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OSRAM OSTAR Observation 
Application Note 
 
 
 
Summary 
 
This application note provides an overview 
of the general handling and functionality of 
the OSRAM OSTAR Observation. The im-
portant optical and electrical characteristics 
are described and the thermal requirements 
for stable operation of the IR LED light 
source are addressed. 
In addition, the procedure for dimensioning 
an appropriate heat sink is illustrated by 
means of an example. 
 
 
Applications of the IR light source 
OSRAM OSTAR Observation 
 
There are various possibilities where our 
customers are using the OSRAM OSTAR 

Observation as IR light source: 
 

- Infrared illumination for cameras 
- General monitoring systems 
- IR data transfer 
- Driver assistance systems. 

 
Due to its compact and flat design together 
with its high light density, the OSRAM 
OSTAR Observation can be easily inte-
grated in various applications. This opens up 
new application areas that were off limits to 
conventional IR devices. 
 
 
Construction of the OSRAM 
OSTAR Observation 
 
During design of the OSRAM OSTAR Ob-
servation, special attention was given to the 
thermal optimization of the module. 
 
 
 

 
The module core is formed from ten highly 
efficient semiconductor chips mounted on 
ceramic. For optimal heat transfer, the ce-
ramic is directly mounted to the aluminum of 
the insulated metal core circuit board (base 
plate). This results in optimal heat dissipa-
tion and additionally provides a sufficiently 
large area for a good thermal connection to 
the system heat sink where the OSRAM 
OSTAR module has to be attached to. 
With this construction, the light source itself 
exhibits a very low thermal resistance (RthJB) 
between junction and base plate of 2.8 K/W. 
 
The frame surrounding the chips is available 
in black and white colour to enable a choice 
depending on the desired application. 
The black frame minimizes scattered light, 
which is important in imaging systems, 
whereas the white frame optimizes the total 
optical output power. 
 

 
Figure 1: Two frame colours are available 
for the OSRAM OSTAR Observation. 
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Equipped with an ESD protection diode, the 
OSRAM OSTAR Observation possesses 
ESD protection up to 2 kV according to 
JESD22-A114-B.  
 
A thermistor (NTC EPCOS 8502) mounted 
to the base plate serves as a sensor for de-
termining the temperature of the metal core 
board. The NTC temperature provides a 
good approximation of the average tempera-
ture of the underside of the aluminum base 
plate. From this the junction temperature can 
be estimated (using RthJB) and thus con-
trolled. 
 
As a light source, semiconductors of the 
latest highly efficient thin film technology 
based on AlGaAs are employed. This pro-
vides a nearly pure surface emitter with 
Lambertian radiation characteristics. 
All semiconductor chips are wired in series 
to achieve a constant intensity for all emit-
ting surfaces. 
 
 
Tips for handling the OSRAM 
OSTAR Observation 
 
In order to protect the semiconductor chips 
from environmental influences such as mois-
ture, they are encapsulated using a clear 
silicone. 
In addition, the silicone encapsulant allows 
an operation at a junction temperature of 
145°C. 
Since this encapsulant is very elastic and 
soft, mechanical damage to the silicone 
should be minimized or avoided if at all pos-
sible during processing (see also the appli-
cation note "Handling of Silicone Resin 
LEDs“). 
This also applies to the black silicone en-
capsulant for the connection contacts. Ex-
cessive force on the cover can lead to spon-
taneous failure of the light source (damage 
to the contacts). 

 
Figure 2: Areas of the silicone encapsu-
lant of the OSRAM OSTAR Observation 
(shown in red hatch marks), which must 
not be damaged. 
 
In Figure 2, the corresponding locations are 
shown in red hatch marks. 
To prevent damaging or puncturing the en-
capsulant the use of all types of sharp ob-
jects should be avoided. 
Furthermore, it should be assured that the 
light source is provided with adequate cool-
ing (see design example below) during op-
eration. Even at low currents, prolonged 
operation without cooling can lead to over-
heating, damage or even failure of the mod-
ule. 
 
 
Electrical connection of the OS-
RAM OSTAR Observation 
 
For easy electrical connection, the OSRAM 
OSTAR Observation is equipped with a 4-
pin socket: 
 
Pin Assignment: 
Pin 1:   Anode 
Pin 2:  Thermistor 
Pin 3:  Thermistor 
Pin 4:   Cathode  
 
As a mating plug, the SMD plug from ERNI 
(SMD214025.4-pins) is recommended. 
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Mounting the OSRAM OSTAR Ob-
servation 
 
Several mounting methods can be used for 
attaching the IR light source. 
When selecting an appropriate mounting 
method, make sure that a good heat transfer 
is provided between the OSRAM OSTAR 

Observation and the heat sink and that this 
is also guaranteed during operation. 
An insufficient or incorrect mounting can 
lead to thermal or mechanical problems dur-
ing assembly. 
Generally, screws should be used for mount-
ing the OSRAM OSTAR Observation.  
When mounting the module with M2 screws, 
a torque of 0.2 - 0.3 Nm should be used. In 
order to achieve a good thermal connection, 
the contact pressure should typically be in 
the range of 0.35 MPa. 

In addition to mounting with screws, the 
OSRAM OSTAR Observation can also be 
attached by means of gluing or clamping. 
When mounting with glue, care should be 
taken that the glue is both adhesive and 
thermally stable, and possesses a good 
thermal conductivity. 
 
When mounting a component to a heat sink, 
it should generally be kept in mind that the 
two solid surfaces must be brought into 
physical contact. 
Technical surfaces are never really flat or 
smooth, however, but have a certain rough-
ness due to microscopic edges and depres-
sions. When two such surfaces are joined 
together, contact occurs only at the surface 
peaks. The depressions remain separated 
and form air-filled cavities (Figure 3). 
 

Description Material Advantages Disadvantages 

Thermally conductive 
paste 

Typically silicone based, 
with heat conductive 
particles 

Thermally conductive 
compounds 

Improved thermally 
conductive paste – rub-
bery film after curing 

Thinnest connection 
with minimal pressure 
 
 
High thermal conductiv-
ity 
 
No delamination 

Material discharge at 
the edges 
 
Danger of contamina-
tion during mass pro-
duction 
 
Paste can escape and 
"creep" over time 
 
Connections require 
curing process 

Phase Change Materi-
als (PCM) 

Material of polyester or 
acrylic with lower glass 
transition temperature, 
filled with thermally con-
ductive particles 

 

Easy handling and 
mounting 
 
No delamination 
 
No curing 

Contact pressure re-
quired 
 
Heat pretreatment re-
quired 
 

Thermally conductive 
elastomers 

Silicone plastic washer 
pads  
- filled with thermally 
conductive particles  
- often strengthened 
with glass fibers or di-
electric films 

Thermally conductive 
tape 

Double sided tape filled 
with particles for uniform 
thermal and adhesive 
properties 

No leakage of material 
 
Curing not required 
 

Problem with delamina-
tion 
 
Moderate thermal con-
ductivity 
 
Contact pressure re-
quired 
 

Table 1: Thermal Interface Materials 
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Figure 3: Heat flow with and without heat 
conductive material. 
 
Since air is a poor conductor of heat, these 
cavities should be filled with a thermally 
conductive material in order to significantly 
reduce the thermal resistance and improve 
the heat flow between the two adjacent sur-
faces. 
 
Without an appropriate, optimally effective 
interface, only a limited amount of heat ex-
change occurs between the two surfaces, 
eventually leading to overheating of the light 
source. 
To improve the heat transfer capability and 
reduce the thermal contact resistance, sev-
eral materials are suitable. 
Thermally conductive pastes and com-
pounds possess the lowest transfer resis-
tance, but require a certain amount of care 
in handling. 
Elastomers and foils/bands are easy to use. 
With pretreated surfaces and appropriate 
contact pressure, a good thermal transfer 
can be realized. 
Table 1 shows an overview of the most 
commonly used thermally conductive mate-
rials along with their most important advan-
tages and disadvantages. 
 
 
Optical characteristics of the OS-
RAM OSTAR Observation 
 
When characterizing IR LEDs, the intensity 
is usually specified with two parameters - the 
total radiant flux Φe (units of mW) and the 
radiant intensity Ie (units of mW/sr). 
 

The total radiant flux Φe of an LED describes 
the total radiated light power independent of 
direction. For the OSRAM OSTAR Observa-
tion, this is shown in Figure 4, in relation to 
forward current. 
 
In contrast, the radiant intensity expresses 
the radiated power within a fixed solid angle 
(e.g. 0.01 sr ≙ ±3.2°) in the primary direction 
of radiation (optical axis). 
 

 
Figure 4: Relative total radiant flux in re-
lation to forward current IF. 
 
The radiation characteristics (in the far field) 
show the distribution of intensity dependent 
on angle and are shown for the OSRAM 
OSTAR Observation in Figure 5. This repre-
sents a good approximation of a Lambertian 
source with a radiation angle of ±60°. 
 
In general, the brightness can be influenced 
with the help of appropriate secondary op-
tics. That is, with the use of focusing optics, 
the light output within a particular angle can 
be significantly increased. 
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Figure 5: Radiation characteristics with-
out optics. 
 
The user should refrain from attempting to 
mount the primary optics to the silicone en-
capsulant. This can lead to damage to the 
chip and especially to the bonding wires, 
thereby voiding the warranty provided by 
OSRAM. 
 
In the near field (at different operating cur-
rents), the OSRAM OSTAR Observation 
exhibits the radiance images shown in Fig-
ure 6. 
 

 
 
Figure 6: Radiance images in the near 
field at very low power (above) and at 
higher power (below). 

An especially homogeneous radiance is 
achieved through the black frame of the 
module - a particular advantage when using 
imaging optics. 
 
 
Optical safety regulations 
 
Depending on the mode of operation, the 
OSRAM OSTAR Observation emits highly 
concentrated, invisible infrared radiation, 
which can be dangerous for the human eye. 
Products which contain these components 
must be handled according to the guidelines 
specified in IEC Standard 60825-1 and 
IEC 62471 "Photobiological Safety of Lamps 
and Lamp Systems“. Please see “Applica-
tion Note Eye Safety” for more details. 
 
At high currents, one should always avoid 
looking at the optical path through a focus-
ing lens, since the limits imposed by Laser 
Class 1M can be exceeded.  
 
 
Electrical characteristics and op-
eration of the OSRAM OSTAR Ob-
servation 
 
In addition to optimized optical behavior, the 
new thin film AlGaAs technology also exhib-
its improved electrical characteristics, when 
compared to traditional standard chip tech-
nologies. These improvements lead to a 
significantly reduced forward voltage. It also 
enables higher forward currents for a given 
junction temperature. 
A typical current-voltage characteristic is 
shown in Figure 7. 
 
Care should be taken to observe the limiting 
conditions specified in the data sheet and at 
higher power, sufficient cooling should be 
provided. 
 
The OSRAM OSTAR Observation consists 
of a current-driven component, in which 
small voltage fluctuations at the input can 
lead to significant changes in current for the 
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device and thus to changes in the emitted 
output power. When selecting or developing 
suitable driver circuitry, it is therefore rec-
ommended that appropriate current stabili-
zation should also be provided. To find a 
suitable component for this purpose please 
see the manufacturer homepages linked on 
http://www.ledlightforyou.com. 
 

 
Figure 7: Current-Voltage characteristic 
of the OSRAM OSTAR Observation. 
 
The efficiency of the OSRAM OSTAR Ob-
servation module which results from the total 
radiated light power Φe and the electrical 
power P = Vf x If, is plotted in Figure 8. 
It is optimal at around 100 mA and de-
creases at lower and higher currents. 
 
This is especially true for pulse operation at 
If >100 mA, since the average optical power 
does not remain constant when the current 
is doubled and the duty cycle is halved.  
 

Figure 8: Efficiency in relation to forward 
current If; TB = 25°C, tpulse = 100µs. 
 
 
Thermal Considerations 
 
In order to achieve reliability and optimal 
performance for IR light sources such as the 
OSRAM OSTAR Observation, appropriate 
thermal management is necessary. 
Basically, there are two principle limitations 
for the maximum allowable temperature. 
First of all, for the OSRAM OSTAR Observa-
tion, the maximum allowable base plate 
temperature TB of 125°C must not be ex-
ceeded. Secondly, the maximum junction 
temperature is specified to be 145°C. Since 
these temperatures are dependent on the 
operating current and mode of operation 
(constant current or pulsed mode), the 
maximum allowable currents listed in the 
data sheet specify a TB  of up to 125°C for 
DC operation. Thus, for example, the maxi-
mum allowable constant current is 1 A for a 
base plate temperature TB = 85°C and is 
650 mA at 110°C. The permissible pulse 
handling diagram shows the maximum cur-
rent allowed for various pulse conditions with 
given pulse length tp and duty cycle D. 
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Exceeding the maximum junction tempera-
ture of 145°C can lead to irreversible dam-
age to the LED and to spontaneous failure 
of the device. 
 
Due to underlying physical inter-
dependencies associated with the function-
ing of light emitting diodes, a change in the 
junction temperature TJ - within the allowable 
temperature range - has an effect on several 
LED parameters. 
As a result, the forward voltage, radiant flux, 
wavelength and lifetime of LEDs are influ-
enced by the junction temperature. 
 
 
Influence on forward voltage Vf 
and optical power Φe 
 
For LEDs, an increase in junction tempera-
ture leads to both a reduction of forward 
voltage VF (Figure 9), and a decrease in 
optical power Φe (Figure 10). The resulting 
changes are reversible. That is, the original 
default values return when the temperature 
change is reversed.  
 
For the application, this means that the 
lower the temperature of the semiconductor, 
the higher the light output will be. 
 
 
Influence on reliability and lifetime 
 
In general, with respect to aging, reliability 
and performance, continually driving the 
LEDs at their maximum allowable junction 
temperature is not recommended, since with 
an increase in temperature, a reduction in 
lifetime can be observed. 
 

 
Figure 9: Typical forward voltage in rela-
tion to base plate temperature TB (If = 1 A, 
tp = 10 ms). 
 

 
Figure 10: Relative optical power in rela-
tion to base plate temperature for various 
pulsed currents (tp = 10 ms). 
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Determination of the module tem-
perature with the integrated NTC 
 
A good approximation of the base plate 
temperature TB can be determined from the 
measured resistance of the NTC and the 
curve given in the reference table (Fig-
ure 12). 
Depending on the operating conditions, the 
corresponding junction temperature will be 
ΔT = RthJB x PD (PD = electrical power dissi-
pation) higher. With appropriate feedback 
circuitry, TB and thus the junction tempera-
ture can be regulated. 
 

 
Figure 11: Cross section of the OSRAM 
OSTAR Observation. 
 
 
Design Example 
 
In the following example, the thermal re-
quirements of the heat sink for the OSRAM 
OSTAR Observation are examined. In Fig-
ure 13, an equivalent circuit for the different 
thermal resistances of the module is shown. 
Additional information is contained in the 
application note "Thermal Management of 
OSTAR-Projection Light Source". 
 
As a starting point for the thermal evaluation, 
an OSRAM OSTAR Observation module (10 
Chips) is driven at an operating current of 
If = 1000 mA and a maximum ambient tem-
perature of TA = 50°C. 
From the given data and information from 
the data sheet, the requirements for the 
necessary cooling can be found by means of 
the following formula: 

 
Figure 12: Typical thermistor characteris-
tics for the OSRAM OSTAR Observation 
(NTC EPCOS 8502). 
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With 
 
TJ(unction) = Max. Junction temperature (from data 
sheet: TJ = 145°C) 
 
TB(aseplate) = Base plate temperature 
 
TA(mbient) = Ambient temperature (TA = 50°C) 
 

ΔTSafety  = Safety temperature range (typ.10 – 20K) 
 
Vf = Forward voltage (from data sheet: Vf = 15.5V) 
 
If = Forward current (If = 1A)  typ. PD, Module = 15.5 W 



April 8, 2011  page 9 of 10 
 

 
 
 

ΔT  = Temperature change due to PD,Module 
 
Rth,Interface = Thermal resistance of the transition mate-
rial between the OSRAM OSTAR base plate and the 
cooler/heat sink (e.g. thermally conductive paste 
≈ 0.1 K/W) 
 
Rth,JB  = Thermal resistance of the OSRAM OSTAR 

Observation (from data sheet: Rth,JB = 2.8 K/W) 
 
Rth,Heat sink = Thermal resistance of the cooler/heat sink 
to the environment 
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Figure 13: Equivalent circuit diagram for 
the thermal resistances. 
 
In this example, the maximum thermal resis-
tance required for cooling of the module can 
be found by: 
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With the calculated thermal resistance value 
at hand, a corresponding heat sink can be 

selected from a manufacturer (see 
http://www.ledlightforyou.com). Using this 
setup at the given operating conditions the 
junction temperature of the module will be at 
135°C. If a lower TJ is desired, the safety 
temperature ΔTSafety has to be increased 
accordingly. 
 
In addition to a thermal evaluation by means 
of a simulation or a computed estimate, it is 
generally recommended to verify and safe-
guard the design with a prototype and ther-
mal measurements. 
 
 
Conclusion 
 
Developed for high power operation with 
pulsed currents of up to five Amperes, the 
OSRAM OSTAR Observation IR light source 
achieves a light output of several Watts, 
depending on operating parameters. 
 
Due to operation at high power levels, ap-
propriate thermal management is particularly 
necessary in order to dissipate the accumu-
lated heat and to assure the optimal per-
formance and reliability of the module. 
 
When developing applications based on the 
OSRAM OSTAR Observation, it is generally 
recommended that in addition to thermal 
simulations, the design should be verified 
and safeguarded by means of a prototype 
and thermal measurements. 
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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 
 
 
 
 
Author: Dr. Claus Jäger, Andreas Stich 
 
 
ABOUT OSRAM OPTO SEMICONDUCTORS 
OSRAM is part of the Industry sector of Siemens and one of the two leading lighting manufactur-
ers in the world. Its subsidiary, OSRAM Opto Semiconductors GmbH in Regensburg (Germany), 
offers its customers solutions based on semiconductor technology for lighting, sensor and visu-
alization applications. OSRAM Opto Semiconductors has production sites in Regensburg (Ger-
many) and Penang (Malaysia). 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. 
 
All information contained in this document has been checked with the greatest care. OSRAM Opto 
Semiconductors GmbH can however, not be made liable for any damage that occurs in connection 
with the use of these contents.

 


