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Het voorspellen van de levensduur van 

LED verlichting met gebruik van 
omgevingstesten

En enkele voorbeelden van faal mechanismen



Toename in foutmodes Onze Reliability groep houdt zich o.a. bezig met:

1. Failure Mode and Mechanisms Investigation
- Color and lumen maintenance 
- Catastrophic failures
- Accelerated testing
- Reliability of connected systems
- Development and deployment of release 

procedures
- Supporting businesses during development 

and service agreements

2. Reliability Lab ISO17025 compliance

- Internal certification program

- Expanding in 2016 EMEA & NA

- 35 testing locations in scope

3. System Reliability Tool

- Single source for reliability 
calculations, >250 users

- Covering 90% of all our LED-based 
product developments

- Filled with up-to-date reliability 
models for all components, e.g. LEDs, 
drivers, controls, etc.



Our Reliability Approach

Components

Potential failure mode

Accelerated tests

Acceleration models

Predicted life-time behavior

System reliability

Product / systems 
using de-rating design rules

Release tests

Market feedback







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.”

“The average operating hours to reach 70% lumen 

maintenance would be 194,765 hours” (according TM-21)
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Extrapolatie van 6 x test tijd is 
geoorloofd volgens TM-21 
standaard.



Voorbeeld van toepassing van Power Cycling 

Operating Damp Heat Test om acceleratie factor 

tijdens levensduurtesten te verhogen

Bij toepassing van 6 x versnelling betekent het nog steeds dat circa 9.000 uur

getest moet worden om een levensduur van 50.000 uur aan te tonen
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De acceleratie factor voor de afname van de lichtintensiteit wordt (vereenvoudigd) weergegeven
door:

Where
Estress = Electrical stress, such as driving current
p = electrical dependent parameter
L = Load, such as duty cycle
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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Adding moist in test 
environment accelerates 
lumen decay.



Test 
ID

Test Condition Testing time

1 WHTOL Tamb 60˚C / 90 % R.H. 120 mA 6000 hrs

2 WHTOL Tamb 85˚C / 85 % R.H. 120 mA 6000 hrs

3 WHTOL Tamb 85˚C / 45 % R.H. 120 mA 6000 hrs

4 LM-80 Ts 55˚C 6000 hrs

5 LM-80 Ts 85˚C 6000 hrs

6 LM-80 Ts 105˚C 6000 hrs

A HTOL Ts 92˚C and Ts 107˚C on R20 
Lamp

10000 hrs

B HTOL Ts 95˚C and Ts 105˚C on Entry 
Bulb Lamp 

10000 hrs
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Model 
building

Model 
verification



(Extra) acceleration factor between 
WHTOL and HTOL

3.2 
(Besparing van 6.000 uur om 50.000 hrs LT

aan te tonen)

Activation energy for lumen decay (Ea) 0.3 eV

Humidity dependent factor for lumen decay (n) n = 0.2- 1.0
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Weibull - LognormalLevensduur als
functie van stress
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Lumen Maintenance
WHTOL LED -> R20 @ 25C Lamp Ts = 92C

Actual lifetest data R20 @ 25C
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According previous model



Voorbeelden van  

faalmechanismen





Solderjoint
fatigue



Corrosie van zilverspiegel in LP/MP LEDs is één van de 

belangrijkste oorzaken van een geleiderlijke maar versnelde

vermindering van de lichtintensiteit
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Corrosion Ag-mirror CoB
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Wirebond failure is één van de belangrijkste oorzaken

bij een abrupte afname van de lichtintensiteit op LP/MP LED 

package niveau



The 2016 International Applied Reliability Symposium, Europe

April 4 – 7, 2016
Munich, Germany

“Wire bond fatigue in LED Packages: testing and modelling”


