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TEST REPORT 
Lumen Maintenance of LED Light Sources 

 

Report number. ......................... : GO16042101-403 

Date of issue ................................ : December 1, 2016 (Revised Date: December 7, 2017) 
Tested by 
(printed name and signature)…..: Donald Chang        Donald Chang 
Reported by 
(printed name and signature)…..: Donald Chang        Donald Chang 
Approved by 
(printed name and signature) …..: David Yuan               David Yuan 

Testing laboratory……………: Great One Global Certification Co., Ltd. 

Address…………………………: 9F-2, No. 120, Qiaohe Rd., Zhonghe Dist., New Taipei City 235, 
Taiwan (R.O.C.) 

Applicant’s name ....................... : Bridgelux Inc. 

Address ........................................ : 101 Portola Avenue, Livermore, CA 94551 USA 

Standard used…………………: IESNA LM-80-15 Approved Method for Measuring Lumen 
Maintenance of LED Light Sources 

Brand name………………...….: 

 

Test item description ................. : 
Product Name ............................... : 

 
LED Package 

Model/Type reference ............... : BXEN-27E-13H-9A 

Classification .............................. : Package 

Ratings ........................................ : 9 Vdc, 100 mA, 1 W 
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Summary of testing: 

Tests performed  
 
The test samples were configured for continuous 
emission and powered by 100 mA constant 
current. 
 
The LED input power was measured under 
normal conditions noted in details of 
measurement procedure and measurement 
results. 
 
Measurement results: See Appendix A. 

Testing location: 
Great One Global Certification Co., Ltd. 
 
Address: 
9F-2, No.120, Qiaohe Rd., Zhonghe Dist., New 
Taipei City 235, Taiwan (R.O.C.) 
 

Testing ...................................................................:  
Date of receipt of test item ....................................: June 8, 2015 
Date(s) of performance of tests .............................: June 8, 2015 to October 10, 2016 
Number of LED light sources tested ....................: 25 pcs per case temperature 
Test duration ..........................................................: 10,000 hrs 
Operating cycle ......................................................: Constant direct current 
Air flow ..................................................................: < 0.1 m/s 
Relative humidity ..................................................: < 45% 
Photometric measurement uncertainty  

Flux measurement .............................................: 2.2 % (k=2) 
CCT measurement .............................................: 0.48 % (k=2) 

General product information: 
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Description of model series:   
 
Tests conducted on Model: BXEN-27E-13H-9A is considered representative of the following series. 
 
BXEN    -   (A) (B) – 13  H-  9  (C) 
                 
 

(A): CCT variation, can be 27 for 2700 K, 30 for 3000 K, 35 for 3500 K, 40 for 4000 K, 45 for 
4500K, 50 for 5000K, 57 for 5700K, 65 for 6500 K. 

(B): CRI variation, can be C for 70, E for 80, G for 90, H for 95. 
(C): Customer code, can be 0~ZZ. 

 
Device under t est i s LED pa ckage w ith m odel number: BXEN-27E-13H-9A, N ominal C CT 
2700K CRI 80. 
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Summary of results 
Data 
Set 

Case 
Temperature[
Ts]℃ 

Ambient 
Temperature 
[TA]℃ 

Drive Current 
[IF] mA 

Lumen 
Maintenance at 
10,000 hrs 

Chromaticity 
Shift (Δu'v') 
at 10,000 hrs 

TM-21 
Projection L70 
(10,000 hrs) 

1 85 >80 100 93.5 % 0.0024 56,000 hrs 

2 105 >100 100 91.8 % 0.0032 50,000 hrs 
 

 
 

 
Observation of  LED light sources failures, including the failure conditions and time of failure: No 
failure observed 
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Revision Summary 

The following changes are in compliance with the declaration of section “Description of model 
series” 

Date Proj# Page Description of Change 

2017-12-07 GO17112204 3/20 Change model number nomenclature. 

~ End of Report ~
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LM-80-15 
Approved Method for Measuring Lumen Maintenance of LED Light Sources 

 
Report No. : GO1604210101-2 Test Initiation Date : 2015-06-08 
Model No. : BXEN-27E-13H-9A Test Completion Date : 2016-10-10 
Tested By : Donald Chang 
Manufacturer’s Name: Bridgelux Inc. 
Rated Voltage : 9 Temperature Selected by manufacturer: V 105 ℃ 
Rated Current : 100 Number of LED Light Sources tested:  mA 25 
Rated CCT 2700 K 

 
 

EQUIPMENT USED: 
Inst. ID No. Instrument Type Function /Range Pre Cal. Date Cal. Date Due Date 

L401 LED current source 1(16 channel) 0~48 V dc, 0~5 A 2015/03/13 2016/03/28 2017/03/27 
L402 LED current source 2(8 channel) 0~48 V dc, 0~5 A 2015/03/13 2016/03/28 2017/03/27 
L403 Thermal Plate Controller 0℃ to 95℃ - - - 
L404 Environment Oven - - - - 
L405 PC Controller - - - - 

L406 to L411 Temperature Data Recorder 0℃ to 300℃ 2015/02/26 2016/02/23 2017/02/22 
L412 to L418 Temperature Controller 0℃ to 300℃ 2015/02/26 2016/02/23 2017/02/22 
L419 to L420 Auxiliary Thermal Plate Controller 1 to 2 0℃ to 95℃ - - - 

L238 Thermal Plate Cooler 0℃ to 95℃ - - - 
L240 Integrating Sphere 0.5 M - - - 
L244 Standard Lamp - 2015/01/02 2016/01/03 2017/01/02 
L247 Digital CC & CV DC Power Supply 0~150Vdc,0~5A 2014/12/11 2015/11/27 2016/11/26 

 
 

TEST SAMPLE IDENTIFICATION 
Date Received Data Set No. Sample No. 

2015-06-08 1 15060102-1 to 15060102-25 
2015-06-08 2 15060102-26 to 15060102-50 
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TEST METHOD 
The samples were tested according to the IES LM-80-2015. Lumen maintenance data for each individual LED light source 
along with median value, standard deviation, minimum and maximum lumen maintenance value for all of the LED light 
sources were recorded in the following table. 

Temperature and Humidity 

The two case temperatures, Ts, was 85 °C with a temperatures 105 °C selected by the manufacturer. The case temperature 
and drive current selected by the manufacturer represented their expectation for customers applications and was within their 
recommended operating temperature range. Case temperature was controlled to -2 °C during life testing. The temperature of 
the surrounding air was maintained to within -5 °C of the case temperature during testing. 

Humidity was maintained to less the 65 RH throughout the life test. 

Airflow was minimized (Air flow : < 0.1m/s) for proper light source starting and operation. 

Photometry Measurement 

For information on the photometry of the LED light source, see Reference 2.1.2, LM-79. 

A Spectroradiometer and Integrating Sphere were used to measure correlated color temperature, chromaticity coordinates, 
and the luminous flux for each LED light sources. Chromaticity coordinates, correlated color temperature and color 
rendering index were calculated from the spectral radiant flux measurements taken at 5 nm intervals over the range of 380 to 
780 nm. 

Luminous flux was measured at the drive current used during life testing. 

The ambient temperature during lumen and chromaticity measurements was set to 25 °C +/- 2 °C. 

Recording failures 

Checking for LED light source failures either by visual observation or automatic monitoring was done at every measurement 
interval. 

CASE TEMPERATURE,(Ts) ATTACMENT POINT, CASE SIZE 
      

 

Ts 
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Ts 
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Data Set 1 
Case Temperature 85 ℃ 
Measurement Current 100 mA 

 

Table 1-1 
Initial Characteristics 

Sample No. Luminous 
Flux (lm) 

Forward 
Voltage CCT(K) CIE-1931 CIE-1976 

15060102-1 109.2  9.66  2713  0.4626  0.4171  0.2613  0.5302  
15060102-2 109.0  9.60  2659  0.4662  0.4165  0.2639  0.5305  
15060102-3 108.7  9.65  2723  0.4595  0.4130  0.2612  0.5282  
15060102-4 109.2  9.69  2708  0.4610  0.4137  0.2618  0.5287  
15060102-5 109.5  9.70  2712  0.4602  0.4127  0.2618  0.5282  
15060102-6 108.9  9.61  2702  0.4616  0.4140  0.2621  0.5289  
15060102-7 109.2  9.67  2692  0.4624  0.4140  0.2626  0.5290  
15060102-8 108.9  9.64  2673  0.4661  0.4182  0.2631  0.5312  
15060102-9 109.1  9.64  2666  0.4653  0.4157  0.2637  0.5301  

15060102-10 108.5  9.58  2664  0.4659  0.4167  0.2636  0.5305  
15060102-11 110.5  9.63  2702  0.4630  0.4165  0.2619  0.5301  
15060102-12 112.8  9.72  2706  0.4624  0.4159  0.2617  0.5297  
15060102-13 110.1  9.71  2706  0.4624  0.4159  0.2618  0.5297  
15060102-14 108.2  9.70  2709  0.4622  0.4161  0.2616  0.5298  
15060102-15 108.2  9.70  2708  0.4623  0.4161  0.2616  0.5298  
15060102-16 106.9  9.65  2713  0.4626  0.4173  0.2613  0.5303  
15060102-17 106.9  9.64  2713  0.4626  0.4173  0.2613  0.5303  
15060102-18 106.6  9.59  2661  0.4664  0.4170  0.2638  0.5308  
15060102-19 106.3  9.58  2660  0.4664  0.4171  0.2638  0.5308  
15060102-20 107.0  9.69  2708  0.4613  0.4142  0.2618  0.5289  
15060102-21 107.0  9.69  2708  0.4613  0.4142  0.2618  0.5289  
15060102-22 106.9  9.65  2725  0.4596  0.4133  0.2611  0.5283  
15060102-23 106.8  9.64  2725  0.4595  0.4133  0.2611  0.5283  
15060102-24 106.7  9.61  2702  0.4618  0.4144  0.2621  0.5291  
15060102-25 106.7  9.63  2672  0.4664  0.4186  0.2631  0.5313  

Avg. 108.38  9.65  2698  0.4627  0.4154  0.2622  0.5296  
Med. 108.60  9.65  2707  0.4624  0.4159  0.2618  0.5298  
σ 1.26  0.04  20.17  0.0020  0.0016  0.0009  0.0009  

Min. 106.30  9.58  2659  0.4595  0.4127  0.2611  0.5282  
Max. 112.80  9.72  2725  0.4664  0.4182  0.2639  0.5312  

GO16042101-403 Page : 9/20www.GO-SAFETY.com.tw



 

                                                                                                                                                               
       Appendix A 

 

 
Table 1-2 

Lumen Maintenance 
 Lumen Maintenance% (Normalized to 100% at Initial) 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-1 100.0% 99.8% 99.5% 98.8% 98.4% 97.0% 95.8% 95.2% 95.0% 94.6% 93.1% 
15060102-2 100.0% 99.9% 99.4% 98.7% 98.4% 97.0% 96.4% 96.1% 95.9% 95.5% 94.2% 
15060102-3 100.0% 99.9% 99.4% 98.7% 98.6% 97.6% 96.8% 96.2% 95.8% 95.6% 94.3% 
15060102-4 100.0% 99.5% 98.8% 98.3% 97.9% 97.0% 96.2% 95.6% 95.3% 95.0% 93.6% 
15060102-5 100.0% 99.9% 99.3% 98.7% 98.4% 97.1% 95.7% 95.2% 95.1% 94.6% 93.1% 
15060102-6 100.0% 99.6% 99.0% 98.4% 97.7% 96.3% 95.2% 94.8% 94.6% 94.0% 92.6% 
15060102-7 100.0% 99.9% 99.1% 98.4% 97.9% 96.7% 95.6% 95.2% 94.8% 94.5% 93.2% 
15060102-8 100.0% 99.5% 98.8% 98.3% 97.9% 97.2% 96.5% 96.1% 95.9% 95.3% 93.9% 
15060102-9 100.0% 99.8% 99.4% 98.9% 98.7% 97.7% 97.0% 96.6% 96.3% 95.9% 94.7% 

15060102-10 100.0% 99.8% 99.2% 98.4% 97.9% 96.9% 96.0% 95.5% 95.3% 94.8% 93.5% 
15060102-11 100.0% 99.8% 99.4% 98.8% 98.4% 97.1% 95.8% 95.5% 95.2% 94.8% 93.5% 
15060102-12 100.0% 99.9% 99.5% 98.8% 98.2% 97.4% 96.9% 96.3% 96.0% 95.6% 94.1% 
15060102-13 100.0% 99.9% 99.1% 98.5% 98.1% 97.5% 96.4% 95.9% 95.7% 95.1% 94.0% 
15060102-14 100.0% 99.6% 98.9% 98.2% 97.9% 96.6% 95.5% 95.0% 94.8% 94.6% 93.4% 
15060102-15 100.0% 100.0% 99.2% 98.5% 98.2% 97.2% 95.9% 95.4% 95.1% 94.8% 93.3% 
15060102-16 100.0% 99.7% 99.3% 98.6% 98.5% 97.7% 96.5% 96.1% 95.8% 95.4% 94.0% 
15060102-17 100.0% 99.5% 99.1% 98.3% 97.8% 97.1% 95.9% 95.4% 95.1% 94.8% 93.4% 
15060102-18 100.0% 99.5% 99.0% 98.3% 97.9% 96.4% 95.0% 94.6% 94.3% 94.0% 92.5% 
15060102-19 100.0% 99.7% 99.3% 98.7% 98.0% 96.8% 95.8% 95.3% 95.0% 94.6% 93.1% 
15060102-20 100.0% 99.6% 99.2% 98.5% 98.0% 97.4% 96.0% 95.6% 95.4% 94.8% 93.2% 
15060102-21 100.0% 99.6% 99.1% 98.4% 97.9% 96.8% 95.9% 95.4% 95.1% 94.7% 93.3% 
15060102-22 100.0% 99.5% 98.9% 98.4% 98.2% 97.6% 96.3% 95.8% 95.5% 95.0% 93.7% 
15060102-23 100.0% 99.5% 98.9% 98.1% 97.8% 96.7% 95.7% 95.1% 94.9% 94.4% 93.0% 
15060102-24 100.0% 99.8% 99.1% 98.5% 98.0% 97.1% 96.4% 96.0% 95.6% 95.5% 94.1% 
15060102-25 100.0% 99.5% 98.9% 98.3% 97.6% 96.8% 95.8% 95.3% 95.0% 94.6% 93.2% 

Avg. 100.00% 99.71% 99.15% 98.50% 98.09% 97.07% 96.04% 95.57% 95.30% 94.90% 93.52% 
Med. 100.00% 99.70% 99.10% 98.50% 98.00% 97.10% 95.90% 95.50% 95.20% 94.80% 93.40% 
σ 0.0000  0.0017  0.0022  0.0021  0.0029  0.0039  0.0050  0.0050  0.0048  0.0049  0.0054  

Min. 100.00% 99.50% 98.80% 98.10% 97.60% 96.30% 95.00% 94.60% 94.30% 94.00% 92.50% 
Max. 100.00% 100.00% 99.50% 98.90% 98.70% 97.70% 97.00% 96.60% 96.30% 95.90% 94.70% 

 
TM-21 Projection 

Time 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
ln (Avg.) 0.0000  -0.0029  -0.0085  -0.0151  -0.0193  -0.0298  -0.0404  -0.0453  -0.0481  -0.0523  -0.0670  

 
Test duration used 10,000 hrs Calculated L70 (10,000 hrs) 56,000 hrs 

B 1.001 Report L70 (10,000 hrs) 56,000 hrs 
α 6.414E-06   
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Table 1-3 

Forward Voltage 
 Relative Forward Voltage % ( Normalized to 100% at Initial ) 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-1 100.00% 100.0% 100.1% 100.6% 99.8% 100.7% 100.1% 100.4% 100.5% 100.8% 101.0% 
15060102-2 100.00% 100.3% 100.6% 101.1% 100.8% 102.2% 102.0% 102.1% 102.1% 102.2% 102.6% 
15060102-3 100.00% 100.3% 100.7% 101.3% 101.1% 101.9% 101.1% 101.2% 101.5% 101.6% 101.6% 
15060102-4 100.00% 100.7% 101.4% 102.0% 101.2% 103.0% 102.4% 102.8% 102.8% 103.0% 103.1% 
15060102-5 100.00% 100.3% 100.6% 101.4% 101.0% 101.3% 101.2% 101.3% 101.4% 101.9% 102.2% 
15060102-6 100.00% 100.0% 100.6% 101.5% 101.4% 102.2% 101.9% 101.9% 102.0% 102.3% 102.5% 
15060102-7 100.00% 100.7% 101.7% 101.9% 101.3% 101.8% 101.4% 101.9% 102.2% 102.4% 102.6% 
15060102-8 100.00% 100.6% 101.0% 101.1% 100.8% 101.9% 101.5% 101.5% 101.6% 101.7% 102.0% 
15060102-9 100.00% 100.8% 101.2% 102.1% 101.2% 103.0% 102.6% 102.7% 103.0% 103.0% 103.1% 

15060102-10 100.00% 100.7% 100.7% 101.6% 100.8% 100.9% 100.6% 100.7% 101.1% 101.4% 101.7% 
15060102-11 100.00% 100.2% 101.1% 101.3% 101.2% 103.0% 102.7% 103.1% 103.3% 103.3% 103.7% 
15060102-12 100.00% 100.6% 101.3% 102.2% 102.0% 102.4% 102.2% 102.2% 102.6% 102.7% 103.1% 
15060102-13 100.00% 100.3% 100.4% 100.9% 100.3% 100.6% 100.0% 100.1% 100.2% 100.5% 100.6% 
15060102-14 100.00% 100.2% 100.6% 100.7% 100.4% 100.5% 99.8% 100.0% 100.3% 100.5% 100.8% 
15060102-15 100.00% 100.7% 101.5% 101.8% 101.2% 101.3% 101.2% 101.3% 101.6% 101.8% 101.8% 
15060102-16 100.00% 100.5% 100.6% 101.3% 101.2% 102.8% 102.3% 102.3% 102.4% 102.4% 102.6% 
15060102-17 100.00% 100.1% 100.2% 100.3% 99.7% 101.5% 100.6% 100.6% 100.9% 101.0% 101.1% 
15060102-18 100.00% 100.6% 100.8% 100.9% 100.7% 101.1% 100.6% 100.7% 100.9% 101.3% 101.5% 
15060102-19 100.00% 100.1% 100.4% 100.6% 100.2% 101.5% 101.0% 101.0% 101.3% 101.3% 101.5% 
15060102-20 100.00% 100.4% 100.6% 101.4% 100.8% 102.4% 101.5% 101.8% 101.9% 102.0% 102.3% 
15060102-21 100.00% 100.7% 101.1% 101.7% 101.5% 102.2% 101.8% 101.9% 102.0% 102.2% 102.3% 
15060102-22 100.00% 100.0% 100.5% 100.8% 100.3% 100.7% 100.3% 100.6% 100.7% 100.7% 101.1% 
15060102-23 100.00% 100.2% 100.3% 100.9% 100.6% 102.3% 102.1% 102.3% 102.5% 102.8% 102.8% 
15060102-24 100.00% 100.1% 100.9% 101.8% 101.7% 102.3% 102.2% 102.4% 102.6% 102.9% 103.0% 
15060102-25 100.00% 100.7% 101.3% 101.8% 100.8% 102.1% 101.8% 101.8% 102.0% 102.2% 102.4% 

Avg. 100.00% 100.39% 100.81% 101.32% 100.88% 101.82% 101.40% 101.54% 101.74% 101.92% 101.90% 
Med. 100.00% 100.30% 100.70% 101.30% 100.80% 101.90% 101.50% 101.80% 101.90% 102.00% 101.90% 
σ 0.0000  0.0027  0.0042  0.0052  0.0056  0.0078  0.0085  0.0087  0.0085  0.0082  0.0000  

Min. 100.00% 100.00% 100.10% 100.30% 99.70% 100.50% 99.80% 100.00% 100.20% 100.50% 101.90% 
Max. 100.00% 100.80% 101.70% 102.20% 102.00% 103.00% 102.70% 103.10% 103.30% 103.30% 101.90% 
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Table 1-4 

Chromaticity Shift 
 Chromaticity Shift Δu'v' 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-1 0.0000  0.0001  0.0003  0.0008  0.0010  0.0014  0.0014  0.0017  0.0018  0.0018  0.0021  
15060102-2 0.0000  0.0006  0.0009  0.0010  0.0014  0.0021  0.0022  0.0024  0.0027  0.0026  0.0023  
15060102-3 0.0000  0.0003  0.0005  0.0010  0.0013  0.0019  0.0022  0.0026  0.0033  0.0036  0.0035  
15060102-4 0.0000  0.0001  0.0003  0.0007  0.0011  0.0014  0.0016  0.0016  0.0019  0.0014  0.0016  
15060102-5 0.0000  0.0003  0.0006  0.0012  0.0017  0.0022  0.0027  0.0025  0.0027  0.0024  0.0029  
15060102-6 0.0000  0.0002  0.0004  0.0004  0.0009  0.0014  0.0023  0.0026  0.0029  0.0029  0.0027  
15060102-7 0.0000  0.0001  0.0003  0.0006  0.0009  0.0013  0.0017  0.0014  0.0021  0.0025  0.0012  
15060102-8 0.0000  0.0002  0.0005  0.0007  0.0009  0.0012  0.0017  0.0015  0.0020  0.0019  0.0016  
15060102-9 0.0000  0.0002  0.0005  0.0011  0.0013  0.0017  0.0019  0.0019  0.0024  0.0019  0.0019  
15060102-10 0.0000  0.0003  0.0007  0.0013  0.0016  0.0021  0.0025  0.0021  0.0024  0.0019  0.0022  
15060102-11 0.0000  0.0003  0.0006  0.0009  0.0012  0.0020  0.0023  0.0021  0.0020  0.0017  0.0022  
15060102-12 0.0000  0.0001  0.0004  0.0010  0.0012  0.0017  0.0023  0.0021  0.0027  0.0029  0.0026  
15060102-13 0.0000  0.0002  0.0004  0.0007  0.0011  0.0016  0.0021  0.0018  0.0024  0.0021  0.0022  
15060102-14 0.0000  0.0003  0.0007  0.0011  0.0012  0.0020  0.0026  0.0026  0.0029  0.0027  0.0034  
15060102-15 0.0000  0.0002  0.0003  0.0007  0.0011  0.0019  0.0026  0.0030  0.0037  0.0033  0.0037  
15060102-16 0.0000  0.0001  0.0005  0.0009  0.0015  0.0020  0.0025  0.0022  0.0026  0.0022  0.0031  
15060102-17 0.0000  0.0003  0.0006  0.0007  0.0011  0.0014  0.0016  0.0017  0.0022  0.0023  0.0025  
15060102-18 0.0000  0.0003  0.0005  0.0010  0.0016  0.0020  0.0028  0.0026  0.0031  0.0030  0.0032  
15060102-19 0.0000  0.0002  0.0004  0.0006  0.0011  0.0015  0.0018  0.0018  0.0023  0.0025  0.0020  
15060102-20 0.0000  0.0001  0.0004  0.0006  0.0008  0.0011  0.0020  0.0019  0.0025  0.0018  0.0016  
15060102-21 0.0000  0.0002  0.0004  0.0006  0.0009  0.0015  0.0027  0.0028  0.0030  0.0023  0.0025  
15060102-22 0.0000  0.0001  0.0003  0.0006  0.0008  0.0013  0.0019  0.0019  0.0022  0.0017  0.0022  
15060102-23 0.0000  0.0004  0.0007  0.0009  0.0011  0.0016  0.0020  0.0023  0.0029  0.0019  0.0022  
15060102-24 0.0000  0.0002  0.0003  0.0007  0.0011  0.0018  0.0026  0.0030  0.0035  0.0028  0.0028  
15060102-25 0.0000  0.0001  0.0005  0.0011  0.0017  0.0024  0.0026  0.0030  0.0030  0.0026  0.0027  

Avg. 0.0000  0.0002  0.0005  0.0008  0.0012  0.0017  0.0022  0.0022  0.0026  0.0023  0.0024  
Med. 0.0000  0.0002  0.0005  0.0008  0.0011  0.0017  0.0022  0.0021  0.0026  0.0023  0.0023  
σ 0.0000  0.0001  0.0002  0.0002  0.0003  0.0003  0.0004  0.0005  0.0005  0.0005  0.0006  

Min. 0.0000  0.0001  0.0003  0.0004  0.0008  0.0011  0.0014  0.0014  0.0018  0.0014  0.0012  
Max. 0.0000  0.0006  0.0009  0.0013  0.0017  0.0024  0.0028  0.0030  0.0037  0.0036  0.0037  
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Data Set 2 
Case Temperature 105 ℃ 
Measurement Current 100 mA 

 

 
Table 2-1 

Initial Characteristics 

Sample No. Luminous 
Flux (lm) 

Forward 
Voltage CCT(K) CIE-1931 CIE-1976 

15060102-26 106.7  9.63  2673  0.4663  0.4186  0.2631  0.5313  
15060102-27 107.1  9.66  2691  0.4626  0.4145  0.2626  0.5292  
15060102-28 107.0  9.66  2692  0.4626  0.4145  0.2625  0.5292  
15060102-29 107.0  9.63  2665  0.4655  0.4160  0.2637  0.5302  
15060102-30 106.9  9.62  2665  0.4654  0.4159  0.2637  0.5302  
15060102-31 106.3  9.57  2665  0.4660  0.4169  0.2636  0.5307  
15060102-32 108.1  9.70  2708  0.4623  0.4161  0.2616  0.5298  
15060102-33 108.1  9.70  2709  0.4623  0.4161  0.2616  0.5298  
15060102-34 106.7  9.64  2727  0.4595  0.4133  0.2610  0.5283  
15060102-35 106.9  9.66  2693  0.4625  0.4145  0.2625  0.5292  
15060102-36 106.6  9.63  2672  0.4664  0.4186  0.2631  0.5313  
15060102-37 106.6  9.62  2673  0.4663  0.4185  0.2631  0.5313  
15060102-38 106.4  9.58  2660  0.4663  0.4169  0.2638  0.5307  
15060102-39 106.4  9.58  2661  0.4663  0.4170  0.2638  0.5307  
15060102-40 107.0  9.62  2665  0.4655  0.4160  0.2637  0.5302  
15060102-41 106.9  9.62  2666  0.4654  0.4160  0.2636  0.5302  
15060102-42 106.9  9.62  2667  0.4653  0.4160  0.2636  0.5302  
15060102-43 107.4  9.68  2712  0.4603  0.4129  0.2617  0.5283  
15060102-44 107.4  9.67  2712  0.4602  0.4128  0.2617  0.5283  
15060102-45 107.3  9.67  2713  0.4602  0.4129  0.2617  0.5283  
15060102-46 106.9  9.65  2692  0.4626  0.4145  0.2625  0.5292  
15060102-47 106.9  9.65  2692  0.4626  0.4144  0.2625  0.5292  
15060102-48 106.4  9.58  2661  0.4664  0.4170  0.2638  0.5308  
15060102-49 106.3  9.58  2661  0.4663  0.4170  0.2638  0.5307  
15060102-50 106.3  9.58  2661  0.4663  0.4170  0.2638  0.5307  

Avg. 106.93  9.63  2683  0.4640  0.4157  0.2628  0.5299  
Med. 106.90  9.63  2673  0.4654  0.4160  0.2631  0.5302  
σ 0.48  0.04  21.23  0.0024  0.0018  0.0009  0.0010  

Min. 106.30  9.57  2660  0.4595  0.4128  0.2610  0.5283  
Max. 108.10  9.70  2727  0.4664  0.4186  0.2638  0.5313  
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Table 2-2 

Lumen Maintenance 
 Lumen Maintenance% (Normalized to 100% at Initial) 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-26 100.0% 98.8% 98.7% 98.1% 97.1% 95.7% 93.6% 93.3% 92.9% 92.4% 92.2% 
15060102-27 100.0% 98.1% 97.7% 96.7% 95.9% 94.4% 92.2% 91.9% 91.5% 91.3% 90.4% 
15060102-28 100.0% 98.9% 98.3% 97.7% 96.6% 94.9% 93.1% 92.6% 92.3% 91.9% 91.4% 
15060102-29 100.0% 97.9% 97.4% 96.6% 95.8% 94.0% 92.0% 91.6% 91.1% 90.8% 90.7% 
15060102-30 100.0% 99.0% 98.7% 98.1% 97.2% 95.6% 93.5% 93.0% 92.6% 92.1% 92.0% 
15060102-31 100.0% 97.9% 97.3% 97.1% 96.1% 94.4% 92.5% 92.1% 91.7% 91.4% 91.2% 
15060102-32 100.0% 98.5% 97.9% 97.1% 96.2% 94.8% 92.7% 92.2% 91.7% 91.2% 91.1% 
15060102-33 100.0% 98.1% 98.0% 97.1% 96.4% 94.8% 92.5% 92.3% 91.8% 91.4% 91.2% 
15060102-34 100.0% 98.8% 98.4% 98.4% 97.4% 96.3% 94.0% 93.6% 93.3% 92.8% 92.8% 
15060102-35 100.0% 98.3% 97.8% 97.5% 96.6% 94.9% 93.0% 92.5% 92.2% 91.7% 91.5% 
15060102-36 100.0% 98.0% 97.5% 97.3% 96.2% 95.1% 93.2% 92.9% 92.6% 92.2% 91.5% 
15060102-37 100.0% 97.8% 97.6% 97.5% 96.7% 95.3% 93.3% 93.0% 92.6% 92.2% 92.1% 
15060102-38 100.0% 97.9% 97.4% 97.0% 96.1% 94.8% 92.7% 92.3% 91.9% 91.5% 90.6% 
15060102-39 100.0% 98.5% 98.0% 97.8% 97.0% 96.0% 93.7% 93.4% 93.0% 92.7% 92.5% 
15060102-40 100.0% 98.5% 97.8% 97.0% 96.1% 95.1% 93.3% 92.9% 92.4% 92.2% 92.1% 
15060102-41 100.0% 98.1% 97.8% 97.8% 96.9% 95.7% 93.7% 93.3% 93.0% 92.5% 92.2% 
15060102-42 100.0% 98.8% 98.6% 98.5% 97.8% 96.7% 94.4% 94.1% 93.7% 93.2% 92.1% 
15060102-43 100.0% 98.8% 98.0% 97.7% 96.7% 95.0% 92.8% 92.4% 92.0% 91.6% 91.4% 
15060102-44 100.0% 98.0% 97.2% 97.2% 96.3% 95.2% 93.0% 92.7% 92.3% 92.0% 91.9% 
15060102-45 100.0% 98.6% 97.7% 97.7% 96.8% 95.5% 93.3% 92.8% 92.4% 92.0% 91.6% 
15060102-46 100.0% 99.7% 99.2% 98.4% 97.7% 96.5% 94.6% 94.2% 93.8% 93.4% 92.5% 
15060102-47 100.0% 98.9% 98.6% 98.3% 97.5% 95.8% 93.6% 93.3% 93.0% 92.5% 92.4% 
15060102-48 100.0% 99.1% 98.5% 98.1% 97.2% 95.7% 93.7% 93.3% 92.7% 92.3% 92.3% 
15060102-49 100.0% 98.7% 98.1% 97.7% 96.9% 95.5% 93.1% 92.8% 92.3% 91.9% 91.2% 
15060102-50 100.0% 99.1% 98.2% 98.2% 97.3% 96.2% 94.4% 94.1% 93.7% 93.2% 93.1% 

Avg. 100.00% 98.51% 98.01% 97.63% 96.74% 95.36% 93.28% 92.90% 92.50% 92.10% 91.75% 
Med. 100.00% 98.52% 97.96% 97.67% 96.74% 95.31% 93.27% 92.90% 92.40% 92.10% 91.91% 
σ 0.0000  0.0047  0.0052  0.0055  0.0056  0.0068  0.0068  0.0068  0.0070  0.0066  0.0069  

Min. 100.00% 97.84% 97.21% 96.64% 95.79% 94.02% 91.96% 91.60% 91.10% 90.80% 90.45% 
Max. 100.00% 99.72% 99.16% 98.50% 97.75% 96.73% 94.57% 94.20% 93.80% 93.40% 93.12% 

 
TM-21 Projection 

Time 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
ln (Avg.) 0.0000  -0.0150  -0.0200  -0.0240  -0.0256  -0.0300  -0.0333  -0.0736  -0.0780  -0.0823  -0.0861 

 
Test duration used 10,000 hrs Calculated L70 (10,000 hrs) 50,000 hrs 

B 0.978 Report L70 (10,000 hrs) 50,000 hrs 
α 6.728E-06   
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Table 2-3 

Forward Voltage 
 Relative Forward Voltage % ( Normalized to 100% at Initial ) 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-26 100.0% 100.1% 100.7% 101.6% 102.4% 103.5% 103.5% 103.7% 103.8% 103.9% 104.0% 
15060102-27 100.0% 100.5% 100.8% 101.1% 101.6% 102.3% 101.8% 102.2% 102.3% 102.6% 102.6% 
15060102-28 100.0% 100.8% 101.2% 102.0% 102.1% 103.6% 103.0% 103.3% 103.4% 103.6% 103.6% 
15060102-29 100.0% 100.6% 101.3% 102.0% 102.8% 104.3% 103.9% 103.9% 104.3% 104.3% 104.5% 
15060102-30 100.0% 100.8% 101.8% 102.1% 102.6% 103.7% 103.0% 103.0% 103.2% 103.5% 103.8% 
15060102-31 100.0% 100.4% 101.0% 101.3% 101.4% 102.6% 101.9% 102.0% 102.2% 102.2% 102.6% 
15060102-32 100.0% 100.6% 101.2% 101.9% 102.3% 103.4% 102.6% 102.6% 103.0% 103.2% 103.4% 
15060102-33 100.0% 100.5% 101.2% 101.9% 102.8% 103.1% 103.0% 103.2% 103.3% 103.5% 103.8% 
15060102-34 100.0% 100.3% 100.6% 101.2% 101.3% 103.0% 102.4% 102.5% 102.6% 102.6% 103.0% 
15060102-35 100.0% 100.8% 100.9% 101.3% 101.7% 102.9% 102.1% 102.1% 102.3% 102.7% 103.0% 
15060102-36 100.0% 100.5% 100.7% 100.8% 101.6% 102.9% 102.1% 102.2% 102.5% 102.9% 102.9% 
15060102-37 100.0% 100.6% 101.2% 101.9% 101.9% 103.8% 103.1% 103.5% 103.7% 103.8% 104.1% 
15060102-38 100.0% 100.6% 101.5% 102.0% 102.8% 104.1% 103.8% 104.1% 104.4% 104.5% 104.8% 
15060102-39 100.0% 100.2% 100.4% 101.0% 101.6% 101.8% 101.5% 101.8% 101.8% 102.2% 102.2% 
15060102-40 100.0% 100.7% 101.1% 101.8% 101.8% 103.7% 102.9% 103.0% 103.3% 103.5% 103.7% 
15060102-41 100.0% 100.1% 100.9% 101.5% 101.6% 102.0% 101.9% 101.9% 102.1% 102.3% 102.6% 
15060102-42 100.0% 100.6% 101.5% 101.8% 102.2% 102.4% 101.9% 102.3% 102.4% 102.5% 102.8% 
15060102-43 100.0% 100.6% 101.3% 102.1% 102.6% 104.1% 103.9% 104.2% 104.3% 104.3% 104.6% 
15060102-44 100.0% 100.0% 100.5% 101.3% 101.3% 102.7% 102.5% 102.9% 103.1% 103.4% 103.6% 
15060102-45 100.0% 100.8% 101.2% 101.3% 102.1% 103.6% 102.8% 103.0% 103.3% 103.3% 103.5% 
15060102-46 100.0% 100.0% 100.2% 100.8% 101.0% 102.5% 102.3% 102.6% 102.8% 103.0% 103.3% 
15060102-47 100.0% 100.1% 100.7% 101.2% 101.7% 103.2% 102.8% 103.0% 103.3% 103.3% 103.7% 
15060102-48 100.0% 100.6% 100.9% 101.9% 102.0% 102.7% 102.7% 102.7% 103.0% 103.1% 103.5% 
15060102-49 100.0% 100.6% 100.8% 101.0% 101.8% 103.2% 102.4% 102.5% 102.5% 102.8% 102.8% 
15060102-50 100.0% 100.1% 100.8% 100.9% 101.7% 102.5% 102.3% 102.4% 102.4% 102.6% 102.9% 

Avg. 100.00% 100.46% 100.98% 101.51% 101.95% 103.10% 102.64% 102.82% 103.01% 103.18% 103.41% 
Med. 100.00% 100.60% 100.90% 101.50% 101.80% 103.10% 102.60% 102.70% 103.00% 103.20% 103.50% 
σ 0.0000  0.0027  0.0037  0.0044  0.0051  0.0067  0.0066  0.0068  0.0072  0.0066  0.0068  

Min. 100.00% 100.00% 100.20% 100.80% 101.00% 101.80% 101.50% 101.80% 101.80% 102.20% 102.20% 
Max. 100.00% 100.80% 101.80% 102.10% 102.80% 104.30% 103.90% 104.20% 104.40% 104.50% 104.80% 
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Table 2-4 

Chromaticity Shift 
 Chromaticity Shift Δu'v' 

Sample No. 0 h 1000 h 2000 h 3000 h 4000 h 5000 h 6000 h 7000 h 8000 h 9000 h 10,000 h 
15060102-26 0.0000  0.0002  0.0007  0.0014  0.0026  0.0033  0.0033  0.0035  0.0035  0.0032  0.0035  
15060102-27 0.0000  0.0004  0.0009  0.0015  0.0023  0.0033  0.0028  0.0037  0.0034  0.0033  0.0036  
15060102-28 0.0000  0.0004  0.0009  0.0013  0.0023  0.0037  0.0038  0.0037  0.0044  0.0043  0.0054  
15060102-29 0.0000  0.0004  0.0011  0.0014  0.0029  0.0036  0.0041  0.0041  0.0045  0.0043  0.0045  
15060102-30 0.0000  0.0002  0.0005  0.0013  0.0016  0.0022  0.0032  0.0036  0.0038  0.0032  0.0040  
15060102-31 0.0000  0.0002  0.0006  0.0011  0.0023  0.0032  0.0026  0.0025  0.0026  0.0024  0.0027  
15060102-32 0.0000  0.0001  0.0005  0.0011  0.0023  0.0031  0.0026  0.0026  0.0024  0.0022  0.0026  
15060102-33 0.0000  0.0001  0.0008  0.0012  0.0023  0.0035  0.0030  0.0034  0.0040  0.0043  0.0054  
15060102-34 0.0000  0.0001  0.0007  0.0014  0.0021  0.0031  0.0023  0.0027  0.0036  0.0030  0.0034  
15060102-35 0.0000  0.0003  0.0008  0.0015  0.0028  0.0036  0.0035  0.0038  0.0039  0.0030  0.0035  
15060102-36 0.0000  0.0003  0.0007  0.0014  0.0016  0.0023  0.0019  0.0026  0.0022  0.0019  0.0020  
15060102-37 0.0000  0.0003  0.0006  0.0008  0.0016  0.0021  0.0023  0.0023  0.0023  0.0028  0.0036  
15060102-38 0.0000  0.0002  0.0007  0.0011  0.0017  0.0022  0.0019  0.0025  0.0027  0.0022  0.0030  
15060102-39 0.0000  0.0002  0.0007  0.0011  0.0019  0.0022  0.0018  0.0027  0.0027  0.0023  0.0028  
15060102-40 0.0000  0.0004  0.0011  0.0020  0.0032  0.0043  0.0047  0.0052  0.0052  0.0049  0.0051  
15060102-41 0.0000  0.0003  0.0007  0.0014  0.0018  0.0028  0.0036  0.0038  0.0044  0.0046  0.0055  
15060102-42 0.0000  0.0002  0.0008  0.0015  0.0025  0.0027  0.0030  0.0032  0.0035  0.0041  0.0044  
15060102-43 0.0000  0.0003  0.0006  0.0008  0.0016  0.0018  0.0024  0.0022  0.0023  0.0018  0.0026  
15060102-44 0.0000  0.0002  0.0006  0.0011  0.0024  0.0026  0.0031  0.0030  0.0032  0.0029  0.0040  
15060102-45 0.0000  0.0002  0.0007  0.0009  0.0019  0.0024  0.0024  0.0026  0.0026  0.0010  0.0012  
15060102-46 0.0000  0.0001  0.0004  0.0009  0.0018  0.0022  0.0019  0.0027  0.0024  0.0009  0.0003  
15060102-47 0.0000  0.0003  0.0005  0.0009  0.0016  0.0025  0.0032  0.0035  0.0038  0.0019  0.0018  
15060102-48 0.0000  0.0001  0.0006  0.0010  0.0022  0.0029  0.0025  0.0026  0.0030  0.0015  0.0019  
15060102-49 0.0000  0.0001  0.0004  0.0010  0.0020  0.0029  0.0024  0.0025  0.0027  0.0008  0.0006  
15060102-50 0.0000  0.0004  0.0008  0.0010  0.0018  0.0028  0.0024  0.0032  0.0029  0.0010  0.0015  

Avg. 0.0000  0.0002  0.0007  0.0012  0.0021  0.0029  0.0028  0.0031  0.0033  0.0027  0.0032  
Med. 0.0000  0.0002  0.0007  0.0011  0.0021  0.0028  0.0026  0.0030  0.0032  0.0028  0.0034  
σ 0.0000  0.0001  0.0002  0.0003  0.0004  0.0006  0.0007  0.0007  0.0008  0.0012  0.0015  

Min. 0.0000  0.0001  0.0004  0.0008  0.0016  0.0018  0.0018  0.0022  0.0022  0.0008  0.0003  
Max. 0.0000  0.0004  0.0011  0.0020  0.0032  0.0043  0.0047  0.0052  0.0052  0.0049  0.0055  
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