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THE INTERNATIONAL COMMISSION ON ILLUMINATION  

The International Commission on Illumination (CIE) is an organisation devoted to international co-operation and exchange of 
information among its member countries on all matters relating to the art and science of lighting. Its membership consists of 
the National Committees in about 40 countries. 
The objectives of the CIE are : 
1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the 

fields of light and lighting and for the interchange of information in these fields between countries. 
2. To develop basic standards and procedures of metrology in the fields of light and lighting. 
3. To provide guidance in the application of principles and procedures in the development of international and national 

standards in the fields of light and lighting. 
4. To prepare and publish standards, reports and other publications concerned with all matters relating to the science, 

technology and art in the fields of light and lighting. 
5. To maintain liaison and technical interaction with other international organisations concerned with matters related to 

the science, technology, standardisation and art in the fields of light and lighting. 
The work of the CIE is carried on by seven Divisions each with about 20 Technical Committees. This work covers subjects 
ranging from fundamental matters to all types of lighting applications. The standards and technical reports developed by 
these international Divisions of the CIE are accepted throughout the world. 
A plenary session is held every four years at which the work of the Divisions and Technical Committees is reviewed, 
reported and plans are made for the future. The CIE is recognised as the authority on all aspects of light and lighting. As 
such it occupies an important position among international organisations. 
 

LA COMMISSION INTERNATIONALE DE L'ECLAIRAGE  

La Commission Internationale de l'Eclairage (CIE) est une organisation qui se donne pour but la coopération internationale 
et l'échange d'informations entre les Pays membres sur toutes les questions relatives à l'art et à la science de l'éclairage. 
Elle est composée de Comités Nationaux représentant environ 40 pays. 
Les objectifs de la CIE sont : 
1. De constituer un centre d'étude international pour toute matière relevant de la science, de la technologie et de l'art de 

la lumière et de l'éclairage et pour l'échange entre pays d'informations dans ces domaines. 
2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumière et de l'éclairage. 
3. De donner des directives pour l'application des principes et des méthodes d'élaboration de normes internationales et 

nationales dans les domaines de la lumière et de l'éclairage. 
4. De préparer et publier des normes, rapports et autres textes, concernant toutes matières relatives à la science, la 

technologie et l'art dans les domaines de la lumière et de l'éclairage. 
5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées par 

des sujets relatifs à la science, la technologie, la normalisation et l'art dans les domaines de la lumière et de 
l'éclairage. 

Les travaux de la CIE sont effectués par 7 Divisions, ayant chacune environ 20 Comités Techniques. Les sujets d'études 
s'étendent des questions fondamentales, à tous les types d'applications de l'éclairage. Les normes et les rapports 
techniques élaborés par ces Divisions Internationales de la CIE sont reconnus dans le monde entier. 
Tous les quatre ans, une Session plénière passe en revue le travail des Divisions et des Comités Techniques, en fait 
rapport et établit les projets de travaux pour l'avenir. La CIE est reconnue comme la plus haute autorité en ce qui concerne 
tous les aspects de la lumière et de l'éclairage. Elle occupe comme telle une position importante parmi les organisations 
internationales. 
 

DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION  

Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und 
dem Austausch von Informationen zwischen ihren Mitgliedsländern bezüglich der Kunst und Wissenschaft der Lichttechnik 
widmet. Die Mitgliedschaft besteht aus den Nationalen Komitees in rund 40 Ländern. 
Die Ziele der CIE sind : 
1. Ein internationaler Mittelpunkt für Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der 

Lichttechnik und für den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Ländern zu sein. 
2. Grundnormen und Verfahren der Meßtechnik auf dem Gebiet der Lichttechnik zu entwickeln. 
3. Richtlinien für die Anwendung von Prinzipien und Vorgängen in der Entwicklung internationaler und nationaler Normen 

auf dem Gebiet der Lichttechnik zu erstellen. 
4. Normen, Berichte und andere Publikationen zu erstellen und zu veröffentlichen, die alle Fragen auf dem Gebiet der 

Wissenschaft, Technik und Kunst der Lichttechnik betreffen. 
5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen 

der Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben. 
Die Arbeit der CIE wird in 7 Divisionen, jede mit etwa 20 Technischen Komitees, geleistet. Diese Arbeit betrifft Gebiete mit 
grundlegendem Inhalt bis zu allen Arten der Lichtanwendung. Die Normen und Technischen Berichte, die von diesen 
international zusammengesetzten Divisionen ausgearbeitet werden, sind von der ganzen Welt anerkannt. 
Tagungen werden alle vier Jahre abgehalten, in der die Arbeiten der Divisionen überprüft und berichtet und neue Pläne für 
die Zukunft ausgearbeitet werden. Die CIE wird als höchste Autorität für alle Aspekte des Lichtes und der Beleuchtung 
angesehen. Auf diese Weise unterhält sie eine bedeutende Stellung unter den internationalen Organisationen. 
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II 

This Technical Report has been prepared by CIE Technical Committee 2-45 of Division 2 
"Physical Measurement of Light and Radiation" and has been approved by the Board of 
Administration of the Commission Internationale de l'Eclairage for study and application. The 
document reports on current knowledge and experience within the specific field of light and 
lighting described, and is intended to be used by the CIE membership and other interested 
parties. It should be noted, however, that the status of this document is advisory and not 
mandatory. The latest CIE proceedings or CIE NEWS should be consulted regarding possible 
subsequent amendments. 

 

Ce rapport technique a été élaboré par le Comité Technique CIE 2-45 de la Division 2 
"Mesures physiques de la lumière et des radiations" et a été approuvé par le Bureau de la 
Commission Internationale de l'Eclairage, pour étude et emploi. Le document expose les 
connaissances et l'expérience actuelles dans le domaine particulier de la lumière et de 
l'éclairage décrit ici. Il est destiné à être utilisé par les membres de la CIE et par tous les 
intéressés. Il faut cependant noter que ce document est indicatif et non obligatoire. Il faut 
consulter les plus récents comptes rendus de la CIE, ou le CIE NEWS, en ce qui concerne 
des amendements nouveaux éventuels. 

 

Dieser Technische Bericht ist vom CIE Technischen Komitee 2-45 der Division 2 
"Physikalische Messungen von Licht und Strahlung" ausgearbeitet und vom Vorstand der 
Commission Internationale de l'Eclairage gebilligt worden. Das Dokument berichtet über den 
derzeitigen Stand des Wissens und Erfahrung in dem behandelten Gebiet von Licht und 
Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und durch andere Interessierte 
bestimmt. Es sollte jedoch beachtet werden, daß das Dokument eine Empfehlung und keine 
Vorschrift ist. Die neuesten CIE-Tagungsberichte oder das CIE NEWS sollten im Hinblick auf 
mögliche spätere Änderungen zu Rate gezogen werden. 

 

Any mention of organisations or products does not imply endorsement by the CIE. Whilst 
every care has been taken in the compilation of any lists, up to the time of going to press, 
these may not be comprehensive.  

 

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le 
soin apporté à la compilation de tous les documents jusqu'à la mise sous presse, ce travail 
ne saurait être exhaustif.  

 

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die 
CIE. Obgleich große Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der 
Drucklegung angewendet wurde, ist es möglich, daß diese nicht vollständig sind.  
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MEASUREMENT OF LEDS 

SUMMARY 

This report is an update of the previously published CIE Technical Report CIE 127-1997. 

There are significant differences between LEDs and other light sources which made it 
necessary for the CIE to introduce new quantities for their characterization with precisely defined 
measurement conditions. New quantities introduced here are "Averaged LED Intensity" and 
"Partial LED Flux". 

The report describes in detail the measurement conditions for ALI (Averaged LED 
Intensity), Total and Partial LED Flux and Spectral Power Distribution. It is shown that 
measurements by substitution method using LED standards can be simpler; however it is 
important to compare similar coloured LEDs or use colour correction on the measurement 
results. The standard LEDs need to be calibrated by National Metrology Laboratories or a 
laboratory traceable to National Metrology Laboratories. 

 

MESURE DES DIODES ELECTROLUMINESCENTES (LED) 

RESUME 

Ce rapport est une actualisation du rapport technique CIE 127-1997 publié antérieurement 
par la CIE. Il y existe des différences significatives entre les LED et les autres sources de 
lumière qui ont nécessité, pour la CIE, l'introduction de nouvelles grandeurs avec des 
conditions de mesure précisément définies pour leur caractérisation. Les nouvelles grandeurs 
définies ici sont "l'intensité moyennée d'une LED" et "le flux partiel d'une LED". 

Le rapport décrit en détail les conditions de mesure de l’intensité moyennée d’une LED 
"ALI" (Averaged LED Intensity), le flux total et le flux partiel d'une LED, et la distribution 
spectrale de puissance. Il est montré que les mesures par une méthode de substitution utilisant 
une LED étalon peuvent être plus simples; cependant il est important de comparer des LED de 
couleur similaire ou d'appliquer une correction de couleur aux résultats des mesures. Les LED 
étalons doivent être étalonnées par un laboratoire national de métrologie ou un laboratoire 
traçable à un laboratoire national de métrologie. 

 

MESSUNG VON LEDS 

ZUSAMMENFASSUNG 

Dieser Technische Bericht ist eine Aktualisierung des früher publizierten Technischen 
Berichtes der CIE der Nummer 127-1997. 

Es gibt signifikante Unterschiede zwischen LEDs und anderen Lichtquellen; diese 
erfordern von der CIE die Einführung neuer Größen zur Charakterisierung von LEDs unter 
genau festgelegten Messbedingungen. Die hier neu eingeführten Größen sind die "mittlere 
LED-Lichtstärke" und der "LED-Teillichtstrom". Dieser Technische Bericht beschreibt im Detail 
die Messbedingungen für die "mittlere LED-Lichtstärke", den "LED-Teillichtstrom", den LED-
Gesamtlichtstrom und die spektrale Strahlungsverteilung von LEDs. Es wird gezeigt, dass 
Messungen nach der Substitutionsmethode unter Verwendung von LED-Normalen einfacher 
sein können; hierbei ist es wichtig, LEDs ähnlicher Farbe zu vergleichen oder aber die 
Messergebnisse bezüglich spektraler Fehlanpassung zu korrigieren. Die LED-Normale müssen 
bei den jeweiligen Nationalen Metrologischen Instituten oder einem Labor, das rückführbar ist 
auf die Nationalen Metrologischen Institute, kalibriert werden. 

 

 

VI 

Copyright International Commission on Illumination 
Provided by IHS under license with CIE Licensee=Hong Kong Polytechnic University/9976803100, User=ertert, rtet

Not for Resale, 05/01/2015 04:52:39 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
,
`
`
`
`
,
,
,
,
`
`
,
`
`
,
`
,
,
`
,
`
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: CIE 127-2007

http://www.avadocuments.com/doc/cie-127-2007
http://www.avadocuments.com/doc/cie-127-2007


CIE 127:2007 

1. INTRODUCTION 

This report is a revision of CIE 127-1997 (Measurement of LEDs) and supersedes it. CIE 127 
was produced before high power LEDs became commonly available. Since CIE 127 was 
published, there has been much progress in the development of the LEDs, especially of high 
power LEDs in a wide range of colours including white, there have been many changes in 
common practice in measurement of LEDs, and also some new knowledge has become 
available. This revision reflects such changes, and updates the recommendations for more 
reproducible and improved measurements of LEDs.  

1.1 Scope 

Semiconductor devices which emit optical radiation can be divided into two distinct groups, 
luminescent diodes, usually known as Light Emitting Diodes or LEDs, and laser diodes. The 
present report is concerned only with the first group, LEDs. This report deals with 
measurement of individual LEDs only and does not cover clusters or arrays of LEDs, fixtures 
using LEDs, nor large area surface emitters such as organic light emitting diodes (OLEDs). 
This report covers measurement of photometric, radiometric, and colorimetric quantities of 
LEDs, to be performed in calibrating laboratories; it does not cover measurement procedures 
in production lines which require other considerations. It is the responsibility of the 
manufacturers and users to ensure that, after obtaining well characterised working standards 
from their laboratory, the test set-up used for production control will measure the defined 
quantities properly. The production line measurement recommendations will be dealt with in 
another report. The deviations from laboratory measurement conditions and possible sources 
of error have to be carefully examined when the test equipment is designed and installed. 

1.2 Terminology  

Strictly speaking, the term LED should only be applied to those diodes that emit visible light. 
Those which emit radiation in the near infrared should, more correctly, be called IREDs 
(Infrared Emitting Diodes). In general, however, both groups of diodes are widely referred to 
as LEDs and, since most of the measurement techniques and characterisations are common 
for the two groups, the term LED is used throughout this report to cover both types. This also 
applies to diodes emitting ultraviolet (UV) radiation. The sections relating to photometric and 
colorimetric quantities clearly apply only to those devices emitting visible light, but if there is 
any confusion this will be made clear at the appropriate point. 

Several terms not defined in the CIE Vocabulary are used in this document as: 

• Averaged LED Intensity; 

• Partial LED Flux. 

Please see document for exact definitions. 

1.3 Purpose of the report 

LEDs are produced in enormous quantities and in a wide range of different types to meet the 
very different specifications of a variety of applications. When a wide range of different types 
of LEDs is measured, the multi-dimensional properties of the emitted optical radiation must be 
considered during a measurement, not only in relation to the emitting diode but also as they 
affect the receiving detector. The range of possible influences on the result of a measurement 
is considerable and the related measurement uncertainty becomes correspondingly high. The 
low level of the radiant power emitted by some LEDs can limit the resolution of the spectral 
and spatial distribution measurements; in order to increase the signal of the detector, it has 
become common practice to measure, for example, the luminous intensity of LEDs at 
relatively short distances at a fairly large solid angle of the radiation coming from the LED. In 
this case LEDs are not measured as a point source and measured results vary depending on 
the geometrical conditions used. To minimize such variation of results, this report 
standardizes such geometrical conditions so that measured values can be comparable and 
reproducible among different users. 
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Definitions of the various radiometric, photometric and colorimetric quantities used to 
characterise the performance of LEDs have been collected and presented here in a way that is 
intended to show some of the limiting conditions that apply during a measurement. 
Recommendations are given for new CIE standard measurement conditions that can be used to 
specify the properties of LEDs. 

LEDs that emit visible radiation are widely used in applications where information has to 
be conveyed to the human eye or for illumination purposes. This report, therefore, deals with the 
characterisation of the emitted radiant power not only in terms of radiometric quantities, but also, 
where applicable, in terms of photometric and colorimetric quantities. Whether radiometric or 
photometric quantities are involved, they should always be measured using the appropriate SI 
units. 

Measurements for characterising LEDs are usually carried out using a DC current 
power supply and operating under steady state conditions. The assumption is made that there is 
thermal equilibrium. If the power supply is changed to multiplexed or modulated mode, even if it 
is adjusted to give the LED under test the same effective electrical power consumption, the 
values measured are averaged in time and the characteristics of the LEDs can be changed 
significantly. The reasons for this and the possible effect on the results are discussed. 

This report is based on the experience and views of the members of CIE Technical 
Committee TC 2-34 and later its continuation, TC 2-45, but it can only represent the state of 
knowledge and development in the field at the time of publication. This is a field where 
production and measurement techniques are changing rapidly, and it is quite likely that future 
developments may render some aspects of the present report obsolete. Should it prove to be 
necessary, it is hoped that the report can be revised from time to time in order to incorporate the 
results of new developments, for example the introduction of new LEDs at shorter wavelengths, 
higher light output levels, etc. to keep the document current. 

1.4 Categories of LED measurement 

LED measurements can be divided into two categories: 

1.4.1 Laboratory measurements 

Most of the manufacturers and large-scale users of LEDs first characterise the products in a 
sophisticated laboratory. For each different type of LED, working standards are then prepared 
for production quality control. 

1.4.2 Bulk testing 

Bulk testing is used for production control or for checking the quality of incoming units. The 
test set-up has to be made to operate at high speed in order to cope with large numbers of 
units, and thus, often simplified or modified from standard measurement conditions. Such 
simplified or modified measurement conditions for production control may be used as long as 
the measured results are correlated to the results of laboratory measurements. 

Where such routine measurements of LEDs are carried out outside a laboratory, it is of 
primary importance to obtain stable, calibrated standard LEDs with the same spatial and 
spectral characteristics as those of the LEDs to be tested, thus ensuring that, as far as possible, 
measurements can be made on the basis of a simple, direct substitution between similar kinds 
of devices. 
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2. PROPERTIES OF LEDS 

2.1 Optical properties of LEDs 

The radiation from a LED can be characterised by radiometric and spectroradiometric 
quantities. If the LED emits visible radiation, then photometric and colorimetric quantities are 
also required to quantify its effect on the human eye. Consequently, radiometric, 
spectroradiometric, photometric and colorimetric quantities with their related units may all 
have to be used to characterise the optical radiation emitted by a LED. 

Note that for every radiometric quantity there is a photometric analogue (CIE, 1983). 
The only difference is that, for the radiometric quantity, the radiation is evaluated in power units 
while for photometric quantities the radiation is weighted by a spectral luminous efficiency 
function, generally V(λ), and multiplied by Km (= 683 lm/W). To avoid unnecessary repetition, 
throughout this report, wherever the comments made apply equally to radiometric and 
photometric quantities, reference is made only to the photometric quantities. If the 
measurements to be made relate to a radiometric quantity, then the photometric term can be 
replaced by the radiometric equivalent. 

Characterisation of the optical properties of LEDs should be based upon the same 
methods and techniques as those formulated for other types of light sources. Definitions of the 
various photometric, radiometric and colorimetric quantities involved are given in the 
International Lighting Vocabulary (CIE, 1987a). The basic concepts in colorimetry are described 
in CIE publications (CIE, 1983; CIE, 2004). A fuller and more general treatment of the 
measurement of optical radiation and colour can be found, e.g., in references (Grum and 
Bartelson, 1980; Wyszecki and Stiles, 1982). 

There are hundreds of different types of LEDs available on the market, differing not only 
in their spectral distribution but also in the spatial distribution of the radiation emitted, ranging 
from quasi-Lambertian characteristics to a nearly collimated beam with all the possible 
variations in between. It is also reasonable to apply some of the quantities normally used to 
describe the radiation from luminaires to characterise the radiation from LEDs. 

2.1.1 Spatial distribution 

The optical radiation produced by a LED is generated by a semiconductor chip mounted in 
some form of package. The package protects the chip during operation, incorporates the 
electrical contacts and supports it for handling. It should be noted that the packaging 
frequently changes the spectral and spatial distribution of the radiant power emitted from the 
chip by providing built-in reflectors or lenses and sometimes scattering material, coloured 
filters or a fluorescent layer. A selection of some of the different spatial distributions of 
luminous intensity found in LEDs is presented schematically in Fig. 1, showing the 
considerable variety that can be found and the associated difficulties of defining a uniform 
method of measurement and characterisation. 
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Fig. 1. Some typical spatial distributions of the luminous intensity emitted by a selection of 
different LEDs. The distributions have been plotted with the maximum values normalised to unity. 

2.1.2 Spectral distribution 

The spectral distribution of the optical radiation emitted by LEDs is characteristic of these 
devices and differs in various aspects from that of other sources of optical radiation. Spectral 
distribution of typical single-colour LEDs is neither monochromatic (as emitted by lasers) nor 
broad-band (as found with incandescent lamps), but something between the two (quasi-
monochromatic), with a spectral bandwidth of some tens of nanometres. Typical relative 
spectral distributions of LEDs for the visible region are shown in Fig. 2. Note that radiant 
efficiency of LEDs varies largely depending on their peak wavelength.  
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Fig. 2. Relative spectral power distributions of a series of typical LEDs. 
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