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PREFACE

The Reliability Analysis Center (RAC), technically mainaged by Rome Air Development

Center (RADC), is a Department of Defense (DoD) Information Analysis Center with the express

purpose of serving as a focal point for the recovery of reliability test and experience data on

electronic systems and the components used therein. It is one of several DoD Information Analysis

Centers, administratively managed by the Defense Logistics Agency (DLA), operating in unique,

narrowly defined technical areas. Since its inception in 1968, the RAC has been operated by 17T

Research Institute under contract to the United States Air Force (at its Chicago Headquarters from

1968 to 1972; at RADC, Griffiss Air Force Base, New York from 1972 through 1988; and since

August 19R8 at a contractor fc.cility in Rome, New York). 'The RAC mission is to collect, analyze,

synthesize, format and disseminate reliability information on electronic equipments/systems and on

the microcircuit, discrete semiconductor and electromechanical componen t s triat make up the

functional hardware. Analyzed and evaluated reliability information is disseminated through

reliability compilations, handbooks, appropriate special publications and direct consulting

assistance to support defense systems development and to upgrade their reliability. The RAC

engineerirg services are made available, under service charge arrangemer'ts, directly to government

agencies and contractors, enabling efficient application and utilization of the accumulated

knowledge and information to specific problems.
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1.0 INTRODUCTION

Thiq is the first Annual Report for Operation of the Reliability Analysis Center, in accordance

with CLIN 0002, ELIN A010, DI-S-3591A, under Contract F30602-87-C-0228. Information

concerning expended effort, accrued operating cost, volumes produced, user services (and income

derived from these services) and distribution of technical publications is provided for the fiscal year

I October 1987 to 30 September 1988.

2.0 SUNUARY OF FY-88 TECHNICAL ACCOMPLISHMENTS

2.1 Significant Accomplishments

USER RECEIPTS

The RAC collected a total of $489,342.67 in checks, purchase orders, and wire transfers

during FY'88. It was distributed as follows:

Engineering Services $ 66,111.50
Document Sales 178,858.17
Training Course Receipts 244,373.00

A total of 4,331 RAC documents were distributed during FY'88.

TRAINING COURSES

The Design Reliability Training Course was presented 11 times during FY'88. Three of the

courses were "open" and eight were "on-site" course presentations.

The Statistical Process Control Training Course was presented three times during FY'88. All

three of the courses were "open" presentations.

The Testability Practices Today Training Course was presented six times during FY'88.

Four of the courses were "open" presentations and two were "on-site" course presentations.



A massive effort was undertaken to completely revamp the Design Reliability Training

Course. This task involved updating and inputting all course material to the RAC desktop

publishing system, and regenerating many tables, figures, diagrams and charts. The culmination

of this project will find 99% of the training course automated for ease .f change for all future

course updates. The effort was 75% completed during FY'88.

DATABASES

A total of 1,002 documents were received for possible inclusion in the RAC document

center. Approximately 2,000 documents were abstracted, indexed, and added to the library

database.

Data acquisition personnel visited approximately 50 difference companies and government
agencies in an effort to promote the RAC, established contacts, discuss data formats, and obtain

data to enhance RAC databases.

A specialized mailing was conducted to collect reliability test and failure related data on

optoelectronics devices in support of a new state-of-the art report entitled, "Reliability Review of

Optoelectronic Devices." The data collected will be analyzed, and entered into a database for future

consideration.

HANDBOOKS AND DATABOOKS

Work was completed on the following handbooks and databooks:

Microcircuit Screenin2 Analysis - MDR-22

This 169 page publication makes fallout rate data on integrated circuits available to RAC

users. This data can be used as a baseline to define typical fallout rate values as a function of

device and screen stress variables. This publication covered digital, linear, interface, and memor,

devices. Va-ious standard screens are analyzed, as well as screening sequences, making this data

extremely useful for those who wish to: (1) Compare fallout rates from a particular process or line

to industry averages, and (2) Customize screening tests to optimize the cost/benefit ratio !'on-

military applications).
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Microcircuit Screen Data - MDR-22A

This publication contains 375 pages of detailed microcircuit screening data used to develop
the analyses of MDR-22, "Microcircuit Screening Analysis." This data is made available to: (1')
Perform analyses that were not presented in MDR-22 and (2) Examine unique part numbers or a
specific set of test conditions.

Discrete Semiconductor Device Reliabilty - DSR-4

DSR-4 contains detailed field and test reliability data on a wide range of discrete
semiconductor devices, liquid crystal displays, and photovoltaic cells. The data is organized to
facilitate location of necessary information in a minimum of time. The data contained in DSR-4,
which has been compiled from military and commercial data sources, details the nature of device
failures by presenting device characteristics as well as imposing environmental and electrical
stresses.

Work began on the following handbooks and databooks:

TRS-5. MIL-HDBK-338 Index - The objective of this project is to generate a technical index
for MIL-HDBK-338, "Electronics Reliability Design Handbook".

Electrostatic Discharge Susceptibility Data. VZAP-2 - This publication presents electrostatic
discharge susceptibility data and analysis of integrated circuits, discrete semiconductors and
selected resistor types. This is an update to the 1983 RAC publication, Electrostatic Discharge

Susceptibility Devices, VZAP-1.

STATE OF THE ART REPORTS

Work was completed on the following state-of-the-art report:

A Primer for DoD Rliability. Maintainability and Safety Standards - PRIM-I

This publication contains descriptive synopses of the 38 most often used military standards.
specifications and handbooks dealing with reliability, maintainability and safety currently available.
It provides a concise and pertinent overview of the most important military documents currently in
the field. PRIM- 1 provides the user with a single reference guide to the applicability and use of the
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most pertinent R, M&S military documents. This publication eliminates the necessity of having to

order and review each document separately to determine its applicability to a specific program.

Work also began on the following state-of-the-art reports:

Procedures for Fault Tree Analysis - This work will consist of research on current state-of-
the-art in Fault Tree Analysis techniques and the development of a clear, easy to read set of
procedures illuminated by real world examples and guidance relative to the procurement of such

services.

Design of Exoeriments - The objective is to develop a statistical state-of-the-art report on

Design of Experiments.

Qpoeg.n.llics - Develop a state-of-the-art report which will provide a design engineer with

reliability information to guide in the selection and application of optoelectronic semiconductor

devices.

RELOCATION OF THE RAC OFFICES

On I August 1988, the Reliability Analysis Center moved to off-base facilities at the request
of the government. The move involved turning in all government owned furniture, and arranging
for suitable replacements. The move was well planned in advance and arrangements were made
for the transfer of telephones, the installation of new computer lines, and the orderly transition to
the new facilities to be accomplished over the weekend for a minimal amount of dowrtime during

normal duty hours.

PROMOTIONAL EFFORTS

Work was completed on updating the RAC Products and Services Catalog. The catalog was

re-written and the pages are now resident on a RAC Macintosh computer. The various pages can

now be updated and reproduced in-house with much greater ease. Sections in the catalog include:

Full Service Participation Plan

Reliability Publications

Training Courses

4



Product Fee Schedule

Order Forms

A copy of the Products and Services Catalog is included in .pendix A.

Scott Brown & Company were hired as consultants to conduct a customer survey of RAC

Newsletter customers and to provide feedback to enhance the RAC's marketing capabilities. Their

expertise was also enlisted to produce a new marketing brochure to better emphasize RAC products

and services. The brochure was approved and will be available for distribution during the first

quarter of FY'89.

Concentrated efforts in the expansion of Statistical Process Control/Total Quality

Management (SPC/TQM) capabilities. The staff was doubled in size to provide additional

capabilities in the areas of:

* Computer Aided Manufacturing

• Needs Analysis

* Value Engineering

As well as broadening the base of Management and Statistical expertise necessary for TQM,

software and hardware capabilities were also expanded with the additional staff.

A charter was developed and drafted for the establishment of a RAC Technical Advisory

Group (TAG). The objectives of the TAG are expected to be as follows:

to provide a broader perspective and to provide feedback to the strategic planning

process for the RAC.

to maintain and enhance the credibility of the RAC as the DoD central source for

Reliability and Maintainability data and information.

to increase the Reliability and Maintainability community's awareness of the RAC and its

capabilities.

to gain more extnsivc user input on specific product development needs and feedback

on existing products/services.
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It is anticipated that the TAG will have an approved charter, members chosen, an agenda
completed, and a meeting scheduled during the first quarter of FY'89.

Four RAC Newsletters were prepared and distributed during FY'88 to over 12,000 RAC
users. The feature article and subject of the Technical Brief for each issue is shown below in

Figure 2-1:

ISSUE FEATURE ARTICLE TECHNICAL BRIEF

Oct 87 '"The 80% Solution" N/A
by Steven J. Flint, Director,
Reliability Analysis Center (RAC)

Feb 88 'The RAC Contribution" "Effects of Periodic Testing on
by Preston R. MacDiarmid, Systems Reliability" by David Coit,
RADC RAC Program Manager Michael Rossi, and David Dekkers,

RAC

May 88 "R&M 2000 Direction" "Identifying and Capturing Quality
by Frank S. Goodell, Brigadier Costs" by Richard Hurley, RAC
General, Special Assistant for R/M,
Headquarters, USAF

Sep 88 "Reliability: Where are the "Reliability Growth Analysis Using
Universities?" by Professor AMSAA Model" by David Tyler and
Marvin L. Roush, Director, Center David Russell, RAC
for Reliability Engineering,
University of Maryland

FIGURE 2-1: NEWSLETTER FEATURE ARTICLES AND TECHNICAL BRIEFS
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SPECIAL STUDIES

During FY'88 the RAC engineering staff was involved in 26 unique study and support

projects for various DoD government agencies. Figure 2-2 shows the breakdown of those special

studies within DoD.

Organization Completed Active Total

Army 2 7 9

Air Force 0 12 12

Navy 0 3 3

Other Govt. 0 2 2

TOTALS 2 24 26

FIGURE 2-2: BREAKDOWN OF SPECIAL STUDIES WITHIN DOD

2.2 Problems Encountered

No significant problems were encountered.
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3. USER PRODLJS AND SERVICES INFORMATION

During FY'88 four issues of the RAC Newsletter were published and disseminated, each

issue to over 12,000 individuals. A copy of the September RAC Newsletter is included in

Appendix B. Twelve separate training course flyers were distributed to over 12,000 individuals.

Product flyers were distributed to over 12,000 individuals on Microcircuit Screening Analysis

(MIDR-22) and Microcircuit Screening Data (MDR-22A), on Discret Semiconductor Device
Reliability (DSR-4) and on A Primer for DoD Reliability. Maintainability and Safety Standards

(PRIM- 1)

There were a total of 363 information packages mailed as a result of phone inquiries,

magazine advertisements, requests from customers and requests from individuals to be placed on

the R-AC mailing listing.

3 1 User Services

There were a total of 650 bibliographic and 317 technical (gratis) inquiries responded to

during FY'88.

A project was completed and a final report delivered to CIEMFAB for a part stress reliability
prediction on a Radome Inflation System. Total value was $2,600.

A project was completed and a final report delivered to Lifeline Systems ior performing a part
stress reliability prediction, an ESD susceptibility analysis, and an FMECA on their patient

monitoring system. Total value was $4,500.

A project was completed for Westinghouse. The task called for data contained in the RAC

datb,ises to be reformatted on tape and delivered in support of an Air Force contract to

Westinghouse. Total value was $2,700.

An ESD analysis of selected parts for Beech Aircraft was completed and delivered. Total
value was S2,200.

.2 New Prxducts Produced

Four new products were released for distribution during FY'88. They were as follows:
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Microcircuit Screening Analysis - MDR-22

This 169 page publication makes fallout rate data on integrated circuits available to RAC

users. This data can be used as a baseline to define typical fallout rate values as a function of

device and screen stress variables.

Microcircuit Screen Data - MDR-22A

This publication contains 375 pages of detailed microcircuit screening data used to develop

the analyses of MDR-22, "Microcircuit Screening Analysis."

Discrete Semiconductor Device Reliability - DSR-4

DSR-4 contains detailed field and test reliability data on a wide range of discrete

semiconductor devices, liquid crystal displays, and photovoltaic cells. The data is organized to
facilitate location of necessary information in a minimum of time.

A Primer for DoD Reliability. Maintainability and Safety Standards - PRIM-I

This publication contains descriptive synopses of the 38 most often used military standards,
specifications and handbooks dealing with reliability, maintainability and safety currently available.
It provides a concise and pertinent overview of the most important military documents currently in

the field.

FY'88

Databooks MDR-22
(1 per year required) MDR-22A

DSR-4

State of the Art Reports PRIM- 1
(2 per year required

Critical Review & Technology None
Assessments
(1 per year required)

FIGURE 3-1: PUBLICATIONS MATRIX
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3.3 Product Sales

Figure 3-2 shows RAC catalog number, product title, and quantity distributed for FY'88:

Catalog No. Tide Quantity Disinbutred

DSR-3 Transistor/Diode Data 10
DSR-4 Discrete Semiconductor Device Reliability 193
EEMD-1 Electronic Equipment Maintainability 7
EERD-2 Electronic Equipment Reliability Data 21
FMDR-21A Diskette Version of MDR-21A 4
FNPRD-3 Diskette Version of NPRD-3 22
MDR- 14 Hybrid Circuit Data 10
MDR-15 Digital Microcircuit Data 7
MDR- 18 Memory/LSI Data 5
MDR-19 Digital SSI/MSI Data 8
MDR-20 Linear Interface Data 9
MDR-21 IC Trend Analysis Databook 16
MDR-21A IC Field Experience Databook 18
MDR-22 Microcircuit Screening Analysis 151
MDR-22A Microcircuit Screening Data 121
MFAT- 1 Microelectronics Failure Analysis Techniques 63
EOS- 1 1979 EOS/ESD Proceedings 154
EOS-2 1980 EOS/ESD Proceedings 922
EOS-3 1981 EOS/ESD Proceedings 134
EOS-4 1982 EOS/ESD Proceedings 89
EOS-5 1983 EOS/ESD Proceedings 99
EOS-6 1984 EOS/ESD Proceedings 273
EOS-7 1985 EOS/ESD Proceedings 204
EOS-8 1986 EOS/ESD Proceedings 436
EOS-9 1987 EOS/ESD Proceedings 84
NONOP- 1 Nonoperating Reliability Data 207
NPRD-3 Nonelectronic Parts Reliability Data 235
NPS- 1 Analysis Techniques for Mechanical Reliability 45
PRIM-I A Primer for DoD Reliability Maintainability & Safety Standards 117
RAC-NRPS Nonoperating Reliability Prediction Software 14
RDH-376 Reliability Design Handbook 139
SOAR-2 Practical Statistical Analysis for the Reliability Engineer 47
SOAR-3 IC Quality Grades: Impact on System Reliability and Life Cycle Costs 47
SOAR-4 Cor-fidence Bounds for System Reliability 26
SOAR-5 Surface Mount Technology: A Reliability Review 252
SOAR-6 ESD Control in the Manufacturing Environment 91
TRS-I Microcircuit Screening Effectiveness 8
TRS-2 Search & Retrieval to IRPS Proceedings: 1968-1978 3
TRS-2A Search & Retrieval to IRPS Proceedings: 1979-1984 4
TRS-3A EOS-ESD Technology Abstracts I
TRS-4 Search & Retrieval Index to EOS/ESD Proceedings: 1979-1984 4
TRS-5 Search & Retrieval Index to ISTFA Proceedings: 1978-1985 7
VZAP- 1 Electrostatic Discharge Susceptibility Data 24

TOTAL 4,331

FIGURE 3-2: RAC DOCUMENT DISTRIBUTION FY'88
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3.4 Publications Reprinted

Additional quantities of the following RAC publications were reprinted to meet order

demands:

Publication Tid No. Reprinted

SOAR-2 Practical Statistical Analysis for the Reliability Engineer 200

NPRD-3 Nonelectronic Parts Reliability Data 300

SOAR-5 Surface Mount Technology: A Reliability Review 450

RDH-376 Reliability Design Handbook 300

3.5 Meetings/Conferences Attended

A total of 106 meetings and conferences were attended by personnel from the Reliability

Analysis Center. Most of the these meetings were in support of special studies projects. Other

meetings/conferences attended included:

J. Carey, D. Tyler, and R. A. Crisafulli visited Sacramento, CA on 7-11 December to do a

series of RAC capabilities presentations.

W. Crowell traveled to several organizations in the Cleveland area during January of 1988 to

collect reliability data on various parts types for the RAC databases.

S. Flint met with Dr. Marvin Roush. Chairman of University of Maryland's Reliability

Engineering Department, on 21 April 1988 to discuss RAC services.

J. Carey and W. Densor, traveled to Raytheon in Andover, MA on 25-27 April to collect data

for the RAC.

B. Denson met with Gerard Collas of Bull (in France) during May of 1989 at the lIT

Research Institute Beeches Technical Campus to discuss RAC data.
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S. Flint and W. Denson met with two Korean visitors (guests of RADC) during June of

1988 to discuss RAC services.

S. Flint and C. Carroll traveled to Picainny Arsenal in Dover, NJ to do a RAC capabilities

presentation the last week of June 1988.

N. Fuqua and S. Kus traveled to Warner Robins Air Logistics Command to conduct a

Reliability and Maintainability Training Seminar on 21-23 June at Robins AFB, GA

S. Flint attended the annual DLA lAC Manager's Meeting at Johns Hopkins University in

Baltimore, MD on 14 and 15 July, 1988.

J. Carey and D. Tyler gave a RAC capabilities briefing at the Ogden Air Logistics Center at

Hill AFB, OK on 17 July 1988.

J. Carey and D. Tyler gave a RAC capabilities briefing at the San Antonio Air Logistics

Center at Kelly AFB, TX on 21 July 1988.

W. Crowell, N. Pfrimmer, and K. Lindquist attended the EOS/ESD Symposium in

Anaheim, CA on 26-30 September 1988.

3.6 Training Courses

During FY'88 a total of eleven (11) Design Reliability Training Courses (DRTC), three (3)

Statistical Process Control (SPC) Training Courses, and six (6) Testability Practices Today (TPT)

Training Courses were presented. The following is a list of locations, dates, attendance and type

of course presented.

Coure Location Dates Attendance

DRTC Nilsen Industries Ltd 10/12-10/15/87 24 On-site
Victoria, Australia

TPT Quality Inn 10/13-10/15/87 17 Open
Syracuse, NY

DRTC Nilsen Industries Ltd 10/19-10/22/87 20 On-site
Melbourne, Australia
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DRTC Avibras Aerospace Indust.. i id16-Ii/i9/o7 39 On-site
S. J. Campos SP, Brazil

TPT Town & Country Hotel 11/17-11/19/87 12 Open
San Diego, CA

DRTC Marriott Hotel 12/7-12/10/87 58 Open
Orlando, FL

SPC Mamott Hotel 12/7-12/10/88 8 Open
Orlando, FL

DRTC Naval Avionics Center * 1/11-1/14/88 60 On-site
Indianapolis, IN

DRTC Varian Associates 2/1-2/4/88 28 On-site
Palo Alto, CA

DRTC Swedish Space Corp. 2/11-2/25/88 21 On-site
Stockholm, Sweden

DRTC Town & Country Hotel 3/14-3/17/88 47 Open
San Diego, CA

SPC Town & Country Hotel 3/14-3/17/88 10 Open
San Diego, CA

TPT Holiday Inn 3/29-3/31/88 16 Open
Orlando, FL

TPT Govt. of India 4/13-4/15/88 30 On-site
New Delhi, India

TPT Govt. of India 4/18-4/20/88 30 On-site
Bangalore, India

DRTC Naval Avionics Center 5/2-5/5/88 35 On-site
Indianapolis, IN

SPC Omni Virginia Beach Hotel 6/6-6/9/88 14 Open
Virginia Beach, VA

DRTC Omni Virginia Beach Hotel 6/6-6/9/88 40 Open
Virginia Beach, VA

TPT Virginia Beach Plaza Hotel 7/12-7/14/88 17 Open
Virginia Beach, VA

DRTC Naval Air Engineering Ctr. * 8/22-8/25/88 30 On-site
Lakehurst, NJ

• Revenue reflected as special study; not user receipts
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4.0 BASIC RAC DEVELOPMENT EFFORTS

During the past year the Management Information System (MIS) at the RAC has grown from

a small check processing system to an integrated and self-supporting information system. RAC

contacts, including those from product sales, training course attendance, data sources, symposium

contacts, surveys, magazine responses, and those requesting information have been consolidated

into one centralized contact file. From this contact file, the RAC is now able to better target those
individuals and companies which require reliability information and help determine the needs of the

overall reliability community. Integrated with contact information was the capability to

automatically track and report on product sales/inventory, training course attendance, service

requests, advertising effectiveness, sales trends, and customer/contact growth.

A computerized history of RAC training courses was also completed, along with new

capabilities for monthly reporting, and automation of the databook inventory.

The RAC has instituted off-site storage of backup tapes, course slides, and other essential

materials.

With the RAC relocation, the RAC Library was completely revamped. All out-of-date

documents were weeded out, the physical layout was changed, and the backlog of library

documents waiting for input was eliminated. The library is now completely automated and

contains an abstract for each document.

Data acquisition personnel visited approximately 50 different companies and government

agencies in an effort to promote the RAC and collect data.

Work has continued on development of RAC databases. With the advent of the new

databook entitled, "Electrostatic Discharge Susceptibility Data" (VZAP-2) the VZAP database has

more than doubled in size.

Current status of the various RAC databases is shown in Figure 4-1:

14



Database Software Status Data Status Future Direction

IC Active Backlog - 6900 Continue and add VZAP
records damage threshold

VZAP Active Current Continue, merge with IC
& Discrete

Non-Electronic Updating File Structure No Backlog Expand Scope and Data
Collection

Discrete Updating File Structure No Backlog Expanding Opto Section
& add VZAP threshold
data and data collection

Library Active No Backlog Continue

Hybrid N/A N/A Unknown

Parts Breakdown Active No Backlog Continue

System RAM Active No Backlog Data collection

FIGURE 4-1: RAC DATABASE STATUS

Much work was completed in the area of developing/upgrading promotional materials. The

revamp of the RAC Newsletter continued with favorable responses. The RAC Products and

Services Catalog was automated on the RAC desktop publishing system for ease of changes.

Based on recommendations and advice from a consultant, a new capabilities brochure was

developed and will be available for distribution in FY'89.

Three new handbooks/databooks and one new state of the art report were released for

distribution during FY'88. Work began on two handbooks/databooks and three state of the art

reports.
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5.0 SPECIAL STUDIES

5.1 Current Projects

All new special studies started during the current contract are listed below, including name,

sponsor, IITRI project number, RADC project number, applicable SOW paragraph, level of

funding for FY'88 and a brief description.

SPC For Selected Pilot Production Areas - Naval Avionics Center, IITRI Project A06239 -

R-003, SOW Para 4.1.4.4. Level of Funding - $157,402

The objective of this project is to provide success in at least six pilot areas by employing SPC

and provide an implementation plan that this Center will use in employing SPC throughout the

Center. The desired goal of this program is to improve productivity by increasing quality as well

as to provide objective techniques based on data to continuously improve all points within a

process by identifying and reducing sources of variability.

Reliability Support for EPITAB Devices - U. S. Army, ARDEC, ITI Project A06240 - R-

001, SOW Paras 4.1.4.2, 4.1.4.7. Level of Funding - $52,225

The Reliability Analysis Center is supporting the RAM assessment of a Tape Automated

Bonding (TAB) process utilized to manufacture hybrid integrated circuits. This technology is

being considered for a "smart" munitions application. RAC efforts have included the development

of an environmental test program and an industry survey to determine current TAB manufacturers

and processes. Interpretation and analysis of this information will assure with some confidence

that a reliable product/technology is being designed and accepted for use in smart munitions.

Computerized Shelter Database - Phase I - U. S. Army Natick Research and Development

Engineering Center, IITRI Project A06241 - R-002, SOW Para 4.1.4.19. Level of Funding -

$100,863.

The objective of this effort is to develop a database consisting of maintainability information

on the FSC 5411 family of shelters. Emphasis was placed on developing a database to include

shelter data from the Air Force, Army, Navy and Marine Corps. Each service's data reporting

system is being examined to determine the type and quantity of shelter data being reported.
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SPC Assessment and Planning - U. S. Army. Watervliet Arsenal, (WVA) IITRI Project

A06243 - R-005. SOW Para 4.1.4.4. Level of funding - $189,936.

The objective of this project is to assess WVA manufacturing and administrative aspects,

determine appropriate techniques and develop training program options together with an outline of

the long term SPC program.

Technical Sup~grt to Letterkenny Army Depot (LEAD) - U. S. Army, ARDEC, IITRI

Project A06244 - R-006, SOW Paras 4.1.4.15 and 4.1.4.16. Level of funding - $192,150.

The objective of the overall effort is to integrate quality, reliability, and maintainability

functions into the Letterkenny Evaluation, Analysis, and Planning (LEAP) Program. Working

with the Letterkenny, Production Based Modernization Agency, and ARDEC personnel, the

support includes the following: assistance in development of program scope and plans for the

integration of RAM and QA into LEAP program information systems; identification of requisite

input and output parameters, process specification, and data storage reliability needed to effect the

collection and reporting of accurate and :imely process inforra""oii; definition of system functional

requirements as criteria for the design and implementation phases.

Feedback Analysis Network (FAN) - Phase III - U. S. Army AMCCOM, IITRI Project

A06246 - R-027, SOW Paras 4.1.4.19 and 4.1.4.7. Level of funding - $297,000.

The objective of this effort is to provide maintenance, user support and system expansion of

the system previously developed for Phase II. The Feedback Analysis Network (FAN) has been

developed in response to a need to empirically prioritize end item improvement needs.

Improvement programs include Product Improvement Programs (PIPs), Material Testing

Technology (MTTs), etc. The concept expanded to include lessons learned and cost information.

Production Readiness Enhancement Program (PREP) 1988 - U. S. Army, Munitions

Production Base Modernization Agency (MPBMA), IITRI Project A06247 - R-015, SOW Paras

4.1.4.6, 4.1.4.3, 4.1.4.4. Level of funding - $475,000.

The objective of this program is to assist MPBMA in integrating readiness, reliability,

availability, maintainability and quality into the U. S. Army Munitions Production Base. The tasks

associated with PREP are as follows: definition of RAM requirements at each life cycle stage of
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munitions production facilities planning, design, implementation, use, layaway and reactivation:

support of engineering project managers in the RAM disciplines; support institutionalizauon of

Quality and Reliability into the PBMA environment.

Total Ouality Management - U. S. Naval Supply Center, IITRI Project A06249 - R-009,

SOW Para 4.1.4.4. Level of funding - $137,917.

The objective of this program is to implement Phase I (over a one-year period) of a Total
Quality Management (TQM) approach to continuous improvement at Naval Supply Center (NSC),

to prototype TQM in three pilot areas, and to position NSC for successful implementation of TQM

across NSC.

R&M Support for Airport Surface Detection Equipment (ASDE-3) - Federal Aviation

Administration (FAA), Surveillance & Weather Sensors Division, ITRI Project A06250 - R-019,

SOW Paras 4.1.4.2 and 4.1.4.4. Level of funding - $27,070.

The objective of this effort is to continue providing the FAA with Reliability and
Maintainability (RIM) support during acquisition of the airport surface detection equipment

systems. These systems, designated ASDE-3, are intended to replace earlier models and are
targeted for 25 sites in the initial acquisition R/M engineering support will be provided throughout
the procurement cycle on a continuing basis. The support will consist of R/M documentation

review and analysis, data collection review and analysis, and liaison and consultation as necessary
with both the FAA and United Technologies, Norden Systems Division, the ASDE-3 contractor.

The objective of this effort is to give the FAA timely and accurate analyses of the contractor's data

items. Without these inputs the FAA will not be in a position to make decisions regarding

program direction at the most appropriate times.

Printed Wiring Board Reliability - U. S. Air Force, RADC/RBER, IRI Project A06253 -

R-008, SOW Para 4.1.4.10. Level of fundiag - $20,000.

The objective of this project is to review and improve printed wiring board reliability
techniques and associated standards, primarily through attendance at professional seminars and

specification review, preparation, and update.
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Mass Spectrometer - U. S. Army AMCCOM, ITRI Project A06254 - R-007, SOW Para

4.1.4.9. Level of Funding - $27,146.

Tliis effort invoives performing a reliability analysis on the Mobile Mass Spectrometer kLMI
produced by Bruker-Franzen Analytik GmbH, Bremen, West Germany, under procurement by the

United States Army. The intent is to assist the U. S. Army and Bruker-Franzen Analytik GmbH
with improving the Field Reliability of the MMI Mobile Mass Spectrometer by suggesting design

improvements, based on the results of a Failure Modes Effects & Criticality Analysis (FMECA) to

be performed.

Reliability Supoort of the AN/ALO-184(V) ECM POD for WR-ALC - U. S. Air Force,
tITRI Project A06255 - R-012, SOW Paras 4.1.4.1 and 4.1.4.4. Level of funding - $225,000.

The project objective is to provide RIM expertise in support of the development of the
AN/ALQ-184(V) ECM POD. The result will be a more reliable and maintainable ECM POD.

Specific objectives include determination of actual R/M growth, specification of environmental

facilities for R/M growth and R/M data collection and management.

NAVSEA ESD Control Program - Naval Sea Systems Command, ITRI Project A06257 -

R-022, SOW Para 4.1.4.12. Level of funding - $36,158.

The project objective is to provide technical assistance to Naval Sea Systems Command in the

establishment and maintenance of an Electrostatic Discharge Control Program.

Reliability Centered Maintenance (RCM) Data Analysis Center - U. S. Marine Corps, ITRI

Project A06263 - R-017, SOW Para 4.1.4.14 and 4.1.4.19.6. Level of funding - $284,446.

This project objective is to perform FMEA and RCM Analyses on Marine vehicles and

ground support equipment to develop tailored maintenance programs and to develop a

reliability/maintainability tracking system.
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Fault Isolation and BIT Analysis of the MILSTAR Mission Control Element (MCE) - U. S.

Air Force - AFSC/SD, IITRI Project A06264 - R-023, SOW Para 4.1.4.3. Level of funding -

$200,000.

The objective of this project is to determine current fault isolation levels, maximum obtainable

fault isolation levels and a realistic MTBF for the M]LSTAR Mission Control Element (NICE).

Reliability/Maintainability Technology Transition - U. S. Air Force, RADC/RBE, IITRI

Project A06265 - R-028, SOW Para 4.1.4, 4.1.10, 4.1.19, and 4.1.6.4. Level of funding -

$20,000.

The RAC is supporting RADC efforts to standardize and institutionalize

Reliability/Maintainability within the U. S. Air Force. In RADC's role as DoD Lead

Standardization Activity for R&M standardization, they engage from time to time in activities
which benefit from the RAC's experience in technology transfer, and from the wide audience RAC

materials receive.

Ouality Productivity for DeDot Repair (AGMC' - U. S. Air Force, IITR Project A06274 - R-

029, SOW Paras 4.1.3.6, 4.1.4.4, 4.1.4.15, 4.1.4.14, 2.6.1. Level of funding - $93,521.

To develop Statistical Process Control (SPC) unier the Deming management philosophy to

maintenance workloads including the displacement gyro system, through training and program

guidance in SPC. To introduce new screening procedures to diagnose and prevent poor reliability
guidance systems from being introduced to field use following maintenance, using SPC

procedures developed for repair/overhaul.

Design Definition For a Micro-Time Stress Measurement Device - U. S. Air Force,
RADC/RBET, IITRI Project A06279 - R-031, SOW Paras 4.1.4.1 and 4.1.4.14. Level of

funding - $205,675.

To conduct the Design Definition phase for the full scale development of hybrid micro
TSMIDs which will be suitable for mounting on avionics/electronic circuit board,/modules.
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Develop Reliability. Maintainability and Testability (RM&T) Concepts in Electrical and

Computer Engineering Curricula (FITh - U. S. Air Force, RADC/RBET, IITRI Project A06280 R-

033, SOW Paras 4.1.3.6 and 4.1.4.4. Level of funding - $14,250.

The object of this effort is to develop standards for, and the content of, RM&T training

which can be integrated into an ECE curriculum and apply it in a test application at Florida Institute

of Technology.

MIL-STD-471A Utdate - U. S. Air Force, RADC/RBET, 1TRI Project A06281 - R-032,

SOW Para 4.1.4.10. Level of funding - $33,250,

The object of this effort is to prepare an updated version of MIL-STD-471.

Field Failure Return Proeram (FFRP) - U. S. Air Force, RADC/RBRE, IITRI Project

A06283 - R-036, SOW Paras 4.1.4.7 and 4.1.4.19. Level of funding - $28,500.

The purpose of the FFRP is to establish and operate a clearinghouse for failure reporting and

corrective actions on microcircuits which fail during operation in DOD equipment.

Reliability Support for WR-ALC Vehicle Management Division - U. S. Air Force, I1TRI

Project A06290 - R-039, SOW Paras 4.1.4.4 and 4.1.4.17. Level of funding - $9,852.

The purpose of this project is to provide R&M engineering support to integrate R&M 2000

objectives into the procurement, operation & maintenance of AF support vehicles.

EOSiESD Failure Analysis Training - U. S. Air Force, Aerospace Guidance & Metrology

Center, IITRI Project A06293 - R-030, SOW Para 4.1.4.12. Level of funding - $16,521.

The purpose of this effort is to assist Newark AFB in the training of their personnel to

cnnduct failure analysis of parts failing from electrostatic discharge (ESD) and electrical overstress

SEOS ).
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Prevaratior. cf R&M Guidebook on Motivation Principle - U. S. Air Force, RADC/RBE.
IrTRI Project A06294 - R-026, SOW Paras 4.1.3.1 and 4.1.4.10. Level of funding - $57,000.

The object cf this effort is to prepare a manual explaining the R&M 2000 Motivation
Principle and provide guidance and techniques for implementing its precepts.

5.2 Completed Projects

Loestics Readiness (RAM) System - U. S. Army, Army Research and Development Center
(ARDC), IITRI Project A06238 - R-004, SOW Para. 4.1.4.19. Level of funding - $317,063.

This project supported the U. S. Army (ARDC) Battlefield and Support Division through the
development of a Logistic Readiness (RAM) System capable of achieving a high level of field
operational readiness in a cost-effective manner. This system supported the materiel logistic
process by establishing and maintaining a current and readily accessible data base of regulations,
requirements, specification and RAM characteristics relative to component and materiel items in the
Army's inventory. The overall function of the RAM system was to provide a paperless
management tool which reduced the administrative time required to issue and monitor a request ror
materiel.

AMAS Reliability Assessment and Enhancement - U. S. Army AMCCOM, IITRI Project
A06252 - R-018, SOW Para 4.1.2.3. Level of funding - $500,000.

The objectives of this proposed study were; to develop a methodology for reliability and
availability assessment of combined hardware/software systems, to apply this methodology to the
Automated Material System (AMAS), and to modify or enhance the system to realize the full
benefits of the reliability analysis.
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6.0 FINANCIAL SUMMARY FY'88

Operating expenditures for carrying out the Reliability Analysis Center's on-going
operational functions and satisfying individual user inquiry and study requiremnents for the year
totalled $ 4,178,753. Funding for FY'88 to date from all sources amounted to $4,863,502. The

breakdown in RAC funding is listed below.

Core RAC (DTIC & RADC) $ 541,495.
Special Studies 3,903,462.
Technical Inquiries 30,252.
Products & Services 145,899.
Training Courses 242.394,

TOTAL $ 4,863,502.

Funding for Special Studies is further broken down in Figure 6-1.

IlTRI RADC
PROJ # PROJ # PROJECTS/TASKS INCOME

A06237 N/A SPECIAL STUDIES ADMIN & MGMT S 185,517
A06238 R-004 LOGISTICS READINESS (RAM) SYSTEM $ 317,063
A06239 R-003 SPC FOR SELECTD PILOT PROD AREAS S 157,402
A06240 R-001 REL SUP FOR EP/TAB DEVICES S 52,225
A06241 R-02 COMPUTERIZED SHELTER DATABASE S 100,863
A06243 R-005 SPC ASSESSMENT AND PLANNING S 189.936
A06244 R-006 TECHNICAL SUPPORT LETTERKENNY S 192,150
A06246 R-027 FEEDBACK ANALYSIS NETWORK S 297,000
A06247 R-015 PREP-88 S 475,000
A06249 R-009 NAVAL SUPPLY CENTER SPC S 137,917
A06250 R-019 R&M SUPPORT (ASED-3) $ 27,070
A06252 R-018 AMAS REL ASSESS & ENHANCEMENT S 500,000
A06253 R-008 PRINTED WIRING BOARD RELIABILITY $ 20,000
A06254 R-007 MASS SPECTROMETER $ 27,146
A06255 R-012 AN/ALQ-184 (ROBINS AFB, GA) S 225,000
A06257 R-022 NAVSEA ESD CONTROL PROGRAM $ 36,158
A06263 R-017 REL. CNTRD. MAINT. DATA ANAL CTR S 284,446
A06264 R-023 FAULT ISOL. & BIT ANAL - MILSTAR $ 200,000
A06265 R-028 REL/MAINT TECHNOLOGY TRANSITION S 20,000
A06274 R-029 QUAL PROD FOR DEPOT REPAIR AGMC S 93,521
A06279 R-031 DSGN DEFINITION FOR A MICRO TSMD S 205,675
A06280 R-033 FIT SUPPORT-ECE CURRICULA S 14,250
A06281 R-032 MIL-STD-471A UPDATE S 33,250
A06283 R-036 EST A DOD FIELD FAILURE RTN PROG S 28,500
A06290 R-039 REL SUP WR-ALC VHCLE MGMT DIV $ 9,852
A06293 R-030 EOS/ESD FAILURE ANALYSIS TRAINING S 16,521
A06294 R-026 PREPARATION OF R&M 2000 GUIDEBK S 57,000

GRAND TOTAL PROJECTS $3,903,462

FIGURE 6-1: SPECIAL STUDIES FUNDING FOR FY'88
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7.0 INTORMATION FROM IAC USERS

The RAC instituted a customer survey/feedback function in which a RAC customer service

representative contacted a specific segment of customers who had purchased a particular product,

i.e., handbook/databook, state-of-the-art report, etc. The information gained from these surveys

will be used to further enhance the development of future RAC products.

A Project Close Out Form was implemented to solicit customer comments on the technical

quality, performance schedule, return on resources provided, and additional comments as required

on all RAC Special Studies. Comments received on the forms during FY88 were_ favorable.

The RAC has instituted an ageement with Information Handling Services to distribute copies

of all RAC handbooks/databooks and state-of-the-art reports on microfiche.

7.1 User Feedback on IAC Services

A total of 4,331 books and services were ordered in FY'88. In addition, 26 special studies

were undertaken for Government customers and 20 training courses were presented to an audience

of 556 students.

Additionally, examples of two user letters received during this reporting period are included

in Appendix C.

7.2 User Surveys

A telephone survey was conducted among customers who purchased the RAC document

entitled, "Nonoperating Reliability Data", NONOP-1. A sampling of !7.2 % of those who

purchased NONOP-1 were selected to be contacted. Of the sampling selected, 65% were contacted

directly and were asked the following questions":

• Did they receive the book promptly?

* Was the book what was expected?

* Did the book address the required needs?

* How could the book be improved?

* What other databooks would be helpful in their job?
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" In their job, what kind of information was hardest to find?

" Did they have any general comments concerning the RAC or its products & services?

Ninety-five percent of those customers who were polled received their order in a timely

manner. Sixty-five percent were pleased with the contents of the product. Feedback was received

on suggested improvements to NONOP- 1, other types of databooks which would be useful, and

general comments concerning the RAC and its products and services. Generally, the comments

were favorable and provided useful feedback for improving future products.

A customer survey on the effectiveness of the RAC Newsletter was conducted for RAC by

the firm of Scott, Brown & Co. Results of this survey are as follows:

* Total readership of the RAC newsletter is more than 28,000.

* At least half of the publication is read by 86% of the respondents.

* The RAC newsletter is providing important source information for R&M personnel.

* 91% of the respondents read the publication at work.

• The publication mor than holds its own against competing technical materials
distributed at the work site.

* An overwhelming majority of the respondents reported the articles were weU-writtn,
informative, and told them what they wanted to know.

• 97% of the respondents reported the data was clear and concise.

& 75% of the respondents spend more than 15 minuies reading the publication.

The firm also concluded that the RAC newsletter is widely read by its audience of technical

and engineering professionals mainly in R&M. It meets the reader's criteria for a sound, well-

edited technical publication. The data is clear, the writing concise, and the data sound. The survey

provided clues to increased readership and reader acceptance.

Scott, Brown, & Co. recommends that with a high "pass-on" readership, the reach of the

publication should be broadened. Numerous suggestions and requests for more technical data and

more frequent publication of the newsletter, together with its extraordinary- high readership,

reaffirms the fact that the RAC Newsletter is attuned to the needs of, and meets the criteria of, the

R&M industry.
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8.0 RAC PROFESSIONAL STAFF

The following technical professional staff memebers were assigned to the Reliability Analysis
Center opeations during FY'88. Personnel supporting RAC less than 50% of the time are not

included on this list. Titles and specialty areas are included.

S. Flint, Manager of Research
Director

R. Arno, Associate Engineer
Nonelectronic Parts Reliability

E. Bolden, Research Engineer
Systems Reliability

J. Carey, Research Assistant
Data k~quisition

C. Carroll, Research Programmer Analyst
Systems Integration, Value Engineering

G. Chandler, Research Assistant
Reliability Data

D. Coit, Manager of Research
Nonelectronic/Nonoperating System Reliability

C. Cox, Associate Data Analyst
User Awareness

D. Crossland, Administrative Supervisor
Office Management

W. Crowell, Research Assistant
Data Acquisition

W. Denson, Research Engineer
Electrostatic Discharge, VLSI Reliability

K. Dey, Science Advisor
Statistics, Quality Productivity Improvement

W. Doremus, Senior Engineer
Production Readiness

D. Dylis, Research Engineer
Nonelectronic Parts Reliability, Systems

K. Free, Associate Programmer Analyst
Systems Analysis
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N. Fuqua, Senior Engineer
Component and Systems Reliability, Training Course Instructor

M. Hartz, Science Advisor
Statistics, Mathematical Modeling

K. Henniger, Assistant Programmer Analyst
Systems Analysis

J. Hill, Associate Engineer
Microcircuit Reliability

K. Huss, Research Engineer
Systems Reliability

J. Irving, Research Programmer Analyst
Systems Analysis

S. Kus, Research Engineer
Systems Reliability, Training Course Instructor

K. Lindquist, Division Administrative Assistant
Administrative Support, Systems Analysis

D. Mahar, Associate Engineer
Microcircuit Reliability

N. Pfrimmer, Division Administrative Assistant
Training Courses and Workshops, Marketing and User Awareness

M. Priore, Associate Engineer
Microcircuit Reliability

B. Radigan, Research Assistant
Systems Analysis

D. Rash, Associate Engineer
Microcircuit Reliability

J. Reed, Associate Data Analyst
Systems Analysis

R. Sadlon, Associate Engineer
Mechanical Reliability

J. Saporito, Associate Engineer
Systems Reliability, Testability

D. Tyler, Associate Engineer
FMEA, FMECA, Systems Reliability

R. Wanner, Associate Programmer Analyst
RACIS Coordinator, Depot Readiness
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R. Wawrzusin, Research Engineer
CAD/CAM/CIM, Depot Readiness

S. Wheat, Assistant Progranner Analyst
Systems Analysis

1. Wilbur, Research Engineer
RAC Training Courses
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The information and data contained herein have been compiled from

government and nongovernment technical reports and from material
supplied by various manufacturers and are intended to be used for
reference purposes. Neither the United States Government nor lIT
Research Institute warrant the accuracy of this information and data. The
user is further cautioned that the data contained herein may not be used in
lieu of other contractually cited references and specifications.

Publication of this information is not an expression of the opinion of The

United States Government or of lIT Research Institute as to the quality or
durability of any product mentioned herein and any use for advertising or
promotional purposes of this information in conjunction with the name of
The United States Government or lIT Research Institute without written
permission is expressly prohibited.
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The Reliability Analysis Center (RAC) develops and offers for sale State-of-
the-Art Reports, Data Analysis Books and conducts Special Studies on a continuing
basis. These products and services are designed to provide the reliability and quality
control communities with up-to-date information on relevant topics. A variety of topics,
including electronic and non-electronic device reliability, electro-static discharge
susceptibility, equipment and system reliability, maintainability and system level
analysis are included within the scope of the RAC.

The RAC has been called upon by various Offices of the Department of Defense as
well as defense contractors to provide information or independent third-party
assessments of designs during the procurement process. Because the RAC does n~ot
stand to benefit from either a favorable or unfavorable appraisal of any contractors
design, an unbiased analysis can result

The prices charged for RAC products and services are lower than might be
expected for information as valubl. The information contained in products such as
the State-of-the-Art Reports cam repac many hours of research, and Special Studies
suc" a Failure Modes and Effect Analysis (FMEAs) or Parts Stress Predctions (MIL-
HO8K-217 Predcton), the cost to the customer can be well below that of conducting
the same study in-house.
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F ULL SER VICE PAR TICIPA TION
PLAN

The Rekability Analysis Center offers a Full Service Participation Plan which affords rapid access at all
times to the vast RAC reliability resources by opening a Participating Membership account. The plan is
open to all U.S. Government agencies, government contractors, commercial producers and users, device
vendors, laboratories. edu~cational institutions and qualified foreign organizations.

Pricta and Services available wader" theplan iiadde:-

Relability and Mantainability Engineering
* Statistical Consulting

" Biographical/Uterature Searches
" EOS/ESD Consulting

* RAC Publications

*Cusbolized Data Searches

Particpant auoutial reeve

*Amoe to RAG Resources - without the de"a and expense of issuing indvidual purchase
requjests (knited only by the balance in usees RAG accunt)

*Reftlity Publications - one copy of each pubicaton as the are issued at 201/ off list

*Discount Pftlegss - addtl n mopnes of any RAG pubicadions (except video tapes) at 20% off
Ist

*Accunt Maintenence - RAC 1 aintaein the acount reccyd of funds expended and furish~ an
account statement every rnh or at the customers requjest

A RAC Full Service, Partcipato P -- an can be opened in tw uxay

*Pro-deposit of a minum amount of $500 U.S., $575 Non-U.S.

*A purchase ~.e (not lees than $500 U.S., $S75 Non-U.S.) with a "not-to-exceed" amount
indcated (RAC will bi as neeided)

*Checks or purchase orermusijt show vendor as IITREIRAC

A subscription can be canceled by RAG if the account balance remains $35.00 or less three consecutive
months, or at the custors request.

Address yur correwpoesdenee to: Gina Nash, Reiabiliy Analysis Center, .O. Box 4700, Rome,
4NY 134404=~N * redephone (3Z5) W37OO or Mitovoes 587-4151.
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RELIABILITY
PUBLICATIONS
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DISCRETE SEMICOND UCTOR
DEVICE RELIABILITY

DSR-4

Discrete Semiconductor Device DSR-4 supplements the information
Reliability, (DSR-4), is the most available in publications such as MIL-HDBK-
comprehensive collection of discrete 217E, Reliability Prediction of Elect-
semiconductor device reliability data and ronic Equipment and MIL-STD-701,
information available since its predecessor DSR- Lists of Standaro Semiconductor
3 was published in 1979. Devices. DSR-4 highlights failure rate data on

discrete semiconductor device types covered in
Compiled from both mnilitary and commercial MIL-HDBK-217E, as well as state-of-the-art

data sources, data is presented on all transistors, devices niot in 21 7E.
diodes and optoelectronic part types currently
covered in MIL-HDBK-217E as well as special or This data is cnitical to design trade-oft
low-population parts including: analyses, reliability growth monitoring and lite

* er F~scycle cost/warranty period analyses.
*Transient Suppressor Diodes In addition, failure mode and mechanism
* Infrared LEDs data critical to analyses such as Failure Modes,
* Diode Array Displays Effects, and Criticality Analyses (FMECAs) is
*Current Regulator Diodes presented in both tabular and graphical formats.
* Photovottaic Cells
*LiuJid Crystal Displays _____________

Microwave Diodes DIODE FAILURE MODE
W irowave Transistors DISTRI BUTION

Pertinent device and application-specific
details characterizing the device failure are
presented in the detailed data section including:

IT 2
* Device Type
*Package Type
*Screen Level
*Application Environment
*Temperature
*Electrical Stress
*Number Tested xdfibAE Md C~

*Number Failed
*Part Hours

The DSR-4 data compiea over the last nine
DSR4 mwr qiestons of conesm to years updates the pre-1978 DSR-3 data. The

rullabty uionmi Incling: impact of changes in technology and production
processes on device reliability is investigated in a

LHow have Myp1 devW fWte rates Chaarixf pit DSR-3/DSR-4 data analysis, which demon-
wwftastl-ls omstrafes a mauked improvement in the failure rates

What is astx 10.15 yeulxi rja of diodes, transistors. thynstors and LEDs since
W~atpi~i~faijream?1978, especially in the non-MIL devices used in

j )oes the exivvirllia faie ditrubon commercal equipment.
sutfny dascbe disaete sacndco
-evce failre Dattl~rris? DSR-4 Is available for $100 (U.S.)
-4ow do toe Wurte ra~s of two differt traistsx $120 (Non-U.S.).
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MICR OELECTR ONIC FAIL URE
ANALYSIS TECHNIQUES

MFAT.1

Destructive Failure Analysis of defective by: a) the Rome Air Development Center, b)
electronic parts is often the key to the solution of General Electric's Syracuse Electornics
reliability problems. But how do manufacturers Laboratory and c) the Reliability Analysis Center.
go about establishing this capability within their This publication provides detailed steps for the
own facity? establishment and operation of a cost-effective

failure analysis laboratory.
To address this vital question the

Reliability Analysis Center has published This guide was the product of an on-site
Microelectronic Failure Analysis failure analysis laboratory survey, a document
Techniques, MFAT-1. This highly review board composed of acknowledged
instructive document is the result of a joint effot experts from both government and industry,

technical inputs from rumerous reliability
F MA1 specialists and extensive literature search.
OTAON

FAILURE I -

ANALYSIS TABLE OF CONTENTS
APPROACH
FLOW • General Instruments
DIAGRAM • Reference DocumentsREC11CALLY

0 Failure Aalysis Techniques
. Laboratory Safety Procedures
* Giossary of Termisa Technique References

MFAT-1 is a procadural guide intended to
serve as a tool for the beginning failure analyst as
well as a onvenirent reference source for thb

MASANexperienced analyst and others such as quality
and reliability project engineers in thesemiconductor industry. It represents a
collection of the most useful failure analysis

011 Atechniques being used by industry leaders in
4NT07wmthis growing field.

The specific techniques described in detail
in this publication include: Fault Isolation,
Radiography, Package Ambient Gas Analysis,
Infrared Thermal Mappiig, Liquid Crystal

I > Analysis, Surface Topography Measurement,
Optical Analysis, Metallurgical Analysis,

MScanning Acoustical Microscopy, Microbeam
Analysis, etc.

MFAT-1 Is available for $125 (U.S.)
00CuAadrK- $135 (Non-U.S.).

A-8
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A PRIMER FOR RELIABILITY,
MAINTAINABILITY AND SAFETY

STANDARDS
PRIM-1

Given tho vast array of Military Specifications, documents which may be unique to a specific
Standards and Handbooks available today, it is branch of the military. An introductory chapter
often very difficult to determine those that most discusses general background issues and
adequately address the Reliability, Maintainability guides the reader to the most appropriate
and Safety requirements of a given program section based upon the nature of the inquiry.
without spending a great deal of time and effort
to obtain and to study numerous documents.

To simplify this arduous task the Reliability I W c.w Fo,

Analysis Center has just published A Primer Ret . 4=A2 .L 33

for Reliability, Maintainability and Safety 1 1Standards, (PRIM-I). so W.10701 4..STOI 1.W.SI I I
The document contains buief descriptions of I. I.C

the many Military Standards. Specifications and 301SKETS iSOWSh4ETS XXXXISEES YY"44S

Handbooks dealing with Reliability, ,M i, ,I, , b . X11 111. 10,

Mantainablity and Safety currently available. It
provides a quick, concise and pertinent L
overview of the most important military ..aT.=a a.=.-TD.oO

documents in the field.
RELIABILITY PART/DESIGN- APPLICATION

SPECIFICA TIONS
MAJOR SECTIONS

Thus the user, provided with a single
reference guide to the applicablity and use of

1. RellahdIt Program Spclfctmitlon the most relevant R, M & S nimitary documents,
can avoid having to order and review each

2. Reliability Assmemmd Speclfleattlmi document separately to determine its application
to a specific program, and how to use it. This is

3. Rliabl:NItyf O.n .Spectcatitons especally helpful to proposal efforts by relatively
4. new companies in the field, or companies who

4.aor Parts SPS~ flS..M = may not be familiar with government

S. IMaintakabillty Progran Specilkation, procurement programs.

6. Malntalnablity Deeign Specifications kW SOrO-

7. Mantamblllty Assessmant Spec1flatiorm T. Z m 3 Tit, zI, a ,

8. Satmty-Reiatmd Sp elc T I
This 400-page public.ation consists of thirty-I

eight chapters. EaKh one deals with a single
standard. speciticab~on or handbook. It gives a -,i<3 -1,="-."m
b~nef descnption of the document, explains its
significance to the program and/or pliase of the
program, describes the purpose of the REUABILII"Y PROGRAM
document, lists any applicable data item SPECIFICATIONS
descnptions (DID's) and gives a bnet explanation
of how lo use the document. Ii expinms, where PRIM-i Is available for $95 (U.S.) $115
necessary, how to tailor the document's (Non-US.).
requirements and also identifies those A-9
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ELECTR OSTA TIC DIS CHAR GE
SUSCEPTIBILITY OF ELECTRONIC

DEVICES
VZAP-1

Electrostatic discharge (ESO) problems are Classification Data (per MIL-STO-
very prevalent today in the electronics industry. 1686)
ESO control measures can be very expensive 0 Microcircuits in generic part number
and, if not effectively implemented, can result in order
unnecessary expense. One very necessary 0 MIcocircuits in military part number
element in the effective implementation of an order
ESD contrrA program is the identification of the 0 Discrete components in generic part
ESD susceptibhly of the parts being handled or numb~er order
assembled. The identification of these parts is *Discree components in rmfitary part
the intent of the 341 page VZAP-1. number order

Military specifications are also mandating Discussion of sources supplying
ESO control procedures based on the data data to VZAP-1.
contained in the Reliability Analysis Centers
VZAP database. from which VZAP-1 was
generated. Data contaned in VZAP-1 can be In addition to detaled ESD susceptibility on
used to: specific parts, data summaries are presented

displaying failure volage distribiflons for several
idenifly tMe ESO suaeptibility of an nicockjttcnl~s The following figure is

equipment an wuTa2le of this analysis:

*identfy areas where addiinal
transient protection is necessary

*asaiatin the selection of less
susceptible components

VZAP-1 contains detailed suasceplibillly data
(part type, manufacturer, test type, threshold
level, faire criteria. et.) on approximately 7003
microcircuits and 500 discrete semicondujctor
devices. ESO classification data is also
presented for these partts (based on the DoD-
STO-1686 and DOD-HDBK-263 classification
scheme) ordered by generic numnbers as well as
MIL-M-38510 and MIL-S-i 950 numbers.

PM.Ui VOL?4 aSINUUTU. - Ck= 0WY=
A brief outline of VZAP-1 is as folows: _______________

Background Information Another RAC product. SOAR-6, "ESO
To esthods Control In the Manufacturing EnvIron-

*Failure mehsm meat," when used in conjunction with VZAP-

Detailed Device Susceptibility Data i, recommends ESO control measures based
*Microarvuit on the susceptibfty levels identified by VZAP-1.
*Discrete Cornonents VZAP-1 Is available for $95 (U.S.)

$105 (Non-U.S.).

A- 10



NONOPERA TING RELIABILITY
PREDICTION SYSTEM

RA C-NRPS

Equipments exposed to long periods of operational status, the reliability alter the Nth test
storage will experience measurable degradation, interval is given by:
When a system is stored for long penods, with
short operating times, the majority of failures will R(N.t). e"IN ( 1 -a) ZTTI e- ;41tNTT]
occur during nonoperating periods, regardless
of the fact that the operating failure rate may where
appear to be much higher.

To address this important issue, the R(Nt) treliability following test Nat time
Reliability Analysis Center introduces the N test number
NONOPERATING RELIABILITY PREDIC- t tost ime

TION SYSTEM (RAC-NRPS), a compre- t - total storage time
hensive software package designed to predict TT test interval

the impact of nonoperating periods on a - test effectiveness
equipment reliability. (percentage of failures

detected by test sequence)
The RAC-NRPS analyses are intended to X system nonoperating

complement predictions of operating reliability. failure rate
When used in conjunction with an operational
failure rate prediction (MIL-STD-217), the This relationship is depicted graphically in
combired operational and nonoperational failure figure below.
rate ot a system can give a total and more realsbc
assessment of reliability. EST *T

The RAC-NRPS contains facilities to enter TEST 13
and edit assenlby and part level data records. All // EST
data input routines are designed for speed, $ /
while the editing functions allow free movement I
and editing ot all records. Assemblies without
parts lists may be inchided by assigning a failure
rate to the assembly during data input. In
addition to the part types described in RAOC-TR- T T T T
85-91A, the 'Miscellaneous Parts* section T T T T
allows unique parts to be included in the
precliction by assigning a known failure rate. -

PERIODIC TESTING MODEL Effects of Periodic Testing on Reliability

A specialized model to analyze the effects of To run, the RAC-NRPS requires an IBM
penodic testing on stored system reliability is PC/XTIAT or 100% compatible computer with a
also given. The analysis can be performed on an minimum of two diskette dnves (a fixed disk is
entire system or a single assembly. The test recommended). MS-DOS 2.1 or higher or PC-
effectiveness, i.e, the proportion of failures DOS 2.0 or higher, and a minimum of 384K
detected, may be vaned. The reliability model for bytes of RAM. Included with RAC-NRPS is a
the exponential distnbution is also displayed for copy of NONOP-1, Nonoperating Reliability
companson with the specialized penodic testing Databook,* a RAC Publication dealing with
model. nonoperating field data.

Given a penodic testing schedule to identify RAC-NRPS Is avallable for $1,400

failures and restore failed equipment to (U.S.) $1,450 (Non-U.S.).

A-ll



NONOPERA TING RELIABILITY
DATABOOK

NONOP- 1
Reliability experts agree that equipments databook quantifies the effects of these

exposed to long periods of storage experience enivironmflental stresses on nonoperating
measurable degradation. However, until now reliability, and discusses many of the failure
there has been little agreement on the methods mechanisms which can occur as a result. Also
to be used when predicting such degradation, included is a discussion on the effects of
Mary of these experts have been using 10 periodic testing on system reliability.
percent of the operational failure rate as an
approximation for the nonoperational failure rate; With the data presented in this pubication, it
however, the use of 'correcton' factors is a very is possible to derive accurate nonoperating
approximate method at best. It is intuitively comnponent failure rates which, when used in
wrong to assume that operating and conjunction with the RAC Nonoperating
nonoperating failure rates are directly Reliability Prediction System (RAG-
proportional. Many application and design NRPS) or RAOC-TR-85-91, will estimate
variables have a pronounced effect on the nonoperating system reliability. The system
operating failure rate, yet a neglgble effect on reliability information may be used to perform
the nonoperating failure rate. For example, design trade-offs, to estabish testing intervals.
derating results in a significant decrase" in to deternyne when to scrap old supplies or to
operating failure rate, but can have no effect help compute cost-effective warranty periods.
when no power is applied. Thes" are important considerations for spare

parts inventory or for systems (e.g., milssiles)
For this reason, the Relabilty Analysis whichi may spendl many years in storage.

Center has put togeter the Nonoperaing _______________
Reliability Databook, NONOP-1.
NONOP- I conhain 328 pages of nonoperatig SOME OF THE MANY
field and ted daua on an assortmet of electical. PART TYPES INCLUOED IN NONOP-1
..mscanla and elec~fomnchaicai parts. it is the
first RAC databook devoted entirely to the Resistors Capacitors
relabulity of eq~uipments in the nonoperating Indujctors Diodes
state. The data presented has been collected Tranistors Mcrocircuits
by RAC from dozens of goverrnment and rxm Tubs Hybrids
govenMeNt SOUMAN. Swries" Relays

Connectors Meters

Diodes Pumps Batteris]

10 NONOP-1 provides surmaries and detaled
1111 M data on a variety of devics. -Similar part types

W *am are grouped to allow quick omrpansons among
themselves. Summary data tables provide
nonoperating field failure rates, which are
comnpared to predicted failure rate values.

- (Predctd failure rates have been derived using
RAG's Nonoperating Reliability Prediction

Mul System (RAC-NRPS), based on the RADC
Technical Report, *Impact of Nonoperating

________________________ Periods on Equipment Relibility;* RADC-TR-85-
91). NONOP-1 is intended to complement

Each item, whether a system, sub-system, documents such as RADC-TR-85-91 and MIL-
assembly or component, experiences the HOBIK-217.
effrn-.s oi tonvironmental stresses. These
stresses include ternperature cycling, humidity, NONOP-I Is available for $150
vibration due to transportation and handling, (U.S.) $160 (Non-U.S.).
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MICROCIRCUIT SCREENING
ANAL YSIS

MDR-22
This 169 page publication makes fallout rate data The following example of a typical analysis

on integrated circuits available to RAC users. This presented in this publication indicates the fallout rate
data can be used as a baseline to define typical of devices subjected to rescreening.
fallout rate values as a function of device and screen
stress variables. This publication covers digital, FALL-OUT R,.S COM IBSONFO umN..N WIT" "NO WITHOUT
linear, interface, and memory devices. dKVINONMENTL SRISS TKSTIQ

All data used in the development of this ."-

publication (which was collected from a variety of 4

external sources) was extracted from the RAC , 3.0

Integrated Circuit Reliability Database. 2.5 Z
39 2.0

Various standard screens are analyzed, as well
as screening sequences, making this data extremely 3
useful for those who wish to: 0 S a 8.1 5.2 0 0.1

1 Compare fallout rates from a particular process or 0VICI, SCREEN CLASS

line to industry averages w,= W ,w SW ,- W, -w

2. Customize screening tests to optimize the
cost/benefit ratio (non-miltary appllcations) Rosrean Fall-Out Rates vs.

Screen Class

Summaries and analysis are presented for The cost to the customer of these screening
various part types (function, technology, and te coside rome o test sdrom
package type), standard screening tests" tests vanres considerably from test to test and from
(environmental and bum-in), temperature, test manufacturer to manufacturer. Careful selection of
length and screening sequences. Additionally, to screening stresses, durations and failure cntena can
simultaneously quantify the effect of each of these result in very cost-effective programs that give
vanables, multiple regression analysis models are excellent quality assurance. The data in this
presented which allow the user to identify a typical publication is designed to allow the user to
industry-wide fallout rate as a function of these intelligently make such selections.
vanables. MOR-22 Is available for $125 (U.S.)

$135 (Non-U.S.).

MICROCIRCUIT SCREENING DATAMDR-22A

This publication conains 375 pages of detailed Bum-IrvEnvironmental Screening
microcircuit screening data used to develop the Single Environmental Screens
analyses of MDR-22, *Microorcuit Screening Environmental Series Screens
Analysis.' RAC is making this data available as a • Step Stress Screens
separate document to enable the user to:

The data contained in this publication has been
!1) Perform analyses that were not presented in extracted from the Reliability Analysis Center's

MOR-22 Integrated Circuit Reliability Database. This data has
'2) Exarrwne unique pan numbers or a specific been collected as part of RAC's data solicitation

set of test condtions programs as well as numerous government and
industry reports on the subject of microcircuit

The data in this publication is segmented into screening.
'?'e fOlOWing test types. MOR-22A Is available for $75 (U.S.) $90

Bum-In (Non-U.S.).
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MICROCIRCUIT DEVICE
RELIABILITY DATAB OOKS

MDR-21, MDR-21A AND FMDR-21A
Field failure rates of microcircuits searches to be conducted rapidly on various

are an extremely important area of data fields and the results of these custom
concern for many equipment producers, searches to be either dlsplayed or printed.

To address this matter the Reliability For added flexibility the files in FMDR-21A
Analysis Center has released an important series are in dBase IlII format allowing users of Ashton-
of new publications consisting of the Tate's dBase III to write their own data access
Microcircuit Device Reliability Trend program and report forms if desired or alternately
Analysis, (MDR-21); the two-volume the results of a data search may be down loaded
Microcircuit Device Reliability Field to an ASCII text file which can be read by
Experience Database (MDR-21A). and numerous other software packages.
the floppy-disk version, FMOR-21A. Furthermore the files are not copy-

protected; this allows the data to be copied
MOR-21 is a 370 page document devoted into a hard-disk and backed-up using standard

to the investigation of trends developing in DOS utilities.
microircuit reliability. it contains evaluations of
numerous microcircuit types common M4oUYOLAWLWMX,Mr 1C

throughout industry, separated into generic =
functionai groups such as: digital (SSI, MSI, and - no=,
LSI), inear, interace, memories and other VLSI
devices.

PaLUR UOOU ODTAL 10 M04

A CXXMrN r NAVAL

PAt 1UNC11ON

MOR-21 Is available for $95 (U.S.)
$105 (Non-U.S.), MDR-21A $125 (U.S.)
$135 (Non-U.S.), or FMOR-21A $175

MOR-21A Is a two-volume companion (U.S.) $185 (Non-U.S.).
documen to MOR-21. This data compendium
provides detailed hld failure data, including
itemized prt-level filure tecoms and failure
event information. The failure event section
details the nature of a device failure by
investigating the device characteristics and the
imposed environmental or electrical stresses
which were responsible for the failure
occurremce.

FMDR-21A is a IBM-compatible, three-
floppy-disc version of the same data found in
MOR-21A. This electronic data book allows

A-14



NONELE CTR ONIC PAR TS
RELIABILITY DATA

NPRD-3

This 360 page document provides failure rate NPRD-3 is divided into four sections:
and failure mode information for electrical,
mechanical, electro-mechanical, hydraulic, (1) background information, data Iitations,
pnieumnatic and rotating device. assumptions and data analysis procedures

(2) genetic field failure rates for a vaiiety of
Data appearing in this publication represents a operating environments

compilation of eqluipment Reld experience in miliary, (3) detailed failure rates for selected part
commnercial and industrial applications. types

(4) failure mode distributions for various
The data includes identfication of part class, part mechanical and electro-mechanical parts.

type, operating environment, user, point estimaite,
60% confidence interval (lower and upper), number _______________

of records merged, number of failures recorded and
total of part operating hours. This information is OfO PCFCTa
presented in a clear anid ooncise tablar format which
makes it relabiliy import readiy apparent.

The fIires depicted are typical analyses uo M

coritaired in NPRO-3. TLPM

m- -r OFini

S4H1UO 111

TRANSOUCER

- - NPROD-3 to available for $80 (U.S.) $90
Pw*A~pt(Non-US).

FNPRD -3
FNPRO-3 Is the diskette version of NPFRD-3 and report forms df desired.

data. Contaned on three IBM-compatible formnat
diskettes, it allows searches to be conducted on As with NPROD-3 it contains identification of
various data fields with the results of these custom part class, part type, operating environment, user,
searches either displayed or prited. point estimate, 60% confidence interval (lower anm

upper) number of records merged, number of
For a i ine flexibity the files in NPfRD-3 are in failures recorded and total of part operating hours.

dBase IIl Plus forniat allowing users of Ashton-Tate's
dBase Ill Plus to write their own data prga FNPRD-3 Is available for $125 (U.S.)

$135 (Non-U.S.).
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ANALYSIS TECHNIQUES FOR
MECHANICAL RELIABILITY

NPS- 1
Although the information exists for applying An extensive discussion of the current

modem analysis techniques to nonelectronic analysis techniques used for assessing the
equipment, this information, unfortunately, is reliability of mechanical parts and systems is
widely scattered and lacks adequate contained in Chapter 3. It provides techniques
standardization, and examples for determining the quantitative

estimates of performance accoimplished through
To help rectify this situation the Relability reliability predictions of mechanical devices.

Analysis Center has issued Ats first publication Meaningful trade-off studies can then be
dedicated to the systematic application of implemented to determine the eff ect on
modem analysis techniques to the relabilty of performance, cost, size, safety and weight of
nonelectronic equipment. various designs.

Analysis Techniques for Mechanical
Reliability, NIPS-1 is a 170 page docun'int BASIC PROCEDURE
which is unique in the field. It provides an FOR A
effective arrangement of specific material refaed RELIABILTY ANALYSIS
to mechanicali reliability and emphasizes the h ei t Ssmprope appication of this marmial. ApplySystem Cofo a Methods

*Apply Pot Predin Methods
* PvedI~SyuwmRlability

P Rekbfty Summary & Recwmmendations

------------ -------------------------------------------------

I 1IW
U7I ^TW I~MTOALPAArZN AMNr

U'IU..2Afl. OAIO0AL PAAhW. mofmap

Chapter 1 of NPS-1 presents an oveirviaw of Chpr 4 oncludes with additional remarks
the reliability disciplnes, and a quantitative concerning mechanical reliability and its
presentation of the evolution of the entire quantitative evaltiatlon and identifies continuing
discipilne. area of research and developmnrt.

A transition from statistical theory to reliality The very important Weibull d~.thbtton is
theory is provided next. Chapter 2 contans the discussed in greater detail in Appendix A while
fundamental aspects of statistics important to Appendix B addresses the basic laws of
reitability inchudng probability density functions. probability.
cumulative distribution functions and the hazard
rate concept. NPS..1 Is available for $56 (U.S.) $66
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IC QUALITY GRADES:
IMPACT ON SYSTEM RELIABILITY

& LIFE CYCLE COSTS
SOAR-3

This 96 page report examines the main
factors governing the relative reliability and PRIMARY AREAS OF CONCERN:
applicability of plastic encapsulated ICs (both
screened and unscreened), commercial, 1) Initialdevice costs.
hermetic sealed ICs, and JAN-qualified ICs. 2) Associated procurement lead times.

3) Application stresses unique to plastic
The reliability and applicability of commercial encapsulated ICs.

grade, plastic encapsulated IC's, are receiving 4) Procurement practices for obtaining the best
increasing interest as the result of widespread available plastic ICs.
assumptions about the present state of the 5) Life cycle cost analysis for alternative quality
microcircuit inrdustry. grades.

To address this important issue the Reliability
Analysis Center has released IC Quality It also presents a methodology for life cycle
Grades: Impact on System Reliability and cost estimations for alternative IC quality grades
Life Cycle Cost (SOAR-3). based on all of the information published in this

Topics addressed include the substantial report.

gap between the cost of procuring commercial
versus JAN-quajfi parts, the lwer availablty of "-
JAN parts in comparison with commercial parts,
and the quality of modem plastic encapsulated
devices. IA-

The publication presents data obtained
from an industry survey of IC costs and
procurement lead times, a detailed discussion of
these factors based upon an intensive literature L.7
search, interviews with field experts, and an I $.

examination of failure data from the RAC IC
database. It then draws specific conclusions '"

concerning the effect of part quality upon
procuaremient cost and lead time.

01TA go OTAL US ~i

PACXAGRWTX.O0G FAILUO "T"U "MR Val" OU M

SOAR-3 Is available for $46 (U.S.)
f S56 (Non-U.S.).

WanTy A. lC4OOll I.SO C@ AVGUM COW M 1 MI CLAS
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SURFACE MOUNT TECHNOLOGY:
A RELIABILITY REVIEW

SOAR-5
The Reliability Analysis Centers publication Thermal stress results when materials with

Surface Mount Technology: A Reliability different coefficients of expansion are joined and
Review (SOAR-5) presents an overall picture of exposed to variations in temperature. When the
surface mount technology, emphasizing the materials respond to thermal fluctations each at its
reliability of surface mount packaging, solder Ofnt own rate, the bond between them (the solder joinyt)
connections and printed wifing boards. Most of is stressed. Damage is cumulative. The solder
the material presented is universally applicable to a joint progressively weakens with thermal
large variety of devices and device packages. fluctuations and the probability of failure increases.

Stresses that develop in a typical surface mount
Surface Mount Technology (SUT) assembly conitaiing a ceramiwc leadless chip camner

differs from the customary DIP through-hole and an epoxy-glass substrate are depicted below:
assembly of electrical devices by soldering the ______________

component directly to metallized pads, or mCOwroU010OF A SAACE ANX&T AiLY
footprints, on the surface of the Printing Wiring
Board (PWB3). The solder joirt of a Surface ca
Mount Component (SMC), therefore, serves- La mum
as both an electrical and a physical conniection tou-r
the PWB. Since surface mounting elatinates the I~1

need for hoile-drilling the smaller-imensioned
SMAGs can be placed closse logetter and on both
sides of the board, thus providng irom for Rm
cornponeit placemneft or simply reducing ovral Dept tste stress sensoJAtv, Surface
board size. Mount Technology haa emerged is the

favored fabrication technique leading to
SURFACE MOUNT AGSLY the high-density, high-speed Integrated

10iOCIESS STEPM circuit performance, of today's micro-
1wuin o Suafm Mmant electronics. Manufacturing processes

employed with conventional DIP componentry are
being repiacedl by SlAT, industry-wide. in cost,

Co~ow ari PC P "waft size, weight and performance charactenstics
surface mounting is better meeting the demands
and competitive pressures of advancing

Solder Pumt Deposition nIdocwcrow 1 tuizuo

Comiponen Mounh wWMMPTU PCgC f

Bake Cycio

Slenng-

Poei-Soidet Clewiuig

Is aw to 00vo

Inspedion

ROWorI SOAR-S ts available for $56 (U.S.) $6
(Non-U.S.).
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ESD CONTROL IN THE
MANUFACTURING ENVIRONMENT

SOAR-6
Explosive growth of ESO-protective requirement. Some generic products may be

products have introduced a vast array of very effective in a given situation but may
products for the potential buyer, thus making degrade with use, or they may be ineffective
optimum ESD protective product selection very under different circumstances.
difficult. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

To meet this challenge the Reliability 4a

Analysis Center has released the publication 3.

titled "ESO Control in the Manufacturing _32

Environment," SOAR-6. This 200 page 29 2

publication presents a detailed plan for the 24
development and adaptation of a universai ESD 20-
control program. This plan can be made i
applicable to any manufacturing environment 1 6-
and to any eectronic product. 

12- o r

SOAR-6 also explores the variety of ESD L
prevention products available, discusses the __ _ _ __ _ _ _

advantages and disadvantages of various £I7S611 2

generic products, and presents ob*lct test mwiw d cno.
methods for verifyinog the effectiveness of these
products. TYPICAL UPE TRSW RESULTS

THREE MAJOR PREMISES: Chapter 3 addresses the strengths and the
weaknesses of various generic products and

All eictrc pans and eq~wni;a a provides guidance regarding instances in which
eqa~ %jcpblo to daa frm oicrot a given generic product may niot be effective in

discri"meeting a specific ESID-protectlon requirement.

MariufaciAng faciltm have inhereri diffrenos Significant variations exist within generic
products, both between different manufacturers

Eleaonimc products have diffarrn irwrnsac vabimn products and within a given manufacturers
(seriousnes of the tahie of the end pmdud product Ie@. Chapter 4 defines specfic product

qualification and acceptance tests for vanious
ESO protective materials. lt also defines an ESO

Chapter I defines an Ideal" ESD control controil program monitoring plan.
program, the mos coniprehisive possible and Appendix A includes information on a
adequate tor critical. high-intrinsic-value number of electrostatic dischiarge video tapes
electronic equipments highly susceptible to currently available for 650 education and
damage from ESD. awareness fraining.

An lideal" program would be 'over-kilr for Appendices B and C contain samp~le copes
most electronic equipments. Chapter 2 of proposed detail test methods for some of the
estabushes criteria for the tailoring of ESO rmr eei S roeto aeil n
requirements for electronic equipments which epmenercpotcinmte.l n
do not rdemand an 'Ideal, high-cost, program of eqimns
ESO protection and control. SOAR-6 Is available for $56 (U.S.) $66

A variety of generic products are often (Non-U.S.).
availatble to fulfill a specific ESD-protection
requiremnent. Not all of these producls would be
equilt effective m the accomokshment of that
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STATE- OF-THE-ART REPORTS

PRACTICAL STATISTICAL ANALYSIS FOR THE RELIABILITY
ENGINEER

SOAR-2

This document consists of a senes of *stand-alone* chapters which comprise an elementary text on
statistical methods applicable to reliability studies and data analysis. Aimed at the non-specialist, the text
explains a variety of statistical methods and covers both parametric and non-parametric methods.
Practicing reliability engineers are also aided in selecting and using appropriate analytical methods.
SOAR-2 is written in understandable language with a minimum of esotenc mathematics. Graphs, tables
and clear, explanatory prose stnp away statistical mystique. 1983, 180 pages. SOAR-2 Is available for
$36 (U.S.) $46 (Non-U.S.).

CONFIDENCE BOUNDS FOR SYSTEM RELIABILITY
SOAR-4

This study supplies algorithms for estimating confidence bounds on system reliability from subsystem
reliability estimates. Four theoretical methods are compared through a simulation study: these methods
are suitable for use in conjunction with subsystem-level fixed sample reliability tests (as descnbed in MIL-
STD-781, "Reliability Tests and Exponential Distnbution)." Standard procedure for estimating and
simulating confidence bounds removes the ambiguity often faced by project offices and allows
maintenance units to effectively plan support needs. This text is oriented toward non-statisticians. 1985,
200 pages. SOAR-4 Is available for $46 (U.S.) $56 (Non-U.S.).

EQUIPMENT DATAPUBLICATIONS

ELECTRONIC EQUIPMENT RELIABILITY DATA
EERD-2

This publication evaluates systernvequipment level reliability. The compendium contains data on
military electronic equipments at the set, group and unit levels derived from the RAC's dedicated data
base. This data base contains specific information on the contractual and technical descriptions of
equipment reliability, availability and maintainability. The pilmary objctive of the document is to provide
sufficient information for the evaluation of common reliability practices as well as for the investigation of
those parameters designed to assist in the development of reliable equipments. Further, the data helps
to refine, revise and develop reliability and maintainability prediction, allocation and demonstration
techniques with regard to the environment and type of equipment. 1986, 400 pages. EERD-2 Is
available for $80 (U.S.) $95 (Non-U.S.).

ELECTRONIC EQUIPMENT MAINTAINABILITY DATA
EEMD-1

This compendium oontains mairtenance and repair time data on nlitary electronic equipments at the
subsystem, set, group and unit levels. The document presents a vanety of detailed equipment level
maintainability data to assist in the effective evaluation of equipment field reliability. The information is
given to facilitate the traciung of an equmioments maintainability characteristics throughout its life cycle as
well as to provide a baseline for compaanson among similar equipments. 1980, 310 pages. EEMD-I Is
available for $60 (U.S.) $70 (Non-U.S.)
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SEARCH AND RETRIEVAL
INDEXES

IRPS PROCEEDINGS e 1968 to 1978 * 1979 to 1984
TRS-2 and TRS.2A

These volumes provide rapid location of papers on various topics published in IRPS Symposium
Proceedings. The papers encompass the most up-to-date work performed to enhance our
understanding of electronic device physics of failure. Four types of indexes are employed including:
authors, corporations, subjects, and index terms. Within the chronological listing of all papers the detailed
index terms provide an overview of the intent and depth of each paper. TRS-2A, 1984, 210 pages, TRS-
2 1979. 385 pages. TRS-2 and TRS-2A are available for $24 (U.S.) $34 (Non-U.S.).

EOS/ESD TECHNOLOGY ABSTRACTS e 1982
TRS-3A

This document provides a comprehensive bibliography of literature pertaining to electncal overstress
and electrostatic discharge damage. Reference to the degradation of electronic devices encompasses
design, failure analysis, protective measures/techniques and training programs. The references were
selected from the Reliaboity Analysis Centers document files which include acquisitions made from 1967
to 1982. Documents were selected for currency, usefulness and availability. 1982, 287 pages. TRS-3A
Is available for $36 (U.S.) $46 (Non-U.S.).

EOS/ESD PROCEEDINGS * 1979 - 1984
TRS-4

This document provides quick access to articles published in the annual EOS/ESD Symposia from
1979 to 1984. Papers published in the Proceedings represent the most current studies and information
available on the effects of EOS/ESO phenomena on electronic devices. Indexes include an alphabetical
listing of terms, subjects, authors, corporations, keywords in the title and a chronological list of papers.
1985, 133 pages. TRS-4 Is available for $36 (U.S.) $46 (Non-U.S.).

ISTFA PROCEEDINGS * 1978- 1985
TRS-5

This publication makes information retneval from the International Symposium for Testing and
Eailure Analysis fISTFA) Proceedings an efficient procedure. Information is included on every article
:rinted in the eight-year span of ISTFA Proceedings, and that information is separated into six different
'etreval categones: abstracts, alphabetical listing of index terms, author, chronological lists of paoers,
1Y:roration keywords in title, and subject. 1986. 377 pages. TRS-5 Is available for $36 (U.S.)
$46 (Non-U.S.).
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DESIGN RELIABILITY TRAINING
COURSE

Do you have an adequate understanding 1 5. What are some of the various forms of
of the mathematical basis of reliabity redundancy and what are their relative
theory? merits?

2. Do you have a working knowledge of 16. What can be done to a arcuit to
Reliability Apporionment, Prediction & compensate for component drift and other
Modeling? parameter variations?

3. What is the essential difference between 17. What is a "Sctlmoo Plot* and how is it
the 'Basic* and the *Mission Reliablity* used?
Model?

18. What are some of the principal methods for

4. What is the purpose of a FMECA, what dealing with EMI and electrical transients?
type of auestions does a FMECA
address? 19. What is a Sneak Circuit Analysis and how

can it assist the reliability engineer?
5. Given the FMEA for a simple system, what

additional data would you need to 20. What is the basic cause of ESD? What
complete the CA and identify criticality types of components can be damaged?
relatlonships among the pans?

21. Name the pimary tool for preventing ESD
6. Define the following terms: . I. PRST, damage.

discrimination ratio (OR). conkdence
interval 22. How does Fault Tree Analysis differ from

FMEA?
7. What is the difference between

Qualification Testing and PRAT? What 23. What are cut-sets? When and how are
stressing functions are used cluring these they used?
tests?

24. What is the purpose of FRACAS and how

8. Do you have a workng knowledge of the does it function in Reliability "rowth?
folowing?
a) MIL-STD-781 0 & MIL-HDBK-781? 25. How do different manufacturing methods
b) MIL-STD-756 & MIL-HDBK-217? and maintenance concepts impact

C) MIL-STD-2155 & MIL-HDBK-189? equipment reliabiity?
d) MIL-STD-810?

26. What are the four major elements of

9 Given apik:abWe data. could you plan a Testability?
Reliablity Demonstration Test and
estimate the amount of time needed to 27. What is the difference between BIT and

complete the test? BITE?

10- What is the main purpose for derating? 28. What is the purpose of ESS and what

How is it acconmplished with various part primary stresses are used to accomplish t7'

types? 29. How is Tailorlng of MIL-STO-785 task

11 What is the essential dit erence between requirements accomplished?

the Weibull and the Exponential
Distribution? If you wore unable to answer a good

portion of these questions perhaps you

12. Can you perform a detail stress prediction need the Reliability Analysis Center's

for a typical nacrarcud? Design Reliability Training Course. For
further Information on this or other RAC

13 How do you quartity the reliability impact training courses please contact: Mr.
of different quality grades of parts' ?  James W. Wilbur at (315) 337-0900.

14 What is the primary underting assumption NOTE. Miltary Aqenaes may use DD Form 1556
upon which part screening is based? for ordering an on-site course presentation
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PRACTICAL STATISTICAL
ANALYSIS WITH RELIABILITY

APPLICATIONS
TRAINING COURSE

Recognizing the need for and prevalence of prerequisite for attendance at this course. In
statistical approaches used in the transmittal of addition, an elemnentary course (or reading) in
information in today's engineering world, the basic probability or statistics would be an
Reliability Analysis Center (RAC) has prepared advantage.
the tutorial entitled "Practical Statistical
Analysis with Reliability Applications." Course Format

This intensive four-day course which is The course is divided into eight four-hour
presented only in a private, *on-site* mode at a sessions, which run from 8:00 a.m. to noon and
venue supplied by the customner, has been from 1:00 p.m. to 5:00 p.m. Evening study in
structured specifically to help the nonstatlstician solving exercises and reading the text will be
who needs to apply statistical methods or necessary. Each section includes lecture
understand their use in technical reports. It material and student participation in examples,
introduces the non-specialists to statistical projects, and demonstration. The course also
concepts with a ,mrumurn of mathemnatics and includes the use of personal computers with a
explains (by exampule) som popular methods menu-driven statistics package, "The
applicable to paIca reliabilty studes. It also Sttsica, developed by Cusant Systems.
provides a basic unersadi of this statistics ___________________
commonly used in technical reports and supples
the background and references for mnore
advanced methods, while indicating their CM SQUAW000R SOF PT
potential. %lw

Maw Caum coonMs A

" PAfewtomblyl tiwmyandbel XX bu

" Th n- co dW~ft~on.: savli tobm;
non-parar1av; -- ilys of erw

" The cwaffea Gofid
GOOCH= O 09 -T HW1!OCUA AGAINST p.41.

" RgIets 4ean. u166m
" Rebftdairtfiow ad kwmeThe course is structured for applications and

"WOAbu 000q; goadn0m-00-4~t as such does not develop underlying theory
from first principles. Each subject area is

" Life too";: raiily dwloanmsEf tuftm developed using actual reliability studies on
" swrkv ispecd : fk~lv low*failure analyi data.

For further Information on this or
I other RAC training courses, please

contact Mr. James Wilbur at (315) 337-
Because this tutorial presents a vast volumne 0900.

of material in a short timne, the RAC considers
engineering mathematics to degree level to be a NOTE: Military Agencies may use 00 Form

1558 for ordering an on-site course
presentation.
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TESTABILITY PRACTICES TODAY
TRAINING COURSE

Does this question sound familiar? Very reduced test programming, fixiuring, equipment.
likely the cause of the problem lies in the fact that execution and troubleshooting efforts.
the equipment was not designed with testability
in mind. Examples are given of two test strategies

employed at the board level. Major cost
It has long been recognized that if the elements, including capital, fixturing,

inherent testability of the design is not programming, diagnostics and system
addressed right from the very start of the diangostics illustrate conditions in which (a) in-
program it will be physically impossible to later circuit test or (b) dynamic functional test provides
meet specific BIT requirements for the greater cost saving.
equipment. Example #1 is based on 100 parts per PCB.

The RAC training course "Testability 10 PCB's per system and 1000 systems
Practices Today" (TPT) is specifically produced per year, 2.5 faults per board, a
intended to provide procedural guidelines system yield of 85% for in-circuit test and 95%
designed to meet just this need. This course for functional test, and a system cost per fault of
helps you to address the inherent testability $25.00. Example #2 differs only in considering
characteistics of your equipment begnning at 50 PC8s, 5000 systems per year and a cost per
the conceptual design stage and progressing fault of $50.00. Example #1 demonstrates a
right straight through to design completion. $345K saving using in-ircuit test. Example #2

demonstrates a $525K saving using functional
u 'm coum " s test.

In general, the choice between the two
ATR ?*Ul U a Om0. strategies reflects the increase in cost for fault-

0e" owieft" ow mmmfinding at the system level due to the greater
0,comlexity of one of the two systems compared.

VLsi Quiledim Ow T6111p
By corrbinng lecture and workshop tutorial

suhm T~mimeig T~ q i techniques it provides each participant with the
Am" awd m TmwUy knowlidge necessary to design and implement

a testability program within a specific
111111r11 Tom"a "gaWiti.

N.4'lr"11 TESTABILITY BRIDGES THE GAP
Te.bsI 1 Fm1g1111 BETWEEN DISCIPLINES

This intensive three day state-of-the-art
seminar is designed to acquarid attendees with
the very latest techniques for designing
testability into your equipment. The course
addresses both analog and dgtal desgns and is
equally applicable to both military and
indusmial/commercial equipmets. It is designed
to demonstrate the importance of direct, open
and useful communication among design
engneering, test engineerng and management For further Information on this
personnel to provide the vital feedback link to or any of the othor Reliability
make testa ity work in an organization. Analysis Center Training Courses

The TPT addresses the means by which to please contact: Mr. James Wilbur
accomplish increased productivity within each at (315) 337-0900.
functional operation as well as within the total
business organization, and demonstrates NOTE: Military Agencies may use DD Form
measurable cost savings achievable through 1556 for ordenng an on site course

presentation.
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STATISTICAL PROCESS CONTROL
TRAINING COURSE

The term Statistical Process Control
(SPC) strictly refers to the use of charting There are no mandatory homework
techniques (i.e. control Charts, Pareto diagrams, assignments nor are students graded
etc.). Of late, however, the term SPC has been competitively. However, there are voluntary
used to describe the total philosophy of quality homework problems and the students will
management and continuous improvement, receive a certificate of course completion at the
Many organizations call it Ouality- end of the presentation.
Productivity Improvement (OPI).

RAIC also offers an on-site training programn
The Reliability Analysis Center has prepared customiuzed to teach actual examples and case

the training course entitled Statistical studies from the customers own organization.
Process Control which is presented four The program concentrates on problem solving
times a year throughout the U.S. on an open-to- and is taught at three or four levels, as follows:
the-public basis.

1. Top management
This concentrated four-day course presents

a combined managernentsatstical approach to 2. Middle management, supervisor, staff
designing, measuring and controlling high- specialists, engineering
quality processes, products and servces. It support. etc.
uses objective techniqus based on data to
support management decisions and is applicable 3. Worlers, operators, technicians
to all businesses. It enpioys powerful stalica
metods to separate assignable causes of 4. ONI team sem~inars
process vaiabifty from random causes. The__________________
overall goal is oontinuious irnpovemnent of the
process and the product, driving toward zero Refiakilifty Anatyst Centes "Seven
defects. Steps to Effeictive Problem Solving"

The statistical tectwuqje of SPC hawe beenStpi k"KyPae
available since the 1920s; the impetus for the ~ ~ IYPoIn
current drive to SPC has been W. Edwards SW 2: Spciy-..san To
Demning's managemnet philosophy, withi which R.qJuirerW.t
the statistical techniques are fully integrated.

Rather than using the traditional approach Slo 3:Qu the Variables
f or setting arbitrary tolerances and rejecting (or Step 4: Quantify and ve"f the Cause and
applying for OC waivers on) out-of-speaificatlon Eff.m Rejatonships
products, SPC bases tolerances on a
sophisticated analysis of process data (called a StW 5: OpUnize th~e Prticess aid Confirm the
*process capability study*). Effort then ResumeS
concentrates on reducing process variability by
process, system, or management SW 6: 0dine Oeratng PAquirements ot he
improvements. In this way, tolerances are *~p~Process
implicitly reduced. Stop 7: Insiute Control P medu'Lres for

SPC recognizes itat traditional approaces P'" abe rvno
to quality (such as inspection, procedures, etc.) 0CpnW10,Fel~l nlmGrt
generally serve to reduce quality, since Cpri1,RIf Ayscnm
responsibility for excellence is divded between
worker and inspector. SPO arqu~s for quality For further Information on this or any
personnel to be integrated into manufacturing to oteRA tringcuscnatM.
improve the process before defects occur. This othes WilbC trn courses contact0 Mr
is the basis of *doing it right the first time" asae bu t(1) 3-90
opposed to paying one worker to produce a NOTE: Military agencies may use OD Form
defect and a second to catch it. 1558 for ordering an on-site course

Course content and length can be modified presentation.
within liriuts, to suit the customers needs.
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PROD UCT FEE SCHED ULE
Price Per Copy
U.S. Non-U.S.

COMPONENT RE.IAILITY DATABOOKS

OSR-4 Discrete Semiconductor Device Reliability - 1988 100.00 120.00
NPFC-3 lidnelectronic Pans Reliability Data 1985 - (Printed Copy) 80.00 90.00
FNPRD-3 Disimitte of NPRO-3 Data (IBM PC Compatible) 125.00 135.00
VZAP-2 Electrostatic Discharge Susceptblity Data - 1989 125.00 135.00

MO-1 Trend Analysis Oatabook - 1985 95.00 105.00
MDR-21A F*.ul Ezpenence Dataibook - 1985 125.00 135.00
FMDR-21A Disloffe of MOR-21 A OMa(IBM PC Compatible) 1715.00 185.00
MDR22 Microcircuit Screening Analysis - 1987 125.00 135.00
MDR-22A Microcircuit Screening Data - 1967 75.00 90.00
NONOP-1 Mon operating Reliability Data - 1967 150.00 160.00

RETWMENT DATABOOKS

EERD,-2 Electrionic Equipment Reliability Data - 1986 80.00 95.00
EEMO-1 Electrionic Equqnent Maintainability Data- 1980 60.00 70.00

HAND)BOOKS

RDH-376 RlaiiyDesign Hanidboo 36.00 48.00
OWFAT-1 ellectrna Failure Analysis Techniques Procedural Guide 125.00 135.00
NPS..1 Analysis Techniques fair Mechanical Rleliability, 56.00 66.00
PRIM.1 A Prwner for DoO Relablity. Maintionability and Safety Stindards 95.00 115.00

PRODEX"M FOR PERSONL COMPERSW

RAC-NR;PS Non operswing Reliability Prediction Saftware 1400.00 1450.00
(Primeincldes NONOP- I listed above)

STATZ-OXTM~-AT REPORTS

SOAR-2 P.atia Statistial Analysis for At- Reliablity Engineer 36.00 46.00
SOAR-3 IC Qualit Grades: knmpc on Syu.mt Reliabhlity and Life Cycle Cost 46.00 56.00
SOAR-4 Confidence Sounds for System Relibiit 48.00 56.00
SOAR-S Surface Mount Techniology: A Reliability Review 56.00 66.00
SOAR-6 ESO Control in Mie MantIacurig Environent 56.00 66.00

ITCRICAL W.ffL48rW7Y STUDIS

TRS-2 Search ard Retrieval idex to lAPS Proceedings -1968 to 1978 24.00 34.00
TRS-2A Search and Rletrieval Indexi lo IRPS Proceedlings - 1979 to 1964 24.00 34.00
TRS-3A EOS/ESO Technology, Abstracts - 1982 36.00 46.00
TRS-4 Search and Retrieval indelx to EOS/IES0 P, eeings - 1979 to 1984 36.00 46.00
TRS- Search and Rletrieval Index to ISWIA Proceings.- 1978 to 1985 36.00 46.00

ADMflONAL RAC SERVICES

Literature Searches are oonducted at a flat fee of $50. For beet resuits, piease call or write for assistance in
formulang your search questio. An extra charge. based on eNgtneenng time and osts, will be made for evaluating.
extrctng or summarizing information from the cited references.

Conesaulng Swmwm - CAR fAr Quotal
Use order form and send payment. (check or moriey order), payable to III RIRAC.
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ORDER FORM
ORDERED BY: (Pleas* Ptint)

Adft _______________ TOTAL OF ORDER ........

________________________MAKE CHECKS PAYABLE TO IITRIIRAC

Ruw._ _ _ _ E& _ __

Place ardes oen~~e wiftvmoonf dkewy hmw ft PAfieihy Aeam C~ne. Speof the pubhmiort amd swvm. em Ear, waminet
pucae,a oldw, pqym Is requilromi. AN Nmn-U.S. ais must be -gmpa, by a, i dnh mi an a us bwrm Pwom sek attacks paebie to
IITNIIRAC.

PuheIfy NonW -m Add 600 pw bok(Nwt.U.S.) ta Air Md. hi 82AC w book (U.S.) fo F'ewC

Comin~y 01ossem - am Ie '' o uhm ide tOo w* =OWL - Fai dgftb ar w Sb G1t MOM It the ftakft"Y Anom Caenmr. P.O. aX 4700.
Pme MYf 13444=1 (3191357-0111

amt"A£ibe. 0111 Audim -ei 0Fw U ~b e 1 udq. owmwara Plessa mi nam aam dgw"

Uweult-O *AMIZ~ md an vow ~jde. Am ape"r trise5 (I.e.. pubimn. sarch oneim. mc.) ID be ogeeei. Ideidy awe as WIT

ORDER FORM
ORDERED BY: (Pleas.s Prn)-

OTY. DESCRIPTION NT RC TOTAL
W U.S. NON.US

_________________________MAKE CHIECKS PAYABLE TO UITIRAC

P.M~ 8" 4M0w R10111 W~ 134404200

Plo oldom or o~~n adir nto midkcA y ffan we PdAA@Mt A Wuu Canker. Soosafy meil POR11101114 id Service esid Exao for olarl'tef
mDcl lea orders. pe"yVwem Is ireu. ANl Ilb.S. orders mum tie immoperwd by a dwaedra on aV US berie. Pee mads checks payable to
ITPII/RAC.

pouwy mww" - Add sisoa Par b (moni.4.S.i forAir Md. meWNAG obook U.S.) 1wFirer Oum

Owuany Olmemamot- we -weIgole. ~V amawi 10 or me.dops. For ded or wwe Gku Meahn - me AhidWI Aedym Cense. P0. Ba 4700.
Porne. MY 14404120 (316 337O6O.

Milway Agesimd. Blanet Purchase Agremiient. DO Form i iss, may be use" to, orden AAC rawots wwfor sorwe Plemas ndli mufrItnrY collar
armaur" auutwnld aid axaW datis on yoaw order Also someaty series (ie., pubhmoft sarch esi%4mo aram. ) a bes orowtodd Identity vendor as 1IT

Osmift nalher~ldei~lyAnolyvis Center.

A-28



APPENDIX B

SEPTEMBER 1988 RAC NEWSLETTER

B-I



LEJ September 1988

RELIABILITY:
WHERE ARE THE UNIVERSITIES?

Processor Marvin L- Roush
Director, Cienter for Reliability Engineering

University of Maryland

I have heaod it said that newly "orable teachling reliability considera- to be teaching engineering and eco-
graduaed onginer from our U.S. ur'i- tionis with intr particular special disci- nomic fundamentals without recogniz-
versies seem 10 have had no exposure plone. With their limited knowledge ing the important third leg of the stooi*'
to mesures of reliability, lot alone be about reliabiiy. they would find it diffi- The answer is that engineering educa-
capable of designing ompoinnts or cult to select homework problems and tion is ifcomplittewtthout inlusion of re-
systems; with reliability in ind. design problemis whtich incorporate re. liability in the cumcuium.

liility, let alone grade the solutions.
My observations support thise as- A careful look at the climate in

sertion to a lag degree, and I hawe I personally have concliaded that which a young facualty member strives
Puzzled OWe th question of whether there is a real need Wr givingl attention to attain tene within the university
the univereltie arefailing to do thei job I* the inclusin of reliability consideira- community offers some understanding
or whtherw the expectation is inappro- d" nwe"hi engineering education. Re. of the origin of this failure, A primary
pniate for universilee. In a t~mwn liilay is ast as important in prodict consideration of successful perform-
inational cornpeitiveness is an impor- acceptance as performance againtst ance of the faculty member is the num-
tail issue and the Defeinse Departmient mson obiectives and coat. The Air ber and quality of publishied articles in
dames that systm reiabilty and avails- Force 'R&M 2000* programn recognizes prestigious journals. Another impor-
bility am crt".al It would seem that irse- t"'i. How, then, can uniersities claimt tant factor is a demonstration of the
grating reliahilify consideraltiin itito _______________________________
design would be given careful Mtention
at alllevels. Why, then, isit notso inunvestyegmein euato adINSIDE
integration of reliatbiiy consaderations P~mt Wwm an At IA h s10o PWu. A~vth L Roush P#ge I
into all of engineening education? LIP11111111YofA1111,0,111

While some aspects of qualit con-i PAD PAm Engiew TooM Poge 2
trol receive excelleft attention as part of Cooft Lo - T1e IM Awu*.sy of5 ae EOSoESD Symposaim Pag 2
university programs, dealing with fty C Wat SAR Aomm
manufacturing and reliability seem to AMAWi~4 Dbmndis PRO* 3
b~e the center of focus in highly maths- CdbAPPu Ps"e 3
matical approaches to statistica toe RA PRODUJCTS
planning and in data analysis using R~ MJ S Slamiia* Priiem'?i Gudokriw fwor o RIAmbd&y
WNeibull distributions and Bayesian Ailfw" WS1 tahids (PRIA& 1) Pao 3
tecmniqje:. the weakness seems to be FEEDOAOC

inteegneigdsg ra ti yRAC A~se Page 4
n~~.4 Ph nieni einae.I sm age 4

premnise that there are few univeirsity TEHIC
engineering f aculty who would be comn. Pailf Gmw Aixei Ubn foA Abdoil

DOW- 71 m oW L Rena. NIT Reesinu hroiuiiii

rho 9614liabiY Ana"yi Centr is a 0cC Informoan Anallysi COMWe operated byf IIT Research Institute, Rome, Now Yorx
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person s c3aaility to attract sigrifcarntIND S R O IGU
I u rding to support m isiber reSearcfl pro - V IS RCO NGU -TH
gram At times. consideration is given LTPI)ATE 10th ANNIVERSARY
as welas to the prestige of 'he source__________________
of research funds. e.g., National Sci- RADC RELIABILIT OF THE EOS/ESD
ence Foundation funding is usually ENGLNEER'S TOOLKIT SYMPOSIUM
considered an indication that the per -________________

son is among a somewhat select na-
tional group ofresearcherswithin apar- Rome Air Development "enter Roy C. Walker
ticular discipline. The average engi- (RADC) has developed and published Co-Chainman 1979 EOSESD
neering facury menber looks about an application oriented guide for the Symposium
and does not see a focus upon reliabil- practicing reliability engineer entitled
ityat the NSF, does not see the DODes- 'RADC Reliability Engineer's ToolkiU At the August 31. 1978 planning
tablisrung centers of excellence in relia- This 200+ page document was written metn.itokhrehrsfagug
bility at selected universities. does not by several members of the Systems to amrve at a consensus to call the
see industrial and govemnment efforts to Reliability and Engineering Division -EOS.'ESD Symposium' Electrical
involve universities in reliability re- based on their combined experience in Overstress./Electro~tatic Discharge
search efforts, and does not see a developing R&M techniques and in pro- Symposium by Is present name. Corn-
broad range of good materials to aid in viding R&M engineering support to Air ing upto the tenth symposium, I seems
teaching reliability considerations Force system development programs. the name has not been much of a hin-
within each of the various engineening The main seictions of the document fol- drance.
disciplines. It then appears that inte- low the flow of a normal development
gration of reliability into engineering is program, from determination of require- There have been nine annual sym-
niot very imnportanit nationally and not an merits to testng. Twelve appendices posia since 1979. Each symposium
area on which to base one's profeos- give a greater level of detal to Some of has produced a proceedings, providing
sional career. the topics in the Minh Sections and also industry with vakiable reference tools.

provide useful ref erence materialls. Ex- Attendees could ask the paper present-
Persons outside of uniisrsities can ample, of the subjgects addressed are: eir questions and even chaillenge their

help create a dkfie in wihfamiy conclusions. From the start, each sym-
will be wilerestsid in investin thesir time R&M Task Pnoritlee posim has had exhibitors because of
in learnin more about rellaiiily engi- Pa So"OWM the need to ids"if products useful to
Meaing by chargig the peirceived op- 04fi Rewie Ckair prevent ESOD phenomena and to dis-
portunities; in the discilplin. Univeri- * rlcli Ra 0"flC"1111111 cuss product applications and specifi-
ties can and willi repnd to the need to Rely~t Pr"*~in "a cations in a technilcall setting.
add a fou on refislity throilghoult en- Redundancy EqutI'm I

gineeningiaoilit if heyfin tht teireffrtso Plan
gineirin d tey fW t~a teir selllicionThe 1 Oth symposiumi is being held

are rewffforced by actions within govern- Womt udlin at the Anaheim Marriott, located beside
ment and industry. The formation of a *R&M Dt ourcm the Anaheim Convention Center and
Center for Reliility Enginesering at the R&M Educario Soureft Disneyland. The technical presenta-
Unrversityof Maritandisa formalefv ~ AF R&M Focal Paks ions, wiN be given to an audience ex-
of one school to indicate its commt- pected to reach 1000. Over 100 booth
menit to wor closely, with both govern- Whie the Toolcis tite says its spaces have been constructed in a
merit and industry in this endeavor. In content: is reliability, a broad inteirpreta- room ad~acent to the technical ses-
addition. our academc program lead- tion of the term has been takcen to in- sions. Far attendees interested in
ig to MS or PhD degrees in reliaility duide maintainaility and testability, training videotapes, theo most popular
engineering responds to a part of the Emphasi is on what the engineers role videotapes will be available for viewing
need. Even at Mary and, ruach roomfor is in the particular process. For ex- throughout the symposium.
improvementexissintheinoorporatlon ample, what issues should be raised at
of reliability in thes undergrduate engi- desig reviwsa, and what is the Signifi- The technica program begins
neening curriculum. I cialilenge you to cance of contractor respnse? Tuesday morning. September 27th.
enlist in university faculty to help solve with a keynote address given by Owen
your problems. You will benefit as will A copy of the Toolkt may be ob- MCAteer On the progress in ESO over
the nation's future engineers. tained by wnitten request to RADC/ the decade the sympositim has been

FIBER, ATTN. RADC Toolkit. Gnfliss held. Following the keynote address
AFS. NY 13441-5700. will be a session covering EOS.'ESD

field f ailures in military equipment, lac-
tory training programs. a case history
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RELIABILITY GROWTH ANALYSIS
USING THE DUANE AND AMSAA

MODELS
Reliability Growth Testing (RGT) implemented with a Test-Analyze-And-Fix (TAAF) process is becoming an

increasingly popular and etfective reliability assurance technique. The objective of RG7 is to test a system or
equipment in an environment similar to its operational one, analyze any failures that occur during the test and
implement design changes if they are appropriate. The TAAF portion is where the reliability improvement actualy
originates. Unlie other R/M tests the purpose of RGT is to precipitate failures. As with many reliability and
maintainability (R/M) techniques. RGT should be part of the development process.

RGT is required and regulated by many DoD handbooks and standards, including MIL-STD-785B, 'Reliab~ity
Program for Systems and Equipment. Development and Production,* MIL-HDBK-189. *Reliability Growth
Management;" and MIL-STD-1635, *Reliability Growth Testing.* An excellent guide to the practical aspects of
RGT and TAAF is the publication st% Practices,* available from the Departmnent of the Navy, NAVSO P-6071. in
each phase, new and useful information from failure analysis can be implemented in the form of corrective actions
that improve the reliability of the equipment. To mewasure the effectiveness of design fixes, models have been
developed to determine if the mean-time-beween-fallures (MTBF) of the equipmrent is in fact 'growing."

There are many models available to analyze growth data. Tweo of the most widely used are the Duane model,
developed by J.T. Duane of General Electrti n 1962, and the Army Material Systems Analysis Activity (AMSAA)
model, developed by Dr. L.H. Crow in 1972. The Duane model is based on an emprical relationship that as long
as the MTBF is grwmg the folowing holds.

MTB3Fcum -1T

where:

MTBF~j,, - Curniliglve MTSF
K a Consan deternineod by the initial MTBF
CE a Growth rifte ( the slope of the log-og plot of MThFQJm vs Test Time)
T 0 Curnuilawe teoo time

In most cases, the log-log pilot of cumulat~o failure vs. test time wi result in a linear relationship if the system
reliability is improving due to a test-analyze-and-f lx (TAAF) procedure. The TAAF procedure improves system
reliability based on the incorporation of desig changes. If the slope of the cost fit fine of such a plot is positive.
the system is Said to be grwwng in reiity as timne progresses, hence the term 'reliability growth.'

The Duane model assumes that the design fixes are 100% effective and that they are implemented
immediately. From this stablished cumulative MTB3F an instantaneous MT8F can be calculated. The
instantaneous MTSF (MT8FjnW, is the MTBF of the desagn, assuming there are no further design changes and
that the design dtaniges tha did occir were imrplemnented successfully.

The instantaneous MTU3F is cahaislted:

MTIBFcum

Usually the plot of MTBFcum and MTBFinsi results in two linearly increasing parallel lines on log-log paper as
shown in Figure i. The instantaneous MATBF essentsily estimates the projected field failure rate by accounting for
fixes without purging the falilure data.

PC Bx 470. Rme. NY 13440-8200 e 315/337-0900 * Telefax 315/337-9932

B- 4



w: AMPILE :UANE NAOEL AP'L CATION

k4TBF C UTSFinst c *Y

Growtht rate W and Consant

Q. 0.212

K *7679

inmnIufle@ua 11"Ut. rate &Md MTUU
10 tc

Aune .024 ( .

MTUP~naf - 41.17 (NM Figure 1: Plot of Duane Moidel

The Duan model assumes that growth is a d eoinitic process, while the AMSAA model views the process
of reliabdity growth as a probabdlstc process. The AMSM mode is based on the empirical relationship developed
by Duane and is eqivaleil to a non-homogeneous Poisson process model with a Weibull intensity function. The
AMSAAmode is:

r (t
where:

r c(t) - The cumulative failure rate at timet
t Total test time

5 Estimate of the time value of the growth parameter

X - Scale parameter

The instantaneous failure rate r1(t) at time* t is the incremenital change in number of failures (F) with respect to
the change in time*. It is derived in the following manner

Fi dF A-
01 7 t (N 7 ax~t urimt

(1 a- iV) -. Or(t) - r.(t)

It can be seen that the parameter a used in the Duane Model is equivalent to (1 -0) of the AMSAA model.
Note hat the AMSAA model is based upon failure rate estimates, whereas the Duane model is based upon MTBF
estimates.

The form of the AMSAA moxdel used on a particular set of data is based on two issues concerning the test
data. First, did the test end with a failure? I I did. the test is considered to be a failure truncated test. If the test did
not end with a failure. it is considered to be a time tfuncated test. Second, if fewer than 20 failures occurred
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.juring ine test, it is appropiate to use unbiased estimates for r(t), otherwise, the biased estimates are used. The
arge sample biased) estimates for 0 and X are:

N AN AN
A7 where: M or N

M ln(Xrj) - N' In(Xj) N ln(t.) - lfl(X,)
0 .1

Failure Truncated ime Truncated

The small sam~ple (unbiased) estimates for 5 and X are:

- N N-2 - .1 A
X0where: 0 "or MK

toFailure Truncated Time Truncated

N is the total number of failures. M m N-1, to is the total test time, Xi are the individual failure times, X1, is the
time of the last failure.

The data points and the cunijlaive and instantaneous failure rates are plotted on log-log paper. Figure 2 is an
example of the AMSAA modell fitted to some actual growth test data. The data are the actual individual Times-To-
Failure (TTFs) of the system under test. The TTFs (in hours) plotted are: 25, 38, 48, 68. 88, 90, 100, 170, 222,
275, 300. 350. 355, 357. 357, 399, 490. 500, 620 and 850.

EXAMPLE' AMILA MODEL APPLICATION

a

Time Tn~iaftid Ciiiiiiii

06T -2.1111111 Nfl' - U..40 esdw.f

Cm2TT-=0.207 MYau UnIm m'm- - -

a (of w* rao

a mTT - -0.344 GOTT a -U.79

iflswrt~owwa feSwg raft A MATU 01____

r*ATT0.015 (P11*1) 10 '~t ~j.X 000

r9TT -0,014 (F/Hf.)

86" a 72.76 (HuM) Figure 2: Plot of AMSAA Model

The slight hook at the beginning of the graph shows a low failure rate until the early defects have had time to
reveal themselves. This is sometimes due to a bum-in-like effect. It is also interesting to note that the model does
not appear to fit exactly through the center of the data points as the least squares estimate would. This is because
,he AMSAA model takes into account the exponential relationsbip between each data point. The line, therefore,
is a more accurate representation of the reduction in failure rate with respect to time.



ecause the testing did not conclude with a failure, the time truncated formuias were aoriie to :re 3al3 "le
-s,.ar'3reous estimates for fajiure rate and MTBF were calculated using both the niaSeo and roi3sec
,ecnniques. because the sample size is right at the 20 point limit, The unbiased MTBF is 72 hours wie me
nased is 68 hours. By statistical defintion if the sample size is 20 or below the unbiased estimate should be used
Lsing the unbiased estimate of 72 hours MTBF. an upper and lower confidence bound can be calculated using
:ne tables from MIL-HDBK-189 For a sample size of 20 at a 90% level of ccnffdence the nounds are lelined t',
-56- ( MTBF < MTBF < 1 qi8 X MTBF Therefore, theconfidence intervai for this exjm.pie :s 48 noLrs

hours. i.e.. we are 90% confident that the actual MTBF is between 48 and 138 hours

The trend statistic, I.TT. determines the presence of any significant trends in failure rate In this example

T= -2.838. By comparing this to the tables in MIL-HDBK-189 it was determined that there is a 99% probability

that the failure rate is decreasing. Though t is obvious in this example, it is not always so clear The accept or
retect cnteria for the model is based on the Cm 2 statistic After computing this statistic t is compared to the Cm2

table in MIL-HDBK-189. In this example it supports the 90% confidence level in favor of accepting the fited
model, i.e., we are 90% confident the model fits the data.

Another issue surrounding the analysis of RGT data concerns the chargeability of failures In general. all
failures are chargeable unless they are indJced by some outside unrelated source. Itf the data is incorrectly altered
by what some consider nonchargeable failures, then improper growth rate estimates will result A failure review
board (FRB) should be established to determine what failures are chargeable and to assign responsibilities to
appropriate individuals regarding proposed corrective actions. The board should meet on a regular basis during
the RGT In most cases, the RGT will stop for the entire process of correcting failures. Beware of the claim that
"the design fix will be incorporated dunng the production phase.* The design fix should be implemented on the
equipment under test before the test resumes.

In March 1988 the Institute of Er,,ironmental Sciences (IES) presented a reliability growth management
conference. The conference organizing committee issued a list of recommended practices based on the
cumulative knowledge,. It many leaders in the field. A condensed version is presented here.

RECOMMENDED PRACTICES

1 Top management support is essential
2 Reliability growth is part of an Integrated test program
3, For reliability growth planning use an idealized growth curve (Such as the Duane Model)
4. For reliabDility growth assessments use demonstrated values (Such as the AMSAA rrodel)
5. Plan for reliability growth to occur only in the developmental parts of the system
6. It is best to track reliability growth at the system level
7 In tracking reliability growth, analyze the data - don' simply "plug and chug"
8 Honest and complete data collection is essential
9 Open reliability forum with membership from both government and contractor should be

established to review failures, corrective actions, methods of assessment, etc.
0 Implement fixes to hardware in blocks (i.e., all units should be fixed after sufficient test time has

been accumulated to identify failures, corrective actions, etc.)

if property managed, RGT is an effective method to improve reliability and reduce Life Cycle Costs In
oerforming RGT I must be understood that it is a process of testing, analyzing failures and implementing fixes It
'equires prudent engineering judgement, both technically and economically

Many thanks to Mr Walter Lilius of U.S. Army META and the committee members of this years iES conference
"n eiiability growth management for their inputs.

A PC based implementation of the Duane and AMSAA RGT models is available free of charge from the RAC
The algorithms for each model have been implemented in MatchCad by MathSoft of Cambrdge. MA RAC will
send the MathCad templates on a 5 1/4' DO floppy disk in IBM PC format.

:or further information regarding Reliability Growth Testing or the MathCad templates contact David F Tyler.
:IT Research Institute. (315) 337-0900.
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January 14, 1988 Letter No. 862-RER-048

Mr. Steven J. Flint, RAC Technical Director
Reliability Analysis Center
P. 0. Box 4700
Rome, New York 13440-8200

Mr. Flint:

I recently received my copy of MOR-22, Microcircuit Screening Analysis and am
impressed with the effort. It is an excellent collection of data and a
considerable analysis effort. The authors, Chandler, Stockman and Denson are
to be commended on some interesting and exhaustive work. It must have taken
quite a while to assemble it and even figure out how to analyze it. In
particular, I like the data presentation in the appendix. However, there were
several pages on which I have some questions. These are listed below.

PAGE COM"ENT OR QUESTION

2-3 There seems to be an error in the Fall Out Rate Equation. Shouldn't
it be: # Failed divided by 0 Tested?

2-25 Were the rescreening test levels commensurate with the labeled quality
thru class of the ICs? Or were the rescreening tests essentially the
2-28 same for all classes. I find it most interesting that the "B"

class group had a markedly hither fallout than the *0" class which
is supposedly of a lower quality.

2-65 Why was no regression analysis shom of the Burn-In data against
'Screen Type? This would be very useful information regarding
the actual quality of the various class types as they left the
assembly process.

2-94 Sam comments on rescreening versus class level as on pages 2-25
thru 2-28

2-105 The conclusions draw in the last paragraph that "Stabilization
bake and tmerature cycle have higher fall-out rates than does
thermal shock. Also for the data observed ...... * are not supported
by either Figure 38, or the data showm in Table 20.

A-6 In the fourth paragraph, the second sentence starting "Thermal
shock.... * seems to be missing something.

In the fifth paragraph, the last sentence starting *In general,
..... seems to be missing something.

A-12 The second paragraph under the X-Ray section seems to be more general
than just X-Rays and probably should be at the beginning of the
appendix.
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Mr. Steven Flint January 14, 1988

If one or more of the authors would like to discuss these comments with me,
they can reach me at (219)237-2239 from 7:30 a.m. to 4:30 p.m. EST, Monday
through Friday. In particular, I am concerned about the lack of major
conclusions or analysis of fall out relative to device quality class.

Thank you,

Robert E. Raymond
Electronic Controls Engineering
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MISSION

of

Rome Air Development Center

RADC plans and executes research, development, test and
selected acquisition programs in support of Command, Control,
Communications and IntelLigence (C1I) activities. Technical and
engineering support withm areas of competence s provided to
ESD Program Offices (POs) and other ESD elements to
perform effective acquistion of C'1 systems. The areas of
technical competence include communications, com.-,and and

control, battle management information processing, surveillance
sensors, intelligence data collection and handling, solid state
sciences, electromagnetics, and propagation, and electronzc
reliabiit. /maintainability and compatibility.


