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Credit(s) earned on completion of This course is registered with AIA CES
this course will be reported to AIA for continuing professional

CES for AIA members. Certificates of education. As such, it does not
Completion for both AIA members include content that may be deemed
and non-AIA members are available  or construed to be an approval or
upon request. endorsement by the AIA of any

material of construction or any
method or manner of

handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.
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Copyright Materials

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without written
permission of the speaker is prohibited.
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Course
Description

Laboratory testing of consumer LED lighting products is showing that
manufacturer-reported life estimates are missing the mark when it
comes to residential applications. The results show that LED systems
are not living up to life claims because industry test methods do not
consider common operating parameters in applications, such as on-
off switching and high temperature. This course will: describe the
research showing the causes of LED system failure; show how to
accurately predict LED system life by knowing the system’s operating
temperature and use patterns; and explain current industry test
methods and strategies for revising standards.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Learn what research tells us about the causes of LED lighting product
failure in residential lighting applications

2. Learn how to accurately calculate and predict the lifetime of LED
lighting systems in applications

3. Learn about current industry life-testing methods and standards for
LED systems and how they may lead to erroneous life claims by
manufacturers

4. Learn how research is used to inform test procedure writing and
revision by standards-setting bodies
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Course Description and Learning
Objectives

e This course describes laboratory research on LED
system life when on-off switching and temperature
are considered, and describes how industry-adopted
life-testing methods need to change in order for
manufacturers to provide accurate life estimates.

Four Specific Learning Objectives

1. Learn what research tells us about the causes of LED lighting
product failure in residential lighting applications
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2. Learn how to accurately calculate and predict the lifetime of LED
lighting systems in applications
3. Learn about current industry life-testing methods and standards

for LED systems and how they may lead to erroneous life claims
by manufacturers

IIIII

4. Learn how research is used to inform test procedure writing and
revision by standards-setting bodies
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Backeround

il . . Lighting Facts rerub
«/ﬁ " e Aclaimed benefit for

s
Brightness 800 lumens

Estimated Yearly Energy Cost  $1.02
LED liehting is long life Gos depands on reios anduse R
8 8 g lITE.

Life

— Over 20,000 hours ! " om
e User expectation: ' 65wt

https://www.topbulb.com/blog/step-step-buy-led-bulb-home/

— The lamp will last 20,000
hours when used in all
applications

 However, application
conditions vary.

A F
o Buehrar B8

— EnV|r.onment:
10 Ventilated / Enclosed

— Use pattern: Switching
pattern (ON-OFF cycling)
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- Background

e How is LED product
lifetime measured and

reported?

— The LED within the
system is tested
according to LM-80

— Continuous-on testing for

at least 6000 hours

— Data extrapolation
according to TM-21 to
estimate time to L70

— Estimated L70 at in-situ
board temperature

LM-80 ; TM-21

100%

e

O 95%
90%
'‘® 85%
c 80%
E 75%
70% +—— |

intenan

M

Lu

0 10,000 20,000 30,000

Operating Hours

www.csemag.com/single-article/led-

40,000

specifications/517310ca50064c25c4d247d86f23cf3a.html

www.bridgelux.com/



Background
. * AnLED system has many components.

— Light Emitting Diode (LED), Printed Circuit Board
(PCB), driver, optics, heat sink, etc.

— Failure: catastrophic or parametric

Lighting systems are usually turned on and off
in applications.

 The drawbacks of current life test method:
— Tests only one component (LED)

— Continuous-on testing for 6000 hours

— Considers only one failure type (Parametric)



. Background

’«\ . e Testing LED systems:
LORR

Q — IESNA LM-84-14
\ — An improvement over %"""M::%\
N LM-80 SRR
e Tests the whole system
e However, the drawbacks are:
, : — Continuous-on testing
// — Considers only parametric
N failure https://www.ies.org/store/measurement-
. ma * lumen depreciation ﬁﬂ?fﬁiiﬂ.I”fiiﬂEs.lf/isgﬁ'ﬁﬁfgna:;%_
uminaires
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e Manufacturers are still using
the LM-80/TM-21 method to
rate LED system (product) life.
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e Study objective e

nvsiroa.  ASSIST

Alhance for Soieb Srare Barminasion
Spatrms amd Sechnmiepry

 To develop a test method to estimate LED
system life based on
— environment temperature (resulting Tj)
— use pattern (On-Off cycling)

and

— for lifetime values consider both catastrophic and
parametric failure times
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http://www.electrical-online.com/lightsandswitches/

Credit: Lighting Research Center



| Test method - Initial test

W\ e Toidentify LED Tjin
application
— LED A-lamps, 75W
incandescent
equivalent, in a 3-lamp
surface mount fixture
e Tj of LEDs = 146°C
(max. operating
temperature)

e Troom = 30°C

https://www.homedepot.com/b/Lighting-Flushmount-
Lights/N-5yc1vZc7nk

— When switched on and
off

e DT = 116°C



Experiment setup

«\ |« Type of product tested

PN N

R — LED A-lamps (15 W: 75W incandescent equivalent)
— 90 samples

Power Input

Thermocauple #= Downlight

fixture
Wooden hox =+

Heater pad
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Experiment setup

1«\ |« Independent variables

AN — Delta Temperature (DT) [D80/D90/D100 °C]
— Dwell Time [2-hrs/4-hrs/Cont.-on]

e Dependent variables
— Light output & Color; Power and current Input
— Lamp temperature

Credit: Lighting Research Center

LSS
o= 120 Dwell Time
“ 100 ==mmmm=m-x < » Max operating temp
F [9)
B EuGHTFRAR : T g0 —-of . "Time average temp
% 60 A
g N l Delta T,
ITEHNATEINM 40 h
llllllllllllll E - — — J k_ Eggm-t-e-rnp
=
20
0
0 1 2 3 4 5 6

Time (Hour)
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~ Results

i !‘ Observed failure modes
\ e Tested LED A-lamps PCB solder failure = 84%
experienced both types of Driver failure = 16%
failures e

s 3
s 9

— Catastrophic and e

Parametric Solder failure
Credit: Lighting Research Center
\ __ LED A-lamp catastropic failure
B ' 100% & o
1 . & ol 4o | H e o M A-lamps D80 2hrs
o 80% e — @A+ AA-lamps D80 4hrs
gt - A Y N @ @ A-lamps D80 continuous
ﬁ g 60% P b B A-lamps D90 2hrs
kw ﬁ Median life A o B e A A-lamps D90 4hrs
LIGHTFAIR E 40% A » —— ® A-lamps D90 continuous
? A e S = A-lamps D100 2hrs
m 3 20% . A A-lamps D100 4hrs
@ A-lamps D100 continuous
| Ao ma
The future. llluminated. 0% A | |
2 0 ‘| 8 1 10 100 1000 10000
Time (hrs)

Reference: Narendran, N., Y. Liu, X. Mou, D.R. Thotagamuwa, and O.V. Madihe Eshwarage. 2016. Projecting
LED product life based on application. Proceedings of SPIE 9954, Fifteenth International Conference on Solid
State Lighting and LED-based lllumination Systems, 99540G (September 14, 2016).




Data: LED A-lamp lumen depreciation

In this experiment, majority of the LED A-lamps failed
catastrophically before the lumen depreciation
reached the 70% value

Lumen depreciation at failure

120%
100% /g%
_5 A ' A-lamps D80 2hrs
.§ 80% © /. A-lamps D80 4hrs
E E _ I70_ o A-lamps D80 continuous
3 60% <€ > D80 L A-lamps D90 2hrs
F “ & . <€ > D100 > D90 /. A-lamps D90 4hrs
e LIGHTFAIR E 40% N © A-lamps D90 continuous
i m = 20% [ A-lamps D100 2hrs
R 0 A A-lamps D100 4hrs
The future. lluminated. O A-lamps D100 continuous
2018 "
5000 10000 15000
Time to failure (Hrs) Credit: Lighting Research Center
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Results

e (Catastrophic failures

— Frequent switching shortened LED lamp life
— Higher Delta T shortened life

— Cycles to failure (median life) and delta time-
averaged temperature have an inverse linear

relationship

= LED A-lamp

& 4000

B 3500 \’ Y=-JoX + 8173

= TN R2 = 0.93

£ 3000 ~

@ 2500 ~

= \

= 2000 o

< 1500 e

(o] \

< 1000 -

(7, ] \

2 500

ER o

45 55 65 75 85

Delta T avg (deg C)

Reference: Narendran, N., Y. Liu, X. Mou, D.R. Thotagamuwa, and O.V. Madihe Eshwarage. 2016.
Projecting LED product life based on application. Proceedings of SPIE 9954, Fifteenth International %
Conference on Solid State Lighting and LED-based Illumination Systems, 99540G (September 14, 2016).




i Results

e (Catastrophic failures
— Frequent switching shortens lamp life
— Time to catastrophic failure depends on
e Delta T
 Dwell time

Catastrophic failure time
12000

?
S 10000 ‘1r,/”’,
= ® D80C
F o 8000 /
| BuckTeaR = 6000 %
M
1 s 4000 é . booC
s £ 2000
2018 = 0
0 1 2 3 4 5

Dwell Time (Hours)




- Results

R e Parametric failures
— Lumen depreciation:

e L70, time to failure (median life), and
maximum operating temperature have an
inverse linear relationship

LED A-Lamp
30000
_/./__-..'-/ W, E 50000 P R2 = (0.98
4, —
N 15000 1\
LIGHTFAIR

_ £ 10000 ~
I I E 5000 N‘

' 0

2018 100 110 120 130 140
Maximum Operating Temperature (C°)

Reference: Narendran, N., Y. Liu, X. Mou, D.R. Thotagamuwa, and O.V. Madihe Eshwarage. 2016. Projecting Jr= i
LED product life based on application. Proceedings of SPIE 9954, Fifteenth International Conference on o
Solid State Lighting and LED-based Illumination Systems, 99540G (September 14, 2016).




e Predicting lifetime in applications

e Toillustrate the usefulness of the method, two
sample applications where the same lamp can be
used were selected to estimate lamp life.

Table lamp Recessed downlight




LED A-lamp life estimation in applications

Example 1: LED Table lamp

— Maximum Tj =95°C
— Delta T avg = 50°C

e Estimated median lamp life

e Used 3 hours per day, 1 cycle

— Catastrophic: .
. 3250 cycles = 8.9 yrs Lamp life = 8.9 years
— Parametric = 9746 hrs
i e L70:32,000 hrs =29 yrs
F AW R LED A-lamp LED A-Lamp
LIGHTFAIR & 4000 o _ 50000
@ 3500 y=-98x + 8173 v = -691.98x + 97578
e ™ I E 3000 ST - R?=0.93 S 40000 08
> ¢ 2500 £ 20000 —_—
INTERNJ\TION#L g 2000 . E TR
The future. llluminated. -E . o 50000 \..*_‘
2018 | & i < : ~
= Q
2 1000 £ 10000 \W'\’
s 508 \ / | N AR |
(& ]
45 cg 65 75 3 90 100 110 120 130 140
Delta T avg(deg C) Maximum Operating Temperature (C°)
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LED A-lamp life estimation in applications

Example 2: Downlight

Used 2 hours per day, 1 cycle

— Maximum Tj = 129°C
— Delta T avg =77°C

Estimated median lamp life

Catastrophic:

c.kv |
‘M~ |
{’x%ﬁ

Lamp life = 1.9 years

Cycles to failure (median)

700 cycles = 1.9 yrs = 1387 hrs
Parametric
L70: 9,000 hrs =12.3 yrs
— L70: 32,000 hrs
LED A-lamp LED A-Lamp

4000
3500
3000
2500
2000
1500
1000

500

y = -98x + 8173

< \ R?2=0.93
.

55 65 75
Delta T avg(degC)

Time to L70 (h

y=-691.98x + 97578
R?=0.98

100 110 120 130 140

Maximum Operating Temperature (C°)




~ Lessons learned

A - * Contrary to common belief
PO TN

— Switching LED systems ON and OFF can shorten
lamp life

e Current industry practice for testing LED lighting
products and rating lifetime needs revision

— LED product life-testing method:
e Whole system must be tested
e On-Off switching must be included

e Catastrophic and parametric failures must be
considered

—Time to failure is the shorter of the two




Short Duration Low Cost Test Procedure
R ~+ Objectives:

— To develop and verify a low cost life-test
setup to test LED A-lamps

— To determine the time required to
complete the test

il
LIGHTFAIR i

INTERNATIONAL

Narendran, N., Y. Liu, X. Mou, and D.R. Thotagamuwa. 2017. Predicting LED system life: A long-
term study of the factors that determine performance and failure. Proceedings of the IES 2017
Annual Conference, August 10-12, Portland, Oregon.
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Low cost life-test setup

e LED test lamp inside a 3-lamp surface mount fixture

with 2 incandescent A-lamps

1o ") Yol Power ON-OFF

Controller

Photo cell

Temperatu-e
data

Isolation board

== Photo Cell

Black tube
Thermistor
-~ LED lamp
Incandescent —m——
|amp5 Credit: Lighting Research Center
Test rack

Credit: Lighting Research Clrter



 un Low cost life-test setup

e Delta T: Achieved by using 2 incandescent lamps
— 25W/40W/60W

e Dwell time: Achieved using a power ON-OFF
controller

S
* 3 hours on/1 hour off 12 J

hoto cell | |Temperature
data data

Isolation board
Photo Cell

Black tube
Thermistor

LED lamp
Incandescent

lamps
Credit: Lighting Research Center

* T o4 Measured by a thermistor attached to the lamp

e Light output: measured using a photo cell with a
black tube aimed at the LED lamp




Initial test

e Estimated LED Tj values and delta T values

1

Heater lamps 2*25W 2*40W 2*60W
On-Off Cycle 3 hr/1 hr 3 hr/1 hr 3 hr/1 hr
T ref max 100 C 110C 116 C
Tj max operating 125C 135C 141 C
& T ref min 26 C 30C 30C
Delta TAT 81C 87 C 91C
5 | DeltaT 99 C 105 C 111C
Z -

ILIGHTFAIR

Total ON ’Fime =3 hrs
N 2018 e Dwell tlme.= 2.2 hrs
e Warm up time =0.8 hrs
e Cooldowntime=1hr




Results
8

o A \\. °
*s/«\

Times to catastrophic
and parametric (L70)
failures showed results
similar to the previous
studies

Total test time less than
1500 hours

ILIGHTFAIR
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Catastrophic failure

1000
é 500 y = -24.7x+ 2370
o R?=0.99
‘g \
s 600
2 \
8 400
[=]
2 T
$ 200 \
[*]
)
0

65 70 75 80 85 90 95

Delta time-averaged temperature (°C)

Parametric failure

y=-39.4x+ 5932
R?=0.99

W
o
[wn]
[a=]

/

110 120 130 140
Maximum operating temperature (°C)

Time to L70 {hours)
(=]
(=]
(=]
(=]

[
]
o
o

(=}

100 150
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Results

e The low cost life-test setup results are similar to the
results from the more elaborate test setup.

— Both failure types, catastrophic and parametric,
were observed.

e Cycles to failure (median life) and delta time-
averaged temperature have an inverse linear
relationship with goodness-of-fit, R2 = 0.99.

e L70, time to failure (median life), and
maximum operating temperature have an
inverse linear relationship with goodness-of-fit,
R2 =0.99.

e Time to complete the tests was within 1500 hrs.



Summary

e |n applications, LED systems will encounter:
— Both failure types catastrophic and parametric
— Switching LED systems ON-OFF can shorten life
e Current industry practice needs revision.

* Whole system must be tested including On-Off
switching

e Catastrophic and parametric failures must be
considered

— Time to failure is shorter of the two times
" | « Alow cost test setup can be created.

— Using surface mount fixtures

— Testing time less than 1500 hours

e LED lamp life can be predicted in any application by
knowing the Tj and use pattern.
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Lighting Opinions rersub
I

Brightnhess VERY!
Yearly Energy Cost NOT MUCH!
Life A LONG TIME!
Light Appearance
Warm-ish Way Cool
2700 K

Energy Used NOT MUCH!
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CPUC LED Lab Test

Background

e California Public Utilities Commission
(CPUC) supported a large, multiyear lab test
of LED lamps:

— California utilities spend big SSS on LED
programs

— Large unknowns about LED performance —
particularly life

— Stakeholders urged a focus on thermal factors F

LIGHTFAIR
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The futuse. [1uminabed.

2018
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Experimental Design

il ot

Experiment Overview




Experimental Design

Test Sample
N N
A-Lamp 38 342
Globe, Torpedo, Bullet 23 99
Reflector 31 186
Trim-kit 13 39
Total 105 666

* Representative of CA market based on
prior shelf surveys

o “Off the shelf” procurement

41
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Experimental Design

Test Fixtures

s lamps

Recessed 114 A-Lamps
Downlights * 93 Reflectors
* 39 Trim Kits

Subtotal = 246
Enclosed Ceiling 114 A-Lamps

Fixtures * 30 Globe, Torpedo, Bullet
Subtotal = 144
Bare Sockets °114 A-Lamps

* 69 Globe, Torpedo, Bullet
e 93 Reflectors
Subtotal = 276
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Experimental Design

Thermal Testing

80

70

Lamp Temperature (°C)
) 5 )

N
o

10

100% Stabilization Point

/ N\

95% Stabilization Point

50
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Time After Lamp Switched ON (minutes)

250

300
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Experimental Design

Thermal Testing

80

70

Lamp Temperature (°C)
) 5 S

N
o

10

1 \ 95% Stabilization Point
L 100% Stabilization Point
0 50 100 150 200 250

Time After Lamp Switched OFF (minutes)

300

-1
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Experimental Design

Thermal Testing

80

70

95% Stabilization Point 95% Stabilization Point

Ul
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|
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Lamp Temperature (°C)

N
o

WWWWWWWWWWWWWWWWWWWWWWWWW 5

10

\ / /
95% Stabilization Point 95% Stabilization Point

50

100 150 200 250
Thermal Cycle Timing (minutes)

300
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Experimental Design

Thermal Test Results => Life Testing Inputs

95% Cool Down Time (minutes)

180

160

140

=
[
o

=
(=]
o

=]
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T
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T
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60 30
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T
100

T
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Experimental Design

Thermal Test Results => Life Testing Inputs

95% Cool Down Time (minutes)

180

160

140

=
[
o

=
(=]
o

30

60

40

20

T T T T T T T
20 40 60 30 100 120 140

95% Warm Up Time (minutes)
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Experimental Design

Recessed Downlight Test Racks

U T

- W
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Experimental Design

Enclosed Ceiling Fixture and Bare Socket Test Racks
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Experimental Results

Photometrics
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Measured Efficacy
=K}
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40 G0 20 100
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Experimental Results

Photometrics

efficacy

120 @
o o
el
100 4
: .
e % a ° 2
' Y
el é g o
a0 - ] ]
i o g
5 g A
g o s
B f % :
> ° g
2
60 — . i a g o
& . H 5 s
H
% X
S
40
I I | I
a0 a5 g0 95
CRI
Lamp Type

o A-LAMP + GLOBE = TORPEDOQIBULLET »~ SPOTLIGHT/REFLECTOR O TRIM KIT




Experimental Results

Photometrics
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Experimental Results

Photometrics
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Results

Photometrics

—_—— e — =

120%

i

100%

1 1
........... R S

1 1

1 1

1 1

1 1

1 1

1 1
el A

1 1

1 1

1 1

1 1

1 1

1 1

1 1
........... L S

1 1

1 1

1 1

1 1

1 1

1 1
IIIIIIIIIII e

1 1

1 1

1 1

1 1

1 1

1 1

1 1
........... e P

1 1

1 1

1 1

1 1

1 1

1 1
........... R S

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1
........... L S

1 1

1 1

1 1

1 1

1 1

1 1
||||||||||| |

1 1

1 1

1 1

1 1

1 1

1 1

1 1

r-——>""7"7>"7"77 I

1 1

1 1

1 1

1 1

1 1

1 1

- [

1 1

1 1

1 1

1 1

1 1

1 1

1 1
........... R R

1 1

1 1

1 1

1 1

1 1

1 1
........... R S

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1
........... L

1 1

1 1

1 1

1 1

1 1

1 1

1 1

T T
(=] (] (]
™ X X
(@] o o
o0 O <

(%) @d2ueudjulepy uswn

71 106 141 176 211 246 281 316 351 386 421 456 491 526

36

All Surviving Lamps Sorted From Lowest to Highest Lumen Maintenance (n=535)
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Results

Life Testing

Percent Lamps Surviving (%)
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Results

Life Testing

Percent Lamps Surviving (%)
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Results

Life Testing — Failures by Model
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W15 Worst Performing Models M90 Best Performing Models
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Results

Life Testing — All A-Lamps
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Results

Life Testing - 1 or more failures before 1000 cycles
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Results

Life Testing - 2 or more failures before 1500 cycles
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Post-mortem forensics




Post-mortem forensics

Failure location for all failed LED test lamps

Abrupt Failure 14.8% —

Abrupt/Intermittent Failure 2.5%

Iniermitient Contact Failure 51.8%

LED Module
Failure
69%

Unknown, 6%

Driver
Failure
25%

/— Shaping and PFC 1.2%

— Final Filtering 1.2%

Switched Mode Control 2.5%

Pre Filter and Condition 2.5%

Filter and Condition 3.7%

DC Regulation Failure 6.2%

Multiple Failure Locations 7.4%)

Mainly solder or contact failures consistent with high heat conditions
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Conclusions

e Thermal Cycling Matters

— Operating temperature and thermal cycling have
significant impact on LED lamp Life

— 75% failed lamps 15% of the models
— A 1,500 cycle (4 month) screening test can separate
the good from the bad
* Rated values for photometric performance
largely accurate

 Lumen Maintenance less of a concern that lamp Fm“mm

failure
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Reliability and Robustness

e Reliability - the probability that a product will
perform its intended function under stated
conditions for a given period of time

— Probability, product, failure, function, conditions,
and time

— Empirical model & physics-of-failure based model
— Initiated during the research & development

— Provides data for warranty policy and
implementing improvements to product design
and/or manufacturing processes

-1
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Reliability and Robustness

 Robustness: the degree to which a system or

72

component can function correctly in the
presence of invalid inputs or stressful
environmental conditions

— Typically at elevated stress levels with no
requirement for testing to failure

— Survival of a certain minimum threshold duration
— Typically be completed quickly
— Typically performed using production samples
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Published Standards

* |[ESLM-80 & TM-21
 |[ESLM-84 & TM-28

nnnnnnnnnnnnnnnn

Approved Method: Measuring
Luminous Flux and
Color Maintenance
of LED Packages,
Arrays and Modules

IESTM-21-11

Projecting Long Term

Lumen Maintenance of
LED Light Sources

https://www.ies.org/store/

73

IES TM-26
IES LM-86

LM-84-14

e
& . -
& [lluminating

LLLLLLLLLLLLLLLL

Approved Method: Measuring Luminous Flux
and Color Maintenance of
LED Lamps, Light Engines,
and Luminaires

Projecting Long-Term

Luminous Flux
Maintenance of LED
Lamps and Luminaires
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Published Standards

— |EC 62612 - Self-ballasted LED lamps for general lighting services
with supply voltages > 50 V — Performance requirements

— |EC 62717 - LED modules for general lighting — Performance

requirements

— |EC 62722-2-1 - Luminaire performance - Part 2-1: Particular

requirements for LED luminaires

_ IEC 62612 _ IEC 62717
INTERNATIONAL CONSOLIDATED
STANDARD VERSION
NORME VERSION
INTERNATIONALE " CONSOLIDEE N

ices with supply voltages LED modules for general lighting — Performance requirements

BN 9TBIII0NTIA

https: //webstore ansi.org/default.aspx

IEC 62722-2-1

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

mmmmmmmmmmmmmmmmm

rrrrrrr
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Published Standards

e |[ECTS 62861 - Guidelines for principal component
reliability testing for LED light sources and LED

luminaires
IEC IEC TS 62861
TECHNICAL
SPECIFICATION

https://webstore.ansi.org/default.aspx ILIEHTFAII!
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IEC TS 62861

e Two types of qualification tests
— Accelerate stress test (AST) — reliability model exists

— Initial qualification test (IQT) — basic level of
robustness (no model exists)

e Component tests
— LED package and interconnects
— Optical materials
— Electronic subassemblies
— Active and passive cooling systems
— Construction materials

-1
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IEC TS 62861 — LED package and interconnects

Sampling 30 devices and mount on test boards

JESD51-51 — Solder point temp, junction temp, or
thermal resistance

Pre- and post-stress electrical and photometrics

— Luminous flux or radiant flux (x 20 %)

— Forward voltage (+ 15 %)

— Color coordinates or dominant/peak wavelength (0.006)

Solderability — IEC 60068-2-58 (IEC 60068-2-20
w/leads)

-1

Resistance to soldering heat — reflow — J-STD-020E




IEC TS 62861 — LED package and interconnects

 Temperature and operation stress

— Low temperature operating life (LTOL) JESD22-A108D; 1000 h; -
40°C ambient

— High temperature operating life (HTOL) 78 LEDs; 1000 h; max | at
allowed t, .,

— Pulsed operating life (PLT) 1000 h; t_.,, =55 °C; pulse width 100ps,
duty cycle 3%

e Thermo-mechanical stress
— Temperature cycling (TMCL) JESD22-A104D; 78 LEDs; 500
cycles;15 min -40°C — 15 min t,.,= max (min 85 °C)
— Vibrations variable frequency (VVF) JESD22-B103B m

11

INTERNATIONAL
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IEC TS 62861 — LED package and interconnects

e Temperature and humidity stress
— Wet high temperature operating life (WHTOL) JESD22-A101C; 78

LEDs; 1000 h; t,,=85 °C; 85 % RH; 1 h on/ 1 h off
— Damp heat cycling (DHC) IEC 60068-2-30; -10°C/25°C dry;
25°C/65°C 90% RH; 10 cycles; 24 h/cycle
e Electrical stress — ESD-HBM
— ANSI/ESDA/JEDEC JS-001, the human body model

e Environmental stress
— Hydrogen sulfide; IEC 60068-2-43
— Flowing mixed gas corrosion (FMGC); IEC 60068-2-60 Iusumm

— Sulfur dioxide; IEC 60068-2-42 I _l

2018
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IEC TS 62861 — Final Product Testing

e Section 10 — Component reliability data - final product testing
e Endurance tests - IEC 62612, IEC 62717 & IEC 62722-2-1
e |[EC 62612 - Self-ballasted LED lamps — Performance requirements

— Temperature cycling test: -10°C/40°C over 4 h; 250 periods; 34
min on/34 min off;

— Supply switch test: on/off 30 s; number of cycles half of rated
hours of use

— Accelerated operation life test: 1000 h; 10 K above max temp;
50°C not specified

-1
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IEC TS 62861 — Final Product Testing

e |[EC62717 - LED modules — Performance requirements

— Temperature cycling test: 50°C change; 250 periods; 10 s
on/50 s off (10 cycles); or like lamp

— Supply switch test: on/off 30 s; number of cycles half of rated
hours of use

— Accelerated operation life test: 1000 h; 10 K above max temp;
50°C not specified

e |EC62722-2-1 - Luminaire performance - Part 2-1: Particular
requirements for LED luminaires

— Perform IEC 62717 on Luminaire if LED module was not tested
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IES TM - LED Lamp/Luminaire Robustness Testing

Scope - This document provides a series of robustness tests for
LED lamps, light engines, and luminaires in over-stress conditions
that relate to specific applications or potential failure mechanisms
in specific operating environments. LED lamp/light engine/
luminaire-specific test conditions focusing on system-level test
methodologies, procedures, and conditions are included.

Because these tests are intended for end-users to help provide an
assessment of product quality, manufacturers are neither required,
nor expected, to conduct these tests. This document is not
intended for design phase product evaluation and shall not be

used for regulatory compliance.
ILIGHTFAII!

This document does not cover the topic of reliability and; m
therefore, does not make any recommendations regarding

The futuse. [1uminabed.

predictive estimates or extrapolation.
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IES TM - LED Lamp/Luminaire Robustness Testing

e Thermal/Humidity
— Thermal Cycling — High Temp/High Humidity
— Low temp operation — Thermal Shock
— Internal Heat
e Electrical
— Power Cycling — ESD
— Transient Test

e Mechanical

— Vibration — Impact Test?
e Corrosion/Contaminants Im"m"'
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Final Summary

1.

Current methods predict a ‘best case’ scenario for the
lifetime of an LED system.

Research demonstrates that application-specific testing
is required to accurately represent the expected lifetime
of an LED system.

e Cycling concerns
e Material interactions

Accelerated methodologies would be ideal but research
is required to ensure that new failure mechanisms are
not created that would never be seen under normal
operating conditions.

The development of robustness testing where testing is
within the limits of product specifications is a positive
next step in the process.
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