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NVLAP lab code 500070 -

The Cree Durham Technology Center (NVLAP lab code 500070 -0) has been accredited by NVLAP to satisfy
the requirements of  ISO/IEC 17025:2005, IES LM -79-08 and LM -58-94

This report contains data se  ts that are not covered by NVLAP accreditation.

The measurement data sets contained in this report are related only to the items tested . This report must
not be used by the customer to claim product certification, approval or endorsement by NVLAP, NIST or
any agency of the federal government.

This report was generated for:

Econex

3-Y Paveletskiy Proyezd D.7 Korp. 1
Moscow 115114

Russia

This report was generated by:

The Cree Durham Techn ology Center
4600 Silicon Dr
Durham, NC 27703
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TEMPO 24 Checklist

Thermal
P |Solder Point Temperature Measurement
P |Therma| Imaging With IR Camera

Electrical

P |Driver Efficiency
P |Transient Analysis

P |Power Analysis (PF, THD)

m Dimmer Compatibility Test
gDielectric Brea kdown (Hi -pot)
gi/Current Balancing (Parallel Arrays Only)

m Electrolytic Capacitor Testing
Mechanical

T'Qualitative Construction Analysis
T|Chemical compatibility Analysis
EX- ray of Printed C ircuit Board

Photometric and Optical

P |Luminous Intensity Distribution (Per IES LM -79-08, section 10)
n/a |Spatia| Non -uniformity of Chromaticity (Per IES LM -79-08, section 12.5)

P |Luminous Flux (Per IES LM-79-08, section 9.1 and/or section 9.3)

P |Radiant Flux (Per IES LM -79-08, section 9.1 and/or section 9.3)
P |Chr0maticity (CRI,CCT,x -y,u-v, -w®, duv, P-&9-08)skc8on .M

P |Spectral Power Distribution (Visible Range, Per IES LM -79-08, se ction 9.1)
P |Luminaire Efficacy (Im/W, Per IES LM -79-08, section 11)
P |IIIuminance (ft -cd or lux, derived from IES LM -63-02 electronic file)

P |Optica| Efficiency

P |C0mp0nent Binning and Color Point Evaluation

P |Additi0nal Photometric Analysis for Lumi naire Type (e.g. Indoor, Roadway, etc.)

P |Visible Flicker Test

n/a |Review Against ENERGY STAR® criteria
P |TM-21 Lifetime estimate
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EXECUTIVE SUMMARY

The Econex Street Light (model Road 80)

uses 15 XL amp® XM -L LEDs. The luminaire produces 8009

lumensata 6042K CCT, while consuming 86.1 W of power. With an optical efficiency of nearly 92% the

luminaire delivers 93 lumens per watt.

Cree Services' TEMPO24 Evaluation process is a thorough multi -point evaluation and analysis of a

customero6s |lighting

product. Cree Application Engineer:i
electrical, mechanical and photometric tests and provide a comprehensive report

data necessary to confirm the performance of the product.

In addition to this standard set of tests, products will also be reviewed against appropriate Energy Star or
DesignlLightsE Consorti u4fllED Lifétime castimatesyandalLM -I79iconformant tests
where applicable. Table 1 below provides a quick summary of the test data. Additional detailed test results

are covered in the following pages.

Total Luminous Bk (Im)
Power (W)

Tsp and Tj (°C)*

Power Factor

Lumens per Watt (LPW)
Optical Efficiency (%)
Driver Efficiency (%)
CCT (K)

CRI (Ra)

Chramaticity (xcoord)

Chromaticity (ycoord)

8009 IES LM/9-08
86.12
65.2/78.7
0.978
93 IES LM/9-08
92
91
6042 IES LM9-08
68 IES LM/9-08
0.3201 IES LM/9-08
0.3462 IES LM9-08

A =2 4 A x

LED Lumen Maintenance2 t N2 2SOUSR [ he

DLC Criteria

IES TWR1

WSLI2ZNIGSR [heo

Not Applicable

Table 1: Summary of Test Results

1 Measured at ambient temperature of 23.4°C.

2PerlESTM -21-2011
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Incoming Inspection

All sam ples are subjected to a visual, physical inspection to ensure that the product was not
damaged during shipping. One sample was received as shown in Figures 1 through 4. No signs of

physical damage were observed.

As received pictures

Figure 1: As -Received Picture #1

Figure 2: As -Received Picture #2
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Figure 3: As -Received Picture #3

Figure 4: As -Received Picture #4
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Photometric Testing

Photometric testing includes luminous flux, radiant flux, chromaticity, correlated color temperature

(CCT) and color rendering index (CRI) measurements.
photometric testing lab in Durham, NC on two test systems: a2 -meter (2m) Labsphere integrating
sphere and a Type C Goniophotometer.

The total spectral flux calibration on the 2m sphere is conducted using an omni -directional halogen
reference bulb. This calibration is transferred to a Cree solid state working reference standard and

used to calibrate this integrating sphere. The total spectral flux of the Cree working refere nce lamp is
directly traceable to NIST  -RF0816 (Lamp NIST -844/8592 -09) in the visible wavelength range from

360nm to 830nm. The 75W lamps are calibrated in a base -down configuration, and are allowed a

warm -up period of 10 minutes prior to measurement and dr iven at a specific drive current of 2.679A.

The spectroradiometer detector is a CCD detector used for collection of the optical data.

This 2m sphere is a Labsphere model CSLMS -7660 using the 4 1 geometry measurement method

with a Photal (Otsuka Electronics) MC 9801 spectroradiometer. Testing is performed per Cree

standard photometric testing protocols, which follow IES LM -79-083 sections 9.1 and 9.3 and

includes procedures such as: absorption co rrection using a NIST traceable lamp and ensuring the

emi ssion plane of the device under test i s caohnipeisear
powered using a Chroma Model 61503 AC/DC Power Source and a Xitron model 2801 power analyzer

is used t o measure the electrical characteristics. Figure 5 is a photograph of the sample mounted

in the sphere.

Figure 5: Sample in 2m Integrating Sphere

3 |[ES LM-79-08, Electrical and Photometric Measurements of Solid State Lighting Products

Copyright © 2013 Cree, Inc. All rights reserved. The Cree Durham Technology Center (NVLAP lab code 500070 -0) is accredited by NVLAP to satisfy
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Luminaire evaluation on a type C goniophotometer syst:
lab in Durham, NC. This goniophotometer is a UL /Lighting Sciences Inc. model 6440T utilizing, an

Inphora photocell model PDET 11, an Elgar AC power supply model CW1251 and a Yokogawa power

meter model WT210. A Gooch & Housego spectroradiometer model 770VIS/NIR also allows for spectral

irradiance datat o be measured.

The illuminance calibration on the type C goniophotometer is performed utilizing 3 EHD Lamps with a
500 Watt rating. The initial values for illuminance are measured with an Inphora photocell model PDET

11 S/N 080901, test no. LSI 29197. The photocell used by Lighting Sciences was calibrated by NIST on

3 September, 2009 with NIST test no. 844/278666 -09. The lamps that are utilized at Cree were

generated on 14 September, 2011.

To calibrate color on the Type C goniophotometer, a single EHD 120 V spectral irradiance calibration

lamp with a 500 Watt rating is used. The lamp has a black line placed on the base for alignment and is
set up exactly like the calibration for illuminance. This lamp must operate base down and at the

specified amperes note  d on the test no. LSI 29863. Figure 6 is a photograph of the sample under test

on this type C goniophotometer.

Figure 6: Sample Mounted on Type C Goniophotometer

Tests Date Ambient Input Voltage |Frequency
Temp. (°C) [(Volts AC) (Hz)
230 50

Luminous Flux, Radiant Flux, Chromaticity, 18-Feb2013 22.5
Color Rendering, Spectral Power Distributior
Luminaire Efficacy

Luminous Intensity 13-Feb2013 25.4 230 50

Table 2: Photometric Test Conditions
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Luminous Flux, Radiant Flux

Radiant flux is a measure of the total power of electromagnetic radiation emitted from the luminaire or
lamp, w hile luminous flux is a measurement that is weighted based on human visual perception.
Measurements are recorded once per minute over a sufficient period of time to allow the sample to

reach thermal equilibrium. In the case of this luminaire, it took appro ximately 1.98 hours to stabilize.
Radiant Flux (Watts) 24.53
Photopic luminous flux (lumens) 8009
Scotopic luminous flux (lumens) 15314
S/P ratio 1.91

Table 3: Luminaire Radiometric and Photometric
Output

Lumens vs. Time

8700
8650
8600
8350
8300
8450
2400
5330
8300
8230
8200
8150
8100
8050

soo0 - +-—/—"+ —r—r—r—r—r——r—r——r——rrrr T 1
0 10 20 20 40 50 G0 70 a0 g0 100 10 120

Hapsed Time {minutes)

Luminous Aux

Chart 1: Luminous Flux Plotted Versus Time
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Luminaire Chromaticity and Color Rendering

x coordinate 0.3201
y coordinate 0.3462
u' coordinate 0.1966
V' coordinate 0.4783
Correlated Color Temperature 6042

Delta uv 0.0082

Table 4: Measured Chrom aticity and
Correlated Color Temperature (CCT) Data

0.39 +
57Q0K
0.38 +
0.37 +
0.36 +
) PR
O o
0.35 + »
0.34 + |
ﬂ‘-‘! "
A #
0.33 + -
-
0.32 +
f {
0.32 0.33

CCx

Chart 2: Plot of x -y Coordinates on ANSI C78.377A Diagram
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CCT ws. Time

Correlated Color Temperature {K)
(]
[
=
=

0 10 20 30 40 &0 a0 i) a0 G0 100 110 120

Hapsed Time {minutes)

Chart 3: Correlated Color Temperature vs. Time

Color Rendering Index (CRI)

Average (RA) 68
CRI (R1) 66
CRI (R2) 71
CRI (R3) 75
CRI (R4) 70
CRI (R5) 68
CRI (R6) 63
CRI (R7) 77
CRI (R8) 57
CRI (R9) -41
CRI (R10) 32
CRI (R11) 69
CRI (R12) 43
CRI (R13) 65
CRI (R14) 86

Table 5: Measured Color Rendering Index
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Luminaire Spectral Distribution

Peak Wavelength (nm) 445
Dominant Wavelength (nm) 505

Table 6: Peak and Dominant Wavelength

Spectral Power Distribution

Radiant Hux (m¥y)
]
=
=

380 430 480 530 580 630 GBBO V30 T80 830
Yavelength (nm)

Chart 4: Measured Spectral Power Distr ibution
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mwW/nm ‘ nm ‘ mwW/nm ‘ nm mW/nm nm mwW/nm
380 0.2 490 30.4 600 100.9 710 9.5
385 0.2 495 40.1 605 94.2 715 8.3
390 0.4 500 54.1 610 87.8 720 7.3
395 0.5 505 70.5 615 80.9 725 6.5
400 14 510 86.9 620 74.7 730 5.6
405 3.4 515 102.1 625 68.2 735 4.9
410 8.8 520 114.7 630 62.2 740 4.3
415 20.4 525 123.7 635 56.5 745 3.8
420 43.1 530 130.4 640 51.0 750 3.3
425 77.7 535 134.1 645 45.9 755 2.9
430 117.7 540 136.4 650 41.3 760 25
435 159.1 545 137.3 655 37.0 765 2.2
440 201.4 550 136.9 660 33.0 770 2.0
445 221.0 555 136.2 665 29.3 775 1.7
450 182.6 560 134.6 670 26.0 780 1.6
455 118.8 565 132.6 675 22.8 785 1.3
460 77.3 570 130.1 680 20.3 790 1.2
465 53.6 575 126.6 685 17.9 795 1.1
470 38.3 580 122.9 690 15.7 800 1.1
475 29.5 585 118.8 695 13.8 805 0.9
480 26.1 590 113.2 700 12.2 810 0.8
485 26.2 595 107.1 705 10.7 815 0.8

Table 7: SPD Numerical Data

Overall Luminaire Efficacy

The overal/l l umi naire efficacy, also referred to as
luminaire or lamp converts electrical energy into photons. The in put power was measured at an input
voltage of 230 VAC.

Efficacy (At steady state) = Lumens / Total input Power

= 8009 /86.12
=93 Im/W
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the requirements of ISO/IEC 17025:2005 an dIESLM -79-08 and LM -58-94. This report contains some data sets that are not covered by NVLAP
accreditation. This report must not be used by the customer to claim product certification, approval or endorsement by NVLAP, NIST or any agency 14 Of 44

of the federal government. Cree, the Cree logo, the Cree LEDs logo, XLamp and EasyWhite are registered trademarks of Cree, Inc . Other
trademarks, product and company names are the property of their respective owners and do not imply specific product and/or ve ndor endorsement,
sponsorship or association.




CREE SERVICES Evaluation Report

Goniophotometer Data

The data shown is based on the luminaire tested in a level orientation with 0 degrees of tilt. The results will
vary if the luminaire is mounted on a pole with an angled arm.

IES Classification Type |
Longitudinal Classification Short
Luminaire Lumens 7780
Total Luminaire Watts 86.1
Luminaire Efficacy Rating (LER) 90
Maximum Candela 6575.5
Maximum Candela Angle 85H 65V
Maximum Candela At 90 Degrees Vertical 0

Maximum Candela from 80 to 8®Degrees Vertical 52.7

Table 8: Luminaire Summary Data

Polar Candela Distribution
180° 170° 160° 150° 140°

6,600
5,500 130°
4,400
120°
3,300
2.200 110°
1,100 100°
CD: 0 g 900
1.100 30°
2,200 — - A 70
e e i —— ) )
3,300 .
60°
4,400
5,500 50°
6,600
VAI0° 10° 20° 30°  40°
B - Max Cd: 85°H -45°H
W-0°H W -67.5°H
W -90°H

Chart 5: Intensity Distribution
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Luminaire Classifcation System (LCS)

FL- FrontLow (G30)

FM- FrontMedium (30660)
FH- FrontHigh (6680)
FVH- FrontVery High

BL- BackLow (G30)

BM - BackMedium (3060)
BH- BackHigh (6680)

BVH- BackVery High (8®0)

UL¢ Up lightLow (96100)

UH¢ Up lightHigh (100180)

TOTAL
BUG Rating

1113.7
2269
771.3
1.1
1054.6
1964
604.4
1.9

0

0

7780
B3UO-G2

143
29.2
9.9
0
136
252
7.8

1000

Table 9: Lu minaire Classification System

Luminaire Lumens

100

30
80

60

Back

30

Uplight
2269

1702

1135

567

0
Chart 6:LCS Graph
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Downward Street Side: 4154.3 53
Downward House Side: 3624 47
Downward Total: 7778.3 100
UpwardStreet Side: 0 0
Upward House Side: 0 0
Upward Total: 0 0
Total Lumens: 7778.3 100

Table 10: Flux Distribution

1.0

0.9

0.8

07

06 )
Coeff 99
0f A

Nl

HS

Utiliz : //
ul3 y
N

I

02

N

0o o 1 2 3 4 5
Stieet Width / Mounting Height

Chart 7: Coefficients of Utilization
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CREE®

llluminance

The sample was measured on a type C goniophotometer and illuminance measurements were

calculated from the IES  -63 electronic file using Photometric Toolbox software. The results are

shown in Chart 8 based on a level (0 degree tilt) orientation of the luminaire.
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Chart 8: Isolux Plot at 12m Mounting Height
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Component Binning and Color Point Evaluatio n

A total of 8 LEDs were measured at the binning current of 700 mA. Based on the data shown in
Chart 9 and Table 11, the LEDs are from the T6 flux bin (280 Im min. +/ -7%) and 2S chromaticity
bin.
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Chart 9: Measured Data Plotted on Cree Binning Chart

Board/Lamp CCx CCy Lum Flux
1 0.3268 | 0.3640 313.10
2 0.3261 | 0.3633 312.61
3 0.3221 | 0.3553 299.16
4 0.3237 | 0.3558 305.64
5 0.3268 | 0.3634 304.50
6 0.3243 | 0.3598 293.85
7 0.3263 | 0.3591 309.55

8 0.3256 | 0.3599 298.35

Table 11: Measured Component Data
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Optical Efficiency Calculation

The optical components consist of a single plastic lens for each LED, glued to the PCB with a grey

potting material . The sample was tested with and without optics and the re sults are shown below in
Table 12 . Using this data, the optical efficiency can be calculated. The initial lumen values were used
to avoid any effects due to thermal differences with the optics removed.

Figure 8: Optical Component attach
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Radiant Flux (Watts) Lumin
With optics 26.24 8679 7.5%

Without optics 28.48 9382 --

Table 12: Measured Optical Efficiency

Optical Efficiency = lumens with optic / lumens without
=8679/9382
=92.5%
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Visible Flicker Test

Visible Flicker is defined by the rapid fluctuation of light output in a cyclical manner W The sample was tested
with a photodetector to measure the amount of light modulation, or flicker. The detector output was
captured using an osci  lloscope, and the result is shown in Figure 9.
| omt:zwp | ohezoewr | 0s | e | s | e | oeesen | 1mew
L i

Figure 9: Visible Flicker

Where the percentage of modulation, referred to as flicker, varies from 0% to 100% as de fined by the
equation:
Flicker (%) = 100 * (max -min) / (max + min)

For this sample the flicker (%) is:

100* (4.15 - 3.96)/(4.15 + 3.96) = 2.3%

As a reference point, a 60W incandescent lamp operating at 60Hz AC voltage has a f licker percentage of
8%. Flicker greater than 50% and at a frequency of less than 150Hz is generally considered unacceptable,
while any percentage of flicker at frequencies above 1500 Hz cannot be detected by the human eye.

LWAlliance for Solid -St at e | |l |l umi nati on Systems and Technol ogies (ASSIST). 201

Reducing Stroboscopic Effects from Solid -state Lighting Systems. Vol 11, Issue 1. Troy, NY Lighting Research Center
http://www.Irc.rpi.edu/programs/solidstate/assist/recommends/flicker.asp
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A summary of the frequency and percentage flicker that is considered acceptable by most obser vers is
presented in Chart 10, and the measured result from the sample (the blue data point) is plotted on this

chart. The position of the data point within the shaded regions corresponds to an acceptability number

between +2to  -2. The lower the number, t he less acceptable the level of flicker is to an observer and

values below zero are considered unacceptable to most observers.

Flicker Acceptability
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Chart 10: Calculated Flicker Acceptability for Measured Sample
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Electrical Testing

Driver Efficiency

Driver efficiency is calculated by dividing the electrical output power supplied to the LEDs by the total
input power to the fixture. The output power to the LEDs is the sum of the product of the forward
voltage and current for each LED. The input power was measured at an input voltage of 230 VAC.

Driver Efficiency = LED power / Total input power
Driver Efficie ncy = (Vf*If) / Pin

Driver Efficiency =(45.59 * 1.781 ) / 89.35

Driver Efficiency =90.9 %

Power Factor and Harmonic Distortion

Power factor is an important metric for LED driver performance, and in the case of street lighting,
utility companies may require that luminaires have power factor greater than some specified

value. In general the closer the value is to 1, the better the performance. For this luminaire, the

powe r factor is 0.978.

Total harmonic distortion (THD) is defined as the ratio of the sum of the powers of all harmonic

components to the power of the fundamental frequency. Harmonic currents are a concern because

they can produce problems such a s noise interference and overheating of electrical distribution

system wiring. The total current harmonic distortion (aTHD) was measured to be less than 15%.
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Figure 10: Picture of LED driver
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Transient Analysis

Hot plugging and turn  -on electrical overstress is occasionally seen with LED Drivers. See Cree
Application Note  Electrical Overstress _ for further information on the effects this has on LED
performance and lifetime. The driver output current was measured with a current probe and

oscilloscope an d the waveforms were captured in the following figures. Figure 11 shows the initial
inrush current which reaches a maximum amplitude of 1020 mA. Figure 12 shows the continuous
output current which has a peak -to -peak ripple of 90 mA with a maximum of 1802 m A.

0 500z 8 [ [ # 36607 20008/ Swp £ [ 355¢

Max(1 | 1.02A Fk-Pk(1 ): 1.06A RMSIT J: 672 9mA Avgil ) 568 3mA
Figure 11: Initial turn -on (inrush) current
0 sooz/ @ B B % 00s 50008/ Stop F ) 3550

Max(1 ) 1.82A PE-PE(1 ) 90mA AMS(1): 1.781A Avgll ): 1.78174
Figure 12: Ripple current
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Vf/Current Balance

Lumina ires utilizing multiple emitters are often configured using parallel strings which are then

driven by a single constant  -current source. One drawback to this approach is that careful attention
must be paid to minimize the difference in forward voltage betwe en the individual strings;
otherwise, the currents will not balance evenly.

The luminaire uses a single string of 15 LEDs in series, therefore current balancing is not applicable.

Driver / String Current (mA) Total LED Wattage
1

1781 45.59 81.2

Table 13: LED Load Current, Forward Voltage, and Power
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Dielectric Breakdown Testing

Dielectric withstgmd ot ¢ etsisafay testriperférimad to ensure that the insulation

of an electrical device is sufficient to protect humans from electrical shock. A voltage that is several

times higher than the working voltage of the device is applied for a period of either one secon d or one
minute. The test is used to verify the mechanical integrity of the insulation and grounding continuity.

Typically the voltage applied is 1000V plus 2 times the working voltage.

The hi -pot tester was connected with the positive terminal to the neu tral and line inputs and with the

negative terminal to the chassis. Ground continuity between the various metal parts was verified. A
voltage of 1.46 kVDC was applied for 60s. The result was the sample passed.
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Figure 13: Dielectric Withstand Test Result

Dimmer Compatibility Test

The sample was not tested for dimmer compatibility because it is not intended to be dimmed.

Electrolytic Capacitor Test

Electrolytic capacitor testing was not able to be performed on this luminaire.
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Thermal and Mechanical Testing
Solder Point Temperature Analysis

Measuring solder point (case) temperature of the LEDs used in a luminaire is useful for determining the
junction temperature and thus predicting lifetime. For more information on measuring case temperature,
refer to Creebds Applicatiandingnot e on Sol dering & H

A thermocouple (TC1) was attached to the solder point of one of the LEDs. A second and third
thermocouple (TC2 , TC3) w ere attached to the heat sink and a fourth (TC4) was used to monitor the
ambient room temperature, whic h averaged 23.4°C. Chart 11 shows the measured temperatures
over a period of approximately 4 hours. Based on the measured solder - point temperature (Tsp), the
operating wattage of the LED and the typical thermal resistance of 2.5°C/W for the XM -L, the
resul ting calculated junction temperature is 78.7°C.

Tsp = 65.2°C

=Tsp + (LED power *2.5°C/W)
Tj=65.2+5.4*2.5
Tj=78.7°C

Figure 14:Thermal Testing Set -up
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Temperature measurements
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Chart 11: Measured Temperature Graphs
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Thermal Imaging Analysis

With the fixture at  steady -state temperature, a series of infrared (IR) imaging photographs were taken

using a FLIR T300 to evaluate thermal dissipation and areas of concern on the light engine, heat sink, and

external housing . The FLIR camera, when used in this way, gives pr imarily qualitative information
Without precise per -material emissivity calibration, the analysis will not provide exact correspondence to
other temperature measurements. The emissivity was set to the default value of 0.95.

Figure 16: Thermal Image #2
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Area

Max.61.3

Figure 17: Thermal Image #3
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Qualitativ e Mechanical Construction

The luminaire consists of a 15 XM -L LEDs mounted to multiple MCPCBs. A plastic optic fit over the LED. The
MCPCB mates to a large metal heat sink. Grey potting material is coated on top of the MCPCB up to the
base o f each lens. The LED driver is mounted inside of the heat sink extrusion, with a wire connector

protruding from the side of the luminaire.

Figure 18: Side view of heat sink

Figure 19: Backside of PCB
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