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Executive Summary 

The findings from testing done on the dimming capabilities of dimmable LED recessed downlights 

show that large differences in effectiveness (Lux/Watt) exist between manufacturers. All three 

fixture types tested exhibited smooth and continuous dimming from full to minimum light output.  

The Cooper Halo had the widest dimming range of 100% to 10% illuminance. The Cree was 

dimmable from 100% to 21% illuminance and the Juno had the narrowest range of dimming from 

100% to 24% illuminance.  The Cree had the highest average effectiveness at 11.2 Lux/Watt. The 

Cooper Halo was next best at 7.5 Lux/Watt and the Juno was lowest at 6.8 Lux/Watt. Of the three 

fixture types tested, the Cree LED Lighting fixtures were found to have superior overall 

performance due to the combination of good dimming capability and high effectiveness. 

 

Background 

Progress Energy has voiced an interest in determining the dimming capability of LED lights that 

were advertised as dimmable. Progress Energy had less than acceptable dimming performance on 

earlier generations of dimmable LED recessed downlighting fixtures in a few restaurant and hotel 

installations.  

 

As 6-inch downlights are a very common form of lighting in many buildings, this form factor of 

luminaire was chosen for the testing done in this report. Three Energy Star certified fixtures from 

different manufacturers were chosen for dimming testing since full power Energy Star testing data 

already existed for these fixtures. Lutron dimmer switches were chosen because Lutron had 

already tested the compatibility of their dimmer switches with the selected LED fixtures. Also, the 

manufacturers of the selected LED fixtures had listed Lutron dimmer switches as compatible on 

their specification sheets. 
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Methods 

In order to present a consistent luminaire test environment with as little ambient light and/or 

reflection from interior surfaces as possible, a 4ô X 8ô X 8ô light booth was assembled for the testing 

reported here. Joints in the panels were sealed with caulk and the interior was painted flat black. A 

door was attached to the booth for access to the interior and needed sensor cables were passed 

through small openings in the walls of the booth at near floor level. A flat black table was 

constructed and used as a testing surface. The table was 2.5 feet in height (5.5 feet from the light 

source being tested) and had a rectangular surface area of approximately 3 ft2. The height of the 

table and its distance from the light source was meant to simulate that of a seated working surface 

underneath an eight foot ceiling. The light sensor used was centered on the test surface, leveled 

and centered underneath the luminaire being tested.  

 

According to the IESNA LM-79-08 test standard, it is required that the luminaire to be tested be 

stabilized for as long as needed to achieve less that ±0.5% variation in its light output and power 

consumption for three consecutive measurements taken 15 minutes apart. This stabilization 

procedure was undertaken before each luminaire was tested. 

 

One of the issues associated with testing LED light output is the ability of the photo detector used 

in the tests to match the photometric response of the human eye. If this response is far from that of 

human vision the test results can be markedly different from true values due to the narrow-band 

nature of light produced by LED sources. Because of the sensitivity of test results to the quality of 

the light sensor used, Advanced Energy used a LI-COR LI-210 photometric sensor and associated 

light meter in an attempt to maximize measurement accuracy. The LI-COR sensor was found to 

have the closest match to the photometric response of the human eye of all sensors within the 

scope of this project.   

 

In figure 1, a figurative schematic of the test setup used in this study can be seen. Relative position 

of light and sensor can be seen and all test equipment used is listed here. In figure 2, a 

photograph, taken in the Advanced Energy lab, of the test setup (diagramed in figure 1) can be 

seen. The plywood light booth, electrical connection box, lab computer, light meter and power 

meter are all visible. The luminaire under test can be seen mounted in the top of the light booth. 
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Figure 1: Schematic of Test Setup 

 

 

 

Figure 3 shows the interior of the light booth including the powered luminaire under test, the testing 

surface used, the light sensor and the flat black painted interior. Figure 4 shows the electrical 

connection breakout box with the voltage clamps and micro-CT (current transducer) attached to the 

circuit. The dimming switch can be seen below the electrical connection box. Figure 5 shows a 

close-up of the lab PC, the LI-COR light meter and the Fluke 1735 power logger used during 

testing. 
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Figure 2: Complete Test Setup and Light Booth Exterior 

 

 

Figure 3: Light Booth Interior and Testing Surface 
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Figure 4: Electrical Probe Connections and Dimmer Control 

 

 

Figure 5: Test Metering Equipment 
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The test equipment used in the testing presented is listed, for reference, in table 1 below.  

 

Table 1: Measurement Equipment Details 

Equipment Type Manufacturer 
Model 

Number 
Serial Number 

Calibration 

Date 

Equipment 

Accuracy 

Power Logger Fluke 1735 S074500107B6 10/05/2009 ± 1.5% 

Light Sensor LI-COR LI-210 PH8895 10/28/2009 ± 5% 

Light Meter LI-COR LI-250A 2410 10/28/2009 ± 0.4% 

Temperature Logger Onset 
Hobo Pro V2 

(U23-001) 
2281736 Dec 5, 2008 ±0.32°F@ 77°F 

 

 

All luminaries were stabilized as previously stated. Upon stabilization, each luminaire was 

measured at 100%, 75%, 50%, 25% and minimum % of maximum electrical power upon 

completion of stabilization. In addition, the dimmer switch position was noted at the point that 

dimming began to occur (known herein as dimming initiation).  
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Results & Discussion 

The observed values of greatest interest from the testing completed have been cataloged in table 2 

below. Here, the luminaire hardware tested is listed versus several measured parameters of 

interest. The maximum (100% dimmer deflection) and minimum (0% dimmer deflection) 

illumination levels measured at 5.5 ft from the light source can be seen.  

 

The maximum and minimum power demand is listed for each set of hardware tested. In addition, 

the dimmer deflection, at which dimming was initiated, is listed (this value was not recorded for the 

Cooper Halo 91161 test). The average effectiveness1 of the light source, reported as Lux/W (at 5.5 

ft from the light source), and the average temperature during the test (not recorded for the Cooper 

Halo 91150) can also be found in table 2. 

 

From the values listed in table 2 it is clear that the Cree luminaire produced the highest light output 

level at the test location for the power demand produced. The remaining two LED fixtures had 

average effectivenesses that were similar to each other and less than Cree. 

 

The Juno luminaire produced the lowest overall effectiveness and dimming capability as the range 

of possible light levels available was less than for either of the other two luminaries tested. The 

remaining two fixtures had similar dimming capability. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 
1 The effectiveness value reported here is not meant to be confused with fixture efficacy. Fixture 
efficacy is a ratio of the total light output from the luminaire versus the power demand of the device 
and requires an integrating goniosphere (or similar laboratory equipment) to measure accurately. It 
also should not be confused with efficiency as this is a dimensionless quantity referring to the 
power of light energy emitted versus electrical power consumed. 
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Table 2: Individual Test Segment Measurement Results 

LED Fixture 

Tested 

Max / Min 

Illuminance (Lux) 

Max / Min 

Power (W) 

Dimming 

Initiation 

Position (%FS) 

Average 

Effectiveness 

(Lux/W @ 5.5ft) 

Average 

Temp (°F) 

Cooper Halo 

ML706830:        

SN - 91161 

101.6 9.9 14.3 1.4 N/A 7.4 64.7 

Cooper Halo 

ML706830:        

SN - 91150 

103.8 10 14.2 1.3 83 7.5 N/A 

Cooper Halo 

ML706830:        

SN - 91152 

102.7 10.6 14.3 1.4 83 7.5 67.5 

 Cree LR6:         

SN -  00090 
116.9 24.4 9.1 2.4 95 11.2 67.9 

Cree LR6:         

SN -  00077 
116.4 24.7 9.1 2.4 92 11.3 69.4 

Cree LR6:         

SN -  00109 
115.9 24.7 9.1 2.5 94 11.1 69.5 

 Juno IC22LED-3K:   

AE SN - 1 
66.5 15.8 9.9 2.3 94 6.7 70.7 

Juno IC22LED-3K:   

AE SN - 2 
69.5 16.7 10.1 2.4 94 6.9 70.5 

Juno IC22LED-3K:   

AE SN - 3 
66.5 14.9 10.0 2.2 94 6.7 71.0 
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In figure 6, below, a plot of the average illuminance of each luminaire/dimmer combination type vs. 

dimmer position can be seen. Similar performance at all dimmer positions can be seen for both the 

Cooper Halo/Skylark and the Cree/Skylark hardware combinations. Significantly lower average 

illuminance can be seen for the Juno/NTELV hardware combination. From this chart it is evident 

that the only real difference between the Cree/Skylark and Cooper Halo/Skylark hardware 

combinations is that Cree/Skylark allows a little more light output at the maximum dimmer position 

and Cooper Halo/Skylark allows slightly lower minimum dimming capability. 

 

Figure 6: Average Illuminance (Lux) vs. Dimmer Position (% FS) 
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In figure 7, below, a plot of the average power demand of each dimmer/luminaire combination type 

vs. dimmer position can be seen. Similar performance at all dimmer positions can be seen for both 

the Skylark/Cree combination and the NTELV/Juno hardware combinations. Significantly higher 

average power demand can be seen for the Skylark/Cooper Halo hardware combination. 

 

Figure 7: Average Power (W) vs. Dimmer Position (% FS) 
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In figure 8, below, a plot of the average effectiveness of each dimmer/luminaire combination type 

vs. dimmer position can be seen. Similar performance at all dimmer positions can be seen for both 

the Skylark/Cooper Halo combination and the NTELV/Juno hardware combinations. Significantly 

higher average effectiveness can be seen for the Skylark/Cree hardware combination (especially at 

higher dimmer positions). Because of the Skylark/Cree hardware combinationôs higher 

effectiveness and high dimming capability it appears to be the superior hardware combination of all 

combinations tested. 

 

Figure 8: Average Effectiveness (Lux/W @ 5.5 ft) vs. Dimmer Position (% FS) 
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Individual Luminaire Test Results 

 

Cooper Halo ML706830: Serial Number - 91161 

 

Results from testing done on a Cooper Halo luminaire (serial number LED 91161) with a Skylark 

dimmer can be seen in table 3 and figure 9 below. The point of dimmer travel at which dimming 

begins (dimming initiation) was not noted for this test case.  

 

Table 3: Test Results for Cooper Halo ML706830: Serial Number - 91161 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100.0 0.952 113.4 0.132 101.6 14.3 7.1 64.7 

2 66.7 0.940 83.7 0.122 69.8 9.6 7.3 64.7 

3 58.3 0.922 68.9 0.107 51.3 6.8 7.5 64.7 

4 20.0 0.904 45.1 0.080 24.9 3.3 7.6 64.7 

5 0.0 0.878 27.7 0.056 9.9 1.4 7.3 64.7 

 

Figure 9: Test Results for Cooper Halo ML706830: Serial Number - 91161 
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Cooper Halo ML706830: Serial Number - 91150 

 

Results from testing done on a Cooper Halo luminaire (serial number LED 91150) with a Skylark 

dimmer can be seen in table 4 and figure 10 below. Dimming initiation was found to take place at 

~83% of full-scale deflection.  

 

Table 4: Test Results for Cooper Halo ML706830: Serial Number - 91150 

Test  
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

1 100.0 0.955 111.9 0.133 103.8 14.2 7.3 

2 68.0 0.947 88.6 0.127 79.7 10.7 7.5 

3 58.0 0.929 70.2 0.108 54.3 7.0 7.7 

4 40.0 0.904 47.4 0.082 27.9 3.5 7.9 

5 0.0 0.880 27.6 0.055 10.0 1.3 7.5 

 

Figure 10: Test Results for Cooper Halo ML706830: Serial Number - 91150 
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Cooper Halo ML706830: Serial Number - 91152 

 

Results from testing done on a Cooper Halo luminaire (serial number LED 91152) with a Skylark 

dimmer can be seen in table 5 and figure 11 below. Dimming initiation was found to take place at 

~83% of full-scale deflection.  

 

Table 5: Test Results for Cooper Halo ML706830: Serial Number - 91152 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100.0 0.9 113.2 0.1 102.7 14.3 7.2 67.7 

2 70.0 0.9 87.9 0.1 78.1 10.7 7.3 67.6 

3 60.0 0.9 69.8 0.1 53.9 7.1 7.6 67.5 

4 35.0 0.9 47.3 0.1 28.3 3.6 7.9 67.5 

5 0.0 0.9 27.9 0.1 10.6 1.4 7.7 67.5 

 

 

Figure 11: Test Results for Cooper Halo ML706830: Serial Number - 91152 
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Cree LR6: Serial Number - 00090 

 

Results from testing done on a Cree LR6 luminaire (serial number LED 00090) with a Skylark 

dimmer can be seen in table 6 and figure 12 below. Dimming initiation was found to take place at 

~95% of full-scale deflection.  

 

Table 6: Test Results for Cree LR6: Serial Number - 00090 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100.0 0.819 113.3 0.098 116.9 9.1 12.9 67.9 

2 72.0 0.717 94.3 0.102 82.9 6.9 12.0 67.9 

3 50.0 0.735 62.1 0.100 50.6 4.6 11.1 67.8 

4 0.0 0.839 31.7 0.092 24.4 2.4 10.0 67.8 

5 0.0 0.839 31.7 0.092 24.4 2.4 10.0 67.8 

 

 

Figure 12: Test Results for Cree LR6: Serial Number - 00090 
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Cree LR6: Serial Number - 00077 

 

Results from testing done on a Cree LR6 luminaire (serial number LED 00077) with a Skylark 

dimmer can be seen in table 7 and figure 13 below. Dimming initiation was found to take place at 

~92% of full-scale deflection.  

 

Table 7: Test Results for Cree LR6: Serial Number - 00077 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100 0.817 114.5 0.097 116.4 9.1 12.8 69.3 

2 72 0.711 94.3 0.102 81.7 6.8 11.9 69.3 

3 51 0.731 62.3 0.099 50.2 4.5 11.1 69.5 

4 0 0.825 32.5 0.090 24.7 2.4 10.2 69.7 

5 0 0.825 32.5 0.090 24.7 2.4 10.2 69.7 

 

 

Figure 13: Test Results for Cree LR6: Serial Number - 00077 
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Cree LR6: Serial Number - 00109 

 

Results from testing done on a Cree LR6 luminaire (serial number LED 00109) with a Skylark 

dimmer can be seen in table 8 and figure 14 below. Dimming initiation was found to take place at 

~94% of full-scale deflection. 

 

Table 8: Test Results for Cree LR6: Serial Number - 00109 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100 0.821 113.6 0.098 115.9 9.1 12.7 69.4 

2 74 0.717 93.2 0.102 80.7 6.8 11.8 69.5 

3 51 0.739 62.0 0.100 50.0 4.6 10.9 69.5 

4 0 0.840 32.3 0.091 24.7 2.5 10.0 69.5 

5 0 0.840 32.3 0.091 24.7 2.5 10.0 69.5 

 

 

Figure 14: Test Results for Cree LR6: Serial Number - 00109 
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Juno IC22LED-3K: AE Serial Number - 1 

 

Results from testing done on a Juno IC22LED-3K luminaire (serial number 1) with a NTELV 

dimmer can be seen in table 9 and figure 15 below. Dimming initiation was found to take place at 

~94% of full-scale deflection. 

 

Table 9: Test Results for Juno IC22LED-3K: AE Serial Number - 1 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100 0.969 109.1 0.0940 66.5 9.9 6.7 70.8 

2 54 0.967 87.8 0.0880 49.7 7.5 6.7 70.7 

3 21 0.956 58.7 0.0890 32.4 5.0 6.5 70.7 

4 2 0.940 32.8 0.0820 16.9 2.5 6.7 70.6 

5 0 0.931 31.5 0.0800 15.8 2.3 6.7 70.6 

 

 

 

Figure 15: Test Results for Juno IC22LED-3K: AE Serial Number - 1 
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Juno IC22LED-3K: AE Serial Number - 2 

 

Results from testing done on a Juno IC22LED-3K luminaire (serial number 2) with a NTELV 

dimmer can be seen in table 10 and figure 16 below. Dimming initiation was found to take place at 

~94% of full-scale deflection. 

 

Table 10: Test Results for Juno IC22LED-3K: AE Serial Number - 2 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100 0.968 109.3 0.095 69.5 10.1 6.9 70.8 

2 53 0.966 88.0 0.088 51.4 7.5 6.9 70.5 

3 22 0.958 58.4 0.089 33.3 5.0 6.7 70.5 

4 2 0.937 32.5 0.084 17.4 2.6 6.8 70.4 

5 0 0.923 31.4 0.082 16.7 2.4 7.0 70.4 

 

Figure 16: Test Results for Juno IC22LED-3K: AE Serial Number - 2 
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Juno IC22LED-3K: AE Serial Number - 3 

 

Results from testing done on a Juno IC22LED-3K luminaire (serial number 3) with a NTELV 

dimmer can be seen in table 11 and figure 17 below. Dimming initiation was found to take place at 

~94% of full-scale deflection. 

 

Table 11: Test Results for Juno IC22LED-3K: AE Serial Number - 3 

Test 
Dimmer 
Travel 
(% FS) 

Power 
Factor 

Voltage 
(V) 

Current 
(A) 

Illuminance 
Power 
(W) 

Effectiveness 
(Lux/W) 

Temperature 
(°F) 

1 100 0.976 109.4 0.094 66.5 10.0 6.6 71.0 

2 53 0.972 88.5 0.088 49.9 7.6 6.6 71.0 

3 22 0.959 59.0 0.089 32.5 5.0 6.5 71.0 

4 2 0.939 34.3 0.078 17.2 2.5 6.8 71.1 

5 0 0.943 31.6 0.074 14.9 2.2 6.8 71.1 

 

Figure 17: Test Results for Juno IC22LED-3K: AE Serial Number - 3 
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Appendix A ð Data on Luminaries Tested2 

Table 12: Luminaire Details from Energy Star Certification 

 

Manufacturer Brand Model Luminaire 
Efficacy 
(lumens/Watt) 

Wattage Light 
Output 
(lumens) 

Rated 
Lifetime 
(hours) 

Power 
Factor 

Color 
Temperature 
(Kelvin) 

Cree Cree LR6 58.5 12 673 35000 0.97 2700 

Cooper Halo ML706830 45.8 15 633 25000 0.967 3000 

Juno Juno IC22LED-3K 38.5 14 518 35000 0.9 3000 

 

 

Appendix B ð Data on Fixtures/Dimmers Tested3 

Table 13: Dimmer Details from Lutron Testing Reports 

 

Manufacturer Brand Model LED Luminaire Driven Measured 
Light Output  Range 

Lutron Skylark SF-10P-WH Cree LR64 22% - 90% 

Lutron Skylark SF-10P-WH Cooper Halo ML706380 15% - 99% 

Lutron Nova T NTELV-600 Juno IC22LED-3K5 11% - 74% 
 

 

 

 

 

 

 

 

 

 

 

                                                                 
2 Data taken from Energy Star website table ñENERGY STAR Qualified Residential LED Lightingò 
at (www.energystar.gov) (Updated On October 16, 2009) 
3 Data taken from Lutron LED Product Report Card 
4 Model Number actually tested was LR6C 
5 Model Number actually tested was IC22LED-35K 

http://www.energystar.gov/
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Appendix C ð Lutron Report Card for the Cooper Halo Luminaire 
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Appendix D ð Lutron Report Card for the Cree Luminaire 
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Appendix E ð Lutron Report Card for the Juno Luminaire 
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Appendix F ð Calibration Certificate for Fluke 1735 Power Logger 
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Appendix G ð Calibration Certificate for LI-COR Light Meter 

 












