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Abstract 
 

As the demand of the LED for lighting that emits light by p-n junction is increasing, studies on heatproof plate technology is being 

conducted to minimize the temperature of the LED lighting. As for the temperature of the LED devices, their light emitting efficiency 

decreases and the maximum lifespan drops down to 1/5. Therefore there are heat dissipation studies going on to minimize the heat. 

For LED heat dissipation, aluminum heat sink plates are mostly used. For this paper, we designed heat sink that fits residential 20W 

COB LED Down Light; packaged the heat sink and 20W COB and analyzed and evaluated the thermal properties through a 

Solidworks flow simulation. We are planning to design the optimal heat sink plate to solve the thermal agglomeration considering 

TIM(Thermal Interface material).  
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1. INTRODUCTION 
 

Due to the increased efficiency and decreased price of the 

current Light emitting diode (LED) semiconductor, the use 

of lighting fixtures is growing. The LED lighting fixtures 

developed for study has been commercialized solving the 

heat dissipation problem, but as the social demand for high 

capacity increases, the single heat capacity of 

semiconductor element is getting larger and various ways to 

solve heat problems have been proposed. When converting 

electrical energy into light energy, heat is generated. Such 

heat and LED’s heat dissipation are important factors to 

consider when improving the operation of LED and its 

reliability [1-2].  

In general, high power Chip on Board (COB) LED 

lighting uses the heat sink made of aluminum with 

insulation area expansion pins installed in it as a cool 

system dissipating heat on PCB. [3-4]. In order to develop a 

cooling system, the target amount of dissipation, the 

environment and possible temperature must be set; and the 

prediction of heat transfer coefficient and the design of the 

cooling system should be made[5-6]. In this paper, we will 

design a heat sink plate for 20W COB LED down light and 

look at the thermal properties through a Solidworks Flow 

simulation. 

 

2. 20W COB LED DOWN LIGHT HEAT SINK 
 

In Section 1, we will describe the characteristics of LED 

heat dissipation and basic steps of heat dissipation design. 

In Section 2, we describe the structure of the COB package 

(pkg). In section 3, we will deal with designing optimal 

COB LED dissipation and how temperature will change 

depending on the pin thickness in our experiments. In 

section 4, we look at designing Heat Sink plates for 20W 

COB LED.  
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2.1 LED heat dissipation characteristics and basic design 

 

The main reason why LED heat is generated is involved 

with the semiconductor junction due to the P-N junction. 

The LED temperature can be predicted by measuring the 

temperature of the junction but it is hard to measure it 

directly. Therefore the junction temperature is usually 

predicted by measuring the forward voltage (Vf) and the 

thermal resistance. In order to improve its performance 

while maintaining the rate of LED, the LED junction 

temperature must be reduced below the maximum rated 

temperature when switching on and off the light. The most 

effective dissipation design method to dissipate the LED 

heat must be identified to design the most optimal dissipater. 

Using the computer fluid dynamics (CFD), the distribution 

and flow of temperature of the target area should be 

predicted [7-10]. Figure 1 shows the basic structure of the 

COB and Secondary Heat Sink. 

 
Figure 1. The basic structure of COB LED. 

 

2.2 Structure of COB-type LED Package 

 

In this paper, we used 20W COB package as shown in 

Figure 2. The metal core printed circuit board (MCPCB) has 

the structure of arrays of 48ea 0.45W chips. Heat problem is 

expected since it has a lot of chips on a small area. When 

designing the COB package, we designed in consideration 

of Copper Layer, Dielectric (DL) and MCPCB. 

 

 
Figure 2. 20W COB Product and Simulation design. 

 

2.3 The optimal thermal design for COB LED 

 

The heat sink was designed to solve the heat problem of 

LED and 20W COB PKG that is optimal for residential 

purposes. As for the pin design, it is important to find the 

optimal pin thickness and the optimal pin-to-pin gap. If you 

design the pins without any gap in between in an attempt to 

expand the area, recycle symptoms could appear and the 

heat transmitted into the air could be passed into the inside 

through the dissipater. The experimental method sets the pin 

intervals of the 6061-based aluminum using Solidworks by 

changing the thickness of the pin and the number of pins at 

the same time. 

Figure 3 shows how the temperature changes depending 

on how thick the pins are when the length of the pins of the 

dissipater designed by Solidworks and base are the same. 

The result of the experiments shows that when the pin is 

2.5mm thick, its temperature and air temperature remains 

low, meaning that heat dissipation is the most efficient. 

 

 
(a) Thermal resistance of the air. 

 
(b) Case Temperature. 

Figure 3. Temperature change depending on how thick the 

COB LED pins. 

 

2.4 20W COB LED Heat sink design and experiment 

 

  
(a) Designed COB heat sink. 

 

 
(b) The COB Package Simulation. 

Figure 4. Designed COB LED heat sink and Simulation 
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As shown in Figure 4, we designed 20W COB LED heat 

sink with condition set through Solidworks flow simulation 

at area of 1, internal temperature of 25℃, the heat transfer 

coefficient of 5W/m℃, emissivity of 0.5.  

 

 
(a) Experimental results of air flow. 

 
(b) Heat Distribution of COB and secondary Heat Sink. 

Figure 5. The results of thermal simulation. 

 

As a result (Figure 5) of the simulation, the highest 

temperature was 68.51℃ with 4.5℃ maximum difference 

in temperature. This result came from the condition where 

thermal interface material (TIM) was not included. To lower 

the temperature further, it is deemed that TIM should be 

considered. 

 

3. CONCLUSION AND FUTURE WORK 
 

LED must have long lifetime, maintain a constant 

brightness and colors for a certain period of time in order to 

be applied to various areas. The junction temperature must 

be lowered in order to solve these problems, thus solving 

the heat problem; and the heat must be efficiently dissipated 

through optimal heat dissipation design. In this paper, we 

designed a COB LED module and experimented on how 

temperature changes according to the thickness of the pins. 

As a result, we found out the optimal thickness of the pin, 

which is 2.5mm. 

Also we have designed 20W COB LED heat sink and 

analyzed the thermal properties. The maximum temperature 

of 68.51℃ was relatively high. TIM was excluded. We are 

planning to design an optimal heat sink taking optimal heat 

sink and TIM and evaluate and demonstrate the 

performance. 
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