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FOREWORD

This Technical Report prepared by IIT Research Institute,
10 West 35th Street, Chicago, Illinois, on Contract AF 30 (602)-
4265, Project 5519, for Rome Air Development Center, Griffiss
Air Force Base, New York, relates to the work performed during
the past thirteen months of the contract period, 20 June 1966
to 15 July 1968. A previous document has covered the period
from 20 June 1966 to 15 June 1967. Description is given here-
in of the work pe;fnrmed from 15 June 1967 through 15 July
1968 under engineering change "A" of this contract. This re-
port is identified by IIT Research Institute as IITRI FR-E6071.

Mr. John L. Fuchs, EMERR, monitored the program for kome
2ir Development Center.

The following IITRI personnel contributed to this project:
G.T. Jacobi, H.A. Lauffenburger, P.A. Llewellen, B. Kapchinski,
H.C. Edfors, B.F. Lathan, T.R. Myers, F.R. Hand, J. Bereznak,
and L.P. Kirchner.

Distribution of this report is restricted to protect
critical technical know-how, under the provisions of the U.S.
Mutual Security Acts of 1949.

This Technical Report has been reviewed and is approved.

Approved: g 4 M
L. FUCHS

Reliability Engineering Section
Reliability Branc.:

Appvovod “/5 by )( ‘
7

m f, E ineﬂrin Division

' !i N
“.Q} ¢ xt\‘ ————

: . GABELMAN
Chief, Advanced Studies Group
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ABSTRACT

The Reliability Analysis Center is being established for the
collection, analysis, and dissemination of technical information
on microelectronic device reliability. Its objective is to es-
tablish a basis for correlating relizbility factors with dev.ice
material, design, fabrication, quality assurance and application
factors. This report describes the development. implementation,
and present status of a data collection and file entry effort
supplemented by a Termatrex data retrieval system. Detailed
~perating procedures. periodic cutputs, and user services from
the Center are described in detail.

Future plans call for expansion of RAC into hybrid micro-

electronics and discrete semiconductors used in military weapons
and communications systems.
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1. The objective of this effort was tue development and implementation of
a Reliability Anslyeis Center (RAC). The RAC will serve as the central
Department of Defense activity for the collection, storsge, reduction,
organigation, review, assessment, anslysis, and disseminstion of informa-
tion and experience data bearing on the relisbility of microelectronics

and discrete gsemiconductor devices. The RAC s concentrating on the

modes and mechanisms of failures encountered during fabrication, testing,
and operation of such circuits end devices and the infiuence and contribu-
tion of part design, material, menufacturing technigues, prccessing,
configuration, test practices, screening practices,and electrical and
environmental stresces on the neture of feilures. The objective of this
effort was met. An initial, meaningful data base has been acquired on
microelectronic devices through a corncerted data collection effort directed
at device vendors, squipment and svstem contractors, Government agencies,
and cther date exchange programs. The system elements, functions, and
activities have been defined. Detailed operating procedures have been
deviged for each teask which define task objectives, personnel qualifications
and responsibilities, forms employed and detsiled procedures for accomplishing
the specified function. Included are necesssry control functions to assure
adequate adsdnisirative control over schedules and quality of coperations.
The system concepts were demonstrated by processing tne accum:ilated informa.
tion and data intc files, performing retrieval and analysis cperations and
preparing an initial set of useful output products. A descriptive booklet
wsz prepared and publisned. The booklet is intended to introduce
prospective users to the RAC and descrites its purpose, scope and available
services and how to obtain these services and outputis.

2. %The results of this effort will provide the users with timely high-
quality dats for their use in improving, selecting, evaluating, establishing
reliability ennd quality assurance procedures for, and applying parts in ihe
design, development, production and operstion of reliable militery systems and
equipments. The system and procedures developed under this effort will ve
utilized in the continued operation, development and expansion of the RAC.

o ] et

L. FUCES
liabiliity Engineering Section
eliabllity Branch
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1.0 PURPOSE AND SCOPE

1.1 Introduction

This technical report describes the work performed by
IIT Research Institute under Engineering Change "A" of Contract
AF 30(602)-4265 for the development and implementation of a
Reliability Information and Analysis Central, effective 15 June
1967. This change modified the scope of the original ccntract
in order to establish an early, viable operating system service
provicding a useful reliability and analysis service for micro-
electronic devices. Accomplishments prior to Engineering Change
"A" were fully documented in an earlier interim report.

A semimanual search and retrieval system has been developed
and is employed in conjunction with relatively simple computer
routines for analysis and merging of statistical data. The
system is officially identified as the "Reliability Analysis
Center:;" the name or 1ts acronym, RAC, will henceforth be
used throughout this report and all other publications of the
Center.

The contract change also requires an independent, <~2incident
effort continuing development of a computerized data management
system. It 1s envisaged that the Reliability Analysis Center
will avail itself of this system when it becomes operation:al.
Data and file structures developed under the present contract
have been coordinated with the machine system requirements and
are readily transferable.

1.2 Reliability Analysis Center Objectives

The Reliability Analysis Center has been established by the
Department of Defense as a centralized activity for the collec-
tion, storage, reduction, organization, review, assessment,
analysis and dissemination of information and experience data
relating to reliability of microelectronics and discrete semi-
conductor devices. It will concentrate on the modes and mecha-
nisms of failure encountered during fabrication, testing and
operation of such circuits and devices and the influence and
contribution of part design, material, manufacturing techniques,
processing, configuration., test practices, screening practices
and electrical and environmental stresses on the nature of
failures. The Center's cbjective 1s to provide a broader knowledge
and a deeper understanding of the nature of device failures and
their causes by analysis, review and evaluation of available infor-
mation and its synthesis into a data file, publications. relia-
bility prediction models, and techniques. Key users within the
electronic Government-industry complex are thus provided timely,




high-quality data for their use in improving, selecting, evaluating,
establishing reliability and quality assurance procedures for, and
applying parts in the design, developm=nt, production and operation
of reliable military systems and equipments.

1.3 Scope of the Reliability Analysis Center Operations

The Reliability Analysis Center will be established as &
separate contractor operated function which will be administered
and guided by the Rome Air Development Center, U.S. 3ir Force.

The Center will treat parts and devices which are expected
to be used in future military equipments and which will be of most
immediate significance to the electronic Government-industry
complex. The operations of the Center will encompass microelec~
tronic circuits and discrete semiconductor devices.

Micrcelectronic circuit coverage will include monolithic
integrated circuits, metal oxide semiconductor integrated circuits,
hybrid circuits, thin film cirecuits, and integrated arrays. Semi-
conductor diocde coverage will include general purpose diodes,
switching diocdes, diode rectifiers, zener diodes, voitage reference
diodes, control rectifier diodes, and tunnel diodes. Semiconductor
transistor coverage (both unipolar and bipolarj will inciude
general purpose transistors, power transistors, switching tran-
sistors, and special transistors, Organization of the Center's
data base and the dissemination of its outputs to users will ke
accomplished by recognized generic classes and subclasses that
are appropriate for each type of part and device c¢overed.

The Ct¢nter will concentrate on the acguisition of information
which will lead to the establishment of a useful, high~qual:ity
long-lived data file. Collection cfforts are beinc directed
tcward the acquisition of data generateéd by part and device
manufacturers, equipment/system contractors, and Government
exploratory development, specificaticen, product acguisition
activities and field operations. Of particular interest zre
programs that concern the following:

1. Identification of the individual failure modes,
mechanisms, and quality defects which are predominant
in electronic devices and contribute to catastrophic
failure and time dependent degradation of typical
parts and devices.

2. Determination of the influence and contribution of
part design, material, manufacturing techniques,
processing, configuration, testing practices, and
electrical and environmental stresses on the pre-~
dominant failure mcdes and mechanisms.

oMty
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) 3. Development, assessment and specification of

) quality, reliability, screening and burn-in
procedures and test methods for eliminating
predominant failure modes and mechanisms and
assuring the parts and devices conform to

design, reliability and application requirements.

. 4. Determination of the reliability characteristics
intrinsic to the various approaches to part and
device design, fabrication, and processing and

. the extent to which these intrinsic reliability
characteristics may be influenced by manufacturing,
quality control, and screening practices.

The Center will attempt to provide the user with timely,
valid information within reasonable economic restraints. The
following outputs on generic classes and subclasses of parts
and circuits are to be provided:

1. 1Identificaticn and classification of the pre-
dominant failure modes and quality defects which
are encountered in devices and the frequency and
proportion in which they occur in failed devices.

2. 1Identification and classification of the failure
mechanisms which contribute to the catastrophic
failure and/or time dependent degradation of
generic clacses of devices.

3. Complete description of the design, materials,
manufacturing techniques, processing, configuration,
and environmental and electrical stresses imposed
upon devices which have failed by identified
failure modes and mechanisms,

4., Identification, complete description, and effectiveness
of quality and reliability assurance procedures and
screening practices that have been and are being used
in culling out devices exhibiting known failure
modes, failure mechanisms, and quality defects.

5. Textual and graphical information describing the
. influence and contrabution of part design, materials,
manufacturing techniques, processing, configuration,
testing and screening practices, and environmental R
and electrical stresses on nature of failure modes
and mechanisms.

-—
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6. Techniques and models for quantifying reliability
determining factors of elactrcnic and electro-~
mechanical parts and for predicting the reliability
of such parts.

7. 1Identification and abstracts of significant published
and unpublished literature, reports, specificaticns,
quality and reliability assurance documents, and
other information collected by the Center which
cover previous work dealing with the identification
of the mechanisms of failures or devices and factors
influencing and contributing to these mechanisms.

8. Comparison of the occurrence of specific failure
modes and mechanisms in different generic classes
of the same types of parts and the results of analysis
tu account for differences in the frequency of
occurrence of the failure modes and mechanisms.

Basic Center outputs will be in the form of regularly
scheduled publications, periodically updated to purge obsolete data
and incorporate the most recent. Additionally, it is to be respon-
sive to individual user needs through establishment of a direct
inquiry service.

The information storage and retrieval system to be used by
the Center will be an economical, semimanual system which, rather
than generating new methods for handling data, will emphasize
the use of proven techniques to create a useful aata base and to
provide the means for quick and direct recall of data for analysis,
for preparation of the Center's outputs, and for responding to
queries. The information storage and retrieval system will offer
considerably more than the ability to sort data. It will accept
less-than~-complete data, as it 1is offered; it will allow the
programmed use of the data provided; and it will assist and
greatly facilitate human analysis and weighing of the information
in the data store, including less-than-complete data.

1.4 System Overview

In compliance with contractual requirements, an information
and analysis system has been developed and implemented for the
collection, reduction, storage, analysis, and dissemination of
reliability data. The necessary methodology for these functions
has been devised and documented into suitable specifications and
operating and administrative procedures.




The data indexing, storinj, and retrieving system estab-
lished for the Reliability Analysis Center is based on an
inverted-term-matrix concept denoted as Termatrex. With this
system, a file record or Termatrex card is prepared for each
concept or descriptor term of interest. This approsch is
versatile, utilizes convenient, inexpensive equipment and has
ability to rapidly retrieve information according tc Boolean
combinations of concepts. Implementation of this system

. necessitated the preparation of a concept thesaurus containing
appropriate terms to identify and classify the documert and
source, device properties, and the significant contents of

the source documents processed into RAC files.

Approximately 1100 terms appropriate for meaningful
retrieval of stored microelectronic data and information are
incorporated into the current thesaurus. It is necessarily
open-ended tc accommodate addition of new terms required for
expansion to discrete semiconductor devices as well as advances
in technology.

An initial, meaningful data base has been acquired cn micro-
electronic devices through a concerted data collection effort
directed at device vendors, equipment and system contractors,
Government agencies and other data exchange programs. System
concepts were demonstrated by processing the accumulated
informaticon and data into the files, performing retrieval and
analysis operations and preparing an initial set of useful
output products.

A descriptive bookiet was prepared and published. It is
intended to introduce prospective users to the Center and
describes it: purpose, scope, and available services. It also
provides detailed instructions for making application for RAC
outputs and services.

The basic RAC system elements are 1llustrated in Figure 1.
This diagram is intended to provide an overview of the major
elements, functions, and activities as they are unified into
the total Center operations. Detailed operating procedures
have been devised for each tesk. They defire task objectives,
personnel qualifications and responsibilities, forms employed
and deteiled procedures for accomplishing the specified function.
Included are necessary control functions to assure adequate

. administrative control over schedules and quality of the

operations.

Major elements of the RAC sy: em are briefly described in
the fcllowing paragraphs. For more detailed treatment, the
reader is referred to the appropriate Operating Procedure
appearing in later sections of this report.
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In order to remain responsive to the needs of its users,
RAC must remain abreast of the rapid advances bzsing made in
the microelectrecnic and semiconductor technologies. This
requires a concerted and continual data collection effort
with full cooperation of the many sources that generate
information and data as part of their own ongoing activities.
These source types are listed in Figure 1, as are the document
types that make up useful input intelligence. Arrangements
are being made to incorporate RAC data requirements into an
increasing number of development and hardware contracts.
However, the greater portions of input must presently be
acquired through direct solicitation and voluntary contri-
butions.

- v

-

Incoming documents are thoroughly reviewed for relevance,
validity, accuracy, and compieteness prior to acceptance into
the files. 1Input processing includes preparation of a number
of auxiliary items for cross reference and control purposes
as well as to effect the necessary data reduction and correla-
tion of information to device properties. The latter is accom-
plished through employment of DEVICE DESCR1PTIONS. Each Device
Description is a detailed catalog cf all material, design,
process, screening, and quality assurance controls employed
in the production of a single device or family represented by
data in RAC files. Quantitative data is alsc reduced to
surmary form at this time to expedite subsequent processing
and analysis.

The final steps of the input processing stage are assign-
ment of accession numbers and indexing. Indexing is the task
of identifying key words from the document's contents which
are relevant for later search purposes. These key words are
correlated to the system term thesaurus. Finally, the corres-
ponding Termatrex cards are drilled with the proper accession
number.

The RAC library contains the entire collection of Source
Documents, Device Descriptions, Data Summaries and copies of
RAC publications filed by accession number. It also contains
a number of auxiliary indexes such as the Abstract Reference
Cards and Device Type Inwventory which are valuable internal
cross reference and control aids.

Response to incuiries for infermation are initiated by
formulating a suitable search specifica*ion which consists of
selecting appropriate terms from the system thesaurus and
determining the Boolean combination of descriptors for search
purposes. Search is accomplished by viewing the selected cards
in proper combinations and identifying corresponding accession
numbers with the aid of a card reader.
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Output processing is contingent upon the nature of the
information required. For example, computation of failure
rates calls for statistical manipulations of quantitative
data values. Computer ~outines have been prepared and
employed for performing certain homogeneity tests and data 1
merges. On the cther hand, requests for application assistance
may require survey and analysis of textual material. Initially,
the Center has devised a set of output publications that are
updated at periodic intervals and disseminated to all users
on its distribution roster. These products are: :

;Eé\:lrw

Iy

o

Failure Data Tabulation: This publication lists

by generic device descriptors each reported micro-
electronic device failure for which the failure
mode/mechanism is identified. Conditions of stress
and other pertinent details are included.

X

&
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Failure Rate Tabulation: A listing of microelectronic
circuit failure rate data merged according to generic 3
device descriptors and eguivalent stresses. ‘

Source Document Bibliography: A listing organized
by broad subject categories and author of all active
documents contained in the RAC library.

Technical Monographs: Specific technical problem
areas are treated, providing an authoritative intro-
duction to the state-of-the-art and professional R

guidance.

A direct inquiry service is available to users desiring
individual assistance on specific problems. Such requests
are serviced within the scope of RAC operations, accumulated
data base and reasonable economic considerations.

Although not shown on the diagram, users and data sources
are essentially synconymous; thus the Center provides a vital
element in the information feedback loop. Through judicious
collection, reduction and analysis of accumulated experience,
the quality of engineering data available during development of
each new generation electronic systems is materially improved.

1.5 Organization o¢f This Report

The remaining sections of this £inal technical report con-
tain a more detailed treatment of the accomplishments of the
current program, complete documentation of internal operating
procedures, and a recommended five-year plan of Centor opera-
tiens. Internal operating procedures appear in the following

secticns:
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System Configuration and Maintenance Section 2.0
Procedural Guide for Data Collectors Section 3.0
Document Input Processing Sectior. 4.0

Structured Term List Section 8.0

Alphabetical Term List Section 9.0

Term List Definitions Section 10.§

File Search and Output Processing Section 5.0

Each procedure is self contained and hes been written for
detailed guidance of operating personnel. Section 6.0 contains
a review of program task progress and current status. It
provides background material and rationale for the functions,
operations, and analysis procedures employed by the Center.

The computer statistical analysis program, developed for
operation with a remote terminal online computer system, is
also described.

The five-year plan is outlined in Section 7.0 . It
develops a realistic implementation schedule for expansion
into hybrid and discrete devices and extension of operations
and services. It develops the staffing and organization needs
appropriate to the task and che methods by which user’s
services will be rendered.
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2.0 SYSTEM CONFIGURATION AND MAINTEWANCE

This sectjon proviues an overview of the data system so
that later procedures may be understood in their proper context.
It describes briefly its major elements and outlines those pro- !
cedures that are necessary tc the integrated system. In parti- .
cular, this includes certain system maintenance tasks such as
Term §.ist updating that are not applicakle to any one specific
process.

2.1 System Elements

The Reliability Analysis Center's operating system is
designed around three basic elements, namely: :

Source Documents
Internal Data Bank
Center Outputs

Of course, each basic element is made up of numerous sub-
elements. For example, Center Outputs may be subdivided into
1) reqularly scheduled outputs and 2} Ad Hoc Query response.
These may be further separated, fcr example, into particular
output product entities. Figure 2 depicts the major system
elements, their principal subelements, and essential interfaces.

The RAC system employs the Termatrex (inverted term matrix)
system for main file organization and information retrieval
purposes. It is supported by a Term List (see Sections 5.0 and
6.0) and several other library items including Abstract Reference
Cards and a Device Type Inventory which, in combination, provides
for positive cataloging control over file contents for efficient
retrieval and ultimate utilization of desired intelligence.

2.2 Description of File Documents

Information processed onto RAC files may be brnadly .lassi-
fied into two categorias, namely:

Source LCocuwaents
Internal Summaries
The former consists of all that information whi~h is fur-
nished from sources outside RAT. The latter are documents that

are generated internally for the purpose of crganizing certain
source information into a more readily usabl form.

10
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SOURCE INTERNAL CENTER
DOCUMENTS DATA BANK OUTPUTS

SOURCE M ONOGRAPHS
TYPE A DOCUMENTS

2 o
TECH REPORT] KJ /
ABSTRACT
L—" REFERENCE -

8iBL!ID.
LISTINGS

CARDS
TYPE 8
DEVICE DESC,
SPECIF, DATA FAILURE DATA

SUMMARIES TABULATION

SEE DOCUMENT
TYPE LISTINGS

IN SECTION 2.2

GENERIC
FAILURE RATE
TABULATION

DEVICE
DESCRIPTION

AD HOC QUERY
RESPONSES
TERMATREX
INDEX CARDS
RELIABILITY
NOTEBOOK
(FUTURE)

Figure 2. INFORMATION FLOW WITHIN RAC COMPLEX
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Source documents are primarily in hard copy form, although
other forms such as microfilm, punched cards, paper or magnetic
tapes, etc., may ke encountered. At present, Internal Summaries
are exclusively hard copy documents,

2.2.1 Source Document Types

RAC collects and maintains on file technical information
and data pertaining to micrcelectronic device reliability.
Applicable information encompasses information which is generated
during R&D studies, device processing, device testing, equipment
assembly, equipment testing and field cperations. The resulting
documentation may be uniquely grouped as:

Type A documents: descriptive accounts of
events or actions.

Type B documents: descriptive accounts of
the devices and conditions surrounding events
reported in Type A documents.

Specific documents of each type are:

Tvpe A

1. Test Reports

2. Open Technical Literature

3. Vendor Analysis Reports

4. Contractor Analysis Reperts

5. Field Analysis Reports

6. Government Agency Reports

7. IDEP Reports

8. FARADA Failure Anal;sis Reports
9. Other Data Center Reports
10. Independent Test Laboratory Reports
11. Burn-In Analysis Reports
12. Physics of Failure Reports

Type B

1. Vendor Catalogs

2. Vendor Specifications

3. Contractor Specifications

4. Government Specifications

5. Device Development Reports

6. Testing Specifications

7. Processing Specifications

8. Quality Assurance Specifications
9. Vendor Technical Information

12
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Section 3.0, "Procedural Guide for Data Collectors" of the RAC
Internal Operating Procedures should be consulted for a more
comprehensive treatment of information being collected.

2.2.2 Internal Summaries

Five unique summaries are generated internally and main-
tained on file for subsequent use in preparing output products '
and answering user queries. They are:

Device Description

Data Summary

Abstract Reference Card

Device Type Inventory

Manufacturer's File Card

The Device Description contains detailed descriptions of
the physical properties, processing, dquality assurance screening,
and burn-in procedures for each manufacturer's sales type on
which pertinent Type A source documents have been acquired.

A Data Summary is prepared from source documents that
contain data items needed for the tabular output products so as
to minimize the effort required to prepare and update them.
Essentially, applicable source documents are test reports and
failure analysis reports.

An Abstract Reference Card, prepared for each source docu-
ment on file, contains appropriate document and source descrip-
tive information and an abstract of the document content.

The Device Type Inventory contains an alphanumerically
organized listing of all manufacturer's families, device types.
and package types represented.

The Manufacturer's File Card contains an accession nunber
inventory of all catalogs or other brochures contained in the
RAC files for that manufacturer.

Except for the Data Summary, the purpose and content of
each internally prepared document is later discussed in greater
detail in this section. The Data Summary consists simply of a
formatted summary of the source document or parts thereof, and
subsequently is treated in the document files as any other tech-
nical document, hence needs no further explanation at this point.

13
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2.3 RAC Files

2.3.1 Main Document File

Document files are made up of source documents (obtained
from outside research facilities, manufacturers, DDC, journal
pubiications, etc.) and IITRI generated Data Summaries. For .
each document entering the RAC system, the following items are
prepared.

(1) a document folder identified by a colored label
{({i.e.) red = vendor document - on this label is
typed a brief document identification giving

Author (Research Facility) Acc. #
Sufficient title to identify the document - -

(2) an Abstract Reference on a 5 x 8 McBee punch card
giving the following information:

Author (Research Facility) Acc. #

Title

Report No., Period covered, Total pages

Publishing date, Contract No.

AD or PB number, if appiicable

Abstract Identifiers
{3) a reference plain white 5 x 8 card duplicating

the above information except for the abstract
and identifiers.

On both cards the accession number is typed@ on an appropriate
color-coded label, i.e.:

Vendor = red label
The accession numbers are assigned in the number blocks
set aside for the specific document type. See Table 1 for
assignment blocks.
An accession number ljist is marked off as each accession

number is used. This assures that documents cannot be assigned
duplicate numbers.

14
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Table 1

ACCESSION NUMBER BLOCKS

Accession Number Folder Document Type

1-1399 Red Label Vendor

1400-2899 Blue Label Journal Articles

2900-2999 Turquoise Label Specs

3000-3399 Orange Label Proceedings, Symposia
Conferences

3400-3999 Coral Label Bibliography, Surveys
and Reviews, Handbook

4000-5599 Green Label Technical Reports,
R/D Reports, etc.

5600-7599 Yellow Label Test Data

7600-8599 Brown Label Summary

8600-9999 Brown Label Device Description
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The accession number list is kept by the library technician.
Each page of the listing is identified by the color code assigned
to the specific document type for which those numbers have been
set aside. The document files are maintained in accession number
order.

2.3.2 Device Description File

The Device Description file is independent of the main docu-
ment files. It contains complete descriptive information on each
microelectronic device type for which techniczal infermation or
data is on file. The file entity is identified as the Device
Description and is internally generated from various reference
documents and direct communication with the manufacturer.

The Device Description consists of three separate items for
describing the fabrication of the integrated circuit chip(s),
packaging and bonding, and for describing the circuit configura-
tion with its associated screening and testing. They are:

Family Fakrication Information (Form RAC 68-2 shown in
Section 2.6): contains information on processing and fabrica-
tion which is pertinent to an entire family of integrated
circuits. A family is a group of parts which come from the same
production line or batch processing area and follow the same or
nearly the same processing steps.

Packaging Information (Form RAC 68-3 shown in Section 2.6):
contains information on packaging, die bonding and the electri-
cal connections between the die and the package.

Individual Circuit Informaticn (Form RAC 68-4 shown in
Section 2.6): contains information on the circuit configuration,
screening, and testing pertinent to a single microelectronic
circuit.

Obviously, the information contained in the first two items
are common to many part numbers, and it is necessary to obtain
this information only once from the manufacturer for each family
and package type. However, the information contained on Form
RAC 68-4 is unique to a single part number and must be obtained
each time a new part number enters the RAC system. A complete
Device Description for a single device type then consists of a
package containing one each of the above items. This is accom-
plished by reproducing the completed Family Fabrication and
Packaging information forms and attaching one copy to the
Individual Circuit information forms for each device type of
interest from that family.
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The Device Description file is organized alphabetically
by manufacturer name and alphanumerically by part number under
each manufacturer. At the front of each manufacturer's section
are copies of Form RAC 68-2 for each of that manufacturer's
families represented in the file, and copies of Form RAC 68-3
for each package type offered by the manufacturer. Behind
these, in alphanumeric order according to part numter, are
copies of Form RAC 68-4 for each of the manufacturer's part
numbers which has been identified in the RAC system. Attached
to each of these forms are duplicates of Form RAC 68-2 for the
family to which the part belongs, and Form RAC 68-3 for all
packages in which the part is available.

2.3.3 Device Type Inventory

The Device Type Inventory is a card (5 in. x 8 in.) file
of all device type numbers for which data or other technical
information, exclusive of vendor catalogs, is on file.

The inventory consists of the following items on card
types:

A) Separator Card - a colored card containing only the
manufacturer's name.

B) Manufacturer's Card - a card which gives the manu-
facturer's name, a listing of all identified
families, and available package configuration in a
form such as:

Manufacturer XYZ

Identified Families Package Types
Family A Pkg. TO-X
Family B Pkg. TO-Y

1 ]
] t
Family n Pkg. TO-m

No Family Classification

There will be one card of this type for each
manufacturer.

C) Mfgr. Family Card - a card which identifies indivi-
dual sales types belonging to a single family.
Card form is:

17
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Manufacturer XYZ

Family A
Pt # A-1l
Pt # A-2

Pt # A-n

There is one Device Type ID card for each family
represented.

D) Device Type Inventory Card - a card for each device
type represented in the file. This card contains
the following information:

Manufacturer's Name
Family Designation
Device Type Number
Device Description Accession Number
Termatrex Card Number(s)
Device Name
Generic Descriptors
Major Electrical Characteristics
Dates: Device Description Request initiated.
Device Description Reguest completed.
The inventory is organized alphabetically according to
manufacturer. The first card in each manufacturer's section is
the Separator Card followed by the Manufacturer's Card. The
Mfgr. Family Cards are filed in alphanumeric order behind the
Manufacturer's Card. Then the =set of Device Type Inventory

cards are filed in alphanumeric order bkehind their correspond-
ing family card.

There are expected to be certain "one-of-a-kind" device
types which do not belong to a larger family. These types are
inventoried with the Device Type Inventory card but are not
preceded by a regular Mfgr. Family card. Instead, they are
filed behind a single No Family Classification card within the
particular manufacturer's section.

-,
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The Device Inventory Card is prepared as soOn as a new
device type is identified (see Section 4.0). At this time a
complete Device Description will not be available. To signal
the fact that a Device Description Request has been initiated
but not completed, a colored metal tag is affixed to the top
edge of such cards.

2.3.4 Abstract Reference Czrd File

The following card files will be utilized:

(1) Abstract Reference Cards. These cards are filed in
in accession number order and serve as a rapid means of identi-
£ying documents located through the Termatrex search. Brief
descriptive abstracts given on each card is useful in determining
which documents warrant detailed study to assist in answering a
search question. The major descriptors under which the document
is indexed is also typed on this card. This will assist in
determining why a certain document was identified in a specific
search. The 5 x 8 McBee punch cards are used tc allow future
coding procedures should the need arise. An example of a punch
card is shown on page 21.

(2) Reference Cards. These are prepared on plain white
5 x 8 cards. They will be filed alphabetically by personal or
corporate author. This file will facilitate the identification
of duplicate documents and prevent their being further pro-
cessed. An example of a card entry is shown on page 22.

2.3.5 Manufacturer's Catalogs

Manufacturer's catalogs and other sales oriented litera-
ture are an imrportant adjunct to the technical information files,
yvet are cufficiently unique to warrant separate handling and
fiie procedures. In essence, documents in this class are in-
corporated into document folders and assigned accession numbers
and filed accordingly as described in Subsection 2.3.1 above.
However, they are not indexed intc the Termatrex system.

Rather, they are controlled and accessed as descrilked in the
following paragraphs.

2.3.5.1 Manufacturer's Card File. A card file has been
set up in alphabetical order by manufacturer's name. Each card
is identified by manufacturer name and manufacturer address.
As soon as a document with an identified manufacturer is re-
ceived and the accession number is assigned, this accession
number and catalog title is recorded on the manufacturer's
card. This file is proving very useful to the project engineers
in identifying manufacturer information already in the file.
The following example on page 23 illustrates the entries on a
typical card.

Wt A
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2.3.5.2 Table of Contents for Vendor Catalogs. Figure 3
illustrates the form being completed and attaciied to vendor
data received in loose leaf form. The information is grouped
according to manufacturer. Each pamphlet is entered into the
manufacturer packet as it is received. The table of contents
is updated by the TIR technician when the iier is received.

2.4 Termatrex Retrieval System

2.4.1 Description

The cards being used for the RAC system are Random Numeric
(RN} cards, the most widely used Termatrex card. These cards
contain document accession (identification) numbers in the form
of holes. The cards have a capacity of 10,000 document
accession number positions. They have the following character-
istics:

A one-half inch ceclor band across the top edge.
{Available colors: black, blue, gray, green,
orange, purple, red, sand, white, yellow)

A number scale (00-99) printed over the color band.

A small one-quarter inch tab protruding above che
number scale. The tab is the same color as the
band, and it has one digit from O through 9 printed
on it.

The location of a tab in reference to the 00-99
number scale gives the identification code number
for a card.

The right edge has twenty-give positicns that can
be notched in various combinations to assure that
the card is in the proper cardholder. When one
sights down: the right edge of the card filed in a
cardholder, all cards should be notched in the same
position. 1If not, the improperly filed card can be
easily identified and put in the correct cardholder.
The side notch positions are used as follcws:

The top five notch positions (1-5) indicate the
secticn of a vocabulary (V) in which the cards are
used. The ten color bands and 100 tab positions
result in 1,000 unique card color number codes.
These 1,000 cards would all be notched in position
V = 1. 1If the vocabulary exceeds 1,000 cards, each
group of 1,000 cards would be notcheéd in a different
rosition, V= 2, V = 3, etc.

23
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Title

Introducing American Micro-
Systems, Inc.

Applied MOS Integrated-Circuits
Hi Rel LSICs Start Here
Ultra-DC 20-Bit Register
Ultra~DC Dual 20-Bit Register
Ultra-Logic 50-Bit Register
Ultra-Logic Dual 50-Bit Register
Ultra-Logic Dual 50-Bit Register
Ultra-Logic 20-Bit Register
Ultra-Logic Dual 20-Bit Register

Ultra-Logic Expandable Gate
Array

Ultra-Logic Gating and Storage
Element

Low-Power Logic¢ Three-Input
NOR-Gate

Low-2ower Logic Three-Input
NAND-Gate

Dual Matched MOS Transistor

Low-Power Logic Binary

MOS Low Power Logic - Applica-
tion Note

MOS shift Registers - Applica-
tion Note

CATALOG DATA SHEETS AND APPLICATION NOTES
American Micro-Systems, Inc.

Part No. No. Pages
2
20
1
R1020 2
R1040 2
R2050 2
R2100 2
R2101 2
R4020 2
R4040 2
L14Ga 2
L22FF 2
L263G 2
Li03G 2
DMOS0 2
DM100
M150
BOO2E 2
AN-QO1 20
AN-0O2 12

Figure 3. TYPICAL VENDOR DATA TABLE OF CONTENTS

24

- s —— . A —— T

Date

1967
6-67
6-67

6-67

6-67

5-67

7-67

7-67

6-67

7-67

7-67
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The major

The middle ten notch posicions (0-9) indicate which
document accession numbers are contained in a card.

A notch in collection size (C) position O identifies

those documents numbered between 0000 and 9995. A
notch in € = 1 is used for documents numbered to
19,999.

The lower ten notch positions (1-10) identify the
application (A) of the card.

features of this retrieval system are:

Random selection and rapid refiling of cards in
any convenient place in the cardholder. This
r. .dom selection process greatly increases the
speed of data input.

Ability to store exact numerical values.

Flexibility in assigning cards to terms which are
added to a vocabulary of an application because of
random code number assignment.

If information contained in documents is classified,
no vocabulary term need be printed on the card. By
using RN code numbers exclusively, it is impossible
to identify the vocabulary term a card represents.
This eliminates the possibility of unauthorized
personnel making meaningful searches.

Encoder can be used for indexing.

2.4.2 Guidelines for Handling Termatrex Cards

Labeling: Terms can be typed directly on the card.
Sufficient space is available at the top
of the card to allow for identification
of generic and specific terms.

Corrections: Plastic correction fluid is available
to "plug" holes in the cards.

Cleaning: Cards can be washed clean with soap and
water.

25

A
A Y

K .
reton e K



TG AR,

Replacement of RN tabs: Improper handling of the
cards may lead to damage of the RN tabs.
Mylar tabs are available for replacement.
Damage can be prevented by handling the
cards from the side and not using the
takb as a handle in filing the card.
Pressure should never be placed on the .
RN tabs, as in resting documents on top
of a set of cards or in reaching over the
cards to extract one from the back of the
holder.

R T R A el

e

Digit Coding: A technique known as digit coding
allows many numerical values to be repre-
sented by a few cards, Normally, one
card is required for each number. For
example, 30C numbers would need 500 <ards.
However, when one uses the principles of
digit coding, only 30 cards are needed.
For example, if the range of numbers for a
test was from 10 to 999, three separate
sets of ten Termatrex cards would be
assigned to each digit (0 through 9) to
represent the units, tens and hundreds
position of the numbers. The total number
of cards in this case is 30. If the
numerical value 642 is to be stored on
Termatrex cards, the following cards would
be selected:

L e R YAY RTYR Y P

"6" -~ Seiected from the set of 10 Termatrex
cards representing the hundreds

position.

"4" - Selected from the set of 1C Terma-
trex cards representing the tens
position,

"2" - Selected from the set of 10 Terma-
trex cards representing the units
positicn.

These Termatrex cards are then superimpcsed and the
pertinent document accession numbers are entered into
them.

Digit coding can be used to store Manufac-

turer names, coded summary and device des-
cription document accession numbers, etc.

26
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on cards. Table 2 illustrates the use

of 30 cards in a three-digit coding

scheme. The left-hand column illustrates

' how each card would be labeled. The right-

hand column identifies the appropriate card
code.
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Using the table for an example, suppose digit coding
is used to designate originating manufacturer sources
of documents, and that in a directory of sources the
Ajax Corporation has been assigned code number 147.
Now if a searcher wanted to see all the documents from

Ajax Corporation, he would reconstruct the code number
147 with the following cards:

B Red 01
o 14
-7~ 27

When these cards were superimposed, documents from
Ajax Corporation would be identified from coincident
holes, those appearing in all three cards.

2.5 Termatrex Term List

The term list developed for use with the Termatrex retrieval
system contains appropriate terms for indexing current litera-
ture on microelectronic device technology and reliability at
a depth consistent with RAC service concepts. The list has been
organized in two different forms to facilitate indexing and

each is self-contained in a single section of the RAC Internal
Operating Procedure. They are:

. Section 8.0 - Structured Term List - the terms are
organized according to specific
subject groupings.

. Section 9.0 - Alphabetical Term List - all terms
are listed in alphabetical order.

A complete set of definitions which interprets every term,
as it is employed on the RAC system, has been developed. This
dictionary is contained in Section 1C0.0 and is a necessary

adjunct to the term list itself for accurate and effective in-
dexing.

Emphasis was given. during term list development, to
anticipate near term future technology consaderations. Concepts
considered to gain broader interest were incorporated in an ‘
effort to extend the useful lirfe of the present list. However,

PR
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it was recognized that future technclogy trends cannot always
be predicted with accuracy. Hence, the list must be considered
a dynamic entity amenable to updating to reflect changes that
are expected to occur.

2.5.1 Updating Procedures

Updating procedures have neen devised that make use of a
review committee to act on both addition of new concept terms
and deletion of obsolete terms. This will give positive
assurance that the Term List and data files are consistent at
all times with the objectives of the system and its users.

2.5.1.1 Addition of New Concept Terms. New terms located
during the indexing procedure are recorded on 3 x 5 cards along
with the document accession numbers where the term was located.
At a predetermined time (every six months), these terms are
reviewed by a committee made up of cognizant project engineers
and information scientists. Decisions are made as to whether
these terms should become a permanent part of the system. If
the term is to be entered into the system, it is recorded in
its appropriate place(s) in the structured and alphabetical
listings, and a termatrex coding number assigned. The termatrex
card is typed and the document accession number drilled. The
3 x 5 card for this term is now discarded. Terms not incorpora-
ted into the system are maintained on 3 x 5 cards for future
review.

2.5.1.2 Synonyms. Synonyms identified during the indexing
procedure and recorded by the indexer should also be incorpcrated
inte the termatrex term lists at each updating period.

2.5.1.3 Deletion of Terms. After a predetermined time
(12 months), the termatrex cards should be reviewed to determine
the use or nonuse of certzin terms. A decision should be made
by the reviewing committee as to whether infrequently used terms
might be removed from the system or whether certain of these
terms might be combined on one termatrex card. Terms removed
from the system are to be maintained in the 3 x S card file for
possible future use in the system. Terms combined on a single
termatrex card shall be assigned an identifying number recorded
at the top of the card. Wwhenever any of these terms are used
as an index entry, the document accession number is drilled into
the card and the identifying term number recorded beside the hole.
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2.6 Referenced Forms

The following referenced forms are herewith included:
RAC 68-2 Family Fabrication Information

RAC 68-3 Packaging Information

RAC 68-4 Individual Circuit Information

30
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Form RAC 68-2 Aczessjon NO:

RELIABILITY ANALYSIS CENTER

MICROELECTRONIC DEVICE DESCRIPTION

FAMILY FABRICATION INFORMATION

1 0 EAMILY IDENIJFICATION

Manufacturer:_ =
Family Designation: _

Applicable Part thbcfS:;;;;m_:."“_:il:;-;

2.0 SURSIRATE MATERIAL

____ Silicon Resistavaty:
_Germanium Dopant:

Original Wafert Size: T
Die Sizes:__ ___ . .. __
3 0 ISOLATION METIIOD
_ __Junction
_____ Resistave
. _Drelectrac .
__Air
___Oxide
___Nitrage
___Carbide
... _Ceramc
__Glass
4 G BURIED LAYER USED
we.._No
e Yes
Sheet Resistance: e
Dopant:  _ e
5 0 EPITAXLAY, LAYER USED
_ .. ..No
___Yes
Thickness: . . _ . _ _.
Dopant: __ . ____ ... ...
Resgistivity: -~ . __ .

Isolation Diffusion Dopant:

1
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9.2.2

Page:2 of _

COLLECTOR_DIFFUSION_USED

No
_Yes
Sheet Resistance:_

Dopant:___ ___
Final Diffusion Depth:

——

BASE DIFFUSION

Sheet Resistancce:
Dopant: . _
Final Diffusion Depth:__

EMITTER DIFFUSION
Sheet Resistance:_
Dopant: ___ . . _. _______
Finzl Di1ffusion Depth:

MOS/MNS_DEVICES

Dielectric Type
___Oxide
___Nitrigde

TRANSISTORS_(IGFETS)

Operational Mode
—__Enhancement
____Depletion

Channel Size:__
Channel Dopant:__________
Channel Sheet Recsistance:_

Channel Type
___P-Charnel
___N-Channel

Source & Drain Diffusion
Sheet Resistances ______ ____ __.__
Dopant:__ __ _________

Final Diffusion Depth:

- s mm. e e —
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Page:3_of 5.

" TRANSISTORS _(IGFETS) (cont_d)

?
!
[

9.2.4 Dielectric Thickness:_

9 3 MOS/MNS_CAPACITORS

9.3.1 Lower Plate Diffusion
Sheet Resistance:
Dopant:__
Final Diffusion Depth-

9.3.2 Dielectric Thickness:

10.0  SURFACE_PASSIVATION
Type
___Oxide
___Nitride
___DOther: . e

Thickness (Minimum):
Additional Passivation Processes & Materials:

11.0  1INTERCONNECTION METALLIZATION (Bipolar & MOS/MNS Devices)

11.1 Metal(s) Used
Primary Metal
__Aluminum - Thickness:_
___Gold - Thickness: e
_“_Other._ Thlckness

Deposition Method
___Vacuum Deposition

___Cathode Sputtering
__Vapor Plating

Secondary Mectal(s) Used (wetting agents_  ctc.)
Specify Metal, Thickness and Deposition
. Method__

1 e bt o, S
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12.0

12,1

12.2

12.3

13.0

13.1

13.2

13.3

13.4

A R AR ST Sk < o NP Lo

Page:_4 of 5

—

FILM DEVICES

Conductors
Material:
Thickness:_
Sheet Resistance:
Deposition Method:

Rasistive Elements
Material:
Thickness:
Sheet Resistance:
Deposition Method:

Dielectric -
Material:
Thickness: _
Deposition Method:

QUALITY CONTROL CHECKS - Specify method or procedure
used to check and/or control the foll~wing para-
meters kefore sealir; the pac¥age. (i.e.-Electrical
Function: Probing)

Sheet Resistance:

Junction Profiles:

Passivation Thickness:

Passivaticn Quality:

Koo i

e
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QUALITY CONTROI._CHYCKS (cont'd)

13.5 Pevice Geometry:
13.6 Chmic Contacts:

13.7 Electrical Function:
13.8

13.9 Metsilization Thickness:

Bond Strength:

Metallization Adherence:

35
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Form RAC 68-3 Accession No:
Page:] of 2
Date:

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
PACKAGING INFORMATION

1.0 IDENTIFICATION

Manufacturer:
Package Configuration
___Can - Hermetically Sealed
___Flat Pack - Glass
___Flat Pack - Ceramic
__ Plastic Encapsulated (cther tnan DIP)
Dual In Line - Hermetically Sealed
__ bual In Line - Plastic
___Module
Manufacturer's Packag: Designation: _

JEDEC Package Designation: _

2.0 DIE BONDING METHOD

2.1 ___Eutectic Alloy Braze

2.2 ____Glass Frait

2.3 _ _Solder

2.4 ____Direct

2 4.1 ____Beam Lead

2.4.2 ___Flaip Chap

2.4.3 ___Ultrasonic Flip Chip

2.4.4 _ _LID

2.5 ___Other: ____ _

2.6 Direct RBonding Techniques (if used)

2.6 ] Metalliization Mater:ial (i1f metaliization 13
used to connect die to
package ieads)

__Goild

__ Aluminum

____Other: o
2 6.2 Direct Bonding Method

____Thermocompression

__Ultrascnic

Solder Balls

36




e A T

3.9

32

I
Q

Page:2 of 2

WIRE BUNDING (1f used)

Wire Mater:ial
___Gold
___Aluminum
___Other:

Wire Diameter:

Maximum Length Wire Used:_

Bonding Method
___Ball - Thermocompression
___Wedge - Thermocompression
___Stitch - Thermocompression
____Ultrasenic

SUBSTRATE BONDING (If an insulating substrate 1s
used sucn as with thin failm,
multichip, flip chip and beam
lead construction, spec:ify
method of bondirg substirate to
package.]
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Form RAC 68-4 Accession No:

1.0

2.0

2.2

3.0

3.1

4.0
4.1
4.2

Page: 1 of 2
Date:

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
INDIVIDUAL CIRCUIT INFORMATION

IDENTIFICATION
Manufacturer:
Part Number:
Part Name:
User Name & Part Number:

FUNCTIONAL PROPERTIES

Circuit Configuration - {Attach schematics showing
ALL circuit components including isolation
diodes or isolation regions, zener diodes on
IGFET gates, and method of connecting transis-
tors as diogdes.)

Chip Topography - (Attach photograph or scale
drawing of top surface of chip showing device
layout ;—interconnection pattern, and bonded
wire layout.)

PROCESSING DETAILS

Processing Flow Chart (Attach copy of Flow Chart)

(Attach specs and/or details of phctolithographic,
washing, cleaning, epitaxy, diffusion, metalliza-
tion and thin/thick film processing steps.)

{Detail Special, Non Standard, processing steps

required by user - give user spec number 1f
applicable.)

POST PRODUCTION SCREENING PROCEDURES

Test Specification Source:

Test Specification Number:

Provide either a copy of the specifications
(preferable) or detailed conditions of each
screening me2asure used. (1.e., electrical burn
in, temperature aging, hermeticity, etc.)

AR
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Page:2 of 2

5.0 DESTRUCTIVE TESTS - lndicate any limit or other des-
tructive tests (1.e., Step Stress) that are conductec
on each lot as part of Lot Acceptance procedure.
State stress type and conditions and whether test
vehicles are marketable 1tems, non-functional items,
or special test patterns.

6.0 DEVIATIONS FRGCM STANDARD FAMILY PROCESEING: Specify
any deviations from standard family processing
(as described in Form RC 68-2) pe~uliar *o this
part number, and not otherwise spec.fied.

9
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3.0 PROCEDURAL GUIDE FOR DATA COLLECTORS

3.1 Guideline Objectives

3.1.1 Principal Objectives

Amcnyg the principal objectives of the data cellection
guidelinep are the foilowing points:

1. Provisions contained herein are for obtaining
a single submission of data from the sources
contacted and receiving what is presently
available, However, some negotiations must
be made to determine the procedures needed
for automatic data submission.

2. Information concerning the types of communi-
cation necessary prior to the data collection
visit so that a uniform collection procedure
is carried cut.

3. Proper guidance on the conduct of the actual
collection visit so that all important
asrects are covered.

4. Dccumentation requirements so that the proper
forms and controls may help to keep track of
the data collection system.

3.1.2 Overall Chart

Figure 4 cortains a flow chart representing the steps
needed tc achieve the ckjectives stated above.

3.2 Source Seiection

3.2,1 Zelection of Vendcrs

swurce vendors have keen seiected from the (967 Semi-
cor.ductor Annual of EDN magazine.

5.2.1.1 Selection Cr.teria. ¥From the entire list of
qual:rie2 milicary specification producers, sources are selected
Ly using the following oriteria az selection factors:

1. Productieon volume of microcircuits,
2. Reputation as a reliable sourcs.

3. Relative usage of device types in
Covernment sguipment. -
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SET UP
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1
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REQUESTING  VISIT > CoPY |- —
PHONE FOR — elRECORDY
APPOINTMENT CONTACT
VISIT AT 8 "ES‘F’” _
SOURCE VISIT RESULTS

SR

CONTENTS:

SOURCE CENTRAL ACCOUNT

"~ SOURCE NAME, ADDRESS,
PHONE, PERSONS CONTACTED

2+~ QUALIFIED MILITARY TYPES
3~ LOG OF AVAILABLL DATA

4- RESULTS OF CHECK LIST
S- CORRESPONDENCE FILE
6- COPY OF PURCHASE ORDER

NO

IS
PAYMENT
NEEDED ?

PREPARE
REGUISITION
FOR P.Q.
FOLLOW UP 8 RECORD
WHERE NEEDED — %gh‘noaxxsmc»
}
DATA EC'D - PACKING
T2 DOCUMENT CONTROL] 1 suw

Figure 4.
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4. Geographical location relative to other
gualified producers.

5. Expected usage in future equipments.

3.2.1.2 Data Source Clasgification. Potential sources are
classified according to the above criteria into three classes as:

1. Major producers who are expected to have
sizable data accumulations.

2. Smaller producers who are expected to have
some useful reliability data.

3. Manufacturers who are expected to have
little or no useful reliability data due
to their size, specialization, reputation, etc.

Those in the first category are prime candidates for
personal visitation and will be included in the initial trip
schedules. Manufacturerc falling into this second group will be
solicited by letter/questionnaire to ascertain natur2, quality.
and utility of available data. Manufacturers in the third group
are dropped from further consideration as a data source.

Depending upon success realized in obtaining good repre-
sentation of data in all device types covered by the collection
activity from the first selection analysis, a further review
of potential sources may be made.

3.2.1.3 Vendor Visitation Schedules. Visitation schedules
shall be determined by consideration of data sources concentra-
tion and available manpower schedules. Those areas such as
Socuthern California, New York City, and New England, having a
large number cf prominent part manufacturers within a closely
spaced geograpnical area, should receive top priority. Areas
with a smaller number, but major part producers, are to receive
second prioritv. Remaining geographically scattered sources
are to be scheduled as time permits.

To some extent vendor visits should be pianned in con-
junction with visits to equipment manufacturing plants in the
same locality. However, since the data generated by the two
source types differ quite markedly, it is necessary to prepare
differentiy in requesting data.

Trip schedules must take into consideration associated
tasks of the program as well as commitments on other programs,
vacation schedules, etc. To properly plan, prepare and fcllow
up on trips, it is recommended that collection personnel are
not scheduled for out-of-town trips during two successive weeks.

42
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Local vendors within easy access tc IITRI's location in :
Chicago will be visited between trips of longer duration to }
more distant points. 4
i

Subsequent trips may be required to those firms not initially
included in the travel schedule (those in second group of
Paragraph 3.2.1.2) and those unable to receive us as planned.

Such trips will have to be scheduled as the need becomes evident.

3.2.2 Equipment Manufacturers and System Contractcors

Data on parts generated during application usage phases is
to be obtained from the prime Air Force Systems contractors,
their subcontractors and Government Furnished Equipment {(GFE)
manufacturers. Applicable systems and their prime contractors
must be identified by contacts through our contract monitor and
with the various Systems Program Offices (SPO's) at the four
Air Force Syctems Divisions.

Data on these svstems may be obtainable directly from the
prime cont.ractor or from the equipment manufacturers that supply
the hardware items comprising the systems. The prime contractors
shall be contacted initially. From these, the identity and
expected data content of subsidiary sources (subcontractors,

GFE manufacturers, etc.) will be established.

3.3 Contacts

3.3.1 Form Letters

3.3.1.1 Vendors. Two form letters will be used to solicit
vendor cooperation. One letter will be written to request a
visit at certain major vendors' plants. The other letter will
contain 2 questionnaire to be answered and returned by those
vendors being requested for catalog information.

Those vendors to be visited by IITRI perscnnel will receive
an individually typed letter following the form shown in
Exhibit I, stating the objectaves of the Reliability Aralysis
Certer. In addition, the letters will state that a staff member
will call the vendor to arrange for an early appointment.

Individually typed letters shall be sent to all known
microelectronic vendors. The contents of this lstter is shown
in Exhibit II. Also, a questionnaire {RAC 68-14) attached to
Exhibit II shall b2 enclosed in each letter. This letter is
intended primarily to obtain catalogs, device gpecifications,
application notes and published reliability data.

ke T2
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After a manufacturer's catalogs have been received at IITRI,
another form letter, as shown in Exhibit III, shall be sent out.
This letter serves as an acknowiedgment of the information cur-
rently received. In addition, it serves as a reminder that we
wish to be placed on the manufacturer's permanent mailing list.
All correspondence, of course, shall be individually typed and
signed.

3.3.1.2 Equipment Manufacturers. Equipment manufacturers
and subcontractors will be contacted initially with the form
lutter shown in Section 3.7. This letter requests that the
manufacturer £ill out a questionnaire entitled "Device/Count
Application Stress Summary". Its purpose is to define device
types, quantities and stress ratings of integrated circuits used
in various military systems and subsystems.

The questionnaire attached to the form letter is assigned
number RAC 68-6. Instructions will also accompany each question-
naire.

3.3.2 Phone Appointments

Sometime within one to two weeks after sending the letter
requesting a visit, a phone call will be made to establish an
appointment. The appcintment should include the data and time,
together with the name of the person or persons to be contacted.
Experience tells us that one full day should be allowed for
visits to microelectronic manufacturers. Equipment manufacturers
also require at least one full day for a visit.
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FORM LETTER REQUESTING VISTT TO VENDOR

Gentlemen:

The Rome Air Development Center (RADC), Rome, New York,
has contracted with IIT Research Institute (Contract AF 30(602)-
4265) to establish a Reliability Analysis Center (RAC) for
microelectronic devices. Its mission is to collect, comnsolidate,
and disseminate technical, application and reliability informa-
tion on devices designed and produced for military and space

applications.

Your cooperation is being enlisted for building a complete
and current file of technical, application and reliability in-
formation on your microelectronic devices. Among the chief
items of interest to us are the following:

£ TN AU PSR g WD P BALATA

1) Reliability data including test description,
number of parts on test, number of failures,
total operating time, time to device failure
and failure definitions.

2) Failure modes and analysis of causes

3} Qualification test results

4) Screening or burn in specifications and data.

PUTRUN

A member of our staff will contact you by telephone within
the coming week to arrange a visit at your plant. In this way ;
we hope to determine what data is immediately availakle for
acquisition and to initiate communications to effect automatic
submission of future data outputs as they become available.

Thank you in advance for your cooperation in this matter.

\Z[y truly yours,

H. C. Edfo
Reliability/Analysis Center

£ M e A L
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EXHIBIT II

PROPOSED FORM LETTER FOR VENDOR CATALOG REQUEST

Gentlemen: (Dear Mr. )

The Rome Air Development Center (RADC), Rome, New York,
has contracted with IIT Research Institute (Contract AF 30(602)-~
4265) to establish a Reliability Analysis Center (RAC) for
microelectronic devices. Its mission is to collect, consolidate
and disseminate technical, application and reliability informa-
tion on devices designed and prcduced for military and space
applications.

Your ccoperation is being enlisted for building & ~omplete
and current file of published vendor information on microelec--
tronic devices. To ensure that your company 1S properly repre-
sented, please place our name on your permanent, active mailing
list for current cataleg specifications, application notes, and
related technical information on all active micreoelectronic
devices produced by your firm.

RAC services are being made available to all Air Force
systems and equipment contractors to aid them in device selec-
tion, application and procurement. Therefore, it is vital that
we continue to receive notices and data sheets on all new device
releases as they occur.

Would you kindly complete and return the attached short
dquestionnaire to assist us in correctiy cataloging your company
and products? A self-addressed stamped envelope is enclosed
for your convenience. Your cooperation in this important pro-

Sincgrely yours,
qu.C

H. C. Edfors
Reliability alysis Center

gram will be much appreciated.
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RAC 68-14
MICROELECTRONIC INFORMATICON

COMPANY SURVEY QUESTIONNAIRE

Please complete the following information items pertaining to Micrcelectronic
Devices manufactured by ycur company.

1. COMPANY NAME PREFERRED ABBREV:
DIv. SR. OFFICER TITLE

2. ADDRESSES: Please supply street address, city, state and z1p code.
R & D FACILITY .
MAIN MFGR. FACILITY
OTHER MFR. FACILITIES

3. Please place check 4 in cells corresponding to the device classes now
being marketed and place an (X) in cells to indicate classes to be

marketed in near future.
MONOLITHIC | THIN FILM  THICK FILM| HYBRID | COMPATIBLE | OTHER

Digital

Analog

4. What Digital circuit confiyuration are marketed?
RTL DTL TTL ECL . CML OTHER:

5. Please check the information that is periodically published anu can be
furnished as it becomes available.

catalogs and brochures Failure Rate Summaries
complete spec. sheets Other Keliability Data
new release notices Others

device application notes

6. Person to contact for future injguiries for sales publication

NAME: PHONE: EXT.

7. Technical individual to whom we may direct inquiries for luboratory
technical and reliability test data.

NAME: PHONE: EXT.

TITLE:

8. REMARKS {optional)

SIGNATURE:
TITLE:
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EXHIBIT IIT

FORM LETTER OF THANKS FOR VENDOR CATALOGS

Gentlemen:

Thank you for furnishing us with your most recent catalogs,
specification sheets, application notes and reliability data.
We trust that you will continue to keep us on your mailing
list for new release notices and other supplements and re-
placements for the information already sent to us.

»

Your continued, fine cooperation is much appreciated.

;Yp?rs very ly,

%~.C.

H. C. Edfor
Reliability Analysis Center

48

i
i
R
M
- -4




g-1 What is going to be done with our data?

A-1 It is to be analyzed and entered into a Parts Reliability
Handbook and also stored in a Data Bank for use by Air
Force system designers. This will be a long<term program
designed for continuing operation by the Air Force.

P

Nt AN WOy

Q-2 Why should we participate in this program?

A-2 It will provide a central point of inquiry for reliability
users and make the users aware of your product. In addi-
tion, it should improve and standardize reliability test
and report procedures, improve specificaticns, and iden-
tify part and data gaps with recommendations for corrective
action.

S ERT 1D

Q-3 How is our proprietary information protectedz

A-3 Proprietary information will be coded as such in the RAC
data base and will not be released, except to Government
personnel in identifiable forni, without explicit prior
consent of the criginator. Proprietary data will be used
in analyses which combine data from numerous socurces for
arriving at generic reliability statements. In such cases
the original identity of data and source is completely
masked.

AN A SDARRTT e st

Q-4 What makes the Reliability Analysis Center different
from FARADA, PRINCE, etc.?

A-4 The other systems are passive; that is, they redistribute
reliability reports and informaticn without performing
any analyses or data validation. On the sther hand, RAC
will do various types of analyses, merging of raw data,
and validation coding so that valid reliability compari-
sons can be made among various similar device types.

@ PE T A RINT P S aeia R UL TRBEBAGN TN S WAV R AT X o 5ol s B
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y Figure 5. POSSIBLE QUESTIONS RAISED BY THE VENDOR
OR EQUIPMENT MANUFACTURER
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3.3.3 Contacts Via Air Force

Contacts with prime contractors and certain other sources
must be made tarough the Air Force contract monitor. IITRI
pérsonnel shall determine tentative schedule dates for these
visits and notify J. Fuchs (EMERR) at RADC sufficiently in
advance of the comtemplated visit such that adequate calendar
time is allowed to complete arrangements. To expedite the com-
munication, extensive use of the telephone is recommended
although follow-up letters of confirmation are suggested to
ensure correct transmittal of detail. These contacts are
arranged by our contract monitor through the cognizant SPO. At
the time he must advise the names of individuals scheduled to
make the visit, details of their clearance, and data of visit.
We will be notified when the arrangements have been completed
and advised of actual appointment date and personnel to be
contacted.

The contact should be confirmed by telephoning the person
(or main contact when more than one name is supplied) to be
visited a day or so in advance. It is advisable at this time
to reiterate briefly our objective to assist the contact in
preparing for our visit.

3.4 Staff Visits to Data Sources

The following paragraphs describe the procedures to be
followed in contacting all data sources requiring a visit.
Figure 5 contains a typical list of possible questions that
might be raised by those persons contacted.

3.4.1 Visits to Vendors

3.4.1.1 General Preparation. When a staff visit is made
to a vendor, the first consideration is for adequate prepara-
tion prior to the trip. Some of the factors which have impor-
tance before and during the trip are mentioned in the following
discussion.

Vendor's catalogs and technical data sheets will be
available for reference. This informaticn reveals the number
and kinds of military and commercial part types being pro-
duced. It also indicates the microelectronic processes used
and the possible availability of summarized reliability data.

3.4.1.2 Acceptable Data Content. Vendor requirements are

defined in the "Data Input Specification for Microelectronic
Device Manufacturers," SP-ID-0l, found in Section 3.8.

S0




s Al AR kA e

: EXHIBIT IV

Reliability Analysis Center
DATA COLLECTION REPORT

; Datas

; Company Name: Type of Contact:

Address: Phone:

. Phone: ] Visits,

Names of Persons Contacted: Letter:

IITRI Personnel:

Input Data Available
From Requirements of SP-ID-01
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12.
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Reliability Analysis Center
CHECK LIST FOR SINGLE DATA SUBMISSION

Our chief interest in the Microelectronic Technology
Family Tree is in the area of monolithic I.C.'s. However,
we will also accept data on thick and thin film hybrids
plus compatible I.C.'s.

What types of data can be provided to us from the attached
list of Qesired information in Data Input Guidelines
SP-ID-01?

How may we group your device types into families for
reliability purposes?

For that data which is presently available to us, what
is the volume in sheets of paper for each part family?

Can you indicate which particular parts have the highest
sales demand for use in military programs? We are pri-
marily interested in aerospace and Air Force items but
will accept other military items.

Can you name certain prominent aerospace and military
programs which have used your device?

Can you make reference to any user (military or defense
contractor) which may have run tests on your davices?

How are the results of acceptance tests, life tests,
ete,, reduced or summarized? Do you have an in-house
reliability reporting system?

How is your test data validated?

Can device test data be identified by part number, Jlot
number, and date of manufacture?

Are facilities available for duplicating selected portions
of your data for our use?

In what form is your data available?

Reports Listings Cards Magnetic tape Other

Comments:

52

Lrervee

- ——————




BRI AN svdern

EXHIBIT VI
Reliability Analysis Center

CHECK LIST - AUTOMATIC DATA SUBMISSIGCN

What is the volume of data generated on a weekly (or monthly)
basis for each military device family? (Refer to Data Input
Guidelines for Relevant types of data.)

What is the best or your most convenient form in submitting
data of the type in SP-ID-0] to us?

Can we suggest formats for raw and summarized types of data?
It might be desirable for us to have raw data from computer
printouts according to a standard format.

Can you release product specifications and other technical
details on your new product developments on an automatic basis?

what special problems, if any, do you envision by participat-
ing in automatic data submission?

Is it possible to have your military device qualification and
lot acceptance data shipped to us on a regular basis? (DESC
receives this information on mil. spec. semiconductors and .
other components.)

In regard to reliability data, it is necessary for us to have
variables parameter data on device families as well as failure
rate and test report summaries. Raw parameter readings allow
us to show histograms, correlation plots, drift and stability
trends. Can this be made available to us on some periodic
basis?
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3.4.1.3 Collection Report and Check List. Exhibit IV is
the Data Collection Report which is to be completed during the
visit to the vendor, using the chesk list in Exhibit V as a
quide. In conjuncticn with the check list, Data Input Guide-
lines (SP-ID-01) are the basis for the first question. It is
desirable to cover the data needs of RAC, stated in SP-ID-01,
with the vendor's representative and write any comments that he
has in the Data Collection Report. Of course, it may be impos-
sible to obtain items which the vendor considers proprietary
such as detailed fabrication specifications. However, informa-
tion at a more general level (such as an illustrated flow chart
of the IC processing steps) would be helpful. This approach
should be followed for each item of SP-ID-0l. Where detailed
requirements for somz= reason are not available to RAC, try to
determine items that would be made available at a more general
level. Other items on the check list are rather self-
explanatory and can serve as a guide for the interview with
the vendor's representative,.

3.4.1.4 Single Data Submission. It is expected that the
interview at the vendor's site will result in an understanding
of the immediate data requirements for RAC. Further phone and
letter communications may be needed to culminate in an agree-
nent and terms for the vendor to deliver a specified set of
data to IITRI. Among the further facts to be determined over
the deliverable set of information are the following:

1) What is the cost, if any, for reproduction?
2) When will IITRI receive the dataz

3) Letter of quotation from the vendor is needed
to reimburse expenses.

3.4.1.5 Automatic Data Submissions. A secondary purpose
of the data collection visit is to determine the vendor's will-
ingness to volunteer certain types of data on a continuing
basis. Discussions are toc be on a purely fact gathering basis,
with no immediate action required on the vendor's part. It is
expected that RAC will be a permanent data center with future
data input needs and requirements which paraliel SP-ID-01l.
The check list of questions to be answered on this subject may
be found in Exhibit VI.

3.4.2 Prime Contractors and Equipment Manufacturers

3.4.2.1 General. Interviews with contractors and
equipment suppliers generally will follow the same tack as
described for part vendors. Differences are to be expected

in several respects, however:
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3.4.2.2

Specification for Contractor and Equipment Manufacturers may

For the most part, equipment and system
contractors are large firms; therefore, the
interviews are likely to be attended by a
large number of individuals and will be more
formalized.

Data desired from these sources are generated
mostly during testing and/or operation of
completed ecguipments rather than during labora-
tory testing of the parts themselves.

Data will not be made available to us directly.
Instead it will be obtained through the SPO
via our contract monitor.

By recognizing these differences the collector
should prepare himself to complete the inter- -
view with dispatch and acquire the required
information. Organized data from equipment
tests is almost exclusively in the form of
malfunction reports, which are frequently
prepared by electronic data processing equip-
ment. To make effective use of this data,
much additional information is required.
Subsection 3.4.2.2 of this Guideline describes
the nature and content of the required data in
greater detail.

The interview must identify by report designa-
tion, description, authors, dates, etc., of
all pertinent material that should comprise
our collection such that it can be correctly
described to our contract monitor for acquisi-
tion.

Data Input Content. Details on Data Input

found in SP-ID-02, Section 3.9.

3.4.3 Documentation

et o T T VAT PN M S 3

3.4.3.1 Source Control Account. Source Control Documents
I and II are to be used for each data source solicited with the
purpose of keeping an account of data as it is received and
. additional data expected to be submitted to the Center. Docu~
ment I will be used only for data which has been brought into
RAC. The date the data is received will be noted plus some
description of the amcunt and type of data received.
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Documen* II will be used as a log for keeping track of
requests for submittal of data which has been promised by the
particular source.* Any member of the staff contacting a
source about data will place his initials, the date, and the
type of contract (such as by phone, letter, etc.).

Where a source has physically separate plants or divisions
being visited, each plant will be treated as a separate company
and have its own Source Control File for follow-up.

3.4,3.2 Data Collection Report. This report basically
consists of the forms shown in Exhibits IV and V which were
mentioned in Subsection 3.4.1.3. Immediately following the
interview, this form should be filled out as completely as
possible. Any notes taken during the interview should be put
on these forms. This consolidates all note taking onto one
report form. Attachment of the Data Collecticn Report to the
Source Control Documents and any other papers and letters per-
taining to a particular vendor forms a file. Files on the
various vendors will be stored in a cabinet for reference and
follow~up.

3.5 Data Ccllection Follow-up

3.5.1 Price Quotation

I1f possible, it is desirable to get a verbal price quota-
tion on reproduction of data at the time a plant visit is made.
However, it will still be necessary to have the manufacturer
write a letter to IITRI stating the costs of reproduction and
schedule for delivery. The written quotation may then be used
as the basis of a purchase requisition.

3.5.2 Purchase Requisition

As soon as the written price quotation has been received,
the purchase requisition sould be filled out and submitted
for approval. A copy of the purchase requisition should be
made for the file and a copy of the written price quotation
should be attached to the requisition sent to the purchasing
department.

*Data from system contractors or equipment manufacturers will
almost exclusively be obtained through our Air Force contract
monitor. Where this occurs, the source control log must
indicate such.
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RELIABILITY ANALYSIS CENTER

SOURCE CONTROL DOCUMENT - I

COMPANY NAME:
ADDRESS:
. PHONE :

NAMES OF PERSONS CONTACTED:

QUALIFIED MILITARY PRODUCTS:

DOCUMENT LOG

DATE ACCESSION NUMBER
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3.5.3 Periodic Fellow-up of Requisitions

One member of the staff will be assigned the responsibility
of checking the status of purchase orders. Each purchase order
will contain a requested delivery date. After one week has
passed beyond the time of requested delivery. a phone call shall
be made to determine the status of the order. Sound judgment
and courteous manners shall be employed during all such follow-
up inquiries.

3.6 Device Description Requests

3.6.1 Request Letter

Letters will be sent to vendors on those device types of
greatest interest because of accumulated data on file. Three
types of forms will accompany a letter for complete identifica-
tion of each microelectronic device. An example of this letter
is found in Section 3.10 under RAC 68-8.

3.6.2 Family Fabrication Information

This form pertains to an unpackaged chip with a request
for processing details covering a family or series of micro-
electronic devices. This form may be found in Section 3.10
under RAC 68-2.

3.6.3 Packaging Information

Package details including wire bonding, die bonding, and
configurations are included in this form. It is found in
Section 3.10 under RAC 68-3.

3.6.4 Individual Circuit Information

Pertinent details on individual circuit devices include
functional properties, processing, screening and destructive
tests. This form is shown in Section 3.10 under RAC €8-4.

g b e PPREET L E L b = W
- i R S PR T T (e BRI 0 W T v e rs T T LT et gl
A LA S RS G SRR .




3.7 Device/Count Application Stress Summary

ATTENTION:
SUBJECT:

Dear Mr. . H

The Rome Air Development Center (RADC), Rome, New York, has con-
tracted with IIT Research Institute to establish an Air Force Religbility
Analvsis Center (RAC) for microelectronic devices. 1Its mission is to
collect, consolidate and disseminate technical, application and relia-
bility informatiocn on devices designed and produced for military and
space applications. Primary recipients of this information will include
component and design engineers at military equipment contractor facili-
ties. Enclosed is a letter from Mr. D. F. Barber of RADC authorizing
us to contact military contractors, subcontractors and microelectronic
manufacturers.

‘We have been advised by a microelectronics manufacturer that they

are supplying integrated circuit devices in

the . program which contain electronic systems produced
by your company. Since equipment test and field reliability data on
microelectronic devices is vitally needed information, we are asking

you as a defense contractor to cooperate by filling out the attached
questionnaire entitled Device/Count Application Stress Summary. This in-
formation will be used to identify and evaluate field use experience
with different types of microelectronic circuit configurations, packages
and processes. You will find three (3) copies of the questionnaire en-
closed for possible use in describing more than one equipment or

assembly. A set of instructions for completing the form is also anclosed.
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We will ultimately want to determine usage failure rates (test and
full operation) for the various microelectronic devicves made by the
major microelectronic manufacturers.

. Consequently, we will appreciate an cpportunity to visit your facil-
ity to discuss how this information can be retrieved. Screening and

procurement specifications and data are also of interest to us.

We trust that either you or some members of your organization will

be able to provide the requested information. Success of the program

is contingent upcn the cooperative efforts of the many device manufac~
turers and military contractors as contributors of technical information
and data. Participation will prove most beneficial as this is a com-
prehensive central agency which is cooperating with other data banks

and Government agencies in a continuing effort to consolidate and dis-
seminate microelectronic application, experience and reliability data.

Thank you in advance for your cooperation. If there are any

security questions or need-to-know problems, please advise us, Also,
if any further questions come to mind, feel free to call me or Mr. B. F.
Lathan collect at (312) 225-9630, extension 4041. We look forward to

your early reply.

Yours very truly,

Hugh C. Edfors
IIT Research Institute
N Reliability Analysis Center

HCE/pmp

Encls.
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4 OEPARTMENT OF THE AIR FORCE
3 HEADQUARTERS ROME AIR DEVELOPMENT CENTER {APSC)
N GRIFFISS AR FORCE SASE, NEW YORK 13440

|ESLY TO

arrwérs  EMERR/J. Fuchs/330-LO6Y 10 Oct 67

suesgcr:  Microelectronic Date for Use in the Reliability Analysis Central

vor  IIT Research Institute
10 West 35th Street
Chicago IL 60616

1. The success of the Reliability Analysis Central and the speed at
which it is implemented will depend on the immediate availability of
reliability information which has been generated bty system contractors
and microelectronic vendors. To speed the acquisition of the desired
information RADC has awarded Contract AF30(502)-4265 for the collection,
reduction and analysis of microelectronic reliability data.

2. Since the bulk of the required data has been generated by systen

contractors and microelectronic vendors, it is requested that you

contact as many of these sources as possible. To each source being

solicited, you should supply details on the information required. If

the source has good raw or reduced dete you should request their authoriza-
" tion to access and use this information, expressing the gratitude of the

Alr Force for their cooperation in this effort.

3. This letter will not be construed as & written order within the
purvievw of the exlsting coatract. It is intended only to furnish
information. Changes which: {1) involve incréase or decrease in price,
(2) involve delivery, or (3) mey result in forming the basis of future
claims against the Government, etc., will be covered by appropriate
‘written instructions provided by applicable existing regulations and the
contract.

Chief, Reliability Branch
Engineering Division
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COMPLETION INSTRUCTIONS FOR DEVICE COUNT/APPLICATION

jf STRESS SUMMARY FORM

is intended to provide the Reliability Analysis Center
(RAC) with quantitative information concerning the appli-

employed in Military weapons and support equipment and
systems. Only information concerning microelectronic
device usage is to be reported on this form.

General: A separate form shall be completed for each unique
equipment/assembly entity. 35hould a complete functional
unit be comprised of several separate physical compart-
ments or housings having differing electrical stresses or
environment control, a separate form should be completed
for each to refiect the differences. Multiple pages
should be used where necessary to accommodate the complete
device type complement employed in a given unit. Common
information at the top of the form need not be repeated
on each page.

Detail Entries: The following paragraphs describe the infor-
mation content to be entered for each detail item.

(gl Skowatan
PRSPt s

P o

ORIGINATOR/CONTRACTOR: Enter the company rame, division
and address of the organization completing the form.
This should be the same organization that has developed
or is producing the equipment or assembly.

PP Loty Vo7 (s 4

& PRIME CONTRACTOR: Enter the name and division of the
S prime contractor if this equipment/assembly has been
developed or produced under subcontract.

COGNIZANT SYSTEM PROJECT CFFICE: This is the government
organization that has contracted for and is monitoring
the procurement.

P
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SYSTEM/SUBSYSTEM USED ON: Enter the name or designation

of the program or system on which the equipment/assembly
is to be used if such an entity is identifiable.

CONTRACT NUMBER: Enter contract number of this procurement.

REPORT NUMBER: This item is optional and may be filled in

if the respondent desires to assign an identification
number for control purposes.

DATE: Enter current date.

EQUIPMENT /ASSEMBLY NAME: Enter the name or designation
used for identification of the unit.

NOMENCIATURE: Enter the assigned model number or other
alphanumeric identifier.

PRIMARY FUNCTION: Refers to the intended function to ke
performed by the unit.

TYPE APPLICATION: Enter the intended end use deployment:;

terms such as ground-fixed, ground-mobile, airborne,
missile launch,y etc, are applicable.

ENVIRONMENTAL PROTECTION:

TEMPERATURE CONTROL: Check whether internal temperature

of the unit is controlled by heating, refrigeration or
forced air circulation.

TEMPERATURE: Indicate the design-center internal tempera-

ture if temperature control is employed.
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DUTYA : 1Indicate the approximate on-off ratio of the
functional unit in %. Do not attempt to indicate duty
cycle of individual circuits or subassemblies.

VOLTAGE/CURRENT PROTECTION: Indicate with check in proper
spaces whether surge, voltage or current regulation or
other protective devices are employed.

SHOCK/VIBRATION MOUNTS: State whether special mountings
or other provisions are incorporated to reduce effects
of mechanical stresses.

CIHER: Indicate here what other, if any, precautions are
taken to protect the unit from anticipated hostile
environments, i.e. radiation, low pressure, etc.

TABULAR ENTRIES:

DEVICE NUMBER: Enter in this column the identificatiocn
number of each microelectronic device employed. This
may either be the manufacturer's number or your pro-
curement contrel number. It is desired that each
unique device be entered separately although it is
recognized that in certain situationeg it is more
appropriate to identify an entire family of devices
as a single entry.

DEVICE NAME: Self explanatcery.

MANUFACTURER: Self explanatory - list all vendors if
more than one.

NUMBZR USED: Enter the quantity of devices of that type
number used per equipment or assembly.

% VOLT RATING and % PWR_RATING: Enter in these columns
the design center or derating philecsophy emplcyed for
supply voltage and/or device dissipation.
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(4)

R

DEVICE TEMPERATURE: If possible denote the approximate
expected package surface temperature in °C with the
unit operating in a 25°C external ambient.

u Authentication: The person completing the form should affix
N his signature and title in the spaces provided at the
’ bottom of the form. Succeeding pages may be initialed.
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3.8 Data Input Guidelines for Microelectronic Device Manufacturers

Sp-1D-01
8/1/67 (3)
Data Input Guidelines For
Microelectronic Device Manufacturers .
1.0 Purpose and Scope: The Reliability Analysis Center .

(RAC) at Rome Air Development Center will serve as the
central Air Force activity for the collection, reduction,

analysis and dissemination of reliability data, technical

data, applicaticn data and procurement information on

RGNS S e L T U S K A DS

microelectronic devices. As partial fulfillment of the

Ly Y

data input requirements, information generated by micro-
electronic device manufacturers during voth develop.ient
é and production, will be utilized. These guidelines

- provide details on the type and nature of the data that

are desired.

1.1 Proprietary Data -~ All furnished data items cf a pro-

prietary nature shall be positively identified as such
by the source. These items will receive appropriate

? restrictions in the dissemination to users of RAC. E

3 1.2 Formats ~-- RAC shall accept source data in the formats .

in which they are presently available. Primary concern
is that furnished data and information contain positive
identification and descriptive items as defined in

appropriate paragraphs below. This is to insure correct

classification within RAC.
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1.3 Certification: To enhance credibility, data of the

types described herein and furnished to RAC shall con-

tain the signature of an appropriate company officer

certifying to its factual completeness and accuracy.

2.0 Sources of Information: There are four major sources

of input data of interest to RAC. These include develop-
mental data, fabrication specifications, quality assur-

ance data and performance data.

2.1 Developmental Data -- This source comes from the efforts

of research and engineering which results in new designs,
technical changes and design improvements. Among the
types of technical development reports which are found

in this category are the following:

2.1.1 New product developments

2.1.2 Processing improvements

2.1.3 Product changes and improvements

2.1.4 Physics of failure studies and failure

acceleration studies.

2.2 Fabrication Specifications -~ Among those specifications

sought are the following:

. 2.2.1 Screening Specifications
2.2.2 Processing Specifications
) 2.2.3 Product Design Specifications
2.2.4 Material Control Specifications
2.2.5 Quality Assurance and Control Specifications
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SP~ID-01
8/1/67 (3)

2.3 Performance Data -- This type of data is normally
found in highly summarized form in manufacturer's
catalogs and application sheets. Suitable input for
RAC consists of the detailed graphs, tables and
charts which fuiiy describe the capabilities of a

device. *

2.4 Quality Assurance Data -- Included are data which are
generated during quality and reliability evaluations
of new product releases and/or as part of the normal
company Quality assurance program. It also includes
performance studies and special reliability studies
to user procurement specifications. Among those items

emanating from this source are the following:

2.4.1 Qualification test results
2.4.2 Lot acceptance test results
2.4.3 Failure analysis results, i.e., failure modes

and mechanisms.

2.4.4 Screening test results

2.4.5 Reliability data from the following types of tests: %
2.4.5.1 Operating high temperature life tests :
2.4.5.2 High temperature life storage tests .
2.4.5.3 Operating and storage step-stress tests .
2.4.6 Environmental test results from the following

environmental stresses:
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SP-ID-01

8/1/67 (4)
2.4.6.1 Thermal shock
2.4.6.2 Temperature cycling
2.4.6.3 Mechanical Shock
2.4.6.4 Vibration variable frequency
2.4.6.5 Vibration fatique
2.4.6.6 Constant acceleration

2.4.6.7 Moisture resistance
2.4.6.8 Salt atmosphere/salt spray
2.4.6.9 Humidity

2.4.6.10 Immersion

2.4.6.11 Radiation resistance

2.4.6.12 R. F. Interference

2.4.6.13 Acoustic noise

2.4.6.14 Soldering heat

2.4.6.15 Terminal or lead strength

3.0

3.1

- H————— ———— oot

Detailed Data Requirements: The desired specific

information items for each of the four major sources of

input data are described in the following paragraphs.

Developmental Data Requirements -- Engineering change

reports, product evaluation reports and technical direc-
tives and other items which document product and process
improvements. Information of this nature is important

to RAC to help in determining reasons for performance

and characteristic changes in a manufacturer‘s product.
Reports received should contain the following information

for identification and classification purposes:

71

e et 300 SE




o s [
R I R DT by, RRRNOBEAL I 3N tscn. e - o uiln 55 =

Tov e T e L T LI e

SP-ID-01
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3.1.1 A stated purpose of the report including significant
items which have effected changes in the performance

or characteristics of the product.

3.1.2 Complete identification of the product by device .
type number, manufacturer's family and process family.
If the report deals with an existing device, descrip-
tion can relate to manufacturer's device type in

catalog information.

3.1.3 New product developments that do not relate to a
manufacturer's current catalog device should include
complete device description. Items of description
include the following:

a) Logic type or functional description

b) Number of equivalent discrete devices

c) Packaging details

d) Metailization details

e) 1Isolation method

f) Performance and parameter characteristics
g) Manufacturer's fabrication specifications

h) Manufacturer's assigned identification

3.1.4 Physics of failure and life acceleration studies .

should include the following types of information:
a) Complete device description
b) History of parts tested such as screening,

preconditioning, burn-in, etc.
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c) Test details including dates, number of

samples, procedures, test conditions, total
test hours and who performed test.
. d) Failure details include criteria of failure,

failure modes, mechanisms and plotted graphs.

e) Conclusions and Recommendations.

3.2 Fabrication Specification Requirements -- These documents

guide the manufacturer in the processing of his product.
The primary factors of interest are those that affect
device performance and reliability. Interest in pro-
duct design and processing specifications is directed
toward the measurable and controllable physical and
electrical properties of the item being fabricated in
contrast to specific process facility control settings.
A few examples of useful design and specification items

are:

1) substrate resistivity
2) junction geometry
3) «circuit interconnection particulars (layout,

material, bonding)

4) surface protection details.

Screening and Quality assurance specifications shall

provide details of methods, procedures, inspection

plans and acceptance criteria.
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3.3

3.3.1
3.3.2
3.3.3
3.3.4

3.4

3.4.1

SP-ID-01
8/1/67 (7)

Performance Data Requirements -- Reports which reveal
performance capabilities and limitations are normally
summarized intc the technical data sheets and graphs.
This information is useful in design application. To
properly identify and classify this data, the following

types of information should be known:

Device type number
Device type maximum ratings
Parameter variations versus temperature

Typical device electrical characteristics

Quality Assurance Data Requirements -- Results of the
tests defined in paragraph 2.4 may be furnished in
either of two forms; namely,

1) raw variables measurements or,

2) summary data resulting from reduction and

analysis of the raw data

Early RAC data acquisition efforts are oriented toward
the latter. As its capability expands, greater emphasis
will be placed on incorporating raw variables data. The
specific data items below define the descriptors that
shall accompany either form as well as those summary

items of interest (if so reduceqd).

Complete device identification including type numbéf,

family, manufacturer's name and lot number.
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3.4.2

3.4.2.1

3.4.3

3.4.4

3.4.5

3.4.6

3.4.7

3.4.8

3.4.8.1

3.4.8.2

3.4.8.3

3.4.8.4

3.4.8.5
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SP-ID-01

8/1/67 (8)
Screening, burn-in or other Pre-conditioning
procedures performed prior to testing.

Results either in raw or summarized form shall
be furnished for any such post-production measures
performed on salable items and samples designated

for further Q A testing.

Type of test conducted (such as qualification or lot

acceptance, etc.).

Who performed the test and authorized signature of

personnel validating the test report.
Start and completion date of test.

Identification of applicable test specifications and

detailed te conditions,
Parameter readout points.
Additional summary Data Items.
Failure criteris for each parameter monitored.

Number of samples tested, number of samples failed
and indication whether test results were acceptable

or a failure.
Total number of part test hours (life tests).
Time to failure ~f each failed sample (life tests).

Failure cause or mechanisms of the failed samples.
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%

° 3.4.9 The rasults of any further statistical and graphical

analysis performed on test results are also desirable
RAC input information. Some pertinent analyses of !

interest include:

3.4.9.1 Failure rate vs. stress plot ;
3.4.9.2 Failure rate distributions demonstrating Weibull,

exponential, etc.

3.4.9.3 Acceleration factor tables
3.4.9.4 Failure mode and mechanism summaries ?
3.4.9.5 Circuit parameter drift characteristics versus %
stress
: $
; 3.4.9.6 Parameter stability characteristics versus stress 3
E 3.4.9.7 Parameter density histogram plot
é 3.4.9.8 Parameter correlation plot
_' 3.4.9.9 Step stress test summaries
é» 3.4.9.10 Parameter measurement lot history
| g
|
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3.9 Data Input Guidelines for Systems Contractors and Manufacturers

SP-ID-02
1/4/68

el b b I Zene o s
RN W TR

Data Input Guidelines for

Equipment Manufacturers and Systems Contractors

1.0 Purpose and Scope: The prime objective is to acquire

. field microelectronics data from equipment and systems

contractors. In support of this objective it will be
necessary to acquire certain procurement requirements,

test procedures, test reports and failure reports as

P s oA

detailed in the following sections. These documents
“ oz will be used to provide a firm basis for correlating
* microelectronic reliability results with device material,

design, fabrication, quality assurance and application

factors. Specific requests in the following sections

AR
e s0v
O L

outline the detailed requirements.

Nt @7

2.0 Proprietary/Classified Data: All furnished data items

of a proprietary or classified nature shall be positively
identified as such by the source. These items will

receive appropriate restrictions in the dissemination

to users of RAC.

3.0 Formats:

TR £ PP

RAC shall accept source data in the formats

. in which they are presently available. Primary concern

is that furnished data be identified as defined in sub-

sequent sections.

AP NS, || Vo™

This is to insure correct classifica-
tion within RAC.
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SP~ID-~02
1/4/68 (2)

Sources of Information: There are five (%) major

sources of input data of interest to RAC. Additional
details in the subsequent paragraphs will describe the

following information sources:

4.1 Microelectronic Procurement Requirements
4,2 Special Test Procedures

4.3 Special Test Reports

4.4 Failure Analysis Reports

4.5 Device/Count Application Stress Summary

Microelectreonic Procurement Requirements

4.1.1 Purchase Specifications

T

R

.
R R CARA A a a C

ot g

RS "f“:‘\'w? W

AN ERET My

A

Lo ST & S AV S o R e T A S T T -0 T RO YO IO

Item Exampie or Explanation

Description Manufacturer name
Name of Device
User Name and No.

Systems Application Operating Requirements,
Environmental protection,
type applicaticn

Cognizant Center SPO or Contractor

Control Drawing
Number

Fabricaticn Specifi-
cation

Quality Control
Procedures

Screening or Burn-in

Specification
Quality ard Reliability GCroup A, Group B Test
Test Specifications Requirements

78




SP-ID-02
3 1/4/68 (3)
? 4,1.2 Control Drawings
5 Outline Drawing Needed only when device is

a special non-standard part

Device Description " "
and Construction

Functional Circuit " "

Diagram
Absolute Maximum Those ratings (power, freq,
Ratings temp.) not to be exceeded
: during testing or operating
: of device
i Electrical All of those applicable to
; Characteristics testing or operation of
device
Special Test and 1. Descriptions, schematics
Measurement Speci- of test and measurements
fications circuits
2. Test equipment, condition
and methods requirements
: 3, Tabulations of inputs and
; other conditions vs. out~
. puts expected within
! limitations allowed
; Performance Curves With respect to test condi-
tions required and m:asure-
ments to be made
Applicable Documents Mil Specs, Mil Stds. and

other documents

.
i
:
£
H
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4.2

4.2.1

4.2.1.1

4.2.1.2

4.2.1.3

b S Ersie a ane st

SP.-1D~-02
Data Item: 4.2
1/4/68 (4)

dures
Laboratory Test Procedures at the Part Level

Screen and Burn-In Test Procedures

ltem Example or Explanatjon
Identification Microcircuit devices

covered by this procedure

Screen Test Procedures Detailed procedures in-
cluding measurement
circuits, environmental
conditions, length of
tests, acceptance criteria,
electrical stresses

Reference Documents Specifications and
Standards

ualification Test Procedures

Jtem Example or Explanation
Identification Microcircuit Devices

covered by this procedure

Qualification Test Detailed procedures in-

Procedures cluding sample sizes,
measurement circuits.
environmental cenditions,
length of tests. accep-
tance criteria, electrical
stresses

Reference Documents Specifications and
Standazds

Lot Acceptance Test Procedures

item _Example or Expianation
Idertification Microsireuit Devices

covered by this procedure

80
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SP-ID-02
1/4/68 (5)

Lot Acceptance Test Detailed prccedures in-

) cluding sample sizes,
measurement circuits,
environmental conditions,
length of tests, accept-
ance criteria, electrical
stresses, criteria for
lot formaticn

Reference Documents Specifications and
Standards

4.,2.1,4 Special Environmental or Life Test Evaluations

Item Example or Explanation
Identification Microcircuit Devaices

covered by this procedure

Evaluation Procedure Detailed procedures in-
cluding sample sizes,
measurement circuits,
environmental conditions,
length of tests, accept-
ance criteria, electrical

stresses
Reference Documents Specifications and
Standards
4,2.2 Laboratory Test Procedures at the Equipment Level

4,2.2.1 Laboratory Equipment Test Procedures

Item Example or Explanation
Identification Microcircuit devices

covered by this procedure,
number of each device used
in the equipment

Equipment Identifi- Assembly name and number,
cation Equipment type and mili-
tary number.
End system designation and
program Security Restric-
tions

)]
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Equipment Test
Procedures

Reference Documents

Vomees A wemee s et e

SP-ID-02
1/4/68 (6)

Detailed procedures in-
cluding environmental
conditions, length of
tests, types of test
(factory checkout, relia-
bility demonstration, etc.)
acceptance criteria, elec-
trical stresses., failure
analysis requirements,
handling of malfunctions,
forms required

Specifications and
Standards as required

4.2 3 Equipment Level Field Test Procedures

4.2,3.1 Field Equipment Test and Usage Procedures

Item

Identification

Field Equipment

Test Procedures

82

ample or Explanation

Microcircuit devices
covered by this procedure

Field tests may include
ground checkout. accept~
ance, category tests, etc.
In addition, there is
regular field operation of
the equipment. Procedures
for the above test activi-
ties and operating usage
may include:

1. Approximate description
of operating environment

2. Field test operating
time period required

3. Recording formats and
procedures for time to
failure, type of faii-
ure, total operating
time, responsible parts,
part manufacturer,
calendar period covered

4. Equipment type designa- .
tion

5. End system and Program

6. Originating Agency and
document number

L T | o A VA, Rt i . - - — e e




3 SP-ID-02
1/4/68 (7)

7. Security Restrictions
8. Failure analysis pro-
cedure and forms
needed for each fail-
ing item or appropriate
reference

: Reference Documents Specifications and
1 - Standards as required

B e N )
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4.3

4.3.1

4.3.1.1

4.3.1.2

- - e e L m pem

Special Test Reports

Laboratory Test Reports at the Part Level

Screen and Burn-In Test Reports

ltem

Device Identification

Report Number
Screen Test Location
Cognizant Monitor
Specific Procurement

Source

Applicable Reference
Documents for Testing

Screen Test Data

Qualification Test Reports

Item

Device Identification

Report Number

84

Sp-ID.02

Data Item: 4.3
1/4/68 (8)

a or lanatjion

Manufacturer's plant
location (if applicable)

Air Force or Contractor

Spor:sor
Program Name
Application

Identification of:
Screen Test Procedures.
Specifications and
Standards.

Pertinent Purchasing
Requirements

Complete or summary data
showing:

1. Quantity of 100% non-
destructive tested

2, Quantity of sample
destructive tested

3., Failures, modes, and
mechanisms detected
with quantities or
reference to Failure
Analysis Report Number

Example or Bxrlanation
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SP-1ID--02
1/74/68 (9)

3 Qualification Test Manufacturer's plant

{ Location location (if applicable)

? Cognizant Monitor Air Force or Contractor

: Specific Procurement Sponsor

{ Source Program Name

- Application

3

% Applicable Reference Identification of:

3 Documents for Qualification Test

: Testing Procedures

: Specifications and

: Standards

{ Special Purchasing

] Requirements

; Qualification Test Complete or summazized

- Data data showing:

1) Sample size

2) Number of failuzes,
causes and time to
failure

3) Failure analysis
including modes arnd
mechanisms or
reference to Faillure
Analysis Report Number

FCAT BOCPES A 5 NANDARNAG G ¥

4.3.1.3 Lot Acceptance Test Reports

Item Example or Explanatior

Device Identification

B T

Report Number

i R S
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Lot Identification

Lot Test Location

Cognizant Monitor

Applicable Reference
Documents for Testing

Lot Acceptance Test
Data

SP-1ID-02
1/4/68 (10)

Lot number and approximate
date of manufacture

Manu_acturer's plant
location (if applicable)

Air Force or Contractor

Identification of:
Lot Acceptance Test
Procedures.
Specifications and
Standards,
Special Purchasing
Requirements

Complete or summarized
data showing:

1) Sample .size

2) Number of failures,
causes and time to
failure

3) Failure analysis in-
cluding modes and
mechanisms or reference
to Failure Analysis
Report Number

Special Environmental or Life Test Evaluations

ltem -

Device Identification

Report Number

Special Test Location
Cognizant Monitor

Specific Procurement
Source

86

--Example or Explanation

Equipment manufacturer's
plant site (if applicable)

Air Porce or Contractor
Sponsor

Program name
Application

OB L A G AT e N
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1/4/68 (11)

Applicable Reference Identification of:
Documents for Testing Special evaluation
procedures
Specifications cnd
Standards
Special Purchasing
. Requirements

Life Test Data and Complete or summarize
Environmental Test data showing:

Data 1) Sample size
2) Number of failures.
‘ causes. time to
A failure
L 3) Reference to Failure
Analysis Report No.

4,3.2 Laboratory Test Reports at the Equipment Level

4.3.2,1 Laboratory Equipment Test Reports

Item Example or Explanation

;Device Identification

[N DA L3 SUN AR

Report Number

3 Eguipment Test Equipment manufacturer's
' Location plant site (if applicable)
Equipment Identity
Number
Cognizant Monitor Air Force or Contractor
¥ Specific Procurement Sponsor
Source Program Name
Application

Applicable Reference Identification of:

Documents for Testing Equipment test pro-

cedures.
Specifications and
Standards.

Special Purchasing
Requirements

A R i RPN
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4.3.3.1

Laboratory Equipment
Test Data
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SP-ID-02

1/4/68 (12)

Complete or summarized
data showing:

1) Number of equipments
tested
2) Calendar time elapsed

and number of operating

hours

3) Log of all malfunctions

including hours to
failure, responsible
parts and part manu-
facturer

4) Failure Analysis Report

Number (if any)
5) Number of identical
devices per equipment
6) Part operating hours

Field Test Reports at the Equipment Level

Field Equipment Test and Usage Reports

Item

Device Identification
Report Number
Equipment Location

Equipment Identity
Number

Cognizant Monitor

Specific Procurement
Source

Type of Field Test

Applicable Reference
Documents fcr Testing
and Usage

88

Example or Explanation

Air Force or Contractor

Sponsor
Program Name
Application

Ground Checkout, Accept-
ance Test. Category Test
(if applicabls)

Identification of:
Equipment Test
Procedures.
Specifications and
Standards.

Special Purchasing
Requirements.,

PN
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Field Equipment Test

and Usage Data

89

SP-1ID-02
1/4/68 (13)

Complete or summarized
showing:

1) Number of equipments
in use

2) Calendar time elapsed
and number of operating
hours

3) Part operating hours

4) Log of malfunctions
including hours to
failure, responsible
parts and part manu-
facturer

5) Failure Analysis
Report No, (if any)

6) Number of identical
devices per equipment

iy JW&V&&%
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SP-ID-02
Data Item: 4.4
1/4/68 (14)

4.4 Failure Analysis Reports
4.4.1 Failure Analysis Reports at the Part Level
Item Example or Explanation

Device Identification
Report Number

Source of Report and
Date

Applicable Test
Report Number

Report Data

Failure Analysis

Reconmendations

90
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Part manufacturers, R & D
organization, Air Force
Contractor, Subcontractor,
or other Government
sponsored source

Test report describing
results, conditions, test
data, etc.

Investigation and results
Supporting references:

Test circuits and
equipment.
Calculations, if re-
quired.

Photographs
Documents and proce-
dures used,

Modes and mechanisms, if
this can be estakblished

Corrective Action requires
changes in:

Mfg. Process
Physical Hdlg.
Other

Requalification for
changes in:

Screening procedures
Control dwgs.
Fabrication Specifice-
tions.

Quality Assurance
Procedure=«.

Other
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4.4.2

Item

Device Identification
Report Number

Source of Report and
Date

Applicable Test
Report Number

Laboratory Report Data
(where applicable)

Field Failure Report
Data (where applicable)

91

SP-ID-02
1/4/68 (15)

Failure Analysis Reports at the Equipment Level

Example cr Explanatio

Air For>e Contractor,
Subcontra~tor, or other
Government Source

Tcst report describing
results, conditions, data.
etc,

Investigation and results
Supporting references:
Test circuits and
equipment.
Calculations. 2£ re-
quired,
Photographs
Documents and Proce-
dures Used

Equipment

Programs and sponsor
Specific Application
Circuit

Electrical Operating
specifications.
Environmental conditions

In addition to the items
listed under Laboratory
Report Data are the
following:

1) Number of device
operating hours tc
time of failure

2) Total number of identi-
cal devices per equip-~
ment

3) Total number of equip-
ment operating hours

R R o AL e ]




Failure Analysis

Recommendations
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SP-ID-02
1/4/68 (16)

Modes and mechanisms
which caused failure,
where failure analysis
has been performed.

Corrective action requires
changes in:

Mfg. Processes
Physical Hdlg.
Installation
Application

Screening Procedures
Control Drwgs

Quality Assurance Pro-
cedures

Other
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4.5

4.5.1

SP-ID-02
Data Item: 4.5
1/4/68 (17)

Device/Count Application Stress Summary

This summary form is used to provile RAC with
military applications of microeleci.onic devices.

It will be useful in conjunction with field failure
report data concerning devices named in this summary.
Section 3.7 contains a copy of the form with the

appropriate completion instructions.
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E 3.10 Device Description

RAC 68-8 (Date of this Letter)
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DEVICE DESCRIPTION
INFORMATION REQUEST LETTER

W 4 Y

A R s i

e

Subject: Information Requirements for the
Reliability Analysis Center (RAC)

Dear Mr.

Within the past few months we have been in contact with you for
reiliability data on microelectronic devices. In compliance with con-
tinuing Air Force requirements, we are seeking descriptions on the
attached list of your microelectronic devices. These particular device
types are of greatest interest because of accumulated test data on them
in our data bank. Further manufacturing details are needed on these
devices, however, to establish a firm basis for correlating reliability
data with device material, design, fabrication techniques, quality as-

surance and application factors.

Therefore, I am enclosing a set of three forms to further identify

R Tty g a2

each of your microelectronic device types of greatest interest to us at
the present time. Each of the three forms consists of the following
information:

RS /T T

l. Family Fzbrication Informgtion (Form RAC 68-2)
Pertains to the unpackaged chip. An entire

family or series of devices possibly may be
described in this form.

AT a4

E % 2. Packaging Informgtion (Form RAC 68-3)
d Pertains to wire bonding, die bonding, and

package configuration. The number of forms

to be completed correspond to the numbers of
different packages offered by the manufacturer
for the device types listed.

3. Individug] Circuit Information (Form RAC 68-4)

Pertains to circuit configuration, chip layout,
screening and testing. This form must ke com-
pleted for each of the device types listed.
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(2)

A set of instructions to help interpret some of the items listed
in each form is attached.

We recognize that some of the desired information may be of
. a proprietary nature. Where this is true, we suggest you so
indicate in order that RAC may apply proper dissemination con-
. trols. However, such information is necessary for internal
analyses to validate findings and recommendations.

As we indicated at the time of our initial contacts with
you, the Reliability Analysis Center is a continuing effort to
provide Air Force users with vitally needed reliability and
application information. It is our sincere hope that yocu will
continue to cooperate in this work by completing the enclosed
forms. We will greatly appreciate your reply by (2 weeks after
typing letter). Please call me at (312) 225-9630, extension 4041
should any questions arise.

Yours very truly,

H, C. Edfors

HCE/pmp
Encls.
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Form RAC 68--2 Accession No:
Page:l of 5
Date:_

Z

g
"
f
s
k2
7%

RELIABILITY AMALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
FAMILY FABRICATION INFORMATION

1.0 FAMILY IDENTIFICATION

AT
PR

g Manufacturer: _
- % Family Designation: )
2 Applicable Part Numbers:

— ——

- o~ ————

v 2 - e

; 2.0 SUBSTRATE MATERIAL

Silacon Resistivity:_

Germanium Dopant:
Original Wafer Size:
Die Size:

- ot e ——————

3 0 ISOLATION METHOD

—__Junction
Resistive
Dielectric
. Air
___Oxide
___Natrige
___Carbide
___Ceramic
___Glass

EREMES R e At e 1l aayey bk 'y o 2

4 0 BURIED LAYER USED

. No
- Yes
Sheet Resistance: _
Dcpant:

5 0 EPITAXIAL LAYER USED

__No

Yes
Thickness: _
Dopant:
Resistivity:
Isolaticn Diffusion Dopant:

o — e e St S - ———————_ e oo

- ———

i v ———— o o s i o gt v
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9.2

9 2.1

9.2.2

9.2.3

COLLECTOR _DIFFUSION USED

No
Yes
Sheet Resistance:

Page:2 of 5

Dopant:
Final Diffusion Depth:

BASE DIFFUSION

Sheet Resistance:
Dopant:
Final Diffusion Depth:

EMITTER DIFFUSION

Sheet Resistance:
Dopant:
Final Diffusion Depth:

MOS/MNS DEVICES

Dielectrac Type
Oxide
Nitride

TRANSISTORS (IGFETS)

Operational Mode
———_Enhancement
- Depletion
Channel Size:_
Channel Dopant: -
Channel Sheet Resistance:

Channel Type
P-Channel
N-Channel

Source & Drain M ffusion
Sheet Resistance:

Dopant:
Final Diffusion Depth:

97
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Page:3 of 5
TRANSISTORS (IGFETS) (cont'd)

9.,2.4 Dielectric Thickness:

9.3 MOS/MNS CAPACITORS

9.3.1 Lower Plate Diffusion
Sheet Resistance:
Dopant:
Final Diffusion Depth:

9.3.2 Dielectric Thickness:

10.0 SURFACE PASSIVATION
Type
___Oxice
___Mitrige
____Other:

Thickness (Minimum) :
Additional Passivation Processes & Materials:

11.0 INTERCONNECTION METALLIZATION (Bipolar & MOS/MNS Devices)

11.1 Metal(s) Used
Primary Metal
___Aluminum - Thickness:
___Gold - Thickness:
___Other: ____Thickness___

e,

Deposition Method
____Vacuum D¢ hosition
____Cathode Sputtering
___Vapor Plating

Secondary Metal(s) Used (wetting agents, etc.)

Specify Metal, Thickness and Deposition
Method

? - i o o e s e v - . .
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Page: 4 of 5

12.0 FILM DEVICES

12.1 Conductors
Material:
: Thickness:
Sheet Resistance:
Deposition Method:

12.2 Resistive Elements
Material:
Thickness:
Sheet Resistance:
Deposition Method:

12.3 Dielectric
Material:
Thickness:
Deposition Method:

13.0 QUALITY CONTROL CHECKS - Specify method or procedure
used to check and/or control the following para-
meters before sealing the package: (i.e.-Electrical
Function: Probing)

: 13.1 Sheet Resistance:
13.2 Junction Profilés:
13.3 Passivation Thickness:
| 13.4 Passivation Quality:

95
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13.5

13.6

13.7

13.8

13.9

13.10

S

QUALITY CONTROL CHECKS (cont'd)

Device Geometry:

Ohmic Contacts:

Electrical Function:

Metallization Adherence:

Metallization Thickness:

Bond Strength:

100
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Form RAC 68-3 Accession No:

1.0

. . ¢+ e 9
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N
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2.6 1

> g AR A M

Page:}] of 2

Date:

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
PACKAGING INFORMATION

IDENTIFICATION

Manufacturer:

Package Configuration
___Can - Hermetically Sealed
___Flat Pack - Glass
___Flat pPack - Ceramic
___Plastic Encepsulated (other than DIP)
___Dual In Line - Hermetically Sealed
__.Dual In Line - Plastic
___Module

Manufacturer's Package Designation:___

JEDEC Package Designation:

DIE BONDING METHOD

—.._Eutectic Alloy Braze
___Glass Frit
___Solcer
___Direct
___Beam Lead
___Flip Chip
___Ultrasonic Flip Chip
____LID
___Other:

Direct Bonding Techniques (1f used)

Metallization Material (1f metallization :s
used to connect die to
package leads)

___Gola
___Aluminum
___Other:

Direct Bonding Method
____Thermocompression
____Ultrasoni.~
____Sclder Balls

101
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Page:2 of 2
3.0 WIRE BOWDING (if used)

3.1 Wire Material ¢
Gold (
____Aluminum )
___Other: . |
§
i
32 Wire Diameter: '
3.3 Maximun Length Wire Used: ;
§
3.4 Bonding Method i
Ball - Thermocompression ;
Wedge - Thermocompression ;
Stitch - Thermocompression .
Ultrasonic i

4.0 SUBSTRATE BONDING (If an insulating substrate is

used such as with thin film,
multichip, flip chip, and beam
lead construction, specify
method of bonding substrate to
package.) <

T T

P

RO

5
A
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Form RAC 68-4 Accession No:

1.0

2.2

3.0

3.1

Page:_1 of 2
Date:

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
INDIVIDUAL CIRCUIT TNFORMATION

IDENTIFICATION
Manufacturer:
Part Number:
Part Name:
User Name & Part Number:

FUNCTIONAL PROPERTIES

Ciccuit Configuration - {Attach schematics showing
ALL circuit components including isolation
diodes or isolation regions, zener diodes on
IGFET gates, and method of connecting transis-
tors as diodes.)

Chip Topography - (Attach photograph or scale
drawing of top surface of chip showing device
layoutr -interconnection pattern, and bonded
wire layout.)

PROCESSING DETAILS

Processing Flow Chart (Attach copy of Flow Chart)

(Attach specs and/or details of photolithographic,
washing, cleaning, epitaxy, diffusion, metalliza-
tion and thin/thick film processing steps.)

(Detail S5, =c:ial, Non Standard, processing steps

required by user - give user spec number if
applicable.)

POST PRODUCTION SCREENING PROCEDURES

Test Specification Source:

Test Specification Number:

Provide either a copy of the specifications
(preferable) or detailed conditions of each
screening measure used. (i.e., electrical burn
in, temperature aging, hermeticity, etc.)
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DESTRUCTIVE TESTS - Indicate any limit or other des-
tructive tests (i.e., Step Stress) that are conducted
on each lot as part of Lot Acceptance procedure.
State stress type and conditions and whether test
vehicles are marketable items, non-functional items,
or special test patterns.

6.0 DEVIATIONS FROM STANDARD FAMILY PROCESSING: Specify
any deviations from standard family processing
(as described in Form RC 68-2) peculiar to this
part number, and not otherwise specified.
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4.0 DOCUMENT INPUT PROCESSING

4.1 Introduction

The Reliability Analysis Center (RAC) has heen established
to collect, analyze .~d disseminate technical information and
data on microelectronic device reliability. It places special
emphasis on correlating reliability factors with device
materials, fabrication, quality assurance and application
factors. To carry out these objectives RAC has implemented
and inverted the term matrix (Termatrex) system for document
storage and retrieval. With this system the various documents
under file are indexed according to a detailed set of descriptor
terms, devised to provide meaningful access to stored informa-
tion.
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4.1.1 Scope

This section has been prepared to provide detailed guidance
for perscnnel assigned the actual tasks of processing informa-
tion and data into the file system. It contains (in Section 4,2)
an overview of the input document processing operation and
defines the responsibilities and genersal functions of individuals
assigned the various tasks. Specific elements and procedural
guidelines for performing each of the major tasks are provided
in the following two sections. Appropriate forms as employed
are included in Section 4.5; instructions for their completion
are contained in the corresponding descriptive text.

4.1.2 Manufacturers' Catalogs

Entry procedures for catalogs and other sales literature
published by device manufacturers is not within the scope of
this procedure. Such documents are considered to be of unique
nature and hence do not require the same file and cross-
reference control exercised for technical documents. Handling
procedures are sufficiently covered in Section 2.0, "System
Configuration and Maintenance."

4.2 Document Processing Elements

4.2.1 Process Flow

The sequence and movement of documents ané associated
items through the input entry process is illustrated in
Figure 6. It identifies the principal werk elements of each
station and indicates how they interface to accomplish the
intended entry control function. It is to be understood that
items being transferred from a work station are all those that
have been oparated on at that station, except where deviations
are specifically shown.
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4.2.2 RAC Document Processing Record

PRI

Document processing is controlled by the RAC Document

Processing Record (DPR), form number RAC 68-5. This form,
attached to each information document as a first step in its
processing flow, accompanies it throughout remaining process

. steps and remains as an active part of the document after
filing. The result of each action is indicated by the

{ responsible individual along with his initials and date in the

8 spaces provided.

4.2.3 Processing Steps

4.2.3.1 Source Document Receipt. Upon receipt of each
document its personal or corporate author, title and publica-
tion date are checked against the Reference Card File by a
library technician to ascertain duplication. As an additional
check, the AD# is checked against the AD Card File. Duplicate
documents are then discarded. If the source document is not a
duplicate, a Document Process Record is attached and the receipt
date is entered under "Date Initiated.” At this time a Reference
Card for the document is also initiated by entering the author,
his affiliation, document title, AD# «nd date. Reference Card
content and preparation guidelinas are contained in Subsection
4.4.2.

Source documents produced under Government Contract
{identified by presencte of a contract number) require also
H that a check be made to ascertain whether the document is one
: of a series of periodic progress reports. (Seze Subsection 4.4.3
< for instructions.)

4.2.3.2 Document Evaluation. The source document with
attached DPR form is forwarded to an assigned RAC staff
enginecr for evaluation. He shall:

1. Detzrmine whether the document merits entry into RAC
files. His decision is recorded on the DPR as to
gecept or reject.

ef s

2. If accepted for entry, he shall determine whether the
. document contains data suitable for reduction into a
Dzta Summsry. A check is entered at " summiaxy
Req'd" when applicabhle as determined by criteria
defined in Subsection 4.3.2.

NP

3. Chsack whether there sre any device types identified.
If so, he records the applicable device type number(s)
and wanufacturer(s} in the space provided. Individual
nureers are separated by a vertical slash. Should
additional space bz required, a second sheet may be
attached -~ this should be sc¢ indicated on the DPR.
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4. Indicate into which File Category the document is
to be filed by checking the appropriate space on
the DPR form.

5. Enter his initials and current date in the spaces
provided.

NOTE: If the document is rejected, steps 2, 3 and
4 are omitted.

4.2.3.3 Rejected Document Disposal. The engineer returns
rejected documents to the library technician whereupon they are
held in an inactive file for a six-month period. They are then
returned for a second Document Evaluation. Documents again
rejected are discarded and removed from further consideration.
The partially completed document reference card is marked
accordingly but remains on file for reference should the same
document enter the system at a later date.

4.2.3.4 Prepare Data Summaries. Data Summaries, when
required as noted under "Document Evaluation," are prepared by
RAC staff engineers. A separate summary is prepared for each
device type/test condition combination reported on in the
source document. They are to be prepared in accordance with
the instructions outlined in Subsection 4.3.3.

As part of this task, the engineer completes the following
items on a separate DPR for each Data Summary and attaches the
two together:

1. Checks File Category: “Internal Data Summary"
2. Initials and dates "Summary Complete"

Subsequent to Data Summary preparation, the library
technician shall complete the entry of Source Document and
Device Description Identifiers as required by Subsection 4.4.4.

4.2.3.5 Device Inventory Updating. Device inventory up-
dating is applicable for source documents where one or more
device type numbers are identified under "Document Evaluation."
It is not applicable for Data Summeries as any device types
included therein have been extracted from a souirce document.

The task is performed by the library technician by comparing
each device type number on the DPR to the Device Type Inventory.
Results of the Review are recorded on the DPR by entering 'YES'
for types already posted and ‘NO‘’ for those not posted. At this
time type numbers in the latter group are entered onte the inven-
tory by preparing a Device Type Inventory Card acccrding to the
procedure defined in Subsection 4.4.5.
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4.2.3.6 Initiate Preparation of Device Description. A
Device Description (DD) must be prepared for each device type
identified on a Data Summary and for which a Device Description
has not been previously prepdred. Hence, the library technician
filist check each Data Summary for a device type and this type rilist
be checked against the Device Type Inventory to see if a DD is on
file. If one is not on file, the library technician ipitiates a
Device Description Request for that partiéu}ar part type number,
and enters the date of the Device Description Réquest on the
Device Type Inventory Card as described in Subséétioun 4.5.2.

4.2.3:7 Preparg Device Description. Upon receipt of the
request, the cognizant RAC staff enginser prepares the Devige Dés-
cription from internal and external information sources as defined
in Subsection 4.3.4. The library technician completes thé Device
Descrintion preparation task by duplicating and assembling its
several sections, and initiating a DPR for their subsequént pro-
cessing, as described in paragraph 4.4.6.3. The Device Description
Request form has served its purpose and now may be discarded: ALEE,
the remaining encries to the Device Type Inventorv card for the
device types of interest are made.

4.2.3.8 Accession Number Aszignment and Pile Preparation.
Source documents, Data Summaries, and Device Descriptions witth
their accompanying DPR"s are returned to the library technicies
to prepare for file entry. THe following tasks are performed at
this stages

1. An accession nuniber is assigned in accordance with the
designated File Category. {See Table 3 for appropriate
accessicn number sequence zscsignments.) This number
is enter=d onto the documert itself, the DPR, the file
folder and abstract reference czods.

T
L]

Prepare file folder. »Rocesrion pumber, authas. his
aff ‘liatior and the document title {partial) arce
entered on the folder *a&p.

3, the gbszract reference index card in duplicate
{partial} is -—omgleted and indexad for sach dorumert
in the RAC librery. See Subsection 4.4.2 f£or abstrz=ct
rezercencg card preparation ingtructions.

4.2.3.9 Ingex Document. Indexing 2= perfurmed by informastion
science spectalists. This task i1z carriad ocut according to the
guidelines of Subsection 4.3.5% using the Thessmizus Term List of
Sections 8.¢ and 9.0.

Termatrex card identification numbers, corresponding te rele-
vant index terms, zve enterzd ac noted on the DPR., Upen compietion,
the indexer enters his 1n:tials and date under "Doc. Indexed."”

4.2.3.10 DPriil Teruwstrex Lsards. The de-ignuted Termatrex
cards are drilled in matrix position correspeading to the accession
number of the document. This task is performed by library techni-
cizng in accordance with Scbsection 4.4.8. Upon completion of
Grilling. the DPR 1s init:ialed and Jdsted i+ appropriatée spaces.
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Tablé 3

Accession Number
1=1399
1400-2899
2900-2999
3000-3399

3400-3999
4000-5599

5600~7599
7660-8599
8600-9999

e I IO VR v B A

Folder
Red Label

Blue Label
Turquoise Label

Orange Label
Coral Label
Green Label

Yellow Label
Brown Label

Brown Label

310

File Category

Vendor

Journal articles
Specs

Proceeding, Sympo-
sia Conferences

Bibliography, Surveys
and Reviews, Handbock

Technical Reports,
R/D Reports, etc.

Test Data
Summary

Device Descriptor
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4.2.3.11 File Termatrex Cards and Documents. As a final
step in the document entry process the documents are filed by
the library technician. Termatrzx cards are filed according
to color and card number, whereas doci -°nts are inserted into
the previously prepared folders and placa2d in project file
category in accession number sequence.

4.3 Detail Processing Procedures

4.3.)] Introduction

The previcus section defined the essential tasks that are
required for processing input documents into RAC files. It
dealt with what is done. 1In this section, each major tech-
nically oriented task is treated independently in considerable
detail. The emphasis herein is how the task is accomplished.
Step~by-step instructions are provided as appropriate. However,
due to the variabkle nature of the documents being operated on,
much of the information is presented in guideline form, intended
to define the important criteria on which tc base the required
decisions. A separate subsection is devoted to each task
involving technical competence. Those primarily clerical in
nature are compiled in Subsection 4.4.

4.3.2 Documernt Evaluation

4.3.2.1 3Scope. An engineering evaluation is performed on
each incoming document to establish that its contents represent
a worthy addition to the files. This evaluation shall encompass,
in addition to screening for part types, the decision as to
whether it requires reduction and summarization and the decision
of into which File Category it is to be entered.

4.3.2.2 Document Qualification. Document qualification
refers to whether the candidate document meets the minimum
requirements .c be asccepted as useful input. This decision is
based on the following factors:

Relevance Subject Investigated
Technical Contribution Action Reported
Documentation

In particular, the information contained in the document must

be concerned with the supject of current interest, i.e., micro-
electronics and reliability oriented actions. It must also make
a8 techr:ical contribution to the RAC files. The action reported
must be significant, and it must be supported with adequate
documentation. Some specific guidelines are given in the
following paragraphs.

4.3.2.3 Relevancy. To be usefi:, the subject of reported

actions must be directed toward micrc 2lectronic devices or
microelectronic technology; that is materials, processes,
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techniques, component elements, etc., used in the design and
manufacture of microelectronic devices, are applicable subjects.
Tests, application or R&D work on specific discrete semicon-
ductor or other electronic devices is not relevant unless they
are of such design and construction as may be used on hybrid
microelectronics.

Actions that are relevant for RAC purposes are somewhat
nmore difficult to define. Obviously, information must be
related to reliability: methodology, research investigations,
test and operating procedures, test and operating results,
failure analysis procedures and findings, material, process,
and design improvement activities and application guidelines
2ll represent relevant activities. It is important for the
document to be acceptable, that these reported reliability
oriented activities pertain to the subject of microelectronics.

4.3.2.4 Technical Contribution. As noted above to
evaluate incoming information for technical contribution,
reported action and accompanying documentation must be
examineu. Several points may be made in regard to the former:

1. The reported action must be meaningful:
it should not be so limited in scope
such that findings have little chance of
extension. Likewise, general treatment
of a broad subject is of little value.

2. Investigations and tests shall have been
conducted in such a manner that results
are credible. Techniques and instrumenta-
tion must be consistent with the precision
required to assure repeatibility.

3. Where test results are being reported,
data shall be accumulated under meaning-
ful, realistic stress conditions, using
recognized acceptable procedures.

4. Data shall be current: 1 to 5 years
maximum depending on currency of
technclogy and findings involved.

As a minimum, accompanying documentation shall permit
positive identification of item or subject under investigation,
description of the sctions performed, and conditions of data
accumalation and identification of the report document itself.
Some important items of documentation are:

1. The subject investigated shall be
identified by a device type number and
manufacturer, or a suitable description
of the important properties as guided
by the RAC Thesaurus.
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2. Period covered by the investigation or,
as a minimum, the report date must be
given.

3. The document must contain sufficient
detail and at a reasonable technical
level to be consistent with scientific
reporting practices. Many journal
articles and manufacturer's marketing
oriented "reliability reports" fail
this criterion and should be carefully
scrutinized.

4.3.2.5 (Criteris for Summarization. At this stage it is
not necessary to ascCertain what kind and how many summaries are
to be produced. The evaluation need only establish whether the
document is to be summarized.

The purpose of summarizing incoming documents is to
simplify preparation and updating of standard tabular products
as well as to provide useful backup to the products for inter-
ested users. Thus all documents containing reliability test or
field usage data and failure analysis results require summariza-
tion. Research and development reports ordinarily will not be
summarized except if they contain test or failure data.

4.3.2.6 Device Type Identification. The document shall
be scrutinized to identify all device types or families as are
reported on. Where the subject or item under investigation is
identified by descriptors other than type or family number,
these are not to be indicated on the DPR.

4.3.2.7 File Category. Relevant File Category types are
shown on the DPR form. Determination of proper categorization
is self-evident and needs no further clarification.

4.3.3 Data Summary Form Preparation

The data in the source document is to be summarized on
Form RAC 68-7A (shown in Section 4.5) in order to faciliiate
the preparstion of the tsbular outputs. Essentially, the form
requires informstion on the identification of the =~urce
document and device to which the data pertains, the test or
usage conditions to which the device was subjectad, the mode(s)
and mechanism(s) of failures associated with the data, and the
statistical data itself.

The numbered boxes on Form RAC 68-7a correspond to numbered
columns on the Failure Data Table. The boles without numbers
contain information in addition vo that required for output
purposes. This additional information supplements the output
information in the event that an inquiry about it should be
received.
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The following describes the procedure to be #ollowed in
summarizing the data in a source document using Form RAC 68-7A.
Except as noted in the following procedure, this form is to be
prepared by a RAC staff engineer. Note the special Data Summary
procedure for Government Contract reports described in para-
graph 4.3.3.3.

4.3.3.1 DNumber of Forms Required. A separate summary form
will be required for each data entity (i.e., part number/stress
domain/stress level combination and the associated test or
usage data) reported in the source document. Where identical
part number/stress domain/stress level combinations are reported
in the same source document (such as the results of identical
tests run on two or more lots of the same part number), the data
is to be entered on the same form but not merged. If necessary,
additional copies of the form can be used in this case.

4.3.3.2 Preparing the Summary. Unless otherwise specified,
enter N/A in a box when it is not applicable to data being
summarized, and a dash if the information is not available in
the source document.

A. Source Document ID

Enter the title and author of the source
document in the appropriate boxes. Leave
box 18 and "“Source Doc. Acc. No." to be
completed by the clerical staff as described
in Subsection 4.4.4 of this procedure.

B. Device ID

Enter the name of the manufacturer, the part
number, ané the name (function) of the-device
(associated with the data being summarized) in
the appropriate boxes.

Boxes 1-3 and 11-15 are only to be filled out
by the RAC staff engineer when the manufacturer
and part number are not given. Otherwise, these
boxes are to be filled in by the clerical staff.
The values to be entered in these boxes are to
be selected from the generic class descriptor
value codes appearing at the right side of

Table 4.

In box 16, "Special Screen/Burn-In," enter a
mnernonically coded description of any special
processing, screening, burn-in or quality
control procedures {described in the source
document) to which the device was subjected
prior to the test or usage which generated
the data being summarized. This coded
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Table 4

GEMERIC CLASS DESCRIPTOR VALUE CODES

Term Name

I. Microelectronic Category

1.
2.
3.

10.
11.

Monolithic Epitaxial
Monolithic Diffused
Monolithic NOC
Composite IC Epitaxial
Composite IC Diffused
Composite IC NOC
Monolithic IGFET

Thin Film - Pure IC
Thick Film - Pure IC
Hybrid Microcircuit
Multichip Microcircuit

II. Functional Category

1.
2.

Digital
Lirnear

III. Package Configuration

1.
2.
3,
4.
5.
6.
7.

Can, hermetically sealed

Flat Pack, Ceramic

Flat Pack, Glass

Dual In-Line Hermetically Sealed
Plastic Encapsulated (Non DIP)
Dual In-Line, Plastic

Mogdule

Iv. Operational Type

1.
2.
3.
4.

d2dd
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Code

MEL CTGY
MonEpi
MonDif
MonNOC
CmpEpi
CmpDif
CmpNOC
IGFET
ThnFlm
ThkFlm
Hybrid
MltChp

FCTL CTGY
Dig
Lin

PKG CNFG
Can

FE XkCin
FPkGl
DlInL
Plstc
DIP
Modul

OPRNL TYPE
TTL
DTL
CML
CTL
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Table 4 - (Continued)
GENERIC CLASS DESCRIPTOR VALUE CODES

RS

i : Term Name Code j
: IV. Operational Type (Cont')
5. RCTL RCTL
6. RTL RTL ) i
7. DCTL DCTL
» 8. MOSTL MOSL :
% 9. NOC {digital or linear} NOC
&1 10. DIFFERENTIAL LINEAR DEVICE Diff
11. SINGLE ENDED LINEAR DEVICE SqiE
3 :
V. Qualification Class QUAL CLSS ’
3 1. High Reliability Certification HiR1
2. Military Upgraded Milu %
- © 3. Military Mil ‘
E ] 4. Industrial/Commercial Ind
g 5. Consumer Csmr p
4 o
H | VI. Interconnection System INTRCON SYS d
i & 1. Gold-to-Aluminum Wire Bond AuAlWir
A, 2. Gold-to-Aluminum Direct AuAlDct
5 3. Aluminum-to-Aluminum Wire Bond AlAlWir
- " 4. Aluminum-to-Aluminum Direct AlAlDct
% 5. Gold-to-Gold Wire Sond AuAuWir
? 6. Goid-to-Gold Direct AuauDct
2 7. Gold-to-Silicon-to-Aluminum Wire Bond AuSialw
VII. Isolation Method ISLN MTD
1. Junction Jetn
2. Dielectric, Oxide DiOx .
3. Dielectric, Nitride DiNt
4. Dielectric, Air (Beam Lead) DiAr
5. Dielectric, Ceramic DiCm
6. Dielectric, Glass DiGl
7. Dielectric, NOC Diel
8. Resistive Rstv
116
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Table 4 - {Continued)
GENERIC CLASS DESE!RIPTOR VALUE CODES
Term Name Code 9
VIII. Circuit Complexity CKT CPXTY
) 1. Gate (Logic Gate) Gate
2, Storage Element StgEl
3. Multivibrator Mitvb
4., Arithmetic Functional Unit ArithU
5. Differential Amplifier DfAmp
6. Audio Amplifier AdAmp
7. RF-IF Amplifier RFAmp
8. Video Amplifier Vaamp
9. Special NOC Specl
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description must contain a maximum of two
lines having a maximum of 16 characters
(upper or lower case) each.

In the box labeled "Previous Testing," enter
the testing to which the device was subjected
(other than normal screening and testing during
fabrication) prior to the test or usage which
generated the data being summarized.

Test/Usage Conditions

Enter the month and year of the test or usage
iwhich generated the data being summarized) in
box 17.

In box 4 enter the appropriate code selected

from those given under "Data Source Level! in
Table 5. The data source level is the level

at which the data was observed.

In box 5 enter the code for the particular test
type or application environment pertaining to
the data being summarized. This code is to be
selected from those given in Table 5 under the
heading "Test Type/Application Envir." and
corresponding tc the value selected for "Data
Source Level" above.

If testing was performed to a military, NaSA
or other specification, enter the specification
number, paragraph, method, etc., in the box
labeled "Test Spec. Ref."

In the box labeled "Stress Level/Equip. Class"
enter a complete description of the stress
domain(s), level(s), duration(s), step stress
increment (s), etc. for each stress applied to
the device during use or testing and/or the
class of equipment in which the device was used.
The appropriate portions of this information
must then be coded into the format given in
Table 5. The format to be used is the one
appearing under the heading "“Stress
Level/Equip. Class" and directly to the right
of the code which was entered in box 5 akove.

This coded format consists of either one or
two lines with a maximum of 11 characters
per line including the units of the stress
level.
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Example: for a vibration fatigue test of
1500G peak acceleration in all six
axes at a minimum frequency of
500 Hz and a maximum frequency of
10,000 Hz, the coded stresses
would be :

15000G6 AXES
500 Hz/10 kHz

This coded information is to be entered in box 6.

For step stress tests, code each of the stress
levels at which a failure occurred, label them
A, B, C, etc., to correspond to failure/mode
mech information given in boxes 7&, 7B, 7C, etc.,
and enter them in box 6.

D. Failure Mode/Mechanism Information

ot

55 8 R S M 4

Boxes 7, 8 and the box labeled “Time to Failure"
are to be used for describing the failure mode
and mechanism for each failure being summarized,
as well as the number of failures caused by each
mode, and the time at which each failure occurred.

In the case of step stress test data, a separate
portion of these boxes (A, B, etc.) is to be used
toc record each stress level/failure mode combina-
tion, and the point at which the failure occurred
is to be entered in the box labeled "Time to
Failure." This point can either ke indicated by
the number of steps after which the failure
occurred or the elapsad test time at which the
failure occurred (maximum of 8 characters). These
boxes then are to be labeled 10A, 10B, etc., to
correspond to 7A and 8A, etc. Then the words
"See: Time to Flr" are to be entered in box 10
at the bottom of the page.

For all octher types of tests, enter each failure
mode in a sepacate portion of box 7 (e.g., 73),
the number of failures attributed to that mode

(4 characters maxirum) in a separate portion of
box 8 (e.g., 8A corresponding to the flr. mode
given in 7A), and the time(s) at which the
failure(s) occurred in the box labeled "Time to
Failure." For environmental tests, enter an
appropriate descriptor of the point in the test
at which the failure was detected (e.g., if a
failure was detected after S cycles of a 10-cycle
thermal shock test, enter "5 cycles" in the box).
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The information to be given in box 7 should
consist of the failure mode, and the results

of any failure analysis work performed in terms
of the cause of failure, physical defects, and
failure phenomena. Keep this entry above the
dashed line in the box since the space below
this iine is reserved for coding the failure
mode and mechanism information for the output
tabulations.

E. Reliability Data

The actual reliability data being summarized is

to be entered in the bottom row of boxes on

Form RAC 68-7A. Enter the total number of devices
tested or used in box 9 (not to exceed 7 characters).
Enter the duration of the test in terms of hours,
cycles, etc., as is appropriate for the test being
summarized in box 10 (not to exceed 8 characters),
except for step stress tests as noted above. Enter
the total number of devices which failed during

the test or usage being summarized into the box
labeled "Total Flrs." This entry should be the

sum of the numbers entered in boxes 8A to 8E.

Enter the total number of part hours included in
life test data or field use data in the box

labeled "Total Part Hrs." Enter the upper 60%

CL failure rate in percent per thousand hecars in
the box labeled "Flr. Rate" only when it is given
in the source document.

For environmental and other "Go, No-Go" type
tests, give the percentage of tested devices
found to be defective in the box labeled "%
Defective."

4.3.3.3 Procedure for Summarizing Governmert Contract
Reports. Since progress reports on Government contracts some-
times give partial results of tests when the test pericd over-
laps the progress report period, the same data may be repeated
in later progress reports or £inal repcrts. In order to avoid
surmarizing the same data twice, a modified procedure for data
summarization is required.

If a report is the first in a series of progress reports,
it is to be summarized according to the standard procedure
described in the previous subsection.

If a report other than the first of a series requires
summarization, the previous reports and their Data Summaries
are to be extracted from the files before summarizing the new
document. The accession numbers of the previous progress
reports can be obtained from the DPR of the new document, and
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the accession numbers of the Data Summaries for each previous
progress report can be obtained from the DPR of each report.

The Data Summaries and the previous reports must then be
compared to the new report in order to determine whether the
new document reports on the continuation of a test vhich was
previously summarized. This will usually be evident from the
test name, the test stresses, the generic descriptors, the
report corntext, etc.

If 2 continuation of a previously summarized test is
reported, a new Data Summary is to be made for the entire test
and the previous Data Summary is to be marked "VOID" and
attached to the new Data Summary. The new Data Summary
replaces the one marked "VOID" and has the same accession
number. No additional indexing of the new summary is required.

If the new document does not report on the continuation of
a previously summarized test, it can be summarized according to
the standard procedure.

4.3.4 Preparation of the Device Description

Preparation of the Device Description is initiated by the
library technician each time a new part number is identified
in the RAC system. A Device Description Request form (RAC 68-9
shown in Section 4.5} is prepsred by the library technician and
forwarded to the RAC staff engineer as described in subsec-
tion 4.4.5 of this procedure.

Upon receipt of Form RAC 68-9, the RAC staff engineer
enters all available part information (from vendor catalcgs,
etc.) on Form RAC 68-4, and either Form RAC 68-2, RAC 68-3, or
both as indicated on the Device Description Request. These
forms must then be sent to the device manufacturer along with
cover letter Form RAC 68-8, and a copy of "Instructions for
Completing Microelectronic Device Description Forms" (shown
along with Forms RAC 68-2, 3, and 4 in Section 4.5).

The forms sent, date sent, and the name of the person at
the manufacturer's facilities to whom the letter was addressed
must be recorded on Form RAC 68-9, and this form is to be filed
in a loose-leaf notebook for follow up.

If the forms are not returned within three weeks of the
date they were sent, a follow-up contact should be made with
the manufacturer. All follow-up contacts should be recorded
on RAC 68-9.

Upon the return of the completed forms by the manufacturer,
the date of receipt is to be entered on RAC 68-9. Before
returning the form(s) to the library technician, the RAC staff
engineer must determine the set of generic descriptors for the
part number, and write them (in abbreviated form) across the
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top of Form RAC 68-4. The forms returned by the manufacturer
along with the Device Description Request are then returned to
the library technician for processing.

4.3.5 Indexing

4.3.5.1 Introduction. Access to the RAC data files is
exclusively through indexed concept descriptors. Thus in-
dexing -- the task of interpreting the essential contents of 2
document into appropriate descriptor terms -- is the most
crucial in the entire document entry process. Yet, it is
difficult to convey in procedural terms how cne does an
effective indexing job.

The task perhaps can be divided into two basic subtasks,
one being the mechanics of indexing, and the second, the art
4 cf indexing. The former lends itself to procedural discipline.
The latter, unfortunately, is amenable to treatment only through
generalized statements of objectives and principles. The
indexer, for the most part, must gain proficiency in searching
out and interpreting important concepts through trial and error
experience. The material in this subsection attempts to bring
the essential concerns into focus so that the learning process
is directed toward the overall program gcals and objectives.

L e e W

4.3.5.2 Index Terms. Every item of information of concern
to RAC has three fundamental features or elements, namely:

1) It identifies some physical object that is being
investigated. This is usually a microelectronic
device or some constituent component of a
complete device.

2) The intelligence is conveyed by some vehicle
of communication referred to as the document.

N e e ORI A b R R YRS & e

3) It contains a description of some event or
action carried out in conjunction with the
object.

The index term list has been devised around these charac-
teristics and organized in such a manner so as to assure
inclusion of terms from each element as a natural result of
indexing. The final Term List organization sections are shown
below.

Sy et s a

OBJECT INVESTIGATED

8.1 Generic Class Descriptors

8.2 Manufacturing Descriptors

MIIEPE BRI Yy 81| b 0

8.3 Item Descriptors
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COMMUNTICATIONS VEHICLE

8.4 Document Descriptors

CONTENRT DESCRIPTORS

8.5 Microelectronic Design and Development
8.6 Failure Analysis Studies

8.7 Fabrication Techniques and Equipment
8.8 Specifications

8.9 Reliability Technology

8.10 Part Level Data

8.11 Applications

8.12 Not Otherwise Classified

The corplete term list organized as above and a second version,
organized alphabetically, is presented in Sections 8.0 and
9.0 respectively.

4.3.5.3 General Indexing Requirements. As a general rule,
documents must be indexed with terms from each of the three
major elements. Certain exceptions to this rule must be
observed, however. Table 6 defines in more detail precisely -
which class of index descriptors are to be used with each
basic document type. Further distincticns are made as to
whether the document specifically identifies a microelectronic
device type number or whether it merely refers to some component
element of a device. The significance of this difference is
described below.

Note also that the table itemizes specific index term
groupings for the elements Object Investigated and Communica-
tions Vehicle but treats Content Descriptors as a single entity.
This apparent inconsistency is useful for present purposes to
explain the general indexing strategy. Individual Content
Descriptor term groupings are of no concern at this level.

4.3.5.3.1 Indexing "Object Investigated" Descriptors.
Perhaps the most complex aspect of indexing is the manner in
which the physical object being investigated is to be identified
and treated. This arises from the fact that,in its simplest
form, this object is a "microelectronic device" which can be

positively identified by its assigned sales type number. However,

RAC must deal not only with information that fails to identify
the device type number(s), but also with subelements of the
complete device. A further constraint placed on RAC requires
that information, disseminated to outside users, is not
identified by type numbers but rather by a predefined set of
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{fé "Generic Class Descriptors." A scheme has been devised that
1 allows operation within these constraints yet provides positive
identification control. The scheme utilizes four description
types as shown in Table 6. They are:

Generic Class Descriptors

Manufacturer (a term from Section 8.2)

Device Type Number (also from Section 8.2)

s dr ey P " 2
SRR/ 559 A ERE S

TWEE Sty

The key to positive identification in this system is the
Device Description, which contains the most complete complement
of property information that can be acquired for the device.

In indexing Device Descriptors, it is absolutely essential that
all the above descriptors be indexed as completely as possible.
Values must be indexed for each descriptor in the Generic Class,
and extra attention should be paid to indexing all applicable
Item Descriptor terms. Since the contents of the Device
Description have been gathered from several sources and is
self-explanatory, it is not necessary to index terms from
either the Document Descriptor or Content Descriptor elements.
This is reflected in Table 6.

Zh

Item Descriptors g

EhigvE el

e

4
RN

SR

Employment of the device descriptions permites certain
indexing liberties, Data Summaries and Source Documents that
identify the device type. Referring to Table 6, it is not
necessary to index all of the Item Descriptors corresponding to
that device type. It is desirable, however, to index those that
are explicitly given since they may represent a deviation from
the standard part. But, all of the Generic Class Descriptors
must be indexed, even though they are not expiicitly given in
the document. These descriptors are available for index
purposes from the Device Type Inventory card file.

Documents that do not identify the device type number are
treated differentiy. First, it is obviously not possible to
index the type number. It is therefore important to employ as
many other descriptors as pcssible. Extra effort should be put
into obtaining a complete complement of Generic Class Descrip-
tors. Where the document is a Data Summary or where one or :
more Data Summaries have been produced from the scurce document
in question, the applicable Generic Class Descriptors are
itemized on the Data Summary.

The indexer will have to exercise greatest judgment with
R&D type documents. They are the least likely to require
internal summarization and, at the same time, least likely to
identify the device type number. Although diligent effort is
to be applied to classify the item thoroughly, caution rmust be
observed to prevent making classifications that do not exist.
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4.3.5.3.2 File Entry Date. This descriptor is actually a B

term contained in the Document Descriptor group. It was brought %

out in Table 6 to emphasize its purpose and importance. %

&

Standard output products are updated periodically. To %

. facilitate this process, it is desirable to have some mechanism N

to quickly ferret out those documents from the f£ile that have ﬁ

been entered since the previous updating. The File Entry Date £

termatrex card set serves this purpose, by denoting the month A

and year in which each document actually was indexed into the 2

file. ?

3

. 4.3.5.4 Basic Indexing Procedures. The indexer should be %

familiarized with the document content. This can be done by 3
review of foreword, abstract, table of contents, report summary,

conciusion, and major summary charts or figures. Where avail-

able; the IITRI generated Data Summary(s) accompanying the .

document should be reviewed carefully. =

The indexer should then make a listing of terms that to A

him characterize the document. These should answer the
questions: What does the document discuss? What research
problems are discussed? etc. In order %o keep a record of
these terms, they should be recorded directly on the document.

The indexer shall now review the concepts he has listed
and list any more inclusive terms, synonyms and near-synonyms
not appearing in the document but related to the concepts of
the document. A review of the system's categorically arranged .
terms will assist in this procedure. ¢

The indexer shall take his comprehensive concept list and
relate this to the alphabetically arranged termatrex term :
listing (Section 9.0). He will select appropriate terms and ®
record their termatrex code on Form RAC 68-5. He must also
select and record appropriate POST ON codings, and the Document
Descriptors, such as document type, source, date, etc.

Any concept which cannot be handled by terms already in .
the termatrex system will be recorded on a 3 x5 card along with .
the accession number of the document in which it appeared. :
These cards will be kept in an alphabetically arranged file and
reviewed periodically to determine whether the concept should
become part of the system.

4.4 Library Control Tasks e

. 4.4.1 Introduction

This section provides additional procedural guidance for
the various auxiliary tasks associated with document entry
processing. It concentrates on those tasks which involve
preparation and coordination of auxiliary forms and documents
generally performed by the library technician. Tasks directly
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associated with handling of the documents being processed and
accompanying DPR forms are considered adequately covered in
Section 4.2 and will not be expanded upon herein. Addition-
ally, familiarization with the description of RAC document
files in Section 2.0 of this procedure may prove helpful.

4.4.2 2bstract Reference Card

An Abstract Reference Card is prepared in duplicate (the
abstract does not appear on the carbon copy) for each source
document accepted for entry into the RAC files.

Card content and typing form for particular document types
are described in a separate RAC internal operating procedure,
Section 2.0, entitled "System Configuration and Maintenance."

4.4.2.1 Stress Environment Abstracting. Abstract
Reference Cards for source documents, which report results of
test activities, shall contain as part of or in lieu of a
textual abstract, a listing of the stress environments and
conditions that have been included in the test program.

Where the test results are included in a formal technical
report, a textual abstract is usually included. For this case
the abstract is transcribed onto the Abstract Reference Card
followed by a listing of the test environments except where
they may be included in the abstract itself.

A frequently encountered source document type consists
simply of a compilation of test results with little or no
accompanying text. For this case only a listing of the
pertinent stress environments and conditions is required.

Because of potential misinterpretation difficulties,
Stress Environment descriptors should be taken from the
appropriate Data Summary documents generated internally from
the source documents.

4.4.2.2 Card Preparation and Filing. Abstract keference
Cards are prepared in two steps as denoted by the flow diagram
of Figure 6. A minimal set of identification information,
including the author and affiliation, document title, ID number
and publication date are entered immediately after it has been
established that the document is not a duplicate. The cards
are then filed in author/affiliation sequence to serve as a
reference on documents in the entry process pipeline.

Remaining Abstract Reference Card items including the
accession number, abstract and stress environment descriptors
are entered just prior to indexing when it is definitely
established that the source document will enter RAC active
files and the necessary information is available.
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Abstract Reference Card originals (those containing the
abstract) are filed according to accession number sequence. The
second set is filed alphabetically by author and if anonymous,
by originating organization.

e

4.4.3 Handling Government Contract Reports

4.4.3.1 Government Contract Number File. The File of
Government Contract Numbers is anaﬂ;hanumerlcally organized card
file containing one card for each government contract number (i.e.
military, NASA, DOD) on which progress reports (i.e. interim,
. quarterly, etc. and/or final reports) have keen received and
) entered into the RAC system. The document accession numbers, the -
report period designation ("interim," "first quarterly," etc.)
and the contract period covered by the report are also given for

each report in the RAC system on each of the above described .
contract numbers. '

. e e
U S T

A

Ve B arbbls el bry b e s St !

4.4.3.2 Government Contract Report Entry Procedure. Each i
time a unique (nonduplicate) report on a Government contract is :
received, an abstract reference card is made up for it and a =
Document Procession Record form is attached to it. The number of '
the contract (on which the report is written) is to be checked
against those given on the file of Government Contract Numbers. -
; If the number does not appear on the file, it is to be added to T
: the list in correct alphanumeric order, along with the report
period designation and the contract period covered by the report.

If the contract number already is given on the file, the
accession number, report period designation and the reported
contract period are to be entered under the number of the contract, i
and the accession numbers of all cther documents in the RAC system .
on the same contract are to be entered under "COMMENTS" on the DPR :
form of the document being entered in the RAC system. ;

P e N e AL

If a final report on a Government contract is received and
all previous progress reports have been received, the accession
: numbers of the previous reports are to be entered on the DPR of
. the final report, and the words "All Reports Received" are to be
entered at the bottom of the contract number card.

i 4.4.4 Completion of Data Summary Form

The clerical tasks described in this subsection correspond
i to those referred to in Subsection 4.3.3 of this procedure, and
deal with the preparation of Form RAC 68-7A of Section 4.5.

B s

N
o e rem

The following tasks are to be performed immediately prior
to indexing of the Source Documents and Data Summaries.
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A. The accession number of the source document is to be
entered in the appropriate box.

B. If boxes 1-3 and 11-15 are not complete, enter the
coded values for the generic descriptors in the
appropriate boxes. The generic descriptor values
can be obtained from the Device Description for the
manufacturer and part number listed on the form.

The codes for these descriptors can be obtained from
Table 4. If no part number and manufacturer are given,
these boxes must be left incomplete.

4.4.5 Device Type Inventory Updating

There exists no a priori Device Type Inventory in the RAC
system. Rather, the inventory is developed as devices are
identified from newly arriving source documents. Hence, prepara-
tion and updating of the inventory is considered as a single
function.

The inventory will be in one of three possible states in
regard to a new device type unumber:

a) The family to which the device type belongs
has been inventoried, i.e., a "Manufacturer's

Family" card containing the device number is
on file.

b) The family has not been inventoried.

c) It is not known whether the device type
belongs to an inventoried family (user
proprietory device or recent release),
i.e., the device type has not been
previously classified.

The inventory updating activity pursued depends upon the
current state. For state "a," updating requires only that a
"Device Type" card be completed and placed inthe file in
correct alphanumeric sequerce.

For state "b," it is necessary to prepare both a
"Manufacturer's Family" and a "Device Type" card.

A "Device Type" card is completed for state "c" andg
conditionally filed under "No Family Classification" pending
a further investigation to identify the proper family. Once
classified to proper family, the card is refiled in correct
location.
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4.4.5.1 Manufacturer's Family Classificatiocn and Card
Preparation. In the early stages of document entry and
inventory development it is anticipated that numerous dev.ce
types will be identified which have not as yet been classified
according to family. Even under steady-state RAC operation,
many newly marketed types will require family classificaticn.
The primary infeormation source is the catalog and other sales
literature released by the manufacturer. Should this search
fail to reveal the correct family, classification must be
withheld pending completion of the Device Description form set
by the manutacturer as per Subsection 4.3.4.

Once the new family is identified, a "Manufacturer's
Family" card must De made up for it. The manufacturer's name,
the family designation and the complete complement of family
members (device type numbers) is entered onto this card. This
card should be completed s soon as information becomes avail-
able. cither from catalog information or from completed Form
RAC 63-~2 of the Device Description. If the card is completed
from catalog information, it is suggested that it be verified
with information from the RAC 68-2 form.

4.4.5.2 Preparation of Device Type Inventory Card.
Preparation of the Device Type Inventory card shall be initiated
as soon as the inventory check proved negative as indicated in
paragraph 4.2.3.5.

Minimal initial entries include:

Device Type Number

Manufacturer

Manufacturer's Family (where known)
Device Name

Date Device Description Request was Initiated (if
required)

Electrical Characteristics

The first two items are taken froin the applicable DPR form,
and the third from the corresponding "Manufacturer's Family"
inventory ¢ard. Entry date is self-explanatory. Electrical
characteristics shall be obtained from the manufacturer's catalog
and specification sheets. Where neither is available, a special
request must be made to the manufacturer. Nominal or typical
parameter values are entered.

Remaining entries, including generic class descriptors, user
organization, where applicable, and Device Descripticn completion
date are made only for those device types appearing on Data
Summary forms. These entries are to be obtained from information
given in the Device Description after it has been completed.
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4.4.6 Device Description Form Preparation

This subsection describes the clerical duties associated
with the preparation of the Device Description. These duties
are performed in conjunction with those of the engineer
described in Subsection 4.3.4 of this proceGure. (See Sub-
section 4.3.4 for additional background information apout the
Device Description forms and their file.)

4.4.6.1 Family Check. Upon the identification of a new
part number, the library technician is to enter the manufacturer
and part number on the Device Description Request (Form RAC 68-9
shown in Section 4.5). At this point the part number must be
checked against those listed under each family on the Manu-
facturer's Family card in the Device Type Inventory in order to
determine whether the part is a member of a family for which
Form RAC 68-2 is already on file. The technician must then
check the appropriate line under "Family Check" on Form RAC 68-9
and enter the number of the family if it is not new.

4.4.6.2 Package Check. Next, the package type must be
checked against those given at the front of the Manufacturer's
card in the Device Typs Inventory. The technician must then
check the appropriate line under "Package Check" on Form
RAC 68-9 and enter the package type ID.

Form RAC 68-9 must then be forwarded to the cognizant RAC
staff engineer for completion (as described in Subsection 4.3.4
of this procedure). The completed forms are then returned to
the library technician for processing.

4.4.6.3 Final Device Description Processing. Upon the
return of the requested forms and the Device Description
Request, the library technician must make copies of Forms
RAC 68-2 and 68-3 as indicated on the request. These copies
are to be made from the appropriate forms located at the front
of the manufacturer's secticn of the file as described in
Section 2.0 of the RAC Internal Operating Procedure.

The new forms must then be assembled with the copies of
existing forms and a Document Processing Record prepared for
the newly assembled Document Description. DPR preparation is

accomplished by entering the current date under "Date Initiated,"

the Device Type number and manufacturer in proper location and
indicating the File Categery as "Device Description." The
Device Descripticon Request form may now be discarded.

Sufficient information is now available from the completed

Device Descriptions to complete the information entries onto
the Device Inventory cards as described in paragraph 4.4.5.1.
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4.4.7 Accession Number Assignments

An initial sequence of accession numbers from 1 through
99992 have been set aside for assignment to RAC file documents.
Subset ranges have been reserved for the various File
Categories that have been defined. These are shown in Table 3

which also gives the corresponding document file folder tab
color.

The accession number to a particular assignment is made
according to the "File Category" indicated on the DPR accompany-
ing the document being processed. Within the correct subset,
numbers are assigned sequentially as documents are processed.

4.4.8 Drilling Procedures

Two technicians are required to efficiently and accurately
carry out the drilling procedures. One technician reading from
the document processing sheet RAC 68-5 calls out the termatrex
cards to be drilled. The second technician selects these cards
and hands them to the first technician. The first technician
then will identify the cards as the second technician checks
them against the list on the document processing sheet. The
document accession number is set on the drill and verified by
the second technician. A "bottom" and "top" card is used for
all drillings. Date cverlay cards should be used for all
drillings. A maximum of 20 cards should be drilled at one time.

After the drilling is complete, the cards are returned to their
appropriate cclor set.

4.5 Referenced Forms

The following referenced forms are herewith included.
RAC 68-2 Microelectronic Device Description Family
Fabrication Information

RAC 6€8-3 Microelectronic Device Description
Packaging Information

RAC 68-4 Microelectronic Device Description
Individual Circuit Information

Termatrex Indexing & Coding Sheet
RAC 68-5 RAC Document Processing Record
RAC 68-7A Data Summary Form
RAC 68~9 Device Description Request
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Form RAC 68-2 Accession Nos:__

: page:l of 5

g Date: ___

3 RELIABILITY ANALYSIS CENTER

3 MICROELECTRONIC DEVICE DESCRIPTION

S FAMILY FABRICATION INFORMATION

p: 1.0 FAMILY IDENTIFICATION

‘;; Manufacturer:

" Family Designation: _

e Applicable Part Numbers: E
: ' 5
: 2.0 SUBSTRATE MATERIAL . }
}i Silicon Resistivity: 3
5 Germanium Dopants 3
[ ¥ Original Wafer Size: %
| 2 Die Size: £
3.0 ISOLATION METHOD 3
g ]
"t K —____Junction é
S E — __Resistive -
: Dielectric E
: Air Z
" 5, __Odee x
) & Nitride §
L § Carbide 4
b £ Ceramic :
B Glass é

~—- i

8 4 0 BURIED LAYER USED g
; g No i
- Yes i
B Sheet Resistance:_ :
1 Dopant: :
$
5 0 EPITAXIAL LAYER USED ]
;g
é i No

B Yes

Thickness: —
Dopant:
Resistivitys

Isclation Diffusion Dopant:

i
i
2
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7.0

9.2

9 2.1

9.2.2

9.2.3

COLLECTOR_DIFFUSION USED

No

Yes

Sheet Resistance:

Page:2 of 5

Dopant:
Final Diffusion Depth:

BASE DIFFUSION

Sheet

Dopant:

Final

Resistance:

Diffusion Depth:

EMITTER DIFFUSION

Sheet

Dopant:

Final

Resistance:

Di1ffusion Depth:

MOS/MNS DEVICES

Dielectric Type

Oxide

Nitride

TRANSISTORS (IGFETS)

Operational Mode

Enhancement
Depletion
Channel Size:__
Channel Dopant:_

Channel Sheet Resistance:__

Channel Type
P-Channel

N-Channel

Source & Drain Diffusion

Sheet Resistance:_
Dopant:
Final Diffusion Depth:
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Page:3 of S
TRANSISTORS (IGFETS) (cont'd)
9.2.4 Dielectric Thickness:
9.3 MOS/MNS CAPACITORS
9.3.1 Lower Plate Diffusion
Sheet Resistance:_
Dopal‘lt : - .
Final Diffusion Depth: 2
4
3 3
F 9.3.2 Dielectric Thickness: 3
] i
10.0 SURFACE PASSIVATION 3
i Type ] 3
3 Oxide E
E Nitride
) Other:
4 Thickness (Minimum): 3
E rdditional Passivation Processes & Materials: ;
; %
4 3
il 11.0 INTERCONNECTION METALLIZATION (Bipolar & MOS/MNS Devices) ?
11.1 Metal(s) Used 3
3 Primary Metal 3
Aluminum - Thickness:
Gold - Thickness: 3
Other: Thickness §
&
3 2
: Deposition Method 4
3 Vacuum Deposition i
3 Cathode Sputtering 3
; Vapor Plating 3
3 Secondary Metal(s) Used (wetting agents, etc.) 3
: Specify Metal, Thickness and Deposition %
g% Method %
: 140
Tk R R ¢




—

Page:_4 of 5

12,0 FILM DEVICES

12.1 Conductors 3
Material: K
Thickness: ;
Sheet Resistance: 2
Deposition Method: s
§
12.2 Resistive Elements %
Material: %
Thickness: 3
Sheet Resistance: 4
Deposition Method: g
E)
3
12,3 Dielectric i
Material: %
Thickness: S
Deposition Method: 3
13.0 QUALITY CONTROL CHECKS - Specify method or procedure %
used to check and/or control the following para- ¥
meters before sealing the package: (i.e.-Electrical o
Function: Probing) F
13.1 Sheet Resistance: {
¢
2
13.2 Junction Profiles: -
13.3 Passivation Thickness: g
3
P
13.4 Passivation Quality: b
141 %
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1

L & QUALITY CONTROL CHECKS (cont'd)

13.5 Device Geometry:

2
e

13.6 Ohmic Contacts:

SR N

Sergla Srlthne il S B T

REA RN

13.7 Electrical Function:

13.8 Metallization Adherence:

D Eb et

13.9 Metallization Thickness:

b V6

ShiaTh v britry

13.10 Bond Strength:

T

ki ey

, .
AC7a2 b e

fanDi vy
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Form RAC 68-3 Accession No:
Page:]l of 2
Date:

<a
&

KL Ml P

v g

Ao

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
PACKAGING INFORMATION

-
Y

B e % Lk
5, R

1.0 IDENTIFICATION

n

S
ERERA

Manufacturer:
Package Configuration

___Can - Hermetically Sealed

_._Flat pPack - Glass

___Flat pPack - Ceramic

___Plastic Encapsulated (other than DIP)

___Dbual In Line - Hermetically Sealed S

___Dual In Line - Plastic *

- Module .
Manufacturer's Package Designation:____ _ R
JEDEC Package Designation: -

[\
»
(o]

DIE BONDING METHOD

___Eutectic Alloy Braze
____Glass Frit
___Solder
___Direct
___DBeam Lead
___Flip Chap
___Ultrasonic Flip Chip
____LID
____Other:

¢ ¢ e @
O B Db W N

W N

NN NDN

s

Direct Bonding Techniques {1f used)

N
.
o))

2.6.1 Metallization Material (if metallization is H
used to connect die to ¥,
package leads) -

___Gold
___Aluminum
__ Other:

e

P ELVRL? Ay '
S et T

2.6.2 Direct Bonding Method
____Thermocompression
___Ultrasonic
___Solder Balls

%,

. e . F, .
JO T Ry R FAN Y

Yhoar
FRON- PN

w g

avteanerd ol e
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Page:2 of 2
WIRE BONDING {if used)

Wire Material
___Gold
___Aluminum
___Other:

Wire Diameter:

Maximum Length Wire Used:

Bonding Method
___Ball -~ Thermocompression 3
___Wedge - Thermocompression :
___Stitch - Thermocompression
___Ultrasonic

[

SUBSTRATE BONDING (If an insulating substrate is
used such as with thin film,
multichip, flip chip, and beam
lead construction, specify
method of bonding substrate to
package.)

o
R R S

LD P U SN
W RCENNCTN T, L
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Form RAC 68-4 Accession No:

1.0

2.2

3.0

4.0
4.1
4.2

Page: 1 of 2
Date:

RELIABILITY ANALYSIS CENTER
MICROELECTRONIC DEVICE DESCRIPTION
INDIVIDUAL CIRCUIT INFORMATION

IDENTIFICATION
Manufacturer:
Part Number:
Part Name:
User Name & Part Number:

FUNCTIONAL PROPERTIES

Circuit Configquration - (Attach schematics showing
ALL circuit components including isolation
diodes or isolation regions, zener diodes on

IGFET gates, and method of connecting transis-
tors as diodes.)

Chip Topography - (Attach photograph or scale
drawing of top surface of chip showing device
layout,-interconne~tion pattern, and bonded
wire layout.)

PROCESSING DETAILS

Processing Flow Chart (Attach copy of Flow Chart)

(Attach specs and/or details of photolithographic,
washing, cleaning, epitaxy, diffusion, metalliza-
tion and thin/thick film processing steps.)

(Detail Special, Non Standard, processing steps
reguired by user - give user spec number if
applicable.)

POST PRCDUCTION SCREENING PROCEDURES

Test Specification Source:

Test Specification Number:

Provide either a copy of the specifications
(preferable) or detailed conditions of each
screening measure used. (i.e., electrical burn
in, temperature aging, hermeticity, etc.)
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Page:2 of 2

5.0 DESTRUCTIVE TESTS -~ Indicete any limit or other des-
tructive tests (i.e., Step Stress) that are conducted
on each lot as part of Lot Acceptance procedure.
State stress type and conditions and whether test
vehicles are marketable items, non-functional items,
or special test patterns.

6.0 DEVIATIONS FROM STANDARD FAMILY PROCESSING: Specify

any deviatiouns from standard family processing
(as described in Form RAC 68-2) peculiar to this
part number, and not otherwise specified.
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TERMATREX INDEXING & CODING SHEET Indexer
Red 1 Red 1I Grey 1 Black I Black II Green I Green II
00 S0 00 50 00 S0 00 S0 00 50 00 50 00 S0
oL S) oL 51 01 51 01 51 01 51 01 51 o1 sl
2 52 02 52 02 52 02 52 02 52 02 S2 02 S2
03 53 03 53 03 53 03 53 03 53 03 53 031 57
) 04 54 04 54 04 54 04 54 04 54 04 54 04 54
05 55 05 85 05 55 05 55 05 55 05 955 05 55
06 56 06 56 06 56 06 56 06 56 06 96 06 56
07 &7 07 57 07 57 07 57 07 57 0?7 57 G717 57
08 58 08 58 08 58 08 58 0g 08 55 08 58
09 59 09 59 09 59 09 $9 09 4y 09 59 U9 99
10 60 10 80 10 o0 10 60 10 60 10 60 10 €0
11 sl 11 61 1} 6] 11 6l 11 ol 11 &l 11 61
12 62 12 62 12 62 12 62 12 62 12 62 12 62
13 63 13 63 13 63 13 63 13 63 13 63 13 62
14 64 14 61 14 64 14 64 14 64 14 G4 14 64
15 65 15 6% 15 65 15 65 15 ¢S 15 65 1© 6%
16 66 1t 66 16 66 1o 66 16 66 16 66 16 66
17 67 17 67 17 67 17 67 17 67 17 67 17 67
18 ¢8 18 &2 18 €38 I3 68 18 68 18 68 18 68
19 69 19 69 19 69 19 69 19 6% 19 ©9 19 69
20 79 20 70 20 70 20 70 20 70 20 70 20 70
21 71 21 71 21 711 21 7 21 7t 21 71 2 71
22 72 22 712 22 72 22 72 22 72 22 72 22 72
23 713 23 73 23 73 23 73 2% 73 23 73 23 73
24 74 24 14 24 74 24 74 24 74 24 74 24 74
25 75 25 75 25 75 26 75 25 7% 25 18 25 75
26 16 26 176 26 76 26 176 26 716 26 76 26 76
27 1 27 17 27 17 27 117 27 17 27 17 27 17
28 78 28 78 28 78 28 78 28 18 28 78 28 18
29 79 29 79 29 79 20 79 29 79 29 79 29 79
30 80 30 80 30 80 30 80 30 BO 30 86 30 80
31 81 31 81 31 a1 31 81 31 81 31 & 31 &1
32 82 32 82 32 82 32 82 32 82 32 82 32 82
33 83 33 83 33 83 33 83 33 83 331 83 33 83
34 84 34 84 34 84 34 84 34 84 34 84 34 84
35 85 35 8% 35 4§ 35 85 35 85 35 85 a5 a8s
36 B6 36 86 16 RS 26 86 36 86 36 86 3¢ 86
37 87 37 87 37 87 37 87 37 87 37 87 37 87
as 88 a3 88 38 88 28 @8 38 a8 38 88 g a3
39 19 39 89 39 a9 39 69 39 89 39 89 39 89
\ 40 90 40 90 40 90 40 90 40 90 40 90 40 90¢
' 41 91 41 91 41 9} 4) 91 41 91 41 91 al 91
42 92 42 92 42 92 42 92 42 92 2 92 2 92
o 43 93 43 93 43 93 43 93 43 93 43 93 43 93
! 44 94 44 94 44 94 43 94 44 94 44 94 4¢ 94
i 45 95 45 95 45 95 a5 95 45 9S 45 95 45 95
‘ 46 96 46 96 46 96 46 96 46 96 46 9§ 46 96
47 97 47 91 a7 97 47 97 47 97 47 97 47 97
48 98 48 98 8 98 48 98 48 98 A8 9y 48 98
49 99 49 99 49 99 43 99 45 99 49 99 49 99
1 Side 1
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RAC Dacument Acc. tlo._

H -
=; Date _
; TERMATREX INDEXING & CODING SHEET Indexer -
White I Blue 1 Sand I PPurple 1 Orange 1 Yellow I
00 30 00 50 00 S0 00 50 00 50 00 S0
‘ o1 $1 0L 31 01 51 01 S 01 31 o1 5l
0z 52 02 52 0z 52 02 52 02 52 02 52
. 03 53 03 $3 03 53 03 53 03 53 03 53
< 04 84 94 59 04 5S4 04 54 04 54 04 54
E < 08 55 05 55 0S8 S8§ ns 55 05 55 05 S
o 06  S6 C6 S6 06 56 06 36 06 $6 06 56
E ¢ o7 57 07 57 97 87 07 57 07 §7 07 $7
¢ 08 S8 08 5B 08 58 08 5B v8 58 08 S8
- 08 59 09 $9 09 59 09 %9 9 $9 09 59 .
-, 10 60 10 60 10 60 10 60 10 60 10 60
B i1 6l RIS 11 61 16l 1 8l IREY :
- . 12 62 12 62 12 62 12 62 12 62 12 62 3
13 63 13 53 13 63 13 63 13 63 t3 63 E
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Form RAC 68-5
RAC DOCUMENT PROCESSING RECORD

L R N et St bt e i s e e s —— — - : v

O P R o)

Date Initiated Doc. Acc. No. %
ENGINEERING EVALUATION .
Accepted Rejected Summary Required Initial ___ _Date =
Summary Acc. #'s n
DEVICE TYPE INVENTORY
Type #'s
Mfgr.
Posted
FILE CATEGORY
___ _Test/Usage Data R/D Rept. Spec. Proceedings, etc.
Vendor ____J. ’. icle Biblio., Survey, etc.
Internal Data Summary Device Description
Summaries Compl. Initial Date ‘
Doc. Indexed Initial Date Drilled Initial Date
SUPPLEMENTAL INDEX TERMS
" MMENTS
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DATA SUMMARY DATE PREPARED — /—_/ BY 18§ ACC. NO.

FORM RAC @8-7A

SOURCE DOCUMENTY TITLE AUTHOR & AFFILIATIOMN SOURCE DOC.
ACC. NO.

DEVICE MFGR & PART NO. L] MEL CTGY r_z_.]rcn. CYGY | 3.JPKG CONFIG |liJOPRNL TYPE

PART NAME (FUNCTION) 12] QUAL CLASS  {13] INTERCON SYS.[I4ISOLATION MTD[IS|CKT CPXTY

#ESPECIAL SCREEN /BURN-IN PREVIOUS TESTING

—ﬁ

L?.JUTA DATE| _ﬂDTA SRC LVL P_QTEST TYPE /APP. ENV. TEST SPEC REF

STRESS LEVEL JEQUIR CLASS

TEJcooeD st Li./eq cts. |

@ FLR MODE /MECH [sA}FLRS DUE | TiME TO
TC MODE FLR

[CovEp FoRM T T T T -

7BJFLR MODE/ MECH '8BJFLRS DUE [TIME TO
TO MODE | FLR

'Cooed FoRM T T T T T—T T ]

Er._cj FLR MODE /MECH {8c] FLRS DUE | TiME TO
TO MODE | FLk

CodEd FoRM T T T T T T T T

TO{FLR MODE / MECH {3DfFLRS DUE | TIME TO
TEMGOE | FLR

[CooEd FORM T T T T T T T T

7E] FLR MODE / MECM BE| FLRS DUE | TIME TO

T TO MODE | FLR
RS FERGT T T T = e e e e e

b .
9."00. TESTED ,_l(_l]?ES? DURATION |TOTAL FLRS. |TOTAL PART HRS.| FLR RATE

w—
% OEFECTIVE

-
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Form RAC 68-9

DEVICE DESCRIPTION REQUEST

DEVICE MANUFACTURER:
DEVICE PART NUMBER:

L] - » - —
e A R R Y e T

FAMILY CHECK
NEW FAMILY - FORM RAC 68-2 REQ'D
MEMBER OF EXISTING FAMILY - REPRODUCE FORM RAC 68-2,
FAMILY #
PACKAGE CHECK
NEW PACKAGE TYPE - FORM RAC 68-3 REQ'D, PKG TYPE
EXISTING PACKAGE TYPE - REPRODUCE FORM RAC 68-3,
: PKG TYPE
i
: FORMS SENT OUT
] RAC 68-2 RAC 68-3 RAC 68-4
; DATE SENT: TO ATT. OF:
i
! FOLLOW UP: LIST DATE, CONTACT, AND RESULT
; FORMS RECEIVED
RAC 68-2 DATE
RAC 68-3 DATE
_ RAC 68-4 DATE
;o PROCESSING OF FORMS

REQUIRED FORMS REPRCDUCED
ALL FORMS ASSEMBLED AND DPR PREPARED
FORIMS ENTERED INTO SYSTEM

T o
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5.0 FILE SEARCH AND OUTPUT PROCESSING

5.1 Introduction

This Section describes the responsibilities and procedures
associated with preparation of central output intelligence.
Procedures are defined for preparing regularly scheduled periodic
publications as well as those produced on a less regular basis,
such as monographs and responses to ad hoc user queries. Where
required, output formats have been designed and internal working
forms devised to assure uniformity of methodoloqy and presentation.

5.2 Accessing the Termatrex File

A file search is initiated by consulting one or both of the
system term lists (structured-Section 8.0, alphabetical-Section 9.0)
to identify the appropriate Termatrex cards to be employed in the
search. The RAC engineering analyst desiring information from the
files (searcher) must review the term lists in conjunction with
the library technician to structure the search logic; that is,
describe the manner in which selected Termatrex cards are to be
combined and segquenced for viewing. Search requests coming from
individuals not having access to the official term lists are to be
reviewed and structured by RAC personnel before the search is
initiated.

The generalized search strategy is illustrated in Figure 7.
The preliminary aspects of problem definition and Termatrex card
selection discussed above are indicated. The file search strategy
itself is an iterative process with the search being broadened
if too few or no suitable file documents are identified and nar-
rowed for the opposite situation.

The Termatrex system gives instantaneous feedback. This
allows the search to browse the system by viewing selected cards
on the lightbox. 1In general, it is best to begin with the broad
aspect of the question and narrow the field dependent upon the
number of source documents identified. Narrowing of the field is
done by adding more specific terms to the search. However, should
the descriptor most important to the searcher be an infrequently
used term {that is, only a small number of file documents were
indexed with this term) the search should begin with this term.

A record shall be made of search question and terms used for
the search, as well as the results of the search. These records
assist in the vocabulary control and future development of the
system. Terms referred to frequently during a search may require
further subdivision in order to obtain more specific information.
& search question repeated frequently and resulting in no answer
indicates an area where more information should be sought for the
system.
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5.3 Periodic Products

There are three fairly standardized RAC output products
that will be updated and published at regular intervals. They
are:

Reliability Analysis Center Bibliography Listing
Microelectronic Failure Data Tabulation
Microelectronic Failure Rate Tabulation

The first is a listing of all source documents in the
active RAC information files at the time of issuance. It is
organized according to fairly broad subject categories to assist
outside users in document selection.

The latter two products contain, as indicated by their
titie, information and data entries in tabular form. The MICRO-
ELECTRONIC FAILURE DATA table is an unmerged listing of test/
usage experience wherein failure modes have been reported. The
MICROELECTRONIC FAILURE RATE table presents failure rates merged
according to certain upper level generic class descriptors and
common stress environments. The procedural tasks of file search,
retrieval and document sorting for these two tabular products
are essentially identical. Both utilize the DATA SUMMARY as its
primary information source. For efficiency then, it is recommend-
ed that the two products be prepared and/or updated at the same
time. That is, once the documents for a particular device generic
class are retrieved from the file, the necessary information items
for updating both products should be extracted. The operating
procedures described in the following paragraphs are defined
accordingly.

5.3.1 Bibliography Listings

Bibliography listings are prepared directly from ABSTRACT
REFERENCE CARDS. The listing is organized according to broad
subject categories. Within each category individual title en-
tries are put in alphabetical order according to personal or cor-
porate author. Since a particular document may contain informa-
tion on several of the subject categories selected, a given docu-
ment title may be repeated in two or more categories.

5.3.1.1 Subject Categories

Table 7 iists the subject categories into which the
Bibliography listing will be organized. Presentation order of
the various categories shall be as shown on this table.
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Table 7

BIBLIOGRAPHY SUBJECT CATEGORIES

Subject Name
Circuit/Device Design & Development

Circuit/Device Theory

Fabrication Techniques

Failure Analysis Studies

Part Level Data

Reliability Data-Application Level
Reliability Techniques

Application Design Considerations
Vendor Application Data
Proceedings-Symposia, Conference, etc.
Surveys and Technical Reviews
Specifications

Bibliographies

Not Otherwise Classified
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Termatrex Card(s)

sSD(60) ,
SD(0)
W(0)
P{0)
Y(0)
OR(72)
OR(0)
OR{35),
OR(87)
BL(56)
BL(59)
BL(58)
BL(50)

sD(71)

OR(79)
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5.3.1.2 Entry Content and Listing Order

Each entry shall contain the following information items
essentially the form shown.

Personal or Corporate Author (Research Facility)

Report or Document Title, Report Number,

Work period covered, total number of pages or
cited pages, where published, publication date,
contract number, AD and/or N number, RAC
Accession Number.

In addition, entries in the "Part Level Data" and
"Reliability Data, Applications" categories are to contain a
listing of the tests performed or application environment as
it appears on the ABSTRACT REFERENCE CARD.

All entries on the output iisting are to be transcribed
exactly as they appear on the ABSTRACT REFERENCE CARD.

Entries are presented on the output listing alphabetically
according to Personal or Corporate Author. All anonymous en-
tries are listed alphabetically according to Corporate Author
ahead of titles where the personal author is named.

5.3.1.3 General Format

The bibliography listing shall be typed onto 8%" x 11v
bond or other material suitable for reprcduction. It
is to be incorporated within a cover of appropriate design and
lettering. A table of contents follows. It itemizes the subject
categories and correct page locations.

The first page of the main body listing shall contain the
following header items, positioned approximately as shown.

FILE BIBLIOGRAPHY RELIABILITY ANALYSIS CENTER

[subject category Name] Issue Date: Page:

Subsequent pages shall contain the Subject Category Name, Issue

Date and Page Number. Item entry information is typed single
spacedwith double spacing between successive entries.
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5.3.1.4 Preparation Procedure Detail

The listing is prepared according to the following item-
ized procedure.

a) Accession numbers for the first Subject Categories
are identified with the appropriate Termatrex (Tx)
card(s). The correct card(s) for each Subject Cate-
gory appears in right-hand column of Table 7.

Where more than one Tx card is shown, the search
. is made as logical OR, that is accession numbers are
> identified for each individually. Of course, common
accessions are listed only once.

b) The corresponding ABSTRACT REFERENCE CARDS are with-
drawn from the file desk.

c) Sort by Personal Author; where author is anonymous,
sort by Corporate Author and place these cards at
front of deck.

d) Type specified content according to specifications
of paragraphs 5.3.1.2 and 5.3.1.3 akove.

e€) Replace ABSTRACT REFERENCE CARDS in file deck and
repeat process with the next Subject Category. Note
the same cards (document titles) may be used in more
than one Subject Category.

X f) Those cards (document titles) that are not used in
: any Subject Category must be identified and listed
under *“Not Otherwise Classified."

5.3.1.5 Updating

The Bibliography listing is to be updated to reflect
current file status and reissued at regularly scheduled inter-
vals: a modification of the above procedure is recommended for
this updating task. The essential elements of the modified pro-
cedure ares

a) A copy of the latest issue of the Bibliography is
maintained as a working copy.

b) Deletions: as the file is purged of obsolete docu-
. ments, the working copy is corrected by striking out
the obsolete entry titles. Be sure each is deleted

from each Subject Category.
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¢) 1Identifying File Additions: It is necessary to iden-
tify those accession numbers that have entered the file
since the previous update cycle. This is accomplished
by using the FILE ENTRY DATE Tx cards, for the period
of interest, one at a time over the "Subject Category"
cards during file search.

d) The ABSTRACT REFERENCE CARDS for new file additions
are sorted as above.

ks AT TR

s
A

e) The correct position of each title is indicated on
the Bibliography working copy of some convenient means,
i.e., marking on the accession number.

5

A
2

f) As the new listing is typed, previous entries are
i transcribed from the working copy and new entries from
i the corresponding ABSTRACT REFERENCE CARD.

{0

SV

5.3.2 Tabular Products

The MICROCIRCUIT FAILURE DATA table and the MICROCIRCUIT
FAILURE RATES table are periodic standard RAC output products.
In general, output entries are organized according to generic
device descriptors and stress identifiers. Output formats appear
in Section 5.7. They are:

. Form RAC 68-10 MICROCIRCUIT FAILURE DATA

Form RAC 68-11 MICROCIRCUIT FAILURE RATES

Column and table header item names are numbered on the forms to
> facilitate entry of data values by non-technically oriented per-
| sonnel. For both products, these entry values are obtained

entirely from the DATA SUMMARY, making it unnecessary to extract
information from source documents when preparing the outputs.

Specific instructions for carrying out the various tagk
elements are given in the following paragraphs.

5.3.2.1 Table Organization

5.3.2.1.1 Microcircuit Failure Data Table

Primary organization is according to three Generic Class
Descriptors: .

‘vlf Microelectronic Category
. Functional Category, and

Package Configuration
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Together they delineate the tabulation into discrete sec-
tions. Although line entries for a particular set of values
for these descriptors may encompass more than one page, a new
page is initiated for each unique combination of values. Hier-
archial priority is according to above listing order; value
iterations are exhausted for lower priority descriptors before
progressing to the next level. Table body entries are further
organized according to the following stress descriptors listed
according to hierarchial priority:

Data Source Level
Test Type/Application Environment
Stress Level/Equipment Class

As above, descriptor value iterations are done in reverse order
of priority level.

Value entries fo~ both device (generic class) and stress
descriptors shall be ordered according to the predetermined
hierarchy of Tables 8 and 9. Although Table 8 includes values
for all generic class descriptors, only the three indicated
above are of interest for the FAILURE DATA table. The remaining
generic class descriptors on this output have no bearing on entry
listing order.

Stress levels are ordered in ascending order ©! magnitude.
Where the stress level is denoted with two parameters, i.e.,
temperature and percent rated load, that parameter listed first
has higher priority. That is, all values of the lower priority
parameter are iterated, until they are exhausted while keeping
higher level values constant. Since there is to be a separate
line entry for each applicable test entity, the exact stress
level as reported is entered in coded form.

5.3.2.1.2 Microcircuit Failure Rates Table

A single generic descriptor Microelectronic Category is
employed to delineate major table sections. As above, a new
page is initiated for each value change of this descriptor.
Secticns are ordered according to the hierarchy of values shown
in Table 8.

Line entries, organized according tc the folloewing eight
descriptors, are shown in the order of priority ranks.
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Table 8

SENERIC CLASSE DESCRIPTOR VALUE HIERARCHY

TERM NAME

I. Microelectronic Category

1.
2.
3.
4.
5.
6.
7.
8.
S.
10.
i1.

Monolithic Epitaxial
Monolithic Diffused
Monolithic NOC
Composite IC Epitaxial
Composite IC Diffused
Composite IC NOC
Monolithic IGFET

Thin Film - Pure IC
Thick Film - Pure IC
Hybrid Microcircuit
Multichip Microcircuit

II. PFunctional Category

1.
2.

Digital
Linear

I11. Package Cocnfiguration

l.

Can, hermetically sealed

Flat Pack, Ceramic

Flzxt Pack, Glass

Dual In-Line Hermetically Sealed
Plastic Encapsulated {Non DIP)}
Dual In-Line, Plastic

Module

IV. Operational Type

1.
2.
3,
4.

TTL
DIL
ML
CTL
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CODE ___

MEL CTGY
MonEpi
MonDif
MonNoc
CmpEpi
CmpDif
CmpNOC
IGFET
ThnFlm
ThkFlim
Hybrid
M1tChp

FCTL CTGY
Dig
Lin

PKG CNFG
Can
FPkCm
FPkG1
D1lInL
Plstc
DIpP
Mcdul

OPRNL TYPE
TTL
DTL
CML
CTL
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Table 8 (Continued)

GENERIC CLASS DESCRIPTOR VALUE HIERARCHY

TERM NAME

IV. Operational Type (Cont!')

O ® 3 v »n

10.
11.

RCTL

RTL

DCTL

MOSTL

NOC (digital or linear)
DIFFERENTIAL LINEAR DEVICE
SINGLE ENDED LINEAR DEVICE

V. Qualification Class

1,
2.
3.
4.
5.

High Reliability Certification
Military Upgraded

Military

Industrial/Commercial

Consumer

Vi. Interconnection System

1.
2.
3.
4.
5.
6.
7.

Gold-to-Aluminum Wire Bond
Gold-to-Aluminum Direct
Aluminum-to-Aluminum Wire Bond
Aluminum-to-Aluminum Direct
Gold-to-Gold Wire Bond

Gold-to-Gold Direct
Gold-to-Silicen~-to-Aluminum Wire Bong

VII. Isolation Method

1
- .

N

w

0 N O U
LT T T S

Junction

Dielectric, Oxide
Dielectric, Nitride
Dielectric, air (Beam Lead)
Dielectric, Ceramic
Dielectric, Glass
Dielectric, HWOC

Eesistive
161

CODE

RCTI
RTL

DCTL
MOSL
NOC

Diff
SglE

QUAL CLSS

HiR1l
Milu
Mil
Ind
Csmar

INTRCON
AuAlWir
AuAlDct
AYAIWir
AlAlDct
AuAuwWir
AulAubDct
AuSialw

SYS

ISLN MTD

Jctn
DiOx
DiNt
DiAr
DiCm
DiGl
Diel
Rstv
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GENERIC CLASS DESCRIPTOR VALUE HIERARCHY

TERM NAME

VIII. Circuit Complexity

1.
2.
3.
4.
5.
6.
7.
8.
9.

Gate {Logic Gate)

Storage Element
Multivibrator

Arithmetic Functional Unit
Differential Amplifier
Audio Amplifier

RF-IF Amplifier

Videc Amplifier

Special NOC
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CKT CPXTY
Gate
StgEl
Mltvb
Arithu
DfAmp
AdAmp
RFAmp
VAAmp
Specl
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Table S

STRESS DESCRIPTOR VALUE OUTPUT LISTING HIERARCHY

IR ST

¢ DTA SRC TST TYP/ STRS LVL/
$ LVL APP ENV EQP CLASS
§ 1. Lab . StqgLif NOTE 1. Value are entered 'n the
% ‘ 2. OpCnst order of increasing magnitudes,
3. OpDhyn at a given TST TYP/APP ENV value and
é . . 4. RngCnt a prior specification of STRS LVL/
§ 5. IntLif | BQP CLASS value.
2. Env 1. ThrmSk (See NOTE 1)
2. TmpCyc ’
3. Sldarht
. 4. MechSsk
% 5. VblNois
" 6. VibRdm
7. VbVrFq
. 8. VibFtg
9. CstAcc
10. TrmStr ;
11. Moistr
12. Immsn
13. Sltatm
14. SlitSpy
15. LoPres
16. RFInt
17. Rdtn
3. stp NOTE 2. En- i ({See NOTE 1)
tries are ranke-
ed the same as
respectively
listed in above
combined order.

4. Scr {(See NOTE 2) (See NOTE 1)
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5
; Table 9 (Continued)
ii STRESS DESCRIPTOR VALUE OUTPUT LISTING HIERARCHY
'y DTA SRC TST TYP/ STRS LVL/
} LVL APP ENV BQP CLASS
{ 5. Brn (See NOTE 2)] (See NOTE 1)
< 6. AGR 1. DevLvl (No entries)
1 7. APR 1. GrndLbty | 1. Cmctns
'g (Application 2. SgProc
5 Level) 3. Comput
: 4. Navgtn
E 5. IDspy
: 6. Contrl
g 7. Radar
: 8. Power
= 9. Combin
- 10. Unspc
E 2. GrndFixd {NOTE 3. Entries and ordering
: are identical to those associated
: with GrndLbty.
E 3. GrndMobl |} (See NOTE 3)
4. GrndPtbl |(See NOTE 3)
i 5. ShipSurf |(See NOTE 3)
6. ShipSubm |(See NOTE 3)
7. AcftGChk |(See NOTE 3)
n
;- 8. AirInhab |(See NOTE 3)
; 9. AirUnInh |(See NOTE 3)
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Table 9 (Centinued)
STRESS DESCRIPTOR VALUE OUTPUT LISTING HIERARCHY

DTA SRC TST TYP/ STRS LVL/
LVL APP ENV EQP CLASS
(Cont.'d: 10. MislGChk | (See NOTE 3)
7. APP)

11. MislL&F (See NOTE 3)
12. SpcrGChk | (See NOTE 3)

13. StltLnch | (See NOTE 3) 1
% ~ ;
: 14. St1tOrbt | (See NOTE 3) %
: 15. UnspEnv | (See NOTE 3)
! 8. Chk KOTE 4. En- (See NOTE 3) !

tries and *
i ordering are .

identical to

those associa-

ted with .
] 7. APP. '
9. Rel (See NOTE 4) | (See NOTE 3)
g
&
¥ 10. Fld (See NOTE 4) | (See NOTE 3)
§
5 4
z, :%
2
i
: |
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Functional Category

Package Configuration

Operational Category

Qualification Class

Interconnection System

Data Source Level

Test Type/Application Environment

Stress Level/Equipment Class
Within each descriptor group, values are to be ordered on the
output according to the hierarchy of Tables 8 and 9 completely ex-
hausting all values of the lowest priority descriptor before
iterating at the next higher level. Notice on Table 9, not all

of the stress condition values are applicable to the Failure Rates

table. Also, Tables 10 and 1l are provided to indicate "equiv-
alent" stress level groupings and their entry order as required
for merging part level life test data. Further application of
these tables is described in paragraph 5.3.2.3 below.

5.3.2.2 File Search Strateqy

Since both tables are organized at their highest level
according to three common generic device descriptors, it is con-
venient to make a single file search (for each unicgue set of
generic descriptor values) to extract DATA SUMMARIES which might
be used for either or both tables. The file search thus identi-
fies all DATA SUMMARIES complying with these three descriptor
terms. Further classification of individual DATA SUMMARIES by
remaining generic device descriptors and stress descriptors is
performed manually by reviewing DATA SUMMARY content directly,
as will be described below.

The search is performed using Termatrex card BL{54) (IITRI
Generated Data Summary) in conjunction with three generic des-
criptor value cards; one from the values under Microelectronic
Category:; one from the values under Functional Category, and
one from the values under Package Configuration. The initial
search is performed using the highest priority value from each
descriptor.

After the DATA SUMMARIES resulting £rom the search have
been processed as described below, the search is repeated re-
placing the Package Configuration value card with the next value
appearing in the hierarchy. This process is to be repeated (and
the DATA SUMMARIES are to be proccessed) until all values under
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Package Configuration have been exhausted. Then the Functional
Category value card is to be replaced with the next value in
the hierarchy and the search is to be repeated until all values
under Functional Category have been used in conjunction with all
values under Package Configuration. Then the Microelectronic
Category value card is replaced with the next value in the hier-
archy and the search is to be repeated until all values under

this level have been used in conjunction with all values under
the two levels below it.

5.3.2.2.1 Unused Summaries

Because some DATA SUMMARIES do not have the three required
generic descriptor values identified, they will not have met the

search criteria and will not have been included in the tabula-
tions at this point.

These SUMMARIES can be identified as those which have not
been checked off on the list of DATA SUMMARY accession numbers.
They are to be extracted from the files and each is to be evalua-
ted as to its usefulness for the tabulations. Those DATA SUM-
MARIES deemed useful must then be organized, processed and enter-
ed at the end of the tabulations in order of the hierarchy of
generic descriptor values and stresses as described above.

5.3.2.3 Temperature & Electrical Stress Levels

As noted previously, device level test reports generally
contain fairly precise statements of applied conditions. To
maximize the usefulness of output information of the FAILURE
RATE table, it is desirable to segment the range of possible
severity values into a manageable number of discrete groups.
This approach avoids treating each variation as a separate and
distinct test/inspection condition. Of particular concern are
the stresses associated with laboratory life tests from which
data for this table is derived. These are generally temperature
and applied electrical lead, which may be power, voltage or
current. Since it is difficult with microelectronic circuits to
positively determine the distribution of stress among different
device elements, RAC will simply treat the electrical stress in
terms of "electrical load." Handling of these stress severity
conditions is outlined in the following paragraphs.

5.3.2.3.1 Temperature Conditions

Severity values for temperature are generally grouped within
intervals of 10 to 25 degrees (©C)in width. A reported tempera-
ture value, T, falls within a given class interval when:

T, T < T, o
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where Ty, and T\ are respectively the lower bound and upper bound
values of the interval. All values within this class are then
represented by a nominal value essentially at the midpoint of the
class interval. A table of nominal values with corresponding
class intervals toc be used in combining data appears in

Table 10. It is expected that most reported data will be gener-
ated under a small number of standard test/inspection temperature
conditions. However, a full range is provided to take care of
ron-standard situations.

Should temperature values lie outside the range covered in
this table, clas:s grouping and severity representation are hand-
led as follows:

1. High Temperature -~ the temperature class table
is effectively extended in increments of 25
degrees (°C). Each new class is accordingly
represented by a nominal temperature at the
midpoint of the interval bounds.

2. Low Temperature - severity levels below (more
negative than) the lowest bound of the tempera-
ture class table are not grouped into segmented
intervals. Each discrete condition is treated
as a distinct temperature level.

5.3.2.3.2 Electrical Severity Conditions

Severity values for electrical load stress are classified
in terms of percent relative to the rated value.

If V;, and V, are respectively the lower bound and upper
bound of relative values of a given class interwval, then, this
group includes the relative value V when:

Vp £ V < V. for V. >0
when applied electrical stress is zero (0), it is not associated
with a class interval but is treated as a distinct severity level.

All reported electrical stress values within the class in-
terval are represented by a nominal value essentially at the
interval midpoint. Tablell defines applicable
nominal values and corresponding class intervals for the most
commonly encountered range. The table of class intervals may be
extended as required by increments of 25 percent to become inclu-
sive of the extreme value. This relative value is represented by
a class nominal severity at the midpoint of its interval bounds.
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TEMPERATURE STRESS LEVEL CLASSIFICATION

(vaLues 1N °c)

CLASS LOWER UPPER BOUND INTERVAL
NOMINAL BOUND (> INTERVAL VALUES) WIDTH
-90%¢ -100 -80 20
-70 - 80 -62.5 17.5
-55 - 62.5 ~47.5 15
-40 - 47.5 -32.5 15
-25 - 32.5 -17.5 15
-10 - 17.5 -5 12.5
0 - 5 7.5 12.5
15 7.5 20 12.5
25 20 30 10
35 30 42.5 12.5
50 42.5 57.5 15
65 57.5 75 17.5
85 75 92.5 17.5
100 92.5 112.5 20
125 112.5 137.5 25
150 137.5 162.5 25
175 162.5 187.5 25
200 187.5 212.5 25
225 212.5 237.5 25
250 237.5 262.5 25
275 262.5 287.5 25
300 287.5 312.5 25
325 312.5 337.5 25
350 337.5 362.5 25

e i e
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Table 11

NORMALIZED ELECTRICAL LOAD STRESS LEVEL CLASSIFICATION

CLASS
NOMINAL

LOWER
BOUND

{VALUES IN %)

UPPER BOUND

(> INTERVAL VALUES)

INTERVAL
WIDTH

10
25

40
50
65
75

90
100

115
130

150
175
200

>0
17.5

32.5
45
57.5
70

82.5
95

105
122.5

140
162.5
187.5

0
17.5
32.5

45
57.5
70
82.5

95
105

122.5
140

162.5
187.5
212.5

17.5
15

12.5
12.5
12.5
12.5

12.5
10

17.5
17.5

22.5
25
25

. .
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Prequently, electrical stress is reported in absolute magni-
tude, necessitating normalization tc percent rated prior to
classification. This is computed as:

c o TEST CONDITION VALUE
Rel. Value in % = RATED VALUE x 100

where: TEST CONDITION VALUE is that value of stress level re-~
ported by the test data source.

RATED VALUE is the device rating for the corresponding stress
domain (voltage, current or power).

A supplementary search of the library files may be required
to locate the desired rating. A first source is the DEVICE TYPE
INVENTORY CARD. If it is incomplete, vendor catalog or specifi-
cation sheets should be consulted.

5.3.2.4 Table Preparation Procedures

The procedures described herein utilize the concept of
"batch” processing. A batch is defined as that set of DATA SUM-
MARIES extracted from the files as the result of a single search
on the three generic device descriptors as described in the pre-
ceding section. Further, both tabular products are to be pro-

duced on a given batch prior to initiating processing of the next
batch.

For efficiency of operations, it is recommended that the
processing for the FAILURE RATE table be undertaken first. Step-
by-step processing instructions for each tabular product are des-
cribed separately in the following sections.

5.3.2.4.1 Failure Rate Takle

a) The FAILURE RATE table contains data only from life
tests and application usage reports, hence as a first
step, non-applicable DATA SUMMARIES are sorted out.

b) The remaining DATA SUMMARIES are sorted according to
Operational Category, Qualification Class, Inter-
connection System, Data Source lLevel, Test Type/
Application Environment, and Stress Level/Equipment
Class descriptor values.

1) Consult Tables 10 and 11
for temperature and electrical life test

stress level grouping criceria. DATA
SUMMARIES having stress levels falling
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within the range of a given nominal
value are considered for output purposes
as having the nominal value of applied
stress, hence they are equivalent.

2) Each unique combination of descriptor
values for which one or mcre DATA SUMMARY
is present are henceforth treated as in-
dependent sub-batches. Except for certain
special cases a~ described later, each
sub-batch represents a single line entry
of output.

A single FAILURE RATE WORKSHEET, form RAC 68-12 (see
Section 5.7), is completed by the analyst for each sub-
batch. This form contains space for each entry to be
made on the MICROCIRCUIT FAILURE RATE form, RAC 68-l11,
cross-referenced by entry number.

The information entered into the numbered boxes on the
RAC 68-12 form must be in coded form (except for MICRO-
ELECTRONIC CATBEGORY} exactly as they are to appear on
the output tabulation. This is to ensure accuracy in
presentation as transcription {typing) is performed by
clerical personnel. Actually, most entries are already
in coded form on the DATA SUMMARY. Temperature and
electrical load stress values entered onto the form are
the nominal figures from Tables 10 and 11, respectively.

The accession number, number tested (nj), total part
hours (Tji), number of failures (r;), and best estimate

failure rate ({) for each DATA SUMMIRY in the sub-batch
are listed in the spaces provided.

)
1) %i = ri/Ti° If r; for the varticular test
entity is zero {3}, Q cannot lL.e computed.

2) Should more space be required, continue
entries in zome format on a secend blank page
attached to the worksheet.

The Q values in the last colivan should be checked for
consistency. Since devices snd stress conditions for
all tests were similar, resuits should fall within
approximately an order of nagritude from the next
closest value. If not, the homogeneity test described
in Section 3.8 should be applied.
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1) 1f the hypothesis of equivalence is rejected,
the deviating entry or entries should be seg-

regated out and outputed as separate line
entries.

m m m
g) Compute Tp =2 Ty . R,= % r; & n, = £ ny

i=1 i=1 T 5=

and record the values in the boxes provided st the
hottom of each column.

h) Compute 4f = Z(RT + 1) and enter value on worksheet.

i) Locate X2 value from Tab.e 12 for 4f
and enter value 7Spnto worksheet.

j) Compute A\0.60 = X3 and enter value onto worksheet.
2T
T

note: proper mathematical form of this expression is

10.60 =X?'°‘6°
Z(RT + 1)
.

Ty

k) The DATA SUMMARIES in the sub-batch are reviewed for
failure mode information. Significant reported modes
are entered ontc the worksheet in exact form for output
presentation. The total failure count attributed to
each mode is also recorded.

1) Each suk-batch is processed in the same manner, then
all DATA SUMMARIES for th~ batch are reassembled with

"hose sorted out and helwu for preparation of the FAILURE
DATA table.

m) Upon completicn of all batches, the worksheets are sort-

ed as described in paragraph 5.3.2.1.2 above and submitted
for typing onto the output format.

5.3.2.4.2 Updating the Failure Rate Table

This product is periodically updated by deleting obsolete
data and incorporating data acquired since the previous processing.
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Table 12

U8

PERCENTILES OF THE X? DISTRIBUTION FOR (1-«) = 60%

or
b

20

Vo
Tyl

Y

A
i
g

i at x2 af x>
g % PQINT % POINT

% ¢ 1 0.708 46 47.8

8] 2 1.83 48 43.8

H 2 2.95 50 51.9

g 4 4.04 52 53.9

5 5.13 54 56.0

6 6.21 56 58.0

7 7.28 58 60.1

8 8.35 60 62.1

9 9.41 62 64.2

10 10.5 64 66.2

12 12.6 66 68.3

14 14.7 68 70.3

16 16.8 70 72.4

18 18.9 72 74.4

20 21.0 74 76.4

22 23.0 76 78.5

24 25.1 78 80.5

26 27.2 80 82.6

28 29.2 82 84.6

30 31.3 84 86.6

2 33.4 86 88.7

34 35.4 88 90.7

36 37.5 90 92.8

38 39.6 92 94.8

40 41.6 94 96.8

42 43.7 96 98.9

a4 45.7 98 100.9

100 102,9

For large values of degrees of freedom the approximate formula

2 )
whLere za is the ncrmal deviate and n is the number of degress of freedom,

may be used,.
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The kev element in correlating previous data figures to the
present is the worksheet. All worksheets are maintained on file
and become an integral item oir the update process. The essential
steps are:

a)

b)

c)

4)

e)

£)

A record is kept cf DATA SUMMARY accession numbers that
have been obsoleted during the period of interest. As

a first step in the updating process, each obsoleted
DATA SUMMARY is extracted from the file and matched by
generic device and stress descriptor values to its
correct worksheel. The accession number entry cn the
worksheet serves as positive identification. This entry
is encircled in red and the corresponding (Ti) and (ri)
values are subtracted from the totals and the new
figures prominently irdicated in red.

To isoclate DATA SUMMARY accessions that have been added
gince previous processing, the FILE ENTRY DATE Tx cards,
tor the period of interest, are used in conjunction with
the generic class cards during the file search.

The DATA SUMMARIES resulting from this search are sorted
as described in instructions (a) and {b} of para-

graph 5.3.2.4.1 above, 2nd each sub-batch is matched to
its corresponding worksheet from the previous update
cycle.

Initiate a new worksheet by entering required descrip-
%i%ezi%ems according to instruction (d) of paragraph

s Je s PP g
Enter under "Previous Totals” the correct totals for
each cclumn from the corresponding worksheet of the
previous update cycie. Attach the o0ld worksheet(s)
to the latest one for reference purposes.

Enter the data values from the new DATA SUMMARIES and
complete the worksheet per instructions of para-
graph 5.3.2.4.1 above.

5.3.2.4.3 Preparing the Failure Rate Table Output Format

Upon compietion of all analysis and computations as des-
cribed above, the individual worksheets are ordered in prepara-

tion for typing in accordance with the organization previously
described.
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The information is entered onto the output format, Form
RAC 68-11, by typing a line entry for each worksheet entity.
Worksheet entries are correlated to its correct table coiumn by
number. These entries must be transcribed onto the output format
exactly as they appear on the worksheet.

Line entries are made in the order that worksheets are
sorted. Successive entries within a particular "Microelectronic
Category"” are double spaced, continuing onto additional pages as
required. An "Entry number" is typed into the first column of
the table. These numbers are assigned in consecutive sequential
order from 1 to (m), when (m) is the total number of line entries
in the current issue of the tabulation.

A separate page is initiated for each unique "Microelectronic
Category." The typist enteus, at the top of each page in spaces
provided, the correct "Microelectronic C.tegory" and "Issue Date"
as they appear on worksheet. Each sheet of output is assigned a
page number. These numbers are in consecutive order from 1 to
(n) where (n) is the total number of pages in the current issue
of the FAILURE RATES tabulation.

5.3.2.4.4 Failure Data Table

Upon completion of data processing for the FAILURE RATES
tabulation, all the DATA SUMMARIES extracted from the search
(one batch) are assembled for use in preparation of the FAILURE
DATA tabulation. Since the FAILURE DATA table is only concerned
with data which identifies failure modes, those DATA SUMMARIES
in which failure modes are not identified are sorted out.

The DATA SUMMARIES remaining after the above sorting are
then organized according to the hierarchy of Data Source Level,
Test Type/Application Environment and Stress Level/Equipment
Class, as described in a previous paragraph. No other processing
of the information is required in preparation for transcription
to the output format.

5.3.2.4.5 Updating the Failure Data Table

As noted in previous paragraphs on FAILURE RATE table pre-
paration, only DATA SUMMARIES entered into the file since the
previous update cycle will be extracted during current file
search. These new items or entries must be correctly interspersed
among the entries appearing on the previous issue of the FAILURE
DATA tabulation. This may be accomplished by marking the front
of each DATA SUMMARY to be added with its proper position on the
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listing, %“eying to the li.e "Entry No." For example, if a new k
entry is to be made between existing "Entry Nos." (4) and (5), )
the notation (4A) is prominently marked on the particular DATA .
SUMMARY. Should more than one new entry be required betw2en a

single pair of "Entry Nos.," the DATA SUMMARIES are marked as 2
4A, 4B, 4C, etc. -

5.3.2.4.6 Preparing the Failure Data Table ¥
Output Format

The entries are typed onto output format, Form RAC 68-10
directly from the DATA SUMMARY. Each DATA SUMMARY represents
: one line entry, with entries ordered according to the oraer in
i which they have been sorted by the analyst. Successive entries
- are double spaced continuing onto additional pages as required.

Frequently more than one failure mode {entries 7a, 7B, 7C,
etc.) is reported in a single DATA SUMMARY., Each of these items
is listed on a scparate line with single line spacing. 2 cor- .
responding entry will appear s item BA, 8B, etc. on the DATA =
SUMMARY which must be typed into cclumn 8 of the output format.
All other columns are tc remain blank and this "entry set” is
to be treated as a single line "Entry No! (see below for assign-~
ment of line "Entry Nos').

A new page is initiated for each unique set of "Micro-
electronic Category." "Functional Category" and "Package Con-
figuration" values.

Entries are typed onto the output format exactly as they
appear on the DATA SUMMARY using the item number to key DATA
SUMMARY values to their correct column. The line "Entry No."
assigned consecutively from 1 to m., 1s typed into the first
column.

Bach page is completed by typing in appropriate Header
items including issue date and page number. The latter are
assigned segquentially for the entire listing.

When updating a previously issued FAILURE DATA takulation,
the typist must refer the previously issued listing in conjunc-
tion with the new DATA SUMMARIES. Currently active entries
carried over from the previous update cycle are transcribed from
the previous issue, New entriss are typed into their correct

. location as noted on the DATA SUMMARY. Of course, as new entries
are inscerted between existing entries, the line "Entry No." of
all foliowing entries is "pushed down" accordingly. To illus-~
trate using the example of the previous paragraph, the newly
entered item becomes entry number 5, whereas previous entry 5
now becomes entry 6. Eac fcllowing entry is modified accord-
ingly. Upon completior .. table prepara.ion. all active DATA
SUMMARIES are returned tu the RAC files.
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5.4 Technical Monographs
5.4.1 Scope #nd Purpose

Technical monographs are prepared and disseminated on an
irregular kasis. These monocgraphs are to be authoritative in-
troductions to the current state-of-the-art to provide techni-
cal guidance in specific narrow technical topic areas related
to the design, fabrication, test and application of semicon-
ductor and microelectronic devices. Particular emphasis is
being placed on those factors that influence system reliability
and effectiveness.

In general, the monographs include a survey of the current
state of knowledge in the problem area of concern as derived
from indepth study of the literature, current practices, and
analysis of relevant data. They are to contain specific engi-
neering gquidance for selection, design and analysis of devices,
components, and other electronic system elements.

This procedural guide is intended to provide the RaAC staff
engineers responsible for monograph preparation with general
principles and objectives by which their efforts may be chan-
neled. Because each problem area to be treated is unique, it
requires a unique solution; hence it is impractical to devise
step-by-step instructions.

5.4.2 Topic Selecticn

Topics for monograph treatment are to be selacted on the
basis of the ability of RAC to make a definite contribution to
the technical literature. Thus, the two overriding criteria are:

1. The topic must have current broad interest and
application and fall within the scope of RAC's
capabilities and objectives.

2. A reasonable level of scientific endeavor has been
devoted to its study such that meaningful findings
and progress have been reported.

The most logicel areas from which applicable topics can
be selected are:

1. New developments: included in this category are
materials technology, device technology, processes
fabrication techniques. testing, relizbility
analysis techniques, packaging and assembly tech-
niques, environment control, etc.
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2. Curirent problem areas: specific failure modes

and mechanisms, critical environments, quality
and process control difficulties, etec.

An ideal topic area is one in which there is wide current
interest showing promise of important technological advances.
A fairly large current level of effort by a sizable numbey of
independent researchers should be underway, but the findings
have not as yet been incorporated into "accepted industry praé-
tices." The monograph then serves as the vehicle whereby £his
scattered knowledge is consolidated into a single. useful com-
pendium of current status and clearcut guidance recommendations.

The following list is representative of potential monograph
topics of current interest. They are presented for reference
purposes only and are not necesszrily subjects for present or

future monographs.
Metallization Failures ir IC Devices
Flip-Chip Bonding Techmiques
Space Radiation Effects
Survey of High Relia¥bility Procurement Specifications

Non-Destructive Testing of Discrete and IC
Semiconductor Devices

Compstible Techniges for IC's.
Reliability Achievement in Plastic Packaged IC Devices
Accelerated Test Techiniques £or IC Devices

Reliability Prediction Technigques &pplicable to
IC Devices

Current Problems Areas cof LSI MCOS Logic Elements
Surface Phenomena in Semicenductor Devices
Infrared Mapping Techniques for Screening

Current Status and Puture =otential 2f Dielectric
Isolz*ion Frocess

Multilayer Metail.zat:on Interconnection Technigues
Final topic selection is a joint decision between the

Contract Technical Monitor 2t RADC and IITRI. 1In practice,

either party may suggest a camdidate topic(s) subject to review
and approval by the cther.
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5.4.3 Approach

Once a suitahle topic is chosen, a preparation plan and
schedule shall be determined. Although the approach will vary
to some extent dépending on the topic, the following general
tasks are required:

1. Literaturk Seaich - including RAC files, other
litérature sources and personal contacts with
workers in the particular area of interest.

2. Prelimipary Investigation - to ascertain the
important conisiderations, parameters and criteria.

3. Develop Draft Outline -~ to organize, classify and
attach priorities to various aspects of the problem.

4. 1ndepth Analysis - all available information and
data is analyzed thoroughly in relation to ocutline
items to gain insight and understanding of problem,
and proposed solutions.

5. Formulate Decisions and Supporting Evidence - define
strong and weak points of various approaches, de-
rive engineering data, functional relationships,
statistical support, define recommendations, etc.

6. Document - actual preparation of the monograph
textual material and graphical displays. The pre-
liminary outline is reviewed and modified as
necessary prior to final documentation to ensure
orderly, integrated presentation of facts and
supporting evidence.

It is entirely possible that the scope of the selected
topzc may require modification after the investigation has been
initjated. For example, the effort being carried out by workers
iz the field may be taking a turn away from original objective
in orZ2er to pursue a more fruitful path. Or the applied efforts
zre sc bread that a single monograph could not adequately cope
with tize entire subject. In this case, the topic scope should
be reviewed and narrowed accordingly. The opposite situation
may also cccur. Any proposed modifications of topic scope should
be cleared by the contract technical monitor.,

5.4.4 Monograph Content and Presentation

The precise i1tems or informational content of the monographs
is dependent to a large degree on the particuiar topic covered.
It 1s possible., however, to outline some of the subject matter
thzt should be included. Briefly, these following subject areas
cugizt to be discussed as a minimum.
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1. Introduction - description of topic or phenomena
under consideration.

2. &Scope of phenomena investigated - devices, processes,
applications or environments affected by phencmena.

3. Survey of present knowledge - including:

study vehicle

analysis methods or investigation procedures
status and results to date .
future activity and direction

4. Evaluation of Report Results

Comparison of alternative approaches
Unsolved problem areas

5. Engineering parameters and tradeoffs
formulae

graphical displays

6. Conclusions and Recommendations

applicability of techniques or methods
constraints on utility

alternative methods

future expectatiocns

The technical content shall be oriented toward the prac-
ticing engireer. Textual content and data must be pertinent to
practical situations such that the knowledge gained can be brought
to bear on the problem at hand and result in optimal solutions
and/or decisions. Monographs must be fairly short, and concisely
written, yet be at a technical level consistent with the stated
purpose and objective. Graphical, tabular and photographic dis-
plays shall be employed extensively to convey engineering intelli-
gence in a meaningful manner. Clearcut, positive recommendations
and application constraints must be incorporated into each mono-
graph disseminated by RAC.
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5.5 Ad Hoc Inquiries

5.5.1 Introduction

The Reliability 2Znalysis Center, as one of its important
functions; will provide a central source to answer specific in-
quiries by qualified members of the electronic Government-industry
complex within its scope. Since this function provides the
closest link between the Center and its user community, the RAC
image will be greatly determined by its responsiveness to incom-
ing inquiries. Consequently, user inquiries shall receive top
priority b RAC operating personnei. This subsection defines the
tasks and , rocedures for servicing ad hoc inquiries. Topics
covered included: scope of service capability, communication
channels, personnel responsibilities, and internal information
processing.

5.5.2 Scope of Service

In essence, RAC will =service user queries in those aspects
of microelectronic device szchnology that has a bearing on im-
proving and achieving relia.le operation of military systems and
equipments. The primary empi.asis is on developing a better know-
ledge and deeper understanding of the nature of failure in
electronic parts and their causes, and making this information
available to the user community in a timely, readily usable man-
ner so as to influence decisions related to the design, develop-
ment, production and operatiocn of military electronic components,
equipment and systems. Within this broad framework then, it re-
mains for RAC to develcp the scope of its query capability.
Admittedly, it is difficult to be completely definitive until
some experience has been gained; instead imposition of a minimal
set of general constraints seems more appropriate. These are:

1. At the present time, RAC service is limited to micro-
electronic devices. Within a short period of time,
service will be expanded to include discrete semi-
conductor devices.

Z. RAC cannot honor requests for test or use experience
data or information on specific device types or
products of a particular manufacturer. All test and
use experience data disseminated by RAC must be identi-
fied at the generic class level. However, RAC can
furnish specifications, characteristics, ratings and
physical properties information on specific device
types or families.

3. Device selection, i.e., recommendation of specific
device types to meet a specified set of characteristics,
is not a RAC function.
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4. Requests to furnish copies of source documents cannot
be honored. Should the occasion arise, individual
pages such as charts and graphs from source documents
(except copyrighted material) may be reproduced for
dissemination as necessary to satisfy a user request,
but reproduction and dissemination of entire docu- )
ments is outside its purview.

Within these constraints, user queries shall be services as
permitted by the accumulation of information and data in its files
and the knowledge and experience of RAC engineering specialists.
Further, it shall be RAC peclicy to suggest suitable outside
sources of information, wherever possible, in answer to requests
for service clearly beyond its scope and/or resources.

Responses to user queries generally will take one or more of
the following forms:

1. Defined topic biblicgraphy

a}) with or without abstract

b) includ<s supporting information (audit trail)
for tabular products

2. Referral to other data centers or information
sources

3. BAnalysis of specific numerical data
4. Technical survey of specific narrow probklem areas.

The first twc response types are relatively straightforward and
should require minimal staff time and effort.

The latter two may require substantial professional effort
to perform the required analysis or evaluation and prepare a suit-
able response, No absolute limit is being placed on the size of
the task that RAC is capable of etfectively pursuing for this ser-
vice; however, some constraints are in order.

It is recommended that the following guidelines be observed
in servicing ad hoc user queries requiring data analysis and/or
survey evaluation of technical information. These apply to expen-
diture of professional effort. Similar discretionary constraints
are advised in the use of clerical and drafting support.

A

1. The investigation must be oriented and directed to
achieve a satisfactory soluticon rather than attempt-
ing to achieve a "perfect" sclution without regard
to expended effort.
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2, 1In connection with item 1, an arbitrary time con-
straint is being imposed. Although the limits are
not absolutely rigid, they should be observed to
insure timely responses to customer information
requests.

a) 8 manhours maximum for the majority of
routine queries requiring nominal anal-
ysis and evaluation

b) 24 manhours maximum for certain queries
of a larger scope

3. In situations where the problem posed by the user
is overly broad or appears to entail a sizable
investigation, discussions shall be conducted
with the customer to refine the problem sc¢ it can
be more effectively treated. If it is not feasible,
a priori, to narrow the scope effort should be made
to treat the problem in phases. A first phase might
be a fairly quick, general survey intended simply to
reduce the problem to manageable proportions. Later
phases then would be channelled into the most pro-
ductive aspects.

The scope of query service and constraints imposed will be
continually reviewed and modifications incorporated as justified.

5.5.3 User/RAC Communication

There is no restriction on the comnunications mode employed
for making queries tc or disseminating responses from RAC. The
most logical forms are telephone, telegraph and U.S.mail. Users
will be encouraged via the RAC publicity brochure to =mploy the
telephone wherever practical. It has the advantage of speed as
well as it permits direct interchange between the user and RAC
staff member to interpret and refine the question.

RAC responses may also be made by any of the available com-
munication forms. As a general policy, responses should be in
writing and communicated via U. S. mail. HKowever, telephone or
telegram should be employed where priorities require faster
response. Even here a telephone response should be followed
with a formal written reply for confirmation. In certain in-
stances, where the information or data to be transmitted is very
minimal, a telephone response alone is permissible.

User requests for information will be accepted in free form.
That is, users are not required to complete a standardized
"request form." Requests must include, as a minimum, the follcw-
ing information:
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Organization and address
Government contract number
Statement of the problem

i
Requesting individual's name 3
. 3
Urgency of request {date answer is required) %

The government contract number serves to identify the re-
qguestor as a qualified recipient of RAC Query service.
Greater detail on user qualification appears in another section
cf the RAC Internal Operating Procedure.

£

A simple request form will be used internally to record %

and document each incoming request. This form is used for in- ;
ternal control during processing of the response and serves as ‘
a permanent record of the service provided. This internal query :
form, designated RAC SERVICE REQUEST RECORD, Form RAC 68-13, is
illustrated in Section 5.7. Completion instructions are con- i
tained in subsequent paragraphs of this document. :

5.5.4 Staff Responsibilities

The query processing task is a joint effort of several RAC
staff members, each responsible for a particular portion of the
total task. They are:

Customer Liaison Engineer - acts as the single
Reliability Analysis Center agent through which
outside organizations access the Center. Re-
sponsibilities are described in greater detail
in subsection 5.5.6 below.

Technical Specialist - members of the RAC engi-
neering staff who have proficiency in the various
technological areas associated with microelectronic
and semiconductor technology. He is responsible
for conducting the actual investigation and formu-
lating the response.

Library Sciences Spacialists - staff specialists
responsible for maintaining the RAC file system.
They provide assistance in structuring the file
search question and conducting the file search.

Clerical and Drafting Support - support personnel
responsible for preparing typed text and graphical
displays as required for query responses. Clerical
personnel also maintain schedule control over query
processing and historical file records.

185




e
Ay

san o o ) .
»:@ﬁ;,w.\n?i‘f;, :‘Eﬁ i’j'«;:.\},‘:h’»% I N

S sy s a2

C i K SOOI B ron ) s b g W

,.v,).t: gt

b i s oY e e

p——

T

oo oy S

5.5.5 General Query Handling Procedures

Functionally, ad hoc query processing is quite simple, con-
sisting of the following elements:

1. Receive query

2. Interpret problem

3. Define file search terms and logic

4. Perform file search and retrieve
relevant documents

5. BAnalyze information and analysis

6. Prepare response

7. Communicate information to inquirer

As noted previously, the Customer Liaison Engineer is the
recipient of the query. He shall record the pertinent informa-
tion onto the RAC SERVICE REQUEST RECORD {SRR) and conduct the
necessary correspondence wita the inquirer to rroperly define
and interpret the problem as described in Subsection 5.5.6 bLeiuw.

Upon satisfactory problem definition, the SRR is forwarded
to an appropriate Technical Specialist for processing. He then
structures the probiem into a suitable set of search descriptors
and logic with the assistance of the Library Sciences Specialist.
The search is performed by the latter in accordance with the
strategies defined in Subsection 5.2 {(withclerical assistance) and
the identified documents or other information (e.g. Abstract
Reference Cards) are extracted from the files.

The Technical Specialist reviews the material, makes the re-
quired analysis and prepares a suitable response. The assistance
of typing, clerical and drafting support are used as required to
type copy, draft graphical displays and reproduce material for
dissemination. The approach taken to solve a guery problem and
the form of the response is pretty much left to the ingenuity of
the Technical Specialist. The task shall be performed within

_ the scope and constraints described in Subsection 5.5.2 above.

Upon completion of the response, it is conveyed to the cus-
tomer by appropriate mode of communication as described in
Subsection 5.5.3. Written (hard copy) responses are signed
{prepered by) and dated by the responsible Technical Specialist
and countersigned (approved) by the Customer Liaison Engineer.

A form letter of trarnsmittal signed by the latter shall accompany
each written response--see Subsection 5.5.6 for details.

After completion of the response, the Technical Specialist
completes the remaining items on the SRR, affixes his signature,
time and calendar date that the response was issued. It is im-
portant to indicate the action taken and how the reply was made.
A "COMMENTS" space is provided for denoting pertinent facts about
the query, the investigation or the response that might indicate
the effectiveness of the information furnished.
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A copy of all hard copy material. furnished the inquirer is
affixed to the SRR for reference purposes. The closed out SRRs
are filed according to a sasquential accession number for future
reference.

5.5.6 Customer Liaison

A single individual, hereafter referred to as Customer
Liaison Engineer. is assigned complete responsibility as RAC
agent to whom all user queries are addressed. He is responsible
for initiating the RAC SERVICE REQUEST RECORD (RAC 68-13} and in-
terpreting the problem into a form amenable to file search and
response processing.

Queries received via telephone are transcribed directly onto
the SRR. Suitable questions shall be raised and discussion carried
on to ensure correct interpretation cf the problem and information
desired. Except for rare situations where RAC response can be ex-
tracted directly from readily available sources, i.e. RAC standard
publications, no attempt should be made to supply an answer at
this time. Instead, the query should be acknowledged with assur-
ances given of prompt reply. Further, caution is to be observed
in making negative replies during the initial contact. Even
where it is established that the query is outside the scope of
its jurisdiction, RAC's policy is to attempt to provide reference
to other sources of the desired information. Thus, unless tnese
references are readily known, it is best to accept the query and
attempt to identify a suitable reference later.

The customer liaison engineer reviews hard copy (letter or
telegram) input queries and initiates an SRR by recording the
appropriate information. Should there be a question regarding
the nature of service desired, he shall contact the requestor via
telephone and work out a mutually acceptable interpretation.

It is expected that some information requests will be quite
broad requiring a substantial effort to analyze the available
information and formulate a suitable respense. Where this occurs,
it is desirable for the liaison engineer to advise the customer
accordingly and attempt to work out an acceptable reduction in
scope. Admittedly, it is difficult, a priori, to quickly and
accurately estimate the effort required to service a particular
request. It is expected, however, that as experience is gained
in handling queries, patterns will emerge which will permit valid
estimates of required effort.

Once the investigation is initiated, further questions of
interpretation or problem scope may arise. To foster goodwill,
it is desirable that such communications also be conducted by
the customer liaison engineer. It is recognized, however, that
situations may arise where it is preferred, and necessary, for
technical continuity, that the RAC specialist conducting the in-
vestigation contact the user directly.
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RAC responses shall be relayed through the Customer
Liaison Engineer. Phone replies are handled by him and he
shall countersign hard copy responses. Further, letter
responses shall be accompanied by a letter of transmittal over
his signature. A letter of the following form is appropriate:

In response to your request for service,
dated ( )., the Reliability Analysis Center
is pleased to furnish the enclosed material.

We trust that this information will satisfy
your present requirements. Should you desire
further assistance with your present problem
or any tire in the future, please call me at
{phone no.}.

Sincerely yours,

(Signature}
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5.6 F-Test Procedure for Determining Failure Rate Equivalence

The Fisher F-test is used to compare failure rates (k) from
independent tests to determine whether they can be combinied into a
single pooled estimate. It is valid where the )\ estimates and numfer
of failure occurrences are parameters of the Poisson distribution.
Theory to validate the applicability of the test are not presented
herein; rather detailed instructions for its use are outlined.

Procedure

The F-test shall be considered as part cof the failure rate com-
putation procedure described in paragraph 5.3.2.4.1, step (£f). It
shall be conducted as follows:

1. To ascertain whether the F-test is applicable all Qi
values computed in step (e) are ranked mentally or
physically in ascending order from smallest to largest.

2. Test lots exhibiting zero (0) failures are excluded
from this ordering process, hence are not included in
any of the subsequent steps. In later merging they
are combined into the subset (see step 8 below) having
lowest ).

3. The ordered Q values are now scanned to identify those
successive pairs that differ by more than approximately
one order of magnitude (10X!. Some leeway is permissible
here. For example, if the number of failures, r; and
Lj,;» associated with the succe?sive values Qi and A,
respectively, are less than 3, A\ differences of less
that 10 are of no consequence. If, however, the number

+1

of failures are 3 or more, it is advisable to select,
for statistical testing, those pairs where the differ-
ence is less than 10 (e.g. 7 or 8). These observations
should be made mentally so that this process does not
become a major time factor in preparing cutputs.

*
A. H. Bowker and G. J. Lieberman, "Engineering Statistics,"
Prentice-Hall, Inc., 1959.
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Orice "suspect” Q value pairs are identified the F-test
is applied as fecllows to the individual pairs.

5. Compute the ratio:

6. Look up the F_, percentage point in Table 13 (upper 5%
points) for df (degrees of freedom) = 2(rj +1) for
the numerator and df = 2ri+1 for the denominator.

A -
7. The two A values can be considered equivalent in which
case the data can be combined if

FD-S-FC
8. 1f Fp > Fy the outlying value cannot be combined with
the other data and must be entered ontc the output as
a separate line entry. 1If, however, there are other
data with A values “"equivalent" tc the outlier (Q
value above, they can be combined together into a
single value.

)

141

An example of the test is shown below.

1. Assume the following ranked data

Test ID Q r

a .Q08 1l

b .09 2

c 1 4

: ; é .9 3

: | e 2.9 2

. £ 7.4 3
s g 9.6 1 ‘

oo e
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Table 13

TABLE OF PERCENTAGE POINTS OF THE INVERTED BETA (F) DISTRIBUTION

o

SRty

8 9 10 12 15 20

7
5 1230 | 231 | 207 1239 2&

.5119.0119.2119.2119.3119.3}10.4]19.4

F Distaisurion, Urren 5% Points (F.e)*
.119.5519.2819.12.9.0118.24{8.89

Degrees of freedom for numerasor
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A A
Obgerve A differences: Qb s 10 Ay SO this pair is a

suspect. Also, Qd = 9 o! this pair is also suspect
because of the number of failures associated with each.
All other pairs are sufficiently close together to
negate equivalence testing.

Each suspect pair is tested separately.

A
Consider Na and Qb

9 (r_)
Fp = /\"b 2 = :888 S; = 'g?,e = 5.63
Az, +1) '

il
>

af (num) = 2 (r,+1)

df (den) = 2 rb = 4

Fe

6.39 from Table

Since 5.53 ¢ 6.39 the data is considered
equivalent.

A A
Now consider kc + kd

_ .9 (4) _ 3.6 _
Fp = TGy =".5=17-2
FC for df = 10,6 = 4.66

Since 7.2 5 4.06 the data from these two
tests cannot be combined.

Referring back to the ordered listing of Q values

it is concluded that there will be 2 failure rate

line entries on the output, one containing combined

data from tests a,b and ¢ and the second combined -
data from 4, e, £ and g.
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5.7 Eaferenced Forms

The following referenced forms are herewith included.

RAC 68-10 MICROCIRCUIT FAILURE DATA

5.

RAC 68-~11 MICROCIRCUIT FAILURE RATES - 5

RAC 68-12 FAILURE RATES WORKSHEET .

RAC 68-13 RAC SERVICE REQUEST RECORD o3
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FAILURE RATES WORKSHEET

“ 1% I MEL CATEGORY

PERIOD

: 18 J[FOTL oToY [gpxccst 4] OPRNL TYPE

ST QUAL CLASS INTRCON SYSTEM 7] CKT CPXTY

& DTA SRC LVL TST TYP/APP ENV 1G STRS LVL/EQP CLASS

ACCESSION NUMBER NO TESTED NO FAILED PART HOURS

ri/Ti

g PREVIOUS TOTALS
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6.0 PROJECT PROGRESS AND PRESENT STATUS

6.1 Data Collection

6.1.1 Organizations of Task

To establish the scope of the data collection effort, it
was necessary to first define those specific integrated circuit
devices of prime interest. Plans were then formulated to con.
tact vendors, equipment manufacturers, and others involved in
the design and application of the pertinent integrated circuits.

6.1.1.1 Iptegrated Circuit Categories of Interest. Micro-
electronic categories of greatest importance for the purpose of
the initial data collection effort include the following digital
or linear types of circuits: !

7 1. Monolithic Epitaxial

s n s ae e

2. Monolithic Diffused
3. Composite I.C. Epitaxial

-3
.

Composite I.C. Diffused

T

5. Monolithic IGFET

*

Microelectronic circuit types not included in this early
phase of data collection because of their more specialized design
i} and use are listed as follows:

"

1. Thin film - pure IC

oK b

2. Thick film - pure IC
3. Hybrid Microcircuits
g ‘ 4. Multichip Microcircuits

In essence, initial data collection effort was directed toward
those circuit categories produced by the well-established semi-
. conductor technology since they have found more widespread appli-
o cation in current military equipments. .

6.1.1.2 source Contact Planning. The scope of collection
effort for RAC includes a wide range of failure analysis informa-
tion from device vendors, system contractors, SPO's, other
Government agencies, and other data centers. Specific documents
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which fulfill RAC information needs include the following: 5]
x'ti%’.
1. Vendor Catalogs 12. Vendor Analysis Reports %
e
2. Vendor Specifications 13. Contractor Analysis 4
Reports ¥
3. Government Specifications "
14. Field Analysis Reports %
4. Contractor Specifications :°
15. Government Agency Reports X
5. Device Development Reports 5
16. IDEP Reports =3
6. Testing Specifications ¥
17. FARADA Failure Analysis v
7. Processing Specifications Reports i
8. Quality Assurance Specifi- 18. Other Data Center Reports g
caticns =
19. Independent Test Labora- .
9. Vendor Technical Information tory Reports o
10. Test Reports 20. Burn-In Analysis Reports *
11. Open Technical Literature 21. Physics of Failure Reports
To evaluate those vendors who make devices meeting RAC micro-
electronic device categories, a "Microelectronic Information
Company Survey Questionnaire" was sent out to all known micro-
electronic manufacturers. A sample questionnaire may be found in
Section 3.0, page 47, of this report.
Nineteen vendors were chosen for data collection visits after
studying the results of the questionnaires. These vendors along
with names of the persons visited at each plant and data of the
visit are listed in Table 14. %
Identification of source contacts for microelectronic device
users proved somewhat more difficult. This list was developed
by such methods listed as follows:
1. Device manufacturers visited were asked to identify their
major military users.
2. Journal and newspaper articlies relating military programs :
and the equipment manufacturer's use of microelectronics
therein. -,
3. IITRI staff personnel with acquaintances in equipment é
manufacturer’s facilities. %
;
1
?jg:g
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4, RADC contacts with Air Force Systems Project Offices.
5. Reference to the Defense Marketing Service reports.

The equipment manufacturers, listed in Table 15, were subse-
quently selected, on the basis of this information. In addition
to the 18 equipment manufacturers, the FARADA data center at
FMSAEG (Corona, California) and the Air Force Space and Missile
System Organization (SAMSO) were also contacted.

Technical information services consulted on a monthly basis
include the following sources:

1. Technical Abstract Bulletin
2. Scientific Technical Aerospace Reports
3. International Aerospace Abstracts

. Reliability Abstracts and Technical Reports

4

5. U.S. Government Research and Development Reports

6. IDEP Reports on Microelectronic Devices

7. Several Periodicals scanned monthly for microelectronic
articles.

Additional sources which have been helpful for technical in-
formation include the Visual Search Microfilm File, DATA, various
symposium proceedings, technical seminars, and various micro-
electronic textbooks.

6.1.1.3 Collection Procedures. Needed procedures, forms,
and specifications developed to guide and control the collection
task are documented in Section 3.0, "Procedural Guide for Data
Collectors." 1Its principal objectives are to:
1. establish methods used to determine the sources to
be contacted, the item of interest, and their proper
technical descriptions.

2. standardize the communications procedures leading to
the collection visit.

3. provide guidance on the conduct of the actual visit in
addition to data input specifications which detail the
types of information being sought.

4. ensure complete and uniform documentation of all communi-
cations.
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.1.2 Present Collection Status

6.1.2.1 Vendor Status. Table 16 qualitatively displays

the types of input data submitted to RAC as a result of visits
and extensive follow-up by phone and letter. Most vendors who
promised information have furnished at least some useful material.
However, as can be seen in the chart, highly summarized device
failure rate information is the item most frequently submitted.
Failure mode and mechanisms information of greatest interest to
RAC is essentially unavailable in useful form from most vendors.

‘Detailed device descriptions have not as yet been submitted by

the majority of vendors. A few vendors have recently updated the
accumulative reliability data summaries originally furnished.

A possible reason for the relative unavailability of failure
mode information is that vendors are gquarding their prcprietary
interests. This information must instead be actively sought
from user sources.

Device description information requires additional follow-up
and emphasis by RAC personnel. Ccmpletion of RAC forms requires
vendor engineering and marketing manpower. This primarily
accounts for the delay between request and reply.

Coordination of vigits and requests from vendors during this
contract were handled through the marketing departments, rather
than through technical personnel as was done on a previous con-
tract. This resulted in more responsive action and release
approval on data of interest. Marketing people are in a better
position to handle internal liaison ané have an active interest
in assisting potential customers.

6.1.2.2 pquipment Manufacturer Status. As shown in Table 15,

15 equipment manufacturers were contacted by letter, and six addi-
tional manufacturers were visited. Letters were originally sent
with a questionnaire entitled, *"Device/Count Application Stress
Summary." This questionnaire (page 63 of Section 3.0) was
designed to supply RAC with quantitative information concerning
the identity and the application environment of microelectronic
devices used in military systems. From the responses, it was
possible through telephone calls to determine those manufacturers
having data of interest to RAC.

The types of data which were submitted or might be obtain-
able after proper authorizations include the following:

1. Equipment malfunction reports
2. Device Failure Analysis reports
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TYPES OF VENDOR DATA RECEIVED
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i Manufacturer's | 9| 81 8 (a8l 51 @ el utye Device 3

N AEIMEIERHEIKE ot

g ame Si1alol@ E1S813181 0 Descriptions
£ gl sl ol 3 <] 3]l slwolold 3
: O} & alojala|mj<] 3
{ Amelco x|x|x X :
i Amperex X X XlXx 3
Fairchild x{x|x X :
{ General Instru. | X | X X bartial ;
. artia :
Motorola XX X X1X X Submission ;
National Semi. XlX X X 3
%
Philco (MOS) X1 X N
. . - Partia ‘
Philco (Bipolar)| X| X | X X b4 Submission ;
Raytheon X{X1]X X f
‘ RCA X| X
- Signetics X|X XX X X
- siliconix X X
sperry X X1x
Sprague XXX X ;
: . Sylvania XXX XX
P Texas Instru. X|X X XXX
ZZ . Transitron XI1X}iX X “
] Uniorn: Carbide X1X
westinghouse XX
209
- M oEe e T - T e - - A c R LRSI S S

A - e — - —— -
- - -~ e e e L S




[N

[

O T G W eeh v -

VN

.
B e e T St et en hme Goeaes Samom e e e

3. Burn-in reports at the device or equipment level
4, Summarized failure rates on installed devices

S. Contractor's device specifications and test
specifications

6. Program qualification test reports on devices or on
equipments containing microelectronic devices

There are large stumbling blocks in gaining access to the
various types of Gata which may be available from an equipment
manufacturer. One of the most frequent problems posed is the
cost of retrieving information not part of the original contrac-
tual agreement. Also, most preograms with reliability report

requirements do not require failure information below the modular

hardware. Actual experience has taught RAC data collectors to

expect a small token of cooperation from the equipment manufacturer

because of his other priorities and cost constraints.

Some of these problems might be mitigated by a different
approach. Through close cooperation between RAC and each appro-
priate Air Force Plant Representative's Office (AFPRO), it may
be possible to obtain more effective feedback on major, new
programs. This must also involve coordination with the System
Project Office without interfering with its costs or security
arrangements. An RAC representative could keep in close communi-
cation with the AFPRO who, in turn, would be in a position to
coordinate contractual data items of interest to RAC. It should
then be possible for RAC to work more closely with the equipment
manufacturer.

Also, a growing number of systems and equipment hardware
contracts provides for automatic reliability data submission to
RAC. This will definitely be of help in improving the quality
of information available.

6.1.2.3 oOther Data Sources. In addition to previously men-
tioned device manufacturers and equipment manufacturers, the
Navy's FARADA data center at Corona, California, was visited.
Available data gathered stemmed primarily from IDEP reports being
submitted to RAC on a continuing basis.

Much useful advice and program information came from a visit
to the Air Force Space and Missile Systems Organization in Los
Angeles, California. A list of SAMSO's programs utilizing micro-
electronics, along with the names of military personnel working
on each program was obtained. This visit was not effected until

late in the present program. Thus, we were unable to pursue these

leads further, but should be scheduled as a priority effort in
the forthcoming period.
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2 File

UIEISE,

The RAC storage and retrieval system is made up of the
following major files:

. a Termatrex card file

. a RAC document file

. an abstract reference card file

. a reference card file

. a Government contract number file
. an order number file

. a device type inventory file

. a manufacturer file.

ragveania AU PR B

L ows
R

L

A description of these files and the procedures for their establish-

ment and maintenance are found in Sections 2.0 and 4.0 of this
report.

File status at the time of preparation of this report is :
discussed in the following paragraphs. :

The Termatrex card file contains a card for each of the 1046
concept terms currently comprising the RAC termatrex thesaurus. *

These terms have been arranged in structured and alphabetical :
order for ease of use by RAC personnel. -

The RAC Document file is made up of external scurce and IITRI 3
generated documents. This file presently contains 1,239 documents, )
662 of which are source documents, 575 of which are IITRI generated

summaries and 2 of which are IITRI prepared monographs. Information .
from the source documents has been reviewed for inclusion in the N
RAC storage and retrieval system files and in preparation of the

RAC file Bibliography. From the 662 source documents, 545 were
applicable for the file Bibliography.

Reference abstract cards and reference cards have been pre-
pared for each of the 1,239 documents in the file. They have been
indexed and entered into the termatrex storage and retrieval
system. An average of 30 entries (index terms) have been indexed
for each document. These terms serve to catalog the information
according to document source, properties of the device investigated,

and phenomena investigated including experimental or test environ-
ments where applicabilie

A P
P A R

b ewes
5 e,

The Government contract file identifies 158 contracts for s
which RAC has technical reports. The RAC accession number of R
these reports is recorded on each contract card. Fiaal and
interim project dates are also recorded.
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The device type inventory file identifies 667 part numbers
from 35 manufacturers. Specific information on each of these part
numbers is filled in as determined either from manufacturer (i.e.,
Device Descriptions) contacts or the literature. )

6.3 Uger Services

Reliability Analysis Center services will be provided within
the following four major categories:

1) A4 Hoc Inquiry Service

2) Technical Monographs

3) File Bibliography

4) Tabular Products

The methodology described in this section has been documented
into the operating procedures of Section 5.0. All other pertinent

forms and references needed for interpretation are also incorpora-
ted therein. Methods of device identification and user services

are described in subsequent paragraphs.
6.3.1 Microelectronic Device Identification

Microelectronic devices are identified and categorized for
all user services by the following generic descriptors:

1) Microelectronic Category

2) Functional Category

3) Package Configuration

4) Operational Tyrne

5) Qualification Class

6) Interconnection System

7) 1Isolation Method

8) Circuit Complexity

The position of the Reliability Analysis Center is that
basic design materials and processing reflected in the above des-
criptors are the most influential factors in assessing the
reliability characteristics of the device. Among the reasons for

the validity of this approach in identifying device types are the
following:

1. It is consistent with the reliability physics approach
by making available meaningful data for correlation
studies and the prediction medel parameter verification.
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2. Failure rates and predominant failure mod

predicted for newly marketed devices on the basis of
commonality of physical properties.

3. It permits reliability prediction of equipments or
systems in the early design stages prior to device
type selection or identification.

4. A generic set of descriptors, having optimal reliabil-

ity characteristics for a specific application, can be
used to identify device type numbers of manufacturers.

6.3.2 A4 Hoc Inquiry Service

One of the most important services of RAC is to answer,
within the scope of its activity, specific inquiries for techni-
cal information and assistance. This service is intended to
provide valid technical information and engineering data on ex-
plicit problems of immediate concern. Specialists in reliability
and microelectronic device technology are available to work di-
rectly with the user to define his problem, perform the required
file search and information analysis, and prepare appropriate
answers. Typically, responses will take one or more of the
following forms: analysis of specific numerical data:; technical
discussion of narrow problem areas; defined topic bibliocgraphies
and abstracts; and reference to other data sources.

Although the Center is prepared to respond to a wide variety
of problems involving data analysis and literature surveys, users
will be advised to exercise reasonable restraint in the breadth
of their requests. Whenever RAC cannot reply to a query, every
effort will be made to refer the user to an appropriate source.

Requests for information or assistance will be acceptable
in writing or by telephone. 1Inquiries by telephone permit direct
discussion of problems with RAC specialists and faster response
time. No special request forms will be required, but the user
will be encouraged to state his problem accurately and completely
with all important constraints described. The user's name, title
and affiliation, address and telephone number; and contracting
agency and contract number (if non-military user) will also be
requested.

Ad Hoc inquiries will be handled by mail, telephone or wire,
depending upcn the urgency of the request and the nature of the
information needed.

6.3.3 Technical Monographs

Specific technical problem areas are treated in technical
monographs. The monographs are authoritative introductions to
the state of the art, and they provide professional gquidance in
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selected topic areas. Emphasis is placed upon those aspects of
device design, fabrication, quality assurance, and application
that influence reliability. These monographs include a biblio-
graphy, a survey of current knowledge and practices, and an
analysis of relevant data. They usually contain guidance, based
upon engineering practice, in the selection, design, analysis,

and application of microelectronic devices. Techrical monographs
are published as problems or technological advances of widespread
interest and concern arise. They are distributed to the list of
reqular RAC users and are available to others by specific request.

During this contract period two monographs have been issued
and are now part of the File Bibliography. They are entitled
Flip-Chip Microcircuit Bonding Systéms and Failure of Aluminum

Metallization on Silicon Integrated Circuits.

6.3.4 Microelectronic File Bibliography

The purpose of this listing is to assist outside users with
identification of documents contained in RAC. Within the present
545 source documents are test data reports, specifications, R/D
reports, surveys, reviews, and journal articles.

Since some of the 545 documents are indexed under more than
one of the 13 subject headings, the bibliography listing contains
1264 entries. This listing will be updated periodically to re-
flect the current file status.

6.3.5 Tabular Products

The Microcircuit Failure Data table and Microcircuit Failure
Rates table are periodic standard RAC output products. Discussion
of each product's raticnale and present status appears in the
following paragraphs.

6.3.5.1 Microcircuit Failure Data Table. This table con-
sists of an unmerged listing of all test or usage failure data
entities reported to RAC. 1Its purpose is to identify failure modes
which occur under a broad spectrum of stresses versus generic
device types. As such, the listing is limited to source information
where the mode or mechanism of failure has been identified. From
an application standpoint this table is valuable to the user
because it permits him access to failure mode information under
time based or time independent conditions.

One of the ways the user can benefit from this product is to
match the environmental and life requirements in his application
to those failure results under similar conditions and for various
generic devices and packages. As an end result, prevailing failure
modes for the generic device selected may be subjected to special.
screens during processing.
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Included the initial issue of this table are a total of
r

in
128 1line entries.

6.3.5.2 Microcircuit Failure Rates Tables. This is a tabu-
lation of failure rates merged according to a unique set of generic
descriptors and common stress environments. Data merging, compu-
tation of failure rates, and exclusive use of time based data mark
the significant features of this output product. Environmental
data and other stresses not amenable to failure rate computations
are entirely excluded from this table. In the first issue, 224
line entries are listed in tables.

Failure rate calculations are based on the exponential function
and Chi-square statistics as shown by B. Epstein in the Proceedings
of the Third National Symposium on Reliability and Quality Control
(1957). As a tabular standard the Chi-square distribution is
assumed for selection of the upper failure rate confidence limit
at the 60% level. Although detailed studies have indicated that
microelectronic circuits and discrete semiconductor failure rates
tend to decrease with time, RAC has used the exponential (constant
failure rate) model for the following reasons:

1) Because devices are rigidly screened and burned in for
military applications, there are often either no failures
or very few failures shown in test reports. Insufficient
failure results preclude the study of failure rate trends.

2) Many laboratory test results cover only a few thousand
hours of operation. This, alsc, makes trend studies
difficult or inconclusive.

3) The exponential failure rate model has been generally
accepted and us.. for reliability estimates of electronic
devices. Also, system reliability calculations have
often included constant failure rate values for parts.

Merging of exponential failure rate values obtained on
equivalent devices under similar stresses has been accomplished
through the use of Fisher's F-distribution. It can be shgwn %hat
the following ratio testing for failure rate equivalence 1= A2
forms an F-distribution:

2
X3
F = /2ry N ﬁ2 T
= - =
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where:
x2 = Chi Square Distribution
*1 = PFailure Rate in Failures Per Million Hours
fcr Life Test No. 1
Qz = Failure Rate for Life Test No, 2
ry = Number of Failures During Life Test No. 1
r, = Number of Failures During Lift Test No. 2
and, Ql < Qz

That value which has been computed for F is then compared
with a critical tabular value of F at the 5% significance level.
If the computed value is less than or equal to the critical F g5,
it is concluded that the failure rates of both life tests are
equivalent and can be merged. If the computed value of F exceeds
the critical F_g5, the failure rates cannot be considered equiva-
lent and cannot be merged.

Based on the above methodology, a computer program for per-
forming the statistical analysis was developed. This program was
used at IITRI on a remote time sharing computer terminal. Basic
functional processes of the program include:

1) Storage of tables (as 50-element and 300-element arrays)

2) Input parameters include document accession number,
number tested, number failed and hours tested.

3) Preliminary processing and sorting.
4) Computation of parameters for statistical equivalence.

5) Test to merge criteria and failure rate computation
with generation of separate statistics for each pool
of homogeneous input.

6) An output format adaptable for use on worksheet form.

The program was stored with ready accessibility for on-line
analysis of data. This provided an option which was fully compa-
tible with the batch processing procedure, exhibiting particular
efficiency where data from a large number of tests were to be
combined.
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Further refinement or modification of the program is rela-
tively straightforward. As an example, the output format can be

extended to completely print out the worksheet page, thus replacing
the form itself.

6.3.5.3 Updating. Tabular products are to be pericdically
updated by deleting obsolete data and including data acquired
since the last publication. All data worksheets are kept on file
as an integral part of the updating process. Actual updating
-, includes complete re-issuance of the tables with user responsi-
3 bility for the destruction of obsolete tables. This will help to
ensure that users always have the latest information available.
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7.0 FUTURE DEVELOPMENT PLANS ;
7.1 General

The preceding section described the status of Reliability
Analysis Center at the conclusion of the present contract. 1In
summary RAC is now in readiness for initial service on Micro-
electronics Data, including dissemination of the first scheduled
outputs and monographs, and wide distribution of an informa-
tional booklet. Direct ingquiry service on the initial Micro- :
electronics Data Base is also now available.

The present section will detail plans by which the opera-
tional status of RAC will be improved over the next five years
so that it may provide a complete service on its assigned
subject field of high-level integrated functions, microelectronics,
and discrete semiconductor devices. This implementation plan is
accompanied with organization and staffing plans.

7.2 Five-Year Development Plan

Figure 8 exhibits the planned steps through which RAC
will become fully operational or its assigned subject field.
At the end of FY 196u, which coincides approximately with the
date of this report, services will be provided on the initial
Microrlectronics Data Base, including the following outputs:

3 i,

o
s

Microelectronic Failure Data Tabulations

Microelectronic Failure Rate Tabulations

O T AT -
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Microelectronic File Bibliography .
Monagraph on "Flip-Chip Microcircuit Bonding Systems" P

Monograph on “Failure of Aluminum Metallization on
Silicon Intecrated Circuits"
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Initiation of Direct User Inquiry Service

During the following fiscal year data acquisition will be
vigorously pursued as a continuation of the previcus effort on
microelactronic parts, and data collection will be initiated in
the area of higher level (MSI and USI) assemblies, At the same
time refinements will be initiated in the nature and quality of
outputs. In particular, it is anticipated that an improved
indexed version of the accession bibliography will be instituted.
Additional monographs will be issued and augmented tabular
outputs will be provided to users. At the end of FY 1969,

¢ service on microelectronic parts will include the full range of

: planned, scheduled and inquiry services. In addition, initial
services on higher level parts will be provided both in terms of

$ scheduled outputs and inquiry service capabilities. Improvements

and additions in the format of scheduled outputs resulting in part

from a higher level of computer utilization will be effectuated.
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During FY 1970 the Center will add to its files an

existinq collection of data relevant to discrete semiconductor
devices, as well as collect up-to-~date information for these
devices. Data collection on low and high level microelectronic
parts will, of course, proceed on a continuous basis. Additional
services available at the end of FY 1970 include scheduled outputs
and inquiry services on discrete semiconductor Gevices as well

as services previous:y made available. . i

B
5
£

During FY 1971 the Center will initiate a transition from
free services to a schedule of user charges. These charges .
will include an annual fee associated with scheduled outputs
which will include moderate usage of the inquiry service. For
complex or broad questions, the inquiry service will provide
a schedule of charges specific to inquiries of this type. The
Service Department operations of RAC is expected to be between
50% and 100% self-supporting by the end of FY 1971, At that
time the Center will be prepared to provide full services on
all devices within its charter.

During FY 1972 increasing usage of the Center and a

: continually increasing data base will justify increased com-

' 3 puterization of the file and retrieval aspects of the operaticn,
as well as for the production of tabular scheduled outputs.
Meaningful savings in this area will be applied to a further
increase of the professional competence of the staff as required
by the analysis aspects of the Center. Dependent upon the

: availsbility at that time of an operational Generalized Data

E Management System at Griffiss Air Force Base, transfer of the

a4 data base to such a system can be initiated. All present data
3 structures are and will continue to be designed in consonance
with this objective.

- [ANRR AL At s ¢ aealiii e

A K it AN LT

Buring FY 1973 a physical transfer of the operation of RAC
to Griffiss Air Force Base is under consideration.

; 7.3 Staffing ard Orqanization
: 7.3.1 Staffing

Figure 9 shows a five-year staffing schedule in con-
formance with the implementation plan iuxt described. Starting
from present level of staff, RAC will increzse to an eventual _
total staff of 18 over the five-vear pericd. A high ratio of
- professionals to non-professionals is ngintained throughout
;- this period since the primary function of RAC ig professional .
e analysis and interpretation cf the literzture and of the data
g base, No difficulties are anticipated in attracting and holding
& a staff of exceptional competence under schedule shown in
Figure 9.
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7.3.2. Organization

The organizational structure of RAC will show an evolu-
tion appropriate to the implementation plans which have been
described. Pigure 10 illustrates this structure for FY 1970.
Three departments are indicated. The first deals primarily :
with the documents and data as collected and effectuates their %
entry and retrieval as reguired by the activities of RAC. :

. The Technology Department is the center for the analysis
and interpretation of the data and of the literature. It
relies on the Files Department for retrieval of existing data,
analy:zes this data, and identifies and effectuates continued :
data collection to augment the files as required.

The Service Department is the liaiscn agent with the users.
It generates and disseminates scheduled outputs based on the
results of the Technology Department. It accepts and handles
on an efficient basis direct user inquiries. Where these
exceed in scope and complexity in the capabilities of the
Service Department, the Technology Department will assist in
the professional and prompt handling of such queries. 1In
addition, the Service Department maintains continuous liaison
with the user community and with other data exchange programs
as appropriate.
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Termetrex data retrieval system. Detailed operating procedures, periodic outputs,
and user services from the Center are described in detail.

Future plans call for expansion of RAC into hybrid microelectronics and discrete
semiconductors used in military weapons and communicetions systems.
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