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This Technical Report has been prepared by CIE Technical Committee 2 -63 of Division 2 
"Physical Measurement of Light and Radiation” and has been approved by the Board of 
Administration as well as by Division 2 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.  

Ce rapport technique a été élaboré par le Comité Technique CIE 2-63 de la Division 2 
"Mesures Physiques de la Lumière et des Radiations" et a été approuvé par le Bureau et 
Division 2 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 lum ière 
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.  

Dieser Technische Bericht ist vom Technischen Komitee CIE 2-63 der Division 2 
"Physikalische Messungen von Licht und Strahlung" ausgearbeitet und vom Vorstand sowie 
Division 2 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.  

Any mention of organizations 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, besteht die Möglichkeit, dass diese nicht vollständig sind.  
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OPTICAL MEASUREMENT OF HIGH-POWER LEDS 

Summary 

Measurement results for light emitting diodes (LEDs) strongly depend on their thermal 
conditions. In order to achieve reproducible results with small uncertainties it is critical to 
accurately set and control the junction temperature of an LED during the time of optical 
measurement. This technical report describes the methods and procedures for measurement 
of high-power LEDs (HP-LEDs) under DC operation to acquire photometric, radiometric, and 
colorimetric quantities at a specified junction temperature.  

 

MESURES OPTIQUES DE DELS HAUTE PUISSANCE 

Résumé 

Les résultats de mesures optiques de diodes électroluminescentes (LEDs) dépendent 
fortement de leur environnement thermique. Pour obtenir des résultats reproductibles avec de 
faibles incertitudes, il est critique d’ajuster et de contrôler précisément la température de 
jonction de la LED au cours de la mesure optique. Ce document technique décrit les 
méthodes et les procédures de mesures pour l’acquisition des données photométriques, 
radiométriques et colorimétriques de LEDs haute puissance (HP-LEDs), en mode DC 
(continu) et à une température de jonction spécifiée.  

 

OPTISCHE MESSUNGEN AN HOCHLEISTUNGS-LEDS 

Zusammenfassung 

Messergebnisse für lichtemittierende Dioden (LEDs) hängen stark von den technischen 
Bedingungen ab. Um reproduzierbare Ergebnisse mit geringen Unsicherheiten zu erhalten, ist 
es entscheidend, die Sperrschichttemperatur der LED während der Dauer der optischen 
Messung exakt festzulegen und zu kontrollieren. Dieser technische Bericht beschreibt die 
Methoden und Prozeduren für die Messung von Hochleistungs-LEDs unter 
Gleichspannungsbetrieb, um photometrische, radiometrische und farbmetrische Größen bei 
einer festgelegten Sperrschichttemperatur zu erlangen.  
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1 Introduction 

High-power light emitting diodes (HP-LEDs, see 3.1), most of which are white HP-LEDs for 

lighting applications, are now widely used in all types of solid -state lighting products. The 

technical report CIE 127:2007 (CIE 2007) has addressed many issues with regard to the 

optical measurement of LEDs in general, but it does not cover HP-LEDs. Optical 

measurement of HP-LEDs has been difficult because they are highly sensitive to their thermal 

conditions, in particular, their junction temperatures  that vary significantly with operating 

conditions. LED manufacturers commonly measure HP-LEDs using a milliseconds-long single 

pulse or microseconds-long multiple pulse train without mounting the HP-LEDs on a heat sink, 

and it is assumed that the pulse is short enough so that the junction temperature, TJ, is close 

to the ambient temperature (typically 25 °C) (CIE 2017). Therefore, published HP-LED 

specifications normally refer to TJ=25 C. However, HP-LEDs in lighting applications are 

commonly operated in DC mode and at much higher temperatures (ranging from TJ=50 C to 

over TJ=120 C), where their photometric, radiometric, and colorimetric values deviate 

significantly. To meet the specifications of a lighting product, HP-LED users need to know the 

performance of an HP-LED at a known, hot condition. 

To set or monitor the thermal condition of an HP-LED, “case temperature”, “pin temperature”, 

“board temperature”, “solder-point temperature”, or “heat sink temperature” is often used.  

Such a thermal reference is useful to ensure that the operating temperature of an HP-LED 

does not exceed the allowed maximum temperature or to reproduce the same thermal 

condition for a particular HP-LED. However, the reference is not always available and the 

measurement results of different HP-LEDs of the same type or the results of a different type 

of HP-LEDs cannot be directly compared. Also, an accurate measurement of temperature at 

such a reference point is often difficult because there is always an unknown thermal contact 

resistance between the reference point and the temperature sensor.  Furthermore, the above 

reference temperature terms are vendor-specific. 

On the other hand, the performance of an HP-LED is strongly correlated to its junction 

temperature, thus it is the ideal thermal reference for acquiring reproducible measurements 

and can be universally used for all types of HP-LEDs no matter how different the LED 

packages are. The junction temperature of an HP-LED can be measured. One example of 

such work (that also deals with measuring real thermal resistance)  is described in (JEDEC 

2010), (JEDEC 2012), and (Keppens et al. 2011). 

The optical measurement method described in this report is straightforward (Zong and Ohno 

2008). It uses the junction temperature of an HP-LED as the measurement reference 

condition. An HP-LED under test is directly set and controlled to a specified constant junction 

temperature and is operated in DC mode, therefore, all conventional optical instruments (such 

as sphere photometers, sphere-spectroradiometers, goniophotometers, goniocolorimeters, 

and gonio-spectroradiometers, etc.) designed for measurement of traditional light sources in 

the lighting industry can be used for measurement of HP-LEDs. In addition, the DC method is 

superior in terms of measurement uncertainties (even though it is slow) compared to the pulse 

methods which also use junction temperature as the thermal reference condition . For 

example, when a single pulse method is used, the measurement error due to the significant 

rise of junction temperature during a milliseconds-long single pulse (see Annex B) may be 

large, while the DC method completely eliminates such a measurement error (see Clause 4). 

Also, when a phosphor-converted white HP-LED is measured using a single-pulse method or 

a pulse-train method the measurement error resulting from the “cold” phosphor may by large. 

This is because under such a pulse-mode operation, the phosphor temperature of an HP-LED 

is close to its junction temperature, which is significantly lower (e.g. tens of degrees Celsius) 

(Yan et al. 2011) (Hwang et al. 2010) than the real temperature of “hot” phosphor when the 

HP-LED is operated in DC mode at the same junction temperature. While when the phosphor-

converted white HP-LED is measured using the DC method, the HP-LED operates in the same 

way as it does in a typical lighting product, which completely eliminates the measurement 

error resulting from the “cold” phosphor. In principle, the above two measurement errors 

associated with the pulse methods can be analysed and corrected. However, such work is not 
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trivial. Alternatively, such measurement errors can be corrected by comparing the 

measurement result obtained using the pulse method with that obtained using the DC method. 

This report describes setting and operating HP-LEDs at a specified junction temperature, 

various measurement setups, and measurement of photometric quantities (luminous intensity 

and total luminous flux), radiometric quantities (radiant intensity and total radiant flux), and 

colorimetric quantities. 

The report aims to provide a guide for optical measurement of HP-LEDs for calibration and 

testing laboratories with emphasis on simplicity, excellent reproducibility, and small 

measurement uncertainties. 

2 Scope 

This technical report deals with methods used by calibration and testing laboratories for the 

measurement of optical quantities (including photometric, radiometric, and colorimetric 

quantities) of HP-LEDs, with focus on small uncertainties. The document covers measurement 

of HP-LEDs under DC operation only with the thermal condition referring to their junction 

temperatures. It does not cover those pulse methods with focus on measurement speed for 

testing facilities that perform fast measurement of a large number of LEDs (e .g. testing 

facilities used in LED production lines). Such methods are described in the CIE Technical 

Report “High-Speed Testing Methods for LEDs” (CIE 2017). 

This document covers all single-diode HP-LEDs (including large-die HP-LEDs where the 

junction temperature may be different across the die) . It also covers multiple-diode HP-LEDs 

(where multiple diodes are electrically connected in series or parallel, or both in series and 

parallel) as long as the total forward voltage is accessible, which include single-die, multiple-

diode HP-LEDs, such as high-voltage LEDs (HV-LEDs) where many micro LEDs are 

integrated onto a single substrate, and multiple-die, multiple-diode HP-LEDs, such as chip-on-

board (COB) HP-LEDs where multiple LED dies or surface-mounted device (SMD) LEDs are 

packaged onto a single metal-core printed circuit board (MCPCB) or a ceramic board. In the 

case of a large-die HP-LED or multiple-diode HP-LED the junction temperature used as the 

thermal reference is the average junction temperature. For phosphor-converted white HP-

LEDs it covers both the contact phosphor type where phosphor is coated directly on the LED 

die and the remote phosphor type where phosphor is thermally insulated from the LED die. 

This document does not cover AC-driven LEDs, organic light emitting diodes (OLEDs), LED 

modules, LED light engines, LED lamps, and LED luminaires. Those LED products are 

covered in other CIE publications, partly still in preparation. In particular:  

 Characterization of AC-driven LEDs is described in the report of CIE TC 2-76 
"Characterization of AC-driven LED Products for SSL Applications", currently still in 
preparation.  

 LED products that comprise multiple dies or packages, and where the forward voltage is 
not accessible, are within the scope of the report of CIE TC 2-50 "Measurement of the 
Optical Properties of LED Modules and Light Engines", currently still in preparation. 

 Organic LEDs (OLEDs) are covered by the report of CIE TC 2-68 "Optical Measurement 
Methods for OLEDs used for Lighting", currently still in preparation. 

 The international standard CIE S 025/E:2015 deals with LED lamps, LED luminaires and 
LED modules (CIE 2015b). 


