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Cree® XLamp® Long-Term Lumen Maintenance

July 2009

This application note outlines Cree’s long-term testing methodology and provides Cree’s guidance on mean L70 

lifetimes for XLamp XR-E LED lamps in a wide range of operating conditions.  Using this application note, LED 

luminaire designers can predict the expected mean L70 lifetime of XLamp XR-E LEDs in a specific LED system, based 

on critical parameters.

High-power LED lamps typically do not fail catastrophically (i.e., fail to emit light) but will slowly decrease in light 

output over time.  To characterize this gradual light loss, Cree uses both IES LM-80 compliant and other test 

methods.

Many high-power LED lamps do not reach L70 even after thousands of hours of testing.  Therefore, Cree uses the 

available data to project the L70 lifetimes for the LED lamps under those operating conditions.  Furthermore, Cree 

uses this information to develop methods of predicting L70 lifetimes for LED lamps under a wide range of operating 

parameters.
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Definitions & Concepts

Forward Current (IF): The amount of current flowing through an LED lamp operating in forward bias, typically mea-
sured in milliamps (mA).

Forward Voltage (VF): The voltage potential across an LED lamp operating in forward bias, typically measured in Volts 
(V).

Lumen Depreciation: The luminous flux output lost (expressed as a percentage of the initial output) at any selected 
elapsed operating time. Lumen depreciation is the converse of lumen maintenance.

Lumen Maintenance: The luminous flux output remaining (expressed as a percentage of the initial output) at any 
selected elapsed operating time. Lumen maintenance is the converse of lumen depreciation.

Lumen Maintenance Life: The elapsed operating time at which the specified percentage of lumen depreciation or lu-
men maintenance is reached, expressed in hours. Operating time does not include elapsed time when the light source 
is cycled off or periodically shut down.

Rated Lumen Maintenance Life (Lxx): The elapsed operating time over which the LED light source will maintain the 
percentage, xx, of its initial light output. For example,
•	 L70 = Time to 70% lumen maintenance, in hours
•	 L50 = Time to 50% lumen maintenance, in hours

For LED lamps, lumen maintenance is often shown as curves of relative lumen output over time for the LED under vari-
ous operating conditions, such as drive current and junction temperature.

Temperature, Ambient Air (TAIR): The tem-
perature of the air immediately surrounding 
the LED. In general, this temperature should 
be measured outside the FWHM beam angle 
of the LED and within the same enclosure that 
contains the LED.

Temperature, Junction (TJ): The tempera-
ture of the junction of the LED die inside the 
LED lamp. Measuring the LED die tempera-
ture by direct mechanical means is difficult 
and may lead to erroneous results. Cree rec-
ommends measuring TJ indirectly through 
measurement of TSP, VF and IF and using the 
following equation:

TJ  = TSP + ( [Rth j-sp] x [VF] x [IF] )

Note: Rth j-sp is the thermal resistance between the LED junction and the solder point of the LED lamp. This parameter is 
provided on all LED data sheets.

Temperature, Solder Point (TSP): The temperature of the thermal pad on the bottom of the LED lamp. Cree shows 
the recommended TSP for all XLamp LED lamps in each applicable Soldering & Handling document. Also called case tem-
perature (TC).
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TAIR
Ambient Air Temperature

TJ
Junction Temperature

TSP
Solder-Point Temperature 

IF
Forward Current /
Drive Current
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IES LM-80-2008 Test Methodology

IES LM-80-2008, “Measuring Lumen Maintenance of LED Light Sources” (“LM-80”) is the industry standard that defines 
the method for testing LED lamps, arrays and modules to determine their lumen depreciation characteristics and report 
the results.  The goal of LM-80 is to allow a reliable comparison of test results among laboratories by establishing uni-
form test methods. 

The US Department of Energy recognizes the validity of LM-80 and requires it to be used for testing LED lamps in lumi-
naires that are submitted for Energy Star approval.  As an Energy Star Partner, Cree uses the methods defined in LM-80 
to test the long-term lumen maintenance of XLamp LED lamps.

Cree LM-80 Compliant Lumen Maintenance Test Configuration

Cree tests XLamp LED lamps for long-term lumen maintenance consistent with LM-80 methods. Specifically, sets of 
XLamp LED lamps are first mounted onto metal core printed circuit boards (MCPCB’s).  A set typically contains thirty in-
dividual XLamp LED lamps.  The boards are then attached to heat sinks in environmental test chambers. The TSP of each 
LED lamp is actively monitored and controlled by continuously regulating the temperature of the heat sinks.  Ambient 
air temperature (TAIR) in the chamber is also actively monitored and controlled by regulating the temperature of the air 
flowing through the chamber.  Per LM-80 4.4.2, TAIR in the environmental chambers is controlled to be held within 5°C of 
TSP.  Per LM-80 4.4.3, care is taken to minimize any drafts in the immediate vicinity of the devices under test.  

The luminous flux and chromaticity of the XLamp LED lamps are initially measured in an integrating sphere before the 
testing begins (at t=0).  The LED lamp sets are then placed into the environmental chambers – with various sets of 
lamps being operated at various drive currents (from nominal to maximum as specified in the XLamp data sheets).  At 
regular intervals, the LED lamps are removed from the environmental test chambers and the luminous flux and chroma-
ticity are re-measured in an integrating sphere.

Temperature of solder pad of lamps is independently 
actively controlled by fluid flowing through heat sink.

Temperature of ambient around lamps is actively 
controlled by air flowing through chamber

Lamps are mounted to MCPCBs.

pg. 14Copyright © 2009, Cree, Inc.



This document is provided for informational purposes only and is not a warranty or a specification. For product specifications, please 
see the data sheets available at www.cree.com. For warranty information, please contact Cree Sales at sales@cree.com. 

Copyright © 2009 Cree, Inc. All rights reserved. The information in this document is subject to change without notice. Cree, the 
Cree logo, and XLamp are registered trademarks of Cree, Inc. 

4 CLD-AP28 Rev. 0

Cree, Inc.
4600 Silicon Drive

Durham, NC 27703
USA Tel: +1.919.313.5300

www.cree.com/xlamp

Additional Lumen Maintenance Test Configurations

Additional test conditions are also being used at Cree to study the long-term behavior of XLamp LED lamps. As with 
Cree’s standard long-term testing configuration, LED lamps are tested in an integrating sphere for luminous flux and 
chromaticity at t=0 and at regular intervals during the testing period.

Room Temperature Testing

In the Room Temperature Testing configuration, TAIR is actively controlled at 25°C.  Each 
test set uses identical heat sinks.  The TSP is passively controlled by the drive current – the 
higher the drive current, the higher the resulting TSP.  

High Junction Temperature Testing

In the High Junction Temperature Testing configuration, TAIR is held at 25°C, while the LEDs 
are attached to thermo-electric coolers (TECs) so that the LED TSP (and thus the TJ) can be 
directly and precisely controlled up to 150°C. 

Long-Term Testing Observations

The LED industry currently examines junction temperature and drive current to predict an LED lamp’s long-term lumen 
maintenance.  However, Cree has observed that high ambient air temperatures also play an important role in the long-
term lumen maintenance of silicone-encapsulated LED lamps. 

As an example, the graph above shows the lumen maintenance results of XLamp XR-E white LED lamps under three dif-
ferent test conditions. Conventional wisdom dictates that the (TAIR=25°C, TSP=90°C, IF=1.000 A) case should have the 
worst lumen maintenance of the three cases because it has the highest junction temperature and drive current.  Cree 
has observed repeatedly that in fact, higher ambient air temperatures will accelerate lumen depreciation to a degree 
that cannot be observed through TAIR = 25°C testing.
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Long-Term Testing Observations (continued)

Therefore, there is a third critical factor that affects the rate of lumen 
depreciation for LED lamps, the temperature of the air surrounding 
the LED lamp (TA).  Most high power LED lamps, including XLamp LED 
lamps, use silicone materials in the package.  When exposed to high 
temperatures these silicone materials will degrade, reducing the light 
that is transmitted through them from the LED chip.  Just as the indus-
try has observed that higher TJ and TSP accelerates the rate of lumen 
depreciation, higher TAIR also accelerates the rate of lumen depreciation.

Functional Model for XLamp XR-E White Lumen Maintenance

Cree has accumulated as much as 50,000 hours of XLamp LED lamp test data under both LM-80-compliant conditions 
and other conditions described in earlier sections.  The effects of TAIR, TJ, TSP and IF on long-term lumen maintenance 
have been closely studied and are well understood.  

Cree has observed that the lumen maintenance characteristics of XLamp XR-E white LED lamps are different in the first 
5,000 hours of test (called Period A below) than in the time period following 5,000 hours (called Period B below).  A 
best-fit regression model for Period A was developed from 16 individual long-term data sets and includes variables such 
as TSP, IF, TJ and TAIR. Cree has observed that lumen maintenance in Period B is linear, so Period B uses a linear model 
that includes the same variables as Period A. 

The lumen depreciation rates for both Period A and Period B for any combination of critical operating parameters (TSP, 
IF, TJ, TAIR) can be calculated using these models. With both Period A and Period B lumen depreciation rates known, the 
final L70 lifetime can be determined. This is the method used to create the lifetime prediction graphs. 

Copyright © 2009, Cree, Inc.       Rev 5.0     January 2009 pg. 22

2,000 4,000 8,0006,000 10,000 12,000 14,0000

70

80

110

90

Period A Period B

5,000

R
e
la

ti
v
e
 L

u
m

in
o

u
s 

F
lu

x

Slope A =
ΔyA
ΔxA

Slope B =
ΔyB
ΔxB

100

Time (hours)

Cross-Section Diagram of a High-Power LED

pg. 46Copyright © 2009, Cree, Inc.



This document is provided for informational purposes only and is not a warranty or a specification. For product specifications, please 
see the data sheets available at www.cree.com. For warranty information, please contact Cree Sales at sales@cree.com. 

Copyright © 2009 Cree, Inc. All rights reserved. The information in this document is subject to change without notice. Cree, the 
Cree logo, and XLamp are registered trademarks of Cree, Inc. 

6 CLD-AP28 Rev. 0

Cree, Inc.
4600 Silicon Drive

Durham, NC 27703
USA Tel: +1.919.313.5300

www.cree.com/xlamp

XLamp XR-E White L70 Lifetime Predictions

Cree has used the XLamp XR-E White LED lamp lumen maintenance model described above to create a complete set of 
mean L70 lifetime projections for a wide variety of operating conditions.  These projections are shown in the following 
graphs. The lines in the graphs are truncated where TSP < TAIR.

The first set of graphs is grouped by IF.  These graphs show the effect of ambient air temperature on L70 lifetime for the 
same drive current and junction temperature.  

The second set of graphs is grouped by TAIR.  These graphs show the effect of drive current on L70 lifetime for the same 
ambient air temperature and junction temperature.

XLamp XR-E White L70 Lifetime Prediction Graphs - Grouped By IF 
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XLamp XR-E White L70 Lifetime Prediction Graphs - Grouped By IF (continued)
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XLamp XR-E White L70 Lifetime Prediction Graphs - Grouped By TA 
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XLamp XR-E White L70 Lifetime Prediction Graphs - Grouped By TA (continued)
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XLamp XR-E White L70 Lifetime Prediction Graphs - Grouped By TA (continued)
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