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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AEROSPACE QUALIFIED ELECTRONIC COMPONENT (AQEC) -

Part 1: Microcircuits

FOREWORD

1) Th prising
all romote
int idlds. To
thi 5 ig¢ations,
Teghnical 8 Q as “IEC
PuRlication(s)”). Their preparation is entrusted to technical committees; any IEC Nati 5 i yterested
in the subject dealt with may participate in this preparatory work. e 9 ta d non-
governmental organizations liaising with the IEC also participate in this frepatation. closely
with the International Organization for Standardization (ISO) in accordance withyconditi ined by
agreement between the two organizations.

2) Th X 56 ble, an international
con ini j i i R " épresentation ffom all

3) IEQ Publications have the form of recommendations fori i 3 accepted by IEC National
Corpmittees in that sense. While all reason Q are\ ™ at the technical content|of IEC
Puljlications is accurate, ible y iR vhich they are used or for any

4) In ¢rder to promote international uniformity i i undertake to apply IEC Publications
trarfsparently to the maximum extent posgible |n th' i and regional publications. Any divgrgence
betyeen any IEC Publication and the corre ional s regional publication shall be clearly indigated in
the|latter.

5) IEQ provides no marking indicate i dl and cannot be rendered responsible for any
equipment declared to be i i i i

6) All psers should ensure|tha

7) No [liability shal 3 c oyees, servants or agents including individual expefrts and
memmbers of its te aftonal Committees for any personal injury, property dampage or
other damage of &n her direct or indirect, or for costs (including legal fegs) and

explenses arising o icati ge of, or reliance upon, this IEC Publication or any otHer IEC

PuRlications.

8) Attgntion i p ive references cited in this publication. Use of the referenced publicajions is
indi { ion of this publication.

9) Attgntion™N e possibitity that some of the elements of this IEC Publication may be the subject of
patent\i NE 3 e held responsible for identifying any or all such patent rights.

The
exceptionalscircu
specification when

C technical committees is to prepare International Standards. In
ces, a technical committee may propose the publication of a technical

e The required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e The subject is still under technical development or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC/TS 62564-1, which is a technical specification, has been prepared by IEC Technical
Committee 107: Process management for avionics.
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The GEIA-STD-0002-001 (June 2006), Aerospace Qualified Electronic Component (AQEC)
Requirements, Volume 1 — Integrated Circuits and Semiconductors, has served as a basis for
the elaboration of this technical specification.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
107/91/DTS 107/100A/RVC
Full infermation-onthe—vetingforthe—approval-of-thistechnicalspesificationsanbefoynd in

the report on voting indicated in the above table.

This gublication has been drafted in accordance with the ISO/IEC Dire

A list|of all parts of the IEC 62564 series can be found, unde Y ¢ space
Qualified Electronic Component (AQEC), on the IEC website,

The committee has decided that the contents of this publicat air’unchanged until
the mlaintenance result date indicated on the IEC ch" in
the d3ta related to the specific publication. At this d

» trdnsformed into an International sté
* regonfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this pub d at a later date.

9,
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INTRODUCTION

Aerospace Qualified Electronic Component (AQEC) plans are developed by manufacturers in
order to document compliance with AQEC requirements. For AQEC designated components,
the intention is to:

a) provide AQEC users access to information from the AQEC manufacturers that is
necessary for using commercial-off-the-shelf (COTS) products;

b) better enable AQEC users to assess whether these parts are capable of operating reliably

in their applications:

¢) mjnimize deviations from the AQEC manufacturers’ COTS products;

d) hgve minimal impact on the AQEC manufacturers’ standard ) $iness
prpcedures;

e) prpmote communication between the AQEC manufactw

S
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AEROSPACE QUALIFIED ELECTRONIC COMPONENT (AQEC) -

Part 1: Microcircuits

1 Scope

This Technical SpeC|f|cat|on deflnes the mlnlmum requirements for mtegrated circuits and

semi onent

(AQEC)". It applies to integrated circuits and semiconductors exhibiti owing

attribytes:

a) a : which
will allow a standard COTS component to be designated AQ ;

b) a gned,
fabricated, assembled, and tested in accordance w ponent manufacfurer’s
refluirements for standard data book components

c) qualification of, and quality systems for, the COT S i AQEC
shiall i ’ , i hnical
s !

d) components manufactured before the ‘ irements,
b N

e) additional desired attributes of a d¢ isers)
arg found in Annex B of this stand

NOTE Parts qualified to miktary ifi j rposes

only) afe considered AQEC; the e 3 3

NOTE p Parts qualified tqg isi , grade 0 through to grade 3 are considered AQEC. For those

applications where > a appropriate, grade 4 is also considered to be AQHC. The

user shall docume compatible with the application in accordance with their

IEC/TS[62239 ECMP.

2 N

The f Ments are indispensable for the application of this docyment.

For dated referend the edition cited applies. For undated references, the latest edition

of the

IEC/TS 62239, Procgss management for avionics — Preparation of an electronic compqnents

management plan

IEC/TS 62396-1, Process management for avionics — Atmospheric radiation effects — Part 1:
Accommodation of atmospheric radiation effects via single event effects within avionics
electronic equipment

ISO/TS 16949, Quality management systems — Particular requirements for the application of
1SO 9001:2000 for automotive production and relevant service part organizations

ISO 9001:2008, Quality management systems — Requirements

AEC-Q100, Revision G, Failure Mechanism based stress test qualification for integrated
circuits

AS9100, Quality management systems — Aerospace — Requirements


http://www.sae.org/servlets/productDetail?PROD_TYP=STD&PROD_CD=AS9100C&HIER_CD=TEAG14&WIP_SW=YES
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JESDA47, Stress test driven qualification of integrated circuits
JESDA48, Product discontinuance

JESD97, Marking, symbols and labels for identification of lead (Pb) free assemblies,
components and devices

IPC-1066, Marking symbols and labels for identification of lead-free and other reportable
materials in lead-free assemblies, components and devices

JEDEC_UG101 Materials r‘nm’nneiﬁnn declaration for electronic ’nrnr*lur*fe

3 Terms, definitions and abbreviations
For the purposes of this document, the following terms, definitions_and

3.1 Terms and definitions

3.1.1
AQE(Q specification
document prepared by or for the manufacturer to descrie/an AQEC preduct

NOTE | It includes a data sheet and may incf s T mental
test pr¢cedures, quality monitoring processes, etc. lh\ma a bd item
within @ larger documentation system. There ma i : e which
must be requested separately.

3.1.2
AQE(Q plan
instrument prepared b see 3.1. at clearly, concisely, and unambiguously
documents the processes hnical
speciffication

NOTE | The plan contai

3.1.3
assegsment
evaluation of a p hnical

NOTE | It may beceonduc
customler community

d by IECQ, the customer, the customer’s designee, or by a third party designated by the

3.1.4
compionent
microcircuit
part
electrical or electronic device that is not subject to disassembly without destruction or
impairment of design use

3.1.5

customer

user

original equipment manufacturer (OEM) who procures integrated circuits and/or
semiconductor devices compliant to this technical specification and uses them to design,
produce, and maintain systems
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customer community
body of customers that may act together to address issues related to this technical
specification

3.1.7

data sheet
document prepared by the manufacturer that describes the electrical, mechanical, and
environmental characteristics of the component

3.1.8

manufavrmr
plan ¢owner

produ
desig

NOTE
accord

3.1.9

supplier

distril

NOTE
supplig]

3.1.1¢
third

party

3.1.11
termi
elemg

NOTE

3.1.12
form
shape
the m

3.1.13
fit

nt of a compon
assembly @

cer of integrated circuits, microcircuits, or other semiconducto
nated AQEC

A manufacturer may produce the components directly or may oyérs
ng to their own processes. The manufacturer is also the plan owner.

utor of components

A plan for controlling AQEC inventory sha QECs. A manufacturer c

I in the case that no distributor is invol

party

hation

A termination in

visible aspect, mode in which a part exists or manifests
hterial i ' tructed from

qualif

ed and competent; correct size and shale

ay be

cturing

hn be a

vel of

itself,

3.1.14
function
work to a specification that an item is designed to without degrading reliability

3.2 Abbreviations

AQEC Aerospace qualified electronic component
BPSG Borophosphosilicate glass

COTS Commercial off the shelf

CMOS Complementary metal oxide semiconductor
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DSCC Defence supply centre Columbus (see http://www.dscc.dla.mil/)
ECMP Electronic component management plan

FFF Form, fit and function

FIT Failures in time

GIDEP Government industry data exchange program
HAST Highty acceteratedstresstest

HCI Hot carrier injection

HTOL High temperature operating life

LTB Last time buy

NBTI Negative bias temperature Instability

PCN Product change notice

SEE Single event effect

SEU Single event upset

SER

SEL event'ts

SEFI

SOS

THB

VID

4 Technical requirements

41 AQEC plan

The processes used to ensure compliance with the following requirements shall be
documented by the AQEC manufacturer and included in their AQEC plan. These requirements
identify the additional processes, documentation and procedures required to supply a
manufacturer's COTS part as an AQEC. The plan includes, but is not limited to, identifying
data sheet parameters and/or conditions that are different for the AQEC versus the COTS
part. These differences shall be identified and the data made available upon request.


http://www.dscc.dla.mil/
https://iecnorm.com/api/?name=1092449581c93a21e7ccdf37a1cddc1b
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4.2 AQEC documentation
4.2.1 General

For an Avionics customer, the information supplied by the AQEC manufacturer will be
normally utilised and retained in accordance with the customer electronic component
management plan (see IEC/TS 62239).

4.2.2 AQEC data sheet

The AQEC manufacturer shall provide and maintain under revision control a data sheet that
includes operating characteristics, as well as physical characteristics. Any known
envirgnmental limitations applicable to the application being addressed (sge~4.3.1.2) sHaII be
identified. This documentation shall specify the form, fit and function for a gi mber.
This baseline shall not be changed without proper notification ( ). nique
published or posted AQEC data sheet is encouraged. As a minimuny; fhe anyfacturer
shall gocument, individually or by family:

fuhctional operating temperature range;

ddfined performance (mechanical and electrical) at the

)
)
c) maximum storage temperature;
)
) ddfined lead material, underplate, a

g) ddsignation of applicable COTS da i cable)

For elach AQEC ¢ove upon
requept, inform ypical
materjal content Y0 NQEC

h

4.2.4

Each |d er state that the parts meet AQEC requirements (preferred) or
optional anufacturer may list on its website all the part numbers thpt are
AQEQ or inctude reference in a description of another compliant class of parts

4.2.5 AQEC life expectancy

The AQEC mmanufacturer shatttdentify the fimitimg—wear out faifure mechanisms for a given
AQEC in a given application environment (see 4.3.1.2). The AQEC manufacturer shall use
acceleration models and failure rate estimating and reporting methods vetted through peer
reviewed publications or described in industry standards and publications (e.g. GEIA SSB-
1.001, JESD94, JEP122, etc.). This information shall be available on a website, data sheet,
alternative database, or provided on an as requested basis.

Examples of die related reliability wear out failure mechanisms include electromigration, gate
oxide breakdown, negative bias temperature instability (NBTI), hot carrier injection (HCI), etc.
Examples of package reliability wear out include mechanisms such as delamination, wire
bond inter-metallic formation, etc. The AQEC manufacturer should have reliability models for
the lifetime limiting wear out failure modes that can predict the failure rate of that AQEC for a
given end of life time frame and use environment.
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4.2.6 Device technology

Different technologies (e.g. bipolar and bi-CMOS; bulk CMOS and CMOS/SOS) shall not be
furnished under the same part number.

4.2.7 SEE data

Avionics equipment is subjected to ionising radiation that increases with altitude and at an
altitude of 40 000 feet (12,2 km), which is approximately 300 times the atmospheric radiation
at sea level. The principal cause of atmospheric radiation Single Event Effects (SEE) on
devices with geometric feature sizes below a micron are high energy neutrons and thermal
neutrons (see IEC/TS 62396-1).

The fpllowing information is very useful to designers using small geq eature size
devicgs at risk of atmospheric radiation SEE.

a) High energy neutron (>10 MeV) measured Single Event Ups i pr the

tefrestrially measured Soft Error Rate (SER).

b) High energy neutron (>10 MeV) or the terrestrially me MBU)
crpss section.
c) Fdr memory devices, the way in which the bits i i idua are stored within the

dgvice i.e. contiguously or non-contiguously.

d) THe cross sections of any hard SEE
Fynctional Interrupt (SEFI) or stuck bits.

atch (SEL), Single [Event

e) Whether the parts contain boro ; is applies in particdlar if
Bqgrophosphosilicate Glass (BPSG) /i N hewthermal neutron SEU cross section [of the

dgvice if it has been measured.
4.2.8 Termination finish

Only @ single final ter
as pdart of the AQEC
requires a PCNn
preferfred.

4.2.9

ished on an individual part number supplied
m, a change to a different single lead [finish
ffimplementation. A new assigned part number is

Wher¢ apphable [ shegt shall state the third party part number (e.g. DSCC VIlIE)) for
the A 3 number (preferred). Optionally, the AQEC manufacturef may
list th 3 ! ebS| e or provide a link to the third party information.

4.3

4.3.1 Performance

4.3.1.1 General

The manufacturer shall have documented processes to identify and verify the performance of
the given AQEC or component family in all environmental conditions identified in the
manufacturer’s published data sheet.

4.3.1.2 Additional performance information

The environmental conditions encountered in commercial and military aircraft are sometimes
outside the conditions typically addressed by the semiconductor industry. At the same time,
the functional requirements of the applications mandate that increasingly high functional
performance components are required to be compatible with the application.
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Experience has shown that the part manufacturer often has sufficient information to determine
if a specific part being considered for an application has sufficient margin to operate
successfully in a proposed application with defined environment and reliability criteria.

To minimize the disruption to the manufacturer by continual requests for information, the
AQEC program has defined specific multiple operating environments to group AQEC
applications into. If a specific application does not comply with one of these categories,
additional manufacturer information is recommended.

Environment 1

o)

T 4 AQ-OO 4 QLo L Jors "
MMpcraturc Tdirfgyc. —==U U 11U TOJ U LAST/AdlllUITTIL

Fgilure rate versus time at temperature: 23 °C and 85 °C
Atmospheric neutron SEE upset rate: upset rate and basis of infor,
Wearout life expectancy: 23 °C and 85 °C, conditions for which

Envirgnment 2

Tgmperature range: —40 °C to +100 °C case/ambient
Fgilure rate versus time at temperature: 23 °C and”100 °
Atmospheric neutron SEE upset rate: upset rate

Wearout life expectancy: 23 °C angd 1
Envirgnment 3

Tgmperature range: —55 °C to +12
Fgilure rate versus timg™at te
Atmospheric neutron
Wearout life expec

Enviropnment 4 Q

Tgmperature ragig
Fdilure rate ve
Atmosphy

Wea

4.3.2

The manufacturer shall have documented processes for identifying the functional parameters
of the| given’' AQEC within the published data sheet or the limits of 4.3.1.2, whichever is| more
severe

4.3.3 Known limitations

The manufacturer shall have documented processes to identify and publish any known
limitations of the AQEC within the published data sheet or the limits of 4.3.1.2 whichever is
more severe.

4.4 Quality system certification

As a minimum, the AQEC manufacturer (and its applicable subcontractors) shall be certified in
accordance with 1ISO 9001:2008. Additional certifications to AS9100, and/or ISO/TS 16949
and/or ES59002 and/or STACK S/0001 are strongly encouraged, but not required.
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4.5 Component qualification and re-qualification

The manufacturer’'s documented processes shall assure that the AQEC parts are qualified to
meet the requirements of the data sheet for the environment specified (per 4.3.1.2). Examples
of acceptable qualification processes include: AEC-Q100 Revision G, JESD47 or ES59002 or
STACK S/0001.

Initial product qualification tests shall include temperature cycling, moisture (HAST or THB),
and life test. Preconditioning is required for surface mount devices to simulate their assembly.
Similar parts (e.g. AEC-Q100 Revision G Appendix 1) from the same family may be tested in
lieu of the actual part.

The sfresses applied during re-qualification of changes should be choseryin ascordance with
recoghized process change tables such as those in AEC-Q100 Revisiop§ or-JHSD47
(curreint version). The results of those re-qualification stress tests ske aet)orlexceed the
originpl qualification requirements for those stresses.

The AQEC manufacturer shall make available the initial qualifi - pprgpriate
requalification data upon request.

NOTE | JEDEC has released alternate part qualification proceddres (i.exJ urer to
more closely match the qualification process for an individual part specifi a ercial customer’ actual
application. It is the responsibility of the customer for an AQEC to eterm e qualification profess is
appropriate for the AQEC application, see 4.11.

4.6 |AQEC quality assurance and

The AQEC manufacturer shall have do S in place to assure the stability |of the
specified AQEC device characteristics| The acturer shall also have procesges in
place|to ensure that the j atinues to meet or exceed the|initial
reliab|lity performance on

This may be accom
packaged units

(e.g. quarterly) reliability stress testing of
ycling, HAST, and HTOL (such as in|GEIA
SSB1]001, ES5 . This may also be accomplished through [n-line
measyirements coll ; h as statistical process control charts, probqg yield
monitpring, statigticak_bin\ Jimi -in limits, etc. If in-line data is used, the AQEC
manufacturer 3 éd and documented the relevance of that in-line data to
produft reliability

Data ¢of re the ongoing reliability of the AQEC shall be made available.

The anufacturers AQEC plan shaII document the PCN process Gwdance for PCN

ine 8 o fouL pleffect
at the t|me of product change) and Annex A of thls document AQEC manufacturers shall
include reference to external failure and change control databases (e.g. GIDEP) in the PCN
process where possible.

AQEC manufacturers shall include the relevant part number(s) on AQEC PCNs.
AQEC manufacturers shall include the relevant part number(s) on AQEC LTBs

4.8 Last Time Buy (LTB) notification

Last time buy notification shall be provided under a PCN system with the terms of JESD48 as
a minimum with a goal of at least 12 months from PCN notice date to LTB date. AQEC
manufacturers shall use relevant external obsolescence reporting databases (e.g. GIDEP) in
the PCN process.
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AQEC manufacturers shall include the relevant part number(s) on AQEC LTBs.

4.9 Obsolescence management

The production life goal for an AQEC is a minimum of 5 years, with 10+ years preferred. For
AQECs with expected production lives less than 5 years, the AQEC manufacturer shall
provide an estimate of the actual expected production life. As soon as new information is
available, the AQEC manufacturer should suggest alternative components, preferably FFF
alternatives.

4.10 Counterfeit prevention

The manufacturer shall destroy or effectively render as unusable all non cg ing products.

4.11 [User or customer guide

It is recommended that an avionics user of an AQEC component 8 salffy the
component for the intended application, monitor the on-going{qua 3 ction,
check| compatibility with the manufacturing process, contpo yurati bment
and apsociated data and control the component dependability te)g. bility,
risk management, etc.) in accordance with their Elg A Plan

(ECMP, see IEC/TS 62239). IEC/TS 62239 third pa

)
S

ut not
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Annex A
(informative)

AQEC material content and construction table

Material content may vary depending upon product technology (e.g.: wire bond versus flip
chip).

Item name Manufacturer response

1. AQEC manufacturer’s part <<
Nurpber/Date code A (\

2. Dielfab facility and process ID: \\ \\>

3. Asgembly facility and process ID: &Q\

a. Diel|family:
b. Die|mask set revision and name: <\ 6

5. Die|technology description:

a. Die|process technology: w
b. Die|geometric feature size o 2 seeQ)
Note 1

c. Is horon 10 or natural b
used within the die (see|No

6. Die Dimensions\/ V
a. Die|width:
b. Die|length:

c. Diel|thickne

a. D

®
9
o

passivation:

a. Die passivation material(s)

(list all):

9. Die attach:
a. Die attach material ID:

b. Die attach method:

10. Mould compound:

a. Mold compound supplier and ID:
b. Mould compound type:

c. MSL level (if known):
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Item name Manufacturer response

11. Wire bond:
a. Wire bond material:

b. Wire bond diameter (mils):

12. Wire bond (e.g. wedge, ball):
a. Type of wire bond at die:

b. Type of wire bond at leadframe:

13. Leddframe/header:

a. Paddle/flag material:

b. Termination material:

c. Underplate material and thickness

d. Final termination finish and thickness:

e. Is final finish annealed within 24 h?
RN

14. Unpackaged die (if not packaged): \)
a. Cap metal composition: G
b. Size of cap metal:

c. Burhp composition:

d. Ballsize:

N

NOTE Geometric feature\siz generally defi s the gdte channel length for the transistors.
NOTE 2 Boron 10 a%nam n cayseXherma| neutron single event effects.

&



https://iecnorm.com/api/?name=1092449581c93a21e7ccdf37a1cddc1b

TS 62564-1 © IEC:2009(E) -17 -

Annex B
(informative)

Additional desired data

The purpose of this Annex is to promote improved communication between the AQEC
manufacturer and user, especially regarding the environmental conditions guaranteed for the
data sheet parameters/limits. In no way are the contents of this Annex required to satisfy
acceptance to this document and are not subject to assessment. The need for add|t|onal data

ect to
s the

bay of
at the
After
ility of
NQEC
posed

sheet
COTS

b, etc.
. The
hance

prtovide any data regarding parametric limifs vs.

' outd be of particular interest to users whqg need
arasieristicsy (such as temperature, power, frequency, and

ing), whil® i ¢ .

nditions.

ithin the manufacturer’'s recommended opgrating

vise assist the system designer in anticipating [future
Obsolescence and make provisions for them withjn the
ahead for revisions to the design. Appropriate roadmap data

production life

wearout lifetime and conditions

radiation sensitivity, particularly atmospheric neutron SEE sensitivity
product lifecycle status
packaging trends

die revisions

4) Access to the AQEC manufacturer’s die and package related testing will be desirable in
order to characterize parts for some applications.

5) An AQEC manufacturer’s data that characterizes reliability for life cycle environmental and
operational stresses, such as sequential environmental tests and reliability versus time at
temperature will be desired to characterize reliability for some applications.

6) Mi

nimum steady state life Failure in Time (FIT) numbers given here. ES59002 and the

STACK S/0001 requirements could be used as minimum requirements.
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