@__BHEI/VG Engineering, Operations & Technology
Boeing Research & Technology

VITA 51 Overview

Embedded Tech Trends,
January 17/, 2012

Lori Bechtold

Boeing Research & Technology

(253) 657-6131

lori.e.bechtold @ boein g com This document does not contain technical data within the

definition contained in the International Traffcin

Arms Regulations (ITAR) and the Export Administration
Regulations (EAR), as such is releasable by any means to any
person whether in the U.S. or abroad. The Export Compliance
log number for this document is KAT113011-NT. (assigned IAW
PRO-4527, PRO 3439)"

BOEING is a trademark of Boeing Management Company.
Copyright © 2011 Boeing. All rights reserved. EOT_RT_Template.ppt | 8/1/2011 1



Topics

= History, Background
= History of Reliability Predictions
= NSWC Crane Study, 2004
=VITA 51
= Who is VITA?
= VITA 51 Working Group

= VITA 51 Documents re ’ia b i’itym

= ANSI/VITA 51.0-2008 communit_y

= ANSI/VITA 51.1-2008 a community of practice, by VITA
= ANSI/VITA 51.2-2011

= Summary, Further Info

The Reliability Community logo and related marks are trademarks of VITA



History of Reliability Predictions

 In the Defense and Aerospace Industry, Reliability Predictions of Circuit Card
Assemblies (CCASs) are used to support Trade Studies, Logistic support models
and maintenance planning

» Through the analysis of historical failure data, mathematical models were
derived for determining component failure rates

1961 — Failure rate models for
electronic components and the
process for using them were
defined in MIL-HDBK-217

The tool became the standard for 2
Reliability Engineering

1994 — U.S. Secretary of Defense
Issues memorandum on
“Specifications & Standards - A
New Way of Doing Business”

Time
MIL-HDBK-217 has not been updated
since 1995 (most ICs since 1991)
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NSWC Crane Study, 2004

= Study initiated in 2004

= Naval Surface Warfare Center (NSWC) Crane was tasked by the
Defense Standardization Program Office (DSPO) to assess the
“Feasibility of Standardizing COTS Module Reliability Predictions”

=2 Surveys conducted
= How many modules have Traceable data (MTBF)?
= What tools are being used to generate MTBF data?



Traceable MTBF Survey

1900 COTS ltems
(1378 with MTBF)

W Traceable MTBF *
® No MTBF Reported

u Not Traceable
MTBF Source

* Less than 25% of items surveyed had
published and traceable MTBF numbers!

Copyright © 2011 Boeing. All rights reserved.



Results of NSWC Crane survey
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VITA .4

Open Standards, Open Markets

" VlTA (Formerly VMEDbus International Trade Association)
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Incorporated, non-profit organization of vendors and users having a
common market interest

Founded in 1984, VITA believes in and champions open system
architectures as opposed to proprietary system architectures

VITA's activities are international in scope

VITA's mission includes not only promoting VMEDbus, but promoting
the very concept of open technology as embodied in the many
standards currently under development within the VITA Standards
Organization

VSO (VITA Standards Organization) is accredited as an American
National Standards developer and a submitter of Industry Trade
Agreements to the IEC

Standards Organization

VITA

Open Standards, Open Markets
The VITA logo and related marks are trademarks of VITA



VITA 51 — Reliability Working Group

= Founded in November, 2004, at the request of NSWC Crane
= Sponsored by NSWC Crane, Boeing, Curtiss-Wright Controls

= |nitial efforts focused on MIL-HDBK-217

= Provide practitioners of MIL-HDBK-217F with an industry consensus
based approach to MTBF calculation

= Published ANSI/VITA 51.1-2008 - provides defaults and common
modification factors for MIL-HDBK-217F Notice 2

= Provided information for MIL-HDBK-217 Rev G

= VITA 51 continued advancing reliability prediction methods
= Physics of Failure
— Published ANSI/VITA 51.2-2011
* Tied into AVSI Reliability Roadmap
= VITA 51 Marketing
— www.vita.com/home/MarketingAlliances/Reliability/reliability. html




Roadmap of VITA 51 Reliability Specifications

Engineering, Operations & Technology | Boeing Research & Technology

Reliability Predictions
ANSI/VITA 51.0 ‘community
Rel |ab| I |ty Program commu!?::ix;mity of practice, by VITA
Ref: GEIA-STD-0009 IEEE-1332,
Internal Documents,
Others

Qualification & ESS

ANSI/VITA 51.3
00

Future Specifications

ANSI Approved

In Work
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ANSI/VITA 51.0-2008 Summary

= Base Specification — Framework for predictions

* Provides background information on reliability prediction
methodologies

= Establishes ground rules for subsidiary specifications

* Requires use of a disclosure statement to document
modeling assumptions, defaults, exceptions to the
methodologies used

= Establishes a Community of Practice



Contents of ANSI/VITA 51.0-2008

1. Introduction

Overview, Scope, Purpose, Specification

Terminology

2. Overview of Reliability Prediction Methods
2.1 Characteristics of good reliability prediction

methods
m 2.1.1
m 2.1.2
m 2.1.3
m 214

Parts count versus parts stress
Part types

Quality level

Environment

2.2 Reliability Prediction Data Sources

221
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

Field Data

Test Data
Manufacturers’ Test Data
Similarity Analysis
Modeling & Simulation
Physics of Failure

2.3 Reliability Prediction Methods

2.3.1
m 2.3.2
m 2.3.3
m 2.34
m 2.35

MIL-HDBK-217F Notice 2
Telcordia SR-332
PRISM®

217Plus

FIDES

2.4 Mixing Methods
2.5 Reliability Prediction Disclosure Statement
The Reliability Community logo and related marks are trademarks of VITA
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3. Community of Practice

3.1 Registration

3.2 Purpose of Community of Practice

3.3 Operation of Community of Practice
4. Definitions, abbreviations, and acronyms
5. References

Appendix A — Reliability Prediction Disclosure
Statement

Appendix B — VITA 51 Participation in a Community
of Practice (CoP)

Appendix C — Factors that affect Product Reliability

Appendix D — Guidelines for Creating a Subsidiary
Specification.

reliability

community

a community of practice, by VITA



ANSI/VITA 51.1-2008 Summary

* Provides default parameters for MIL-HDBK-217F Notice 2
= |s not a replacement for MIL-HDBK-217F Notice 2
= Not all component families from MIL-HDBK-217 are covered
= Changes PiQ for commercial quality components
= QOriginally PiQ=10, changed to PiQ=1 for many components
* Includes references to sources
* Field and test data used for resistor and capacitor factors
= Uses “engineering judgment” as source for some factors

= All source data was provided to NSWC Crane and used in the MIL-
HDBK-217 Rev G effort

rehabmty

community
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Contents of ANSI/VITA 51.1-2008

1. Introduction 2.3 Adjustment Guidelines
Overview, Scope, Purpose, Specification m 2.3.1 Application
Terminology, Quality of Data Sources = 2.3.2 Module Design
2. Standard Methods for MIL-HDBK-217F Notice 2 = 2.3.3 Quality Factor
2.1 Parts Stress Method Standard Defaults s 2.3.4 Utilizing Field Experience
= 211  General = 2.3.5 Manufacturers Test Data
m 2.1.2 Integrated Circuits = 2.3.6 Mixing Methods

m 2.1.3 Semiconductor
m 2.1.4 Resistor
m 2.1.5 Capacitor
m 2.1.6 Transformer
= 2.1.7 Inductor
m 2.1.8 Switches
m 2.1.9 Connector
m 2.1.10 Interconnection Assys, SMT
m 2.1.11 Crystal
m 2.1.12 Oscillator
2.2 Parts Count Method Standard Defaults
m 2.21 General
m 2.2.2 Microcircuits
m 2.2.3 Discrete Semiconductors

3. Definitions, abbreviations, and acronyms
4. References
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MIL-HDBK-217 Revision Efforts

= Industry working group led by NSWC Crane,
= Started May 2008, just as VITA 51.1 effort concluded
= Data from VITA 51 re-used
= All data kept and managed by RIAC

= May 2010 - Draft Rev G released by Navy for public review,
but quickly retracted

= Internal DoD discussions about reliability policy

= DoD Policy published in Directive-Type Memorandum (DTM)
11-003, March 21, 2011

= Implementation Guidelines in work

= Due to similarity with Rev G, some electronics suppliers are
using ANSI/VITA 51.1-2008

= October 2011 — Renewed DoD interest in MIL-HDBK-217
revisions, especially to include use of PoF methods



ANSI/VITA 51.2-2011 Summary

= Physics of Failure (PoF) Reliability Prediction
= Fatigue mechanisms
= Models based on physical properties of material
= Provides uniform practices for VITA members
= Board level, packaging and component models
= Guidelines for PoF program planning
= Takes advantage of current industry development

= Research results and expertise from AVSI, AMSAA, CALCE, DfR
Solutions

* Includes Pb-free solder fatigue

= Clarifies expectations for reliability prediction providers and
customers

ANSI/VITA 51.2-2011 provides a open system industry standard
approach for physics of failure modeling of electronic modules
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Definitions

= Failure Mechanism: the physical processes by which a
combination of thermal, mechanical, electrical, chemical
and magnetic stresses damage the materials comprising the
product

* Failure Mode: a physically observable change caused by a
fallure mechanism

= Failure Cause: the circumstances during design,
manufacturing, or use which have induced or activated a
fallure mechanism

= Faillure Site: the location of a faillure mechanism



Fatigue

= Fatigue occurs when stress is applied repeatedly

= Material under stress flexes, deforms and weakens (strains)
until a fracture occurs
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= Physics of failure (PoF) based reliability is expressed as a
“time to failure” or “cycles to failure” where “cycles” are
repetitions of fatigue stress applications



ANSI/VITA 51.2-2011 Organization

= Board Level Mechanisms
= Cumulative fatigue, Miner’s rule
Vibration
Thermal Cycling
Shock
Electrochemical migration

= Packaging Mechanisms
= Vibration
= Thermal Cycling
= Whisker formation
= Corrosion

= Component Mechanisms

= Electromigration
Time-dependent dielectric breakdown
Negative bias temperature instability
Hot carrier injection
Atmospheric Radiation
= Corrosion
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ANSI/VITA 51.2-2011 PoF Planning

* PoF Implementation Plan should include:

1. Failure mechanisms to be included, based upon previous experience
with similar equipment or manufacturing processes

2. Failure models selected for those failure mechanisms
3. Model parameters to be used
4. Process under which the analysis is to be performed

= Selection of PoF models depends on:

* Intended application of the electronics
Customer/user requirements and constraints
Intended usage environments
Resources available to perform the PoF analysis

Economic considerations of the outcome — e.g. cost of failure,
warrantees, liability, public image
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Summary, Further Info:

= VITA 51 Reliability Marketing Alliance:
= www.vita.com/home/MarketingAlliances/Reliability/reliability. html
* |ncludes News, FAQ, Articles, Links

* IEEE RAMS Conference Proceedings, 2010 and 2011

= Harms, J. “Revision of MIL-HDBK-217, Reliability Prediction of
Electronic Equipment” IEEE RAMS 2010

= Bechtold, L. “Industry Consensus Approach to Physics of Failure in
Reliability Prediction” IEEE RAMS 2010

= Bechtold, L. “Reliability Predictions to Support a Design For Reliability
Program” IEEE RAMS 2011

reliability

community

a community of practice, by VITA
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