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Reliability of the OSRAM OSTAR Headlamp Pro 

Application Note 

Introduction 

This Application Note provides an overview 
of the performance of the OSRAM OSTAR 
Headlamp Pro, as well as a summary of the 
essential, application-relevant LED data 
under the aspect of the impact of this data 
on the useful life. 

Despite the enhanced reliability of the LEDs, 
you should be aware of the fact that high 
overall or system reliability can only be 
achieved by taking into account all factors 
and parameters (refer to the application 
document “Reliability and Lifetime of LEDs”). 

Essentially, you can influence the reliability 
of the LED by selecting appropriate 
operating conditions, by taking the 
processing information into account, and by 
providing an adequate thermal management 
for high-power LEDs such as the OSRAM 
OSTAR Headlamp Pro. 

OSRAM OSTAR Headlamp Pro 

The OSRAM OSTAR Headlamp Pro with its 
smooth, white emission color and extreme 
brightness was developed to match optical 
requirements of front headlights in the 
automotive segment. 
The 20 x 20 mm high-power LED is 
available in different configuration levels 
from two to five chips to meet many different 
demands in terms of performance. Fig. 1 
shows the available product portfolio of the 
OSRAM OSTAR Headlamp Pro. 
The various configuration levels and control-
lable brightness renders the product ideal for 
other headlight applications such as daylight 
headlights, fog lights, or floodlights. 

The product group was qualified in accord-
ance with the AEC-Q101-REV-C guideline, 
“Stress Test Qualification for Automotive 
Grade Discrete Semiconductors". 

Similar to all other LEDs of OSRAM Opto 
Semiconductors, the OSRAM OSTAR 
Headlamp Pro LEDs are compliant with the 
valid RoHS Guidelines (EU + China) and do 
not contain any lead or other specified 
dangerous substances. 

Fig. 1: Overview of the OSRAM OSTAR Headlamp Pro products 
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Structure and aging mechanisms 
 
The product platform of the OSRAM OSTAR 
Headlamp Pro is based on a multi-chip on-
ceramic technology in combination with a 
carrier board (IMS). 
Two to maximum five semiconductor chips 
are accordingly mounted and wired as light 
source on a ceramic substrate with a black 
frame. The assembled diodes and wire 
bonds are embedded into a white compound 
material (Fig. 2). 
The ceramic carrier is mounted directly onto 
the aluminum element of the metal-core 
substrate for optimized heat dissipation. The 
contacts to the carrier board are shielded 
against environmental influences with the 
help of a flexible Globe-Top compound. 
 

 
Fig. 2: Schematic layout of the OSRAM 
OSTAR Headlamp Pro 
 
The metal core of the substrate serves for 
heat distribution and provides a surface of 
sufficient dimensions for simple thermal 
connection to the system heat sink. The low 
thermal resistance of the LEDs is based on 
this design and structure. 
 
The temperature of the light emitting layer 
(Tj) at which the OSRAM OSTAR Headlamp 
Pro is operated for the respective application 
represents one of the major factors that 
influence the useful life of the LED. 
This means that lower junction temperatures 
Tj accordingly prolong the useful life of the 
LED. 
It is important, therefore, to implement an 
efficient thermal management not only in the 
LED, but also in the application system. 
 
 

Since the applications do not provide any 
means of measuring the actual junction 
temperature, it is advisable to acquire the 
temperature data at an external reference 
point. 
This reference point is provided for the 
OSRAM OSTAR Headlamp Pro by meas-
urement of the temperature TB on the rear 
side of the carrier board. 
If direct acquisition of the data is not 
possible on the rear side of the board, the 
board temperature can be measured as 
approximation on the bare metal surface 
next to the ceramic substrate with the help of 
a thermocouple. 
 

 
Fig. 3: Primary heat flow in the OSRAM 
OSTAR Headlamp Pro 
 
An increase of the operating current at 
constant ambient conditions will inevitably 
result in higher junction temperatures. This 
means that the selected operating current 
will have an impact on the degradation 
response of the LED. 
 
A corresponding analysis of the aging 
response of OSRAM OSTAR Headlamp Pro 
LEDs discloses that thermal chip aging 
forms the decisive factor. 
Operation beyond the limits specified in the 
datasheets may lead to impairments or 
damage at the various housing and chip 
components. 
 
The light source of the OSRAM OSTAR 
Headlamp Pro LEDs is realized with highly 
efficient thin-film semiconductor chips from 
OSRAM Opto Semiconductors. The chip 
technology is based on the semiconductor 
material system indium/gallium/nitride (UX:3 
technology). The diagram in Fig. 4 schemati-
cally illustrates the typical degradation 
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characteristics of the OSRAM OSTAR 
Headlamp Pro. 
 
Further information on factors affecting the 
lifetime and reliability of LEDs, and on the 
definition of the failure parameters "lumen 
maintenance" (L) and "mortality" (B), can be 
found in the Application Note "Reliability and 
Lifetime of LEDs". 
 
The next chapter provides specific 
information related to the lifetime and 
degradation characteristics of the OSRAM 
OSTAR Headlamp Pro product group. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: Degradation characteristics of OSRAM OSTAR Headlamp Pro 
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Lifetime and degradation charac-
teristics of the OSRAM OSTAR 
Headlamp Pro 
 
The following figures 5a to 5d show 
diagrams of the expected useful life L70/B50 
and L70/B10 of the OSRAM OSTAR 
Headlamp Pro LED types as a function of 
the board temperature TB. 
 
The lifetime trends that result from different 
operating conditions are displayed in color. 
The calculation of the curves is based on the 
Standard Rth value of the OSRAM OSTAR 

Headlamp Pro LED (refer to application note 
“Package related thermal resistance of 
LEDs”). The operating currents applied were 
different, typical currents such as the group 
current of the type, or the minimum and 
maximum permitted current values. 
 
Example: An OSRAM OSTAR Headlamp 
Pro (LE UW U1A2) in a system is operated 
with a current of 700 mA. At a board 
temperature of TB = 100°C an expected 
lifetime L70/B10 of approximately 40000 
hours (*) is obtained. 

 

 
Fig. 5a: Lifetimes (*) of OSRAM OSTAR Headlamp Pro LE UW U1A2 as a function of TB 
 
 

 
Fig. 5b: Lifetimes (*) of OSRAM OSTAR Headlamp Pro LE UW U1A3 as a function of TB 
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Fig. 5c: Lifetimes (*) of OSRAM OSTAR Headlamp Pro LE UW U1A4 as a function of TB 
 

Fig. 5d: Lifetimes (*) of OSRAM OSTAR Headlamp Pro LE UW U1A5 as a function of TB 
 
 
However, in practical life and in view of the 
application it is of particular importance to 
know the degradation characteristics of the 
LED across its life cycle. 
 
For this purpose, OSRAM Opto 
Semiconductors has conducted intensive 
long-term research projects and developed 
models that reflect the expected aging 
characteristics of the LED. Based on these 
studies and combined with diverse 10.000h 
tests of the OSRAM OSTAR Headlamp Pro 
and similar product families typical degrada-
tion curves can be evaluated. 
 

The degradation diagrams (Fig. 6a to 6d) for 
the various OSRAM OSTAR Headlamp Pro 

products relate to the solder joint 
temperature TB = 85°C and TB = 100°C at 
different operating currents.  
The diagrams shown describe estimates 
based on extrapolations and represent B50 
trends. The dotted lines in the diagrams 
represent the L70/B50 and L50/B50 limits. 
 
The factual values may differ as a result of 
specific application conditions, productions 
variations, the selected brightness binning, 
dampness, and other influencing factors. 
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Fig. 6a: Degradation characteristics (*) of OSRAM OSTAR Headlamp Pro LE UW U1A2 at 
TB=85°C and TB= 100°C (group current IF = 1.0 A) 
 

Fig. 6b: Degradation characteristics (*) of OSRAM OSTAR Headlamp Pro LE UW U1A3 at 
TB=85°C and TB= 100°C (group current IF = 1.0 A) 
 

Fig. 6c: Degradation characteristics (*) of OSRAM OSTAR Headlamp Pro LE UW U1A4 at 
TB=85°C and TB= 100°C (group current IF = 1.0 A) 
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Fig. 6d: Degradation characteristics (*) of OSRAM OSTAR Headlamp Pro LE UW U1A5 at 
TB=85°C and TB= 100°C (group current IF = 1.0 A) 
 
 
Summary 
 
The different LEDs of the OSRAM OSTAR 
Headlamp Pro product family provide 
developers or designers with an excellent 
base for designing highly efficient, light 
sources of high cycle strength and 
extraordinary lifetimes particularly for 
automotive applications, if used under 
appropriate conditions. 
The diagrams clearly demonstrate that, in 
combination with adequate thermal 
management and depending on the selected 
operating conditions, the LEDs of the 
OSRAM OSTAR Headlamp Pro product 
family will reach a useful life of more than 
20,000 hours. 
 

 
 
Under the aspect of the demand for an 
average useful life of 7000 operating hours 
for headlamp applications in the automotive 
segment, this corresponds to more than 
twice the life cycle. 
 
___________________________________ 
(*) Error criterion is the specified percentage of the original 
brightness. The aforementioned data reflects estimates   
based on extrapolations. The factual values may differ due to 
the temperature at the LED, the forward current, the selected 
brightness binning, dampness, production variations and 
specific application conditions. The values stated can 
therefore not be guaranteed. 

 
 
 
 
 
 

Appendix 
 
 
 

 
 
Don't forget: LED Light for you is your place to be whenever you are looking 
for information or worldwide partners for your LED Lighting project. 
 

www.ledlightforyou.com 
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ABOUT OSRAM OPTO SEMICONDUCTORS 
 
OSRAM, Munich, Germany is one of the two leading light manufacturers in the world. Its 
subsidiary, OSRAM Opto Semiconductors GmbH in Regensburg (Germany), offers its 
customers solutions based on semiconductor technology for lighting, sensor and 
visualization applications. Osram Opto Semiconductors has production sites in 
Regensburg (Germany), Penang (Malaysia) and Wuxi (China). Its headquarters for North 
America is in Sunnyvale (USA), and for Asia in Hong Kong. Osram Opto Semiconductors 
also has sales offices throughout the world. 
For more information go to www.osram-os.com. 
 
 
 
DISCLAIMER 
 
PLEASE CAREFULLY READ THE BELOW TERMS AND CONDITIONS BEFORE USING THE 
INFORMATION SHOWN HEREIN. IF YOU DO NOT AGREE WITH ANY OF THESE TERMS 
AND CONDITIONS, DO NOT USE THE INFORMATION. 
  
The information shown in this document is provided by OSRAM Opto Semiconductors GmbH on 
an “as is basis” and without OSRAM Opto Semiconductors GmbH assuming, express or implied, 
any warranty or liability whatsoever, including, but not limited to the warranties of correctness, 
completeness,  merchantability, fitness for a particular purpose, title or non-infringement of 
rights. In no event shall OSRAM Opto Semiconductors GmbH be liable - regardless of the legal 
theory - for any direct, indirect, special, incidental, exemplary, consequential, or punitive 
damages related to the use of the information. This limitation shall apply even if OSRAM Opto 
Semiconductors GmbH has been advised of possible damages.  As some jurisdictions do not 
allow the exclusion of certain warranties or limitations of liability, the above limitations or 
exclusions might not apply. The liability of OSRAM Opto Semiconductors GmbH would in such 
case be limited to the greatest extent permitted by law. 
 
OSRAM Opto Semiconductors GmbH may change the information shown herein at anytime 
without notice to users and is not obligated to provide any maintenance (including updates or 
notifications upon changes) or support related to the information.  
  
Any rights not expressly granted herein are reserved. Except for the right to use the information 
shown herein, no other rights are granted nor shall any obligation be implied requiring the grant 
of further rights. Any and all rights or licenses for or regarding patents or patent applications are 
expressly excluded.  
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