps

Survey Analysis – Outline



Survey 
Demographics
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Defining Requirements for the Development of 

Implantable Reliability Specifications

Survey Demographics

• Industry survey completed 

Aug 2012 / Sep 2012

– 37 questions

– 62 respondents



Overview of 
Survey Questions
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Overview of Survey Question Topics

• Company Description

• Product Sales Locations and 

Regulatory Governance

• Product Type

• Impacts

• Technology / Process Inquiry

• Requirements for Reliability or 

Safety testing

• Reliability Standards Referenced in:

a) Operational testing

b) Mechanical testing

c) Environmental testing

d) Electrical testing

e) Radiation testing

• Value and Adequacy of Tests

• Connection to externally carried 

devices.

• Specialized Testing for External 

Connections

• External Communication Tests and 

Standards

• Software and Firmware

• RoHS Compatible Components

• RoHS Compliant Development

• Conclusion

 In your opinion, what are the most 

critical gaps with respect to reliability 

or safety testing for electronic 

implantable medical devices?
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Defining Requirements for the Development of 

Implantable Reliability Specifications

5 Groups of Tests



Examples of 
Survey Results
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Defining Requirements for the Development of 

Implantable Reliability Specifications
Survey Summary – Demographics

All Geographical markets served by respondents: largest 

being North America and Europe
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Where are your products or products you support sold? 
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To the best of your knowledge, provide the targeted 

designed years of service for your products or products 

you support.
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What regulatory bodies govern the acceptance and/or 

use of your products or products you support?
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What type of implantable products do you 

produce or support?
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Most Important Impacts of:

OPERATIONAL ENVIRONMENT on the 

IMPLANTED DEVICE

IMPLANTED DEVICE on the 

OPERATIONAL ENVIRONMENT
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Do you perform routine testing on materials or assemblies 

regardless of your customer’s requirements?

• Wider range AATC testing

• Burn-in

• Thermal shock

• MIL-PRF-19500 (JANHC, JANKC)

• We use a variety of JEDEC and ANSI standards to perform 

component or module-level tests that are not directly called 

out by our customers (shock, drop, vibration, board-

bending, etc.)

• High pressure testing, to determine hyperbaric oxygen 

therapy pressure and scuba diving depth limits

OEM Responses Supplier Responses

• Wider range mechanical. shock testing

• IST Test (Interconnect Stress Test)

• Temp cycling

• Environmental reliability testing

• Mil Standard 883 test methods

• JEDEC reliability monitors

• Incoming inspection

• Die attach strength

• Wire bond pull strength



Survey Analysis
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Defining Requirements for the Development of 

Implantable Reliability Specifications

•Discrepancy index calculated for each test

•Raw data: percentage of respondents to one of “most 

value”, “least value”, or “inadequate” category (e.g., x% 

of respondents checked the box [a1] for most value)

•Normalization of percentages

Data Preparation
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Defining Requirements for the Development of 

Implantable Reliability Specifications

Discrepancy index calculation
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Discrepancy 

index
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Discrepancy Index
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Survey Summary – Team Prioritized Ranking

Test Method ID

R
an

k Identified Specifications 

(medical specific standards in bold)

ME Mechanical shock (Implanted) b1) 1 JESD22-B104, MIL-STD-202, IEC60068, EN45502

ME Mechanical vibration (Implanted) b2) 1 JESD22-B103, MIL-STD-202, IEC60068, EN45502

EN Temperature cycling c1) 1 JESD22-A104, MIL-STD-883, MIL-STD-202

EN Biased humidity c3) 1 JESD22-A101C, MIL-STD-883

EL ESD d1) 1 JS-001, JESD22-C101E, IEC6100, MIL-STD-883, AEC Q200, EN45502

OP Burn-in a1) 2 MIL-STD-883, JESD22-A108

OP Operating life a2) 2 MIL-STD-883, MIL-STD-202, JESD22-A108

EN Thermal shock c2) 2 JESD22-A106A, MIL-STD-883, MIL-STD-202

EN Hermeticity - liquid (in vivo) environments c6) 2 ISO10993, ISO1478, EN1593

EN Corrosive environment c7) 2 MIL-STD-883

OP Elevated temperature operating life a3) 3 MIL-STD-883, MIL-STD-202, JESD22-A108

OP Biocompatibility a5) 3 ISO10993

EN Unbiased humidity c4) 3 JESD22-A101, MIL-STD-202

EN Hermeticity - gaseous environments c5) 3 EN13185, MIL-STD-202

RA MRI compatibility e1) 3 ASTM F2052, ASTM F2182, ASTM F2213

OP In vivo testing a4) 4 ISO10993, ISO14155, EN540

OP Biostability / corrosion a6) 4 ASTM F2129, EN45502, ISO10993

EN High and low temperature storage c8) 4 JESD22-A103, EN45502

EL Over voltage d2) 4 JESD78D

EL High voltage d3) 4 EN45502, IEC61000

RA X-ray exposure e2) 4 EN45502

ME Mechanical shock (Not Implanted) b3) 5 MIL-STD-883, MIL-STD-202, JESD22-B104, IEC60068, EN45502

ME Mechanical vibration (Not Implanted) b4) 5 MIL-STD-883, JESD22-B103, IEC60068, EN45502

EL Safety d4) 5 ISO14708, IEC60601, IPC9252

RA Radiated emission e3) 5 IEC61000, IEC60601
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Other Survey Questions/Responses 

•Assembly Processes used (% by 15 categories)

• Types of Encapsulation used (8 categories)

• Types of Electrical interconnections used (6 categories)

•Nanotechnology use and examples

•External communication methods (wireless & wired)

•Pb-Free / RoHS compatibility, today and future plans

•Software and firmware validation standards
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Defining Requirements for the Development of 

Implantable Reliability Specifications

• The survey has proved a valid starting point for further 
focus 

•Phase 2 will consist of a thorough investigation of the 
reliability and test methods

•Expertise and experience in each of the areas identified 
are needed in order to develop recommendations for 
common test methods for use with implantable medical 
devices 

Survey Summary – Invitation to Participate
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Timeline for Phase 1

Q1 Q2 Q3 Q4 Q5

Phase 1
Task 1

Identification and compilation of existing reliability, 
quality and safety standards
Task 1 (a) Compile a preliminary list of existing 
standards
Task 1 (b) Develop a project participant questionnaire

Task 2
Survey development

Task 3
Survey data collection - conclusions & 
recommendations

Task 4
Project Outputs:
- Webinar & publication
- Phase 2 SOW
- Publish white paper
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Defining Requirements for the Development of 

Implantable Reliability Specifications

• iNEMI membership (Required)

• Phase 2 - Weekly 1 hr meetings by WebEx for 6 - 8 

months

• Interim report to project leader(s) and team between July 

& September 2013

Expectations for Project Participants 
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Defining Requirements for the Development of 

Implantable Reliability Specifications

• iNEMI to contact webinar attendees and others to 

assess interest in participating in Phase 2 – April 2013

• Begin work on Phase 2 Investigations – May 2013 

• For more information contact: dgodlewski@inemi.org

Next Steps

mailto:dgodlewski@inemi.org


www.inemi.org
Email contacts:

Bill Bader

bill.bader@inemi.org 

Bob Pfahl

bob.pfahl@inemi.org 

Dave Godlewski

dgodlewski@inemi.org 


