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ABSTRACT:  
The thermal management of LED products influences the photometric & colorimetric & 

electric performance, reliability and lifetime a lot. In this article, we introduced the latest 
analysis technique of LED thermal management. The measurement and analysis of thermal 
resistance structure not only evaluate the overall thermal resistance of device, but also tells us 
the internal thermal resistance distribution of the device. We also did a pair of comparison test 
on actual sample, and the result confirmed the validity of this technique. 
Key words: Thermal resistance structure 

 
1. Introduction 

During the working process of LED, more than half of the energy is transformed into heat 
which makes temperature rise and may lead to color temperature shift, efficiency lost, lifetime 
decrease and reliability decline. Therefore the elevation of thermal management becomes 
crucial for power LED design. The LED thermal management analysis technique based on 
thermal resistance measurement can be used to evaluate the thermal quality of products, and 
also provides guides for the second design.  
 
2. THERMAL RESISTANCE STRUCTURE MEASUREMENT 
2.1 The necessity of thermal resistance structure measurement 

Theoretically, the thermal capacity and thermal resistance is determined as soon as the 
the material, dimension and shape of device is defined. However, for LEDs, besides the 
thermal performance of each device, thermal contact resistance (TCR) exits between 
interfaces. There are various elements for TCR such as flatness, normal press, cleanness, 
and so on. For more accurate description of LED product's thermal management, the thermal 
resistance structure measurement will be necessary. 

Traditional thermal measurement just tells us the thermal resistance value of the whole 
device. Differently, thermal resistance structure measurement provides the information of the 
thermal resistance structure by segments, as shown in fig.1. 

 
Fig.1 Thermal resistance and thermal resistance structure 

 
2.2 Thermal resistance structure measurement technique 

In thermal resistance structure measurement, the first step is acquiring the transient 



heating curve as shown in Fig.2. The major information of the temperature change is at the 
very short period in the beginning. For distinguishing small structures such as LED chip, the 
capability of sampling junction temperature in microseconds will be necessary. In other words, 
the apparatus have to realize MHz-level fast accurate measurement with stable environment, 
which is quite a challenge. 

 
Fig.2 Transient heating curve (logarithmic time) 

Besides, according to the definition of thermal resistance, radiometric measurement is 
required to acquire the real amount of thermal power for thermal resistance measurement. In 
fact, some thermal resistance analyzer without subtracting radiometric power from the input 
power actually measures "reference thermal resistance"[4] instead of "real thermal resistance".    

 
2.3 Thermal resistance structure function  

TRSF is the crux of revealing LED thermal resistance structure. We can acquire its 
discrete form by dividing the heat conduction path into numerous segments, and calculating 
the thermal resistance and thermal capacitance of each one. Thermal conduction medium can 
be described as R-C network, shown as Fig.3.  

This model describes the thermal resistance and thermal capacitance of each element in 
sequence of that the heat flow pass through. The more elements we employed for analysis, 
the preciser the description of medium will be. 

         
Fig.3 Cauer R-C network                 Fig.4 Cumulative structure function                       

TRSF reveals the relationship between thermal capacitance and thermal resistance of 
medium along the thermal conduction path. There are two forms of TRSF: cumulative 
structure function (CSF) (Fig.4) and differential structure function (DSF). The abscissa of CSF 
denotes the resistance cumulated along the conduction path, and the ordinate denotes the 
capacitance cumulated along the path between the heat source and the present point. The 
DSF is the derivative of cumulative function on abscissa. The procedure of acquiring discrete 
TRSF involves complicated calculation such as convolution, de-convolution and Fourier 
transformation, and requires high measurement frequency and accuracy. 



3. APPLICATION 
3.1 Test apparatus 

We employed EVERFINE TRA-200 Thermal resistance analyzer, shown in Fig.5. 
TRA-200 is an professional apparatus for thermal resistance analysis which realizes accurate 
measurement of transient temperature in 1 microsecond with low noise and 
photometric\radiometric measurement function. It can record heating\cooling curve, and 
measure thermal resistance, reference thermal resistance, junction temperature, radiometric 
power, voltage and current of LEDs. 

 
Fig.5 TRA-200 Thermal resistance analyzer 

The sample we employed for this test is a LED consists of chip, metal case and Al 
substrate. We performed two tests for the same sample with different conditions: that the 
sample contact the heat sink directly; and that with thermal silicon grease between Al 
substrate and heat sink. Then we compared the results.  

 
3.2 Test 

For these two tests, the load current are both 1050.4mA. Waiting until Tj reaches the 
thermal balance point, the heating time of both tests reached about 117 s. As shown in Fig.6, 
the Tj at thermal balance is 81.76 degree when the sample directly contact the heat sink; the Tj 
at thermal balance is 78.52 degree with thermal silicon grease between sample and heat sink. 

The sampling time distribution is logarithmic, the sampling interval was 1μs in the 
beginning, and was gradually extended later with the moderation of temperature variation. 
After smearing thermal silicon grease between the Al substrate and heat sink, the Tj at thermal 
balance was lower than that when the Al substrate contact heat sink directly, and the heat 
dissipation of LED would be better in this situation, namely, the thermal resistance was smaller. 

 
Fig.6 heating curve 

The CSF and DSF acquired in tests are shown as Fig.7 and Fig.8. 



 

      Fig.7 Cumulative structure function          Fig.8 Differential structure function 
The sequence of thermal conduction medium elements that the heat flow pass through is 

represented by points along the abscissa from left to right. The peaks in Fig.8 denotes the 
elements whose thermal capacitance is relative high and thermal resistance is relative low, 
which usually are main components in LEDs such as chip or case. The improvement of 
thermal management with thermal silicon grease between Al substrate and heat sink is 
revealed by the fact that the two curves separated at right end as shown in fig.7 and fig.8, 
which indicates that the thermal resistance is smaller in this situation.  

The comparison tests confirmed that the technique of thermal resistance structure 
measurement is a good tool for internal thermal management analysis for LEDs. 

 
4. SUMMARY 

In this article, we introduced the method of thermal conduction analysis, the TRSF and its 
measurement. Thermal resistance structure measurement reveals the internal thermal 
distribution of LEDs. The TRSF reveals the information about thermal resistance of each 
component and the contact resistance between them of actual products. We employed a 
thermal resistance analyzer to do comparison tests, whose results demonstrated that the 
acquired TRSF reveals true physics information clearly and accurately.   
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