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Toename in foutmodes

1. Failure Mode and Mechanisms Investigation
- Color and lumen maintenance

- Catastrophic failures

- Accelerated testing

- Reliability of connected systems

- Development and deployment of release

Ughtuqt dueto: Ijghtu_utduem: procedures

1. Rain 1. Rain . . .

2 Newood 5 Wind - Supporting businesses during development
3. Nocandle and service agreements

2. Reliability Lab 1SO017025 compliance

- Internal certification program e G

Quality & Customer Satisfaction Award 2014

- Expanding in 2016 EMEA & NA PhiIiPSLIghtmg‘

Reliability Laboratorie

- 35 testing locations in scope

# Tickets | Internal Certification Level
m Reliability lab under witness of Dev Q

60 - 80 Reliability lab under supervision of Dev Q

=100 Expert reliability lab

-——

Color shift

3. System Reliability Tool
- Single source for reliability calculations, >250 users
- Covering 90% of all our LED-based product developments

Wire failures Shanghai Sample - Filled with up-to-date reliability models for all components, e.g.
6 Monthsin bump Factory .
LEDs, drivers, controls, etc.

MP Corrosion
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Hoe definieren we de levensduur
van LED verlichting ?

new gradual
LED based luminaires

gradual light output abrupt light output
degradation degradation

named: named:

Useful Life Time to Abrupt Failure

(L.B,) (LoCy)

33858 gesss o ga8ss

LED luminaire lumen depreciation complete failure
100% of LED-based of LED-based
luminaire luminaire
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TM-21 will utilize LM-80 data collected at multiple operating temperatures. Because

WWW.eere.energy.gov
of their potentially long life and impracticality of complete testing, estimates of the life

of LEDs will likely be based on the extrapolation of limited test data. It is, therefore,
important at this technology’s early stage to be conservative in clesign decisions based
on expected useful life.

How do the lifetime projections for today’s white LEDs compare to traditional light sources?

Range of Typical Rated Life

Light Source (hours)* Estimated Useful Life (L;g)
(varies by specific lamp type)
Incandescent 750-2,000
; Halogen incandescent 3,000-4,000
Compact fluorescent (CFL) 8,000-10,000
Metal halide 7,500-20,000 For Program Information
Linear fluorescent 20,000-30,000 on the Web:
High-Power White LED 35,000-50,000* wwwv,ss].energy.gov
*Source: lamp manufacturer data. DOE sponsors a comprehensive -
**Depending on drive current, operating temperature, etc. some manufacturers are claiming useful life program of SSL research,
(L70) values greater than 100,000 hours. develepment, and commercialization. -
Electrical and thermal design of the LED system or fixture determine how long LEDs
will last and how much light they will provide. Driving the LED ar higher than rated For Program Information: T
current will increase relative light output but decrease useful life. Operating the LED Robert Lingard
at higher than design temperature will also decrease useful life significantly. Pacific Northwest National Laboratory
Most manufacturers of high-power white LEDs estimate a lifetime of around 30,000 hours Phone: (503) 417-7542
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LePRIZE®

Lumen Maintenance Testing of
the Philips 60-Watt Replacement
Lamp L Prize Entry

Updated July 2013

L Prize Lumen Maintenance
as of 7/27/15

120%

100% —jenevshaeyemnarstt

80%

60%

40%
“The average operating hours to reach 70% lumen

maintenance would be 194,765 hours” (according TM-21)

0% T T T T T T T 1
0 5000 10,000 15000 20,000 25000 30,000 35000 40,000 45000

Elasped time (hrs)

20%

Stress testing result: “Philips L Prize Entry Analysis : Due to the lack of any design-intent failures on the Philips L Prize
entry lamps, no meaningful failure analysis could be done.”
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Voorbeeld van toepassing van
omgevingstesten (damp heat steady state)
om de levensduur te voorspellen
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95%
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85% f f
o = decay rate constant derived by a least squares
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Normalized lumen maintenance
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Kunnen we de testtijd verkorten
middels versneld testen ?

De acceleratie factor voor de afname van de lichtintensiteit wordt gegeven door:

-p e RH —-Nn 5 1 1
AF — Estress applicatio L application applicatin e K\ Tapplicaton  Taccelerated
Estress accelerated L accelerated RH accelerated
Where
E....s = Electrical stress
p = electrical dependent parameter
L =Load

r = added stress depended parameter
RH = Relative Humidity (%)

n = Humidity depended parameter
Ea= Activation energy (eV)

k = Boltzmann’s constant

T = Temperature (K)
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Test Test Condition Testing time

ID
1 WHTOL T,,,60°C/90%R.H.120mA 6000 hrs

2 WHTOL T,,85°C/85%R.H.120mA 6000 hrs

3 WHTOL T,,,85°C/45%R.H.120 mA 6000 hrs

4 LM-80 T, 55°C 4000 hrs
5 LM-80 T, 85°C 4000 hrs
6 LM-80  T,105°C 4000 hrs
A HTOL T, 92°Cand T,107°C 10000 hrs

B HTOL T, 95°Cand T, 105°C 10000 hrs
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Lumen Maintenance
WHTOL LED Lamp Ts = 92C
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Voorbeelden van faalmechanismen
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Burned LEDs

Color shift

ilament Cracks

LN
Afver lifetime test
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Carbonization

Solderjoint =3
fatigue

“Shanghai Sample
6 Months in bump Factory
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Wire failures

MP Corrosion



Corrosie van zilverspiegel in LP/MP LEDs is één
van de belangrijkste oorzaken bij een geleiderlijkse

vermindering van de lichtintensiteit

new

33883

LED luminaire
100%

L%

gradual

gages or 88388

lumen depreciation

of LED-based
luminaire

abrupt

complete failure
of LED-based
luminaire
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LF-Ag surfaces

Mk

Pic from Rayset file
Most rays in the bottom cup
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Wirebond failure is één van de belangrijkste oorzaken
bij een abrupte afname van de lichtintensiteit op LED niveau

new gradual

88868
o0000

LED luminaire lumen depreciation complete failure
100% of LED-based of LED-based

luminaire luminaire

% of initial flux

PHILIPS




PHILIPS

B PLATFORM
OMGEVINGSTECHNOLOGIE

25 november 2015, Leusden




