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Study on Normalization Method of LED
Degradation Data

Uihyo Jeong' - Hongwoo Lim® - Jaephil Hyung’

- Changuk Jung'

- Jeongha Cho' - Joongsoon JanglJf

1Depar‘rmen‘[ of Industrial Engineering, AJOU University

*Korea Testing Certification

Purpose: To propose improved method for normalization, compare to the de facto international
standard which is [IESNA TM-21 or conventional normalization methods.

Methods: Firstly, we analysed conventional methods and specified the problem of normalization
method which is based on first measured data. Secondly, we proposed our approach which is
based on the design specification. Lastly, we studied a real degradation data which is conducted

for 15,000 hours.

Conclusion: Proposed normalization method is better approach because it can reflect real data
and design specification, and reduce distortion when analysing degradation data. Also, It is

appliable to other long-life reliability items.

Keywords: ADT, Degradation, Normalization, Lumen Maintenance
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Table 1 IESNA LM—80 summary

Object Description
Testing 6,000 hours or more, 10,000 hours
Duration preferred
Testi o o
coing 55T, 85T, selected by manufacturer
Temperature
Testing -
At a minimum of every 1,000 hours
Interval
) Standard does not specify, but EPA
Sample Size . -
require minimum 25 samples
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Table 2 IESNA TM—21 Summary

. Traditional degradation
Object .
analysis method

IESNA TM-21 degradation
analysis method

Extrapolation model

Exponential model, normalized

Exponential model, normalized

Data used for analysis full range

after 1,000 hours when 6,000 hours tested or
half of tested time when more than 6,000 hours tested

Life guarantee Statistical lower bound

Extrapolated value, but limited by only less than 6
times of tested time

Reliability distribution Weibull distribution

none(averaged data)
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Table 3 Example for ENERGY STAR certified
lighting fixture

Object Specification
Total Light Output(Lumen) 108
Appearance/Correlated Color

Temperature(K) 2,700

Color Quality(CRI) 82
Total Input Power(W) 1.7
Energy Efficiency(Lumen/Watt) 62.8
Light Source Life 60,000
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Table 4 Example for conventional normalization

Table 5 Example for proposed normalization

method method
Sample Number Initial Value L7Q Sample Initial L70 Proposed/
(Each Package) [LumeP] Conventl.onal/ Number Value[Lu@en] Normalized
/Normalized Normalized (Each Package) /Normalized
1 110/1 77.0/0.7 1 110/1.02 75.6/0.7
2 113/1 79.1/0.7 2 113/1.05 75.6/0.7
3 108/1 75.6/0.7 3 108/1.00 75.6/0.7
4 112/1 78.4/0.7 4 112/1.04 75.6/0.7
5 103/1 72.1/0.7 5 103/0.95 75.6/0.7
6 102/1 71.4/0.7 6 102/0.94 75.6/0.7
7 100/1 70.0/0.7 7 100/0.93 75.6/0.7
Average 106.9 74.8/0.7 Average 106.9 75.6/0.7
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Table 6 Specification of DUT(Device Under Test)

Subject Typical
Luminous Intensity 5.65 Im
Forward Voltage 32V
Forward Current 20 mA
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Real Degradation DATA
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Fig. 2 Real degradation data of DUT
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Conventional Relative Degradation DATA Analysis
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Table 7 Comparition of relative degradation analysis method of life

Subject Real Life Conventional Method(Deviation) | Proposed Method(Deviation)
B10 Life 8309 hr 8065 hr(-244) 8460 hr(+151)
Weibull Shape Parameter(k) 50.9 9.9173(-40.98) 13.38(-37.52)
Weibull Scale Parameter(\) 8,684.0 10,119.6(+1436) 10,010.6(+1326)
Table 8 Qualitative Comparition of relative degradation analysis method of life
Subject/Method Conventional Proposed
- Consistent failure threshold based on specification
- A te degradati th ith 1
Pros - Not need to know product’s specification courate - Cegradation .pa .compare Wl_ -rea
measured data(same with prior to normalization)
- Accurate life estimation based on specification
- Each sample has different failure threshold
- Intial i ffects t h le’
Cons e Vérlance ariects o cac s.amp.e *| - Need to know product’s specification
degradation path then make distortion
(compare with real measured data)
Aol Qe G 71 AA EolEek A Eo AHA LA S YR AF &3S Ay
o7} wAstH, uAWAGT|E] MEEE Aol 3 HES WS At AT EF AIHE WS o
wo] ngRA7IE] el §IA drk AT A &3te] F 16,0004 7 F<F 2570 ] A2 F3)E A
e e AFO] 2% 7|wk ate] dd 1gW A LEDEE]HE o &ste] FA O wWE A}
A715E 44T F oL 3t F Ao AH-she €3 o] & AA AHE Tt ¥R ekTh At W
S Bl AAdolE et T F4E o]t 27|FS T2 WAEHAl ¥HEEkA ¥ Akl
o A< Tt 2HH 07 AF| 275w 2 A8k A3 LA = §lo] HolHE 4
A FHE FAL F A do & glom, AlFe] A 293 igE F o=
Aol ok H& LEDIE R ohy 2} ARG B RS
Ad A2 ofolHl ol hejX = FLHAl 48T 5
3 A8 NS Ao 7|t
£WELED= 84, nas, AT 5 A=
AY 3L Qo] MY 2HO 2 B HFol o]Tﬂx] References
o

7} 8 BES S1aiA] r) 2 HSJ(IESNA, Illuminat-
ing Engineering Society of North America)9] LM-80,
T™- 210] AR A4 FF o7 AREEHI Y 9
T4 LEDY 1000/\]7}7}&4 %7] BorA sl tﬂ ]
HE ALSAY, REES o] 83 Wy n) 1

HS Algehs 59 ZW ol EASIAT, 7
*‘/‘1 & o AF] 7 J.Eié} A 931 27
oz %73 HolHE 71k ‘:'“3}71
A7) Ho| B w5 n} ol 3l

B =M= IESNA LM-80, IESNA TM-21 5 7|

1‘-111 _I
1% r°1‘
MN o o

]

)=
pin

égﬁ
N
=

[1] IESNA Light Source Committee (2005). “IESNA
Technical Memorandum on Light Emitting Diode
(LED) Sources and Systems”. p. 001

[2] IESNA The Subcomittee on Solid State Lighting of the
[ES Testing Procedures Committee (2008). “IES
Approved Method for Measuring Lumen Maintenance
of LED Light Sources”.

[3] IESNA The Subcomittee on Solid State Lighting of the
IES Testing Procedures Committee (2011). “Projecting
Long Term Lumen Maintenance of LED Light Sources”.



Uihyo Jeong + Hongwoo Lim - Jaephil Hyung + Changuk Jung - Jeongha Cho - Joongsoon Jang 55

[4] Fan,J., Yung, K. C., and Pecht, M. (2012). “Lifetime es- ysis for high-power white LEDs”. Microelectronics
timation of high-power white LED using degrada- Reliability, Vol. 54, pp. 1307-1315.
tion-data-driven method”. IEEE Transactions on [6] EnergyStar (2017). “Philips Color Kinetics - 523-
Device and Materials Reliability, Vol. 12, No. 2, pp. 000090-80”. https://www.energystar.gov/productfinder/
470-477. product/certified-light-fixtures/details/2280030 (11 Nov.

[5] Wang,F.K.and Lu, Y. C. (2014). “Useful lifetime anal- 2017).



