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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR PRINCIPAL COMPONENT RELIABILITY
TESTING FOR LED LIGHT SOURCES AND LED LUMINAIRES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
interpational co-operation on all questions concerning standardization in the electrical and electronjc flelds. To
this ¢nd and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred\ to |as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee injterested
in the subject dealt with may participate in this preparatory work. International, governmental gnd non-
govefnmental organizations liaising with the IEC also participate in this preparation. IEC(collaborates closely
with |the International Organization for Standardization (ISO) in accordance with conditions determined by
agregment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly“as possible, an intefnational
consgnsus of opinion on the relevant subjects since each technical committee has representation|from all
interg¢sted IEC National Committees.

IEC Publications have the form of recommendations for international usé&.and are accepted by IEC [National
Compmittees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or| for any
misinfterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Pullications
transparently to the maximum extent possible in their national and regional publications. Any diyergence
betwgen any IEC Publication and the corresponding natiapalyor regional publication shall be clearly indjicated in
the I3tter.

IEC f{tself does not provide any attestation of confermity. Independent certification bodies provide cgnformity
assepsment services and, in some areas, access\to IEC marks of conformity. IEC is not responsiblg for any
serviges carried out by independent certification-bodies.

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

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exgerts and
mempers of its technical committees and- IEC National Committees for any personal injury, property dgmage or
othell damage of any nature whatseever, whether direct or indirect, or for costs (including legal fe¢es) and
expehses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Atterjtion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indispensable for the correct application of this publication.

Attention is drawn te\the possibility that some of the elements of this IEC Publication may be the spbject of
patent rights. IEC.shall not be held responsible for identifying any or all such patent rights.

The main task-/of IEC technical committees is to prepare International Standafds. In
exceptionalcircumstances, a technical committee may propose the publication of a technical

specifi¢ation 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 62861, which is a Technical Specification, has been prepared by subcommittee 34A:
Lamps, of IEC technical committee 34: Lamps and related equipment.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
34A/1884/DTS 34A/1966/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

The ¢ mittee has decided that the contents of this pnhlir\nfinn will remain ||nr~h9ngnd until
the stgbility date indicated on the IEC website under "http://webstore.iec.ch" in“the data
related|to the specific publication. At this date, the publication will be

» transformed into an International standard,
* recpnfirmed,

* withdrawn,

* replaced by a revised edition, or

+ amg¢nded.

A bilinqual version of this publication may be issued at a laterdate.
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INTRODUCTION

LED products depend generally on how balanced its principal components are in terms of
their reliability. It is not only the LED components that determine product performance, but
also other parts of the LED product play an equally important role. For instance, electronic
subassemblies, optics, mechanics and the involved cooling method play such a role.

This Technical Specification envisions a methodology, which addresses separate
subcomponent reliability data, to provide a basis for statistical system reliability design.
Standardized reporting formats and flowcharts are presented.

Next, grotocols based onm acceierated methods are given to estimate system reifabiifty of the
final prpduct using subcomponent data.

Verification of LED product lifetime is based on a ‘test to pass’ principle, which means the
components of the product under test are evaluated to give equivalent reliability confidgnce to
that wHich would be achieved by real-time life testing of the complete LED product. THe tests
described in this Technical Specification are divided into: initial qualification tests (IQT) giving
confidgnce of basic component robustness, but not linked to any specific lifetime projection,
and acfelerated stress tests (AST) giving confidence of reliability-to a specific lifetime|(within
the spgcified constraints of the test).

Since the approach foreseen in this Technical Specification‘*covers a generic methoddlogy, it
can be|seen as guidance related to relevant product performance standards, such as the LED
lamp performance standard |IEC 62612, the LED module performance standard IEC 62717
and LHD luminaire performance standard IEC 62722-2-1. This Technical Specification is not
recommended for use as a normative reference to*the LED product performance standdrds.

This Tpchnical Specification addresses the need for a document giving guidance [that is
developed according to consensus procedures and in itself is normative in nature, whilg at the
same tlme recognizing that LED technolegy for lighting products is still in an emerging|phase.
This Technical Specification approaches an International standard in terms of detpil and
completeness.
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GUIDELINES FOR PRINCIPAL COMPONENT RELIABILITY
TESTING FOR LED LIGHT SOURCES AND LED LUMINAIRES

1 Scope

This Technical Specification provides guidelines for establishing confidence in product
reliability using principal component testing for LED light sources and LED luminaires for
general lighting. It includes methods and criteria using initial qualification tests and
acceleffated siress fests of the principal componenis. The performance of any_pfincipal
component will influence the performance of the final product.

Techniques to validate full lifetime claims and lumen maintenance projection’are outsjde the
scope of this Technical Specification.

The following principal components are included in the testing if theyCare used as an integral
part fo the LED light source or LED luminaire:
e LED package and interconnects;

o optical materials;

e eleg¢tronic subassemblies;

e cogling systems, both active (e.g. fans) and passive (e.g. thermal interface material

e construction materials.

This Tgchnical Specification is not recommended for use as a normative reference to the LED
product performance standards.

2 Ndrmative references

The following documents are'referred to in the text in such a way that some or all of their
conten{ constitutes requirements of this document. For dated references, only the |edition
cited applies. For undated-references, the latest edition of the referenced document (ingluding
any amendments) applies.

IEC 60p68-2-20:2008, Environmental testing — Part 2-20: Tests — Test T: Test methpds for
soldergbility andresistance to soldering heat of devices with leads

IEC 60p68-2-27:2008, Basic environmental testing procedures — Part 2: Tests — Test Ea and
guidante=Sheck

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-42:2003, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide
test for contacts and connections

IEC 60068-2-43:2003, Environmental testing — Part 2-43: Tests — Test Kd: Hydrogen sulphide
test for contacts and connections

IEC 60068-2-58:2015, Environmental testing — Part 2-58: Tests — Test Td: Test methods for
solderability, resistance to dissolution of metallization and to soldering heat of surface
mounting devices (SMD)
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IEC 60068-2-60:2015, Environmental testing — Part 2-60: Tests — Test Ke: Flowing mixed gas
corrosion test

IEC 60529:2013, Degrees of protection provided by enclosures (IP Code)

IEC 60929:2011, AC and/or DC-supplied electronic control gear for tubular fluorescent lamps
— Performance requirements
IEC 60929:2011/AMD1:2015

IEC 62504, General lighting — Light emitting diode (LED) products and related equipment —
Terms and definitions

ANSI/HSDA/JEDEC JS-001-2014, Electrostatic discharge sensitivity testing humalL body
model (HBM) — Component level

ASTM [D5470 — 12, Standard test method for thermal transmission properties of thermally
condudtive electrical insulation materials

ASTM |D7027 — 13, Standard test method for evaluation of scratch. resistance of po[ymeric
coatings and plastics using an instrumented scratch machine

ASTM E595 — 07, Standard test method for total mass loss and collected volatile condgnsable
materigls from outgassing in a vacuum environment

IPC-95P1, Performance parameters (mechanical, electrical, environmenta and
qualityfreliability) for air moving devices

J-STD-002D, Solderability tests for component-leads, terminations, lugs, terminals and wires
J-STD-020E, Moisture/reflow sensitivity-elassification for nonhermetic surface mount dgvices
JESD2pP-A101C, Steady-state temperature humidity bias life test
JESD2P-A104D, Temperature.cycling

JESD2pP-A108D, Temperature, bias, and operating life
JESD2p-A113F,Preconditioning of plastic surface mount devices prior to reliability testing

JESD2p-B103B, Vibration, variable frequency

JESD51-51, Implementation of the electrical test method (static test method) for the
measurement of the real thermal resistance and impedance of light emitting diodes with
exposed cooling surface

MIL-C-48497A, Durability requirements for coating, single or multilayer, interference

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62504 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

acceleration factor

AF

ratio of the time it takes for a certain fraction of the population to fail, following application of
one stress or use condition, to the corresponding time at a more severe stress or use
condition

Note 1 to entry: The failure mode and the type of the failure distribution (lognormal, Weibull, exponential
within the two stress conditions should be identical.

or alike)

Note 2 tq
under te
Annex B

3.2

entry: Acceleration factors can be calculated for several stresses that can affect the reliability‘o
bt, such as temperature, electrical, mechanical loads, light exposure, chemical, moisture or(ther
presents commonly known acceleration models.

activation energy

Ea
excess
occurs

Note 1 tq

3.3
Boltzm
kg
consta

Note 1 tq

34
failure
proces

Note 1 tq

[SOUR

3.5
failure
manne

Note 1 tq

free energy over the ground state that is required in order{that a particular

entry: The activation energy is used in the Arrhenius equation for, the thermal acceleration.

ann’s constant

1t equal to 1,381 x 10723 J/K or 8,617 x 10%5%eV/K

entry: Boltzmann’s constant is used in the Arrhenius equation.

mechanism
5 that leads to failure

entry: The process may be physical, chemical, logical, or a combination thereof.

CE: IEC 60050-192:2015, 192-03-12.]

mode
 in which~failure occurs

entry.) A failure mode may be defined by the function lost or other state transition that occurred.

[SOUR

‘DEPRECATED: fault mode"..]

3.6
failure

the unit
tresses.

rocess

rate

vording

probability that a system will fail during the next specified time increment, given that it has

survive

Note 1 to entry:

d up to the current point in time

the system.

Note 2 to entry: Failure rate is expressed in % failures per time unit.

The failure rate of a system usually depends on time, with the rate varying over the lifecycle of
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3.7

application profile

mission profile

user profile

profile describing the environmental loads that are imposed upon the product under normal
operation conditions

Note 1 to entry: Annex A presents two example application profiles.

3.8
mean time to failure
MTTF

H pu | £ b £ 4 4 4 rbkle P 4 +l
averaggpertogortme rora systemtooperate-witnouttatrare

3.9
power [factor
ratio of{ the real power flowing to the load to the apparent power in the circuit

3.10
reliability
<of an|item> ability to perform as required, without failure, for @ given time interval| under
given cgonditions

Note 1 tp entry: The time interval duration may be expressed in units ‘@ppropriate to the item concerned (e.g.
calendar|time, operating cycles, distance run) and the units should always be clearly stated.

Note 2 t¢ entry: Given conditions include aspects that affect reliability, such as: mode of operation, stregs levels,
environmental conditions, and maintenance.

Note 3 tp entry: Reliability may be quantified using.me€dsures defined in Section 192-05, Reliability related
conceptd: measures.

[SOURCE: IEC 60050-192:2015, 192-01-24.]

3.1
samplé¢ size
repres¢ntative quantity of unit§ under test extracted from a batch of reference units

3.12
system
set of interacting or interdependent components forming an integrated whole

3.13
systen reliability
probabjlity, that a system, including all hardware, firmware, and software, will satisfactorily

perfornmithe task for which it was designed or intended for a specified time and in a specified

environment

3.14

solder point temperature

tS

temperature of the point near the LED package interconnect as specified by the manufacturer
of the package

3.15

cooling performance

function of a device providing cooling in an amount to maintain the performance of the
component to which it pertains
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3.16

Weibull distribution

continuous probability distribution described by two parameters: scale parameter a and shape
parameter S

3.17

accelerated stress test

AST

test for which a reliability model exists for assessing reliability over a shorter time period than
a test under normal application conditions by applying an accelerating stress factor

Note 1 to entry: The reliability model can apply to components and materials.

3.18
initial gualification test
QT
test to demonstrate a basic level of robustness by applying a non-accelerating)stress fdctor

Note 1 t¢ entry: An IQT is employed when an accelerated reliability model is not appropriate.

3.19
validated AST time
mathematical product of the AST duration used for validation and’the acceleration facto

=3

4 Cdmponent test conditions

Clausep 5, 6, 7, 8 and 9 specify minimum stfess-test driven qualification and refiability
requiregments for the principal components of £ZED products. It includes references |to test
conditipns for each component. The purposé.is to give guidance for establishing a level of
reliability for which a product is specified.tWhat the exact level is depends on the product
specifi¢ation and depends on the application profile. Stress test qualification of the pfincipal
components is defined as successful.completion of the test requirements outlined ih each
clause |for each principal component.-"Each clause specifies a set of qualification tegts that
shall bg considered for new LED¢(product qualifications. In case of requalification asspciated
with a gesign or process change, a limited set of qualification tests may be considered.

This Technical Specification describes two types of qualification tests. A test for which a
reliability model exists \is called an accelerated stress test (AST) for assessing reliability
results|over a muchyshorter test time period. When a reliability model is not appropriate, then
the tesf is termegdyan initial qualification test (IQT) and used to demonstrate a basic level of
robustrjess. Tests in this Technical Specification are classified as either IQT or AST. The
stressqrs or<loads that are imposed upon LED products in two example envirorimental
conditipns are described in Annex A. These stressors also apply to the principal compopents.

NOTE In general, it is assumed that passing the harsher test conditions implies that the more relaxed conditions
would also be passed.

For principal components that have failed the acceptance criteria of tests required by this
Technical Specification, it is recommended to understand the failure mechanism, determine
the root cause and take corrective actions. To confirm that the failure mechanism is
understood and contained, and appropriate corrective and preventive actions are effective, it
is recommended to repeat the applicable qualification test(s) successfully.

This Technical Specification makes reference to other IEC standards or standards from other
organizations. Where relevant, further details on the tests can be found in these documents.
Test conditions in this document may deviate from test conditions in the reference documents.
In such a case, further specifications in the reference document should still be applied as
appropriate.
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5 LED package and interconnects

5.1 General

The purpose of Clause 5 is to determine that an LED package is capable of passing the
specified stress tests and thus can be expected to give a certain level of reliability in general
lighting applications. LED packages and interconnects of different types exist. There is
currently no official LED classification; they can be classified by colour (red, orange, blue,
green), mechanical outline (round, square, rectangular, surface), by materials used (full epoxy
resin packaging, metal base, ceramic base epoxy resin packaging and glass packaging)?
and/or by luminous intensity (general, high-brightness, ultra-high brightness). While it is not
the intention of this Technical Specification to specify an LED classification, the following are
different common types of LED packages:

e high-power LEDs (includes high-brightness):
wire-bonded types;

flip-chip types;

wafer level chip types.

-power LEDs:

mainly wire-bonded types;

[ )
T S N
2.

chip-on-board types (usually not reflow or wave soldering but mechanically mounted).
e lowgr-power LEDs:

— mainly wire-bonded types.
Subclapses 5.11, 5.12 and 5.13 specify a set of qualification tests that shall be considgred for

new LED package and interconnects qualifications. Where appropriate, family qualifications
can be|done, according to:

e sanpe chip technology in different LED-packages;
e sanpe phosphor systems in different LED packages;

e sanpe package footprint in different LED packages.

An example qualification flowchart is depicted in Figure D.1.

5.2 $ampling requirements

Unless| specified -otherwise, a total of at least 30 LED packages taken from three djfferent
batche$ of 10 each shall be used. For family qualification, the three different batches ghall be
conside¢red to-represent the variety of the qualification family.

Exceptlons” to the specified sample size shall be noted with the reasoning that justifies
equivalent reliability still being demonstrated. This may be appropriate where multiple
LED dies are incorporated in the package, for example chip-on-board devices.

5.3 Production requirements

All qualification LED packages shall be produced on tooling and processes representative for
those that will be used to support LED package deliveries at projected production volumes.
Sample details shall be reported in the principal component test report (Annex F).

1 Adapted from source: LEDinside, with the permission of the author(s).
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5.4 Assembly of LED packages on test boards

LED packages may need to be assembled on test boards. An appropriate choice of test
board, interconnect material and process shall be made by the manufacturer. The choice of
test board, interconnect material and process shall be documented for each individual test in
the principal component test report (Annex F).

5.5 Moisture preconditioning

Moisture preconditioning is applicable to surface-mountable devices designed for reflow
soldering. LED packages shall be subjected to moisture preconditioning according to J-STD-
020E for tests specified in 5.11.2.1, 5.11.2.2, 5.11.2.3, 5.11.3.1, 5.11.4.1 and 5.11.4.2. The
choice o e—preconditionTg SAYAS a 0€& QOoCUrme 10 O ed dividua e in the
principgl component test report (see Annex F). The initial electrical and photometric teist (see
5.7) shpll be executed after the moisture preconditioning.

5.6 hermal characteristics

The vglue of either the solder point temperature (tg), junction tempecature (tj) or thermal
resistapce (Rg) shall be determined according to JESD51-51.

5.7 Pre- and post-stress electrical and photometric requirements

Electrigal and photometric values shall be measured at the test conditions as specifiedq in the
product specification before and after stress testing. Intermediate measurements (read [points)
are permitted and may be used for diagnostic pdrposes. All LED packages uged for
qualifigation shall meet the product specification parameters measured at the test conditions
before [stress testing. LED packages shall be tested at the operating current specified in the
appropfiate LED package specification (manufacturer datasheet) prior to and affer the
qualifigations tests. The following parameters*shall be measured:
e lumlinous flux or radiant power (whichever is appropriate);

o foryard voltage;

e colgur coordinates or dominant/peak wave length (whichever is appropriate).
5.8 Pre- and post-stress visual inspection

The copstruction, marking and finishing of the LED package should be inspected accoiding to
JESD2p-B101B prior to @nd after the qualification tests.

5.9 bolderability and resistance to soldering heat

5.9.1 Solderability

The objective of the solderabili est is to verify the solderability of the device$. This
verification is made on the ability of the pins to be wetted or coated by solder. The
solderability of the LED package shall be tested and meeting the compliance criteria
according to IEC 60068-2-58. The solderability of the LED package with leads shall be tested
and meet the compliance criteria according to IEC 60068-2-20. Alternatively J-STD-002D may
be applied.

5.9.2 Resistance to soldering heat (RSH-reflow) test

The objective of the resistance to soldering heat test is to evaluate the performance of the
LED package under stress due to soldering heat. The LED package shall be tested and meet
the compliance criteria according to J-STD-020E. This test applies only to LED packages that
are specified for reflow soldering.
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5.10 Failure criteria

The LED package and interconnects principal components are considered to have failed if any

of the following criteria applies for each item in the test.

a) Forward voltage 7; at the specified operating current I; deviates by more than 15 % from

the initial value. Radiant power or luminous flux or intensity at the specified op
current /; deviates by more than 20 % from the initial value.

erating

b) Chromaticity (u’v’) at the specified operating current I; of LED packages emitting white

light after the qualification test deviates by more than 0,006 from the initial value,
Au’v’ = SQRT((Au’)2 + (Av’)2).

where

NOTE—7r =amd Ay —are deffmed T ISO—t1664=-572009"

c) Thg LED package exhibits externally visible physical damage attributable
qualification test. However, if the cause of failure is agreed to be due to mishang
ele¢trostatic discharge (ESD), the failure shall not be counted, but reported as par
prirjcipal component test report.

d) Thg LED package interconnects to the test board failed, visually observed with ze
output. Perform cross-sectional analysis on failed samples in order to discriminat
faillire modes from solder joint failures (Annex E).

For LED packages a destructive physical analysis (DPA) sholld be performed accor]
Annex E on two random samples of surviving units after completion of the followin
where applicable according to the application profile: TMCL test, WHTOL test and H2S

For LED package interconnects a destructive physical analysis (DPA) should be per
according to Annex E on two random samples.ofsurviving units after completion
following tests where applicable according to thg, application profile: TMCL test and V
The pgst electrical and photometric test of\thése samples shall be executed befq
destrugtive physical analysis.

to the
ling or
of the

ro light
b other

ding to
g tests
test.

formed
of the
F test.
re the

It is recommended that failures found, during the qualification test be fully investigatg¢d until

the roolt cause is found.

5.11 Initial qualification tests for LED packages

5.11.1| General
The initial qualification.tests for LED packages are grouped as follows:

o temperature.and operation stress:
ow temperature operating life (LTOL);

High-temperature operating life (HTOL);

|,y
e thermo-mechanical stress:
— Temperature cycling (TMCL);
— Vibrations variable frequency (VVF).
e temperature and humidity stress:
— Wet high temperature operating life (WHTOL);
— Damp heat cycling (DHC).
e electrical stress:
— Electrical stress — ESD-HBM.
e environmental stress:
— Hydrogen sulphide (H2S);
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5.11.2

5.11.2.

Flowing mixed gas corrosion (FMGC);
SO2 test (SO2).

Temperature and operation stress

1 Low temperature operating life (LTOL)

The purpose of this IQT is to evaluate the performance of the LED package under stress due
to low ambient temperature (z,,,) operation. The test shall be conducted according to
JESD22-A108D; the following test conditions apply:

e duration 1000 h;

® lam

The LH
and ¢,

= -40 °C.

D package shall be operated at the corresponding maximum rated operating
lj or Rg shall be reported.

current

Complignce is checked by applying the failure criteria of 5.10 to the testresults obtaingd from

the pre|

5.11.2.

The pu
to high

following test conditions apply.

For ea
26 eac

e dur

e tesfing shall be done at:

NOTE The maximum operating current and the maximum 74, can occur at the same condition.

In all cases 7, 7 or Rg shall'be reported.

Complipnce is checked by applying the failure criteria of 5.10 to the test results obtaing
the prel and post=stress tests according to 5.7 and 5.8.

5.11.2.8 , (Pulsed operating life (PLT)

The purpose-ofthistQTisto—evatuatethe—performance—of-thetEDpackagetnderstr

- and post-stress tests according to 5.7 and 5.8.

P High temperature operating life (HTOL)

rpose of this IQT is to evaluate the performance of the.LED package under stre
temperature operation. The test shall be conductéd according to JESD22-A10

h test condition, a minimum total of 78 LED.packages taken from 3 different bat
n shall be used:

htion 1000 h;

the maximum operating current.at the corresponding allowed ¢,,,,; and
the maximum ¢,,,, with the;corresponding allowed operating current.

ss due
BD; the

ches of

bd from

ss due

to pulsed operation, for example for pulsed width modulation. The LED package shall be
tested according to JESD22-A108D, the following test conditions apply:

e duration 1000 h;

lamb =

55 °C;

e pulse width 100 ps, duty cycle 3 %.

The LED package shall be operated at the corresponding maximum rated operating current.

Compliance is checked by applying the failure criteria of 5.10 to the test results obtained from

the pre

- and post-stress tests according to 5.7 and 5.8.
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5.11.3 Thermo-mechanical stress
5.11.3.1 Temperature cycling (TMCL)

The purpose of this IQT is to evaluate the performance of the LED package, chip and
wire/chip bond integrity under mechanical stress due to extreme temperature cycles without
operation of the LED package. The LED package shall be tested according to
JESD22-A104D. A minimum total of 78 LED packages taken from three different batches of 26
each shall be used. The following test conditions apply:

e duration with a minimum of 500 cycles;

e soak mode 4 (minimum soak time 15 min).

The fdllowing minimum and maximum temperatures for .., shall be chosen\ py the
manufgcturer:
e TMEL condition: 750y min = —40 °C; ¢
minimum value of 85 °C.

amb,max @S specified by the manufacturer with the

The TNICL condition closest to the manufacturer’s operating temperature range according to
the appropriate LED package specification (application profile, manufacturer datasheeI) shall
be chgsen unless the manufacturer wishes to test compliance_with a more severg cycle
conditipn. The choice of the TMCL cycle condition and the transfer time shall be reported.

Complignce is checked by applying the failure criteria of 5710 to the test results obtaingd from
the pret and post-stress tests according to 5.7 and 5.8

5.11.3. Vibrations variable frequency (VVF)

Testind the LED packages under variable frequency vibrations is in general executed when
mountgd on a printed circuit board. Subclause 5.12 describes the test pargmeters
accordingly.

Preconditioning according to 5.5 is not required.

Complignce is checked by applying the failure criteria of 5.10 to the test results obtaingd from
the pref and post-stress tests ‘according to 5.7 and 5.8.

5.11.4 | Temperaturée_and humidity stress
5.11.4.1 Wet high temperature operating life (WHTOL)

The purpose~of this IQT is to evaluate the performance of the LED package under strgss due
to temperature and humidity during operation. Temperature, humidity and operating current
are usg¢d\to accelerate the penetration of moisture through any protective material to| reveal
corrosion or migration mechanisms caused by material incompatibility, misprocessing or
mishandling which may lead to reduced reliability. The LED package shall be tested according
to JESD22-A101C. A minimum total of 78 LED packages taken from 3 different batches of 26
each shall be used. The following test conditions apply:

e duration 1000 h;
* tamp = 85 °C;
o 85 % relative humidity;

e power cycle 1 h on/1 h off.

The tests shall be performed at the corresponding maximum rated operating current (i.e.
rating at 7,,,, = 60 °C or t,,,,, = 85 °C).
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Compliance is checked by applying the failure criteria of 5.10 to the test results obtained from
the pre- and post-stress tests according to 5.7 and 5.8.

5.11.4.2 Damp heat cycling (DHC)

The purpose of this IQT is to evaluate the performance of the LED package under stress due
to temperature and humidity cycling. The LED package shall be tested according to
IEC 60068-2-30, the following test conditions apply:

e -10 °C/25 °C dry;

e 25°C/65 °C, 90 % relative humidity;

e 10 ¢yttes;
e 24 h/cycle.

Complignce is checked by applying the failure criteria of 5.10 to the test results oebtaingd from
the pref and post-stress tests according to 5.7 and 5.8.

5.11.5| Electrical stress — ESD-HBM

Electrigal stress is tested by an electrostatic discharge, human body model test (ESDFHBM).
The objective of this IQT is to verify that the product is robust.@gainst electrostatic digcharge
as spe¢ified. The HBM simulates the electrostatic discharge which is typically observed during
manual handling of devices by a person without any ESD pretection. The LED packade shall
be tested according to ANSI/ESDA/JEDEC JS-001, using-the human body model. The HBM
ESD domponent classification level (voltage level) shall be reported in the pfincipal
component test report, see Annex F.

5.11.6 | Environmental stress
5.11.6.f1 General

Preconditioning according to 5.5 is notrequired.

The failure criterion in 5.10 a)-for-radiant power or luminous flux or intensity at the specified
operatipg current does not apply. Instead, the radiant power or luminous flux or intensity shall
not deqrease by more thant30% from the initial value.

5.11.6.2 Hydrogen'sulphide (H2S)

The ohjective of this IQT is to determine the corrosive influence of typical operating and
storagg enviranments.

The rgsistance to hydrogen sulphide shall be tested according to IEC 60068-2-43; the

e air temperature 25 °C;

e 75 % relative humidity;

e H,S concentration: 10 x 1076 to 15 x 1076 vol/vol (parts per million), balance air;
e duration 504 h.

Compliance is checked by applying the failure criteria of 5.10 to the test results obtained from
the pre- and post-stress tests according to 5.7 and 5.8.

5.11.6.3 Flowing mixed gas corrosion (FMGC)

The resistance to corrosive gas atmosphere shall be tested according to IEC 60068-2-60; the
following IQT conditions apply:
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e test method 4;

e air temperature 25 °C;

e 75 % relative humidity;

e concentrations:
— H5S concentration: 10 x 1079 vol/vol (parts per billion), balance air;
— NO, concentration: 200 x 1079 vol/vol (parts per billion), balance air;
— Cl, concentration: 10 x 1079 vol/vol (parts per billion), balance air;

— 80, concentration: 200 x 1079 vol/vol (parts per billion), balance air;
° duraticn-500h

Complignce is checked by applying the failure criteria of 5.10 to the test results optaingd from
the pret and post-stress tests according to 5.7 and 5.8.

511.6.4 SO, test (SO2)

The registance to corrosive SO, atmosphere shall be tested according:to 1EC 60068-2-42; the
following IQT conditions apply:

e durftion 168 h;
e air femperature 25 °C;
e 75 ¥ relative humidity;

e SO} concentration 25 x 1076 vol/vol (parts per million), balance air.

Complignce is checked by applying the failure criteria of 5.10 to the test results obtaingd from
the pref and post-stress tests according to 5.7@nd 5.8.

5.12 Initial qualification test for LED package interconnects — VVF

LED pfckage interconnects are tested by a vibrations variable frequency test (VVE). The
objectiye of this IQT is to determipe the effect of vibration on component parts in the specified
frequency range. The LED package shall be tested according to JESD22-B103B; the following
test conditions apply.

Use a ¢onstant displacement of 1,5 mm (double amplitude) over the range of 20 Hz to 100 Hz
and a 300 m/s2 constant peak acceleration over the range of 100 Hz to 2 kHz.

Complignce is checked by 5.10.

5.13 ccelerated stress tests for LED package interconnects

5.13.1 General

Prediction models are needed to project the accelerated test conditions to the application
profiles (Annex A). The available acceleration models are described in Annex B. Table 1
maps the qualification test for the LED package interconnects with the acceleration model that
is applicable for this test.

Table 1 — Mapping the LED package interconnects qualification tests to the
useable acceleration model with typical range of the acceleration factor

Qualification test Acceleration model Typical range of acceleration factor

Interconnect temperature cycling Coffin-Manson or Norris-Landzberg 5to 15
(TMCL)
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5.13.2 Interconnect temperature cycling (TMCL)

The objective of this AST is to demonstrate that the solder joints' integrity is stable against
mechanical stress caused by extreme temperature variations. The TMCL condition closest to
the manufacturer’s operating temperature range according to the appropriate LED package
specification (application profile, manufacturer datasheet) shall be chosen unless the
manufacturer wishes to test compliance with a more severe cycle condition. The temperature
change rate shall be between 10 °C/min and 15 °C/min. The choice of the TMCL cycle
condition and including change rate shall be reported. The LED package interconnects shall
be tested according to JESD22-A104D; the following test conditions apply:

e duration: according to Table 2;

Table 2 — Duration (cycles) of temperature application

Maximum solder point temperature Duration (number of cycles)
range in application
°C
tg <75 500
75<15<85 750
85 <15<90 1500
90 <15 <95 2000
95 <15 <100 2500
tg > 100 > 3000

e soak mode 4 (minimum soak time 15 min);

e TMCL condition for z,,,: —40 °C to the_highest specified temperature with a minijmum of
85 [C.

Complignce is checked by applying the,failure criteria of 5.10 ¢) and 5.10 d) to the test|results
obtaingd from the pre- and post-stress tests according to 5.7 and 5.8.

6 Optical materials

6.1 General

The purpose of Clause 6 is to determine that an optical material is capable of passjng the
specifigd stress~tests and thus can be expected to give a certain level of reliability in general
lightind applications. Primary optics are an integral part of the LED package. Segondary
optics pre all ‘other optical parts remote from the LED package. All secondary opticgl parts
and components are considered, including:

e light-transmitting parts (e.g. lenses, diffusors):
— polycarbonate;
— polymethylmetacrylate (PMMA);
— silicones.
e light-reflecting parts (e.g. reflectors):
— dichroic-coated glass;
— aluminium-coated glass;
— aluminium-coated plastic;
— white plastic/non-coated material;
— metallic reflectors;

— silver coated plastic;
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e optical converters (e.g. remote phosphor and colour filters).

Excluded from this principal component are the optical components directly mounted to the
LED package (primary optics); they are part of Clause 5. Main stressors for optical materials
are: process-induced; temperature; humidity; light intensity; chemical attack and/or
mechanical (see also Annex A). Subclauses 6.8 and 6.9 specify a set of qualification tests
that shall be considered:

e when a new material is selected;
e when a new supplier is selected;

e when an existing supplier changes:

— [he process,
— [fhe list of materials/parts;

— [the manufacturing locations.

An example qualification flowchart is depicted in Figure D.2.

6.2 ptical material test samples

A minimum of three optical material samples from different batches shall be used fqr each
qualifigation test. Optical test samples may have any geometfical size, but this shall be
reporteld in the principal component test report (Annex F). The'preferred sample geomsetry is a
flat plate, with a 2,0 mm thickness.

All qualification optical materials shall be produced.on tooling and processes represgntative
for thoge that will be used to support LED productcdeliveries at projected production vglumes.
The prpcess conditions for the optical materialsffrom suppliers shall be recorded. Deyiations
shall b¢ reported in the principal component téest report (Annex F).

Test oyens/cabinets shall be clean to avoid contamination of the samples during qualification
testing

6.3 Moisture preconditioning

Moistufe preconditioning tshall be executed according to JESD22-A113F. The| initial
photometric tests acceording to 6.4 shall be executed before and after the mpoisture
preconfitioning.

6.4 Pre- and post-stress photometric measurements

At read points "0 h, 500 h and 1000 h, the spectral transmittance and reflectance shall be
measuted, These measurements are a tool for evaluating the degradation of optical properties
during the product aging process

The transmittance of the samples is measured using a UV-Vis spectral photometer. 100 %
transmission is calibrated with no sample in the beam (only air in the light path), 0 %
transmission is calibrated by fully blocking the beam. Measurement according to ISO 13468-1
is allowed. The measurement accuracy of the transmittance in the range from 300 nm to
800 nm shall be within (10,2 %.

The reflectance of the samples is measured using a diffuse reflection spectrometer. 0 %
reflection is calibrated with no sample in the beam (only air in the light path), 100 % reflection
is calibrated by fully blocking the beam. The measurement accuracy of the reflectance in the
range from 300 nm to 800 nm shall be within 0,2 %.
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6.5 Adhesion test

The adhesion of coatings on the samples shall be measured according to MIL-C-48497A
using an adhesive tape or equivalent (advised is Scotch Super 33+2 tape, for coatings
showing hydrophobic surface, it is preferable to use a hydrophobic type of adhesive tape).
This tape is applied to the coated surface and removed with a snap action; no visible portion
of the coating shall be removed, disregarding pinholes.

NOTE Digs according to MIL-C-48497A are considered pinholes.

6.6 Pre- and post-stress visual inspection

The ¢
the quglification tests in order to judge the visual state of the samples.

d after

ailure criteria

ical material principal components are considered to have failed if-any of the following
criteria|applies for each item in the test.

e Maximum 10 % reduction in transmittance/reflectance at any “wavelength (in| 5 nm
intdrvals) over the range 380 nm to 780 nm (compared to 0 h value).

o Thg optical material exhibits externally visible physical\‘damage attributable |to the
qudlification test. No visual or mechanical defects are allowed. This includes deformations
and/or delamination, meaning that coatings shall shew no evidence of flaking, geeling,
cragking or blistering.

e Thg optical material exhibits an externally, visible colour change (e.g. yellowing or
browning).

Destrugtive physical analysis (DPA) should, be performed for optical materials accorfling to
Annex E on two randomly selected samplés of good units after completion of eagh test
specifigd in 6.10, 6.11 and 6.12. The“post photometric test of these samples shall be
executeéd before the destructive physical analysis.

It is recommended that failures\found during the qualification test be fully investigated until
the roof cause is found.

6.8 Initial qualification ‘tests
6.8.1 Relative humidity (RH)

The purpose of this IQT is to evaluate the performance of coated glass material undej stress
due to relative humidity. The test shall be conducted according to the following test
procedpre;

e exposure to a temperature of 40 °C and > 93 % relative humidity;
e duration: 240 h;
e air dry and perform the adhesion test according to 6.5.

Compliance is checked by applying the failure criteria of 6.7 to the test results obtained from
the pre- and post-stress tests according to 6.6.

2 Scotch® Super 33+ is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of this product.
Equivalent products may be used if they can be shown to lead to the same results.
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6.8.2 Boiling water (BW)

The purpose of this IQT is to evaluate the performance of coated glass material under stress
due to boiling. The test shall be conducted according to the following procedure:

e exposure to boiling water for 10 min;
e air dry and perform the adhesion test according to 6.5.

Compliance is checked by applying the failure criteria of 6.7 to the test results obtained from
the pre- and post-stress tests according to 6.6.

6.8.3 Oven water (OW)

The purpose of this IQT is to evaluate the performance of coated material under stress{due to
water ingress. The test shall be conducted according to the following procedure:

e sanpples are submerged for 15 min in deionized water;
e hegted in an oven to 300 °C for 30 min;
e cool down to room temperature;

e air gdry and perform the adhesion test according to 6.5.

Complignce is checked by applying the failure criteria of 6.7 %o ‘the test results obtained from
the pref and post-stress tests according to 6.6.

6.8.4 High temperature exposure (HTE)

The pufrpose of this IQT is to evaluate the performance of coated material under stress|due to
high temperatures. The test shall be conducted~ac¢cording to the following procedure:

e sanpples are subjected to a temperature-of 250 °C;
e durgtion: 1000 h;

e air gdry and perform the adhesien test according to 6.5.

Compligance is checked by applying the failure criteria of 6.7 to the test results obtaingd from
the pref and post-stress tests according to 6.4 and 6.6.

6.9 Accelerated stress tests

6.9.1 Prediction.models

Predictjon models are needed to project the accelerated test conditions to the application
profile§ (Annex A). Some of the available acceleration models are described in Apnex B.
Table maps the qualification tests for the optical materials with suitable models from
Annex Bforthese tests:

Table 3 — Mapping of the optical-material related accelerated stress tests

Accelerated stress test Acceleration model Typical range of acceleration factor
Temperature and humidity (TH) Peck model or generalized Eyring 6 to 60
model
Temperature and light exposure Generalized Eyring model 20 to 80
(TL)
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6.9.2 Temperature and humidity (TH)
6.9.2.1 General

The objective of this AST is to evaluate the performance of the optical material under stress
due to moisture and temperature. The Peck model is one of the models that can be used for
accelerated testing, see B.7.

6.9.2.2 Model parameters

If the parameters of the Peck model (£,, ¢) are available then this model may be applied over
the validated range of conditions for relative humidity and temperature (RH,;, £ RH < RH 5
and T r<sF<sFmzx—Thesactivationenergy£antdhumidity-expenrenty—are—determined by
experimental testmg The analysis obtaining £, and ¢ is outside the scope of this Tegchnical
Specification. If these parameters are not avallable this model cannot be appliedand|testing
for the [full validation time of the product or component is required.

NOTE The model parameters could come from the component supplier.
6.9.2.3 Application variables

The application variables for the Peck model are the temperaturé 7 and the relative humidity
RH. Tgliess1 @nd RHgi o5 are the anticipated maximum application values for the [in use
compowent conditions. Tgyessp @Nd RHgyoss» are the test values used in the accelerated
stress fest. Application and test stress levels shall be selected within the validated|range:

RH iy ¥ RHgress1 < RHstressz < RHpay and T,

min 7 max min <T stress)1 $T stress2 = Tmax-

The agceleration factor is calculated by applying.-Equation (B.7) with the model pargmeters
mentioped in 6.9.2.2 and application variables megntioned in 6.9.2.3. The reduced testing time
is calclilated by the desired component validation time, for example 6000 h or 25 % qf rated

life of the product, divided by the acceleration factor. The testing time, ¢, shall |be the
greater of the calculated reduced test timgZor 1000 h.

6.9.2.4 TH accelerated stress test

The tegt procedure is to subject the samples t0 Tgies52 @Nd at RHgy o550 fOI #1051 hOUrsS.

6.9.2.5 Compliance criteria

Complignce is checked by applying the failure criteria of 6.7 to the test results obtained from
the pref and post-sStress tests according to 6.6.

6.9.3 Temperature and light exposure (TL)

The objective of this AST is to evaluate the performance of the optical material under stress
due to temperature and exXposure to Hght. The Tollowing test conditions apply:

e Irradiation with wave length: 445 nm (x5 nm) from a source whose infrared component has
been filtered out. Alternatively excitation wavelength in application £5 nm.

e Irradiance level: maximum irradiance level in application of the product declared by the
manufacturer sets the test level as follows. The test irradiance shall be twice the maximum
application irradiance. This is typically between 350 mW/cm2 to 1000 mW/cm2. The
irradiance level shall be measured before starting the test and recorded in the principal
component test report (Annex F).

e Duration: 1000 h.

e Maximum application temperature of the product declared by the manufacturer sets the
test temperature as follows. The test temperature shall be the temperature of the
component when operating at the maximum application temperature plus 20 °C.

The optical materials can be exposed to light via either of the following two set-ups:
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e Using a standard temperature-controlled cabinet with an optical window to supply the light
exposure. The optical window should be chosen such that it does not change the intensity
and wavelength of the light exposure. The wavelength distribution and intensity shall be
measured after the light has passed the window.

e Using a temperature-controlled hotplate for the optical material samples and the light
exposed to it from the top, either with or without a lens or diffuser system.

Compliance is checked by applying the failure criteria of 6.7 to the test results obtained from
the pre- and post-stress tests according to 6.4 and 6.6.

6.10 Light-transmitting materials

For light-transmitting materials, a preconditioning shall be performed according t§ J-STD-
020E with 85 °C and 85 % relative humidity conditions.

After preconditioning, the AST of 6.9.2 and 6.9.3 shall be conducted.

Complignce is checked by applying the failure criteria of 6.7 to the test\fesults obtained from
the pref and post-stress tests according to 6.6.

6.11 Light-reflecting materials
6.11.1| Dichroic-coated glass and aluminium-coated glass

For dichroic-coated glass and aluminium-coated glass-the IQT of 6.8.1, 6.8.2, 6.8.3 an/d 6.8.4
shall b¢ conducted.

In ordefr to judge the durability of the coating, the samples shall be subjected to the adhesion
test acpording to 6.5 after each IQT as specified in 6.8. Press the adhesive surface| of the
tape fifmly against the coated surface and;quickly remove it at an angle normal to the|coated
surfacsg.

Complignce is checked by applying-the failure criteria of 6.7 to the test results obtained from
the prel and post-stress tests according to 6.6.

6.11.2 | Aluminium-coated plastic

For aluminium-coatedpjastics a preconditioning shall be performed according to J-STID-020E
with 40| °C and 93 %\relative humidity conditions.

After tHe precoenditioning the AST of 6.9.2 shall be conducted.

To judgpe the durability of the coating, the samples shall be subjected to the adhesipn test
according t0 6.5

Compliance is checked by applying the failure criteria of 6.7 to the test results obtained from
the pre- and post-stress tests according to 6.6.

6.11.3 White plastic/non-coated plastic

For white (non-coated) plastics, a preconditioning shall be performed according to J-STD-20E
with 85 °C and 85 % relative humidity conditions.

After the preconditioning, the AST of 6.9.2 and 6.9.3 shall be conducted.

Compliance is checked by applying the failure criteria of 6.7 to the test results obtained from
the pre- and post-stress tests according to 6.6.
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6.12 Optical converters

Optical converters consist either of a phosphor layer deposited onto carrier material, or of
phosphor particles dispersed within the bulk of a carrier material, or a colour filter. The carrier
material can either be plastic compounds (e. g. polycarbonate or silicone) or a type of glass or
ceramic.

In the case of a plastic compound carrier, with or without phosphor layer, the optical material
can be regarded as a light-transmitting material and the qualification tests as denoted in 6.10

apply.

In the case of a glass carrier, the optical material can be regarded as a dichroic-coated
materigl. The tests according to 6.9.2 and 6.9.3 shall be performed and in both cases\followed
by a sgratch test according to ASTM D7027.

Complignce is checked by applying the failure criteria of 6.7 to the test results.obtained from
the pref and post-stress tests according to 6.6.

7 Eléctronic subassemblies

71 General

The purpose of Clause 7 is to determine that the eletCtronic subassembly is capable of
passing the specified stress tests, and thus can be{éxpected to give a certain lgvel of
reliability in general lighting applications.

Main dtressors for electronic equipment are: temperature, mains voltage variatiops and
humidi{y. Subclauses 7.7 and 7.8 specify a set(of qualification tests that shall be considered:
e whgn a new circuit design is selected,;
o when a new supplier is selected;
e when in an existing circuit design the following is changed:
— Ja component;
— |a small adaptation of the PCB layout;
— [he interconnect technology (be it process, material and/or mechanical).

Where [appropriate.family qualifications can be done, according to:

. sawe topolegy or circuit layout;

e sanpje component set or component family.

The qU :;f;bat;ull f:UVV\;halt ;O dcp;utcd ;II r;y\.uc D3
7.2 Sampling requirements

Unless otherwise specified, a minimum of 30 electronic subassemblies per test shall be used.
In order to include the effects of component variation, the sample set shall be evenly selected
from at least three different component batches when such exist. For example, if a 30-sample
set is selected, then 10 samples from each of three different component batches would be
selected. For family qualification, the units shall be selected to represent the whole variety of
the qualification family.

7.3 Production requirements

All electronic subassemblies for qualification purposes shall be produced on tooling and
processes at the manufacturing site that will be used to support electronic subassembly
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deliveries at projected production volumes. Deviations shall be reported in the principal
component test report (Annex F).

7.4 Pre- and post-stress electrical requirements

The electrical values below shall be measured at the test conditions as specified in the
product specification before and after stress testing. Intermediate measurements (read points)
might be useful. All electronic subassemblies used for qualification shall meet the product
specification parameters before testing:

e product input and output power;

e product output voltage and current;
e power factor and harmonic distortion of the mains current input;

e reldvant output current parameters for example ripple current or peak current.
7.5 Pre- and post-stress visual inspection

The copstruction, marking and finishing of the electronic subassembliesCshould be ingpected
prior to] and after the qualification tests in order to judge the visual state/of the units.

7.6 Failure criteria

This prijncipal component is considered to have failed if any of the following criteria applies for
each item in the test.
e Any deviation from rated electrical parameters cempared to 0 h values, in particular
— fany deviations in power factor by more thanm15 %;
— fany deviations in the harmonic distortien. of the current mains input by more than 15 %.
e Thqg electronic subassembly exhibits @ny externally visible evidence of external fracks,
mec¢hanical damage and/or corrosion}

There are components in electronic subassemblies that cannot operate without failure |in high
temperptures or humidity. These.types of failures will no longer follow an acceleration [model.
They will in fact be special calse failures for which no acceleration can be calculated.

Physical analysis (PA)—~should be performed for electronic subassemblies according to
Clause|E.4 on all units,after completion of all tests. The post-electrical test of all samples
shall b¢ executed béfore any destructive physical analysis.

It is recommended that failures found during the qualification test be fully investigated until
the roof cause is found.

7.7  Imiti

tiomtests

7.71 Temperature and operation stress (PTC)

The objective of this IQT is to verify that the product will operate for a specified number of
cycles under powered conditions in a temperature cycling environment. The test is referred to
as power thermal cycling (PTC) and includes fast power cycling of the electronic
subassembly. The test shall be conducted according to 15.2 of IEC 60929:2011; the following
modified test conditions apply.

o Temperature cycling range: —20 °C to the highest specified temperature with a minimum of
50 °C with d7/dz > 10 K/min. The temperature refers to the ambient temperature (z;,,) in
the test cabinet.

e Powered: yes, test voltage is rated voltage +10 %.
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Compliance is checked by applying the failure criteria of 7.6 to the test results obtained from
the pre- and post-stress tests according to 7.4 and 7.5.

7.7.2 Humidity and operation stress (HOT)

The objective of this IQT is to verify that the product will operate for a specified time under
powered conditions in a humidity environment. The test is referred to as high humidity
operation (HOT), with no cycling. The humidity conditions shall be conducted according to
JESD22-A113F; the following general test conditions apply:

e duration: 250 h;

e humidity condition: 85 % relative humidity at 85 °C:

e powered: yes, test voltage is rated voltage +10 %.

Complignce is checked by applying the failure criteria of 7.6 to the test results-obtained from
the pret and post-stress tests according to 7.4 and 7.5.

7.8 Accelerated stress tests

7.8.1 Prediction models

Predictjon models are needed to project the accelerated test‘econditions to the application
profiled (Annex A). Some of the available acceleration moedels are described in Ampnex B.
Table 4 maps the qualification test for electronic subasSemblies with suitable mode|s from
Annex B for this test.

For elgctronic subassemblies it is common to ‘«alculate overall failure in time (FIT') rate
numbefs based on:

e tables of operating and/or non-operating constant failure rate values arranged by part
type;

e multiplicative factors for different @nvironmental parameters to calculate the opergting or
norn-operative constant failure rate;

e multiplicative factors that are~applied to a base operating constant failure rate to| obtain
nonj-operating constant failure rate.

This pfocess is well described in several standards, among which are IPC-9592B and
Telcordia Technologies SR-332. Being a pure add up of component FIT ratgs, the
accelenation tests. \in 7.8.2 serve as an experimental check. The overall elgctronic
subassembly FIT rate shall be supplied based on the combination of either of the two
predict|lve methods and the experimental results.

Te1b|e 4 — Mapping the electronic subassembly qualification tests to the useah

e

Qualification test Acceleration model Typical range of acceleration factor
Temperature, humidity and operation Generalized Eyring model or 20 to 60
stress :
Norris-Landzberg model

7.8.2 Temperature, humidity and operation stress (sequential ALT)

The objective of this ALT is to verify that the electronic subassembly will operate for a
specified lifetime under powered conditions in a cyclic temperature and humidity environment.
The test is referred to as accelerated life test (ALT). In an ALT, the power, temperature and
humidity conditions may vary according to:

e power: 180 min on and 20 min off for a 200 min cycle;
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e humidity: between 20 % relative humidity and 85 % relative humidity;
e temperature: between 0 °C and 100 °C.

Depending on the acceleration factor (Annex B and 7.8.1), one shall use the ALT profile that
matches the product and application being tested. An example profile is listed in Table 5. The
acceleration factor for this ALT profile can be calculated using the Norris-Landzberg model
(Annex B). It is preferable that several ALT profiles are used in order to qualify the electronic
subassemblies.

Compliance is checked by applying the failure criteria of 7.6 to the test results obtained from
the pre- and post-stress tests according to 7.4 and 7.5.

Table 5 — Example ALT profile for an electronic subassembly

Sggment Segment time Total time Temperature Relative humidity

min min °C %

Start 0 0 0 40

1 30 30 85 40

2 15 45 85 85

3 570 615 85 85

4 15 630 85 40

5 30 660 30 40

6 60 720 30 40

8 Active and passive cooling systems

8.1 General

The purpose of Clause 8 is to determine that a cooling system is capable of pass|ng the
specifigd stress tests, and thus’¢an be expected to give a certain level of reliability in general
lighting applications. Cooling systems in lighting applications can be either passive or|active.
Passivg¢ cooling systems “transport heat through natural physical means of conduction,
convection (buoyancy) cand/or radiation without application of a separate power sodrce or
active ¢lements.

Exampl|es are thermal interface materials (TIM, such as pastes, phase-change mgterials,
potting| materials), heat sinks from different materials (aluminium, copper, thermo-confuctive
plasticg, heat-pipes), different finishing (material painting, surface finish), solder jo|nts on
PCBs gnddifferent substrates.

Active cooling systems use a power source or active element to increase the heat transfer
rate, often by increasing mass flow or air velocity or raising temperature gradients. Active
systems can be divided further into the following three categories:

e forced air or fluid circulation (e.g. fans, pumps);
e two-phase cooling system (e.g. air-conditioning);

e thermoelectric cooling (e.g. Peltier elements/heat pumps).

Excluded from this principal component are the LED package solder joints on PCBs. They are
part of Clause 5 (LED package and interconnects). Main stressors and their effects on cooling
systems are noted in Table 6. The most common effect is the degradation of the cooling
performance due to several causes, such as material degradation, cracks, or delamination
and/or loss of rotational speed. Thus, it is vital that this degradation is captured by the
acceleration tests. Commonly used passive cooling systems make use of thermal interface
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materials. More advanced cooling systems are systems with pulsated air-jet technology and
air-cooled fans. Acceleration tests for passive cooling systems should focus on the increase
of the thermal interface resistance. Acceleration tests for active cooling systems should focus
on the degradation of performance parameters such as rotational speed. Subclauses 8.9 and
8.10 specify a set of qualification tests that shall be considered for new cooling systems.
Where appropriate, family qualifications can be done according to:

e same passive cooling type of material but different geometry (size or thickness);

e same active cooling technology but different performance.

Care should be taken to ensure that thermal stress introduced by the cooling system does not
cause the product to fail.

The quLIification flowchart is depicted in Figure D.4.

Table 6 — Examples of stressors, affected part
of the cooling systems and its reliability effect.

Stressors Which part of the cooling What is-the effect?
system is affected?

Temperhture TIM, potting, Peltier element, |- Change in material characteristics (Ry change)
pulsated air-jets, fan, heat

h h — Fan used pn“high temperature causes an
pipe, thermoplastics

increase in‘noise level

— In gengral, mechanical fractures, cracks, {hermal
tension, degradation of interface contacts
delamination, etc. can be observed

—-\Outgassing and /or other chemical reactions

<~ TIM degradation resulting in lower materig
properties

— Degradation of bearings and electronics

Humidit TIM, potting, thermaplastics, | Absorption of moisture that results in change| of
fans, pulsated air-jets material characteristics, delamination, corrodion

Light ragliation Thermoplastiés;“substrates Change in material characteristics (cracks,

delamination, brittleness)

Dust acpumulation Fanspulsated air jets, Cooling performance degrades, noise impact for
heatsinK fins fans

Vibratioh All Cooling performance degrades

Electricgl stress (voltage All Cooling performance degrades, overvoltage may

spikes, |ine interruptions, overstress TIM material

supply Joltage changés,
overvolffages)

Chemicgl (salty.atmosphere, |All except closed systems, Excessive corrosion
salt watpr, sydlphides, special material finishes
chlorinefs, €tc>)

8.2 Cooling system test samples

Cooling system test samples should be taken if representative of the actual application. All
qualification cooling samples shall be produced on tooling and processes that will eventually
be used to manufacture the LED product. Deviations shall be reported in the principal
component test report (Annex F).

When analysing a passive cooling component like a TIM, the PCB with LEDs should be
mounted to a heatsink with the chosen TIM material in between. A thermocouple should be
attached underneath the TIM on the top side of the heatsink plate in order to measure the
degradation of the material. For passive cooling components like TIMs, any PCB size or LED
count may be used but this shall be reported in the principal component test report (Annex F).
A minimum of three samples of size 500 mm2 shall be used for each qualification test.
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When analysing an active cooling system like a pulsated air jet or a fan, the cooling system
itself may be degraded separately (e. g. by placing it into a dust chamber) but the thermal
effect of this degradation shall be analysed on the LED product. The change in performance
parameters may be measured on the tested unit itself. A minimum of 20 active cooling
samples shall be used for each qualification test.

8.3 Moisture preconditioning

Moisture preconditioning shall be executed according to JESD22-A113F. The initial thermal
resistance (for passive cooling systems) or performance parameter (for active cooling
systems) tests specified in 8.4 and 8.5 shall be executed before and after the moisture
preconditioning.

8.4 hermal resistance test

The tHermal resistance of passive cooling components shall be tested dccording to
ASTM P5470. The resulting Rg shall be reported in the principal component test |report,
Annex

8.5 erformance parameter test

For acfive cooling systems using air movement, the performance parameters shall be| tested
according to IPC-9591.

For adtive cooling systems using liquids, the perfoarmance parameters shall be |tested
according to the guidelines from the manufacturer.

8.6 Pre- and post-stress cooling performance requirements

Thermal resistance and performance parameters of the cooling system shall be measured
before [and after stress testing. Intermediaté measurements (read points) might be useful. All
tested |units used for qualification shall ‘'meet the product specification parameters|before
testing] All tested units shall be tested for deviations in the following ways from th¢ rated
performmance specification prior to and after the qualification tests:

e codgling performance;
e acolustic emissions;

e power consumptiof.
8.7 re- and post-stress visual inspection

The copstructien, marking and finishing of the cooling units should be inspected prior{to and
after thie qualification tests in order to judge the visual state of the units.

8.8 Failure criteria

This principal component is considered to have failed if any of the following criteria applies for
each item in the test.

e Loss of cooling performance over 10 %.

e Noticeably increased acoustic emissions, more than 3 dB.

e Power consumption exceeding the initial measured value by more than 20 %.

e The cooling unit exhibits externally visible physical damage (cracks, deformations) due to
the qualification test.

e The thermal interface exhibits an interface delaminated surface area larger than 25 % of
the total interface area.

e The cooling unit exhibits externally visible signs of corrosion due to the qualification test.
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o Visible leakage of cooling liquids such as oil, grease and/or water.

An active cooling system, such as a pulsated air-jet or a fan, may be degraded separately
(e.g. by placing it into a dust chamber), but the thermal effect of this degradation shall be
analysed on the LED product.

It is recommended that failures found during the qualification test be fully investigated until
the root cause is found.

Physical analysis (PA) should be performed for the tested units according to Annex E on all
units after completion of all tests. The post thermal and performance parameter tests
according to 8.4 and 8.5 respectively shall be executed before any destructive physical
analysiss.

8.9 Initial qualification tests
8.9.1 General
Qualifigation tests for cooling systems address the following stressors/{see Table 6).

a) Eleyvated temperature in the temperature life test (TLT) specified in 8.10.3. Fgr each
spgcific cooling technique, the maximum and minimum allowable temperature is djfferent
and should be taken into account. This test mainly applies to cooling systems like potting,
Peltier elements, pulsated air jet, fans, heat pipes and thermoplastics.

b) Cyglic temperature in the power temperature cycling test (CT) specified in 8.10.2. For
eadh specific cooling technique the maximum and miinimum allowable temperature and the
alldwable cycling time is different and should be\taken into account.

c) Exgosure to moisture, which is taken asga preconditioning step prior to the| power
temperature cycling test (CT).

d) Expgosure to light (TL). This mainly, holds for thermoplastics and the test as degcribed
under 6.9.3 (temperature and light exposure) applies.

e) Exgosure to dust particles, in the“dust test specified in 8.9.2. This test only applies to
active cooling components such:as fans, pulsated air jets and passive cooling comgonents
such as heatsink fins.

f) Exgosure to vibration .stress. During normal operation, as well as in shipping,| active
coolling systems suchfas fans and pulsated air jets may experience mechanical vibpration.
Verjffication of vibration stress shall be carried out according to IEC 60068-2-27. I} is not
further described in-Clause 8.

g) Exposure tolelectrical stress, which can be captured by powering the units| as is
pregcribed inthe power temperature cycling test of 8.10.2.

h) Exgosufe;to chemical stress. Testing in chemical environments is part of the verification
on @.8ystem level, see Clause 10. It is not further described in Clause 8.

8.9.2 Dust

The objective of this IQT is to evaluate the performance of the active cooling system when
subjected to dust particles. Since dust and contamination heavily affect the reliability of
cooling products, including fans, the units should be tested in harsh dust environments. Dust
testing shall be conducted according to IP5X in IEC 60529. The following test conditions

apply:

o dust type: talcum powder;

e particle size: <170 ym; ideally distributed within 1 ym to 10 ym;
e duration: 8 h;

e operating condition: continuous on.

Test to be executed in a dust chamber according to IEC 60529.
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Compliance is checked by applying the failure criteria of 8.8 to the test results obtained from
the pre- and post-stress tests according to 8.6 and 8.7.

8.10 Accelerated stress tests
8.10.1 General

Prediction models are needed to project the accelerated test conditions to the application
profiles (Annex A). Some of the available acceleration models are described in Annex B.
Table 7 maps the qualification tests for cooling systems with suitable models from Annex B for
these tests.

Table 7 — Mapping the cooling system qualification tests to the useable
acceleration model with typical range of the acceleration factor

Qualification test Acceleration model Typical range of acceleration factor
Temperature life test (TLT) Passive |Arrhenius 2to 10
Temperature life test (TLT) Active IPC 9591 1,5% per 10 %Cytemperature inqrease

Cyclic tgmperature test (CT) Passive |Coffin-Manson or Norris-Landzberg |5 to 15

Cyclic tgmperature test (CT) Active |Coffin-Manson or Norris-Landzberg |5 t0(20
or Inverse power law

8.10.2 | Cyclic temperature test (CT) with humidity and with/without operational sfress

The objective of this AST is to evaluate the performance of the cooling system in g cyclic
temperpture environment.

e Step 1: 168 h test at 85 °C and 85 % relative humidity (MSL1 conditions in JESD22{A113F
MSL classifications).

e Step 2: 1000 h (power) temperature cycling (number of cycles is under considefation).
Temperature range strongly depends on the cooling technique.

— |For passive cooling (TIM,\potting, thermoplastics): -40 °C to a maximum application
temperature of the product declared by the manufacturer sets the test temperature as
follows. The test temperature shall be the temperature of the componen{ when
operating at the maximum application temperature plus 20 °C.

— |For active cooling (fans, pulsated air-jets, Peltier elements): -40 °C to +85 °C,
ncludes powering the cooling system. Maximize the power on/off cycles such as to
obtain stable'temperatures for at least 5 min.

Test shall betexecuted in standard cabinet/oven with controlled temperature.

bd from

Compliare g-thefailure—c 3
the pre- and post-stress tests according to 8.6 and 8.7.

8.10.3 Temperature life test (TLT) passive cooling system
8.10.3.1 General

The objective of this AST is to evaluate the performance of the passive cooling material under
stress due to temperature. The Arrhenius model is used for accelerated testing, see
Clause B.2.

8.10.3.2 Model parameters

If the parameter of the Arrhenius model (£,) is available then this model may be applied over
the validated range of conditions for temperature (T,,i, £ 7 < Tax)- The activation energy E,
is generated by experimental testing outside the scope of this Technical Specification. If this
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parameter is not available, this model cannot be applied and testing for the full validation time
of the product or component is required.

NOTE The model parameter (E,) could come from the component supplier.
8.10.3.3 Application variables

The application variable for the Arrhenius model is the temperature 7. Tg.cqq iS the
anticipated maximum application value for the in use component condition. Tgess0 IS the test
value used in the accelerated stress test. Application and test stress level shall be selected
within the validated range: T\,in < Tstresst < Tstress? S Tmax:

NOTE Ftremodetparameter IS Set betow the Tmaterat phase change temperature—————————————— ]

The agceleration factor is calculated by applying the equation in Clause B2“wijth the
parameter and variables above. The reduced testing time is calculated by the desired
component validation time, for example 6000 h or 25 % of rated life of the product, divl{ded by
the acgeleration factor. The testing time, #4, shall be the greater of the €alculated reduced
test time or 1000 h.

8.10.3.4 TLT accelerated stress test

The tegt procedure is to subject the samples to Ty o550 TOF fegt HOUrS.

Complignce is checked by applying the failure criteria 0f.8.8 to the test results obtained from
the pref and post-stress tests according to 8.6 and 8.7

8.10.4 | Temperature life test (TLT) active cooling system

The objective of this AST is to evaluate the*performance of the cooling system undgr high-
temperpture stress. The performance parameters shall be tested according to 8.5 with the
following test conditions:

e durgtion: 2000 h;

e temperature:

— [for active cooling, temperature is limited to ¢t < 95 °C, unless specified otherwisg| by the
anufacturer;

— for fans, temperature is limited to ¢ < 75 °C, unless specified otherwise [py the
anufacturer;

— [for pulsated-air jets, temperature is limited to # < 85 °C, unless specified otherwise by
he manufacturer.

Complignce-is checked by applying the failure criteria of 8.8 to the test results obtaingd from
the pret_and post-stress tests according to 8.6 and 8.7

9 Construction materials

9.1 General

The purpose of Clause 9 is to determine that the materials used to construct the mechanical
system are capable of passing the specified stress levels and thus can be expected to give a
certain level of reliability in general lighting applications.

The qualification flowchart is depicted in Figure D.5. The samples taken should be
representative of the actual application. All qualification samples shall be produced on tooling
and processes that will eventually be used to manufacture the LED products. Deviations shall
be reported in the principal component test report (Annex F).


https://iecnorm.com/api/?name=e2b1aed7368da29ec93bff8b4fe4e55d

- 36 — IEC TS 62861:2017 © IEC 2017

DPA or PA should be performed for mechanical units according to its associated category
from Annex E, on all units after completion of all tests.

9.2 Mechanical components and interconnects

Categories of mechanical components and interconnects that can be found in an LED product
include the following.

e Structural components

— This category relates to parts outside of the LED product that are used to hold the
components together. An example is the plastic housing. Qualification tests for these
components can be found in the IEC lamp safety standards.

e Fadteners

fastener is a component that mechanically joins or affixes two ormere pbjects
ogether. An example is an LED holder or, even simpler, a screw. Obviously there are
any types and/or techniques to mechanically join two or more objects togethef. In an
ED product, the main function of joining objects together is to obtain and maintain a
ertain level of thermal management. Therefore, thermal interface reliability|is the
bject of testing under Clause 8 (cooling systems).

e Adhesives

dhesives can either function as a thermal interface and/or a mechanical connection.
In both cases, the adhesion durability is the object of testing under 8.10.2|(cyclic
emperature test).

utgassing of these materials can cause chemical interactions between or withiin LED
roducts and impact their performance. Chemical effects on the LED package| are to
he object of testing under Clause 5 (LED packages and interconnects). Chemical
nteractions on a system level arethe object of testing under 8.10.2 [(cyclic
emperature test).

e Segdling gaskets

ealants are used to prevent'the penetration of liquids, gas and/or dust frgm one
ocation through a barrier into another. Sealants are limited to LED products for gpecial
pplications, for examplélunder-water swimming pool lamps. They can be rejgarded
nd tested as a thermal interface material and subjected to durability testing under
.10.2, the cyclic temperature test (CT) with humidity, using the sealant capgcity as
he pre- and post-stress testing measure.

e Elegtrical terminals/wires

n electrieal *terminal3 or wire is an electro-mechanical device for joining elgctrical
ircuits @s‘an interface using a mechanical assembly. There are several standands that
eal withthese components:

IEC 61995 (all parts);
¢ IEC 608TT-508;
e |EC 60811-509;
e |EC 61249 (all parts).

— The reliability of electrical terminals and wires are tested under Clause 7 (electronic
subassemblies).

9.3 Mechanical interfaces between different components

Categories of mechanical interfaces that can be found in an LED product include the
following.

3 Adapted from SOURCE: Power connector, Wikipedia: The Free Encyclopedia, with the permission of the
author(s).
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¢ Mechanical interfaces

Mechanical interfaces are those interfaces that connect two different part of an LED
product together, examples are (but not limited to):

LED emitter to substrate;
substrate to TIM;

TIM to heatsink;

substrate to controlgear;
controlgear to housing;

LED light source/lens to lamp;

Ths
(fin

Ele
pro

e Theg
The
Cla

9.4

Outgas

followin

e Tar

cap to lamp.

b| product).

ctrical interfaces

Huct, the main electrical interfaces are:
Soldered joints

soldering the LED package to the printed circuit board, are subjected to testing
are used in soldering the electronic components to the printed circuit bogr

stress (PTC)
Cap-to-controlgear and controlgear-to-LED, package connections

The cap-to-controlgear and controlgear-to-LED package connections are tested
Clause 7 (electronic subassemblies):

rmal interface materials

rmal interface materials, also” belonging to this group, are subject to testing
ise 8 (cooling system).

Chemical interactions

sing of materials(in ‘an LED product can cause chemical interaction that can leaq
g.

nish of silver-plated areas

and(other similar metals as their outermost layer undergoes a chemical reaction

packages with silver-plated lead frames can decrease its lighting performance ar

interfaces mainly act on a system level and are subjected to testing undér,Clduse 10

ctrical interfaces are interfaces through which an electrical currents’driven. In an LED

Soldered joints are used in several parts of the LED pfeduct. Those that are dyised in

under

Clause 5 (LED package and interconnects): temperature cycling (TMCL). Thoge that

d are

subjected to testing under 7.7.1(electronic subassemblies): Temperature and opjeration

under

under

to the

Tarnish4-is a thin layer of corrosion that forms over copper, brass, silver, aluminium,

. LED
d turn
other

halogen compounds. Environmental tests for LED packages and interconnects shall be

conducted according to 5.11.6.

e Degradation of luminous flux in LED products due to contamination of optical materials by
volatile organic chemicals

This phenomenon occurs in physically closed systems, which means space without air

movement. Within the LED product, the operation leads to elevated temperatu

res in

the closed system causing volatile organic chemicals (VOCs) to vaporize and diffuse
within the system. This diffusion of VOCs can affect normal operation in LED products

by deposition onto the optical system components. VOCs can be generated fro

m the

4 Adapted from SOURCE: Tarnish, Wikipedia: The Free Encyclopedia, with the permission of the author(s).
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silicone encapsulant itself and other materials, such as glues (sealing material
stock coatings, thermal pads, the O-ring and/or potting materials.

Outgassing of VOCs shall be tested according to ASTM E595.

C 2017

), label

Table 8 lists the chemicals that should not be used in LED products for general lighting

applica

tions.

Table 8 — List of undesired chemicals in LED products for general lighting.

Category Chemical name
Solvents TotneneeHere—benrzene—chloromethane—chloreform——ethyaeetatebutraeetate—aeetene;; MEK
MIBK

Acid HCI, H,SO,, HNO,

Alkali KOH, NaOH, LiOH, Ca(OH),

Oil Diesel oil, petroleum, hydro carbons

Adhesiyes | Cyanoacrylates
10 Final product testing
10.1 General
The purpose of Clause 10 is to utilise the information from the component tests and apply it to
the final products via knowledge of principal component reliability in the final assembly. It is
unders

vulners

Verifica
possibl
the qud
produc

ble components.

tion of the final product is based on a ‘test-to-pass’ principle (Clause C.3) to g
e early interactions between the principal components that were not addressed
lification tests for the princ€ipal components. The test-to-pass method to verify t

determ

The ve

is limited by the fact that deterioration curves for each component cannot be
ned. Different system  reliability methods are explained in Annex C.

ification tests for-the final products can be done under accelerated stress cor

ood that the assembly will have interactions between components and therefort is not
necessprily representative of the full product‘performance, but gives guidance on th

most

ddress
during
ne final
exactly

ditions
ations.
rincipal
rincipal

Principal components can influence several performance parameters in the LED product, see
Table 9. Other key performance parameters not listed in Table 9 may exist that should be
considered in the context of the principal components.
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Table 9 — Influence of the principal components on the final product.

Principal component

Perf

Parameter and subassemblies Materials
interconnects

ormance LED package |Optical materials Electronic Cooling Systems| Construction

Lumen depreciation

Abrupt failures

Colour point shift

Electrical

deviatio

ns

Darker dells in Table 9 indicate a higher influence on the product performance parameters. For example\ |
flux depfreciation in an LED product is strongly related to the luminous flux decay in the LED and\thq

materia

I| but less related to electrical deviations in the electronic subassembly (can lead to)‘lower

currents)), degradation of the cooling system (can decrease efficiency of the LED packages), and the deg
in the mechanical principal component (can lead to reflectivity loss).

Lminous
optical
forward
radation

10.3

With t
validat

Minimum validated AST time

ne known acceleration factors for the principal components and their ass
&d AST time(s) the following steps are taken to qualify ¢the final product.

e Step 1: Deduce the conditions of each principal-€omponent when operating
application.

This involves maximum and minimum temperatures, humidity conditions, m3
power and other input parameters. Annex’A lists the conditions for two e
application profiles, but temperatures~if¥ the principal components shall be
measured or determined from thermal simulations. For example: measure or c3
the LED junction temperature (7)), the maximum temperature of the optical syste
the electronic subassembly in an.'on-state for the LED product.

e Step 2: For each principal compohent calculate the acceleration factor.

This involves the use aoflthe acceleration models and Table 1 (LED packa
nterconnects), Table 3 joptical materials), Table 4 (electronic subassemblie
Table 7 (cooling systems). An example acceleration factor calculation for an
material is depictéd:'in Clause B.11. Imagine an LED product for indoor pu
According to the-application profile, the average relative humidity is 60 %. T
Imeasurements 'show that the maximum temperature in the optical material is e
100 °C. Reading from Table B.2 this means that the AF = 6. Repeat this fg
component and each possible stressor.

e Step 3:€alculate and list all the validated AST time(s) in a table.

This’should be done for each principal component. The example in Table 10 cor

bciated

in the

Ximum
xample

either
Iculate
m, and

je and
s) and
optical
poses.
hermal
qual to
r each

nprises

Jsystemmwitha fighttransmittimgptastic as am opticat materat, and—=a thermmatm
material as the cooling component.

terface
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Table 10 — Example list of validated AST times.

Principal component Validated AST time

LED package -

LED package interconnects | Thermo-mechanical stress, TMCL: 4000 h

Optical materials Temperature and humidity stress, TH: 3000 h
Temperature and light exposure, TL: 6000 h

Electronic subassemblies Temperature, humidity and operation stress, seq.
ALT: 10 000 h
Cooling systems Temperature life test, TLT: 5000 h

10.4 |

Final p
Specifi

tests the principal components have been tested for reliability. (The final product as

should
produc
be use

Endurdnce tests to demonstrate basic robustness of\final product are specified in the r
performance standards (e.g. IEC 62642;" IEC 62717 and IEC 62722-2-1)).

produc
observ
data tqg
assem
the m
volume

11 Pr

In casqg
set of

that the
minor.
change
minor/n
princip

Cyclic temperature test, CT: 7500 h

Construction materials -

Final product qualification for reliability

roduct qualification is the responsibility of the individual manufacturer. This Te
cation provides a test regime to assist in this effort. By completing all of the r

be tested with consideration of the information in Table’ 8 and Table 10. TH
testing should identify the effects of other componenits.and interactions. Annex
] as guidance in developing a final product qualification plan.

btions for these tests should be used together with the gathered component re

guide the extent of further reliability testing of the final product as a cag
ly. Final products used for verification shall be produced on tooling and proce
nufacturing site that will be used for product deliveries at projected pro
S.

pduct updates

of requalification«associated with a material, design and/or process change, a
nualification tests should be considered. For any change, evidence shall be s

chnical
Blevant
sembly
e final
C may

plevant
The
liability
mplete
5ses at
Huction

limited
Lpplied

change has_nao_nhegative influence. A change in a principal component can be m

, a limited{set of tests, as decided by the manufacturer, shall be performed.
najor differences between the modified principal component(s) accompani
bl component test report (Annex F).

n case of aszmajor change, all qualification tests shall be performed. In case of{minor

ajor or

list of
s the

Table

I'THIStS e Chahnges 1al dre considercd 10 De Mminor or major 1or eacn p

component and for the final LED product.

incipal
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Table 11 — Minor and major change list per principal component.

Principal Minor change Major change
component

LED package and Using the same part/material list with a: Part/material list

interconnects . . . .
- different package footprint and/or Die technology (process or material)
dimension,
- a slightly different (improved) process.
Other manufacturing location
Interconnect technology (process or material)
Epoxy technology (process or material)
Design changes (any thickness, size, tracks)

Optical materials Other additives Process change
Other manufacturing location Material change
Design changes (any thickness or size)

electron|c Component change with equal or better Circuit re-design

subassemblies performance

Small circuit (PCB) design adaptation

Interconnect teehnology (process, ma
mechanical)

erial or

Cooling pystems

Design changes (any thickness or size)

Performance changes (e.g. rotational speed,
power)

Process\change
Material change

Fechnology change

Const_ru tion Same category with design change (any size) |Process change
materialp Same category with performance change Material change
Other manufacturing location Category change
LED Prdduct Same principal component with 4 point below [Per principal component: use of a new

manufacturer specified value
Other manufacturing locatien

Small change in design

technology

Significant change in design
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(informative)

Application profiles

The application profile describes the environmental loads (or stressors) that are imposed
upon the product under normal operation conditions. In these conditions, LED products are
subjected to the following identified loads:

e temperature: ambient temperatures differ per area in the world and significantly affect the
reliability of LED products by degradation and elevated levels.

e hunpidity: humidity is known to ingress LED products and cause corrosive kind of fai

ures.

e mechanical: static and dynamic forces (such as vibration) are imposed upon tHe LED
profduct and can cause fatigue kind of failures.

e chemical: under harsh environment, as in outdoor, chemical substancesygan react \

prirjcipal components in the LED product.

e ¢ele
the

ith the

trical: unstable mains can cause spikes that can damage the electrical components in
LED product.

o light intensity: UV-light from the sun and blue light from the .ED can cause degradation of

the

optical component.

The profiles given in Table A.1 are examples. Other profilés may be developed depending on

specifiq

conditions of use for which the particular LED¢preduct is specified.

Table A.1 — Example of two.application profiles

Application profiles for LED products

Application area

Stregsor Attribute Unit Profile 1 Profile 2
Temperature |minimum °C -20 10
maximum °C 30 to 40 (off) 20 (off)
70 (on) 90 to100 (on)
cycles/day - 1 1to4
number of operating h/year 4000 to 8000 1000 to 9000
Relativg minimum % relative humidity |30 30
Humidity maximum % relative humidity |90 60
average % relative humidity |60 45
Mechanjcal shock amplitude (impact) |9, 9;ms 30
shock numher - 2
vibration cycles - 30
frequency Hz 10 to 55
Chemical exposure - Sulphide, Hydrogen, Sulphide, Chloride
Chloride,
Electrical average voltage \Y 110 to 230 110 to 230
range \Y 110 to 277 (-6 %, +8 %)[110 to 277 (-6 %, +8 %)
over voltage % -10 %, +10 % -10 %, +10 %
Light intensity W/m? 800 250
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Annex B
(informative)

Acceleration models5

B.1 General

Accelerated tests are performed to accelerate a physical failure mechanism without inducing
new failure mechanisms that do not exist in the application profile. Acceleration factors use
time-to-fail at a particular accelerated stress level for a particular failure mechanism to predict

the eq eration

_ Time tofail (Stress1)
~ Time tofail (Stress2)

(B.1)

where
Stress2 |> Stressl

Acceleration models are usually based on the scienceunderlying a particular |failure
mechapism. Successful empirical models are close.<approximations of a numper of
compli¢ated physics or kinetics models as to determine when the theory of the|failure
mechapism is eventually understood. Note that in the case of linear acceleration] while
predictlng time-to-fail for the application profilé;\the type of life distribution (Logpormal,
Weibul|, Exponential, etc.) and the slope parameters do not change but the lpcation
paramgters change. In Subclauses B.2 to B8, acceleration models for failure mechpnisms
accelenated by temperature, humidity, mechanical, electrical and chemical stressqrs are
presented.

B.2 |Arrhenius model

The Afrhenius model has, been used successfully for many chemical and physical|failure
mechahisms (chemical reactions, diffusion processes or migration processes) accelerated by
temperpture. The acceleration factor is given by:

E 1 1
AF = exp| —* - (B.2)
[ kB [ Tstress1 TstressZ ]]

where

E, is the activation energy (eV);

kg is a Boltzmann’s constant;

T is the temperature in K.
Note that the only empirical parameter in Equation (B.2) is the activation energy. By collecting
data at multiple stress conditions, the activation energy for a specific failure mechanism can

be estimated. Typical activation energy (£,) values are in the range of 0,2eV to 2,0 eV
depending on the failure mechanism.

5 Adapted from Solid mechanics and its applications, with the permission of the author(s) (see Bibliography).
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B.3 Eyring model

An extension of the Arrhenius model, Eyring’s model may be used to describe the effect that
temperature has on complex chemical reaction rates. The acceleration factor is given by:

m
T
AF = (Tslr—esst X AF g1y penius (B.3)
stress1
where
T is the temperature in K-
m is the reaction dependent parameter;

AF prrndnius 18 the Arrhenius acceleration according to Equation (B.2).

Values|for the parameter m range from 0 to 1, with 0,33 as typical value.

B.4 [Coffin-Manson model

A poptllar model used for thermal-cycling-related failures .is’,the Coffin-Manson [model.
Thermal cycling causes thermal expansion and contraction within the product, which |induce
mechanical stresses. These changing mechanical stresses can eventually cause [fatigue
failureq (cracks). Coffin-Manson in its simplest form¢takes into account the tempegrature
changgs within the product. The acceleration factor is<given by:

—n
S | Alstress1 (B.4)
AT,

tress2

where

AT is t:l:e entire temperature cyclesrange within which a device operates;

n is the material-dependent parameter.

Values|for the parameter n'range from 1 to 5, with 2,0 as typical value.

B.5 [Norris-Landzberg model

The simple foerm of the Coffin-Manson equation doesn’t account for the time-dependent
effects| Toraccount for the effect of these time-dependent properties (strain rate effects,
stress |relaxation, etc.) on fatigue life, Norris and Landzberg (IBM, 1969) introdug¢ed an
empiriadal frnqnnnr‘y factor into the original Coffin-Manson equation.-The acceleration factor is

given by:

—n 0
AF = AT stress1 [ stress1 J exp E, 1 _ 1 (B.5)
ATxtressZ fstressZ kB T stress TstressZ .

AT is the entire temperature cycle range within which a device operates;

where

T is the temperature in K;
f is the frequency of applied thermal cycle stress;
n is the material-dependent parameter;

o is the frequency-dependent parameter;
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E_ is the activation Energy (eV);

a

kg is a Boltzmann’s constant.

Values

B.6

for the parameter o range from 0 to 1, with 0,33 as typical value.

(Inverse) power law

Increasing electrical stress (voltage or current) is a common method to accelerate failures in
electrical materials and components. The (inverse) power law is frequently used to describe
the effect that these electrical stresses have on reliability. The acceleration factor is given by:

where

ES is t:l:e electrical stress;

p ist

Inversdq
from -1

B.7

Corros
mecha
interfad
widely
accelel

-p
AF = SstressZ
ES

stress1

e electrical dependent parameter.

P0 to 20 (zero is excluded).

Peck model

on induced by the moisture in the envirgnment is one of the commonly seen
nisms in electronics products. Humidity~also is responsible for causing some
ial delamination failures induced by\hygro-thermal stresses. The acceleration

ation factor is given by:

—-q
AF = [MJ exp Ea 1 _ 1
RH stress2 kB T stress1 TstressZ

he relative.humidity (%);

he humidity dependent parameter;
he activation energy (eV);

A Boltzmann’s constant;

used to model the effect of relative humidity on failures is the Peck mod¢l.

(B.6)

power law denotes p > 0, and power law p < 0. Thus, valués for the parameter p range

failure
of the
model
The

(B.7)

T is the temperature in K.

Values

B.8

for the parameter g range from 0 to 3, with 2,5 as typical value.

Generalized Eyring model

Sometimes in addition to high temperature and relative humidity, another stress is also
influential in driving failures. Examples are the combination of acceleration by temperature,
humidity and voltage or light exposure. In these cases, the generalized Eyring
combines the Eyring model (read: Arrhenius model) with an added inverse power law term.
The acceleration factor is given by:

model
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—r —q
AF :[ Lstress'l ] ( RHstress'l J exp Ea 1 _ 1
LstressZ RH stress2 k B T stress1 T, stress2

r  is the added stress dependent parameter;

where

L is the added stress level;

RH is the relative humidity (%);

g is the humidity dependent parameter;
E, is the activation energy (eV);

(B.8)

kg is @ Boltzmann’s constant;
T is the temperature in K.

Values|for the parameter r can range from —-10 to 10 (zero is excluded).

B.9 [Sample size calculation6

There pre many different ways to determine the sample size/for an accelerated te

5t. The

samplg size is an important feature of any test in which the goahis to make inferences @bout a

population from a sample. In practice, the sample size used.in a reliability test is dete
based pn the expense of data collection, and the need 0 have sufficient statistical pqg
choice |of small sample sizes, though sometimes negessary, can result in low con
levels, wide confidence intervals or risks of errors instatistical hypothesis testing.

When u‘sing accelerated testing the sample sizei‘assuming an exponential distribution,
a

calculated using:
_( L jx In(1-CL)
"R TxAF In(R)

e specified proddct-life in h;

T is the total test time“in h;

AF is the acceleration factor;

CL is the confidence level (0 < CL < 1);
R is the reliability level (0 < R < 1).

rmined
wer. A
idence

can be

(B.9)

Depen Ing on e conriaence and reliability level, € sample Size may vary signi

icantly.

Assuming that L = T x AF so that the first term equals to 1, Table B.1 lists the value of the

second term as a function of the confidence and reliability Ievel.

6 Adapted from Sample size determination, Wikipedia: The Free Encyclopedia, with the permission of the

author(s).
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Table B.1 — Sample sizes versus confidence and reliability level assuming L =T x AF

Reliability level (R)

Confidence level (CL) 0,6 0,7 0,8 0,9 0,95 0,99
0,6 2 3 4 9 18 91
0,7 2 3 5 11 23 120
0,8 3 5 7 15 31 160
0,9 5 6 10 22 45 229
0,95 6 8 13 28 58 298
0,99 9 13 21 44 90 458

B.10 |Basic guidelines’

Some guidelines for the use of acceleration models include the following:

e Acdeleration tests shall generate the same failure mode occurring”in the field. Ge
accelerated tests are used to obtain information about one( particular, relatively

fail
diff

fail:l:re mechanism (or corresponding degradation measurg), If there is more th

re mode, it is possible that the different failure mechanisms will be acceler
brent rates. Then, unless this is accounted for in the modelling and analysis, es

herally,
simple
bn one
bted at
imates

coulld be seriously incorrect when extrapolating tolower use-levels of the accelerating
varfables.

e Acdelerating variables should be chosen to correspond with variables that cause| actual
faillires.

o With controlled changes in the principal components, the acceleration parameters may not

change significantly. Only one verification test is required for identical acceleration

par

hmeters.

o Acdelerated tests should be designed, as much as possible, to minimize the am

ext
mo
fail

apolation required. High levels of accelerating variables can cause extraneous
les that would never occur at use-levels of the accelerating variables. If extr

bunt of
failure
Aneous

res are not recognized” and properly handled, they can lead to seriously incorrect
confclusions. Also, the \relationship may not be accurate enough over a wide rgnge of
accgleration.

e Acdelerated test programs should be planned and conducted by teams in
indijviduals knowledgeable about the product and its use environment, the physical,
chemical or~mechanical aspects of the failure mode, and the statistical aspects
deslign andxanalysis of reliability experiments.

B.11 [Example

cluding

of the

Assume the release of a plastic material that has its melting point at 140 °C. The product will
be used in an indoor and outdoor environment. A set of acceleration tests are conducted with
the following conditions:

o three relative humidity values, with RH,¢; = 30 %, 60 % and 90 %,;
e three temperatures with ¢, = 100 °C, 110 °C and 120 °C.

For these stressors, the Peck model in B.7 can be used. The test pass/fail criterion is:
maximum of 10 % reduction in transparency (compared to 0 h value). Using the test results,
the parameters ¢ and £, can be deduced and are calculated to be:

7 Adapted from A Review of Accelerated Test Models, with the permission of the author(s) (see Bibliography).
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o g= 2;
e E;=06¢eV.
AF calculations are done for user temperatures in the range of 70 °C (outdoor) to 100 °C

(indoor) and a relative humidity of 45 % (average indoor) and 60 % (average outdoor). The
results are listed in Table B.2.

Table B.2 — Example of calculated acceleration factors

t..(°C)

use

RH,, (%) 70 80 90 100
45 53 30 17 10
50 43 24 14 8
55 35 20 12 7
60 30 17 10 6
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Annex C
(informative)

System reliability8

C.1 General

Many textbooks are available that describe reliability principles, ranging from its history,
(accelerated) testing, system reliability, reliability predictions to reliability standards. It is not
the intention to repeat and/or summarize this extensive number of published pages in
AnneX . :II th;o ATITTOA, UII:y thc bao;u }JI;II\J;V:UO all\‘.l‘I thUOC dcta;:cd IU:;Gb;:;ty thUUI;UO t at are

importgnt for LED products are discussed.

C.2 Basic principles

A systgm is a collection of components, subsystems and/or assemblies ‘@rranged to a gpecific
design|in order to achieve desired functions with acceptable perform@ance and reliability. The
types of components, their quantities, their qualities and the .manner in which they are
arranged within the system have a direct effect on the system's reliability. Oftgn, the
relationjship between a system and its components is misundersteod or oversimplified.

From & system reliability point of view, the challenge<is to master the reliability of its
components. Clearly, each system, whatever the cemplexity, can only last as long| as its
lowest{life component. The reliability may be measured in different ways depending|on the
particular situation, examples are:

e MTTF;

e number of failures per time unit (failuresrate or field call rate);
o the|probability that the item does notfail in a time interval (0O, ¢) (survival probability};
e the|probability that the item is able to function at time ¢ (availability at time ).

If the item is not repaired aften failure, the third and fourth situations coincide. For precise
mathematical definitions, refér to the text books listed in the Bibliography.

Whatever the compleXity of the system, its reliability is determined by its components @and the
interacfion between‘them. The overall system reliability is a combination of all failure|modes
in each componéent. With the given application profile, one can calculate the reliability
performpance of the system. Note that investigations into the physics of failure are negded to
undersfand the*failure modes, combined with any sort of testing. Verification testing is peeded
on a prpductlevel.

C.3 Testing on the system level

To cover system reliability, one would need to test the reliability performance of both the
components and the total system. If the total system is aimed for long lifetimes, which is the
case for LED products, a common way of tackling this requirement is to expose the device to
sufficient overstress to bring the time to failure to an acceptable level. Thereafter, one tries to
“extrapolate”, from the information obtained under overstress, to normal use conditions.
Depending on the kind of device in question, the accelerated testing conditions may involve a
higher level of temperature, pressure, voltage, load, vibration, and so on, than the
corresponding levels occurring in normal use conditions. These variables are called stressors.

8 Adapted from Solid State Lighting Reliability, with the permission of the author(s) (see Bibliography).
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This approach is called accelerated life testing (ALT) or overstress testing. There are
basically two different reliability test approaches:

e Test-to-pass

Test-to-pass, demonstration testing or zero failure acceptance testing is an approach in
which a certain number of test cycles are needed without the occurrence of failures. Test
to pass only provides pass-fail results; the results do not give any information with respect
to the reliability as a function of time (or kilometres or cycles). These limitations are
addressed by test to failure.

e Test-to-failure

Test-to-failure is an approach in which the tests are continued until at least 65 % of the
podulation failed. This approach will give more information on failure modes; but the
limifation could be long duration of the test.

For thg principal components in an LED product, it is advised to follow a test-to-fdil approach,
preferably using meaningful accelerated tests. For LED products as a system, a test-{o-pass
approagch is advised. Some generic rules for that are:

e each principal component in a system exhibits its own failure ,modes that needs to be
captured by:

— lexperiments using at least three accelerated testing conditions;

— Jhumerical/analytical models that describe the reliability physics or physics of|failure
see Annex B).

e intgractions between the components shall be captured by:
— [esting the total system;
— plightly accelerating environmental user eonditions in a physically correct mannlr.

In mos} industries, standard tests are usediin order to quantify the reliability performance of
the components and systems. Examples;are the MIL standards for the military and the JEDEC
standafds for electronics.

C.4 [System reliability prediction

C.41 General

In system reliability, one will always have to work with models of the system. In practical
situatigns, the analyst will have to derive (stochastic) models of the system at hand, or at
least hpve to choose from several possible models before an analysis can be performed. To
be “realistic”,«the models shall describe the essential features of the system, but [do not
necessfarily-have to be exact in all details. Always bear in mind that one is working yith an
idealiz¢d{ simplified model of the system. Traditional handbook-based reliability prgdiction
metho i i = = i = licore),
PRISM, FIDES and the Chinese GJB299B. These methods rely on analysis of failure data
collected from the field and assume that the components of a system have inherent constant
failure rates that are derived from the collected data.

Much literature is available on the prediction of system reliability; it is not the intention to
summarize or to repeat this information. Annex C only lists those techniques that can be
applied for system reliability prediction of LED products.

C.4.2 Block diagrams

Reliability block diagrams are described as a means to represent the logical system
architecture and create system reliability models. Possible logical structures are serial,
parallel and/or combinations of these two. In a serial structure with »n independent
components, the system reliability is calculated as the multiplication of the individuals, as
shown in Equation (C.1):
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n
Riotal =HR1' (C.1)
l:

Consider a series structure of four independent components. At a specified point of time, the
component reliabilities are Ry = R, = 0,99, R3 = 0,97, and R, = 0,94. The system reliability at
time ¢ is then equal to 0,99 x 0,99 x 0,97 x 0,94 = 0,89. In a serial system, the product is at
most as reliable as the least reliable component. In a parallel structure with » independent
components; the system reliability is calculated as shown in Equation (C.2):

n
1L

Riotal = 1— | [T~ K7) (C.2)
i=1

Considgr a parallel structure of four independent components. At a specified point of tine, the
component reliabilities are Ry = R, = 0,99, R; = 0,97, and R, = 0,94. The syStem reliability at
time ¢ is then equalto 1 - (1 -0,99) x (1 - 0,99) x (1 - 0,97) x (1 - 0,94)'5,0,999. So, parallel
systemjs are in principle more reliable than serial systems.

LED droducts are comprised of a combination of serial ,and parallel structures (or
components). It makes the structure functions more complex. <TThe complexity increasgs even
more when redundancy is present, when product repair is an<eption, and/or when interpctions
play aldominant role (meaning that the assumptions of independency disappear). In such
cases, [it becomes inevitable to use dedicated software<to) determine the structural diagram of
the system and calculate its reliability.

C.43 Fault tree

Fault-tlee analysis (FTA) is a deductive methodology to determine the potential cayses of
failured and to estimate the failure probabilities (IEC 61025). Fault-tree analysis addresses
system| design aspects and potential~failures, tracks down system failures dedugtively,
describes system functions and behaviours graphically, focuses on one error at a time, and
providds qualitative and quantitative-reliability analyses. The purpose of a fault tree is tp show
the sefs of events — particulaflyi-the primary failures — that will cause the top evept in a
system| In an FTA, standard-symbols to denote so-called events and gates are ysed to
calculate the failure probability of the system.

C.44 Markov chains

A MarKov chainfis~a stochastic process that describes transitions in time between discrete
numbefs of states (see IEC 61165). Markov chains, named after Andrey Markov,| are a
mathermatical\system that undergoes transitions from one state to another, between a flinite or
countaple_number of possible states. Markov chains describe the failure distribution ¢hange
by timd_Mante Carlo simulations often go hand in hand with Markov chains in order tolupdate
the state of the system (read: failure probability) at a certain time. The changes of state of the
system are called transitions, and the probabilities associated with various state-changes are
called transition probabilities. Theoretically, when the system has » components, and each
component has two states (functioning and failed), the system will have at most 2»r different
states.

C.4.5 Bayesian networks

Large systems become difficult to model with Markov chains because they induce a
combinatory explosion of states. Fault trees are also difficult to implement in large systems
and particularly if the studied system presents redundant failures. In this context, Bayesian
networks (BN) is a very interesting methodology. They allow the stochastic modelling of
reliability in a compact and graphic form. The graphical form commonly used for BN is the
directed acyclic graphs (DAGs) whose nodes represent random variables and whose arcs
represent direct influences between adjacent nodes. Modelling with a BN is realized with a
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single ‘V structure’ in which the conditional probability table contains the failure propagation
mechanisms through the functional architecture of the system. BNs build the relationships
between the nodes and calculate the nodal influence by such relationships. The influences
represented by the arc of a Bayesian networks can be probabilistic or deterministic.

C.4.6 Chi-square?

The Chi-square distribution can be used to find the confidence intervals on the failure rate
and the MTTF of the exponential distributions. The distribution can also be applied to the
Weibull distribution when the shape parameter (8) is known (so called WeiBayes method).
This feature focuses on confidence intervals when the underlying failure distribution is
exponential. The estimate for failure rate (1) is calculated as the ratio of the number of failures
to the fotal testing time. Alternatively, the esumate of MTTF Is calculaied as the raiid of the
total tepting time to the number of failures. If no failures are observed during a test.on|n units
over a[duration of time ¢, then based on confidence levels, the upper bound of the faildre rate
can be|calculated as shown in Equation (C.3):

2
x confidencelevel
= - confidencelevel C.3

ﬂupperbound nxt ( )
where:
Aupperbpund IS the upper value for the failure rate;
X is the Chi-square value at a given confidehce level, equal to 2,3 (90 %); 3,0

(95 %); 4,61 (99 %);

n is the number of units;
t is the test time.

Alternatively, the lower bound for the MTTEu.is the reciprocal of the failure rate (1). If multiple
tests n{, with n samples and duration ¢ are executed, and zero failures are found, then the
term n k ¢ is to be replaced by the equivalent term, being as shown in Equation (C.4):

m

(m)equivalent = g(ni Xti) (C.4)

If acceleration tests,are’ used, then the acceleration factor for the ith test can be addeq in the
equivalent term.

Example:

Table C4“shows a test scheme with test hours and number of units for an LED-based
product. Three tests are conducted, two with no acceleration and one with an acceleration
factor equal to 2. No failures are found in all tests. For each test, the last column gives the
equivalent hours and the sum of the equivalent term is equal to 90000 h. This number can
now be used to calculate the upper bound of the failure rate of the LED-based product, by
using the Chi-square Equation (C.3).

9 Adapted from Calculating MTTF When You Have Zero Failures, with the permission of the author(s) (see
Bibliography).
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Table C.1 — Example test scheme and results for Chi-square.

Total

Test i Number of units in test Test hours Equivalent term n x T x AF
h
1, no acceleration 5 6000 30000
2, with AF = 2,0 20 1000 40000
3, no acceleration 5 4000 20000
90000
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Annex D
(informative)

Qualification flowcharts
D.1 General

The flowcharts presented in Figures D.1 to D.5 refer to Clause 4. These flowcharts can be

used as a guideline for the acceleration test schemes of the principal components. The test
abbreviations refer to the text in Clause 4.

D.2 Qualification flowcharts of principal components

Select qualification samples
52,53

y

Assembly of LED packages on test boards Sglderability
5.4 Resistance {o/soldering heat
\j/ 5.9
Moisture pre-conditioning
55
Pre-electrical, photometric and thermal
pre-visual
56,5758
LED package LED package interconnects
IQT QT IQT IQT QT8 QT AST
Temperaturq and | | Thermo-mechanical stress | | Temperature and | |Electrical stress j=|Environmental stress Thermo-mechanical stress Thermo-mechanical | stress
operation sffess humidity stress
TMCL, 5.11.3.1 ESD-HBM, H2S, 5.11.6.2 VVF, 5.12 TMCL, 5.13p
LTOL, 5.1f1.2.1 VVF, 5.11.3.2 WHTOL, 5.11.4.1 5.11.5 FMCG, 5.11.6.3
HTOL, 5.111.2.2 DHC, 5.11.4.2 S02,5.11.6.4
PLT, 5.14.2.3

|

J

Post-electrical, photometric and thermal
post-visual
56,5758

Failure criteria

Principal component test report for LED package and interconnect
Annex F

IEC
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Figure D.1 — Qualification flowchart for LED package and interconnects
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