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应用说明

Cree® XLamp®长期流明维持率
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前言

高功率LED灯通常不会出现灾难性失效（即无法发光），但光 

输出会随着时间的推移而慢慢减少。为了确定这种逐渐光损 

失的特征，Cree使用了符合IES LM-80的测试配置和程 

序。由于许多高功率LED灯即使经过数千小时的测试后也未达到

L70寿命1，因此Cree使用IES TM-21中建议的方法来预测LED
的长期流明维持率行为。

1	 在LED光输出减少到其初始光输出70%之前的持续时间。
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定义和概念

正向电流（IF）：通过在正向偏置条件下工作的LED灯的电流量，通常以毫安（mA）表示。

正向电压（VF）：在正向偏置条件下工作的LED灯正负极之间的电势，通常以伏特（V）表示。

流明衰减率：在任何选定的所经过工作时间的光通量输出损失（以初始输出的百分比表示）。流明衰减率与流明维持率相反。

流明维持率：在任何选定的所经过工作时间剩余的光通量输出（以初始输出的百分比表示）。流明维持率与流明衰减率相反。

流明维持率寿命：达到指定的流明衰减或流明维持百分比所经过的工作时间，以小时表示。工作时间不包括光源周期性关闭或定期关闭所

经过的时间。

额定流明维持率寿命(Lρ)：LED光源维持其初始光输出的特定百分比所经过的工作时间。这以Lρ表示，其中ρ是百分比值。例如，

•	 L50 = 达到50%流明维持率所经过的时间，以小时为单位。

•	 L70 = 达到70%流明维持率所经过的时间，以小时为单位。

•	 L85 = 达到85%流明维持率所经过的时间，以小时为单位。

对于LED灯，流明维持率通常用不同工作条件（如驱动电流和结温）下LED相对光输出与时间的关系曲线来表示。

环境空气温度（T
空气

）：LED周围空气的温度。一般而言，该温度应在LED的半高全宽（FWHM）光束角度外且在包含LED的同一外 

壳内测量。

结温（TJ）：LED灯内LED晶粒的结点温度。采用机械手段直接测量LED晶粒的温度比较困难并可能导致错误结果。Cree建议通过 

测量TSP、VF和IF并使用以下等式来间接测量TJ。

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

注：Rth j-sp是LED结点与LED灯焊点之间的热阻。所有LED数据手册中都提供了该参数。
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焊点温度（TSP）：LED灯底部散热焊盘的温度。Cree在各个适用的“焊接和处理”文档中提供了所有XLamp LED的建议TSP。TSP也被

称为外壳温度（TC）。

图1显示了流明维持率温度参数测量点。

图1: 流明维持率温度参数测量点

IES LM-80-2008和IES TM-21-2011

IES LM-80-2008，“测量LED光源的流明维持率”（“LM-80”）是一项行业标准，它定义了测试LED灯、阵列和模块的方法以确定

它 们的流明衰减特征并报告结果。LM-80的目标是：通过建立统一的测试方法，使不同实验室能够对测试结果进行可靠的对比。Cree在

美国北卡罗莱纳州达勒姆的固态照明（SSL）测试实验室经过了美国国家实验室自愿认证计划(NVLAP)的LM-80测试资质认证。由Cree
产生的所有LM-80结果均在Cree的获认证实验室（NVLAP实验室代码500041-0）中产生。

IES TM-21-2011，“预测LED光源的长期流明维持率”（“TM-21”）是一项技术备忘录，它建议采用的方法是通过LM-80测试 

结果来确定LED灯的额定流明维持率寿命（Lρ）。

美国环境保护署（EPA）认可这些方法的效力并要求在审批提交能源之星认证的灯具的过程中使用这些方法。作为能源之星的合 

作伙伴，Cree已使用并将继续使用LM-80和TM-21中定义的方法来测试XLamp LED的长期流明维持率并预测它们的流明维持率寿命。

 
 
Rated Lumen Maintenance Life ( L p ) : The elapsed operating time over which an LED light source maintains a given 
percentage of its initial light output.  This is defined as Lp where p is the percentage value.  For example, 

 L50 = Time to 50% lumen maintenance, in hours 
 L70 = Time to 70% lumen maintenance, in hours 
 L85 = Time to 85% lumen maintenance, in hours 

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

LA BEL THIS DRAWING WITH T AIR , T J , ETC…  
 

 

 
 
Temperature, Ambient Air (T A IR ):  The temperature 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 (T J ):  The temperature of the junction of the LED die inside the LED lamp.  Measuring the 
LED die temperature by direct mechanical means is difficult and may lead to erroneous results.  Cree recommends 
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 in all LED data sheets. 
 
Temperature, Solder Point (T SP ):  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 
temperature (Ts). 
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Cree符合LM-80的流明维持率测试

Cree的SSL测试实验室（经NVLAP认证）依照LM-80方法来测试XLamp LED灯的长期流明维持率。具体而言，首先将多组

XLamp LED灯安装到金属核心印刷电路板（MCPCB）上。每组通常包含30只独立的XLamp LED灯。然后将电路板装在环境测试 

室内的散热片上。每只LED灯的TSP通过不断调节散热片的温度主动加以监测和控制。测试室中的环境空气温度（T
空气

）也通过 

调节流经测试室的空气的温度主动加以监测和控制。依照LM-80 4.4.2，环境测试室中的T
空气

被控制在保持低于TSP的5°C以内。依照 

LM-80 4.4.3，必须注意尽可能减少被测器件邻近的任何气流。

在测试开始之前（t=0），先在积分球中初步测量各个XLamp LED灯的电特性和光度特性。然后将LED灯组放入环境测试室中，并使 

各组灯在不同的驱动电流下工作（从XLamp LED数据手册中规定的标称值到最大值不等）。每隔一定时间（根据LM-80，至少每 

隔1000小时）从环境测试室中取出LED灯，并在积分球中对其进行重新测量。

影响LED流明维持率的因素

工作温度和驱动电流是影响高功率LED芯片的长期流明维持率的两个众所周知的变量。经过数千小时的使用，高温将降低芯片中量子阱的

效率，从而导致光输出的缓慢损失。这就是精确温度控制在LM-80测试中至关重要的原因。除了LED芯片之外，制造方法和构建LED灯

组件所用的材料也是受温度和驱动电流影响的关键变量以及影响LED流明维持率行为的主要因素。由于所有这些变量是相互关联的，因此

LED流明维持率是一个相当复杂的问题。

可能影响这类产品的流明维持率的主要因素包括（但不限于）以下因素。

•	 LED灯透镜所用的硅材料

•	 LED芯片材料和制造技术

•	 所用的荧光粉及其应用方法

这些因素如图2中高功率LED灯剖面图所示。作为LED灯中独立的子组件，它们均受到工作条件（温度和电流）的影响并可能随着时间的

推移而有不同程度的衰退。
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图2: 高功率LED灯剖面图——显示了影响流明衰减的主要因素

硅密封剂是这种衰退的一个很好的例子。LED行业中所用的硅是聚硅氧烷（或硅氧烷）。2视其确切化学成分的不同，这些硅氧烷可能对

工作温度非常敏感。在较高温度下，材料的透明度可能快速衰退，从而导致LED灯光输出的整体损失。从芯片本身中发射出的光子的能量

也可能损坏硅氧烷材料，从而进一步降低材料透明度，导致更多流明衰减。因此，驱动电流越高，从芯片中发射出的光就越多，灯的流明

衰减就越快。更高的驱动电流还可能导致更高的LED工作温度，从而使衰减问题复杂化。

如图3中截面图所示，与之前所述的高功率LED灯一样，中等功率LED灯也使用硅氧烷作为密封剂并因此同样对热量和光子能量敏感。但

是，与用陶瓷基底构建的高功率LED灯不同的是，大多数中等功率（和低功率）LED被封装在聚邻苯二甲酰胺(PPA)塑料聚合物中。与

用作LED密封剂的一些最敏感的硅相比，PPA聚合物更容易受到来自热量和光子能量的损伤。与温度和光的接触会导致这些PPA聚合物变

暗。由于从塑料封装中发射出的大部分光受到封装内壁的反射，因此PPA聚合物不可避免的变黑将导致快速的流明衰减。因中等功率LED
灯在较高温度和驱动电流下工作而产生的快速流明衰减使得这些LED灯只适合无需长久流明维持率的非关键照明应用。

图3: 中等功率LED的剖面图

2	 如需更多信息，请参阅Cree的应用说明：Cree XLamp LED化学兼容性，应用说明CLD-AP63，www.cree.com/products/pdf/ 
XLamp_Chemical_Comp.pdf

 
 
Factors Affecting Lumen Maintenance of LEDs  

 
Operating temperature and drive current are two well known variables that affect the long-term lumen maintenance of 
high-power LED chips.  Over thousands of hours of use, high temperatures will reduce the efficiency of the quantum 
wells in the chip causing a slow loss in light output.  This is why precise control of temperature during LM-80 testing is 
so important.  In addition to the LED chip, the manufacturing methods and the materials used in the construction of 
the LED lamp components are also critical variables that are affected by temperature and drive current and are the 
primary factors that will impact the lumen maintenance behavior of the LEDs.  As all of these variables are 
interrelated the topic of LED lumen maintenance is quite complex. 
 
Figure A shows a cross-section of a high power LED lamp. The primary factors that can influence the lumen 
maintenance of this type of product include (but may not be limited to) the silicone material used as the lens on the 
lamp, the LED chip materials and fabrication technology, and the phosphor used and the phosphor application 
method.  Taken as individual sub-components within the LED lamp they each are influenced by the operating 
conditions (temperature and current) and each might degrade differently over time.   

 

 

 
Figure A.  Cross-Section of high-power LED lamp showing primary factors that affect lumen depreciation 

 
 
The silicone encapsulants are a good example.  The silicones used in the LED industry are polyorganosiloxanes (or 
“siloxanes”).*  Depending on their exact chemical composition, these siloxanes may be very sensitive to operating 
temperatures.  At higher temperatures the transparent nature of the materials can quickly degrade causing an overall 
loss in light output from the LED lamp.  The energy of the photons emitted from the chip itself can also damage the 
siloxane material, further reducing its transparency, causing additional lumen depreciation.  Thus, the higher the drive 
current, the more light being emitted from the chip and the faster the lumen depreciation of the lamp.  Of course 
higher drive currents also result in higher operating temperatures of the LEDs compounding the depreciation issue. 
 
 
 
 
 
 
 
 
 
*see Cree Applications Note CLD-AP63, “Cree XLamp LEDs Chemical Compatability”. 
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Figure B shows a cross-section of a medium power LED lamp.  Like the high power LED lamps previously discussed, 
these types of products also use siloxanes as encapsulants and so are similarly sensitive to heat and photonic energy.  
However, unlike high power LED lamps which are constructed with ceramic substrates, most medium power (and low 
power) LEDs are packaged in polyphthalamide (PPA) plastic polymers.  PPA polymers are even more susceptible to 
damage from heat and photonic energy than some of the most sensitive of silicones used as LED encapsulants.  
Exposure to temperature and light will cause these PPA’s to darken.  Since much of the light emitted from plastic 
packaged LEDs is reflected off the interior walls of the package, the inevitable darkening of the PPA results in rapid 
lumen depreciation.  The quick lumen depreciation that results in operating these medium power LED lamps at higher 
temperatures and drive currents limits their use to non-critical lighting applications (where long lumen maintenance is 
not necessary).   
 

 

 
 
In order to select the correct LED to be used in specific applications, an understanding the construction of LED 
components, their sensitivities to operating conditions, and the desired long term lumen maintenance is important  
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图2：

图3：

http://www.cree.com/products/pdf/XLamp_Chemical_Comp.pdf
http://www.cree.com/products/pdf/XLamp_Chemical_Comp.pdf


长期流明维持率 

版权所有© 2010 Cree, Inc.保留所有权利。本文件中的信息若有更改，恕不另行通知。Cree、Cree徽标及XLamp是Cree, Inc.的注册商标。

6

版权所有© 2008-2013 Cree, Inc.保留所有权利。本文件中的信息若有更改，恕不另行通知。Cree®、Cree徽标及XLamp®是Cree、Inc.的注册商标。本文件仅供参考、不是保修单或规格。如需了解产

品规格、请参阅 www.cree.com 上提供的数据手册。如需了解保修信息、请发送电邮至sales@cree.com联系Cree销售部。

6

理解LED组件的构建、对工作条件的敏感性及所需的长期​​流明维持率对于选择适用于特定应用的正确LED是至关重要的。

使用TM-21来预测额定流明维持率寿命

一旦完成至少6000小时的LM-80测试，测试结果就可被用于预测LED的额定流明维持率寿命（Lρ）。依照TM-21，对在每个测量 

点收集的数据进行平均并在时间为0时归一化到1（或100%）。然后对1000与6000小时之间的各个平均后数据点进行最小平方指数 

曲线拟合。然后就可向前预测曲线，以确定与所需的Lρ相交的点。Lρ值也可使用与数据拟合的指数曲线的等式来计算。TM-21的约 

定之一是，数据集报告的Lρ限值为实际测试持续时间的6倍。因此，在使用6000小时的实际测试数据时，任何最大的Lρ均可被报告

为“> 36,000”小时。

在图4所示的例子中，指数曲线拟合1000与6000小时之间的所有数据点。计算的L85寿命为23200小时，计算的L70寿命 

为50000小时。但是，由于只完成了6000小时的测试，因此L70寿命仅可被报告为> 36000小时。由于计算的23200小时L85寿命小 

于3600​​0小时，因此可报告实际的L85寿命值。在使用TM-21预测方法报告LM-80结果时，需要以下特定规则：同时显示Lρ值和完 

成的测试时间。因此对于图4中所示的数据集，L85（6K）寿命 = 23200小时，L70（6K）寿命> 36000小时。
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图4: 6000小时时的示例流明维持率寿命

随着LM-80测试的继续进行，可获得更多的数据。在完成6000到10000小时的测试后，对最后5000小时的平均点而不是所有的点进 

行指数曲线拟合。这样做的原因是，随着测试的进展，LED的流明衰减经常变慢，而这可能导致较高的预测Lρ值。由于已完成了10000
小时的测试，因此图5中的示例所示的数据集与图4中的相同。指数曲线拟合5000小时与10000小时之间的点将导致计算的Lρ所示值。

同样，依照TM-21，报告的L70寿命限值为10000小时测试持续时间的6倍即60000小时。因此对于该数据，报告的L85（10K）寿 

命 = 28500小时，L70（10K）寿命> 60000小时。

Using TM - 21 to Project Rated Lumen Maintenance Life  

 
Once a minimum of 6,000 hours of LM-80 testing has been completed, the test results can be used to project the 
Rated Lumen Maintenance Life (Lp) of the LEDs.  Per TM-21, the data collected at each measurement point is 
averaged and normalized to 1 (or 100%) at time 0.  An exponential least squares curve fit to each of the averaged 
data points between 1,000 and 6,000 hours is then performed.  The curve can then be projected forward to determine 
the point where it crosses the desired Lp.  The Lp values can also be calculated using the equation of the exponential 
curve that is fit to the data.  One stipulation with TM-21 is that the reported Lp for a data set is limited to 6 times the 
actual test duration.  Thus, when using 6,000 hours of actual test data, any maximum reported Lp can only be 
reported as “>36,000” hours. 

In the example shown below, the exponential curve is fit to all of the data points between 1,000 and 6,000 hours.  
The calculated L85  is 23,200 hours and the calculated L70  is 50,000 hours. However, since there are only 6,000 hours 
of testing completed, the L70  can only be reported as >36,000 hours.  Since the calculated L85  of 23,200 hours is less 
than 36,000 hours, the actual L85  value can be reported.  When reporting LM-80 results using TM-21 projection 
methods, specific nomenclature is required:  the Lp values and completed test times are both shown.  So for the data 
set below, the L85 (6K) = 23,200 hours and the L70 (6K) > 36,000 hours.   

 

 

 

 

 

 

指数曲线拟合1000
与6000小时之间的数据点

光
通
量

时间（小时）

计算的

L85 = 23,200小时

计算的

L70 = 50,000小时

图4：
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图5: 10,000小时时的示例流明维持率寿命

如果LM-80测试时间超过10000个小时，则最后50%的数据点将被用于指数曲线拟合。如果完成了12000个小时的测试，则最后6000
个小时（12000/2 = 6000）的数据将被用于曲线拟合。如果完成了16000个小时的测试，则最后8000个小时的数据将被用于曲线拟

合。在所有情况下，均使用最大6倍的Lρ预测限值。

LM-80报告

Cree发布了XLamp LED产品的LM-80测试报告。这些报告的摘要信息可参阅Cree XLamp LED IES LM-80-2008测试结果应用 

说明：www.cree.com/xlamp_app_notes/LM80_results。各个独立的XLamp LED产品的完整LM-80测试报告可向Cree销售部 

索取。这些详细报告可供提交照明产品进行能源之星和DesignLights Consortium产品认证之用。随着更多LM-80测试的完成，Cree将

定期更新XLamp LM-80报告。

 

 

As LM-80 testing continues, more data is obtained.  When testing between 6,000 and 10,000 hours has been 
completed, the exponential curve fit is made to the last 5,000 hours of average points rather than all the points.  This 
is done because the rate of lumen depreciation of LEDs frequently slows as testing progresses which can result in 
higher projected Lp values.  The example below shows the same data set seen on the previous page except now 
10,000 hours of testing has been completed.  Fitting an exponential curve to the points between 5,000 and 10,000 
hours results in the calculated Lp values shown.  Once again, per TM-21 the reported L70  is limited to 6 times the test 
duration of 10,000 hour – or 60,000 hours.  So, for this data the reported L85 (10K) = 28,500 hours and the L70 (10K) 
> 60,000 hours. 

 

As LM-80 test times progress beyond 10,000 hours the last 50% of the data points are used for the exponential curve 
fit.  If 12,000 hours of testing has been completed the last 6,000 hours of data (12,000/2 = 6,000) is used for the 
curve fit.  If 16,000 hours of testing has been completed, the last 8,000 hours of data is used for the curve fit.  In all 
cases, the maximum 6X Lp projection limit is used. 

 

 

 

指数曲线拟合5000
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计算的
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图5：
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