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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS FOR AEROSPACE, DEFENCE
AND HIGH PERFORMANCE (ADHP) APPLICATIONS -

—_____Part 1: General requirements for high reliability | |
integrated circuits and discrete semiconductors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
all national electrotechnical committees (IEC National Committees). The object of IEC is.to,promote internati
co-operation on all questions concerning standardization in the electrical and electroni¢_fields. To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repd
Publicly Available Specifications (PAS) and Guides (hereafter referred to as |“fEC Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee intérested in the subject dealt
may participate in this preparatory work. International, governmental and non4goyernmental organizations liai

ith the IEC also participate in this preparation. IEC collaborates closely with the International Organization

[The formal decisions or agreements of IEC on technical matters expre§s, as nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are‘made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEC>National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any divergence betw|
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the la

IEC itself does not provide any attestationjof conformity. Independent certification bodies provide confor
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
|services carried out by independent,cértification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IE€ or its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising out®ofi'the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn“to the Normative references cited in this publication. Use of the referenced publication
indispensable‘fer the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pa
rights. JEC-shall not be held responsible for identifying any or all such patent rights.

Standardization (ISO) in accordance with conditions determined by agreement between the two organization.

ing
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and
EC

i . f the official IEC Standard all I identify the cf

es

made to the previous edition. A vertical bar appears in the margin wherever a change has

be

en made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a Technical Specification
when

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

o 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
whetherthey cambetransformed-mtotmtermatiomat-Stanmdards

IEC TS 62686-1, which is a Technical Specification, has been prepared by IEC ¢eehnical
committee 107: Process management for avionics.

This third edition cancels and replaces the second edition, published in 2015. This editjon
comstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previgus
edition:
a) |update related to obsolescence of STACK Specification S/0001 revision 14 notice 3;

b) |addition of alternative automotive methods of complianc€-and revision of Annex B initially
related to cross-reference to STACK Specification S/0001;

c) |addition of an Annex C to include a requirement mdtrix for IEC TS 62686-1 verification.

The text of this Technical Specificationis based @n‘the following documents:

Draft TS Report on voting
107/361A/RVDTS
107/349/DTQ 107/361/RVDTS

Full information on the voting for'the approval of this Technical Specification can be found in
thg report on voting indicated in-the above table.

This document has been-drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts inthe’/IEC 62686 series, published under the general title Process managemgpnt
for|avionics — Eleetronic components for aerospace, defence and high performance (ADHP)
applications, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the
stability-date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
thg specific publication. At this date, the publication will be

+ transformed into an International standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

*+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 62686 includes all the requirements of the now obsolete STACK Specification
S/0001 revision 14 notice 3 and also contains revisions for alternative+EC strategies using for
example automotive standards together with the option of using various qualification test
methods and additional test information.

This document complements IEC TS 62564-1 which is used for ADHP applications when
additional manufacturers' data is required beyond the publicly available-manufacturer original
component manufacturers' published data sheets (for example when additional thermal

pe
vel

254/EUROCAE ED-80 for complex components for flight critical applications, etc.).

Th

IEC TS 62564-1. Further guidance is given in IEC 7S-62239-1.

NOTE

STA

to the new IECQ automotive scheme.

formance data is required for thermally challenging applications or when additio
ification data—are is needed, for example to comply with the requirements of RTCA O

s document can also be used to comply with the typical qualification regquirements

. X fieationS/0 visi otice 3 it wilt B ossib Exis
CK certified manufacturers-te can be audited by IECQ under the new STACK-IECQ joint venture or alternati

hal
0-

of

ing
ely
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Th
for

discrete semiconductors for ADHP (aerospace, defence and high performance).applicationy.

Th
m
ca

A
A

prqducts or conducting further testing to verify suitability in ADHP applications using th
IEC FS—62239-1 ECMP procedures. Alternatively,, a component in accordance W
IEC TS 62564-1-may can be more suitable.

NO
rad

2

Th

constitutes requirements of this,document. For dated references, only the edition cited appli

Fo

amendments) applies.

=

1S(

PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS FOR AEROSPACE, DEFENCE
AND HIGH PERFORMANCE (ADHP) APPLICATIONS -

Part 1: General requirements for high reliability
integrated circuits and discrete semiconductors

Scope

s part of IEC 62686, which is a Technical Specification, defines the minimum_requireme
general purpose "off the shelf" COTS (commercial off-the-shelf) integrated)circuits &

s document applies to all components that can be operated in ADHR applications within

be used by other high performance and high reliability industries, at their discretion.

HP application requirements-may are not necessarily-be 'fulfilled by this document alo
HP OEMs (original equipment manufacturers)-may might'néed to consider redesigning th

[E Component qualification and outgoing quality ¢diScussed herein do not addres component atmosph
btions SEE effects per IEC 62396-1.

Normative references

b following documents are referred to in the text in such a way that some or all of their cont

undated references, the;'latest edition of the referenced document (including 4

hts
nd

he

nufacturers’ publicly available data sheet limits in conjunction with |IEC +S-62239-1. It-rjay

he.
eir
eir
ith

ric

ny

—

ANSI/ETA*556, Outer Shipping Container Bar Code Label Standard

SI/ESD S541, Packaging Materials Standards for ESD Sensitive ltems

IPC/JEDEC J-STD-609, Marking and Labeling of Components, PCBs and PCBAs to Identify
Lead (Pb), Lead-Free (Pb-Free) and Other Attributes
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JEDEC/IPC/ECIA J-STD-048, Notification Standard for Product Discontinuance

JEP130, Guidelines for Packing and Labeling of Integrated Circuits in Unit Container Packing

JESDA471, Symbol and Label for Electrostatic Sensitive Devices

L9000 Quality management-system?

JESB46 J-STD-046, Customer Notification of Product/Process Changes by Solid-State
SLIJ[JI’I'UIO

3 | Terms, definitions and abbreviated terms

Fo

1S(
ad

3.1

3.1
ca

comtinuous days, including week-ends and holidays

D and IEC maintain terminological databases for use in standardizatioh at the follow
iresses:

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

ISO Online browsing platform: available at http://www.iso.grg/0bp
Terms and definitions

A
endar days, pl.

the purposes of this document, the following terms, definitions and abbreviated'terms apply.

ng

3.1.2

container

oufer shipping container consisting of ehe or more inner containers

3.1.3

cugtomer

user

original equipment manufacturer (OEM) which purchases electronic components, includjng

intggrated circuits and/or semiconductor devices compliant to this document and uses them
desgign, produce, and.maintain systems

3.1.4

data sheet

do¢ument (prepared by the manufacturer that describes the electrical, mechanical, &
enyironmental characteristics of the component

3.15

deviation

to

nd

user agreement to allow the delivery of a shipping lot which does not fully meet the requirements
of this document

Not

3.1

e 1 to entry: Considered equivalent to concession for the purposes of this document.

.6

device specification
document written by a user and agreed by the supplier or OCM
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3.1.7

form

shape, arrangement of parts, visible aspect, mode in which a part exists or manifests itself, a
material an item is constructed from

3.1.8

fit

fitability of an item to physically interface or interconnect with or become an integral part
another item or assembly

Note 1 to entry: Size and scale are examples of considered characteristics.

3.1.9
function
wofk that an item is designed to do without degrading reliability

3.1.10
inqoming lot
on¢ or more shipments of a device, grouped together for the purpose ofcincoming inspection

3.1.11
inner container
box or bag containing devices, either in magazines or bulk packaged

Note 2 to entry: This excludes printed wiring boards/printed circuit boards, circuit card assemblies and mod

ratlnglindicating a component’s susceptibility to damage due to absorbed moisture wh
subjected 1o reflow soldering

3.1.15

original component manufacturer

OoCcMm

company specifying and manufacturing the electronic component

3.1.16
room temperature
temperature identified at 25 °C £ 5 °C in a room

nd

of

or
ity

ate

les

en
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3.1.17
semiconductor device

electronic devices in which the characteristic distinguishing electronic conduction takes place

with a semiconductor

Note 1 to entry: Semiconductor diodes are examples of semiconductor devices having two terminals and exhibiting

a nonlinear voltage-current characteristic.

Note 2 to entry: Transistors are examples of active semiconductor devices capable of providing power amplification

and having three or more terminals.

4-4Q

« . TO
shipping lot
single lot of one or more containers received by a user

3.1.19

supplier
company which provides to another an electronic component which is identified by the logo
name marked on the device

3. Abbreviated terms

A alternating current

ADHP aerospace, defenceand high performance
AE Automotive Elecfronics Council

AQQ average outgoing quality

AQEC aerospace qualified electronic component

AQL acceptable quality level

AS|IC application specific integrated circuit

AT autoclave

BGA ball grid array

BPISG borophosphosilicate glass

BS bond strength

BST ball shear test

CB certification body

CEM contract electronic manufacturer

CFC chlorofluorocarbon

COTS commercial off-the-shelf

CMOS complementary metal oxide semiconductor
D semiconductor device

DC direct current

DFMEA design failure modes and effect analysis

or

er,

of
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DLA Defense Logistics Agency (see http://www.dscc.dla.mil/)

DPM defects per million

DRAM dynamic random access memory

DS die shear

DVP&R design verification plan and report

ECMP electronic component management plan

ED electrical distribution

EHS environmental health and egfn’ry

EM electromigtration

EMAS Eco-Management and Audit Scheme (established by the European UnioHh)

EMS electronic manufacturing services

ESD electrostatic sensitive damage

ET electrical test

FFF form, fit and function

FIT failures in time

FL flamability

GH&R gage repeatability and reproducibility analysis

h hour

HAST highly accelerated stress test

HQI hot carrier injection

HE hermeticity

HTB high temperature bake

HT|BB high temperature blocking hias

HTIGB high temperature gate bias

HTIOL high temperature ope€rating life

HTRB high temperature‘reverse bias

IECQ International(_Electrotechnical Commission Quality Assessment System
Electronic Components

IATF International Automotive Task Force

IC integrated circuit

110 input and output

IR infra-red

LI lead integrity

LT lid torgue

LTB last time buy

LTPD lot tolerance percent defective

LU latchup

min minute

MOSFET metal-oxide-semiconductor field-effect transistor

MP marking permenancy

MS mechanical sequence

MSA measurements system analysis

MSL moisture sensitivity level

for
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NBTI negative bias temperature Instability

NMOS n-type metal oxide-semiconductor (refers to field effect transistors (MOSFETSs))
NVL non-volatile memory operating life

OCM original component manufacturer

OEM original equipment manufacturer

Ol oxide integrity

preconditioning

prinfnrl circuit board

process control monitor

product or process change notification
package dimension

process failure modes and effects analysis
pin grid array

package

production part approval process
power cycling

quality assurance

resistance to solder heat

solderability

synchronous dynamic random access/memory
single event effect

single event functional interrupt

single event latchup

single event upset

soft error rate

surface mount device

statistical prégcess control

static random access memory
sample_size

solid.State operating life

ambient temperature

test code
temperature humidity bias

through hole mount
temperature humidity reverse bias
temperature cycling

thermal resistance

terminal strength

Topmin minimum operating temperature
Topmax maximum operating temperature
UCL upper control limit

VI visual inspection

VPR vapour
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AY water vapour
XR X-ray

4 Technical requirements

4.1 General

4.1.1 Overview

Th
disfributor, as defined in 3.1.19 and 3.1.15 respectively, shall-be-TFhird-Party-1SO-9004 certif
haye an appropriate quality management system and shall provide the following minim
teghnical requirements. The supplier or the OCM—may can use the test metheds &
methodologies specified herein which are based on IEC semiconductor test metheds or 3
other equivalent test method, for example JEDEC test methods (see 4.9.2.3 and)Annex A
thg automotive alternative process, see 4.1.2. Proposed equivalent test methods{ rationale §
supporting data shall be reviewed and shall achieve the same end objectives as specif
hefein. Use of such equivalent tests shall not be considered to be deviations or waivers to
requirements of this document.

NOJE 1 1SO 9001 or AS/EN/JISQ 9100 can assist with compliance to Clause4.

NOJE 2 In case the COTS integrated circuits and discrete semiconductots/cannot be procured directly from
OCM (for example if the quantity is too small), the franchised distributionnetwork is usually privileged with regar
poténtial risks (for example lack of traceability and counterfeiting).

Infpormative annexes are provided at the end of this~<document and their content is subject
change. Users of this document are encouraged {0 review the latest data available whene
referencing the content of these annexes as well\as the Bibliography:

e |Annex A: test code information which sunimarises all semiconductor test methods discuss
herein;

e |[Annex B:typical automotive component requirements;

e |[Annex C: requirement matrix.for IEC TS 62686-1 verification;

e |Bibliography.

4.1.2 Automotive.components

Automotive componients, which are typically manufactured on IATF 16949 certifi
manufacturing.lines and qualified to AEC-Q100 for temperature grades 0 and 1, with

sed

LUm
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ny
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ed
he

the

H to

to
ver

ed

ed
he

an

NOI
component.

NOTE 2 The VDA 6 series assessment, particularly VDA 6.3, can be used for the PPAP element of the IECQ

assessment process.

4.2 Procedures

421 General

The OCM shall have the following procedures:

e product discontinuance (4.2.2);
e ESD protection during manufacture (4.2.3);

e specification control (4.2.4);
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e traceability including anti-counterfeit measures (4.2.5).
4.2.2 Product discontinuance

Notification shall be in accordance with JEDEC/IPC/ECIA J-STD-048 or equivalent, with the
exception of timing as described in a) and b) below:
a) the OCM shall provide the user with a notice of last order dates:

— a minimum of 12 months before these dates for single-source devices, and

— 6 months before these dates for multi-sourced devices;

b) [the OCM may give less than the specified notice period provided a mutually acceptaple
extension (up to the specification limit) is negotiated with any user needing a_differgnt
period;

c) | for custom ASIC devices, the normal procedure is to include discontinuatiopnetice in fhe
purchase contract.

4.2.3 ESD protection during manufacture

Alllintegrated circuits and discrete semiconductors are considered t6)be static sensitive gnd
shall be protected through the OCM’s manufacturing operation. The’ OCM shall ensure that
deyices are not exposed to static damage and are not degraded/or damaged due to static
discharge. IEC 61340-3-1, IEC 61340-5-1 and JESD625 or AEC-Q100-002 are example of
suitable standards for ESD precautlons in wafer fabrlcatlon anhdprobe.

Eog s
4.2.4 Specification control

The OCM shall:

a) | when applicable, have a central or local record of the user’s part number and specificatipn,
against the product to be delivered;

NOTE 1 This applies to direct sales and not to parts sold through distribution.

b) | ensure the specifications an the purchase documents have been reviewed and accepted|by
personnel authorized to.dosso.

NOTE 2 This applies to custom and special orders only.
4.2.5 Traceabilityyincluding anti-counterfeit measures

T

—
D

gceability shallbe managed as follows:

a) | the OCGMyshall have traceability for any device in a shipping lot through a route code,|lot
codewor other marking on the device or magazine or inner container to identify the
manufacturing route, for example groups of wafer lots, wafer fabrication location, assemply
lecation, test location, date code and/or lot code;

b) the information needed to interpret the code shall be available;
c) the procedure shall be available for inspection during audit.
The OCMs shall use anti-counterfeit measures to protect their intellectual property, such as use

of registered trademarks, logos, patents, etc. The OCM shall also assist the user in determining
if the product is genuine when requested and in identifying the franchised distributors.

4.3 Product or process change notification (PCN)
4.31 General

The OCM shall provide the following:
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notification (4.3.2);
notification details (4.3.3); and

notifiable changes (4.3.4).

4.3.2 Notification

In the event of the OCM proposing or making a change to a device, then:

a) the OCM shall give at least 90 calendar days’ written notice prior to shipping the changed
product. The user will respond to confirm the date on which changed product shipments can

b)

4.3.

Th

a)
b)
c)
d)

f)

g)
h)

4.3
JE;

begin (it could be less than 90 calendar days), advise that the changed product is
acceptable, or request further information;

for custom ASIC devices, change notification periods are normally specified in the purchg
contract;

in an event beyond the control of the OCM where 90 calendar days’ notice cannot be giv
the OCM shall reach a mutually agreed lesser notice period with any user affected by
change-c—trc =00 C2 thotleoned 200 coriifieation,

3 Notification details
b PCN shall include the following items:

title of change;

the OCM’s type number(s) affected;

the OCM'’s notification identification number;
estimated last order and shipment dates for uhechanged devices to be supplied on reque
estimated earliest shipment date of changed)devices;
manufacturing location and product line.affected;

a thorough description of the proposed change;

the means of distinguishing changed devices from unchanged devices. This may be a d
code, lot code, date code range or a distinguishing marking or feature that is visible to
user at point of receipt of shipment;

sufficient engineering andler qualification test data, including details of any qualification {
vehicle used and its applicability to the product change, shall be available on request
demonstrate that the change will not adversely affect device form, fit, function, quality

user part number of the affected device (preferred item but not mandatory).
4 Notifiable changes

5D46°J-STD-046 shall be used as a guide to changes requiring notification.

4.4—Shipment-controls

reliability, and that\the changed product will continue to meet the specified requirementsg;

not

Se

Bn,
he

hte
he

pst
to
or

4.4.1 General

The OCM shall have the following shipment controls:

shipping container and date code marking (4.4.2);
date code remarking (4.4.3);

inner container formation (4.4.4);

date code age on delivery (4.4.5);

ESD marking (4.4.6);

MSL (4.4.7);


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

- 18 — IEC TS 62686-1:2020 RLV © IEC 2020

e lead-free marking (4.4.8); and
e labels (4.4.9).

4.4.2 Shipping container and date code marking

The shipping container and date code marking shall be in accordance with JEP130 or an
equivalent standard. The OCM’s name, logo and/or trademark shall be marked on the shipping
container where it is practical to do so.

4.4.3 Date code remarking

If the date of assembly and test are both marked, the test date can be remarked if the _devjce
is le-tested at a later date. If only one date is marked to represent the manufacturing<date gnd
initial electrical test it shall not be changed unless it is necessary to correct poor quality markjng
or jncorrect information, and provided that the time delta between the originalcmark and the
remark is less than 6 weeks.

4.4.4 Inner container formation

It is preferred that the inner container contains only devices of the same die revision/steppjng
level.

It

5 preferred that devices also come from the same:

— |wafer fabrication location;
— |assembly site;

— |outgoing QA electrical inspection site.
4.4.5 Date code age on delivery

Date code age on delivery-shall should beas follows:

a) [ the date codes of devices-shali\should not be older than 24 months upon users’ recq
date;

pt

b) | for custom ASIC devices, the date code age limits will normally be defined in the purchase
contract.

)
<

ifthe OCMwishes toshi
HHRe- G oV WHSHEeS1t0-S
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4.4.6 ESD marking

The symbolsidsed and labelling shall be in accordance with JESD471 or an equivalent standdrd.

4.4.7 MSL

ST I : P [T : ! [PEREEE DN
Th: IADCTITTY diTU STHPPIITY COTAaIrer stidail DE 1T alOrddiice Witlt 1L 0

STD-033 or an equivalent standard.

4.4.8 Lead-free marking

The shipping container and date code marking shall be in accordance with IPC/JEDEC J-STD-
609 or an equivalent standard.

4.4.9 Labels
In general, labels shall include the requirements mentioned in Table 1 and exhibit:

a) human readable content: the content shown for each label in 4.4.9 shall be available in
human readable form on the outside of the relevant package;
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a)

b)

machine readable content: bar codes for those items specified shall be included in 3 of 9

codes (bar code 39) as per ANSI/EIA-556 or equivalent compatible standard;

warning notice: any necessary warning notices or symbols to ensure the safety of the

contents shall be included as appropriate.

Table 1 — Label requirements

Ti

o

Dry pack label:

Date of sealing and sealed life or expiration date.

Bar
code

e and storage condition limits after opening.
ke conditions if usage conditions after opening are violated.

bisture sensitivity classification per IEC 61760-4 or IPC/JEDEC J-STD-020 or per the OCM’s own
hssification provided a cross reference is provided at registration.

o0

O m O O C UV O

bntainer label: this label is typically implemented as a shipping note or packing list attached to/the

dter container.

blivery address.

rchase order number.

er part number.

CM’s device type number 2.

CM’s name 2.

port control certification number and controlling authority °.

hantities enclosed of each device type 2.

s

O O U C O

Iner container label:
CM’s device type number.
er part number °.

rchase order number °.
antity of devices.

hte code.

Lqt number.

sembly location °.

Tést location P.

For security reasons ‘can be omitted with the agreement of the user.

Preferred but pot-mandatory.

4,
4,

Electrical

| General

Operating conditions shall be as defined in the device specification or data sheet, as explained
in4.5.2t04.5.7.

4.5.2 Electrical test

All shipped packaged devices shall have passed a production electrical test program, or in the
case of user-specific devices, a test program approved by the user. Tested wafer or die products
shall have an effective equivalent wafer probe test. Untested wafer and die products shall have
met the OCM’s minimum process control monitor (PCM) requirements. JEDEC test methods
shall be used wherever possible.
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4.5.3 Electrical parameter assessment

Test methods for assessing the electrical parameter distributions (AC, DC, functional and

tim

ing) of devices should be in accordance with JESD86.

4.5.4 SDRAM memories

SD

RAM memories should be designed and tested in accordance with the JESD79 series.

4.5.5 Logic families

Lo
JE

4.5.

Po
ac

4.5.

Sil
€q

4.6

4.6.

jic families should be designed and tested in accordance with JESD36, JESD52, JESD¥4
5D80.

6 Power MOSFETs

ordance with JESD?24.

7 Silicon rectifier diodes

con rectified diodes should be tested in accordance with JESD282, MIL-PRF-19500 or
livalent standard.

Mechanical

1 General

Int

co

4.4.

4.6
A

4.6.2.2 Top surface

All

indicated below-

a)
b)

standard outlines (e.g. JEDEC outlines), will, be met as specified, if the package is stated
§i

pgrated circuits or discrete semiconductory'package dimensions, specified in indus

pliant with that outline.

2 Device marking
.2.1 General
the specified markings on:the device or shipping container shall be clearly legible.

of the following. required markings shall be marked on the top side, except where otherw

pin 1,.dentifiable either by a mark or by reference to a physical feature of the device;

the(OCM’s name or logo;

ver metal-oxide-semiconductor field-effect transistors (MOSFETs) should be tested| i

or

an

try
as

ise

c)

the"OCM'’s part number or individual user part number as required;

d)

e)

f)

the date code of assembly or test. Formats YYWW, or YWW or YM are acceptable (Y = year
numeral, W = week numeral, M = month character). If both assembly and test date codes

are marked, the assembly code may be bottom marked,;

a manufacturing route trace code. The top surface is preferred, but the device bottom

surface may be used;

if both assembly and manufacturing route trace codes are marked on the bottom surface,

the manufacturing route trace code shall be marked below the assembly code.

4.6.3 Small packages

If the marking area available on the device is too small to do so, then the unit container is to

inc

lude all the required marking.
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4.6.4 Moisture sensitivity

The moisture sensitivity of all non-hermetic surface mount components shall be tested and
classified according to IEC 61760-4 or IPC/JEDEC J-STD-020. The MSL classification shall be
available.

4.6.5 Robustness of hermetic seals

The seal shall not be compromised by any normal handling, testing or manufacturing processes.

4.6

Th
pe

76— Termination fimishes

e OCMs should make available on their web pages or data sheets (or otherwise) informat
taining to the leaded (Pb) and lead-free termination finish qualification testing, ¢erminatjon

on

material, finish alloy composition, and (if used) heat treatment process of the partsused relatfjve

to

a)

b)

c)

d)

4.7

4.7.

Th

he RoHS directive. In addition, the following requirements shall be met:

thickness limits shall be met over 95 % of the termination surface. The”OCM shall sel

appropriate measurement locations;

plating composition and thickness limits shall be available;

it is not necessary for solder dipping, where used to improve the solderability of
termination, to cover the entire termination. The area covered*should be appropriate to

packages (center of bottom radius to trimmed edge of.termination);

tin electroplate finishes shall be matt, dense, homogenous, free of co-deposited orga

material and suitably treated to inhibit whisker growth. When applicable an appropriate

JESD201 Class 2 limits or JESD22-A121 or IEC 62483) and be demonstrable. Documen
results should be made available to the user'upon request;

type of package, for example J-bend packages (areas/below base plane), or gull w|

ect

he
he

ng

Inic
tin

whisker plan or process should be in place (for'example accelerated tin whisker testingd to

ed

providing notification of changes, vialthe PCN process, to termination finish materigls,

thickness, or to plating process chemistry.
Audit capability

1 General

b OCM shall be able to'carry out the following:

internal quality audits (4.7.2); and

subcontract manufacturing (4.7.3).
.2 Interhal quality audits

b OCM-shall periodically audit each internal location, to assess comphance with inter

b5 2

ee#t#—aeahee The foIIowmg areas deflned in Table 2 shall be addressed
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Table 2 — Internal quality audit requirements

Quality system Calibration Failure analysis

Shipment and container Stores and dispatch ESD control

Contract review Customer service Production test

Design management Process control Subcontract controls
Purchasing Incoming materials Wafer fabrication and probe
OCM audits Documentation control Assembly

TrgimiTg Productquatification Retrabitity-momitor

The results of these audits and the audit acceptance criteria shall be available for ongite
inspection during an audit. The internal quality audit documentation shall be availablé upgon
request.

NOJE 1SO 9001, AS/EN/JISQ 9100 and IATF 16949 can assist with the requirements of 4.7.2,
4.7.3 Subcontract manufacturing

The OCM shall qualify and periodically audit all subcontracted op€rations to a standard
equiivalent to the OCM internal operations.

4.8 Quality assurance

4.8.1 General

The OCM shall have the following quality assurancé.systems:
e |quality system (4.8.2);

e [sampling plans (4.8.3);

e [failure analysis support (4.8.4); and

e |outgoing quality (4.8.5).
4.8.2 Quality system
The OCM quality system shall meet the following requirements:

a) | theOCM-shal-have satisfy an appropriate quality management system registration, [for
example one (ormore) of ISO 9001,-FL-9000, AS/EN/JISQ 9100,4SOFS IATF 16949, efc.;
b) | the-system-shal ensure that the requirements of this specification are met;
c) | the—systefashall provide for the prevention and ready detection of discrepancies and [for
timely _and positive corrective action.

4.8.3 Sampling plans

Appropriate and statistically valid sampling plans shall be used and documented. The target for
reliability qualification of microelectronics by accelerated ageing is an LTPD better than 3 %.
This-may can be achieved by overstress testing of sample sizes exceeding 76 devices from the
specific device population, with no failures permitted, or by invoking structural similarity and
accumulating samples from other device types at the level of the build being tested. For
example, thermal cycling is intended to evaluate die and wire bonding and back-end assembly,
and the desired LTPD—may can be achieved from structurally similar builds of similar
metallization, die size and attachment, wire-bond material diameter, process, and loops.
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4.8

4 Failure analysis support

OCM failure analysis support shall meet the following requirements:

a)

b)

c)

the OCM shall maintain an adequate failure analysis capability and provide a timely

response to failures returned for failure verification or failure analysis;

representative samples of devices returned as failures shall be analysed and a failure
analysis report issued to the originating user, typically within 30 calendar days of the receipt

by the analytical facility of such returns;

for failure returns relating to a critical problem at a user, the failure analysis report shall

4.8.

4.8

Ougoing quality shall be measured as per 4.8.5.2 to 4.8.5.5.

4.8

The OCM shall measure average outgoing quality (AOQ) in defects-per million from unifg

m
of

defects will include all devices non-conforming to any functional, electrical, visual or mechani

sp

4.8.

Mel
de

4.8.

If :I
cofrective action and issue a closure date for achieving the required DPM.

typically be issued within 7 calendar days of receipt by the analytical facility.
5 Outgoing quality

.5.1 General

.5.2 DPM levels

nufacturing processes and the results shall be in accordance with"Table 3. The measurem
utgoing quality via in-process measurements is acceptable in principle. The number

cification requirement of a device.

5.3 DPM calculation

asurement may be by any appropriate classification and method, for example individ
ices or device families, package type and/ortechnology family, in-process measuremen

5.4 Corrective action

he outgoing quality levels given-in Table 3 are not met, the OCM shall take root cad

Table 3 — Outgoing quality

bnt
of
cal

pal

Se

Device family Maximum DPM

Electrical Transistor count
Discrete and-integrated circuits <100 000 50

<1000 000 100

> 1 000 000 150
Programmable logic when supplied, programmed and tested 100
Visual/mechanical 200
NOTE This information can be considered proprietary and confidential.

4.8
AO

.5.5 Data reporting

Q data shall be compiled periodically and be available upon request.
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4.9
4.9

The OCM shall manage the following:

4.9.

4.9

Th
de

specified electrical, quality and reliability requirements, using qualification families (as defir

in

4.9.

Strf

4.9.

e

a)

Qualification

1 General

methodology (4.9.2);

test samples (4.9.3);

qualification categories (4.9.4);

maintenance of qualification standards (4.9.5);
in-process test results (4.9.6);

product monitor results (4.9.7);

references (4.9.8);

qualification report (4.9.9);

archiving (4.9.10);

qualification by similarity (4.9.11); and

similarity assessment (4.9.12).
2 Methodology

2.1 General

ESD47 or AEC-Q100).

2.2 Procedures and methods

ess test qualification' procedures and methods-are-as shall be performed per Table 4.

23 Alterhate Alternative procedures

braate Aliernative procedures and methods are acceptable as per 4.1 and are as follows

gualification in conformity with JESD47, for integrated circuits and their generic familire

o X-ray,

e long term FIT-rate calculations,
e marking permanency,

e die shear strength,

e thermal resistance,

o flammability,

e OCM shall use appropriate methodologies to qualify new technology, new devices gnd
ice changes, to demonstrate that‘the device under qualification is capable of meeting fhe
ed

SY

NOTE 1 Flammability is typically confirmed by the epoxy mould compound manufacturer flammability UL94

test results.

e internal visual inspection;
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b) qualification in conformity with AEC-Q100 for integrated circuits and their generic families
providing the OCM addresses the following additional items:

e high temperature operating life (HTOL) test-shal-be1-000-h-minimum—attemperature
eyelingequalto1256=C-e- for grade 1, or grade 0.

e marking permanency,
o X-ray,
o thermal resistance, a package property

o flammability,

e internal visual inspection; only required for hermetic components,

NOTE 2 Thermal resistance is an integrated circuits or discrete semiconductors package propefty.

—

NOTE 3 Flammability is typically confirmed by the epoxy mould compound manufacturer JL 94 test resjylts.

c¢) | qualification to AEC-Q101 for discrete semiconductors and their generic families which now
has guidance in an appendix on the relationship of robustness validation.to SAE J1879/ZVYEI
and JEP122 compared to AEC-Q101. When using AEC-Q101,the OCM-shall also addr¢ss
the following additional items:

e latch-up,

o celectromigration; hot carrier injection; time dependent: dielectric breakdown; gnd
negative bias temperature instability,

e internal water vapour,

o flammability,

e internal visual inspection,
o X-ray,

¢ lid torque (for hermetic components.énly),

—

NOTE 4 Flammability is typically confifthed by the epoxy mould compound manufacturer UL94 test resylts.

d) | qualification to an application specific scheme should be created as per the methodolggy
and guidance provided in JESD94. An application specific plan should address the subjefcts
of concern contained in the preceding qualification schemes;

e) | qualification using JEPA48, based on the physics of failure risk and opportunity assessmgnt,
addressing the subjects’ of concern in the preceding qualification scheme which may [be
more appropriate for new technologies.

L £ £

H

4.9.2.4 Use of product similarity data

Perform testing and document the re-using of existing data based on product similarity
arguments.

4.9.2.5 Use of reliability models

Perform and document the verified reliability models.
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4.9.3 Test samples

4.9.3.1 General

Th

e OCM shall use the test samples described in 4.9.3.2 to0 4.9.3.5.

4.9.3.2 Test failures

The general acceptance level for all stress test qualification is zero rejects in the tested sample
size.

Te
no
rel

If 8 larger sample size than that specified in Table 4 is used and failures allowed,|then the reg

sh
st

arg not intended for statistical extrapolation, but for characterization or(package evaluation.

4.9.3.3 Additional samples

Usgrs reserve the right to take additional samples for a qualification test result confirmation

4.9.3.4 Consolidation of lots

WHere production volumes of a device are lowyand the sample sizes specified are

ec
Cco

4.9.12 (similarity assessment).

4.9.3.5 Reduced sample sizes

Th

tegting them to a qualification schedule which does not fully meet the requirements herein
terms of reduced sample size/reduced test time, etc. This is only acceptable providing test d

co

pe
ca

g

4.9.4 Qualification categories

Th
be

(sde4.9.11).

5t failures attributed to extraneous factors not related to the qualification stress applied-sh
{ be counted against acceptance criteria. If excessive failures from non-qualification t
hted mechanisms are generated, the test shall be repeated.

Il meet an LTPD = 3 % for a specified sample size of 76. The target LTPD requiremen
ed in 4.8.3. In Table 4, lower sample quantities are allowed where thepatticular stress te

:Knomically feasible from one manufacturing. [6t, consolidation of lots is permissible
solidation of lots is performed, the combining of parts shall follow the similarity rules as

e OCM’s qualification procedures-may can allow devices to be released to the market af

mtinues to be accumulated as per 4.11 and corrective actions and/or repeat testing
formed as necessary-until the qualification level is reached or exceeded in a target of

lendar days. Where IECQ certification has been-issued for compliance with this specificatj

accomplished by using generic family qualification data provided similarity rules are follow

all
pst

ult
is
Sts

not
If
Dber

ter
in
hta
is
90

b qualification may be conducted on a specific device type. Alternatively, qualification may

ed

4.9.5 Maintenance of qualification standards

Regular quality and reliability test results, which are obtained from a monitor program, but which
are not related to any particular customer shipment, are an acceptable method of maintaining
the qualification standard of this document. It is desirable that the manufacturer maintains a
regime of "maintenance of qualification" in order to ensure that reliability sensitive processes
are routinely tracked and sample tested.

4.9.6 In-process test results

In-process test results shall be managed as follows:
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a) if any of the inspection or package qualification tests are performed on a regular basis in
the manufacturing line, these tests need not be repeated in new device qualification testing;

b) if qualification tests are not performed, manufacturing inspection results showing the current
quality level shall be included in the qualification report. Manufacturing package test results
shall be available.
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4.9.7 Product monitor results

If any inspection or package qualification tests are performed on a regular basis in product
monitor testing, these tests need not be repeated in new device qualification testing.

4.9.8 References

References are given for guidance only. Reference shall always be made to the appropriate
test code information for full test details.

4.9.9 Qualification report

The qualification report shall be available upon request.

4,

The qualification report and the test specification (not the test program) used in"the qualificat
shall be archived for a minimum of-3 7 years.

4.9.11 Qualification by similarity

Qu

a)

b)

c)

4.9

4.9.

Th
mo

4.9

.10 Archiving

lalification by similarity can be used as follows:

or if there is any degree of uncertainty about the effect*of the change;
guidance on the qualification tests, which the OCM should consider applying, for the varig

perform tests defined in the qualification table that are appropriate, or relevant to
change;

upon request, the OCM shall provide data for any device transferred to a new process
prove that no design deficiencies (e.g. mechanical, electrical performance, reliability, sin
event effects, etc.) were introduced,by the process transfer.

.12 Similarity assessment

12.1 General

nitor testing as follows:

die changes(4:9.12.2);
process/wafer fabrication changes (4.9.12.3);

packagefassembly changes (4.9.12.4).

.12.2° Die changes

on

a change shall be qualified if there is a potential effect.on‘performance, quality or reliabiljty,

us

combinations of die, package and process changes, is shown in JESD47. The OCM shall

he

to

Ole

e principle of similarity may be applied in qualification, qualification of changes and product

The OCM shall document and operate an appropriate set of die similarity rules or guidelines
applied by appropriate engineering review.

4.9.12.3 Process/wafer fabrication changes

Devices to be assigned to a qualification family shall share the same critical processes and

ma

terial elements.

4.9.12.4 Package/assembly changes

Package/assembly changes shall be managed as follows:
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a)

b)

4.1
4.1
Th

4.1
Th

a)

b)

d)

package families shall be grouped by configuration and materials of construction, for
examples see AEC-Q100. In general, all members of the group that are equal to or smaller
in dimensions and lead count can be considered as similar to a qualified package, provided
the assembly process technology is identical;

packages should be qualified with the worst case configuration (e.g. the largest die) they
are designed to carry that is currently in production. For custom ASICs, use of a
"qualification die" is acceptable, such that dies larger than the qualification die by +10 % by
linear dimension are qualified, provided the package designed maximum die size is not
exceeded.

r—Reﬁzbiiity
0.1 General

e OCM shall ensure the following:

operating reliability (4.10.2);
failure criteria (4.10.3);
corrective action (4.10.4);
warranty (4.10.5);

single event effects (SEEs) (4.10.6).
0.2 Operating reliability
e OCM shall manage operating reliability as follows:

the OCM shall determine the failure rate%of devices operating in systems at an ambignt
temperature of +55 °C using the high temperature operating life (HTOL) test method or|an
alternative test method suitable to the device technology (i.e. HTRB or HTGB for discrgte
components). Failure rates shall notiexceed the qualification requirements in accordance
with Table 5; an approximate maximum of 155 FITs is expected. For mature and/or hjgh
volumes a desired target of 50.FITs or less is expected for integrated circuits and 20 F|Ts
or less for discrete semiconductors. The OCM shall, upon request from the user, make
available FIT rate data to confirm application specific life expectancy;

results observed at a temperature other than +55 °C will be projected to this temperatyre,
with 60 % confidence using an activation energy, appropriate to the failure mechanism
observed. Referto"FC15 HTOL for calculation of acceleration factors; projected results shall
show the 60 % confidence range. Alternatively, results can be analysed using JESD8§ at
higher confidence levels;

for custom~devices the OCM shall on request provide a FIT rate including the confidence
range-and operating life prediction to the user (based on a demonstrable methodology) [for
thesapplication and environmental conditions intended;

the/OCM should provide upon request, for their device feature sizes under 100 nm, any
mitigation strategies, tools or data for device tifetime catcutations; see 1C22, 1¢4, TC9and
TC40 in Annex A.

NOTE JEP148, IEC TR 62240-2 and SAE ARP 6338 can assist with the understanding of semiconductor wear-out
failure mechanisms that the ADHP user is concerned about.

4.1
Fa

a)
b)
c)

0.3 Failure criteria
ilure criteria shall consist of any of the following modes:

functional failure;
parameter limit failure;

intermittent faults due to the package pins, or the interconnect system, from the pins to the
die surface, shall be regarded as failures;
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transitory faults attributable to the device shall be regarded as failures.

0.4 Corrective action

If failures are detected in the reliability processes, the OCM shall investigate, determine root
cause and take appropriate actions to achieve conformity to this document or the OCM'’s internal
requirements whichever is the most stringent.

4.10.5 Warranty

Th ;
supplied. The warranty period and terms and conditions of sale for failure of individual devi¢es
within any warranty are not covered by this document.

The userreserves the right to- apply accelerated life test and to-accumulate life test data on 4ny
deyice, starting with-the life test performed for gqualification. The reliability-data accumulafed

Sin
daf

4.1
4.1
Th

4.1

0.6 Single event effects (SEEs)

gle bit error rate for DRAM and SRAM are shown in Clause A.29 for test TC28 (SER). SEE
a shall be made available upon request if available.

1 Product monitor
1.1 General
e OCM shall ensure the following:

monitor programme (4.11.2);
problem notifications (4.11.3);

data reporting (4.11.4);

samples (4.11.5);

corrective action. (4.11.6);

product manitor results (4.11.7); and
accumulated test data (4.11.8).

1.2 (" Monitor programme

Th

a)

b)

c)

b _monitor programme shall he as follows:

the OCM shall have a continuous monitor programme to demonstrate that the requirements
of this document are met, on an ongoing basis, for each manufacturing operation or product
process;

statistical process control: the OCM shall control wafer production, assembly process and
final test using statistical analysis. When anomalies are observed, parametric and yield data
from the probe and final tests shall be analysed against in-line or electrical process control
data. The root cause of the deviation shall be determined and the consequent corrective
actions implemented,;

Table 5 shows the minimum test requirements for a conventional stress driven monitor. The
use of a failure mechanism driven approach to optimise reliability monitoring is encouraged.
On-going qualification test data and accumulated reliability monitor test data may be
assessed in a structured way to reduce reliability monitor testing when failure mechanisms
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4.1

are shown to be eliminated by process controls and to increase testing or introduce n
tests when failures are detected.

1.3 Problem notification

ew

The OCM shall have a process to notify the users and distributors in cases where failures were
detected and where there is the possibility that failed parts may have been shipped or may be
in the process of being shipped to the user.

NOTE This is usually part of the PCN system as described inJESB46 J-STD-046 as a guide.

4.1

Re
on

4.1

e)
4.1

Fa

shall trigger appropriate corrective.action by the OCM.

4.1

1.4 Data reporting

iability monitor data accumulated over the preceding two full quarters shall be available
b month’s notice.

1.5 Samples
mples shall be selected as follows:

appropriate sample sizes shall be selected;

samples shall be randomly selected from representative qoackage and process fam

devices;

combinations, shall be monitored;

at

ly

all package types and all process families, but nof\{necessarily all package/proc¢ss

package tests shall use the largest die size the package is designed to carry that is currently

in production. Custom ASIC qualification dieymay be used (see similarity assessm
(4.9.12));

sample lots will be added to the monitor at\intervals appropriate for each test.
1.6 Corrective action

lure to meet the limits in Table 5 orthe OCM’s internal limits, whichever is the most stringg

1.7 Product monitor results

bnt

nt,

bte

on

Prgduct monitor results shall meet the requirements of Table 5.
4.11.8 Accumulated test data
AcgcumulatedAest data can be analysed as follows:
a) | failurexates and levels may be a rolling average with a data accumulation period appropri
to,the ‘production quantity level;
b) Lfor’'HTOL test, the minimum total sample size (SS) required over the data accumulat
period, may be calculated using:
Chi? (B,c)x10°
 2xFITSx Axt
where

Chi2 (60 %,0) =1,83
Chi2 (60 %,1) = 4,04
Chi2 (60 %,2) = 6,21
FITS see 4.11.2 a)
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c is the number of failures;
B is the upper confidence limit;
A = At x Ay (see Clause A.16 for TC135);
t is the time under bias in an oven.
Table 5 — Product monitor tests
Test codes Title Maximum failure
TOL High temperature operating life long term life a, b c
L Non-volatile memory operating life a

Temperature cycling

F (hermetic packages only)

Hermeticity

V| IT|d|(Z| X

L + THB or HAST

Preconditioned 85/85 or HAST (plastic package only)

[

o

Zero failures with sample size per Table 5.
Failure rate calculated as shown in test HTOL.
¢ | HTOL on devices may be substituted by appropriate wafer level reliability, i.e. testing at the wafer level.

d | Zero failure with a sample size of 5 parts minimum per batch.

4.12 Environmental health and safety (EHS)

4.12.1

The OCM shall ensure the following health and safety precautions are in place:

General

e |EHS compliance (4.12.2);
e |device handling (4.12.3); and

e |device materials (4.12.4).

4.12.2 EHS compliance

The OCM shall be expected'tocomply with all applicable national, regional, state and local Igws
and regulations governing-environment, health and safety. The OCM registration to indugtry
redognized EHS standards, such as 1ISO 14001, RC14001 or EMAS, is encouraged, but pot
mandatory.

4.12.3 Device'handling

Delices should not produce any toxic effects for personnel as a result of handling, storageg or
disposat, or when operated according to the OCM’s data sheet.

4.12:

Materials used in the manufacture of devices should be non-flammable, and shall not emit
harmful levels of toxic materials as a result of electrical overload or fault within the device.

4.13 Shipping containers

4131

General

Shipping containers shall protect devices and address the following considerations.
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4.1
4.1

3.2 ESD requirements
3.2.1 General

The OCM shall ensure that all shipping containers-should-be are static safe (non-generating as
a minimum) to safeguard sensitive products occupying the same manufacturing areas. The
OCM shall also ensure the following:

electrostatic properties (4.13.2.2);
ESD protection (4.13.2.3);

4.1

Th
co
us
cel

4.1

All
ele
in 4

4.1

Th
fro

4.1

De

4.1
A

=)

specification compliance after shipment (4.13.2.4);

device orientation (4.13.2.5);

user instructions (4.13.2.6);

electrostatic shield (4.13.2.7);

magazine surface resistivity (4.13.2.8);

inner container surface characteristics (4.13.2.9).

3.2.2 Electrostatic properties

b electrostatic properties of the shipping container materjal shall be as specified afte
ditioning of 48 h at 23 °C + 3 °C and 12 % RH + 3 %. Any\appropriate test method may

d; examples are contained in ANSI/ESD S541. This, test requirement may be met b
tificate of conformance from the shipping container material supplier.

3.2.3 ESD protection

devices shall be supplied in suitable electrostatic protective shipping containers W
ctrostatic properties meeting the requirements of ANSI/ESD S541 unless otherwise specif]

1.13.2.

3.2.4 Specification compliance after shipment

e method of packing for land, Sea or air transportation shall adequately protect the dey
M being electrically or mechanically degraded or damaged in any way during transit.

3.2.5 Device oriéentation

vices shall all haye the same orientation within a magazine.

3.2.6 User instructions

corrtainers; maximum number of 24 h 125 °C bake cycles allowable) which shall be obser
for|storage or reshipment shall be stated on the packing and. where necessary. support

y special handling requirements or precautions (e.g. placing of desiccants; resealing

[ a
be

ith
ed

ce

of
ed

ng

documentation shall be supplied with each inner container.

4.1

3.2.7 Electrostatic shield

The inner container or magazine shall contain an electrostatic shield of surface resistivity less
than 108 Q/square.

4.1

3.2.8 Magazine surface resistivity

Packing material in direct contact with the device pins shall have a surface resistivity less than
1012 Q/square.
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4.13.2.9 Inner container surface characteristics

All surfaces of the inner container other than an electrostatic shield shall meet the following:

e surface resistivity: 105 Q/square to 1012 Q/square;
e charge decay in 2 s: 5 kV to less than 100 V;
e triboelectric charge: not to exceed 100 V.

4.13.3 Magazine reuse

Tubes, trays or other magazines, which depend for their electrostatic properties on surfgce
coatings, shall be limited to a defined number of load/unload cycles. The specified+surface
reqistivity shall be met after the defined number of cycles and data shall be available 1o justify
thg limit chosen. Coated magazines may be "reset" to zero load cycles by a suitable’recycljng
prdcess, which includes recoating.

Madgazines that utilize bulk material properties may be reused.

4.13.4 Tubes
4.13.4.1 General
The OCM shall ensure the following:

e [cushioning material (4.13.4.2);
e |partial tubes (4.13.4.3);

e |[marking access (4.13.4.4); and
e |opening (4.13.4.5).

4.13.4.2 Cushioning material

Cefamic devices packaged in tubes'shall have an adequate amount of cushioning material| to
ensure that the devices are not damaged as a result of movement within the tubes.

4.13.4.3 Partial tubes

Full tubes shall be shipped with a maximum of one partly-filled tube per inner container.

4.13.4.4 Marking access

The material/of the tube shall be transparent or contain a slot to allow inspection of fop
markings.

41345 Opening

Tubes shall be openable at either end unless otherwise specified to meet unique customer
applications.

4.13.5 Trays
4.13.5.1 General
The OCM shall ensure the following:

e devices with MSL of 4 or higher (4.13.5.2);
e marking of bake temperature limit (4.13.5.3);
o stacking of trays (4.13.5.4);
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4.1

special packaging (4.13.5.5).

3.5.2 Devices with MSL of 4 or higher

For devices with a moisture sensitivity classification according to IPC/JEDEC J-STD-020 of
level 2 or higher, the tray shall have a bake capability of at least 125 °C.

4.1

3.5.3 Marking of bake temperature limit

The bake temperature limit shall be marked on the tray, or the tray marked heatproof.

4.1

Th
fur

4.1

Fo
fed

pa

4.1

Fo

higher, the tape and reel shall have a bake capability f 40 °C minimum. The bake temperat

lim

4.1

Th
reg

3.5.4 Stacking of trays

bre shall be no more than 10 full trays to be stacked in height, plus one partial tray with g
her tray as a cover.

3.5.5 Special packaging

devices with special leads, balls or columns, appropriate packaging(to-accommodate thg
tures without damaging them shall be used (e.g. pedestals for |extended leads be
tkage base).

3.6 Tape and reel
devices with moisture sensitivity classification according to IPC/JEDEC J-STD-020 of 2

t shall be marked on the reel or the reel shall be(marked heatproof.

4 Compliance with internal standards

s document does not exempt the OCM_ ¢af.its responsibility to meet its own internal compa
uirements.

ne

se

or
re

ny
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Annex A
(informative)

Test code (TC) information

A.1 General

Annex A provides guidance only and summarizes the content of the quoted standards or
specificati . oo ; ; ors
comsider the latest revision of the standards or specifications to ensure they use the most recgnt
information.

A.2 TC1 - Autoclave (A€ ATC)

Test method: JESD22-A102, condition C, for plastic packages only or IEC-80749-33 for 94 h.
So|der preconditioning for non-hermetic SMD per test TC26 (PC).

NOTE Autoclave, whether biased or unbiased, is sometimes used for testing plasticpackaged devices. The tegt is
a valid quality test but is a non-valid reliability test because of no known reliability data. Instead it is better to use
HA$T, JESD22-A118 condition A, which is non-saturating and non-condensing, and is the proven and prefefred
method for valid and known acceleration of ageing of electronics in humid,environments.

A.3 TC2 - Bond strength, internal (BS)

Test method: Minimum bond strength as specified in JESD22-B116 for ball shear testing| or
MIL-STD-883 method 2011, test condition D, for.wire bond pull testing or IEC 60749-22 or ABC-
Q1[00-001. Recording of failure categories is not required. Plastic packages, for example, ¢an
be [tested before encapsulation.

NOTE IEC 60749-22 uses metric units and defines methods A to G which cover a wider variety of test conditipns
thap JESD22-B116.

A4 TC3 - Die shear strength (DS)

Test method: MIL-STD-883-method 2019. Plastic packages, for example, can be tested befpre
eng¢apsulation.

A

ternative test methods are:

e [MIL-STD=:883 method 2027, stud pull test (for integrated circuits (ICs));
e [MIL-STD-750 method 2017, die attach integrity test (for discrete components);
e |IEC60749-19.

A.5 TC4 - Electromigration (EM)

Test methods to characterize the metallization system include JP001.01 and/or JEP119,
JESD202, JEP154 or IEC 62415 and/or IEC 62418.

Details of the test methods, results and the capability life demonstrated, for < 0,1 % failures at
worst case operating temperature, are to be available on request. The requirement to perform
electromigration testing is not limited to sub-micron technologies. Larger geometries are subject
to electromigration wear out mechanisms. Characterization data could be for the metallization
and contact process as a whole, using accelerated current and temperature testing of test
structures on the wafer rather than individual device types. Acceleration factors shall be justified
by experimental data.
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A.6 TCS5 - Electrostatic discharge (ESD)

Test method: Human body model.

a)

b)
c)

Si
to

OQdMs holding current IECQ certification for compliance with IEC 61340-5-1 are deemed to he
safisfied this requirement.

A.
Test method: JESDS86.

Qupalification electrical test: The electrical test is performeéd at the worst still air ambi

te

te
fu

Testing is as follows:

a)
b)
c)
d)
e)

Population parameterdrift: Where parameter drift assessment is specified in HTOL and H

te
te

1)
2)
3)

4)

A

Sir:rilarity: Sample testing among groups of similar pins is acceptable and, for example;

ANSI/ESDA/JEDEC JS-001 or IEC 60749-26;

NOTE ANSI/ESDA/JEDEC JS-001 superseded JESD22-A114 in 2010.
ESD withstanding voltage to be determined and be available;
ESD classification to be recorded in the qualification report.

ilarity basis can be stated in the qualification report. Users reserve the right to test anyq
-pin combination and to reject on failure.

f TC6 - Electrical test (ET)

mperature in the range of T,,min t0 Toynax- The device shall be stabilized at the t

mperature. Where the test is carried out at a temperature which is not the worst case, th
[l guard banding allowance can be made.

DC test to data sheet;

AC test to data sheet or correlated;DC testing to guarantee the AC parameters;
special functional tests where applicable, for example pattern sensitivity, etc.;
functional verification;

fault coverage target requirements that are stuck at "1" and "0" are typically in excessg
95 %.

j:s, a sample of >-10 devices is to pass the electrical test both before and after endurar
ing, and the‘results of the main parameters are to be data-logged:

individual'devices are not required to be serialized;
adequate parameter stability confirmation is required;

he
n-

ve

of

1CI
ce

on

reporting of statistical measures of population drift is required. The drift of the populat

mean 10r any parameter IS 10 be 1eSS Than TU 7o OT the Initial population mean,

functional failures are to be excluded from calculation of mean values.

.8 TC7 - Electrical distributions (EDs)

Purpose: OCM to verify the data on specified electrical-variables parameters on devices to be
qualified per data sheet limits, and assess the device’s capability to function within the data
sheet limits over time and application environment (e.g. operating temperature range, voltage,

in

put/output levels, etc.) in accordance with JESD86.
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Input/output capacitance is one of the parameters evaluated for new process/design
qualifications using MIL-STD-883 method 3012 or JESD6. The device bias is at nominal
operating voltage. Capacitance measurements are made at all logic levels for digital devices
and normal biased condition for analogue devices.

A.9 TC8 - Flammability (FL)

Flammability is only applicable to plastic devices.

Teft methods: ULY4 or IEC 60749-32 are applicable.

The bulk material test is mandatory but the OCM could meet this test requirement by usjng
majterial manufacturers’ test data. If bulk material is not available, IEC 60695-11-5 needle flame
is & suitable method for tests on individual devices.

A.10 TC9 - Hot carrier injection (HCI)

This is applicable to sub-micron MOS technologies where appropriaté testing to evaluate Igng
term intrinsic failure mechanisms for device/design related charge-injection is carried out.

Test methods: JP001.01 or IEC 62416.

Details of test methods, results and the capability life demonstrated, for < 0,1 % failures, arg to
be|made available. Examples of appropriate methods\are found in Table A.1.

Table A.1 — Conditions of the DC over the voltage stress method
of JP001.01,0r'IEC 62416 test

ABsolute maximum V__for DRAM. Maximum V. for other devices.

Ddration 1 000 h.

Dynamic operation. End point: electrical test (ET). Population parameter
drift.

A.11 TC10 — Hermeticity (HE)
No} applicable fownon-hermetic packages.

Te$t methods: JESD22-A109 or MIL-STD-883 method 1014 or MIL-STD-750 method 1071| or
IEC 60749-8. Note that IEC 60749-8 uses metric units, and has condition E for weight gpin
grgssdeak testing and die penetrant gross leak testing.

A.12 TC11 — High temperature bake (HTB)

Test methods: JESD22-A103 or IEC 60749-6 condition B for 1 000 h or JESD22-A103 condition
C for 500 h for plastic packages.

JESD22-A103 condition E for 10 h or condition D for 72 h for ceramic packaged devices. Note
that IEC 60749-6 does not contain these test conditions

Examines device metal/contact inter-diffusion robustness.
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A.13 TC12 — High temperature blocking bias (HTBB)

Test method: MIL-STD-750 method 1048, T, 150 °C £ 5 °C /500 h or at 125 °C /1 000 h at

Vbias max

crit

at which DC and AC parameters are guaranteed unless otherwise specified. The
ical device blocking junction is reverse biased. Thermal shutdown is not allowed.

A.14 TC13 — High temperature gate bias (HTGB)

to

co
an

NO

A.1
Te

dymamic life test which best relates te'dthe device type is applied:

a)
b)

c)
d)

En

A.1
Th

.16 TC15 - High temperature operating.life (HTOL)

for
se

[se
ed to 80 % of maximum breakdown voltage specification or maximum junction temperatyire
void thermal runaway. If T, is < 145 °C due to device stability, actual T,,,, 7; and bjas

ditions shall be documented. Examination of junction capabilities is done at 504 h (optioral)
i 1 008 h.

rE T] is the device semiconductor junction temperature, and bias.refers to the reverse voltage bias.

6.1 General

5t method: JESD22-A108 or MIL-STP%883 method 1005 or IEC 60749-23 where a statid or

devices are cooled to 55 °C or-lower prior to the removal of bias;

interruption of bias for upsto 1 min for the purpose of moving the devices to cool dgwn
positions is not considered removal of bias;

following bias removal the devices are maintained at less than 30 °C ambient until tested;

electrical endpoint testing is normally to be completed within 48 h of removal of bias.

H point measuréements: electrical test TC6 (ET) including population parameter drift.

6.2 .Qualification conditions

b qualification conditions are as follows:

a)

b)
c)

d)

1000 h at T, 2 125 °C. Higher test temperatures for shorter test times could be used

provided the stress is equivalent and anomalous failures do not result from the higher test
temperature;

maximum operating voltage;

ifinternal power dissipation causes 7 to exceed T;,,, or activate a thermal shutdown circuit,
the test temperature could be reduced and the test time extended,;

use the field life simulated by the qualification test derived from using the temperature and
voltage acceleration factors defined herein in the qualification report.
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Product monitor results accumulated from periods of accelerated life test could be used to

assess early life and long term failure rates, using JESD85 or the following:

where

FIT =

chi? (B,¢)x10°

2><N><t><A-|- ><AV

Chj2(60 %,0) = T,83
Chj2 (60 %,1) =4,04
Chj2 (60 %,2) =6,21
B | is the upper confidence limit;

c is the number of observed defects;

N | is the number of devices tested;

Ay| is the voltage acceleration factor;

At| is the temperature acceleration factor;

t | is the test duration of up to 168 h for early life calculations or total test duration minus egrly

life period for long term life calculations.

A.16.4 Temperature acceleration factor

Usg the activation energy indicated from relevant failure analysis data. Where no relevant data
is available, an activation energy of 0,7 eV is to be used, but it shall be recognized that this will

no{ take account of oxide failure mechanisms.

Sep Table A.2 for examples of temperature acceleration factors which use activation energy of

0,7eV.

Table A.2 — Examples of temperature acceleration factors

Examples of A for’E,\= 0,7 eV Toven t T].a A Field life
yearg
°C h °C
0 78 8,9
15 55 6,3
Ea 1 1

Ar = K - 125 1000 30 41 4,7

T e Tjsys T joven 45 31 3,6

60 25 2,8

where 0 78 17,8
E, is the activation energy; 15 55 12,6
5 125 2 000 30 41 9,3

K= 8,617 x 107 eV/K; 45 31 71
Tisys K= 273 + Tig * Tgys 60 25 5,6
Tjoven K = 273 + Tja + Toven; 0 260 2917
Tsys = 55 °C system ambient; 15 170 19.4
150 1000 30 117 1ESD

T, is the junction temperature rise due to 45 83 9.5
power dissipation. 60 61 70
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A.16.5 Supply voltage acceleration factor

The supply voltage acceleration factor is selected as follows:

if a supply voltage higher than the nominal operating voltage is used, a voltage acceleration

factor is to be used in FIT rate calculations;

relationships are typically of the form shown below but any formula and constant values C

can be used for which the OCM has supporting evidence available:

c1-v2)

A.

Laf
tec

Te

AV—G

where

A, is the voltage acceleration factor;

\'
C is a constant determined by the dielectric integrity data;
V1 is the stress voltage;

V2 is the operating voltage;

supply voltage acceleration shall be used with circumspection and’justified on a case-
case basis.

|7 TC16 — Latch-up (LU)

ch-up is applicable to CMOS, NMOS, bipolar and<all variations and combinations of the
hnologies.

5t methods: JESD78 (preferred test method).or IEC 60749-29, or AEC-Q100-004 with poy

supply overvoltage and current injection intosthe input and output (1/0) pins.

A.

Th
arr

Te
IE(

Th
If p
on

I8 TC17 — Lead integrity (LI)

s is applicable to through hole"mount ICs. It is not applicable to SMD and PGA (pin ¢
ay).

5t methods: JESD22-B105 or MIL-STD-883 method 2004 condition B2 lead fatigue
[ 60749-14. Note that IEC 60749-14 uses metric units.

e number of leads to be tested is 15 leads from a random sample of a minimum of 3 devic
ackage cafner pins have reduced width or thickness, then at least 1 corner pin is to be tes
each device such that all corner pins are included in the sample.

se

ver

rid

or

eSS,
ed

Ca[ry out the end point hermeticity test for hermetic packages. This is a destructive test.

A.19 TC18 - Lid torque (LT)

Test method: MIL-STD-883 method 2024.

A.20 TC19 — Mechanical sequence (MS)

A.20.1 General

The same samples are to receive all the tests in the sequence.
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This is applicable only to cavity packages and devices with bonds and solder joints not moulded
in.

End point tests: External visual inspection TC35 (VI), hermeticity fine and gross TC10 (HE),
electrical test TC6 (ET).

A.20.2 Constant acceleration

Test method: MIL-STD-883 method 2001. Apply Y1 axis only. IEC 60749-36.

A test condition appropriate to the package mass, area and perimeter length is to be selectéd.
The test condition used is to be made available.

A.20.3 Vibration (variable frequency)
Test method:

e [JESD22-B103; or
e [MIL-STD-883 method 2007 condition A; or
e [IEC 60749-12.

Pepk acceleration: 20 g.
A.20.4 Mechanical shock

Test method:

e |JESD22-B104 condition B; or
e |MIL-STD-883 method 2002 condition\B; or
e [IEC 60749-10, 5 pulses 1 500 g, each pulse 0,5 ms duration.

A.21 TC20 — Marking permanency (MP)
Te$t methods: JESD22-B107 or MIL-STD-883 method 2015 or IEC 60749-9.

Tests to evaluate thellegibility when subjected to the application and removal of labels or fhe
use of solvents and-cleaning solutions commonly used during the removal of solder flux residpe.

D

The sampley'groups" can each consist of one device. Each group is tested with a differgnt

solvent.

AL

'l
VL

-t

A.22—T€2t=Non-votatite memory operating tife (N
Test method: JESD22-A117.

Applicable to floating gate technology electrically programmable/erasable non-volatile memory
devices including embedded memory. The write/erase and subsequent data retention properties
of the device using a combination of write/erase cycling and high temperature bake testing is
to be determined. Endurance and retention qualification specifications are specified in JESD47
(requirements are considered destructive) or may be developed using application knowledge
based on methods as in JESD94. Appropriate interim bake and electrical test points are
selected by the OCM.
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The subsequent data retention bake is carried on the same sample devices unless otherwise
notified.

Alternative test method: AEC-Q100-005 which is similar to JESD22-A117 but requires different
samples for high and low temperature data retention storage as there are some degradation
processes which heal with temperature and may not show up in the high temperature flow.

A.23 TC22 - Time dependent dielectric breakdown (oxide integrity) (Ol)

Te

Ap
oxi

De
be

A

Te

Te
ba
ma

JE

E

QD

Ex

.24 TC23 - Package dimensions (PD)

.25 TC24 - Power cycling (PTC)

5t method: JFUUT.OT or TEC bZ417.

bropriate testing to evaluate long term intrinsic failure mechanisms in semiconduetor g
de systems and dielectric isolation material systems is to be carried out.

fails of test methods, results and the capability life demonstrated, for < 0,1% failures, arg
made available.

5t method: JESD22-B100 or MIL-STD-883 method 2016, of1EC 60749-3.

5t methods: MIL-STD-883 M1037 (power cycling only), test at T,,,, = 25 °C. Test durat

bed upon package size/type. Devices powered\to ensure T; = 100 °C (not to exceed absol
ximum ratings).

5D22-A122 or IEC 60749-34.
ctrical test before, at midpoint@nd endpoint.

bmples of conditions:

Small package (e.gsSMD SOTS, D-pak) duration 15 000 cycles, 2 min on/off.
Medium package_(e.g. TO-220, D2-pak) duration 8 572 cycles, 3,5 min on/off.
Large package (e.g. TO-3, TO-247) duration 5 000 cycles, 5 min on/off.

T; of 100)°C cannot be achieved, consider JESD22-A105 (power and temperature cycli

an alternative method. Test is performed only on devices with maximum rated power > 1
| (¢ 40 °C. Apply 1 000 cycles of —40 °C to 125 °C. Thermal shutdown is not allowed.

to

on
ite

A.26 TC25 - Resistance to solder heat (RSH)

Test methods:

JESD22-B106, test before and after RSH. SMD devices are to be fully submerged during

test;
IEC 60749-15; or
IEC 60749-20.


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

- 48 — IEC TS 62686-1:2020 RLV © IEC 2020

A.27 TC26 — Solder preconditioning (PC)

Th

is is not applicable to hermetic packages.

Test method: JESD22-A113 or IEC 60749-30:

a)
b)
c)

d)

A
Re

De
aft
ten

Te

stelam ageing are given below as test referénces. These methods will not be suitable for

pa

some lead finishes. Any differences inltest method and ageing used should be noted dur

reg

.28 TC27 - Solderability (SD)

moisture conditioning appropriate to the device moisture sensitivity classification followed

by three reflow soldering operations in accordance with IPC/JEDEC J-STD-020;
moisture conditioning and soldering operation(s) applied are to be stated in the qualificat

repnort:
L 1)

ion

the moisture conditioning requirement is to be as specified or an equivalent moisture wei
gain specified;

if wave soldering capability is required by a device specification agreed with they@CM, it
be demonstrated by immersing the device in flux followed by immersion in solder at 260
for 10 s. This operation could include soldering devices onto a PCB with-a’preheat ra
rate of up to 10 °C/s. To avoid solder bridging problems on some fine_pitch packages
can be used in place of solder for wave soldering simulation.

quirement:

vices stored in the as received condition and shipping ‘container are to retain solderabi
br delivery for a minimum of 12 months in "standard atmospheric conditions" of ambi
hperature and relative humidity in the range 5 °G,10' 30 °C, 20 % to 70 % RH.

5t method and ageing, see Table A.3: industry standard dip and look test conditions 3
tkages, for example fine pitch and chip.scale and dry heat ageing can be more suitable

istration.

Table_A.3 — Dip and look test references

ght

il
°C
mp
oil

lity
bnt

nd
all
for

ng

Te

st method: JESD22-B102 or MIL-STD-883-M2003 or IEC 60749-21.

Fl

X Non-activated flux.

Ag

eing: 8 h steam.

TH

IM (through holéxmount): 245 °C for 5 s.

S|

ND: 215°C+2°Cfor5s*1s.

P4

lladium-plated SMD: The OCM can perform the test at 215 °C + 2 °C for 10 s £ 1 s, but the user
reserves the right to perform the test as specified and to reject on failure.

DTE IEC 60749-21 uses metric units and defines lead-free solder in more detail than

JESDZZ-BTUZ.

A.29 TC28 - Soft error rate (SER)

Test methods: JESD89 including JESD89-1, JESD89-2 and JESD89-3 or IEC 60749-38 or
IEC 60749-17.

This test applies to DRAM and SRAM devices only (not embedded memory). For SRAM
references to refresh can be ignored.
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Reporting: The number of errors detected, including SEFI and SEL and the following test

parameters are to be stated

(see Table A.4), are to be chosen by the OCM:

Table A.4 — Parameter values for consideration

in the qualification report. Appropriate parameter values

Sample size. Refresh type, burst, etc.
Test duration (h). Test temperature.
Sample size/test duration: For qualification (see Table A.5), the number of device-hours_shall

be
nof

adequate to demonstrate that the soft single bit error rate at 7,,,, 55 °C and 90 % UCL-d¢
exceed 20 FIT/Mbit for both DRAM and SRAM.

Table A.5 — Test conditions

es

Re¢commended test conditions: Recommended data pattern:

V4, minimum specified for data retention. Write and verify checkerboard’once, then read/refresh
continuously.

Maximum specified refresh interval (period). Repeat with completnentary checkerboard.

Tgst temperature 55 °C. Test with checkérbpard and complementary pattern fpr

Cycle time 500 ns. approximate.equal durations.

Ac
ac

Te

Ex
po

Te

celerated testing: Accelerated testing using thev"hot source" irradiation method is
eptable as a substitute for system level soft €rror test.

.30 TC29 - Steady state operating life (SSOL)

5t method: JESD22-A108 or IEC 60749-23.

hmine device power handling-capabilities. T, for 1 008 h. Device is biased statically to
ver at ambient temperatures. Thermal shutdown is not allowed.

.31 TC30 — Temperature cycling (FC TPC)

5t methods:

solder.preconditioning for non-hermetic SMD per test TC26 (PC);
JESD222-A104 condition C, 500 cycles, =65 °C to +150 °C; or

hot

full

JESD22-A104 condition B_1 000 cycles =55 °C tao +125 °C: or

MIL-STD-883 method 1010 condition B, 1 000 cycles, =55 °C to +125 °C; or
IEC 60749-25, 1 000 cycles, -55 °C to +125 °C.

1 min maximum transfer time. 10 min minimum dwell time if using MIL-STD-883 method 1010
or 1 min minimum dwell time if using soak mode 1 of JESD22-A104 or select an appropriate
dwell time based upon featuring and mass. Solder preconditioning to be applied for non-
hermetic SMD per test code TC26 (PC).

End points: Hermeticity (hermetic devices only) test TC10 (HE).

Qu

alification electrical test TC6 (ET).
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The OCM will apply the specified number of cycles. An alternative number of cycles and
temperature extremes with 7,,,;, < —40 °C is acceptable if the OCM can show the stress level is

equivalent.

A.32 TC31 — Temperature humidity reverse bias (THRB)

Test method: JESD22-A101. 1 000 h 85 °C / 85 % RH with device reverse biased at 80 % of
rated breakdown voltage up to a maximum of 100 V or limit of chamber. Electrical test before
at 500 h and 1 000 h.

A.B3 TC32 - Temperature humidity bias (THB or HAST)
Sep Table A.6 for the test methods.
So|der preconditioning for non-hermetic SMD per test TC26 (PC).
Copsider intermittent bias for cases where TJ > 5 °C above ambient.
Enf point: Qualification electrical test TC6 (ET).
Table A.6 — Test methods
Tgmperature humidity bias (THB) test Highly dccelerated temperature and humidity stress
test HAST is considered to be a destructive test.
JHSD22-A101 or IEC 60749-5 JESD22-A110 or IEC 60749-4
Relative humidity: 85 % +5 %
Temperature: 130°C+2°C
Duration: 96 h
HAST shall not exceed 130 °C as above this value non-valid results have been known to ocqur.
Other HAST conditions with lower temperatures per JESD22-A110 can be used as |an
alt¢rnative to the 85/85 THB test when the OCM has adequate evidence of correlation usjng
thgse conditions. Thexconditions used shall be stated in the qualification report.
A.34 TC33 —Terminal strength (TS)
Test methed: MIL-STD-750 method 2036 for diodes and transistors.
A.35 TC34 —Thermalresistance {thermalimpedance}{TR)

Use any appropriate test method. Examples of methods are included here but not limited to:

JESD531 for signal and regulator diodes,

JESD313-B for conduction cooled power transistors,

JESD51-1 and JESD51-2 for integrated circuits (natural convection),
JESD282 for bridge rectifier assemblies, JESD24-4 for bipolar transistors,
JESD24-3 for power MOSFETSs,

JEP138 for IR thermal imaging determination of die temperature.

The device data shall state the thermal impedance determined (Hjc and Hja).
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NOTE

0.

jc

0.

ja

is the thermal resistance from the component semiconductor junction to the component case.

is the thermal resistance from the component semiconductor junction to the surrounding ambient air.

A.36 TC35 - Visual inspection (VI)

A.36.1 TC35a - External visual inspection

Purpose, apparatus and procedure are as specified in:

NO
ma

a)
b)
Plz

Cri
m

JESD22-B101 for plastic encapsulated devices;
MIL-STD-883 method 2009 for hermetically packaged ICs; and

MIL-STD-750 method 2071 for hermetically packaged discrete semiconductor devices
test method IEC 60749-3.

'E JESD22-B101 inspects from x3 to x7 with up to x30 magnification whereas IEC 60749-3 allows x3 to
nification. Also IEC 60749-3 does not include:

the external visual report from templates;

the maximum criteria of 5 % base material exposure through the final plating-

stic package failure criteria: JESD22-B101 with the addition of the following molding def]
eria. Where no measurement criteria are given, the defect is a reject if visible at
gnification as follows:

incomplete fill of package form;

inner lead exposed;

rough surface > 10 % of the total area in anyrsite of package;

pin holes;

surface blister;

blister void (surface blister already-broken or can be broken by a needle);

blister near a power package:mounting tab;

ejection pin defects in any(direction and in any part of the marking area which are > 0,1 1
in any direction;

any crack or gap atiinterface of metal and resin;

flash on lead >.0,5 ' mm from package body;

flash on powerpackage mounting tab hole;

cap and_ frame misalignment > 0,1 mm;

brokenspackage;

resin“‘mark around ejector hole > 0,1 mm in any direction.

or

nm

A.36.2 TC35b - Internal visual inspection

Test method:

MIL-STD-883 method 2010 condition B for microcircuits,
MIL-STD-750 method 2072.5 for transistors,
MIL-STD-750 method 2074.2 for discrete semiconductors,
MIL-STD-750 method 2069 for MOSFETSs transistors,

MIL-STD-750 method 2070 for microwave discrete and multiple transistors.
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Only the criteria given which are relevant to the device under inspection need be applied.
Normally, OCMSs’ results prior to encapsulation will be used. If decapsulation is employed, due
allowance will be made for damage caused in the decapsulation process.

A.37 TC36 — Water vapour content, internal (WV)

For hermetic cavity packages only: Test method is 5 000 parts per million maximum water
vapour content at 100 °C to MIL-STD-883 method 1018 procedure 1 mass spectrometry or
IEC 60749-7.

A.

Th

method 2012. Only the criteria given which are relevant to plastic devices needto’be applied.

Th
ac
sui

A.

Te

a)
b)

NO
MS

A.

Te

A.

Te

B8 TC37 — X-ray inspection (XR)

b construction quality of plastic devices is assessed in relation to the criteria in-MILE-STD-§

b number and size of sub surface voids in plastic encapsulation material are assessed
ustic microscopy to IPC/JEDEC J-STD-035 or IEC 60749-35 components, X-ray or ot
able method. The OCM is to have appropriate acceptance criteria:

B9 TC38 — Moisture sensitivity level (MSL)

5t method:

IPC/JEDEC J-STD-020 or IEC 60749-20 for _identification of the MSL rating for n
hermetic, moisture sensitive surface mount components;

IPC/JEDEC J-STD-033 or IEC 60749-20-1«for the handling, packaging, shipping and usgq
MSL sensitive components (preferred).

E IEC 60749-20 and IEC 60749-20-1 both have an extra MSL category for 168 h and label the MSL rating
. = A1 or B1 or B2 or B3 etc. instead of MSk,= 1 or 2 or 3 etc.

10 TC39 — Ball shear test(BST)

5t method:

JESD22-B117A; or
AEC-Q100-010.

11 TC40.~Negative bias temperature instability (NBTI)

5t method:

83

Q

by
ner

of

as

1B-AA-4—O-4

JPO6t+0tor
IEC 62374; or
IEC 62374-1.

Appropriate testing to evaluate long term intrinsic failure mechanisms due to degradation in
threshold voltage as a result of gate bias at high temperature is to be carried out.

Details of test methods, results and the capability life demonstrated, for < 0,1 % failures, are to

be

made available.
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A.42 TC41 — Accelerated tin whisker test
Test method: JESD201 class 2 or JESD22-A121 or IEC 62483 (preferred).
IEC 62483 is the latest most up to date tin whisker accelerated test method.

The-supplier OCM is to have an accelerated tin whisker testing and mitigation plan in place.
Details of test methods and results are to be available.
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Annex B
(informative)

Typical automotive component requirements

The combination of automotive processes and methods identified in items 1) to 3), are
considered to be equivalent to this document:
1) quality management system to IATF 16949
2) [component qualtification to.
a) microcircuits: AEC-Q100 and the additional requirements specified in 4.9.2.3 r fhe
following grades:
i) grade 0 (=40 °C to +150 °C) Q(I,Q
i) grade 1 (-40 °C to +125 °C) v
b) discrete semiconductors: AEC-Q101 with the additional requirement@pecified in4.9.p.3
c): ng
IZ\IOTE 1 VDA 6.5 can assist to comply with some of the component qualifi@ n requirements listed in ifem
3) | production part approval process (PPAP) which is typica@/%omprised of 17 elements|as
follows:
i) design documentation, containing material com%,s\tlon
ii)  engineering change documentation
iii) customer engineering approval (for autor@@e customers)
iv) design failure mode and effects analy@? DFMEA)
v)  process flow diagram (%)

4)
5)

vi) process failure modes and eff t§'ana|ysis (PFMEA)

vii) control plan using the outp of the PFMEA to include specific steps to ensure the
quality issues in the PFI\/6 will not be present in the final product

viii) measurement syste \énalysis (MSA) which includes a gage repeatability gnd
reproducibility (GRQ@) analysis

ix) dimensional resu

X)  records of rial/performance test report including a design verification plan gnd
report (D R)

Xi) |n|t|al§$ocess studies including statistical process control (SPC) charts on the critical

istics

Xii) ified laboratory documentation for any laboratory involved in completing testing

Xiti ppearance approval report

s —sample—preducthen—parts—{hypiealy—oenrthr—avatable to—the—autemetive—eusterer

see Note 4)

xv) master sample used by manufacturer to train operators and acts as a benchmark
comparison purposes

xvi) checking aids used by production

xvii) customer specific requirements

outgoing quality shall meet the requirements of 4.9.5

component operating reliability shall meet the requirement of 4.12.2

for

6) on-going reliability testing or product monitor testing shall meet the requirements of 4.13

NOTE 2 VDA 6.3 can satisfy most of the PPAP requirements listed in item 3).
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NOTE 3 The list in item 3) is not an inclusive list of PPAP requirements as automotive customers vary on the exact
requirements.
NOTE 4 OCMs can offer a generic PPAP data package to ADHP customers to avoid non-disclosure issues.

NOTE 5 Official PPAP samples are typically only available to the automotive customer, although other samples are
made available to the ADHP customer.
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Annex C
(informative)

Requirement matrix for IEC TS 62686-1 verification

Table C.1 provides the requirements matrix for IEC TS 62686-1.

Table C.1 — Requirement matrix

IFC TS 62686-1 (edition T[EC TS 62686-1 (edition Requirements Demonstrated by
3.0), clause/subclause 3.0), clause/subclause, (supporting document
number title or paragraph content references andybrjef
descriptions)
None Introduction
1 Scope
2 Normative references
3 Terms, definitions and
abbreviated terms
4 Technical requirements
4.1 General
411 Overview The supplier, ptefetably the
original componént
manufactuger(OCM) or the
franchisked distributor, as
defin€dyin 3.1.19 and 3.1.15
respectively, shall have an
dppropriate quality
Management system and
shall provide the following
minimum technical
requirements. Proposed
equivalent test methods,
rationale and supporting
data shall be reviewed and
shall achieve the same end
objectives as specified
herein. Use of such
equivalent tests shall not be
considered to be deviations
or waivers to the
requirements of this
document.
4.2 Procedures
4.24 General The OCM shall have the
following procedures:
e product discontinuance
(4.2.2);
e ESD protection during

manufacture (4.2.3);

e specification control
(4.2.4);
e traceability including

anti-counterfeit
measures (4.2.5).
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IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.2.2

Product discontinuance

Notification shall be in
accordance with
JEDEC/IPC/ECIA J-STD-
048 or equivalent with the
exception of timing as
described in a) and b)
below:

a) the OCM shall provide

the user with a notice
of last order dates:

a minimum of 12
months before
these dates for
single-source
devices, and

6 months before
these dates for
multi-sourced
devices;

l

b

4.2.3

ESD protection during
manufacture

N

(74)

All integrated CIrCUI
discrete semico
are considered c&) static
sensitive and%ﬁ
protected th

cturlng

OCM’s
operatl& The OCM shall
ens hat devices are not
exposed to static damage
are not degraded or
maged due to static
discharge.

the

4.2.4

Specification control %\
.\@
xO
O
>

The OCM shall:

a) when applicable, have
a central or local
record of the user’s
part number and
specification, against
the product to be
delivered;

b) ensure the
specifications on the
purchase documents
have been reviewed
and accepted by
personnel authorized

to do so.
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IEC TS 62686-1 (edition
3.0), clause/subclause

IEC TS 62686-1 (edition
3.0), clause/subclause,

Requirements

Demonstrated by
(supporting document

number title or paragraph content references and brief
descriptions)
4.2.5 Traceability including anti- |Traceability shall be
counterfeit measures managed as follows:

a) the OCM shall have
traceability for any
device in a shipping lot
through a route code,
lot code or other
marking on the device
or magazine or inner
container to identify
the manufacturing
route, for example
groups of wafer lots,
wafer fabrication
location, assembly
location, test location,
date code and/or lot
code;

b) the information needed
to interpret the code
shall be availablef

c) the procedure.shall be
available foringpection
during audit.

The OCMs(shall use anti-

counterfeit measures to

protect their intellectual
property, such as use of
registered trademarks,

10gos, patents, etc. The

OCM shall also assist the

user in determining if the

product is genuine when
requested and in identifying
the franchised distributors.
4.3 Product or_precess change
notification\PCN)
4.3.1 General The OCM shall provide the
following:

e notification (4.3.2);

e notification details
(4.3.3); and

e notifiable changes
(4.3.4).
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IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.3.2

Notification

a)

the OCM shall give at
least 90 calendar days’
written notice prior to
shipping the changed
product. The user will
respond to confirm the
date on which changed
product shipments can

baain (it could hao loco

b)

c)

3 \
than 90 calendar
days), advise that the
changed product is not
acceptable, or request
further information;

for custom ASIC
devices, change
notification periods are
normally specified in
the purchase contract;

in an event beyond _the&
control of the OCM
where 90 calendandays’
notice cannot(bg given,
the OCM shall,Feach a
mutuallycagr€ed lesser
notice period with any
use{ affected by the
cliange
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IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.3.3

Notification details

The PCN shall include the
following items:

a) title of change;

b) the OCM’s type
number(s) affected;

the OCM'’s notification
identification number:

c)

d) estimated last order
and shipment dates for
unchanged devices to

be supplied on request;

estimated earliest
shipment date of
changed devices;

e)

f)  manufacturing location
and product line

affected;

(9
a thorough descri%’)@

of the propose
change; d&

the mear&C)
distinguishing changed

devic om
un¢hanged devices.
may be a date
Q e, lot code, date
\\ ode range or a
|y distinguishing marking
or feature that is
visible to the user at

point of receipt of
shipment;

g)

sufficient engineering
and/or qualification test
data, including details
of any qualification test
vehicle used and its
applicability to the
product change, shall
be available on request
to demonstrate that the
change will not
adversely affect device
form, fit, function,
quality or reliability,
and that the changed
product will continue to
meet the specified
requirements;

USEer part numbper of the
affected device
(preferred item but not

mandatory).

4.3.4 Notifiable changes J-STD-046 shall be used as
a guide to changes
requiring notification.

4.4 Shipment controls
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IEC TS 62686-1 (edition

3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.4.1

General

The OCM shall have the

following shipment controls:

e shipping container and
date code marking
(4.4.2);

e date code remarking
(4.4.3);

e inner container
formation (4.4.4);

e date code age on
delivery (4.4.5);

e ESD marking (4.4.6);
e MSL (4.4.7);

e lead-free marking
(4.4.8); and

e labels (4.4.9).

4.4.2

Shipping container and date
code marking

The shipping containerahd
date code marking-shall be
in accordance with.dEP130
or an equivaleqf,standard.
The OCM’s_name, logo
and/or tpademark shall be
markeddn the shipping
container where it is
praetical to do so.

443

Date code remarking

If~only one date is marked
to represent the
manufacturing date and
initial electrical test it shall
not be changed unless it is
necessary to correct poor
quality marking or incorrect
information, and provided
that the time delta between
the original mark and the
remark is less than 6
weeks.

4.4.4

Mner container formation

4.4.5

Date code age on delivery

4.4.6

ESD marking

The symbols used and
labelling shall be in
accordance with JESD471
or an equivalent standard.

4.4.7

MSL

The labelling and shipping
container shall be in

: el
dlLuTuUariCe witrt

IEC 61760-4 or IPC/JEDEC
J-STD-033 or an equivalent
standard.

4.4.8

Lead-free marking

The shipping container and
date code marking shall be
in accordance with
IPC/JEDEC J-STD-609 or
an equivalent standard.
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IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.4.9

Labels

In general, labels shall
include the requirements
mentioned in Table 1 and
exhibit:

a) human readable
content: the content
shown for each label in
4.4.9 shall be available

in human readable
form on the outside of
the relevant package;

a) machine readable
content: bar codes for
those items specified
shall be included in 3
of 9 codes (bar code
39) as per ANSI/EIA-
556 or equivalent
compatible standard;

b) warning notice: any
necessary warnig
notices or symbols to
ensure thesafety of
the conteqt$§ shall be
include& as
appsofriate.

Table 1

Tablé, 1)

4.5

Electrical

4.5.1

General

©perating conditions shall
be as defined in the device
specification or data sheet,
as explained in 4.5.2 to
4.5.7.

4.5.2

Electrical test

All shipped packaged
devices shall have passed
a production electrical test
program, or in the case of
user-specific devices, a test
program approved by the
user. Tested wafer or die
products shall have an
effective equivalent wafer
probe test. Untested wafer
and die products shall have
met the OCM’s minimum
process control monitor
(PCM) requirements.
JEDEC test methods shall
be used wherever possible.

4.9.9

I:IBL,lIiLdI pdardalneter
assessment

rest metrnoads 107 dbbebbillg
the electrical parameter
distributions (AC, DC,
functional and timing) of
devices should be in
accordance with JESD86.

4.5.4

SDRAM memories

4.5.5

Logic families

4.5.6

Power MOSFETs

4.5.7

Silicon rectifier diodes

4.6

Mechanical

4.6.1

General

4.6.2

Device marking
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IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.6.2.1

General

4.6.2.2

Top surface

All of the following required
markings shall be marked
on the top side, except
where otherwise indicated
below:

a) pin 1, identifiable either

Dy a mark or by
reference to a physical
feature of the device;

b) the OCM’s name or
logo;

c) the OCM’s part number
or individual user part
number as required;

d) the date code of
assembly or test.
Formats YYWW, or
YWW or YM are
acceptable (Y =4eaf
numeral, W s=week
numeral, \/sN\month
character)4#both
assembly and test date
codes ‘are marked, the
ass€émbly code may be
beitom marked;

e)\ a manufacturing route
trace code. The top
surface is preferred,
but the device bottom
surface may be used;

f) if both assembly and
manufacturing route
trace codes are marked
on the bottom surface,
the manufacturing
route trace code shall
be marked below the

assembly code.

4.6.3

Small packages

4.6.4

Moisture sensitivity

The moisture sensitivity of
all non-hermetic surface
mount components shall be
tested and classified
according to IEC 61760-4
or IPC/JEDEC J-STD-020.
The MSL classification shall
be available.

4.6.5

Robustness of hermetic
seals

The seal shall not be
compromised by any normal
handling, testing or
manufacturing processes.
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4.6.6

Terminations finishes

a)

In addition, the following
requirements shall be met:

thickness limits shall be
met over 95 % of the
termination surface.
The OCM shall select
appropriate
measurement

b)

%

e)

locations;

plating composition and
thickness limits shall be
available;

it is not necessary for
solder dipping, where
used to improve the
solderability of the
termination, to cover
the entire termination. A
The area covered %
should be appropriate
to the type of pa%‘j e,
for example J=be
packages below
base plar\%,or gull
wing patkages (center
of b tt%radius to
tri ed edge of
ination);

in electroplate finishes
shall be matt, dense,
homogenous, free of
co-deposited organic
material and suitably
treated to inhibit
whisker growth. When
applicable an
appropriate tin whisker
plan or process should
be in place (for
example accelerated
tin whisker testing to
JESD201 Class 2 limits
or JESD22-A121 or
IEC 62483) and be
demonstrable.
Documented results
should be made
available to the user
upon request;

providing notification of
changes, via the PCN
process, to termination

finish materials,
thickness, or to plating
process chemistry.

Audit capability

4.71

General

The OCM shall be able to
carry out the following:

internal quality audits
(4.7.2); and

subcontract

manufacturing (4.7.3).
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4.7.2

Internal quality audits

The OCM shall periodically
audit each internal location,
to assess compliance with
internal standards for the
following areas listed
below. The following areas
defined in Table 2 shall be
addressed:

Table 2

The results of these audits
and the audit acceptance
criteria shall be available
for onsite inspection during
an audit. The internal

4.7.3

Subcontract manufacturing

4.8

Quality assurance

4.8.1

General

fdéss

quality audit documentation
shall be available upon
request.
The OCM shall qualify an%‘
periodically audit all
subcontracted opera{g\1 to
a standard equivalehito the
OCM internal opera ions.
N
The OCM $hall have the
followirtg”quality assurance
sys

.\ uality system (4.8.2);
») sampling plans (4.8.3);

e failure analysis support

(4.8.4); and
outgoing quality (4.8.5).

4.8.2

NS

Quality syst R
Me)

O

&

-
.

The OCM quality system
shall meet the following
requirements:

a) satisfy an appropriate
quality management
system registration,
for example . one (or
more) of ISO 9001,
AS/EN/JISQ 9100,
IATF 16949, etc.;

ensure that the
requirements of this
specification are met;

b)

c) provide for the
prevention and ready

dat 3 £
<

teCHOR61

discrepancies and for
timely and positive
corrective action.

4.8.3

Sampling plans

Appropriate and statistically
valid sampling plans shall
be used and documented.
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4.8.4

Failure analysis support

OCM failure analysis
support shall meet the
following requirements:

a) the OCM shall maintain
an adequate failure
analysis capability and
provide a timely
response to failures

returned for failure
verification or failure
analysis;

b) representative samples
of devices returned as
failures shall be
analysed and a failure
analysis report issued
to the originating user,
typically within 30
calendar days of the
receipt by the analytigal
facility of such retGrgs;

c) for failure returns
relating to a erifical
problem at\Nauser, the
failure aqalysis report
shall typically be issued
withih 7 calendar days
of receipt by the

analytical facility.

4.8.5

Outgoing quality

4.8.5.1

General

Outgoing quality shall be
measured as per 4.8.5.2 to
4.8.5.5.

4.8.5.2

DPM levels

The OCM shall measure
average outgoing quality
(AOQ) in defects per million
from uniform manufacturing
processes and the results
shall be in accordance with
Table 3.

4.8.5.3

DPM calculation

4.8.5.4

Corrective action

If the outgoing quality
levels given in Table 3 are
not met, the OCM shall take
root cause corrective action
and issue a closure date for
achieving the required
DPM.

BataTeportitg

AU\J dd‘ld bild“ IUE bUIIIpiiUd
periodically and be
available upon request.

4.9

Qualification
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4.9.1

General

The OCM shall manage the
following:

e methodology (4.9.2);
e test samples (4.9.3);

e qualification categories
(4.9.4);

e maintenance of
qualification standards
(4.9.5);

e in-process test results
(4.9.6);

e  product monitor results
(4.9.7);

o references (4.9.8);

e qualification report
(4.9.9);

e archiving (4.9.10);

e qualification py
similarity (4,9:11); and

e similarity assessment
(4.9,12).

4.9.2

Methodology

4.9.2.1

General

The 'OCM shall use
appropriate methodologies
to qualify new technology,
new devices and device
changes, to demonstrate
that the device under
qualification is capable of
meeting the specified
electrical, quality and
reliability requirements,
using qualification families
(as defined in JESD47 or
AEC-Q100).

4.9.2.2

Procedures and methods

Stress test qualification
procedures and methods
shall be performed per
Table 4.

4.9.2.3

Alternative procedures

7hO2.4

Use of product similarity
data

4.9.2.5

Use of reliability models

4.9.3

Test samples

4.9.3.1

General

The OCM shall use the test
samples described in
4.9.3.2t0 4.9.3.5.
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4.9.3.2

Test failures

Test failures attributed to
extraneous factors not
related to the qualification
stress applied shall not be
counted against acceptance
criteria. If excessive
failures from non-
qualification test related

mecnanisms are generated,

the test shall be repeated.

If a larger sample size than
specified in Table 4 is used
and failures allowed, then
the result shall meet an
LTPD = 3 % for a specified
sample size of 76.

4.9.3.3

Additional samples

4.9.3.4

Consolidation of lots

If consolidation of lots is
performed, the combining\of
parts shall follow the
similarity rules as pér
4.9.12 (similarity
assessment).

4.9.3.5

Reduced sample sizes

4.9.4

Qualification categories

4.9.5

Maintenance of qualification
standards

4.9.6

In-process test results

h-process test results shall
be managed as follows:

a) if any of the inspection
or package
qualification tests are
performed on a regular
basis in the
manufacturing line,
these tests need not be
repeated in new device
qualification testing;

b) if qualification tests are
not performed,
manufacturing
inspection results
showing the current
quality level shall be
included in the
qualification report.
Manufacturing package
test results shall be
available

4.9.7

Product monitor results

4.9.8

References

Reference shall always be
made to the appropriate
test code information for full
test details.

4.9.9

Qualification report

The qualification report
shall be available upon
request.

4.9.10

Archiving

The qualification report and
the test specification (not
the test program) used in
the qualification shall be
archived for a minimum of 7
years.
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4.9.11

Qualification by similarity

Qualification by similarity
can be used as follows:

a) a change shall be
qualified if there is a
potential effect on
performance, quality or
reliability, or if there is
any degree of

uncertainty about the
effect of the change;

b) guidance on the
qualification tests,
which the OCM should
consider applying, for
the various
combinations of die,
package and process
changes, is shown in
JESD47. The OCM
shall perform tests
defined in the
qualification tabfe that
are appropriate, or
relevant to/the-thange;

upon reguest, the OCM
shall ptovide data for
anfndevice transferred
fe_a new process to
prove that no design
deficiencies (e.g.
mechanical, electrical
performance, reliability,
single event effects,
etc.) were introduced
by the process
transfer.

4.9.12

Similarity assessment

4.9.12.1

Generat

4.9.12.2

Dié changes

The OCM shall document
and operate an appropriate
set of die similarity rules or
guidelines applied by
appropriate engineering
review.

4.9.12.8

Process/wafer fabrication
changes

Devices to be assigned to a
qualification family shall
share the same critical
processes and material
elements.
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4.912.4

Package/assembly changes

Package/assembly changes
shall be managed as
follows:

a) package families shall
be grouped by
configuration and
materials of
construction for

examples see AQEC-
Q100. In general, all
members of the group
that are equal to or
smaller in dimensions
and lead count can be
considered as similar
to a qualified package,
provided the assembly
process technology is
identical,

b) packages should be
qualified with the, werst
case configuration (e.g.
the largest dj€) they
are designéd'te carry
that is currertly in
production. For custom
AS)Cs,~tse of a
"gqualification die" is
ateeptable, such that
dies larger than the
qualification die by
+10 % by linear
dimension are
qualified, provided the
package designed
maximum die size is

not exceeded.

Reliabiljty

4.10.1

General

The OCM shall ensure the
following:

e operating reliability
(4.10.2);

e failure criteria (4.10.3);

e corrective action
(4.10.4);

e warranty (4.10.5);

e and single event
effects (SEEs) (4.10.6).
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4.10.2

Operating reliability

The OCM shall manage
operating reliability as
follows:

a) the OCM shall
determine the failure
rate of devices
operating in systems at
an ambient

temperature of +55 °C
using the high
temperature operating
life (HTOL) test method
or an alternative test
method suitable to the
device technology (i.e.
HTRB or HTGB for
discrete components).
Failure rates shall not
exceed the qualificatioP,
requirements in %
accordance with
Table 5; an %
um
mature

approximate max
of 155 FIT i&)
volumes a

expected
and/or Ki
desire¥arget of 50
FITsror less is
cted for integrated
Qi cuits and 20 FITs or
\\ ess for discrete
b semiconductors. The
OCM shall, upon
request from the user,
make available FIT rate
data to confirm
application specific life
expectancy;

results observed at a
temperature other than
+55 °C will be
projected to this
temperature, with 60 %
confidence using an
activation energy,
appropriate to the
failure mechanism
observed. Refer to
TC15 HTOL for
calculation of
acceleration factors;
projected results shall
show the 60 %

confidence range
)

Alternatively, results
can be analysed using
JESDB85 at higher
confidence levels;
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c) for custom devices the
OCM shall on request
provide a FIT rate
including the
confidence range and
operating life prediction
to the user (based on a
demonstrable
mn{hndnlngy) fortha
application and
environmental
conditions intended;

d) the OCM should
provide upon request,
for their device feature
sizes under 100 nm,
any mitigation
strategies, tools or data
for device lifetime
calculations; see TC22Z,
TC4, TC9 and TC40 In
Annex A.

4.10.3 Failure criteria Failure criteria shallconsist
of any of the fgllowing
modes:

a) functional failure;

b) parameter limit failure;

c) \intermittent faults due
to the package pins, or
the interconnect
system, from the pins
to the die surface, shall
be regarded as
failures;

d) transitory faults
attributable to the
device shall be
regarded as failures.

4.10.4 Corxrective action If failures are detected in
the reliability processes,
the OCM shall investigate,
determine root cause and
take appropriate actions to
achieve conformity to this
document or the OCM’s
internal requirements
whichever is the most
stringent.

4.10.5 Warranty

4.10.6 Single event effects (SEEs) [SEE data shall be made
available upon request if
available.

4.11 Product monitor
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4.11.1

General

The OCM shall ensure the
following:

e monitor programme
(4.11.2);

e problem notifications
(4.11.3);

PY data repnaorting (4 114 4
g I Y

e samples (4.11.5);

e corrective action
(4.11.6);

e product monitor results
(4.11.7); and

° accumulated test data
(4.11.8).
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4.11.2

Monitor programme

The monitor programme
shall be as follows:

a) the OCM shall have a
continuous monitor
programme to
demonstrate that the
requirements of this
document are met, on

an ongoing basis, for
each manufacturing
operation or product
process;

b) statistical process
control: the OCM shall
control wafer
production, assembly
process and final test
using statistical
analysis. When
anomalies are
observed, paramgfri
and yield data he
probe and fi tests
shall be a d
againsté{ e or
electri process
co% ata. The root
of the deviation

l

Q | be determined

N\ nd the consequent

b\ corrective actions
implemented;

c)

Table 5 shows the
minimum test
requirements for a
conventional stress
driven monitor. The use
of a failure mechanism
driven approach to
optimise reliability
monitoring is
encouraged. On-going
qualification test data
and accumulated
reliability monitor test
data may be assessed
in a structured way to
reduce reliability
monitor testing when
failure mechanisms are
shown to be eliminated
by process controls
and to increase testing

or introduce new tests
when failures are
detected.

4.11.3

Problem notification

The OCM shall have a
process to notify the users
and distributors in cases
where failures were
detected and where there is
the possibility that failed
parts may have been
shipped or may be in the
process of being shipped to
the user.
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4.11.4 Data reporting Reliability monitor data
accumulated over the
preceding two full quarters
shall be available, at one
month’s notice.

4.11.5 Samples Samples shall be selected
as follows:

a) appropriaie sample
sizes shall be selected;

b) samples shall be
randomly selected from
representative package
and process family
devices;

c) all package types and
all process families, but
not necessarily all
package/process
combinations, shall be
monitored;

d) package testg=shall use
the largest/Adie-size the
package is‘désigned to
carry that is currently in
production. Custom
ASIC qualification die
May be used (see
similarity assessment
(4.9.12);

e) sample lots will be
added to the monitor at
intervals appropriate
for each test.

4.11.6 Corrective actian Failure to meet the limits in
Table 5 or the OCM’s
internal limits, whichever is
the most stringent, shall
trigger appropriate
corrective action by the

OCM.

4.11.7 Product monitor results Product monitor results
shall meet the requirements
of Table 5.
Table 5

A4.8 Accumulated test data

4.12 Environmental health and

safety (EHS)
4.12.1 General The OCM shall ensure the

following health and safety
precautions are in place:

e EHS compliance
(4.12.2);

e device handling
(4.12.3); and

e device materials
(4.12.4).
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4.12.2

EHS compliance

The OCM shall be expected
to comply with all
applicable national,
regional, state and local
laws and regulations
governing environment,
health and safety.

IS
N
o

o

'9}
+
b
b
-
]
b

N
o
N
N

Device materials

Materials used in the
manufacture of devices
should be non-flammable,
and shall not emit harmful
levels of toxic materials as
a result of electrical
overload or fault within the
device.

Shipping containers

4.13.1

General

Shipping containers shall
protect devices and
address the following
considerations.

4.13.2

ESD requirements

4.13.2.1

General

The OCM ghgll ensure that
all shiping containers are
statie safe (non-generating
as@/minimum) to safeguard
sénsitive products
occupying the same
manufacturing areas. The
OCM shall also ensure the
following:

e electrostatic properties
(4.13.2.2);

e ESD protection
(4.13.2.3);

e specification
compliance after
shipment (4.13.2.4);

e device orientation
(4.13.2.5);

° user instructions
(4.13.2.6);

° electrostatic shield
(4.13.2.7);

e magazine surface
resistivity (4.13.2.8);

e inner container surface
characteristics
(4.13.2.9).

4.13.2.2

Electrostatic properties

The electrostatic properties
of the shipping container
material shall be as
specified after conditioning
of 48 hat 23 °C + 3 °C and
12 % RH £ 3 %.



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

-84 —

IEC TS 62686-1:

2020 RLV © IEC 2020

IEC TS 62686-1 (edition
3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.13.2.3

ESD protection

All devices shall be
supplied in suitable
electrostatic protective
shipping containers with
electrostatic properties
meeting the requirements of
ANSI/ESD S541 unless
otherwise specified in

4.13.2.

4.13.2.4

Specification compliance
after shipment

The method of packing for
land, sea or air
transportation shall
adequately protect the
device from being
electrically or mechanically
degraded or damaged in
any way during transit.

4.13.2.5

Device orientation

Devices shall all have thg
same orientation within(-a
magazine.

4.13.2.6

User instructions

Any special handling
requirements grprécautions
(e.g. placing,of\desiccants;
resealing of°‘containers;
maximum number of 24 h
125 {Cbake cycles
alldgwable) which shall be
Qbserved for storage or
rfeshipment shall be stated
on the packing and, where
necessary, supporting
documentation shall be
supplied with each inner
container

4.13.2.7

Electrostatic-shield

The inner container or
magazine shall contain an
electrostatic shield of
surface resistivity less than
108 Q/square.

4.13.2.8

Magazine surface resistivity

Packing material in direct
contact with the device pins
shall have a surface
resistivity less than 1012
Q/square.

4.13°2Y9

Inner container surface
characteristics

All surfaces of the inner
container other than an
electrostatic shield shall
meet the following:

o surfaceresistivity105

Q/square to 102
Q/square;

e charge decay in 2 s:
5 kV to less than
100 V;

e triboelectric charge: not
to exceed 100 V.
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4.13.3

Magazine reuse

Tubes, trays or other
magazines, which depend
for their electrostatic
properties on surface
coatings, shall be limited to
a defined number of
load/unload cycles. The
specified surface resistivity

Shalrbe met arer e
defined number of cycles
and data shall be available
to justify the limit chosen.
Coated magazines may be
"reset" to zero load cycles
by a suitable recycling
process, which includes
recoating.

4.13.4

Tubes

4.13.4.1

General

The OCM shall ensure the
following:

e cushioning maté€riat
(4.13.4.2);

e partial tubg§ (4.13.4.3);

° markingyaccess
(4.43.474); and

e Opening (4.13.4.5).

4.13.4.2

Cushioning material

Céramic devices packaged
il tubes shall have an
adequate amount of
cushioning material to
ensure that the devices are
not damaged as a result of
movement within the tubes.

4.13.4.3

Partial tubg§

Full tubes shall be shipped
with a maximum of one
partly-filled tube per inner
container.

4.13.4.4

Marking access

The material of the tube
shall be transparent or
contain a slot to allow
inspection of top markings.

4.13.4.8

Opening

Tubes shall be openable at
either end unless otherwise
specified to meet unique
customer applications.

4.13.5

Trays

LS
S
[@5]
g
-+

!
ITTicial

TiIU G\ll‘V‘I bila“ CIIoSurc till:;

following:

e devices with MSL of 4
or higher (4.13.5.2);

e marking of bake
temperature limit
(4.13.5.3);

e stacking of trays
(4.13.5.4);

e special packaging
(4.13.5.5).
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3.0), clause/subclause
number

IEC TS 62686-1 (edition
3.0), clause/subclause,
title or paragraph content

Requirements

Demonstrated by
(supporting document
references and brief
descriptions)

4.13.5.2

Devices with MSL of 4 or
higher

For devices with a moisture
sensitivity classification
according to IPC/JEDEC J-
STDO020 of level 2 or
higher, the tray shall have a
bake capability of at least
125 °C.

Maorckica

f ol

Tk hal

Lioait

T i)
temperature limit

shall be marked on the tray,
or the tray marked
heatproof.

4.13.5.4

Stacking of trays

There shall be no more
than 10 full trays to be
stacked in height, plus one
partial tray with one further
tray as a cover.

4.13.5.5

Special packaging

For devices with special
leads, balls or columns,
appropriate packaging to
accommodate these
features without damaging
them shall be uséd (e.g.
pedestals for gktended
leads below¢paekage base).

4.13.6

Tape and reel

For devices-with moisture
sensijtiwity classification
acgoyding to IPC/JEDEC J-
STD-020 of 2 or higher, the
tape and reel shall have a
bake capability of 40 °C
minimum. The bake
temperature limit shall be
marked on the reel or the
reel shall be marked
heatproof.

4.14

Compliance\with internal
standards

Annex A

Test sode (TC) information

Annex B

Typical automotive
somponent requirements

Annex C

Requirement matrix for IEC
TS 62686-1 verification

Bibliography

Bibliography



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 RLV © IEC 2020 - 87 —

Bibliography

IEC 60695-11-5, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method —
Apparatus, confirmatory test arrangement and guidance

IEC 60749-3, Semiconductor devices — Mechanical and climatic test methods — Part 3: External

visual-inspection examination

IEC 60749-4, Semiconductor devices — Mechanical and climatic test methods — Part 4: Damp
heat; —hH

IEC 60749-5, Semiconductor devices — Mechanical and climatic test methods — Part 5.)Steafly-
stdte temperature humidity bias life test

IEC 60749-6, Semiconductor devices — Mechanical and climatic test methods — Part 6. Storgge
at high temperature

IEC 60749-7, Semiconductor devices — Mechanical and climatic test methods — Part 7: Interal
maisture content measurement and the analysis of other residual gases

IEC 60749-8, Semiconductor devices — Mechanical and climatic,test methods — Part 8: Sealfng

IEC 60749-9, Semiconductor devices — Mechanical and climatic test methods — Part| 9:
Permanence of marking

IEC 60749-10, Semiconductor devices — Mechanical and climatic test methods — Part [10:
Mechanical shock

IEC 60749-12, Semiconductor devices — Mechanical and climatic methods — Part 12: Vibratipn,
variable frequency

IEC 60749-14, Semiconductor dévices — Mechanical and climatic test methods — Part [14:
Ropustness of terminations (lead integrity)

IEC 60749-15, Semiconductor devices — Mechanical and climatic test methods — Part [15:
Registance to soldering\temperature for through-hole mounted devices

IEG 60749-17, Semiconductor devices — Mechanical and climatic test methods — Part [17:
Neltron irradiation

IEC 60749-19, Semiconductor devices — Mechanical and climatic test methods — Part 19: Die
shear, strength

IEC 60749-20, Semiconductor devices — Mechanical and climatic test methods — Part 20:
Resistance of plastic encapsulated SMDs to the combined effect of moisture and soldering heat

IEC 60749-20-1, Semiconductor devices — Mechanical and climatic test methods — Part 20-1:
Handling, packing, labelling and shipping of surface-mount devices sensitive to the combined
effect of moisture and soldering heat

IEC 60749-21, Semiconductor devices — Mechanical and climatic test methods — Part 21:
Solderability

IEC 60749-22, Semiconductor devices — Mechanical and climatic test methods — Part 22: Bond
strength


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

- 88 — IEC TS 62686-1:2020 RLV © IEC 2020

IEC 60749-23, Semiconductor devices — Mechanical and climatic test methods — Part 23: High
temperature operating life

IEC 60749-25, Semiconductor devices — Mechanical and climatic test methods — Part 25:
Temperature cycling

IEC 60749-26, Semiconductor devices — Mechanical and climatic test methods — Part 26:
Electrostatic discharge (ESD) sensitivity testing — Human body model (HBM)

D

IEC_60749-29 Semiconductor devices — Mechanical and climatic test methods — Part 29: | af
up|test

h-

IEC 60749-30, Semiconductor devices — Mechanical and climatic test methods ~ Part BO:
Preconditioning of non-hermetic surface mount devices prior to reliability testing

IEC 60749-32, Semiconductor devices — Mechanical and climatic test methods — Part B2:
Flgmmability of plastic-encapsulated devices (externally induced)

IEC 60749-33, Semiconductor devices — Mechanical and climatic\test methods — Part B3:
Acgelerated moisture resistance — Unbiased autoclave

IEC 60749-34, Semiconductor devices — Mechanical and climatit test methods — Part 34: Power
cy¢ling

IEQ 60749-36, Semiconductor devices — Mechanical~and climatic test methods — Part B6:
Acgeleration, steady state

IEC 60749-38, Semiconductor devices — Meghanical and climatic test methods — Part 38: Soft
errpr test method for semiconductor devices-with memory

IEC 61340-3-1, Electrostatics — Par{<(8-1: Methods for simulation of electrostatic effect$ —
Human body model (HBM) electrostatic discharge test waveforms

IEC 61340-5-1, Electrostatics.~ Part 5-1: Protection of electronic devices from electrostatic
phénomena — General requirements

IEC 61760-4, Surfaces*mount technology-Part 4: Classification, packaging, labelling gnd
hapdling of moistyre-Sensitive devices

IEC TS 62239=1, Process management for avionics — Management plan — Part 1: Preparatfon
anfl maintenance of an electronic components management plan

IEC IMR62240-2, Process management for avionics — Electronic components capability| in

Y5 Do o, : s 4 : : A H
Op I adlior = rdit £. oCIrncornauctior rincerocinourt rmirclire

IEC 62374, Semiconductor devices — Time dependent dielectric breakdown (TDDB) test for gate
dielectric films

IEC 62374-1, Semiconductor devices — Part 1: Time dependent dielectric breakdown (TDDB)
test for inter-metal layers

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

IEC 62415, Semiconductor devices — Constant current electromigration test


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 RLV © IEC 2020 -89 —

IEC 62416, Semiconductor devices — Hot carrier test on MOS transistors

IEC 62417, Semiconductor devices — Mobile ion tests for metal-oxide semiconductor field effect
transistors (MOSFETSs)

IEC 62418, Semiconductor devices — Metallization stress void test

IEC 62483, Environmental acceptance requirements for tin whisker susceptibility of tin and tin
alloy surface finishes on semiconductor devices

IEC TS 62564-1, Process management for avionics — Aerospace qualified electronic
components (AQEC) — Part 1: Integrated circuits and semiconductors

ISQ 9001, Quality management systems — Requirements

ISO 14001, Environmental management systems — Requirements with guidance for use
AEIC-Q100, Stress test qualification for integrated circuits

AE[C-Q100-001, Wire bond shear test

AEIC-Q100-002, Human Body Model (HBM) Electrostatic Diseharge test
AE|C-Q100-004, IC latch-up test

AE|C-Q100-005, Non-volatile memory program-erase endurance data retention and operatiopal
life

AE[C-Q100-010, Solder ball shear test
AE|C-Q101, Stress test qualification for automotive grade discrete semiconductors
ANSI/ASQ Z1.4, Sampling procedures and tables for inspection by attributes

ANSI/ESDA/JEDEC JS-001, Electrostatic discharge sensitivity testing — Human body mofel
(HBM) — Componentlevel

ASJEN/JISQ 9400, Aerospace series — Quality management systems — Requirements |for
aviation, space-and defense organisations

IATF16949, Quality management system requirements for automotive production and releviant
sefvieé,parts organizations

IPC/JEDEC J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic Surface
Mount Devices

IPC/JEDEC J-STD-033, Handling, Packing, Shipping and Use of Moisture, Reflow and Process
Sensitive Devices

IPC/JEDEC J-STD-035, Acoustic microscopy for non-hermetic encapsulated electronic
components

JEP119, A procedure for executing SWEAT



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

- 90 - IEC TS 62686-1:2020 RLV © IEC 2020

JEP122, Failure Mechanisms and Models for Semiconductor Devices

JEP138, User guidelines for IR thermal imaging determination of die temperature

JEP148, Reliability Qualification of Semiconductor Devices Based on Physics of Failure Risk
and Opportunity Assessment

JEP154, Guideline for characterizing solder bump electromigration under constant current and
temperature stress

JE

JE

JE

JE

JE

JE

JE

JE

JE

JE
tes

JE

JE
an

JE

JE

JE

S5D6, Measurement of small values of transistor capacitance

5D22-A101, Steady State Temperature Humidity Bias Life Test

5D22-A102, Accelerated moisture resistance — Unbiased autoclave
5D22-A103, High temperature storage life

5D22-A104, Temperature cycling

5D22-A105, Power and temperature cycling

5D22-A108, Temperature, Bias and Operating Life

5D22-A109, Hermeticity

5D22-A110, Highly accelerated temperature~and humidity stress test (HAST)

5D22-A113, Preconditioning of-plastiesnonhermetic surface mount devices prior to reliab
ting

5D22-A114, Electrostatic discharge sensitivity (ESDS) testing human body model (HBM)

5D22-A117, Electrically.erasable programmable ROM (EEPROM) program/erase enduraf
) data retention stress test

5D22-A118, Accelerated moisture resistance — unbiased HAST
5D22-A121,"Measuring whisker growth on tin and tin alloy surface finishes

5D22-B100, Physical Dimensions

JESD22-B101, External visual

JESD22-B102, Solderability

JESD22-B103, Vibration, variable frequency

JESD22-B104, Mechanical shock

JESD22-B105, Lead integrity

JESD22-B106, Resistance to solder shock for through-hole mounted devices

-

ty

ce


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 RLV © IEC 2020 -91 -

JESD22-B107, Marking permanency

JESD22-B116, Wire bond shear test

JESD24, Power MOSFETS

JESD24-3, Addendum No 3 to JESD24 — Thermal impedance measurements for vertical power
MOSFETs (delta source-drain voltage method)

JE
tra

JE
de

JE

JE
Se

JE
(st

JE
JE
JE
JE
JE
JE
JE
JE
JE

JE

Il air)

5D52, Description of low voltage TTL-Compatible EMOS logic devices

5D625, Requirements for handling electrostatic discharge sensitive (ESDS) devices
S5D76, Description of 1.8 V CMOS logic. devices

5D76-1, Standard description of 1.2V CMOS logic devices (Wide Range Operation)
S5D76-2, Standard description*of 1.2 V CMOS logic devices (Normal Range Operation)
5D76-3, Standard description of 1.5 V CMOS logic devices

S5D78, IC Latchup-test

5D79, Doubledata rate (DDR) SDRAM specification

5D79-2,"DDR2 SDRAM specification

5079-3, DDR3 SDRAM standard

3D24 4, Addcuduul IAV’U 4 tU JESDZ4 ThUIIIlaII l'III,JUdCHIUU IIIUC'OUIUIIIUII:O fUI blpl.lar
hsistors (delta base-emitter voltage method)

5D36, Standard description of low-voltage TTL-Compatible, 5 V-Tolerant CMOS logic
ices

5D47, Stress test driven qualification of integrated circuits

S5D51-1, Integrated circuit thermal measurement method — Electrical test method (Single
miconductor Device)

5D51-2, Integrated circuit thermal test method environmental conditions — natural convectfon

JESD79-4, DDR4 SDRAM

JESD80, Standard for description of 2.5 V CMOS logic devices

JESD85, Methods for calculating failure rates in units of FITS

JESD86, Electrical parameters assessment

JESD89, Measurement and reporting of alpha particle and terrestrial

induced soft errors in semiconductor devices

cosmic ray-


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

-92 - IEC TS 62686-1:2020 RLV © IEC 2020

JESDS89-1, Test method for real-time soft error rate

JESD89-2, Test method for alpha source accelerated soft error rate

JESD89-3, Test method for beam accelerated soft error rate

JESD94, Application specific qualification using knowledge based test methodology

JESD201, Environmental acceptance requirements for tin whisker susceptibility of tin and tin

£, £i. rala.
a/l@y SttrraceTHSIres

JE
int

JE
fin

JE
JE

JE
sw|

JP

MI
elé

Ml
Ml

M

el
Ja

RQ

RT

Rc;l—(S, Directive 2002/95/EC on the restriction of the use of certain hazardous substanceg
c

5D202, Method for characterising the electromigration failure time distribution
brconnects under constant-current and temperature stress

5D213, Standard test method utilizing X-RAY-Fluorescence (XRF) for analyzing compon
shes and solder alloys to determine Tin (Sn)-Lead (Pb) content

5D282, Silicon rectifier diodes
5D313, Thermal resistance measurements of conduction cooled"power transistors

5D531, Thermal resistance test method for signal and\reQulator diodes (forward volta
tching method)

D01.01, Foundry process qualification guidelines)(Wafer fabrication manufacturing sites)

| -STD-1580, Destructive physical analysis® (DPA) for electronic, electromagnetic 3
ctromechanical parts

| -STD-750, Test method standards for semiconductor devices

| -STD-883, Test method standard microcircuits

trical and electronic equipment of the European Parliament and of the Council, of
uary 2003

14001, 'Responsible Care

CA'DO-254/EUROCAE ED-80, Design assurance guidance for airborne electronic hardw

| -PRF-19500, Performance specification: semiconductor devices, general specification for

of

je,

nd

in

27

are

SAE ARP 6338, Process for assessment and mitigation of early wear-out of life limited
microcircuits.

SAE J1879/ZVEI, Handbook for Robustness Validation of Semiconductor Devices in Automotive
Applications

STACK Specification S/0001 revision 14 notice 3, General requirements for integrated circuits
and discrete semiconductors

UL94, Tests for flammability of plastic materials for parts in devices and appliances


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 RLV © IEC 2020 - 93 -

VDA 6.3, Quality management in the Automotive Industry, Process Audit

VDA 6.5, Quality management in the Automotive Industry, Product Audit



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020-04(en)

IEC IEC TS 62686-1

o
®

Edition 3.0 2020-04

TECHNICAL
SPECIFICATION

B,

N\
Process management for avionics — Electro 'c&mponents for aerospace,
d}fence and high performance (ADHP) aﬁtions -

P

rt 1: General requirements for high re{{ ility integrated circuits and discréte
miconductors QO



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

-2- IEC TS 62686-1:2020 © |IEC 2020

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 6
LN I O 15 1 L@ 1 ] P 8
1 S T o] o 1 Y S 9
2 NOIMALIVE FEFEIENCES ... et 9
3  Terms, definitions and abbreviated terms ... 10
-~ Ferms—anddefiriior s—m—mm—m—m—m————m—m—m—om—m—0—om—om—om—om—o0o0o0o0o0o0o0o0o0 000D 10

3.2 Abbreviated termMS ... ... e 12

4 | Technical reqUIremMeENtS ... ST 14
4.1 GENETAL. .. e L T 14
411 OVEIVIEW ..o L) 14
4.1.2 Automotive COMPONENTS... ..o e 15

4.2 Procedures ..o R 15
421 General oo T 15
4.2.2 Product disCONtiNUANCE .......ooiiiii e e e 15
4.2.3 ESD protection during manufacture .................. 15
4.2.4 Specification CONrol ... e 16
4.2.5 Traceability including anti-counterfeit measures ............coocoiiiiiiiii i, 16

4.3 Product or process change notification (PCN) .xZ ... 16
4.3.1 LC =Y a1 Y S PP 16
4.3.2 NOLIFICAtION Lo e 16
4.3.3 Notification details ... O 16
4.3.4 Notifiable changes ... ..ol 17

4.4 ShipMENT CONTIOIS ...oeeiei e 17
4.4.1 GeNEral ..o 17
4.4.2 Shipping container-and date code marking .........ccoooiviiiiiiiiii 17
4.4.3 Date code remMarking .....ocveiiii e 17
4.4.4 Inner containerTormation ... ..., 17
445 Date code age on deliVery ... 18
4.4.6 ESD I arKiNG oot 18
4.4.7 Y 7 PP 18
4.4.8 Lead-fre@ MarKing ....cc.iiiii e 18
4.4.9 L= o 1 £ PP 18

4.5 o Y o3 o= | PSP 19
451 GBNEIAl e 19
452 Electrical test 19
453 Electrical parameter assessment ..o 19
454 SDRAM MEMOKIES ..utiiiiii e e 20
4.5.5 LOGIC faMIIIES oeieieii e 20
4.5.6 POWEE MO S ET S i e 20
4.5.7 Silicon rectifier diodes ... 20

4.6 MECIANICAL ... 20
4.6.1 GBNEIAl e 20
4.6.2 DeVICE MaAIKING ..ot 20
4.6.3 SMall PACKAGES ..ot 20
4.6.4 MOIStUIre SENSITIVILY ... 20

4.6.5 Robustness of hermetic S als ... 21


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 © |IEC 2020 -3-

4.6.6 Termination finiShes ... 21
4.7 Audit capability ... 21
4.71 LY o= = | P 21
4.7.2 Internal quality audits ..o 21
4.7.3 Subcontract manufacturing ... 22
4.8 QUANITY @SSUIANCE ..uiiiiie e ettt et 22
4.8.1 LT o= = | P 22
4.8.2 QUALITY SYSTEM Lo e 22
—4-8-3 Samplrgpltps-—"———--—r—-r-r" —n o 0mD0DD0D0D0D0D0D0ooooo0m—mmmmmDm2D2D2DZmZm—ZmDmZmDmZ22oo--———— 22
4.8.4 Failure analysis SUPPOIt ... e 22
4.8.5 OuUtgoINg QUATITY c.vuieiie e ST 22
4.9 QuUAlIfICAtION ... N 23
4.9.1 GENETAL .. L 23
4.9.2 MethOdOIOgY ..uvieeie e N 24
4.9.3 Test SamMPles ..o O 25
494 Qualification categories .........coveviiiiiiii e O 26
4.9.5 Maintenance of qualification standard................... . 26
4.9.6 In-process test resUlts ... N T 26
4.9.7 Product monitor results....... .o N 30
4.9.8 RefereNCeS ..o N 30
4.9.9 Qualification report ...t 30
4.9.10 ArChiVING .o 30
4.9.11 Qualification by SiMilarity ....... ... S 30
4.9.12 Similarity @assessment .. ... 30
4.10  Reliability ...oooveii 31
4.10.1 GENEIAL .. s 31
4.10.2 Operating reliability.. . s 31
4.10.3 Failure Criteria ... . e 31
4.10.4 Corrective aCtion v e 32
4.10.5 L A= T =T 2 32
4.10.6 Single eventreffects (SEES) ... 32
.11 ProdUCt MO Or ..o 32
4.11.1 (7= 1Y TP 32
4.11.2 NONTEOr PrOGramMIME ..ouuii it ettt ans 32
4.11.3 Problem notification ... ... 32
4.114 Data TP Ot . et 33
4.91.5 ST 01 ] 1= P 33
411.6 COTECHIVE ACHION L.uiietii e 33
4.11.7 Product monitor reSuUlts ... 33
4.11.8 Accumulated test data ... 33
4.12  Environmental health and safety (EHS) ... 34
4.12.1 GBNEIAL L. s 34
4.12.2 EHS COMPIIANCE .. e e 34
4.12.3 DeVvice handliNg .. ... 34
4.12.4 Device Materials ... ..o 34
4.13  Shipping CONTAINEIS ..o e e 34
4.13.1 GBNEIAL L. s 34
4.13.2 ESD reqUIremMeNnts ... 34

4.13.3 MAGAZINE FEUSE ...ttt ettt 36


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

-4 - IEC TS 62686-1:2020 © |IEC 2020

4.13.4 U S it 36
4.13.5 B I =1 T PPN 36
4.13.6 Tape ANnNd rEeI oo 37
4.14 Compliance with internal standards............cccooiiiiiii i 37
Annex A (informative) Test code (TC) information ... 38
A1 L= o= ¥ S 38
A.2 TCA — AULOCIAVE (AT C ) i 38
A.3 TC2 — Bond strength, internal (BS) ....couooniiniii e 38
A FE3=Dbteshearstremgtr &S —7—"""ms  m  m  m  m 0/ /0 38
A.5 TC4 — Electromigration (EM) .......ooeiiiiii e i 38
A.6 TC5 — Electrostatic discharge (ESD) ......ccovviiiiiiiii e T 39
A7 TC6 — Electrical test (ET)..ceviieiiiieeeeeeee e (O 39
A.8 TC7 — Electrical distributions (EDS)......ccooiiviiiiiiiiiiee L) 39
A.9 TC8 — Flammability (FL)....ieueieiiei e e e e e e e 40
A.10 TC9 — Hot carrier injection (HCI) ..o 40
A.11  TC10 — Hermeticity (HE) ..o T, 40
A.12 TC11 — High temperature bake (HTB) .....c.oiiiiiiii e e e e 40
A.13 TC12 — High temperature blocking bias (HTBB) ........00 i 41
A.14 TC13 — High temperature gate bias (HTGB)........ i, 41
A.15 TC14 — High temperature reverse bias (HTRB)&..x oo, 41
A.16 TC15 — High temperature operating life (HTOLY ......ccooiiiiii e, 41
A.16.1 GENETAI ..t e 41
A.16.2 Qualification coNditioNS. ... ... e 41
A.16.3 Test results assessment ... 0 e 42
A.16.4 Temperature acceleration factor ............ooooiiiiii i 42
A.16.5 Supply voltage acceleration factor ... 43
A.17  TC16 — Latch-up (LU) .o ta e 43
A 18 TC17 — Lead integrity (L) ..o 43
A 19 TC18 — Lid t0rqUE (L) et e e e ees 43
A.20 TC19 — Mechanicalksequence (MS) ..o 43
A.20.1 LT o= = 43
A.20.2 Constanftacceleration ... ... 44
A.20.3 Vibration (variable freqQUEeNCY) ..o 44
A.20.4 Mechanical SNOCK ... 44
A.21  TC20 — Marking permanency (MP) ... 44
A.22 €21 — Non-volatile memory operating life (NVL)........oooiiiiiiii e, 44
A.23.) TC22 — Time dependent dielectric breakdown (oxide integrity) (Ol)....................l. 45
24 TC23 — Package dimensions (PD)........ooeeeneeneeneeneenneeneenineneieee e, 45
A.25 TC24 — Power CYCIING (PTC) .o e 45
A.26 TC25 — Resistance to solder heat (RSH).......coiiiiiiii 45
A.27 TC26 — Solder preconditioning (PC) ... 46
A.28 TC27 — Solderability (SD) ..cuuiiiiiiieiie e e e 46
A.29 TC28 — Soft error rate (SER).....oouiiii 46
A.30 TC29 — Steady state operating life (SSOL)........ooviiiiiiii e, 47
A.31 TC30 — Temperature cycling (TPC) .. oo 47
A.32 TC31 — Temperature humidity reverse bias (THRB) .........ccooviiiiiiiiien, 48
A.33 TC32 — Temperature humidity bias (THB or HAST) oo, 48
A.34 TC33 —Terminal strength (TS) . ... 48

A.35 TC34 — Thermal resistance (thermal impedance) (TR) .....cccovviiiiiiiiiiiee, 48


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

IEC TS 62686-1:2020 © |IEC 2020 -5-

A.36  TC35 — Visual inSPeCtion (V1) ...ouiiiii e 49
A.36.1 TC35a — External visual inSpection ..........cocoiiiiiii 49
A.36.2 TC35b — Internal visual iINSPection ... 49

A.37 TC36 — Water vapour content, internal (WV) ..o, 50

A.38 TC37 — X-ray insSpection (XR) ... 50

A.39 TC38 — Moisture sensitivity level (MSL) ..o 50

A.40 TC39 — Ball shear test (BST) .ouiuiiiiee e 50

A.41 TC40 — Negative bias temperature instability (NBTI) ......cccooiiiiiiiiie, 50

A-42—TC41+—Acceleratedtinwhisketest—mrmmmmmmmm————————r— 51

Anpex B (informative) Typical automotive component requirements ...................o 05 52
Anpex C (informative) Requirement matrix for IEC TS 62686-1 verification............... (7. 54
= T1a |1 Yo = o 4 V28 PR, S PP 78
Table 1 — Label requirements. ... ..o Lo e 19
Table 2 — Internal quality audit requirements..............ooo i T 21
Table 3 — Outgoing quality ....ooniinii e D 23
Taple 4 — Technology/family qualification and device qualification (1 of 3) .........ccccoeeieninnin. 27
Table 5 — Product monitor teStS ... N 34
Taple A.1 — Conditions of the DC over voltage stress method of JP001.01 or

] o g I (- O 40
Tabple A.2 — Examples of temperature accelerationfactors............c.coooviiiiiiiiiiiieeeeen 42
Table A.3 — Dip and ook test references. ... ..o e 46
Table A.4 — Parameter values for consideration ... ..o 47
Table A.5 — Test CONAITIONS.....cn i B e 47
Table A.6 — TesSt METNOAS ... e e 48
Table C.1 — Requirement matriX. .. ..o e 54



https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

1)

2)

3)

4)

5)

6)

7)

8)

9)

Th
cir

-6 - IEC TS 62686-1:2020 © |IEC 2020

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS FOR AEROSPACE, DEFENCE
AND HIGH PERFORMANCE (ADHP) APPLICATIONS -

—_____Part 1: General requirements for high reliability | |
integrated circuits and discrete semiconductors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
all national electrotechnical committees (IEC National Committees). The object of IEC is.to,promote internatiq
co-operation on all questions concerning standardization in the electrical and electroni¢_fields. To this end

n addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repg
Publicly Available Specifications (PAS) and Guides (hereafter referred to as |“fEC Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee intérested in the subject dealt

may participate in this preparatory work. International, governmental and non-geyernmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization
Standardization (ISO) in accordance with conditions determined by agreement between the two organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatiq
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

IEC Publications have the form of recommendations for igternational use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts dre‘made to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

In order to promote international uniformity, IEG>National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in.their national and regional publications. Any divergence betw
any IEC Publication and the corresponding natiofial or regional publication shall be clearly indicated in the la

[EC itself does not provide any attestation’jof conformity. Independent certification bodies provide confor
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
[services carried out by independent,c€rtification bodies.

All users should ensure that they have the latest edition of this publication.

members of its technical committees and IEC National Committees for any personal injury, property damag
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
expenses arising outofi'the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

Attention is drawn“to the Normative references cited in this publication. Use of the referenced publication
ndispensable*for the correct application of this publication.

Attention is*drawn to the possibility that some of the elements of this IEC Publication may be the subject of pa
rights. IEC-shall not be held responsible for identifying any or all such patent rights.

e main task of IEC technical committees is to prepare International Standards. In exceptio
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No liability shall attach to IE€"0or its directors, employees, servants or agents including individual experts pnd

b or
and
EC

B is

ent

hal

umstances a technical committee may propose the pllhlirnfinn of a Technical Qpn{*ifir\ni‘

on

when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

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 62686-1, which is a Technical Specification, has been prepared by IEC technical
committee 107: Process management for avionics.
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This third edition cancels and replaces the second edition, published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
a) update related to obsolescence of STACK Specification S/0001 revision 14 notice 3;

b) addition of alternative automotive methods of compliance and revision of Annex B initially
related to cross-reference to STACK Specification S/0001;

additiono alWiVaTar= o-ihclude egtHrement-ms o

c)

The text of this Technical Specificationis based on the following documents:

Draft TS Report on voting
107/361A/RVDTS
107/349/DTS 107/361/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
thg report on voting indicated in the above table.

Th{s document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62686 series, published under the general title Process managemgnt
for| avionics — Electronic components for aerospace,/defence and high performance (ADKP)
applications, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
thg specific publication. At this date, the publication will be

« [transformed into an International.standard,
* |reconfirmed,

e |withdrawn,

* |replaced by a revised edition, or

+ |amended.
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INTRODUCTION

This part of IEC 62686 includes all the requirements of the now obsolete STACK Specification
S/0001 revision 14 notice 3 and also contains revisions for alternative strategies using for
example automotive standards together with the option of using various qualification test
methods and additional test information.

This document complements IEC TS 62564-1 which is used for ADHP applications when
additional manufacturers' data is required beyond the publicly available original component
manufacturers' published data sheets (for example when additional thermal performance data
is nequired for thermally challenging applications or when additional verification data is needgd,
forlexample to comply with the requirements of RTCA DO-254/EUROCAE ED-80 for complex
components for flight critical applications, etc.).

This document can also be used to comply with the typical qualification regquirements| of
IEC TS 62564-1. Further guidance is given in IEC 62239-1.

NO[E Existing STACK certified manufacturers can be audited by IECQ under the new-STACK-IECQ joint venfjure
or dlternatively to the new IECQ automotive scheme.
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Th

PROCESS MANAGEMENT FOR AVIONICS -
ELECTRONIC COMPONENTS FOR AEROSPACE, DEFENCE
AND HIGH PERFORMANCE (ADHP) APPLICATIONS -

Part 1: General requirements for high reliability
integrated circuits and discrete semiconductors

Scope

s part of IEC 62686, which is a Technical Specification, defines the minimum_requireme

hts

for| general purpose "off the shelf" COTS (commercial off-the-shelf) integrated. circuits gnd

dis|

Th
m
us

s document applies to all components that can be operated in ADHR applications within
nufacturers’ publicly available data sheet limits in conjunction with }/EC 62239-1. It can
d by other high performance and high reliability industries, at their‘discretion.

ADHP application requirements are not necessarily fulfilled\by this document alone. AD

OH

E
sui

NO
rad

2

Th

MP procedures. Alternatively, a component in accofdance with IEC TS 62564-1 can be m
able.

[E Component qualification and outgoing quality ¢diSCussed herein do not addres component atmosph
htions SEE effects per IEC 62396-1.

Normative references

b following documents are referred to in the text in such a way that some or all of their cont

constitutes requirements of this,document. For dated references, only the edition cited appli

Fo

undated references, the;'latest edition of the referenced document (including 4

amlendments) applies.

ANSI/EIA-556, Outer~Shipping Container Bar Code Label Standard

ANSI/ESD S544\\Packaging Materials Standards for ESD Sensitive Items

IPC/JEDEC-J-STD-609, Marking and Labeling of Components, PCBs and PCBAs to Iden

Le

JE

bd (Pb); Lead-Free (Pb-Free) and Other Attributes

crete semiconductors for ADHP (aerospace, defence and high performance).applicationy.

he
be

HP

Ms (original equipment manufacturers) might need to consider redesigning their productq or
c%r[ducting further testing to verify suitability in ADHP applications using their IEC 6223
i

D-1
bre

Eric

ny

fify

EC/IPC/ECIA J-STD-048, Notification Standard for Product Discontinuance

JEP130, Guidelines for Packing and Labeling of Integrated Circuits in Unit Container Packing

JESD471, Symbol and Label for Electrostatic Sensitive Devices

J-STD-046, Customer Notification of Product/Process Changes by Solid-State Suppliers
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3 Terms, definitions and abbreviated terms

For the purposes of this document, the following terms, definitions and abbreviated terms apply.

ISO and IEC maintain terminological databases for use in standardization at the following

addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 Terms and definitions

3.1.1
calendar days, pl.
comtinuous days, including week-ends and holidays

3.1.2
container
oufer shipping container consisting of one or more inner containers

3.1.3
customer
user

original equipment manufacturer (OEM) which purchasés electronic components, includjng

intggrated circuits and/or semiconductor devices compliant to this document and uses them
desgign, produce, and maintain systems

3.1.4

data sheet

do¢ument prepared by the manufacturet™that describes the electrical, mechanical, &
enyironmental characteristics of the component

3.1.5

deyiation

user agreement to allow the delivery of a shipping lot which does not fully meet the requireme
of this document

Note 1 to entry: Considefed equivalent to concession for the purposes of this document.

3.1.6
deyice specification
do¢ument wfitten by a user and agreed by the supplier or OCM

to

nd

hts

3.1.8
fit

fitability of an item to physically interface or interconnect with or become an integral part of

another item or assembly

Note 1 to entry: Size and scale are examples of considered characteristics.

3.1.9
function
work that an item is designed to do without degrading reliability


http://www.electropedia.org/
http://www.iso.org/obp
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3.1.10
incoming lot
one or more shipments of a device, grouped together for the purpose of incoming inspection

3.1.11
inner container
box or bag containing devices, either in magazines or bulk packaged

3.1.12
magazine

electrical or electronic device that is not subject to disassembly.‘without destruction|or
impairment of design use and is a small circuit having a high equivalentcircuit element dengity

1toentry: Itis considered as a single part composed of interconnected elements on or within a single substfate

2 to entry: This excludes printed wiring boards/printed circuit boards, circuit card assemblies and modiles

ratlng indicating a component’s susceptibility' to damage due to absorbed moisture when
jected to reflow soldering

3.1.15

original component manufacturer

O{M

company specifying and manufacturing the electronic component

3.1.16
room temperature
temperature identified at 25 °C + 5 °C in a room

3.1.17

semiconductor device
electronic;devices in which the characteristic distinguishing electronic conduction takes plgce
with a,semiconductor

Note 1 to entry: Semiconductor diodes are examples of semiconductor devices having two terminals and exhibiting
a nonlinear voltage-current characteristic.

Note 2 to entry: Transistors are examples of active semiconductor devices capable of providing power amplification
and having three or more terminals.

3.1.18
shipping lot
single lot of one or more containers received by a user

3.1.19

supplier

company which provides to another an electronic component which is identified by the logo or
name marked on the device
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Note 1 to entry: A supplier can be the OCM, a franchised distributor or agent, a non-franchised distributor, broker,
reseller, OEM, CEM and EMS etc.

3.1.20

termination

element of a component that connects it electrically and mechanically to the next level of
assembly

3.1.21
triboelectric charge
electrical charge generated by frictional movement or separation of two surfaces

Abbreviated terms
alternating current
aerospace, defence and high performance
Automotive Electronics Council
average outgoing quality
aerospace qualified electronic component
acceptable quality level
application specific integrated circuit
autoclave
ball grid array
borophosphosilicate glass
bond strength
ball shear test
certification body
contract electronic manufdcturer
chlorofluorocarbon
commercial off-the-shelf

complementary-mietal oxide semiconductor

D semiconductor'device

DGQ direct cirrent

DFMEA design failure modes and effect analysis

DLA Defense Logistics Agency (see http://www.dscc.dla.mil/)
DPM defects per million

DRAM dynamic random access memory

D die shear

DVP&R design verification plan and report

ECMP electronic component management plan

ED electrical distribution

EHS environmental health and safety

EM electromigtration

EMAS Eco-Management and Audit Scheme (established by the European Union)
EMS electronic manufacturing services

ESD electrostatic sensitive damage

ET electrical test

FFF form, fit and function
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FIT failures in time

FL flamability

GR&R gage repeatability and reproducibility analysis

h hour

HAST highly accelerated stress test

HCI hot carrier injection

HE hermeticity

HTB high-temperature-bake

HTBB high temperature blocking bias

HTIGB high temperature gate bias

HTIOL high temperature operating life

HTRB high temperature reverse bias

IECQ International Electrotechnical Commission Quality Assessinent System
Electronic Components

IATF International Automotive Task Force

IC integrated circuit

I/0 input and output

IR infra-red

LI lead integrity

LT lid torgue

LTB last time buy

LTPD lot tolerance percent defective

LU latchup

mim minute

MQSFET metal-oxide-semiconductor field-effect transistor

MH marking permenancy

MS mechanical sequéence

M3A measurements system analysis

MSL moisture 'sensitivity level

NB[TI negative bias temperature Instability

NMOS n-type metal oxide-semiconductor (refers to field effect transistors (MOSFETs

NVL non-volatile memory operating life

ogMm original component manufacturer

OHM ariginal equipment manufacturer

Ol oxide integrity

PC preconditioning

PCB printed circuit board

PCM process control monitor

PCN product or process change notification

PD package dimension

PFMEA process failure modes and effects analysis

PGA pin grid array

Pkg

package

for


http://en.wikipedia.org/wiki/N-type_semiconductor
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PPAP production part approval process
PTC power cycling

QA quality assurance

RSH resistance to solder heat

SD solderability

SDRAM synchronous dynamic random access memory
SEE single event effect

SEE! single-eventfunctional-interrupt
SE[L single event latchup

SEU single event upset

SER soft error rate

SMD surface mount device

SPC statistical process control

SRAM static random access memory
SS sample size

SSIOL solid state operating life

Tado ambient temperature

TC test code

THB temperature humidity bias

THM through hole mount

THRB temperature humidity reverse bias
TPC temperature cycling

TR thermal resistance

TS terminal strength

Togmin minimum operating<temperature
Togmax maximum operating temperature
ugL upper controltimit

VI visual jaspection

VPR vapour

w water vapour

XR X-ray

4 | Technical requirements

41 General

411 Overview

The supplier, preferably the original component manufacturer (OCM) or the franchised
distributor, as defined in 3.1.19 and 3.1.15 respectively, shall have an appropriate quality
management system and shall provide the following minimum technical requirements. The
supplier or the OCM can use the test methods and methodologies specified herein which are
based on IEC semiconductor test methods or any other equivalent test method, for example
JEDEC test methods (see 4.9.2.3 and Annex A) or the automotive alternative process, see
4.1.2. Proposed equivalent test methods, rationale and supporting data shall be reviewed and
shall achieve the same end objectives as specified herein. Use of such equivalent tests shall
not be considered to be deviations or waivers to the requirements of this document.
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NOTE 1 1SO 9001 or AS/EN/JISQ 9100 can assist with compliance to Clause 4.

NOTE 2 In case the COTS integrated circuits and discrete semiconductors cannot be procured directly from the
OCM (for example if the quantity is too small), the franchised distribution network is usually privileged with regard to
potential risks (for example lack of traceability and counterfeiting).

Informative annexes are provided at the end of this document and their content is subject to
change. Users of this document are encouraged to review the latest data available whenever
referencing the content of these annexes as well as the Bibliography:

e Annex A: test code information which summarises all semiconductor test methods discussed
herein:

e [Annex B: typical automotive component requirements;
¢ [Annex C: requirement matrix for IEC TS 62686-1 verification;

o |Bibliography.
4.1.2 Automotive components

Auiomotive components, which are typically manufactured on JADF 16949 certifjed
manufacturing lines and qualified to AEC-Q100 for temperature grades 0 and 1, with the
oufgoing quality requirements typically included in a production part‘approval process (PPAP)
prdcess and with the obsolescence and product change notification as specified herein, ¢an
melet the requirements of this document; see Annex B for guidance.

NOTE 1 The IECQ automotive qualification programme can be expanded to cover this category of automotive
conpponent.

NO[JE 2 The VDA 6 series assessment, particularly VDA 6.3, tan be used for the PPAP element of the IHCQ
asspssment process.

4.2 Procedures
4.2.1 General
The OCM shall have the following pregédures:

e |[product discontinuance (4.2.2);

e |ESD protection during manufacture (4.2.3);

e [specification control (4.2.4);

e [traceability including anti-counterfeit measures (4.2.5).

4.2.2 Product discontinuance

Notification-shall be in accordance with JEDEC/IPC/ECIA J-STD-048 or equivalent, with the
exg¢eption*oftiming as described in a) and b) below:

a) | the OCM shall provide the user with a notice of last order dates:

— a minimum of 12 months before these dates for single-source devices, and
— 6 months before these dates for multi-sourced devices;

b) the OCM may give less than the specified notice period provided a mutually acceptable
extension (up to the specification limit) is negotiated with any user needing a different
period;

c) for custom ASIC devices, the normal procedure is to include discontinuation notice in the
purchase contract.

4.2.3 ESD protection during manufacture

All integrated circuits and discrete semiconductors are considered to be static sensitive and
shall be protected through the OCM’s manufacturing operation. The OCM shall ensure that
devices are not exposed to static damage and are not degraded or damaged due to static
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discharge. IEC 61340-3-1, IEC 61340-5-1 and JESD625 or AEC-Q100-002 are examples of
suitable standards for ESD precautions in wafer fabrication and probe.

4.2.4 Specification control
The OCM shall:

a) when applicable, have a central or local record of the user’s part number and specification,
against the product to be delivered;

NOTE 1 This applies to direct sales and not to parts sold through distribution.

b) | ensure the specifications on the purchase documents have been reviewed and accepted|by
personnel authorized to do so.

NOTE 2 This applies to custom and special orders only.
4.2.5 Traceability including anti-counterfeit measures

T

-
).

gceability shall be managed as follows:

a) [the OCM shall have traceability for any device in a shipping lot-through a route code,|lot
code or other marking on the device or magazine or inner, container to identify the
manufacturing route, for example groups of wafer lots, waferfabrication location, assemply
location, test location, date code and/or lot code;

b) | the information needed to interpret the code shall be available;

c) |the procedure shall be available for inspection during-audit.

The OCMs shall use anti-counterfeit measures to protect their intellectual property, such as §se
of fegistered trademarks, logos, patents, etc. ThenxOCM shall also assist the user in determinjng
if the product is genuine when requested and ‘in-identifying the franchised distributors.

4.3 Product or process change notification (PCN)
4.3.1 General
The OCM shall provide the following:

¢ [notification (4.3.2);
¢ |notification details (4.3.3); and

¢ [notifiable changes) (4.3.4).
4.3.2 Notification
In the event of the OCM proposing or making a change to a device, then:

a) | the"OCM shall give at least 90 calendar days’ written notice prior to shipping the changed
product. The user will respond to confirm the date on which changed product shipments gan
begin (it could be less than 90 calendar days), advise that the changed product is not
acceptable, or request further information;

b) for custom ASIC devices, change notification periods are normally specified in the purchase
contract;

c) in an event beyond the control of the OCM where 90 calendar days’ notice cannot be given,
the OCM shall reach a mutually agreed lesser notice period with any user affected by the
change.

4.3.3 Notification details

The PCN shall include the following items:

a) title of change;
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b)
c)
d)
e)
)
9)
h)

the OCM’s type number(s) affected;
the OCM'’s notification identification number;

estimated last order and shipment dates for unchanged devices to be supplied on request;

estimated earliest shipment date of changed devices;
manufacturing location and product line affected;
a thorough description of the proposed change;

the means of distinguishing changed devices from unchanged devices. This may be a date
code, lot code, date code range or a distinguishing marking or feature that is visible to the

Th

user at point of receipt of shipment;

sufficient engineering and/or qualification test data, including details of any qualification {
vehicle used and its applicability to the product change, shall be available on-request
demonstrate that the change will not adversely affect device form, fit, function;-quality

user part number of the affected device (preferred item but not mandatory).
4 Notifiable changes

TD-046 shall be used as a guide to changes requiring notification:

4.] Shipment controls
1

General
b OCM shall have the following shipment controls:

shipping container and date code marking (4.4.2);
date code remarking (4.4.3);

inner container formation (4.4.4);

date code age on delivery (4.4.5);

ESD marking (4.4.6);

MSL (4.4.7);

lead-free marking (4.4(8),and

labels (4.4.9).

4.4.2 Shipping-container and date code marking

Th
€q

b shipping~container and date code marking shall be in accordance with JEP130 or
livalent standard. The OCM’s name, logo and/or trademark shall be marked on the shipp

comtainerwhere it is practical to do so.

reliability, and that the changed product will continue to meet the specified requirementg;

pst
to
or

an
ng

4.4.3 Date code remarking

If the date of assembly and test are both marked, the test date can be remarked if the device
is re-tested at a later date. If only one date is marked to represent the manufacturing date and
initial electrical test it shall not be changed unless it is necessary to correct poor quality marking
or incorrect information, and provided that the time delta between the original mark and the
remark is less than 6 weeks.

4.4.4 Inner container formation

It is preferred that the inner container contains only devices of the same die revision/stepping

lev

el.

It is preferred that devices also come from the same:


https://iecnorm.com/api/?name=c302a43dd7b6b45260dc53b6ae95c4a2

- 18 — IEC TS 62686-1:2020 © |IEC 2020

wafer fabrication location;
assembly site;
outgoing QA electrical inspection site.

4.4.5 Date code age on delivery

Date code age on delivery should be as follows:

a)
b)

the date codes of devices should not be older than 24 months upon users’ receipt date;

for custom ASIC devices the date code age limits will normally be defined in the purchase

contract.

4.4.6 ESD marking

The symbols used and labelling shall be in accordance with JESD471 or an equivalent standgrd.
4.4.7 MSL
The labelling and shipping container shall be in accordance with IEC 61760-4 or IPC/JEDE(Q

ST

P-033 or an equivalent standard.

4.4.8 Lead-free marking

Th
60

b shipping container and date code marking shall be incaccordance with IPC/JEDEC J-S1
D or an equivalent standard.

4.4.9 Labels

peneral, labels shall include the requirements’mentioned in Table 1 and exhibit:

human readable content: the content<shown for each label in 4.4.9 shall be availablq i

human readable form on the outsiderof the relevant package;

machine readable content: bar codes for those items specified shall be included in 3 g
codes (bar code 39) as per ANSI/EIA-556 or equivalent compatible standard;

warning notice: any necessary warning notices or symbols to ensure the safety of
contents shall be included-as appropriate.

D-

fo

he
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Table 1 — Label requirements

Dry pack label:

Date of sealing and sealed life or expiration date.
Time and storage condition limits after opening.
Bake conditions if usage conditions after opening are violated.

Moisture sensitivity classification per IEC 61760-4 or IPC/JEDEC J-STD-020 or per the OCM’s own
classification provided a cross reference is provided at registration.

Bar
code

oyter container.

D¢livery address.

rchase order number.

er part number.

CM’s device type number 2.

P

u

o

OfM’s name 2.
Export control certification number and controlling authority °.
Q

hantities enclosed of each device type 2.

Inner container label:
CM’s device type number.
er part number °.

o
u
Plirchase order number °.
Qpantity of devices.

D

hte code.

Lgt number.
Agsembly location .

Tést location P.

For security reasons can be omitted\with the agreement of the user.

Preferred but not mandatory.

4.5 Electrical

4.51 General

Opfrating conditions shall be as defined in the device specification or data sheet, as explairned

in 4.5.2 to4.5.7.

4.q.2 Electrical test

All shipped packaged devices shall have passed a production electrical test program, or in the
case of user-specific devices, a test program approved by the user. Tested wafer or die products
shall have an effective equivalent wafer probe test. Untested wafer and die products shall have
met the OCM’s minimum process control monitor (PCM) requirements. JEDEC test methods

shall be used wherever possible.

4.5.3 Electrical parameter assessment

Test methods for assessing the electrical parameter distributions (AC, DC, functional and

timing) of devices should be in accordance with JESD86.
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4.5.4 SDRAM memories

SDRAM memories should be designed and tested in accordance with the JESD79 series.

4.5.5 Logic families

Logic families should be designed and tested in accordance with JESD36, JESD52, JESD76 or
JESDS8O0.

4.5.6 Power MOSFETs

Power metal-oxide-semiconductor field-effect transistors (MOSFETs) should be tested| in
acg¢ordance with JESD24.

4.58.7 Silicon rectifier diodes

Sillcon rectified diodes should be tested in accordance with JESD282, MIL-PRF-19500 or|an
equivalent standard.

4.6 Mechanical
4.4.1 General

Integrated circuits or discrete semiconductor package “dimensions, specified in indugtry
stjtr:dard outlines (e.g. JEDEC outlines), will be met as specified, if the package is stated|as
compliant with that outline.

4.4.2 Device marking
4.4.2.1 General
A

llthe specified markings on the device 'or’shipping container shall be clearly legible.

4.6.2.2 Top surface

All|of the following required markings shall be marked on the top side, except where otherwjse
indicated below:

a) | pin 1, identifiable either by a mark or by reference to a physical feature of the device;
b) | the OCM’s name_or logo;

c) [ the OCM’s_part number or individual user part number as required;

d) [ the date.code of assembly or test. Formats YYWW, or YWW or YM are acceptable (Y =y
numeral,/W = week numeral, M = month character). If both assembly and test date codes
arermarked, the assembly code may be bottom marked,;

14
Q
=

e) | a“manufacturing route trace code. The top surface is preferred, but the device bottpm
surface may be used;

f) if both assembly and manufacturing route trace codes are marked on the bottom surface,
the manufacturing route trace code shall be marked below the assembly code.

4.6.3 Small packages

If the marking area available on the device is too small to do so, then the unit container is to
include all the required marking.

4.6.4 Moisture sensitivity

The moisture sensitivity of all non-hermetic surface mount components shall be tested and
classified according to IEC 61760-4 or IPC/JEDEC J-STD-020. The MSL classification shall be
available.
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4.6.5 Robustness of hermetic seals

The seal shall not be compromised by any normal handling, testing or manufacturing processes.

4.6.6 Termination finishes

The OCMs should make available on their web pages or data sheets (or otherwise) information
pertaining to the leaded (Pb) and lead-free termination finish qualification testing, termination
material, finish alloy composition, and (if used) heat treatment process of the parts used relative
to the RoHS directive. In addition, the following requirements shall be met:

a)

b)
c)

d)

e)

4.7

4.7.

Th

appropriate measurement locations;
plating composition and thickness limits shall be available;

it is not necessary for solder dipping, where used to improve the solderability of

termination, to cover the entire termination. The area covered should be appropriate to

type of package, for example J-bend packages (area below base plane), or gull w|
packages (center of bottom radius to trimmed edge of termination);

material and suitably treated to inhibit whisker growth. When applicable an appropriate

JESD201 Class 2 limits or JESD22-A121 or IEC 62483) and be demonstrable. Documen
results should be made available to the user upon requgst;

thickness, or to plating process chemistry.
Audit capability

1 General

e OCM shall be able to carry out the following:

internal quality audits (4.7.2); and

subcontract manufacturing (4.723).

thickness limits shall be met over 95 % of the termination surface. The OCM shall sellect

he
he

ng

tin electroplate finishes shall be matt, dense, homogenous, free’ of co-deposited orgajic

tin

whisker plan or process should be in place (for example aceelerated tin whisker testingd to

ed

providing notification of changes, via the PCN progess, to termination finish materials,

4.7.2 Internal quality audits
The OCM shall periodically audit each internal location, to assess compliance with interpal
sta)ndards for the following areas listed below. The following areas defined in Table 2 shall|be
add@iressed:
Table 2 - Internal quality audit requirements

Quality system Calibration Failure analysis

Shipmént and container Stores and dispatch ESD control

Contract review Customer service Production test

Design management Process control Subcontract controls

Purchasing Incoming materials Wafer fabrication and probe

OCM audits Documentation control Assembly

Training Product qualification Reliability monitor

The results of these audits and the audit acceptance criteria shall be available for onsite
inspection during an audit. The internal quality audit documentation shall be available upon
request.

NOTE 1SO 9001, AS/EN/JISQ 9100 and IATF 16949 can assist with the requirements of 4.7.2.
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.3 Subcontract manufacturing

The OCM shall qualify and periodically audit all subcontracted operations to a standard
equivalent to the OCM internal operations.

4.8
4.8

Quality assurance

1 General

The OCM shall have the following quality assurance systems:

4.8.

4.8.

Ap

relfability qualification of microelectronics\by“accelerated ageing is an LTPD better than 3

Th

spgcific device population, with no failures permitted, or by invoking structural similarity &

ac

quality system (4.8.2);
sampling plans (4.8.3);
failure analysis support (4.8.4); and

outgoing quality (4.8.5).
2 Quality system
e OCM quality system shall meet the following requirements:

satisfy an appropriate quality management system registration_for example one (or mo
of ISO 9001, AS/EN/JISQ 9100, IATF 16949, etc.;

ensure that the requirements of this specification are mét;

corrective action.
3 Sampling plans

bropriate and statistically valid sampling plans shall be used and documented. The target
s can be achieved by overstress testing of sample sizes exceeding 76 devices from

umulating samples from other -dévice types at the level of the build being tested.

re)

provide for the prevention and ready detection of discrepancies and for timely and positive

for
%.
he
nd
For

example, thermal cycling is intended to evaluate die and wire bonding and back-end assembly,

an
die

4.8
0(g

| the desired LTPD can be‘dachieved from structurally similar builds of similar metallizati
size and attachment, wire=bond material diameter, process, and loops.

4 Failure analysis support
M failure analysis support shall meet the following requirements:

the OCM)shall maintain an adequate failure analysis capability and provide a tim
responsé)to failures returned for failure verification or failure analysis;

representative samples of devices returned as failures shall be analysed and a fail
abalysis report issued to the originating user, typically within 30 calendar days of the rece

DN,

ely

ire
ipt

h\]/ the s:ns:l\]/fir‘nl fﬂr“ilif\]l of such returns;

c)

for failure returns relating to a critical problem at a user, the failure analysis report shall

typically be issued within 7 calendar days of receipt by the analytical facility.

4.8.5 Outgoing quality

4.8.5.1 General

Ou

tgoing quality shall be measured as per 4.8.5.2 to 4.8.5.5.
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4.8.5.2 DPM levels

The OCM shall measure average outgoing quality (AOQ) in defects per million from uniform
manufacturing processes and the results shall be in accordance with Table 3. The measurement
of outgoing quality via in-process measurements is acceptable in principle. The number of
defects will include all devices non-conforming to any functional, electrical, visual or mechanical
specification requirement of a device.

4.8.5.3 DPM calculation

Measurement may be |"\\I anv_annronriate classification and mnfhnd for example—individual
Y PrPToPr 1

deyices or device fam|l|es package type and/or technology family, in- process measurements.

4.8.5.4 Corrective action

If ﬂhe outgoing quality levels given in Table 3 are not met, the OCM shall take root cayse
cofrective action and issue a closure date for achieving the required DPM.

Table 3 — Outgoing quality

Device family Maximum DPM
Electrical Transistor count
Discrete and integrated circuits <100 000 50
<1000 000 100
> 1 000 000 150
Priogrammable logic when supplied, programmed and‘tested 100
Vipual/mechanical 200

NOTE This information can be considered proprietary and confidential.

4.8.5.5 Data reporting

AQQ data shall be ¢ompiled periodically and be available upon request.

4.9 Qualification
4.9.1 General

The OCM shall manage the following:

e methodology (4.9.2);

o test samples (4.9.3);

e qualification categories (4.9.4);

e maintenance of qualification standards (4.9.5);
e in-process test results (4.9.6);

e product monitor results (4.9.7);

o references (4.9.8);

e qualification report (4.9.9);

e archiving (4.9.10);
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qualification by similarity (4.9.11); and
similarity assessment (4.9.12).

.2 Methodology

2.1 General

The OCM shall use appropriate methodologies to qualify new technology, new devices and
device changes, to demonstrate that the device under qualification is capable of meeting the
specified electrical, quality and reliability requirements, using qualification families (as defined

CCoN47 AR C 0400\

in

4.9.

Str

4.9.

A

t

a)

b)

CODST UT T\ O- X TOUU)T

2.2 Procedures and methods

ess test qualification procedures and methods shall be performed per Table 4-

2.3 Alternative procedures

ernative procedures and methods are acceptable as per 4.1 and are\as follows:
qualification in conformity with JESD47, for integrated circuits-and their generic famili
providing the following, additional, items are addressed by the, OCM:

o X-ray,

e long term FIT-rate calculations,

e marking permanency,

o die shear strength,

o thermal resistance,

o flammability,

NOTE 1 Flammability is typically confirmed by the epoxy mould compound manufacturer flammability U
test results.

e internal visual inspection;

qualification in conformity~-with AEC-Q100 for integrated circuits and their generic famil
providing the OCM addresses the following additional items:

e high temperature operating life (HTOL) test for grade 1, or grade O.
e marking permanency,

e X-ray,

o thermalresistance, a package property

o flammability,

o/ internal visual inspection; only required for hermetic components,

ES,

| 94

ies

NOTE 2 Thermal resistance is an integrated circuits or discrete semiconductors package property.

NOTE 3 Flammability is typically confirmed by the epoxy mould compound manufacturer UL94 test results.

qualification to AEC-Q101 for discrete semiconductors and their generic families which now
has guidance in an appendix on the relationship of robustness validation to SAE J1879/ZVEI
and JEP122 compared to AEC-Q101. When using AEC-Q101,the OCM shall also address

the following additional items:

e latch-up,

o electromigration; hot carrier injection; time dependent dielectric breakdown; and

negative bias temperature instability,
e internal water vapour,

o flammability,
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e internal visual inspection,
o X-ray,
e lid torque (for hermetic components only),

NOTE 4 Flammability is typically confirmed by the epoxy mould compound manufacturer UL94 test resu

Its.

d) qualification to an application specific scheme should be created as per the methodology
and guidance provided in JESD94. An application specific plan should address the subjects

of concern contained in the preceding qualification schemes;

e) qualification using JEP148, based on the physics of failure risk and opportunity assessment,

4.9
Pe

4.9.

Pe

4.9.

4.9
Th

4.9.

Th
siz

Te
nof
rel

If 4
sh
st
are

4.9.

Us

form and document the verified reliability models.

addressing the subjects of concern in the preceding qualification scheme which may
more appropriate for new technologies.

.24 Use of product similarity data

form testing and document the re-using of existing data based on product similaf
duments.

25 Use of reliability models

3 Test samples
.3.1 General

b OCM shall use the test samples described in 49.3.2 to 4.9.3.5.

3.2 Test failures

a)
< .

5t failures attributed to extraneous*factors not related to the qualification stress applied sk

hted mechanisms are generated, the test shall be repeated.

larger sample size than that specified in Table 4 is used and failures allowed, then the res
Il meet an LTPD_=:3"% for a specified sample size of 76. The target LTPD requiremen
ed in 4.8.3. In Fable 4, lower sample quantities are allowed where the particular stress te
not intended, for statistical extrapolation, but for characterization or package evaluation.

3.3 Additional samples

ers reserve the right to take additional samples for a qualification test result confirmation

be

ity

b general acceptance level for all stress\test qualification is zero rejects in the tested sample

all

be counted against acceptance criteria. If excessive failures from non-qualification test

ult
is
Sts

4.9.3.4 Consolidation of lots

Where production volumes of a device are low and the sample sizes specified are not
economically feasible from one manufacturing lot, consolidation of lots is permissible. If
consolidation of lots is performed, the combining of parts shall follow the similarity rules as per
4.9.12 (similarity assessment).
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4.9.3.5 Reduced sample sizes

The OCM’s qualification procedures can allow devices to be released to the market after testing
them to a qualification schedule which does not fully meet the requirements herein, in terms of
reduced sample size, reduced test time, etc. This is only acceptable providing test data
continues to be accumulated as per 4.11 and corrective actions and/or repeat testing is
performed as necessary until the qualification level is reached or exceeded in a target of 90
calendar days.

49.4 Qualification categories

Th
be
(se

4.9.

Re
arg
the
reg
arg

4.9
In-

a)

b)

e 4.9.11).

5 Maintenance of qualification standards

not related to any particular customer shipment, are an acceptablesmethod of maintain
qualification standard of this document. It is desirable that the manufacturer maintain

routinely tracked and sample tested.

.6 In-process test results

brocess test results shall be managed as follows:

the manufacturing line, these tests need not be repeated in new device qualification testi
if qualification tests are not performed, manufacturing inspection results showing the curr

shall be available.

b qualification may be conducted on a specific device type. Alternatively, qualification n{ay
accomplished by using generic family qualification data provided similarity rules arefollowed

gular quality and reliability test results, which are obtained from a monitofgrogram, but whijch

ng
5 a

ime of "maintenance of qualification" in order to ensure that reliability sensitive processes

if any of the inspection or package qualification tests are performed on a regular basig in

ng;
bnt

quality level shall be included in the qualification report. Manufacturing package test resylts
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4.9.7 Product monitor results

If any inspection or package qualification tests are performed on a regular basis in product
monitor testing, these tests need not be repeated in new device qualification testing.

4.9.8 References

References are given for guidance only. Reference shall always be made to the appropriate
test code information for full test details.

4.9.9 Qualification report

Th

b qualification report shall be available upon request.

4.9.10 Archiving

Th

shall be archived for a minimum of 7 years.

4.9.11 Qualification by similarity

Quialification by similarity can be used as follows:

a)

b)

c)

or if there is any degree of uncertainty about the effect*of the change;

perform tests defined in the qualification table that are appropriate, or relevant to
change;

prove that no design deficiencies (e.g. mechanical, electrical performance, reliability, sin
event effects, etc.) were introduced,by the process transfer.

4.9.12 Similarity assessment

4.9.12.1 General

Th

e principle of similarity may be applied in qualification, qualification of changes and prod

manitor testing as follows:

die changes(4+9.12.2);
process/waifer fabrication changes (4.9.12.3);

packagefassembly changes (4.9.12.4).

4.9.12.2° Die changes

b qualification report and the test specification (not the test program) used in‘the qualificatjon

a change shall be qualified if there is a potential effect.on‘performance, quality or reliabiljty,

guidance on the qualification tests, which the OCMshould consider applying, for the varigus
combinations of die, package and process changes, is shown in JESD47. The OCM shall

he

upon request, the OCM shall provide data for any device transferred to a new procesq to

gle

uct

The OCM shall document and operate an appropriate set of die similarity rules or guidelines
applied by appropriate engineering review.

4.9.12.3 Process/wafer fabrication changes

Devices to be assigned to a qualification family shall share the same critical processes and
material elements.

4.9.12.4 Package/assembly changes

Package/assembly changes shall be managed as follows:
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a)

b)

4.1r—Re1'iz'uiiity
4.10.1 General

Th

4.1
Th

b)

c)

d)

package families shall be grouped by configuration and materials of construction, for
examples see AEC-Q100. In general, all members of the group that are equal to or smaller
in dimensions and lead count can be considered as similar to a qualified package, provided
the assembly process technology is identical;

packages should be qualified with the worst case configuration (e.g. the largest die) they
are designed to carry that is currently in production. For custom ASICs, use of a
"qualification die" is acceptable, such that dies larger than the qualification die by +10 % by
linear dimension are qualified, provided the package designed maximum die size is not
exceeded.

e OCM shall ensure the following:

operating reliability (4.10.2);

failure criteria (4.10.3);

corrective action (4.10.4);

warranty (4.10.5);

single event effects (SEEs) (4.10.6).

0.2 Operating reliability
b OCM shall manage operating reliability as follows

the OCM shall determine the failure rate of devices operating in systems at an ambignt
temperature of +55 °C using the high tempetrature operating life (HTOL) test method or|an
alternative test method suitable to the device technology (i.e. HTRB or HTGB for discrgte
components). Failure rates shall not exceed the qualification requirements in accordance
with Table 5; an approximate maximum of 155 FITs is expected. For mature and/or hjgh
volumes a desired target of 50 FITs or less is expected for integrated circuits and 20 F|Ts
or less for discrete semiconductors. The OCM shall, upon request from the user, make
available FIT rate data to confibm application specific life expectancy;

results observed at a temperature other than +55 °C will be projected to this temperatyre,
with 60 % confidencesusing an activation energy, appropriate to the failure mechanism
observed. Refer to TC15 HTOL for calculation of acceleration factors; projected results shall
show the 60 % confidence range. Alternatively, results can be analysed using JESD8Y§ at
higher confidence)levels;

for custom devices the OCM shall on request provide a FIT rate including the confidenpce
range andyoperating life prediction to the user (based on a demonstrable methodology) [for
the application and environmental conditions intended,;

the,OCM should provide upon request, for their device feature sizes under 100 nm, any
mitigation strategies, tools or data for device lifetime calculations; see TC22, TC4, TC9 gnd

TC40 in Annex A

NOTE JEP148, IEC TR 62240-2 and SAE ARP 6338 can assist with the understanding of semiconductor wear-out
failure mechanisms that the ADHP user is concerned about.

4.1

0.3 Failure criteria

Failure criteria shall consist of any of the following modes:

a)
b)
c)

d)

functional failure;
parameter limit failure;

intermittent faults due to the package pins, or the interconnect system, from the pins to the
die surface, shall be regarded as failures;

transitory faults attributable to the device shall be regarded as failures.
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0.4 Corrective action

If failures are detected in the reliability processes, the OCM shall investigate, determine root
cause and take appropriate actions to achieve conformity to this document or the OCM'’s internal
requirements whichever is the most stringent.

4.1

0.5 Warranty

The reliability requirements in this document apply to the general population of devices
supplied. The warranty period and terms and conditions of sale for failure of individual devices

wit

4.1
Sin
daf
4.1
4.1
Th

4.1
Th

n—anv warranty ara not covered byv this document
Y 4 Y

0.6 Single event effects (SEEs)

gle bit error rate for DRAM and SRAM are shown in Clause A.29 for test TC28 (SER). S
a shall be made available upon request if available.

1 Product monitor
1.1 General
b OCM shall ensure the following:

monitor programme (4.11.2);
problem notifications (4.11.3);

data reporting (4.11.4);

samples (4.11.5);

corrective action (4.11.6);

product monitor results (4.11.7); and

accumulated test data (4.11.8).
1.2 Monitor programme
b monitor programme shall-be as follows:

the OCM shall have a cehtinuous monitor programme to demonstrate that the requireme
of this document are met, on an ongoing basis, for each manufacturing operation or prod
process;

statistical process control: the OCM shall control wafer production, assembly process @
final test using statistical analysis. When anomalies are observed, parametric and yield d
from the-probe and final tests shall be analysed against in-line or electrical process con

EE

hts
Lict

nd
bta
rol

data._The root cause of the deviation shall be determined and the consequent correctjve

actions implemented;

Table 5 shows the minimum test requirements for a conventional stress driven monitor. T

he

4.1

use of a failure mechanism driven approach to optimise reliability monitoring is encouraged.

On-going qualification test data and accumulated reliability monitor test data may
assessed in a structured way to reduce reliability monitor testing when failure mechanis
are shown to be eliminated by process controls and to increase testing or introduce n
tests when failures are detected.

1.3 Problem notification

be
ms
ew

The OCM shall have a process to notify the users and distributors in cases where failures were
detected and where there is the possibility that failed parts may have been shipped or may be
in the process of being shipped to the user.

NOTE This is usually part of the PCN system as described in J-STD-046 as a guide.
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4.1

1.4 Data reporting

Reliability monitor data accumulated over the preceding two full quarters shall be available, at
one month’s notice.

4.1

1.5 Samples

Samples shall be selected as follows:

a)
b)

c)
d)

e)

4.1

Fa

shall trigger appropriate corrective action by the OCM.

4.1

Prq

4.1
Ac

a)

b)

appropriate sample sizes shall be selected;

Samptes shattbe Tandomty Setected—from Tepresentative package and—process family

devices;

combinations, shall be monitored;

all package types and all process families, but not necessarily all packagef/process

package tests shall use the largest die size the package is designed to carrycthat is currently

in production. Custom ASIC qualification die may be used (see similarity assessm
(4.9.12));

sample lots will be added to the monitor at intervals appropriate for'€ach test.
1.6 Corrective action

lure to meet the limits in Table 5 or the OCM’s internal limits; whichever is the most stringg

1.7 Product monitor results
duct monitor results shall meet the requirements of Table 5.
1.8 Accumulated test data
cumulated test data can be analysed.as follows:
failure rates and levels may be a-olling average with a data accumulation period appropri
to the production quantity level;
for HTOL test, the minimum total sample size (SS) required over the data accumulat
period, may be calculated'using:
Chi? (B,¢)x10°

 2xFITSx Axt

where

ChiZ(60 %,0) =1,83
Chi? (60 %,1) =4,04

bnt

nt,

bte

on

Chi2 (60 %,2) =6,21

FITS see 4.11.2 a)

c is the number of failures;

B is the upper confidence limit;

A = A7 x Ay (see Clause A.16 for TC15);

is the time under bias in an oven.

~
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Table 5 — Product monitor tests

Test codes Title Maximum failure
HTOL High temperature operating life long term life a, b, c
NVL Non-volatile memory operating life a
TC Temperature cycling a
HE (hermetic packages only) Hermeticity d
PC + THB or HAST Preconditioned 85/85 or HAST (plastic package only) a

a

b

C

d

ZeTo taftures with sampie SiZe per 1apie 5.
Failure rate calculated as shown in test HTOL.
HTOL on devices may be substituted by appropriate wafer level reliability, i.e. testing at the waferlevel.

Zero failure with a sample size of 5 parts minimum per batch.

4.1
4.1

The OCM shall ensure the following health and safety precautions are in place:

4.1

The OCM shall be expected to comply with allapplicable national, regional, state and local I3
and regulations governing environment, health and safety. The OCM registration to indug

red

mandatory.

4.1
De

disposal, or when operated according to the OCM’s data sheet.

4.1

Maiterials used>in the manufacture of devices should be non-flammable, and shall not e

ha

4.1

2 Environmental health and safety (EHS)

2.1 General

EHS compliance (4.12.2);
device handling (4.12.3); and
device materials (4.12.4).

2.2 EHS compliance

ognized EHS standards, such as ISO 14001, RC14001 or EMAS, is encouraged, but

2.3 Device handling

vices should not produce’any toxic effects for personnel as a result of handling, storage

2.4 Device materials

mful leVels of toxic materials as a result of electrical overload or fault within the device.

3<{Shipping containers

4.1

3.1 General

Shipping containers shall protect devices and address the following considerations.

4.1

4.1

3.2 ESD requirements

3.21 General

WS

try

not

or

mit

The OCM shall ensure that all shipping containers are static safe (non-generating as a
minimum) to safeguard sensitive products occupying the same manufacturing areas. The OCM
shall also ensure the following:

electrostatic properties (4.13.2.2);
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ESD protection (4.13.2.3);

specification compliance after shipment (4.13.2.4);
device orientation (4.13.2.5);

user instructions (4.13.2.6);

electrostatic shield (4.13.2.7);

magazine surface resistivity (4.13.2.8);

inner container surface characteristics (4.13.2.9).

4.13.2.2 Electrostatic properties

The electrostatic properties of the shipping container material shall be as specified afte
comditioning of 48 h at 23 °C + 3 °C and 12 % RH = 3 %. Any appropriate test method may

us
cel

4.1

All
ele
in 4

4.1

Th
fro

4.1

De

4.1
An

d; examples are contained in ANSI/ESD S541. This test requirement may_bé met b
tificate of conformance from the shipping container material supplier.

3.2.3 ESD protection

devices shall be supplied in suitable electrostatic protective \Shipping containers W
ctrostatic properties meeting the requirements of ANSI/ESD S541unless otherwise specif]

1.13.2.

3.2.4 Specification compliance after shipment

e method of packing for land, sea or air transportation shall adequately protect the deyv
M being electrically or mechanically degraded erdamaged in any way during transit.

3.2.5 Device orientation

vices shall all have the same orientation'within a magazine.

3.2.6 User instructions

y special handling requirenients or precautions (e.g. placing of desiccants; resealing

coftainers; maximum number-of 24 h 125 °C bake cycles allowable) which shall be obser

for
do

4.1

Th
thg

4.1

storage or reshipment.shall be stated on the packing and, where necessary, support
cumentation shall bexsupplied with each inner container.

3.2.7 Electrostatic shield

n 108 Qfsquare.

3.2.8 Magazine surface resistivity

[ a
be

ith
ed

ce

of
ed

ng

B inner coftainer or magazine shall contain an electrostatic shield of surface resistivity I¢ss

Packing material in direct contact with the device pins shall have a surface resistivity less than
1012 Q/square.

4.1

3.2.9 Inner container surface characteristics

All surfaces of the inner container other than an electrostatic shield shall meet the following:

surface resistivity: 105 Q/square to 1072 Q/square;
charge decay in 2 s: 5 kV to less than 100 V;
triboelectric charge: not to exceed 100 V.
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4.13.3 Magazine reuse

Tubes, trays or other magazines, which depend for their electrostatic properties on surface
coatings, shall be limited to a defined number of load/unload cycles. The specified surface
resistivity shall be met after the defined number of cycles and data shall be available to justify
the limit chosen. Coated magazines may be "reset" to zero load cycles by a suitable recycling
process, which includes recoating.

Magazines that utilize bulk material properties may be reused.

4.13.4 Tubes
4.13.4.1 General
The OCM shall ensure the following:

e |cushioning material (4.13.4.2);
e |partial tubes (4.13.4.3);

e [marking access (4.13.4.4); and
e |opening (4.13.4.5).

4.13.4.2 Cushioning material

Ceramic devices packaged in tubes shall have an adequate amount of cushioning material to
ensure that the devices are not damaged as a result of movement within the tubes.

4.13.4.3 Partial tubes

Full tubes shall be shipped with a maximum of‘one partly-filled tube per inner container.

4.13.4.4 Marking access

The material of the tube shall be~transparent or contain a slot to allow inspection of fop
markings.

4.13.4.5 Opening

Tubes shall be openable at either end unless otherwise specified to meet unique customer
applications.

4.13.5 Trays
4.13.5.1 ~'General

The QCM shall ensure the following:

e devices with MSL of 4 or higher (4.13.5.2);

e marking of bake temperature limit (4.13.5.3);
e stacking of trays (4.13.5.4);

e special packaging (4.13.5.5).

4.13.5.2 Devices with MSL of 4 or higher

For devices with a moisture sensitivity classification according to IPC/JEDEC J-STD-020 of
level 2 or higher, the tray shall have a bake capability of at least 125 °C.
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4.13.5.3 Marking of bake temperature limit
The bake temperature limit shall be marked on the tray, or the tray marked heatproof.

4.13.5.4 Stacking of trays

There shall be no more than 10 full trays to be stacked in height, plus one partial tray with one
further tray as a cover.

4.13.5.5 Special packaging

Fof devices with special leads, balls or columns, appropriate packaging to accommodate-thgse
feqtures without damaging them shall be used (e.g. pedestals for extended leads \below
pa¢kage base).

4.13.6 Tape and reel

For devices with moisture sensitivity classification according to IPC/JEDE©)J-STD-020 of 2 or
higher, the tape and reel shall have a bake capability of 40 °C minimum(The bake temperatyre
limjt shall be marked on the reel or the reel shall be marked heatproef.

4.14 Compliance with internal standards

This document does not exempt the OCM of its responsibilify_to meet its own internal company
requirements.
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Annex A
(informative)

Test code (TC) information

A.1 General

Annex A provides guidance only and summarizes the content of the quoted standards or
specificati . o ; ; ors
comsider the latest revision of the standards or specifications to ensure they use the most recgnt
information.

A.2 TC1 - Autoclave (ATC)

Test method: JESD22-A102, condition C, for plastic packages only or IEC-80749-33 for 94 h.
So|der preconditioning for non-hermetic SMD per test TC26 (PC).

NOTE Autoclave, whether biased or unbiased, is sometimes used for testing plasticpackaged devices. The tegt is
a valid quality test but is a non-valid reliability test because of no known reliability data. Instead it is better to use
HA$T, JESD22-A118 condition A, which is non-saturating and non-condensing, and is the proven and prefefred
method for valid and known acceleration of ageing of electronics in humid,environments.

A.3 TC2 - Bond strength, internal (BS)

Test method: Minimum bond strength as specified in JESD22-B116 for ball shear testing| or
MIL-STD-883 method 2011, test condition D, for.wire bond pull testing or IEC 60749-22 or ABC-
Q1[00-001. Recording of failure categories is not required. Plastic packages, for example, ¢an
be [tested before encapsulation.

NOTE IEC 60749-22 uses metric units and defines methods A to G which cover a wider variety of test conditipns
thap JESD22-B116.

A4 TC3 - Die shear strength (DS)

Test method: MIL-STD-883-method 2019. Plastic packages, for example, can be tested befpre
eng¢apsulation.

A

ternative test methods are:

e [MIL-STD=:883 method 2027, stud pull test (for integrated circuits (ICs));
e [MIL-STD-750 method 2017, die attach integrity test (for discrete components);
o |IEC60749-19.

A.5 TC4 - Electromigration (EM)

Test methods to characterize the metallization system include JP001.01 and/or JEP119,
JESD202, JEP154 or IEC 62415 and/or IEC 62418.

Details of the test methods, results and the capability life demonstrated, for < 0,1 % failures at
worst case operating temperature, are to be available on request. The requirement to perform
electromigration testing is not limited to sub-micron technologies. Larger geometries are subject
to electromigration wear out mechanisms. Characterization data could be for the metallization
and contact process as a whole, using accelerated current and temperature testing of test
structures on the wafer rather than individual device types. Acceleration factors shall be justified
by experimental data.
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A.6 TCS5 - Electrostatic discharge (ESD)

Test method: Human body model.

a)

b)
c)

Si
to

OQdMs holding current IECQ certification for compliance with IEC 61340-5-1 are deemed to he
safisfied this requirement.

A.
Test method: JESDS86.

Qupalification electrical test: The electrical test is performéd at the worst still air ambip

te

te
fu

Testing is as follows:

a)
b)
c)
d)
e)

Population parameterdrift: Where parameter drift assessment is specified in HTOL and H

te
te

1)
2)
3)

4)

A

Sir:rilarity: Sample testing among groups of similar pins is acceptable and, for example;

ANSI/ESDA/JEDEC JS-001 or IEC 60749-26;

NOTE ANSI/ESDA/JEDEC JS-001 superseded JESD22-A114 in 2010.
ESD withstanding voltage to be determined and be available;
ESD classification to be recorded in the qualification report.

ilarity basis can be stated in the qualification report. Users reserve the right to test anyq
-pin combination and to reject on failure.

f TC6 - Electrical test (ET)

mperature in the range of T,,min t0 Toynax- The device shall be stabilized at the t

mperature. Where the test is carried out at a temperature which is not the worst case, th
[l guard banding allowance can be made.

DC test to data sheet;

AC test to data sheet or correlated;DC testing to guarantee the AC parameters;
special functional tests where applicable, for example pattern sensitivity, etc.;
functional verification;

fault coverage target requirements that are stuck at "1" and "0" are typically in excessg
95 %.

j:s, a sample of >-10 devices is to pass the electrical test both before and after endurar
ing, and the‘results of the main parameters are to be data-logged:

individual'devices are not required to be serialized;
adequate parameter stability confirmation is required;

he
n-

ve

of

1CI
ce

on

reporting of statistical measures of population drift is required. The drift of the populat

mean 10 any parameter IS 10 be 1eSS than TU 7o OT the Initial population mean,

functional failures are to be excluded from calculation of mean values.

.8 TC7 - Electrical distributions (EDs)

Purpose: OCM to verify the data on specified electrical-variables parameters on devices to be
qualified per data sheet limits, and assess the device’s capability to function within the data
sheet limits over time and application environment (e.g. operating temperature range, voltage,

in

put/output levels, etc.) in accordance with JESD86.
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Input/output capacitance is one of the parameters evaluated for new process/design
qualifications using MIL-STD-883 method 3012 or JESD6. The device bias is at nominal
operating voltage. Capacitance measurements are made at all logic levels for digital devices
and normal biased condition for analogue devices.

A.9 TC8 - Flammability (FL)

Flammability is only applicable to plastic devices.

Teft methods: ULY4 or IEC 60749-32 are applicable.

The bulk material test is mandatory but the OCM could meet this test requirement by usjng
majterial manufacturers’ test data. If bulk material is not available, IEC 60695-11-5 needle flame
is & suitable method for tests on individual devices.

A.10 TC9 - Hot carrier injection (HCI)

This is applicable to sub-micron MOS technologies where appropriaté testing to evaluate Igng
term intrinsic failure mechanisms for device/design related charge-injection is carried out.

Test methods: JP001.01 or IEC 62416.

Details of test methods, results and the capability life demonstrated, for < 0,1 % failures, arg to
be|made available. Examples of appropriate methods\are found in Table A.1.

Table A.1 — Conditions of the DC over the voltage stress method
of JP001.01,0r'IEC 62416 test

ABsolute maximum V__for DRAM. Maximum V. for other devices.

Ddration 1 000 h.

Dynamic operation. End point: electrical test (ET). Population parameter
drift.

A.11 TC10 — Hermeticity (HE)
No} applicable fownon-hermetic packages.

Te$t methods: JESD22-A109 or MIL-STD-883 method 1014 or MIL-STD-750 method 1071| or
IEC 60749-8. Note that IEC 60749-8 uses metric units, and has condition E for weight gpin
grgssdeak testing and die penetrant gross leak testing.

A.12 TC11 — High temperature bake (HTB)

Test methods: JESD22-A103 or IEC 60749-6 condition B for 1 000 h or JESD22-A103 condition
C for 500 h for plastic packages.

JESD22-A103 condition E for 10 h or condition D for 72 h for ceramic packaged devices. Note
that IEC 60749-6 does not contain these test conditions

Examines device metal/contact inter-diffusion robustness.
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A.13 TC12 — High temperature blocking bias (HTBB)

Test method: MIL-STD-750 method 1048, T, 150 °C £ 5 °C /500 h or at 125 °C /1 000 h at

Vbias max

crit

at which DC and AC parameters are guaranteed unless otherwise specified. The
ical device blocking junction is reverse biased. Thermal shutdown is not allowed.

A.14 TC13 — High temperature gate bias (HTGB)

to

co
an

NO

A.

A.1
Te

dymamic life test which best relates te'dthe device type is applied:

a)
b)

c)
d)

En

A.1
Th

for
se

[se
ed to 80 % of maximum breakdown voltage specification or maximum junction temperatyire
void thermal runaway. If 7, is < 145 °C due to device stability, actual T,,,, 7; and bjas

ditions shall be documented. Examination of junction capabilities is done at 504 h (optioral)
i 1 008 h.

rE T] is the device semiconductor junction temperature, and bias.refers to the reverse voltage bias.

16 TC15 — High temperature operating.life (HTOL)

6.1 General

5t method: JESD22-A108 or MIL-STP%883 method 1005 or IEC 60749-23 where a statid or

devices are cooled to 55 °C or-lower prior to the removal of bias;

interruption of bias for upsto 1 min for the purpose of moving the devices to cool dgwn
positions is not considered removal of bias;

following bias removal the devices are maintained at less than 30 °C ambient until tested;

electrical endpoint testing is normally to be completed within 48 h of removal of bias.

H point measuréments: electrical test TC6 (ET) including population parameter drift.

6.2 .Qualification conditions

b Qualification conditions are as follows:

a)

b)
c)

d)

1000 h at T, 2 125 °C. Higher test temperatures for shorter test times could be used

provided the stress is equivalent and anomalous failures do not result from the higher test
temperature;

maximum operating voltage;

ifinternal power dissipation causes 7 to exceed T;,,, or activate a thermal shutdown circuit,
the test temperature could be reduced and the test time extended,;

use the field life simulated by the qualification test derived from using the temperature and
voltage acceleration factors defined herein in the qualification report.
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6.3 Test results assessment

Product monitor results accumulated from periods of accelerated life test could be used to
assess early life and long term failure rates, using JESD85 or the following:

chi? (B,c)x10°
2><N><t><A-|- x Ay

FIT =

where

Ch[2 60 %,0) = 1,83
Chj2 (60 %,1) = 4,04
Chj2 (60 %,2) = 6,21

A.1
Us

is the upper confidence limit;

is the number of observed defects;
is the number of devices tested;

is the voltage acceleration factor;

is the temperature acceleration factor;

life period for long term life calculations.

6.4 Temperature acceleration factor

is the test duration of up to 168 h for early life calculations.or total test duration minus egrly

b the activation energy indicated from relevant failure analysis data. Where no relevant dpta

is available, an activation energy of 0,7 eV is to be used, but it shall be recognized that this will

no{ take account of oxide failure mechanisms.
Sep Table A.2 for examples of temperature acceleration factors which use activation energy of
0,7 eV.
Table A.2 — Examples of temperature acceleration factors
Examples of Ag for, E, = 0,7 eV Tyen t T/'a A Field life
’ years
°C h °C
0 78 8,9
15 55 6,3
Eq 1 1
Ar = " - 125 1 000 30 41 4,7
T e Tjsys T joven 45 31 3,6
60 25 2,8
whete 0 78 17,8
E, is the activation energy; 15 55 12,6
s 125 2 000 30 41 9,3
K= 8,617 x 107> eV/K; 45 31 71
Tjsys K= 273 + Tja + Tsys; 60 25 5,6
Tjoven K = 273 + Tja + Toven; 0 260 29,7
Tsys = 55 °C system ambient; 15 170 19.4
150 1 000 30 117 1ESD
Tja is the junction temperature rise due to 45 83 9.5
power dissipation. 60 61 70
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A.16.5 Supply voltage acceleration factor

The supply voltage acceleration factor is selected as follows:

A.

Laich-up is applicable to CMOS, NMOS, bipolar and.all'variations and combinations of thg
teghnologies.

Te

supply overvoltage and current injection into-the input and output (1/0) pins.

A.

Th
arr,

Te

IEC 60749-14. Note that IEC 60749-14 uses metric units.

Th

If package corner pins have reduced width or thickness, then at least 1 corner pin is to be tes

on

Ca

if a supply voltage higher than the nominal operating voltage is used, a voltage accelerat
factor is to be used in FIT rate calculations;

ion

relationships are typically of the form shown below but any formula and constant values C

can be used for which the OCM has supporting evidence available:

c1-v2)

EE VAR

where

A, is the voltage acceleration factor;

\'
C is a constant determined by the dielectric integrity data;
V1 is the stress voltage;

V2 is the operating voltage;

supply voltage acceleration shall be used with circumspection and’justified on a case-
case basis.

|17 TC16 — Latch-up (LU)

5t methods: JESD78 (preferred test method).or IEC 60749-29, or AEC-Q100-004 with poy

I8 TC17 — Lead integrity (LI)

s is applicable to through hole“mount ICs. It is not applicable to SMD and PGA (pin ¢
ay).

5t methods: JESD22<B105 or MIL-STD-883 method 2004 condition B2 lead fatigue

e number of leads to be tested is 15 leads from a random sample of a minimum of 3 devic

each device such that all corner pins are included in the sample.

se

ver

rid

or

ES.
ed

[ry out the end point hermeticity test for hermetic packages. This is a destructive test.

A.19 TC18 — Lid torque (LT)

Test method: MIL-STD-883 method 2024.

A.20 TC19 — Mechanical sequence (MS)

A.20.1 General

The same samples are to receive all the tests in the sequence.
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This is applicable only to cavity packages and devices with bonds and solder joints not moulded
in.

End point tests: External visual inspection TC35 (VI), hermeticity fine and gross TC10 (HE),
electrical test TC6 (ET).

A.20.2 Constant acceleration

Test method: MIL-STD-883 method 2001. Apply Y1 axis only. IEC 60749-36.

A test condition appropriate to the package mass, area and perimeter length is to be selectéd.
The test condition used is to be made available.

A.20.3 Vibration (variable frequency)
Test method:

e [JESD22-B103; or
e |MIL-STD-883 method 2007 condition A; or
e [IEC 60749-12.

Pegk acceleration: 20 g.
A.20.4 Mechanical shock

Test method:

e |JESD22-B104 condition B; or
e |MIL-STD-883 method 2002 condition\B; or
e [IEC 60749-10, 5 pulses 1 500 g, each pulse 0,5 ms duration.

A.21 TC20 — Marking permanency (MP)
Tegt methods: JESD22-B167 or MIL-STD-883 method 2015 or IEC 60749-9.

Tests to evaluate the)llegibility when subjected to the application and removal of labels or fhe
use of solvents and.cleaning solutions commonly used during the removal of solder flux residpe.

The sample'groups" can each consist of one device. Each group is tested with a differpnt
solvent.

hn. T~n4 Al [P | P 1L FANAWITAY
A.A-L TV4 T = INUIT=VUIAlNe ImMieimury operatiityg mic (NvL)

Test method: JESD22-A117.

Applicable to floating gate technology electrically programmable/erasable non-volatile memory
devices including embedded memory. The write/erase and subsequent data retention properties
of the device using a combination of write/erase cycling and high temperature bake testing is
to be determined. Endurance and retention qualification specifications are specified in JESD47
(requirements are considered destructive) or may be developed using application knowledge
based on methods as in JESD94. Appropriate interim bake and electrical test points are
selected by the OCM.
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The subsequent data retention bake is carried on the same sample devices unless otherwise
notified.

Alternative test method: AEC-Q100-005 which is similar to JESD22-A117 but requires different
samples for high and low temperature data retention storage as there are some degradation
processes which heal with temperature and may not show up in the high temperature flow.

A.23 TC22 - Time dependent dielectric breakdown (oxide integrity) (Ol)

Te

Ap
oxi

De
be

A

Te

Te
ba
ma

JE

E

QD
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an

.24 TC23 - Package dimensions (PD)

.25 TC24 - Power cycling (PTC)

51 method: JFUUT.OT or TEC bZ417.

bropriate testing to evaluate long term intrinsic failure mechanisms in semiconduetor g
de systems and dielectric isolation material systems is to be carried out.

fails of test methods, results and the capability life demonstrated, for < 0,1%. failures, arg
made available.

5t method: JESD22-B100 or MIL-STD-883 method 2016, or1EC 60749-3.

5t methods: MIL-STD-883 M1037 (power cycling only), test at T, = 25 °C. Test durat

bed upon package size/type. Devices powered\to ensure T; = 100 °C (not to exceed absol
ximum ratings).

5D22-A122 or IEC 60749-34.
ctrical test before, at midpoint@nd endpoint.

bmples of conditions:

Small package (e.gsSMD SOTS, D-pak) duration 15 000 cycles, 2 min on/off.
Medium package_(e.g. TO-220, D2-pak) duration 8 572 cycles, 3,5 min on/off.
Large package (e.g. TO-3, TO-247) duration 5 000 cycles, 5 min on/off.

T; of 100)°C cannot be achieved, consider JESD22-A105 (power and temperature cycli

an alternative method. Test is performed only on devices with maximum rated power > 1
| 7 40 °C. Apply 1 000 cycles of —40 °C to 125 °C. Thermal shutdown is not allowed.

to

on
ite

A.26 TC25 - Resistance to solder heat (RSH)

Test methods:

JESD22-B106, test before and after RSH. SMD devices are to be fully submerged during

test;
IEC 60749-15; or
IEC 60749-20.
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A.27 TC26 — Solder preconditioning (PC)

Th

is is not applicable to hermetic packages.

Test method: JESD22-A113 or IEC 60749-30:

a) moisture conditioning appropriate to the device moisture sensitivity classification followed
by three reflow soldering operations in accordance with IPC/JEDEC J-STD-020;

b) moisture conditioning and soldering operation(s) applied are to be stated in the qualification
repnort:

c) | the moisture conditioning requirement is to be as specified or an equivalent moisture weight
gain specified;

d) | if wave soldering capability is required by a device specification agreed with they@CM, it will
be demonstrated by immersing the device in flux followed by immersion in solder at 260|°C
for 10 s. This operation could include soldering devices onto a PCB with*a’preheat ramp
rate of up to 10 °C/s. To avoid solder bridging problems on some fine_pitch packages|oil
can be used in place of solder for wave soldering simulation.

A.28 TC27 - Solderability (SD)

Repuirement:

De)ices stored in the as received condition and shipping ‘container are to retain solderability

after delivery for a minimum of 12 months in "standard atmospheric conditions" of ambipnt

temperature and relative humidity in the range 5 °G,t0’ 30 °C, 20 % to 70 % RH.

Test method and ageing, see Table A.3: industry standard dip and look test conditions gnd

stelam ageing are given below as test referénces. These methods will not be suitable for|all

patkages, for example fine pitch and chip.scale and dry heat ageing can be more suitable |for
some lead finishes. Any differences intest method and ageing used should be noted durjng
redistration.
Table_A.3 — Dip and look test references
Tgst method: JESD22-B102 or MIL-STD-883-M2003 or IEC 60749-21.
Flbx: Non-activated flux.
Ageing: 8 h steam.
THIM (through holéumount): 245 °C for 5 s.
SHID: 215°C+2°Cfor5s+1s.
Palladium-plated SMD: The OCM can perform the test at 215 °C + 2 °C for 10 s £ 1 s, but the user
reserves the right to perform the test as specified and to reject on failure.
NOTE IEC 60749-21 uses metric units and defines lead-free solder in more detail than
JESDZZ-BTUZ.

A.29 TC28 - Soft error rate (SER)

Test methods: JESD89 including JESD89-1, JESD89-2 and JESD89-3 or IEC 60749-38 or
IEC 60749-17.

This test applies to DRAM and SRAM devices only (not embedded memory). For SRAM
references to refresh can be ignored.
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Reporting: The number of errors detected, including SEFI and SEL and the following test

parameters are to be stated

(see Table A.4), are to be chosen by the OCM:

Table A.4 — Parameter values for consideration

in the qualification report. Appropriate parameter values

Sample size. Refresh type, burst, etc.
Test duration (h). Test temperature.
Sample size/test duration: For qualification (see Table A.5), the number of device-hours_shall

be
nof

adequate to demonstrate that the soft single bit error rate at 7,,,, 55 °C and 90 % UCL-d¢
exceed 20 FIT/Mbit for both DRAM and SRAM.

Table A.5 — Test conditions

es

Re¢commended test conditions: Recommended data pattern:

V4, minimum specified for data retention. Write and verify checkerboard’once, then read/refresh
continuously.

Maximum specified refresh interval (period). Repeat with completnentary checkerboard.

Tgst temperature 55 °C. Test with checkérboard and complementary pattern fpr

Cycle time 500 ns. approximate.equal durations.

Ac
ac

Te

Ex
po

Te

celerated testing: Accelerated testing using thev"hot source" irradiation method is
eptable as a substitute for system level soft €rror test.

.30 TC29 - Steady state operating life (SSOL)

5t method: JESD22-A108 or IEC 60749-23.

hmine device power handling-capabilities. T, for 1 008 h. Device is biased statically to
ver at ambient temperatures. Thermal shutdown is not allowed.

.31 TC30 — Temperature cycling (TPC)

5t methods:

solder.preconditioning for non-hermetic SMD per test TC26 (PC);
JESD22-A104 condition C, 500 cycles, =65 °C to +150 °C; or

hot

full

JESD22-A104 condition B_ 1 000 cycles =55 °C ta +125 °C: or

MIL-STD-883 method 1010 condition B, 1 000 cycles, =55 °C to +125 °C; or
IEC 60749-25, 1 000 cycles, -55 °C to +125 °C.

1 min maximum transfer time. 10 min minimum dwell time if using MIL-STD-883 method 1010
or 1 min minimum dwell time if using soak mode 1 of JESD22-A104 or select an appropriate
dwell time based upon featuring and mass. Solder preconditioning to be applied for non-
hermetic SMD per test code TC26 (PC).

End points: Hermeticity (hermetic devices only) test TC10 (HE).

Qu

alification electrical test TC6 (ET).
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The OCM will apply the specified number of cycles. An alternative number of cycles and
temperature extremes with 7,,,;, < -40 °C is acceptable if the OCM can show the stress level is

equivalent.

A.32 TC31 — Temperature humidity reverse bias (THRB)

Test method: JESD22-A101. 1 000 h 85 °C / 85 % RH with device reverse biased at 80 % of
rated breakdown voltage up to a maximum of 100 V or limit of chamber. Electrical test before
at 500 h and 1 000 h.

A.B3 TC32 - Temperature humidity bias (THB or HAST)
Sep Table A.6 for the test methods.
So|der preconditioning for non-hermetic SMD per test TC26 (PC).
Copsider intermittent bias for cases where TJ > 5 °C above ambient.
Enf point: Qualification electrical test TC6 (ET).
Table A.6 — Test methods
Tgmperature humidity bias (THB) test Highly dccelerated temperature and humidity stress
test HAST is considered to be a destructive test.
JHSD22-A101 or IEC 60749-5 JESD22-A110 or IEC 60749-4
Relative humidity: 85 % +5 %
Temperature: 130°C+2°C
Duration: 96 h
HAST shall not exceed 130 °C as above this value non-valid results have been known to ocdur.

Other HAST conditions with lower temperatures per JESD22-A110 can be used as

altg
tho

A.

Te

brnative to the 85/85 THB test when the OCM has adequate evidence of correlation us
se conditions. Thexconditions used shall be stated in the qualification report.

B4 TC33 —Terminal strength (TS)

5t methed? MIL-STD-750 method 2036 for diodes and transistors.

A.

Use any appropriate test method. Examples of methods are included here but not limited to:

85~ TC34—Thermal resistance{thermal-impedance)}{TR)
nece)}{TR)

JESD531 for signal and regulator diodes,

JESD313-B for conduction cooled power transistors,

JESD51-1 and JESD51-2 for integrated circuits (natural convection),
JESD282 for bridge rectifier assemblies, JESD24-4 for bipolar transistors,
JESD24-3 for power MOSFETS,

JEP138 for IR thermal imaging determination of die temperature.

The device data shall state the thermal impedance determined (Hjc and Hja).

an
ng
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NOTE

0.

jc

0.

ja

is the thermal resistance from the component semiconductor junction to the component case.

is the thermal resistance from the component semiconductor junction to the surrounding ambient air.

A.36 TC35 - Visual inspection (VI)

A.36.1 TC35a - External visual inspection

Purpose, apparatus and procedure are as specified in:

NO
ma

a)
b)
Plg
cri
m
a)
b)
c)
d)
e)
f)
9)
h)

n)

JESD22-B101 for plastic encapsulated devices;
MIL-STD-883 method 2009 for hermetically packaged ICs; and

MIL-STD-750 method 2071 for hermetically packaged discrete semiconductor devices
test method IEC 60749-3.

'E JESD22-B101 inspects from x3 to x7 with up to x30 magnification whereas IEC 60749-3 allows x3 to
nification. Also IEC 60749-3 does not include:

the external visual report from templates;

the maximum criteria of 5 % base material exposure through the final plating-

stic package failure criteria: JESD22-B101 with the addition of the following molding def|
eria. Where no measurement criteria are given, the defect is a reject if visible at
gnification as follows:

incomplete fill of package form;

inner lead exposed;

rough surface > 10 % of the total area in anyysite of package;

pin holes;

surface blister;

blister void (surface blister already-broken or can be broken by a needle);

blister near a power package.mounting tab;

ejection pin defects in anydirection and in any part of the marking area which are > 0,1 1
in any direction;

any crack or gap atiinterface of metal and resin;

flash on lead >_0,5 ' mm from package body;

flash on powerpackage mounting tab hole;

cap and frame misalignment > 0,1 mm;

broken.package;

resin‘mark around ejector hole > 0,1 mm in any direction.

or

<10

pct
x3

A.36.2 TC35b - Internal visual inspection

Test method:

MIL-STD-883 method 2010 condition B for microcircuits,
MIL-STD-750 method 2072.5 for transistors,
MIL-STD-750 method 2074.2 for discrete semiconductors,
MIL-STD-750 method 2069 for MOSFETSs transistors,

MIL-STD-750 method 2070 for microwave discrete and multiple transistors.
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