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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 14621-1 and ISO 14621-2 are designed to jointly assist the user and supplier communities in
developing and executing an effective process for the design, selection and application of electrical,
electronic, and electromechanical (EEE) space parts throughout the life cycle of the programme.

NOTE

In both ISO 14621-1 and ISO 14621-2, the family of EEE parts includes electro-optical part

The strategy represented in the ISO 14621 series is:

Bot
pro
mis
acti
alsd
pro

NOTI

Assyrance (SD&QA) programme tailoring; and the guidance forperforming it is provided in ISO/TS

ISO
and
pot
cos

Thi
pro

4.6 oA Q aRaVadhaVa a h o o

developing, selecting and properly applyingth right EEE art for its intended applicatig
for ISO 14621-2 a framework for developing and documenting an EEE parts control g
to assure that the parts used in space flight hardware have acceptable risk, i.e: posses

functional, radiation and reliability characteristics to meet the system requirements.

h 1SO 14621-1 and ISO 14621-2 should be tailored to meet the specific¢’needs of each
bramme, i.e. to address the applicable system performance requirements, risk toleran
sion duration, operating environment, and schedule. Tailoring sheuld result in a set
vities that are not only capable of achieving all contractual EEE“parts related requirg
commensurate with the space system'’s unit-value/mission-criticality and life cycle tec
duct requirements.

E

S.

ramme, by
D11 ;

rogramme
s adequate

individual
ce, budget,
pof planned
ments, but
hnical data

This type of planning is sometimes referred to as capability-based Safety, Dependability,

14621-1 and ISO 14621-2 are relevant to all users'and customers of space systems, and t
vendors that furnish space flight hardware.sHowever, to utilize these documents to t
bntial, it is necessary to understand the conimercial space business environment which
and schedule constraint challenges.

5 document discusses the followingkey elements that support an effective EEE parts m
bramme:

Part obsolescence management — perform early assessment of part availability risk fo1
space system, develop_dnd" implement risk mitigation activities that will prevent ol

programme life cycle.

of suppliers,and vendors comply with:

— contractual requirements;

be consistent with the commercial consensus on technical best practices.

and Quality
8667.

:]e suppliers

heir fullest
has unique

anagement

" the entire
minimize

programme disruption.due to part shortages, and ensure long-term supportability thrqughout the

Supplier management — plan and execute techniques for verifying that the practices and products

— ¢ their documented internal business practices (also known as command media), which should

©IS

Costmanagement — minimize the costs, including verifying parts suppliers and vendors can provide
the rationale why they set different costs for parts that are functionally identical, e.g. identify the
cost of special processing applied to parts that are designed for a specific space environment or

mission.

Technology insertion — focus on creating a technology road map, which minimizes risk of

obsolescence and develops a strategy for technology insertion during the entire system

Space parts community alert exchange — have a forum focused on managing pe
communication among space industry participants seeking to reduce or eliminate expe

life cycle.

er to peer
nditures of

resources on common problems, by sharing EEE parts related problem information collected during

research, design, development, production, and operational phases of the programme.
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Process control — ensure the user’s and supplier’s approaches for controlling EEE parts risks, and
risks of other critical items and processes, are documented, formally approved, and validated.

Systems engineering — encourage parts engineering participation in all phases of the product
life cycle.

Training — provide effectively trained resources on the various processes required to develop,
select, and properly apply the right EEE part for the its intended application, as well as to establish
awareness of the parts management programme throughout all levels of the user and supplier
communities.

phic

flow charts. There is no intent to provide detailed descriptions of “how to” in this document. Itmray be
cited as a pasic guideline within a statement of work and/or for assessing proposals and goentragtor
performanice. All levels of contractual relationships (acquiring activities, primes, subcontractors pand
suppliers) may use this document. It is the responsibility of the user community to establish, define,

and adminjster those tasks based on the programme goals and objectives and thus provide the “what
elements epvisioned and establish their appropriate criteria for their programme.

”

Although this document was written with the intent of covering EEE parts; the concept establighed
is a systen} approach for developing an EEE parts programme with referenee-to specific material pnd

mechanical processes that make up EEE parts.

Vi
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Space systems — Electrical, electronic and
electromechanical (EEE) parts —

Part 1:
Parts management

1 (Scope

Thif document addresses the key elements for an EEE parts management programme for spdce systems
and|is written in general terms as a baseline for developing, implementing, validating, and efaluating a
spafe parts management programme. The family of EEE parts includes electrg-optical parts

2 |Normative references

The following documents are referred to in the text in such a»way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced doctiment (including any amendments) applies.

1S0|14621-2, Space systems — Electrical, electronic and électromechanical (EEE) parts — Parft 2: Control
Programme Requirements

[SO|17666, Space systems — Risk management

3 |Terms, definitions, and abbreviated terms

3.1 Terms and definitions
For|the purposes of this document, the following terms and definitions apply.
[SOJand IEC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

3.11

besft practice
documeénted process or product developed by the user community, consisting of sugpliers and
customers, teaming for the purpose of establishing industry guidelines

3.1.2

electronic, electrical, or electromechanical part

EEE part

device that performs an electronic, electrical, or electromechanical (EEE) function, including electro-
optical devices, and consists of one or more elements so joined together that they cannot normally be
disassembled without destroying the functionality of the device

3.1.3

integrated product team

IPT

integrated product team consisting of members selected from the appropriate disciplines

EXAMPLE Engineering, manufacturing, quality, suppliers or customers, as appropriate.

© IS0 2019 - All rights reserved 1
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3.14
manufacturer
company or organization that transfers raw material into a product

3.1.5
performance specification

document that defines what the customer desires as a product, its operational environments and all

required performance characteristics

3.1.6
product specification

document fhat defines the end item(s) the supplier intends to provide to satisfy all the performd
specificatidn (3.1.5) requirements

3.1.7
reliabilitylengineering
integral palrt of the system engineering requirements definition and analysis function

Note 1 to enftry: The tasks are to conduct cost/benefit trade-offs and to analyse and determine alternative de
and procurgment solutions.

3.1.8
systems ehgineering

interdisciplinary approach governing the total technical and managerial effort required to transf
a set of stdkeholder needs, expectations, and constraints into a solution and to support that solu
throughout its life

[SOURCE: ISO/IEC/IEEE 24748-1:2018, 3.57]

3.19
technology insertion strategy

decision mlaking process to assess current and future part availability and trends, which leads
arding emerging or new technology/insertion

ry: This process is used in the concept development phase, but also impacts the production and
support phgses.

3.1.10
validation
confirmatipn, through the provision of objective evidence, that the requirements for a specific inten
use or application have been fulfilled

[SOURCE: IISO 9000:20%5,.3.8.13, modified — Notes 1, 2, and 3 to entry have been deleted.]

3.1.11
vendor
seller of palrts;products, or commodities

nce

Kign

DI'm
fion

[0 a

ield

ded

Note 1 to enfry: This term can be interchangeable with manufacturer (3.1.4), depending on the application

3.1.12
verification

confirmation, through the provision of objective evidence, that specified requirements have been

fulfilled
[SOURCE: ISO 9000:2015, 3.8.12, modified — Notes 1, 2, and 3 to entry have been deleted.]

2 © IS0 2019 - All rights reserved
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ARN anticipated reliability number

ASIC application specific integrated circuit

BOM bill of materials

CAM computer-aided manufacturing

Cpk process capability

DEMP discharge electromagnetic pulse

DIC digital integrated circuit

DM design margin

DMPMS diminishing manufacturing sources and material shortages
DoH design of experiments

DPA destructive physical analysis

EEH electronic, electrical and electromechanical
EM( electro-magnetic compatibility

EMP electromagnetic pulse

EPI epitaxial

ESO electrostatic discharge

FMECA failure modes and effects'criticality analysis
F3] form, fit, function+dnterfaces

FRACAS failure reporting, analysis, and corrective action system
HA$T highly ac¢elerated stress test

HEMP highyaltitude electromagnetic pulse

IPD integrated product design

MPU micro processing unit

ND notr-devetopmentatitem

OEM original equipment manufacturer

PEM plastic encapsulated microcircuit

PWB printed wiring board

QML qualified manufacturers list

QPL qualified parts list

RH relative humidity

© IS0 2019 - All rights reserved
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SEB
SEE
SEGR
SEL
SEU

SGEMP

single event burnout
single event effects
single event gate rupture
single event latchup
single event upset

system-generated electromagnetic pulse

SPC

4 EEEp

4.1 EEE

statistical process control

arts management programme

arts management process

4.1.1 Gelneral

The EEE

arts management process defined in this document is/designed to assist in dea}!ing

more prodctively with critical parts management issues and to ¢novide guidance for develo
compreher]sive strategies to manage EEE parts related performamnce, cost, and schedule risk vig
integrated|product team (IPT) process (Figure 1). The main, aspects of the EEE parts managenfent
process arfe design process, supplier management, and shared data. The design process inclu
but is not |imited to, design margins, life cycle cost, technology insertion, technical support, sys

engineeri

support, parts selection, obsolescence management and validation/verification.

emphasis $hould be on concurrent rather than sequéntial consideration of these factors in des
Space syst¢ms users shall systematically select and proactively monitor their parts supplier base, w

informatio
in a databa

collected from the EEE parts manufacturing and supplier communities shall be organ
se and shared with IPT members.

Systém performance specification

l

| Product specification |

| System / application environment |

Integrated product team (ITP)
Selection process

l 1 l

ing
an

des,
tem
The
ign.
hile
zed

. Supplier
( Shared data H Design process |‘ ' management

| Best practice and value ( ProdLD

Figure 1 — Parts management IPT overview

4.1.2 Design process

The flow diagram (Figure 2) illustrates the interrelationships of the critical key elements that shall be
addressed concurrently by engineering and supplier management (B) (see 4.2), to achieve the “best

4
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practice” selection of EEE parts and documentation required for the initial design. The results obtained
from this analysis should be made available as shared data (A) (see 4.3). The following paragraphs
describe the principles embodying the ten key elements. Refer to the Introduction.

4.1.3 Design margin

The objective of developing a design margin is to assist integrated product teams with critical analyses
resulting in a robust design and minimized life cycle cost. The availability of computer-based analysis
and simulation tools presents the opportunity to validate in detail those aspects of design prior to
manufacturing/qualification commitment. Creating a design margin analysis based on actual conditions

3 A | L. H o HY £ooDn £ ol ’'s HPY AN H loss 1
Wll lJl UVvViIuGT d \,Ullll_ll CIICITISIVO UCTOLUT llJLlUll Ul LLL lJCll CLUIIAdIdULUTISUILS VVILIT SIITITUIdAdlIvITI TCouUu LS, thereby

enhfancing system performance. The design margin process (Figure 3) describes a minithum set of
desjgn analyses needed to maximize design robustness and identifies control limit§ and|corrective
action procedures. Metrics to validate the process include, but are not limited to, the-following:

a) |comparisons of actual design margins to established baselines;
b) |quality of engineering design changes;

c) |qualification test performance (failures);

d) |prediction analysis yield;

e) |manufacturing/production yields.

Asspciated elements are parts selection (4.1.8) and technical support (4.1.6).

© IS0 2019 - All rights reserved 5
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Key

@ linked
linked

GENERAL PRODUCT / PROCESS FLOW

System performance specifications

I Product specification (s)

!

System / application environment

Technology insertion

®» ®

!

Parts selection

Design margins

- Robustne ign

- Technology insertion strategy

Emerging technology
Development technology

- Packaging design

- Nondevelopmental items

Component technology by function

- Key characteristics
Performance
Testability
Reliability
Cost
Availability
Radiation data tolerance
Electrical / mechanical
performance

N

- Standardization
- Obsolescence management

©®©

Life cycle cost

Concept
Development

Low rate production
Production
Logistics

System retirement

o shared data (see 4.3)

Best practices
and value

Policies, practices
and procedures

IPT product
Approved parts list

End

o supplier management-{see 4.2)

=

- Design flexibility
- Packaging and manufacturers'
constraints

Technical support

Quality / reliability

- Manufacturer data
- Field performance/data

Desigh,

- Application review
- Alternative technologies

Validation

- Validation metrics
- Affects all elements
- Annex B

Figure 2 — Systems engineering IPT product
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\ 4

Design margin

( \

New design ] [Existing design

L J

4.1

In ¢

technology assessment technigues and the mitigation of parts failure risk and utilize |

tha
con
pro
wel

Stal
malt

stapdardization to commodity/technology/family standardization. This concept should prov

Ccos

Destgmreriterta
(part validation)

Design analysis

- Mechanical
- Materials

- Stress

- FMECA No
- Radiation effects
- Tolerance

Product
specification?

End

Evaluation of
reliability and
analysis

Figure 3 — Désign margin process

4 Life cycle cost

bstablishing life cycle cost for EEE parts, the following methods should be employe

minimize programme disruptions due to parts obsolescence, unavailability, and other
ditions. Life cycle cost analysis should include, as well as define, the EEE parts m
bramme’s baselinecahd support a programmatic risk management methodology to conf
as reduce scheduledisruptions throughout the life cycle of the programme (Figure 4).

ndardization techniques are becoming increasingly dependent on the available supplie
ket trendsyA new and innovative process being implemented moves away from pa

/higher benefit approach as the demand for commercial EEE parts increases.

d: identify
brocedures
unwanted
hnagement
rol cost as

r base and
rt number
ide a lower

Fac

[ors to be considered include technology maturity, market hase, material cost, ease of m

nufacture,

performance management, logistics costs, standardization, and form, fit, function interfaces (F3I).
Initial nonrecurring costs should be de-emphasized and rationalized with long-term cost savings to
provide the best value to the customer.

Through the implementation of technology assessments, strategic supplier relationships, technology
leapfrogging, and creative risk mitigation techniques, programme continuity and integrity can be
maintained, and life cycle costs can be minimized.

Validation of the life cycle cost objectives can be accomplished through the use of the following methods:

a) design-to-cost trade studies documenting parts selected during the design phase including all

elements of cost;

b) periodic programme assessment of life cycle ratings, part technology, and part obsolescence;

© IS0 2019 - All rights reserved
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technologies move from introduction and growth to production maturity in the market;

d)

associated elements are:

1) technology insertion strategy (4.1.5),

2) pa
3) ob

rts selection (4.1.8), and

solescence management (4.1.9).

periodic price trend analyses for “road map” technologies to validate that costs are declining as the

415 Te

The object
the risk of
(Figure 5),
dynamics d
the way p
which prov
technology
assessed o

Associated
a) design

b) life cyc

C) partss§

d) obsole

4.1.6 Te

Technical §
to facilitaf]
paths asso
by all disc
his/her re
establishe
remanufac
will be enh
shared dat
sourcing, d

a) design

rhnology insertion strategy

ve of the technology insertion strategy is to create a technology road map, which minim
obsolescence and develops a strategy for technology insertion during the entiredife c
The commercial industry is driving new technology development of EEE pagts. The ma
fthe industry (availability, functionality, performance, characteristics, and.packaging) af]
irts are used in the design. Technology road maps subdivide technologies into functi
ide the required visibility to resolve future obsolescence and standardization issues. Us

Uer the life cycle of the programme to validate their effectiveness.
elements are:

margin (4.1.3),

le costs (4.1.4),

election (4.1.8), and

scence management (4.1.9).

chnical support

upport is an all-encompassing @ctivity established to provide a method of obtaining ¢
e reliability analysis, monitor.applications, identify risk issues, and suggest mitiga

iplines and levels of mramagement to ensure success. Specifically, the user shall de
liability requirements, .The responsibility for reliability engineering activities shall

ture, as well aspeotential safety problems. Accomplishment of the performance object
anced through.the application of user and field reliability information from shared data.
h and supplier management information should be used in support of the IPT for evalua
erformafcg, packaging, and availability. Associated elements of reliability models are

margin (4.1.3),

| early in the prograsrme in order to minimize the cost of unscheduled redesign, rework

zes
ycle
ket
fect
bns,
e of

road maps is the key element of the parts selection process. Technology road maps shalll be

lata
Fion

ciated with the selected parts (Figure 6). Technical support requires a total commitnent

fine
be
, Or
ves
The
[ing

b) partss

eletction (A. 1 Q), and

c)

shared data (4.3).
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'
! ! !

1

Figure 4 — Life cycle cost process

n n Pr ion .
Concept and System oduc.t o Operations
technology development and delivery
. and support
development and demonstration or deployement
| | | |
1 1 * 1 ]
Obsolescence management
Inputs Outputs
Data services Design interface
Technology strategies Risk mitigation strategies
Supplier data Programme management tools
Programme assessments
Metrics Faciliti
Standardization — aciiiies
. cost
Material
cost
; || Reliability
. t
Nonrecurring . cos
Life cycle
event (NRE) Y
cost cost
| | Warranty
* cost
Design B |
—— est value
change cost L | Logistics
cost
End
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microprocessing

units (MPUs),
memory, ASICs

digital / analog devices

- Discrete semiconductors
- Passive electrical

resistors, capacitors

- Connectors
- Electro - optical devices
- Electromechanical devices

Re - assessment
' over the life cycle
Identify technology Assess current
used by business [ component
unit technology maturity
- Integrated circuits  Supplier

Product life
review maturity versus
useful life

data
- Current status
- Trends

- Use of design models

- Provide timelines

- Verify (timelines, models,
simulation)

- Use common database and
supplier management data

Parts

substitution

41.7 Sy

- Original equipment
manufacturers (OEMs)

(existing industry criteria)

Figure 5 — Technology insertion strategy (road map)

Identify obsolete Perform trade - Other available technology
(sunset) - - New source
. studies
candidates
Lifetime buys or
risk mitigation buys
NeV\_/ techpology
insertion
Assess new technology
timeline for product life
Nondevelopmenital
item (NBJ)
Identify obsolete Assess emerging Development of
candidates technologies new technology

stem engineering support

Surface major
L] design risk and
life cycle impact

Strategy for

component

technology
insertion

The major|engineering disciplines involved in evaluating reliability processes are shown in Tab

A4

End

Reliability lengineering isjust one of the many disciplines required to assess programme develop ent
and implementation. Reliability concepts should be developed early in the programme in order to enqure
adequate veerification techniques are defined. Qualification and verification testing are an integral jpart
of determiping System performance characteristics. Failure analysis is a proactive tool for updaging
reliability pledels and ensuring system lifetime performance. Reliability growth and pre-qualificafion

testing provide opportunities to reveal design and process deficiencies when they are the Teast costly to
fix or repair or to change the product. Verification testing is equally important in achieving programme
reliability goals as well as production processes. Materials and vendors are constantly changing;
therefore, the understanding of specific failure modes, fault tree analyses and field performance data
should provide a means to identify and correct most reliability problems. During design evaluation,
parts manufacturers should identify the use of simulation data [application specific integrated circuits
(ASIC’s)], interface data, mechanical/thermal robustness, and radiation sensitivity.

10
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Part
manufacturer »

- Limited change notice

- Failure rates j Reliablity Design End
—

Common -
database De51gn
margin Design tools
- Field data — - Modelling / simulation
- Failure analysis
- Proprietary data | | Failurerate
models
Internal product
. R L‘IUVC:UPIIICIIL
] Qualification |- Tooling equipment
- Manufacturing design criteria
Figure 6 — Technical support
Table 1 — System engineering support functions
Major engineering disciplines
Quality as- Ther-
(ritical processes Config- mal, Test
System . surance/ Compo- | Manu= \Process Log- .
X uration R . . De- L struc- ||engi- | Safe-
engineer- reliability |nentengi-| factur/| engi- . isti-
. manage- . . ; . signer| . tural, ||neer-| ty
ing engineer- | neering ing |neering cians . .
ment . materi- || ing
ing
als
Reqpirements identifica-
tionfand analysis
System X X X
Subsystem/con- X X X X X X X X
figuration items
Desjgn
Allocation X X X X
Prediction X X X X X
Failure analysis X X X X X X X X
Parameter design X X X X
analysis
Fault tree analysis X X X X X X X X
Design reviews X X X X X X X X X X X
Part derating X X X X X X
Process variability X X X X X X
Risk ass€ssinents X X X X X X X X X X
Verification
Test X X X X X X X
I cppr‘finn X X X X X
Field data X X X X X X X

4.1.8 Parts selection

In selecting parts, the objective is to evaluate inputs from all key elements and then select the parts
that satisfy the product specification (Figure 7). The selection process is based on determining and
assessing the key characteristics of the parts that are under consideration. The process uses existing
industry and supplier databases, as established and, where necessary, performs characterization
testing.

Parts selected should be assessed for producibility and compatibility with the technology road map.
The selection should be made after assessing testability, reliability, radiation tolerance (see Annex A),
availability, cost and performance, as appropriate.
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Validation of the selection objectives can be accomplished through the use of a checklist (see Annex B)
which ensures completeness of the selection data and results in a best practice product.

4.1.9 Obsolescence management

The primary discipline of obsolescence management is composed of all of the key elements that
comprise life cycle cost as shown in Figure 4.

Identify
| TITaractertsucs |
Testability
parameters
Part data |———| Availability I—

Varlika)bles IPT products
- - minimum / maximum
Producibility |—~>| EleCt;g:flo/r:ae;}cl:mCal I_

Reliability

|

Figure 7 — Parts selection process

4.2 Supplier management

4.2.1 Gelneral

Supplier njanagement consists of a supplier seletion and monitoring process in which a proactive
approach is used to determine the capabilitysand performance of a supplier on a continuing bpsis
(Figure 8){ The attributes of this process are.described in 4.2.2, 4.2.3 and 4.2.4. This approach with
the supplidrs will enable a partnership in the form of IPT's whereby each member will achieve hisjher
respective|business objectives.

4.2.2 Management processes

The objectjve is to ensure thesupplier has documented management practices, which, as a minimum,
shall addrgss the followingelements.

a) Commpnications

The syippliersshall have a process that facilitates the exchange of information on techrfical
requirgments, change notices, contractual issues, and product performance throughout [the
supply chain.

b) Cost management

The supplier shall have a cost management process that addresses financial resources, life cycle
costs, and recurring and nonrecurring costs. The management process should have a cost reduction
activity (i.e. a co-ordinated procurement leveraging).

c) Delivery performance

The supplier shall have a process which demonstrates the ability to manage his/her delivery
schedules based on history, current and projected resources, capacity and capability.
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Risk management

The supplier shall have a risk management process, in accordance with ISO 17666, that includes, at a
minimum, the ability to identify, assess, mitigate, and track risks related to EEE parts at the mission/

system level through the lowest EEE parts level, as applicable. The supplier’s risk m
process shall be capable of describing the risk in terms of the standard IF-THAN

anagement
statement,

identifying the root causes, and planning and tracking the mitigation/corrective action steps.

Examples of EEE parts risk are obsolescence, health and safety, diminishing sources, process

changes, and facility moves.

subcontract management

The supplier shall maintain a process for the development, selection, and ongoifig ev|
subcontract suppliers, consistent with the practices described herein. The selection m
should be based on evaluation of the subcontract supplier application of this docy
evaluation should assess the subcontract capability to deliver on time, within cd
accordance with the specified requirements.

Technical requirements management

The supplier shall maintain a process for the management of<technical requirements
of technical requirements are part design, modelling, design’ controls, design rules,
requirements and life cycle considerations.

Product assurance

The supplier shall have a documented parts mafiagement plan, to ensure that all p
requirements are achieved and verifiable thfoughout the programme life cycle.

information.

bpendent or self-assessments of the supplier’s parts management programme (see Figure
formed periodically throughout the programme life cycle. The type and frequency of a
|1 be determined by the assessméntresults.

ommended quality assuranee'steps include process verification and validation (as defing
3.1.12), of the supplier’s_quality management control system. Qualification or regist
bgnized quality management standard, such as ISO 9001 or qualified manufacturers list (

hluation of
bthodology
ment. The
st, and in

Examples
packaging

ts related

Ta£e product
assurance process should monitor progress*and provide quality history and quality metrics

8) shall be
sessments

bd in 3.1.10
ration to a
QML) or an

equfivalent management\system standard, should be considered as indicative of an acceptdble quality

Sys
util
Anr

em. If deemed necessary, monitoring of suppliers can be accomplished through on-site g

ex C.

valuations

zing checklistsor’'other appropriate monitoring systems. A checklist for this activity is provided in
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Supplier management

Supplier management consists of a
supplier selection and monitoring
process to determine capability and
performance on a continuing basis

' '

Information

Management process Internal controls
8 management
Major components of the management process The contractor should have The contractor shall have a documented methodology for
a process for providing and establishing, maintaining, verifying, and improving processes.
COMMUNICATION: . . accessing the following
A commitment / exchange of information information: DESIGN PROCESS:
— Technical requirements — Part design and modelling
— Contractual issues TECHNICAL PERFORMANCE - Design tools
T — Llectrical ~Tntegrated product design (IPD)
COST MANAGEMENT: — Mechanical - Manufacturing design criteria
— Financial resources, life cycle cost — ESD / EMC - Reliability
— Nonrecurring recurring cost — Environmental - Modelling data available to users
— Coordinated procurement leveraging - Thermal - Design controls and rules
DELIVERY PERFORMANCE: - Vibration - Tolerancing
— History - Acoustics - Design margin and derating
— Resources, schedule requirements - Radiation Manufacturing margins
— Capacity, capability - Reliability @ - Tooling equipment controls
RISK MANAGEMENT - Parametric test margins
A systematic methodology for: ASSURANCE — New technology
— Obsolescence management — Quality e - Design maturity
— Diminishing sources — Reliability - Design evaluation
— Field support . — Qualification methods - Capability and expertise
— Root cause and corrective action — In- process / procedures — Packaging consideration
— Process maturity assessment - Plastic encapsulated parts
f:rm]l:;ng dsafety - Materials
— Health and safe ' )
- T ti fi i
SUBCONTRACT MANAGEMENT: - M‘:ﬂ?:é ;’?yf;’ nguraton
The contractor should have a system for
selection and evaluation of suppliers PROCESS CONTROLS:
ﬁonsgstem with the best practice described The following elements define a methgdolegy for maintaining
erein.

process control
— Process maturity
— Change control

— Schedule control

— Performance evaluation

— Acceptance and delivery

— Supplier development

TECHNICAL REQUIREMENTS MANAGEMENT:
‘The supplier should have a process of
maintaining technical requirements.
PRODUCT ASSURANCE:

— Quality process / plan  Contamingn

— Quality history — Trained Work force

— Quality metrics — Effective handling (ESD)

— SPCY,Process capability (Cpk)
— Teéhnology review board

— Unique and proprietdry processes
— Documented procédurés

— Workmanship,

— Equipment calibration

VERIFICATION AND VALIDATION:

The elements define a methodology for verifying processes.
# Qualification

— Performance data sheet

— Screens / component

— Radiation hardness assurance

— Technology control

— Quality conformance inspection

— First article inspection

— Process monitors

— Destruction physical analysis (DPA)
— Receiving inspection

CORRECTIVE ACTION CONTROLS:

The following elements constitute a methodology for
improving processes.

— Root cause analysis

— Corrective action

— Disposition

TRAINING:
Aninternal training process shall be sufficient to ensure
capable processes, verification and corrective action.

Key
(@ linked fo shared data (see 43)
linked fo supplier management (see 4.2)

Figure 8 — Supplier management

4.2.3 Information management

This process shall provide technical information for distribution to the industry and government
(Figure 8). Refer to 4.3. The supplier should have an information management process for distributing
and reporting technical and assurance information. The supplier should also provide support for
his/her commodities. Product information should contain such items as electrical and mechanical
characteristics, environmental capabilities, and unique characteristics such as electrostatic discharge
(ESD) susceptibility, radiation hardness (Annex A), reliability and quality data.

This information as a by-product of the design activity is not only shared with the industrial community
but also fed back to the supplier to enhance the design. The supplier should have a system for assembling
and maintaining technical information as well as a process for accessing the shared data (4.3).
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4.2.4 Internal controls

The supplier shall have a documented methodology for establishing, maintaining, verifying, and
improving its processes (Figure 8). The application of internal controls and their sub-elements should

be based upon the design and product maturity as it varies within the life cycle.

a)

Design process

The supplier shall have a systematic design methodology that is capable of meeting the performance,
reliability, and quality requirements as delineated in Figure 2 (systems engineering IPT). The

components of the methodology may include part design and modelling, design co

ntrols and

b)

d)

4.3
A k¢

rules, performance requirements, F3I, and new technology, as well as providing for new
considerations, as appropriate.

Process controls

The supplier shall have process controls in place in accordance with IS0 14621-2,
consistency in performance, quality and reliability of the product. Specific process ca
depend on the type of product. Examples of the process controls include, but are not
process maturity, change control, schedule control, unique and proprietary processes, d
procedures, workmanship, equipment calibration, contamination, trained work forc
handling, statistical process control, and technology review board.

Validation and verification

The supplier shall have a methodology to verifysand validate that the product
requirements. These methods may include, but are netlimited to, qualification testing, pg
data sheet, screens/components, radiation harFdness assurance, technology contr
conformance inspection, first article inspection, process monitors, destructive physic
(DPA) and receiving inspection. Special testing (radiation hardness assurance, Annex 4
be required.

Failure reporting, analysis, and corrective action system (FRACAS)

The supplier shall have a cloSed-loop FRACAS in place to identify the root cause

packaging

to ensure
ntrols will
limited to,
bcumented
b, effective

o

meets the
rformance
ol, quality
al analysis
) may also

as well as

implementing the corrective ‘actions and disposition the resolutions, and to track/nponitor the

results.
Training

The supplier shall have a continuous improvement process in place to provide effectiv
resources on thévarious processes required to produce a quality product as well as a
verify the infegtity of the product.

Shared data guidance

by to improvements in the design, development, and operation of space systems is the abil

nAaedtc 3 foa i o hatyagnan +ho ot o TDT e o+ i st ndb o b c b o oy o

ely trained
method to

ty to share

EE

PO Co T oOT o croT OC TV CCTT It v AT ot 1T 1o ot o priic CoOTtrattoT, S o TOTITractor;,—S

pplier, and

customer/user. The sharing of this information will significantly enhance the ability of a programme
to manage its risks, in terms of technical performance, cost, and schedule impacts associated with the
implementation of this document.

The design and cost benefits of emerging technology and commercial parts can be fully realized only
if the data required for their potential use in all environments is developed, documented, and made
available for other users.

The establishment and utilization of a space industry-wide EEE parts community alert exchange that
focuses on managing peer to peer communication among space industry participants seeking to reduce
or eliminate common expenditures of resources, by sharing EEE parts related problem information
collected during research, design, development, production, and operational phases of the programme
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life cycle, will reduce the life cycle cost associated with redundant testing and qualification and lead to
higher levels of EEE parts standardization, reliability, and safety over the life cycle of the programme.
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Annex A
(informative)

Radiation effects

A.1l

Thi
and|
but

A.2

Rad
effe
son

a)

b)

General
=enera:

5 annex provides radiation-hardening guidance to the design process IPT by addressingth
issues necessary to survive radiation environments (see Figure A.1). Some of these issy
are not limited to, total ionizing dose, dose rate, neutrons, electrons, protons, heavy ions

System/analysis/environmental

iation effects are application-dependent. The precise level of each’type of radiation env

e analysis. Definitions of the radiation environmental effects ate presented below.
Displacement damage

Displacement damage is a semiconductor and materialfailure mechanism caused by neut

solar flares or in orbit through the Van Allen.belt.
Dose rate

Dose rate is an ionization dose deliyered as a function of time such as high-dose rate res
a manmade nuclear event or low-dose rate resulting from a natural ionizing radiation en

low-dose rates are protons.and electrons.
Electromagnetic pulse (EMP)

EMP is the electromagnetic radiation generated by the interaction of gamma radiation pr
nuclear explosianwvith the atmosphere or conductive material in space. Some of the types

— system*generated electromagnetic pulse (SGEMP),
— discharge electromagnetic pulse (DEMP), and

—\high-altitude electromagnetic pulse (HEMP).

e concerns
es include,
etc.

ronmental

cts typically flows down from the system performance specification. The flow-down npay involve

on fluence

and/or proton fluence. The neutron fluence is usually a manmade radiation source generated by
nuclear weapons. The proton fluence is a naturally occurring phenomenon that is obserjved during

hting from
vironment.

The major contributors for high-dose rates are gamma rays and x-rays. The major contiibutors for

duced by a
hf EMP are:

d)

Single event effects (SEE)

SEE are combinations of single event upset (SEU), single event latch up (SEL), single event burnout
(SEB), and single event gate rupture (SEGR). These effects result from a heavy ion or other charged
particle travelling through an active area of a semi-conducting device depositing sufficient charge

to cause one or more of the effects previously described to occur.

Spacecraft charging

Typically, spacecraft charging is a naturally occurring build-up of electrons between two types of

material or physical structure in space that may exhibit ESD.
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f) Total dose (also called total ionizing dose)

Total dose is the cumulative ionizing radiation which the part experiences during its mission life.
Examples of contributing sources, from either natural causes or manmade events, are gamma rays,

X-rays,

Figure A.1 — Part selection and evaluation process for radiation hardened parts

A.3 Des

The designmargin process often determines the robustness afthe design. Technical support and de

informatio
of analysis

— SEU arjalysis.

Examples ¢f design margin,validation criteria are:
a) high design margin="acceptable, and

b) low design margin = hardness assurance.

A.4 Partsselection

circuilanalysis,

syste

part rddiation data analysis, and

shielc:[ng analysis,

protons, electrons, neutrons, and heavy ions (cosmic rays).
Shared data Supplier management T
(see 4.3) (see 4.2) est

T—Ll—r

Radiation evaluation

Parts selection

- Models (Figure 7)

- Computer simulations

Design margin
(see 4.1.3)

jgn margin

h (e.g. critical design parameters, tolerances, andallocations) aid in this process. Some tyj
used to determine a design margin are:

analysis,

bign
pes

The following are tools and methods to mitigate the risk of radiation effects. EEE parts and materials
can be selected for radiation hardness in the following ways:

18

radiation hardened parts;

design baselines;

programme-tailored parts;

part type de-ratings;

radiation data available;

low SEU rates;
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part testing;
radiation analysis;
exhibit high design margin;

lifetime buys.

Integrated circuits require more attention during the selection process than most semiconductor
devices (Figure 2). Sensitive technologies can be used but will depend on the circuit as well as the
system application. There are handbooks and databases available in the industry that can help in the

sele

A.5

Suc

support data from various sources. The sources to obtain radiation informatiomgcan be derive

conj

from the design engineers and the test data will be critical and can be cgstly to obtain.

A.6

Any
cap

A.

~1

The semiconductor technologies aresmoving, e.g. from higher operating voltages (curren
lower operating voltages. This evolution, coupled with future changes in the design or techn

par

technology has the potential foycompromise future design applications, as well as existing d

to i
par

A.8 Validation/traceability

Radiation performance can be validated by testing and/or analysis.

Tra

©IS

e
CLIVUIL Pl ULL OO,

Technical support

Cessful implementation of radiation hardened parts analysis will require &'significant

mon database and supplier management information. Design informatien required can |

Technology insertion

new technology used in a radiation environment shouldvbe assessed for its radiatio
hbility. Some ways to assess the radiation hardness are;

parts selection (4.1.8), and

supplier management (4.2).

Life cycle cost

[, could have considerable irhpact on the radiation characteristics. This growth of sem

npact costs over the life)cycle of the product. Other changes significant to the life cyc
Es include scaling down to smaller feature size and die topology reductions.

ceability of radiation performance may be accomplished in the following manner:

amount of
bd from the
e obtained

n hardness

ly 5 V) to
logy of the
iconductor
bsigns, and
le of these

engineering documentation:
(=] (=] 4

production control documentation;

process control documentation and shared data.
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Annex B

(informative)

Parts selection checklist

The parts selection checklist informs the reader of the subjects that should be assessed or evaluated

when deve

combined
or contract

a)
b)

f)

g)

h)

j)
k)

20

Reviey
Produ
— Pr
— Al
— M

Genera

loping—a—partspla
or capabilities.
 performance specification
't specification

pvide parts requirement

levels of application (environments)

te parts control plan

Techng¢logy insertion strategy decision process

Assess
— Hi
Obsole
— Li
— AS

current technology
bhlight part issues/risks
scence risk mitigation plan
e of type buys

sess alternatives

Provide decision for new technology

— AS

sess technology/road.map

— Can require emerging technology

Highlig

— Im

bht technology strategy and obsolescence

pact ontife cycle cost

Evalu:J‘te design process/design margin

loning A narte nlan Tha alamante ictad halaws
H—rre—ereiehcs—ristea—1sero

hintain traceable documentation from performance specification to part level

represent-a-seneral-checklist—which-when
representa-generatchecldistwhichwl

vith Annex C can form a basis to audit or review internal or external supplier/subcontra¢tor

Initiate parts selection process

Identify the bill of material (BOM), risk issues

— Redesign

— Emerging technology

— Availability
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Subcontractor/supplier management checklist

This checklist is provided for information only and is typical of checklists used with ISO 9001 and other

B e IR
sonje duplication may exist.
Tabje C.1 (Part I) focuses on company quality assurance system provisions, while Table C.2[(Part II) is
typlcal of hardware elements, such as EEE parts.
Table C.1 — Part I: Subcontractor assessment checklist
Number Subcontractor assessment | Yes | No | N/A
1.1 Process controls
L1.1 Quality management plan for subcontractor/contractor
[.1.1.1 Does the subcontractor have a quality management plan?
[.1.1.2 Does the subcontractor have support and involvement©f management
in implementing and maintaining the quality management plan?
[.1.1.3 Does the subcontractor have a documented andziimplemented plan to
select “world class” suppliers?
L.1.1.4 Does the subcontractor review the suppliets quality management plan?
L.1.1L.5 Does the subcontractor verify that the supplier's quality management
plan has the support and involvemeft of the supplier's management in
implementing and maintaining the plan?
I.1.1.6 Does the subcontractor verifyithat communication exists at the suppli-
er between design, fabrication, test, and field regarding performance,
quality, reliability and failure analysis using statistical techniques?
L1.1.7 Does the subcontractor'determine if the supplier's quality man-
agement plan chafters an internal control board or procedure that
maintains comimunication between groups, evaluates data [statistical
process control (SPC), reliability, screening, failure analysis, etc.],
determinéscorrective action and maintains records?
[.1.1.8 Does the'subcontractor have the name of a key contact in the internal
contrel board?
[.1.1.9 Does the subcontractor verify that the supplier's quality plan estab-
lishes clear lines of authority and responsibility?
[.1.1.20 Does the subcontractor verify that the supplier's quality plan provides
forperiodicinternal-atdits?
[.1.1.11 Does the subcontractor review the supplier's quality documentation
procedures?
[.1.1.12  |Does the subcontractor determine if the supplier has completed a
self-assessment of his/her quality management plan
[.1.1.13  |Does the subcontractor evaluate the supplier's self-assessment
[.1.1.14 Does the subcontractor determine if the supplier is certified for
ISO 9001 or equivalent ISO standards?
[.1.1.15 |Does the subcontractor evaluate the supplier's preventive mainte-
nance procedure?
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Table C.1 (continued)

Number Subcontractor assessment | Yes | No | N/A
1.1.2 Statistical process control (SPC)
[.1.2.1 Does the subcontractor select suppliers with wafer fabrication and
assembly lines in continuous, high-volume production?
1.1.2.2 Does the subcontractor determine if the supplier has documented and
implemented a plan of SPC for wafer and assembly process steps?
1.1.2.3 Does the subcontractor evaluate the supplier's SPC to determine if suf-
ficient control exists for at least the following wafer fabrication steps?
Wafer X
EPI layers A(S\v
Wafer backside preparation ,\“ ,L'
Masks AN
Photolithography ‘\COV
Diffusion . N
[on implantation O\U
Annealing & ~
PDxide deposition/growth N
Nitride deposition ()Q\
Polydeposition \\\‘
Metal deposition hs\\)
Dielectric etch ,{Q‘U
Polyetch h$
Metal etch A.\U
Rework \O
Wafer parametric data X ~~
[.ot acceptance results »
Reliability test results (\\’ .
1.1.2.4 Does the subcontractor eva@gthe supplier's SPC to determine if
sufficient control existsAf(E,at least the following assembly steps?
Materials O\U )
Thick film deposition”~
Wafer mount ™\ -
Wafer sa\y.\?}
Visual é\}
Diedttach
Witebond
Die encapsulation
Visual
Moulding compound process
Plastic encapsulated microcircuit (PEM)
Lid attachment (hermetic)
Lead trim and form
Lead finish
Hermeticity
Internal water vapour
Electrical test
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Number Subcontractor assessment Yes No N/A
Mark
Dimensions

1.1.2.5 Does the subcontractor's supplier evaluation criteria recognize the
effectiveness of paperless manufacturing lines with computer-aided
manufacturing (CAM) systems?

[.1.2.6 Does the subcontractor's supplier evaluation criteria recognize the
effectiveness of computer- automated SPC chart generation?

[.1.p.7 Does the subcontractor request copies of current SPC control charts?

1.1.p.8 Does the subcontractor review the supplier's documented SPC goals
and metrics?

1.1..9 Does the subcontractor review the supplier's periodic progress re-
ports on SPC goals?

[.1.2.10  |Does the subcontractor review the supplier's procedures for deter-
mining target values at critical process nodes?

[.1.p.11  |Does the subcontractor review the supplier's procedures for respoird-
ing to deficiencies?

1.1.3 Continuous improvement

1.1.B.1 Does the subcontractor verify that the supplier has a ddeumented and
implemented plan for continuous improvement?

[.1.B.2 Does the subcontractor verify that a continuous improvement feed-
back loop exists from test and field operations tp,design and fabrica-
tion regarding yield, performance, and reliability?

[.1.B.3 Does the subcontractor review the suppliet's process/product im-
provement projects?

1.1.B.4 Does the subcontractor review progess/product improvement metrics?

[.1.B.5 Does the subcontractor requestdata on specific process/product im-
provements and the resulting.feedback from field data?

[.1.B.6 Does the subcontractor's supplier evaluation criteria recognize the
effectiveness design of.experiments (DoE)?

[.1.B.7 Does the subcontractor have expertise to review and evaluate the
supplier's use of wafer fabrication and assembly yield models (such as
Moore, Murphy, Poisson, Seeds, or supplier developed)?

L1.4 New product development

L14.1 Does the.subcontractor review the supplier's systems engineering
teamsthat are used to develop new parts?

[.1.4.2 Does the subcontractor review the supplier's use of proven design
rules and standard cells that incorporate process variation statistics?

[L.1.4.3 Does the subcontractor review the supplier's methodology of incorpo-
rating reliability data from testing, production, and field into design
rules or standard cells?

[.1.4.4 Does the subcontractor determine if it is supplier policy to qualify all
new parts through reliability testing

[.1.4.5 Does the subcontractor have an acceptable procedure to qualify indus-
trial grade ceramic parts (in particular, regarding the following)?
Does supplier produce equivalent military grade part?

Is industrial grade part fabricated on same wafer fabrication line as
military grade part?
Is industrial grade part assembled on same line as military grade part?
Is the industrial grade part a downgraded military grade part?
Pre-cap visual check performed on 100 % parts
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Table C.1 (continued)

Number Subcontractor assessment Yes No N/A

Fine and gross leak test performed on 100 % parts

Final electrical tests performed at =40 °C, room temperature and
+85 °C or better

High temperature operating life
Thermal shock

Temperature cycling

’V’.‘ —
TUT AdUIUIT

Acceleration

7@

ESD sensitivity

Solvent resistance N
Bond strength (.q/\

Die shear ,\b.
Solderability @
[.ead integrity

Salt atmosphere , O

External visual on 100 % parts Y

1.1.4.6 Does the subcontractor have an acceptable procedure to qu @ plas-
Lic encapsulated parts (in particular, regarding the follovxl %

Flectrical test at minimum, room and maximum tempem\res

Preconditioning procedures

High temperature operating life . 0,®

Thermal cycling A\
Bond pull N\
Ball shear ’\C)\

Die shear N

Highly accelerated stress tes}&ﬁ%\éT)
Autoclave fad i

ESD sensitivity 0O

Solderability ﬁ\%

Salt atmospherdo

Lead integr'p;g‘v

1.1.5 Quality@&ol

1.1.5.1 Doe subcontractor have an acceptable procedure to screen her-
gg eramic parts (in particular, regarding the following)?

Bl;ejlmn-n inalactrical

Burn-in

Final burn-in electrical

External visual check

1.1.5.2 Does the subcontractor have an acceptable procedure to screen plastic
encapsulated parts (in particular, regarding the following)?

Pre-burn-in electrical

Preconditioning

Burn-in

Final burn-in electrical

External visual check
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Number Subcontractor assessment Yes No N/A

[.1.5.3 If the subcontractor allows the deletion a qualification or screening
step listed above, does the subcontractor have sufficient test data to
justify omitting the step?

1.1.5.4 Does the subcontractor obtain copies of the supplier's qualification
test data for new parts?

[.1.5.5 Does the subcontractor re-qualify a part when processes or materials
are changed?

1.1.p°6 Does the subcontractor have sufficient expertise to review and eval-
uate the supplier's failure analysis on failed parts to determine the
physics of failure?

1.1.h.7 Does the subcontractor review the supplier's corrective action plan to
correct defects or out of control processes?

1.1.5.8 Does the subcontractor review the supplier's change control pro-
gramme for designs, processes and materials?

1.1.b9 Does the subcontractor receive notification when any changes occdr
to designs, processes, or materials?

[.1..10  |Does the subcontractor receive notification when problems with parts
are identified and subsequently resolved?

[.1.p.11  |Does the subcontractor require the supplier to have aquality-monitor-
ing programme that periodically performs reliability tests on samples
taken from the production lines?

[.1.p.12  |Does the subcontractor receive copies of the periodic quality monitor
reports?

[.1.p.13  |Does the subcontractor use industry standard packages?

[.1.5.14  |Does the subcontractor review problem alerts and responses on the
supplier's parts or processes?

[.1.5.15 |Does the subcontractor have a list of recommended replacement parts?

[.1..16  |Does the subcontractor perfform additional testing when a replace-
ment part is used?

1.2 Part qualification

L.211 Selection criteria

[L.2.L.1 Did the subcontractor follow the supplier selection criteria described
in the subcontractor's parts management plan?

[L.2.[..2 Did the§ubcontractor follow the part selection criteria described in
the sibcontractor's parts management plan?

1.2.[l.3 Does'the subcontractor's evaluation of part qualification and screen-
ing data follow the documented procedures in the subcontractor's
parts management plan?

L2.]1'% Does the subcontractor have sufficient data to ensure that the sub-
system will meet all electrical pertormance requirements using the
selected parts?

1.2.1.5 Does the subcontractor have sufficient data to ensure that the subsys-
tem will meet all thermal requirements using the selected parts?

1.2.1.6 Does the subcontractor have sufficient data to ensure that the subsys-
tem will meet all mechanical requirements using the selected parts?

1.2.1.7 Does the subcontractor have sufficient data to ensure that the subsys-
tem will meet all reliability requirements using the selected parts?

1.2.1.8 Does the subcontractor have sufficient data to ensure that the subsys-
tem has acceptable compatibility of materials and processes using the
selected parts?
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Table C.1 (continued)

Number Subcontractor assessment Yes No N/A

1.2.19 Does the next level assembly require performance of the part that is
near the specification limits or is there sufficient margin?

[.2.1.10  |Are there multiple sources for the part?

[.2.1.11  |Does the subcontractor provide adequate assurance that the part will
be available for both the short and long term? If not, is there an accept-
able obsolescence plan?

Table C.2 — Part II: Supplier assessment checklist for EEE part
Number Supplier assessment | Yes | No | N/A

1.1 Process controls

11.1.1 Quality management plant

II.1.1.1 Does the supplier have a documented and implemented quality man-
hgement plan?

11.1.1.2 Does the supplier have support and involvement of management in

mplementing and maintaining the quality management plan?

11.1.1.3 Does the quality management plan require communication between
design, fabrication, test, and field regarding performance, quality,
Feliability, and failure analysis using statistical techniques?

11.1.1.4 Does the quality management plan charter an internal control board
(i.e. similar to a technical review board) that maintains communi-
cation between groups, evaluates data (SPC, reliability,(screening,
failure analysis, etc.), determines corrective action, and maintains
Fecords?

11.1.1.5 Will the supplier supply the name of a key contact in the internal
control board?

11.1.1.6 Does the quality plan establish clear liftes of authority and respon-
Kibility?

11.1.1.7 Does the quality plan provide for periodic internal audits?

11.1.1.8 Does the quality plan require decumentation of audits and follow-up
hctions?

11.1.1.9 Has the supplier completed a self-assessment of his/her quality man-
hgement plan?

[1.1.1.10  |Are the results of the'self-assessment of the quality management
plan available for review?

[1.1.1.11  |[s the supplier-certified for ISO 9001 or equivalent ISO standards?

[1.1.1.12 |Poes the'supplier have an effective preventive maintenance proce-
dure?

I1.1.2 Statistical process control (SPC)

11.1.2.1 Are the supplier's wafer fabrication and assembly lines in continuous,
high-volume production?

11.1.2.2 Has the supplier documented and implemented a plan of SPC for
wafer and assembly process steps?

11.1.2.3 Does the supplier have sufficient SPC control for at least the follow-
ing wafer fabrication steps?

Wafer
EPI layers
Wafer backside preparation
Masks
Photolithography
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Number

Supplier assessment

Yes No N/A

Diffusion

Ion implantation

Annealing

Oxide deposition / growth

Nitride deposition

Poly deposition

Metal deposition

Dielectric etch

Poly etch

Metal etch

Rework

Wafer parametric data

O

Lot acceptance results

~
Reliability test results g(\J

11.112.4

follow-

Does the supplier have sufficient SPC control for at least t

ing assembly steps?
. Vv
Materials ‘\Q

Thick film deposition

O
2

Wafer mount

a\
h

Wafer saw A

X N
Visual R
N

Die attach <O

o

Wirebond \l;\’

Die encapsulation

AY)
e\
Visual L V

Moulding compounc};&é}ess

PEM <)~

Lid attachmep@érmetic)

Lead trim@d’?orm

Lead ﬁ@J

Hermeticity

A\J
nternal water vapour

‘Electrical test

X

% Mark

Dimensions

11.1.2.5 Does the supplier have a paperless manufacturing line with a com-
puter-aided manufacturing (CAM) system?

11.1.2.6 Does the supplier use computer-automated SPC chart generation
instead of manually plotted SPC charts?

11.1.2.7 Is the supplier willing to provide copies of current SPC control charts?

[1.1.2.8 Does the supplier have documented SPC goals with metrics?

11.1.2.9 Does the supplier have periodic progress reports on SPC goals?

[1.1.2.10 |Does the supplier have documented procedures for determining
target values at critical process nodes?
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Table C.2 (continued)

Number Supplier assessment Yes No N/A
[1.1.2.11 |Does the supplier have a documented procedure for responding to

deficiencies?
I1.1.3 Continuous improvement

11.1.3.1 Does the supplier have a documented and implemented plan for con-
tinuous improvement?

11.1.3.2 Does a continuous improvement feedback loop exist from test and
field operations to design and fabrication regarding yield, perfor-
fnance and reliability?

11.1.3.3 Has the supplier identified specific process/product improvement
projects?

11.1.3.4 Does the supplier have process/product improvement metrics that
show appropriate improvements over time?

11.1.3.5 [s the supplier willing to provide data on specific process/product
mprovements and the resulting feedback?

11.1.3.6 Does the supplier utilize design of experiments (DoE)?

11.1.3.7 Does the supplier use a wafer fabrication and assembly yield model
developed specifically for his/her processes instead of a standard
model (such as Moore, Murphy, Poisson, Seeds, etc.)?

11.1.4 New product development

11.1.4.1 Does the supplier utilize systems engineering integrated product
teams (IPTs) when developing new parts?

11.1.4.2 Does the supplier use proven design rules and standard cells that
ncorporate process variation statistics?

11.1.4.3 Does the supplier incorporate reliability data from testing, produc-
tion and field into design rules or standard eells?

11.1.4.4 [s it supplier policy to qualify all new paxts through reliability testing?

11.1.4.5 Does the supplier have an acceptable'procedure to qualify industrial
brade ceramic parts (in particular, with regard to the following)?

Does the supplier produce equivalent military grade part?

[s industrial grade part fapricated on same wafer fabrication line as
nilitary grade part?

[s industrial grade partassembled on same line as military grade part?

[s industrial grade-part a downgraded military grade part?

Pre-cap visual check performed on 100 % parts

Fine and gross leak test performed on 100 % parts

Final electrical tests performed at =40 °C, room temperature and
+-85¢C{or better

High temperature operating life
Thermal shock
Temperature cycling

Vibration

Acceleration

ESD sensitivity

Solvent resistance

Bond strength

Die shear
Solderability
Lead integrity
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are identified and subsequently resolved?

Number Supplier assessment Yes No N/A
Salt atmosphere
External visual on 100 % parts
11.1.4.6 Does the supplier use acceptable procedures to qualify plastic encap-
sulated parts (in particular, regarding the following)?
Electrical tests at minimum, room and maximum temperatures
Preconditioning procedures
Highrtemperatureoperating tife —
Thermal cycling Ar\UJ
Bond pull q>)
Ball shear N
Die shear (',-(J/\
Highly accelerated stress test (HAST) . X~
Autoclave @
ESD sensitivity ) \(0.
Solderability . (5\
Salt atmosphere <'§<
Lead integrity ‘\Q 7
IL1.5 Quality control g\Q\\
11.1}5.1 Does the supplier use acceptable procedures toScreen hermetic
ceramic parts (in particular, regarding the following)?
Pre-burn-in electrical . 0,®
Burn-in AA\v
Final electrical \L\v
External visual R ‘\C)\
11.145.2 Does the supplier use accgp‘ia’r;le procedures to screen plastic encap-
sulated parts (in partictlar, regarding the following)?
Pre-burn-in electr,i_c@\‘
Preconditionin'g\v
Burn-in \%U
Final el cal
Extngisual
11.145.3 @Yﬁlpplier does not or will not perform a qualification or screen-
{ing’step listed above, does the supplier have sufficient test data to
_ \Wustify omitting the step?
1.1 FQD\ Is the supplier willing to provide qualification test data for new parts?
11.1.5.5 Is it supplier policy to re-qualify a part when processes or materials
are changed?
11.1.5.6 Does the supplier perform failure analysis on failed parts to deter-
mine the physics of failure?
11.1.5.7 Does the supplier have a corrective action plan to correct defects or
out-of-control processes?
11.1.5.8 Does the supplier have a change control programme for designs,
processes, and materials?
11.1.59 Is the supplier willing to notify customers when any changes to de-
signs, processes, or materials occur?
[1.1.5.10 |Is the supplier willing to notify customers when problems with parts

© IS0 2019 - All rights reserved

29


https://standardsiso.com/api/?name=e55444613cbe3ce4a76586dc12dfdc55

ISO 14621-1:2019(E)

Table C.2 (continued)

Number Supplier assessment Yes No N/A

[1.1.5.11 |Does the supplier have a quality-monitoring programme that period-
ically performs reliability tests on samples taken from the produc-
tion lines?

[1.1.5.12  |Are copies of the periodic quality monitor reports available?

[1.1.5.13 |Does the supplier use industry standard packages?

11.1.5.14 |Does the supplier have excessive problem notification/alerts on his/
her parts or processes? Are responses to alerts acceptable?

11.1.5.15 |Does the supplier (or subcontractor) have a list of recommended non-
MIL replacement parts?

11.1.5.16  |Poes the supplier recommend additional testing when a replacement
part is used?

I1.2 Part qualification

11.2.1 Design

11.2.1.1 Were proven design rules or standard cells used for the design of
the part?

11.2.1.2 Was reliability data from testing, production, and field incorporated
nto the design rules or standard cells for this part?

11.2.1.3 Did the supplier exercise sufficient design control, verification,jpro-
fotyping, and qualification for the part?

11.2.1.4 Did the supplier include the full operating temperature range in the
part design?

11.2.1.5 Has material compatibility been addressed in part désign (in particu-
ar, regarding dissimilar metals used in wire bonding)?

11.2.1.6 Are cleaning materials compatible with part materials, both internal
hnd external? In particular, will cleaning materials corrode part
materials? Have long-term effects been-considered?

11.2.1.7 Were coefficients of thermal expansionconsidered when designing
hnd processing parts?

11.2.1.8 Are there any potential areasahere part reliability may be affected
during environmental stres§ testing due to mismatches in coeffi-
cients of thermal expansion?

1.2.19 Does the next level assembly require performance of the part thatis
hear the specificationimits or is there sufficient margin?

11.2.2 Manufacturing

11.2.21 [s the part athigh-volume, continuous production, catalogue part?

11.2.2.2 Does thesupplier use statistical techniques to establish, control, and
verify-fabrication processes and performance characteristics?

11.2.2.3 Are the processes and equipment used to fabricate the part common
o afamily of parts?

11.2.2.4  |Are there multiple sources for the part?

11.2.2.5 Does the supplier provide adequate assurance that the part will be
available for both the short and long term? If not, is there an accept-
able obsolescence plan?

11.2.2.6  |Does the supplier have documented procedures to inspect and con-
trol materials used to fabricate the part?

11.2.2.7 Does the supplier have documented process instructions, lot trav-
ellers, and SPC control points for wafer fabrication? In particular, is
there sufficient control for at least the following steps?

Wafer
EPI layers
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Table C.2 (continued)

Number Supplier assessment Yes No N/A

Wafer backside preparation
Masks
Photolithography

Diffusion

Ion implantation

Annealing

Oxide deposition/growth
Nitride deposition N~
Polydeposition . |

Metal deposition N
Dielectric etch ;(.(‘Sl/

Polyetch \D‘

Metal etch P O

Rework g(\vJ

Wafer parametric data o

<
\Y
Lot acceptance results o)

Reliability test results \\\<

11.2}2.8  |Does the supplier have documented process instr‘@\ions, lot travel-
lers, and SPC control points for hermetic part a§sembly? In particu-
lar, is there sufficient control for at least the following steps?

Wafer mount

N
Wafer saw AA\v
Visual N L\\)
Material composition ,&\C)\
Die attach

-

Wirebond @ ’

Die encapsulation(-p
NS

Visual O

Lid attachﬁ\%

Lead tr'(n;ad form

Leaqsfgl‘r\s,h

Q@E‘ical test

ermeticity

é Internal water vapour

Mark

Dimensions

11.2.2.9 Does the supplier have documented process instructions, lot travel-
lers, and SPC control points for moulded part assembly? In particular,
is there sufficient control for at least the following steps?

Wafer mount

Wafer saw

Visual

Lead frame composition

Die attach

Wire bond
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Table C.2 (continued)

Number Supplier assessment Yes No N/A

Visual

Epoxy moulding compound composition

Moulding process parameters

Postmould cure
Deflash
Lead trim and form
[.ead finish
Flectrical test
Mark .
Dimensions N’
.23 |Test Qv

X

11.2.31 How does the supplier qualify the partifitis industrial grade her- N
metic ceramic (in particular, regarding the following)?

Q
7D

Does the supplier produce equivalent QML/QPL grade part? \(0.

[s the industrial grade part fabricated on the same wafer fabrication (jy
ine as QML/QPL part? A

[s the industrial grade part assembled on the same line as QQV
QPL part? N
Verify that industrial grade part is not a downgraded QMMualified
parts list (QPL) part \(\Q

Pre-encapsulation visual check performed on 100\%\0'} parts
Fine and gross leak test performed on 100 % p’@g)s‘

Final electrical tests performed at =40 °C,{'Q9r‘n temperature and
-85 °C or better

High temperature operating life ,_’\\U‘
\J

Thermal shock .

Temperature cycling AQ\
Vibration ,\)
Acceleration 0O -

SD sensitivity r.A\LO

Solvent resistg\l@‘/

Bond stren

Die shego‘

Soldefability

L%l\mtegrity

Salt atmosphere

External visual on 100 % parts

11.2.3.2 How does the supplier qualify the part if it is plastic encapsulated (in
particular, regarding the following)?

Electrical test at minimum room and maximum temperatures

Preconditioning procedures

High temperature operating life

Thermal cycling

Bond pull
Ball shear

32 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=e55444613cbe3ce4a76586dc12dfdc55

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions, and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms
	4 EEE parts management programme
	4.1 EEE parts management process
	4.1.1 General
	4.1.2 Design process
	4.1.3 Design margin
	4.1.4 Life cycle cost
	4.1.5 Technology insertion strategy
	4.1.6 Technical support
	4.1.7 System engineering support
	4.1.8 Parts selection
	4.1.9 Obsolescence management
	4.2 Supplier management
	4.2.1 General
	4.2.2 Management processes
	4.2.3 Information management
	4.2.4 Internal controls
	4.3 Shared data guidance
	Annex A (informative)  Radiation effects
	Annex B (informative)  Parts selection checklist
	Annex C (informative)  Subcontractor/supplier management checklist
	Annex D (informative)  Shared database
	Bibliography

