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A B S T R A C T   

The purpose of this paper is to assess thermal management and optimization of several parameters such as: 
materials, size and thickness of all subcomponents of single-chip Light Emitting Diode (LED) in order to minimize 
its junction temperature and thereby maximizing light output and device reliability. 

For this, we developed a three-dimensional code using Comsol Multiphysics that solves the systems of 
equations for the mass, momentum and energy. After validation of this numerical 3D code, the thermal Char-
acterization of Subcomponents of LED system is studied numerically. This system is divided into 6 parts such as: 
metallization, die, die-attach, substrate, Thermal Interface Material and heat sink. Several materials which can be 
used in each part of the LED package from metallization to the heat sink are studied. By moving to one part to 
another, it was selected the best materials always allowing a minimum junction temperature.   

1. Introduction 

LEDs are being developed as the next generation lighting source due 
to their high efficiency and long life time. State of the art LEDs are 
capable of emitting light at almost 115 lm/W and have lifetime over 
50,000 h [1]. It has already surpassed the efficiency of incandescent 
light sources, and is even comparable to that of fluorescent lamps. That 
is why, the experimental [2–6] and numerical [7–27] study of this lamp 
interests many researchers until today seen that it presents several 
advantages. 

LEDs are semiconductor devices and usually do not use any glass and 
filament, while incandescent, fluorescent, and high intensity discharge 
(HID) lamps [28–37] do. Also, LEDs do not contain mercury, unlike 
fluorescent lamps. 

Like a normal diode, the LED consists of p-type and n-type semi-
conductor materials creating a p-n junction. Once power is applied, the 
luminescence reaction occurs at p-n junction and energy is released in 

the form of light, also known as luminous flux. In the reaction only some 
portion of energy turns into luminous flux, and the rest turns into the 
form of heat. By this heat generation, the p-n junction has the highest 
temperature in the device and this is called as junction temperature. The 
junction temperature of LEDs is very important because parameters such 
as lifetime and luminous flux largely depend on it. All light sources 
convert electric energy into radiant energy and thermal energy in 
various proportions. The portion of heat generated which must be 
dissipated by conduction and convection in LEDs is remarkably larger 
than other light sources. 

The main breakthroughs in LEDs as a light source came from the 
development of synthesis and fabrication in gallium nitride (GaN). 
Before the advent of GaN based LEDs, the lack of blue and ultraviolet 
(UV) light which are necessary to produce white light hindered the 
development of LEDs into a light source. GaN is a wide bandgap (3.4 eV) 
material used in high-power and high frequency device. Therefore, LEDs 
based on GaN not only generate blue and ultraviolet light, which can 
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produce white light, but also operate at high power. 
Without proper thermal management the junction temperature goes 

up excessively. One of the key impacts of the high junction temperature 
in LEDs is reduced expected lifetime. Continuous operation at elevated 
temperature dramatically reduces the lifetime of LEDs. 

Therefore, a three-dimensional analysis of the thermal management 
of reducing junction temperature of LED lamp using Comsol Multi-
physics is the purpose of this study. Thus, many materials in each part of 
this square LED lamp are studied and discussed. In addition, other pa-
rameters that influences the junction temperature such as: material 
thickness, convection heat transfer coefficient, length and size of sub-
strate and heat sink are also varied and studied to deduce finally the 
optimal condition. This is the motivation of the present work which 
considers the choice of adequate materials and their thicknesses of all 
the sub-components very important for the thermal management of the 
square Light Edding Diode in order to minimize the maximum of the 
junction temperature to ensure a long lifespan and light quality of this 
type of lamp. 

2. Physical problem 

2.1. Geometry and description of the problem 

Fig. 1 shows the structure of the LED lamp studied by Ha and Graham 
[38] which will be considered as the initial structure of our study as well 
as the dimensions of the heat sink. 

A single-chip LED package contains a LED-chip that is GaN (Gallium 
nitride) and the dimensions are 1 mm by 1 mm and 4 μm thick. Also, we 
assume uniform heat generation in the volume of the chip. The chip is 
mounted on a Si die and attached using a eutectic bonding such as Au-Si. 
The chip and the bonding (or metallization) layer are so thin. The heat 
generation in the chip can be substituted by a uniform heat flux on the 
top surface of the die. The Si die is placed on a power electronic sub-
strate, AIN DBC substrate and thermal grease for thermal interface 
material. The heat sink is using copper material. 

The dimensions of the structure of the LED package, size, materials 
and its constant thermal conductivities are summarized in Table 1. 

For a precise study, the thermal conductivity of the materials used in 
the LED package is considered dependent on temperature [39,40] as 
shown in Fig. 2. 

2.2. Boundary conditions 

In this study, the boundary conditions are given as follows:  

• Uniform heat flux on top of the die  
• Uniform convection heat transfer coefficient around heat sink  
• All other surfaces are adiabatic. 

2.3. Simplifying assumptions and governing equations 

In order to analyze the thermal and flow characteristics of this three- 
dimensional model in steady-state, several assumptions are made 
regarding the operating conditions LED package.  

• The Navier-Stokes and energy equations can be used to analyze the 
physical processes;  

• The body forces and the effect of viscous heating are neglected;  
• The effect of radiation is neglected 

Based on the above assumptions, the steady-state governing equa-
tions for mass, momentum, and energy conservation are expressed: 

Fig. 1. (a) Structure of the LED package; (b) Dimensions of heat sink.  

Table 1 
Structural dimensions and materials of LED package according to Ha and Gra-
ham [38].  

Subcomponents Thickness Size Materials Thermal 
conductivity (W/ 
m2K) 

LED-chip 4 μm 1 mm ×
1 mm 

GaN 
(Gallium 
nitride) 

130 

Metallization: 
bonding layer 

10 μm Au-Si 
eutectic 
bonding 

27 

Die/submount 375 μm Si 127 
Die-attach 50 μm Au-20Sn 57 
Substrate 127 μm 10 mm 

× 10 
mm 

Copper 385 
381 μm AlN DBC 180 

TIM 50 μm 10 mm 
× 10 
mm 

Thermal 
grease 

3 

Heat sink Fig. 1 Fig. 1 Al 150  
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Mass conservation equation: 

∂(ρu)
∂x

+
∂(ρv)

∂y
+

∂(ρw)
∂z

= 0 (1)  

where ρ is the mass density and u, v, and w are the velocities according 
to x, y, and z, respectively. 

Momentum conservation equation according to x: 
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Momentum conservation equation according to z: 
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(4) 

In these equations, p is the pressure, g is the gravity, and η is the 
dynamic viscosity. 

Energy conservation equation: 

∂(ρuCT)
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(5)  

where, T is the temperature, C is the specific heat capacity and λ is the 
thermal conductivity. 

2.4. Numerical method and validation 

The numerical study is performed in this study by using the com-
mercial software Comsol Multiphysics 5.4 as a finite element method 
(FEM) which is utilized to solve governing equations. It is a numerical 
technique used to perform finite element analysis of any given physical 

phenomenon. It has 6 advantages in modeling, adaptability, accuracy, 
time-dependent simulation, boundaries and visualization. Indeed, FEM 
allows for easier modeling of complex geometrical and irregular shapes. 
While modeling a complex physical deformity by hand can be imprac-
tical, it can solve the problem with a high degree of accuracy [41–50]. 
The designers can use boundary conditions to define to which conditions 
the model needs to respond. Boundary conditions can include point 
forces, distributed forces, thermal effects (such as temperature changes 
or applied heat energy), and positional constraints. In addition, the user 
of FEM can easily spot any vulnerability in design with the detailed vi-
sualizations FEM produces and then use the new data to make a new 
design. 

In order to validate our 3D code with the model of Ha and Graham 
[38], we simulate the temperature distribution of the LED package with 
the same conditions taken by Ha and Graham [38] which is shown in 
Fig. 4. 

The 3D model of Ha and Graham [38] was simulated using the 
commercial software “Ansys” under the following conditions: Power of 
LED lamp is 1 W, heat transfer coefficient is 10 W/m2/K and the ambient 
temperature is 25 ◦C. 

In addition, in order to reach a plausible mesh grid, we examined 
several meshes (from extremely coarse to finer mesh) applied to this 3D 
model illustrated in Table 2. 

From Fig. 3 and Table 2, we note that the fine mesh is the best and 
adequate to satisfy the accuracy of the results contains complete mesh 
consists of 45,255 domain elements, 14,542 boundary elements and 
1254 edge elements as shown in Fig. 4. Indeed, we see that the minimum 
and maximum temperatures of the LED package are 53.323 ◦C and 
60.301 ◦C respectively, for the model of Ha and Graham54. Compared 

Fig. 2. Thermal conductivity of materials of LED package function of temperature.  

Table 2 
Mesh sensitivity.  

Predefined 
mesh size 

Mesh 
elements 

Junction Temperature 
(◦C) (maximum 
temperature) 

Temperature of heat 
sink (◦C) (minimum 
temperature) 

Extremely 
coarse 

3641 60.165 52.416 

Extra coarse 6019 60.231 52.623 
Coarser 10,766 60.254 52.794 
Coarse 17,989 60.273 52.931 
Normal 26,436 60.289 53.087 
Fine 45,255 60.370 53.222 
Finer 136,857 60.968 53.568  
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with those found by our 3D model, these temperatures are 53.222 ◦C and 
60.37 ◦C respectively. The small temperature difference between the 
two models does not exceed 0.001%. So, this fine mesh was used for the 
rest of this study. 

For more details, we also plotted the vertical temperature profile 
along the centerline of LED package, which is shown in Fig. 5. From this 
figure, we found a good agreement between our 3D model simulated 
using Comsol Multiphysics and the 3D model of Ha and Graham [38] 
simulated using Ansys. 

3. Results and discussion 

After the validation of our 3D model, it is used for the thermal 
characterization of LED Subcomponents. The LED package is divided 
into 6 parts such as: metallization, die, die-attach substrate, Thermal 

Interface Material and heat sink. For each part, we compare the junction 
temperature of each material which can be used. Under the condition of 
the ambient temperature and the convection heat transfer coefficient 
which are 25 ◦C and 10 W(/m2.K), respectively, we choose the material 
that deduces the minimum of junction temperature to be used for the 
next part. In addition, geometrical parameters such as the thickness of 
the material, size of substrate, length of heat sink and the power input 
were also varied. 

3.1. Effect of metallization 

In this section, we will deal with the influence of metallization ma-
terials of the square LED on the junction temperature while keeping all 
illustrated parameters in Table 1. For this, we use Au and Au-Si as 
metallization materials of the square LED and we vary their thickness 
from 0.01 mm to 0.05 mm for two power input 1 W and 5 W. 

Fig. 6 shows the temperature distribution in LED-chip + Metalliza-
tion with 1 W/5 W power input, Au/Au-Si metallization materials and 
0.01/0.05 mm metallization thickness. From this figure, we see that the 
junction temperature is lower by 0.4 ◦C in the case of a 1 W power input 
and 0.01 mm metallization thickness when Au is used as metallization 
material instead of Au-si. This temperature gap reaches 8 ◦C when the 
LED lamp is supplied with a uniform power of 5 W and the thickness of 
metallization materials is 0.05 mm. 

For more details, we plotted the junction temperature of LED 1 W 
and 5 W as a function of metallization thickness for the two materials Au 
and Au-Si which are shown in Figs. 7 and 8. From these two figures, we 
see that by increasing the metallization thickness from 0.01 mm to 0.05 
mm, the junction temperature varies slowly with Au material and the 
temperature gap does not exceed 0.2 ◦C and 1 ◦C for the case of the LED 
lamp 1 W and 5 W power input, respectively. Whereas, if we use Au-Si as 
metallization material, the junction temperature is very sensitive with 
the increase of the metallization thickness. Indeed, the junction tem-
perature rises by 1.5 ◦C and 7.5 ◦C when the LED lamp is powered by 1 W 
and 5 W respectively. (See Fig. 9.) 

By reasoning on the search for a minimum junction temperature of 
the LED lamp, we can conclude that the use of Au as material metalli-
zation with a minimum thickness is more effective than using Au-Si. 
Therefore, we will continue the rest of the study using Au as material 
metallization with a thickness of 0.01 mm. 

Fig. 3. Temperature distribution of the LED package: (a): Our 3D code (b): Ha and Graham [38] code.  

Fig. 4. Mesh configuration of LED package.  
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3.2. Effect of Die/submount 

In this section, we will deal with the influence of Die/submount 

materials of the square LED on the junction temperature with GaN (with 
4 μm thickness) and Au (with 0.01 mm thickness) materials for LED- 
Chip and Metallization, respectively, while keeping all the other 

Fig. 5. Vertical temperature profile along the center line (z axis).  

Fig. 6. Temperature distribution in LED-chip + Metallization with 1 W/5 W power input, Au/Au-Si metallization materials and 0.01/0.05 mm metalliza-
tion thickness. 
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illustrated parameters in Table 1. For this, we use Si and SiC as Die/ 
submount materials of the square LED and we vary their thickness from 
0.1 mm to 0.5 mm for two power input 1 W and 5 W. 

Si is very widely used because of its cheap price, easiness in pro-
cessing, and fairly high thermal conductivity. SiC is an alternative ma-
terial that has not only high thermal conductivity but also well-matched 
coefficient of thermal expansion with GaN based materials. 

Fig. 8 shows the temperature distribution in LED-chip/ 
Metallization/Die with 1 W/5 W power input, Si/SiC Die/submount 
materials and 0.01/0.5 mm Die/submount thickness. 

From this figure, we note that the thinner die is definitely better for 
thermal management. Indeed, we see that the junction temperature is 

lower by 0.7 ◦C in the case of a 1 W power input and 0.1 mm Die 
thickness when SiC is used as Die material instead of Si. This tempera-
ture gap reaches 22 ◦C when the LED lamp is supplied with a uniform 
power of 5 W and the thickness of Die materials is 0.05 mm. 

For more details, we plotted the junction temperature of LED 1 W 
and 5 W as a function of Die thickness for the two materials Si and SiC 
which are shown in Figs. 10 and 11. From these two figures, we see that 
by increasing the Die thickness from 0.1 mm to 0.5 mm, the junction 
temperature varies linearly with SiC material and the temperature gap 
does not exceed 1 ◦C and 8 ◦C for the case of the LED lamp 1 W and 5 W 
power input, respectively. Whereas, if we use Si as Die material, the 
junction temperature is very sensitive with the increase of the Die 

Fig. 7. The junction temperature of LED 1 W as a function of metallization thickness for the two materials Au and Au-Si.  

Fig. 8. The junction temperature of LED 5 W as a function of metallization thickness for the two materials Au and Au-Si.  
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thickness. Indeed, the junction temperature rises by 3.8 ◦C and 25 ◦C 
when the LED lamp is powered by 1 W and 5 W respectively. 

The die is attached to the chip and mainly used for easy handling of 

the chip because the LED-chip by itself is so thin, less than 4 μm, such 
that very elaborate processing is required. 

In order to find the materials to be used in LED lamp allowing a 

Fig. 9. Temperature distribution in LED-chip/Metallization + Die with 1 W/5 W power input, Si/SiC Die materials and 0.1/0. 5 mm Die thickness.  

Fig. 10. The junction temperature of LED 1 W as a function of Die-submount thickness for the two materials Si and SiC.  
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minimum junction temperature of this lamp, we can conclude that the 
use of SiC as Die material with a minimum thickness is more effective 
than using Si. Therefore, we will continue the rest of the study using SiC 
as Die material with a thickness of 0.375 mm. 

3.3. Effect of the Die-attach 

In this section, we will deal with the influence of Die-attach materials 
of the square LED on the junction temperature with GaN as LED-Chip 
material (with 4 μm thickness), Au as metallization material (with 
0.01 mm thickness) and SiC as Die/submount material (with 0.375 mm 
thickness) while keeping all the other illustrated parameters in Table 1. 
There are many candidates for the die-attach materials, and gold-based 
and silver-based solders are generally used due to their superior me-
chanical and thermal properties. In this study, we considered Sn-3.5Ag, 
Au-20Sn and 100In solders as die-attach materials and we varied their 
thickness from 0.01 mm to 0.05 mm for two power input 1 W and 5 W. 

Fig. 12 show the temperature distribution in LED-chip to Die-attach 
with 1 W/5 W power input, 100In/Au-20Sn/Sn-3.5Ag Die-attach ma-
terials and 0.01/0.1 mm Die-attach thickness. From this figure, we see 
that the junction temperature is almost constant when the die-attach 
thickness is 0.1 mm. Indeed, the junction temperatures of the pack-
ages using 100In, Au-20Sn and Sn-3.5Ag are 56.2 ◦C, 56.3 ◦C, and 
56.4 ◦C, respectively. Whereas for the case where the thickness of die- 
attach is 0.5 mm, the junction temperature is very sensitive to the ma-
terials used as die-attach. Indeed, the junction temperatures using 
100In, Au-20Sn and Sn-3.5Ag are 188 ◦C, 191 ◦C, and 197 ◦C, 
respectively. 

For more details, we plotted the junction temperature of LED 1 W 
and 5 W as a function of Die-attach thickness for the 3 materials 100In, 
Au-20Sn and Sn-3.5Ag which are shown in Figs. 13 and 14. From these 
two figures, we see that by increasing the Die thickness from 0.1 mm to 
0.5 mm, the junction temperature increases for the 3 Die-attach mate-
rials. For the case of LED 1 W input power, although the thermal con-
ductivities of die-attach materials are lower than those of die materials, 
their thermal resistances are not significantly high because of their 
relatively small thickness that significantly lower than 40 μm. On the 
contrary, the junction temperature is very influenced by the increase of 
Die-attach thickness beyond 40 μm. 

In addition, the junction temperature is always sensitive to the Die- 
attach thickness for the case of LED 5 W input power. 

We conclude that the use of 100In is the best Die-attach material 
allowing a minimum junction temperature of the LED lamp compared to 
Au-20Sn and Sn-3.5Ag. Therefore, we will continue the rest of the study 
using 100In as Die-attach material with a thickness of 50 μm. 

3.4. Effect of substrate 

In this section, we will deal with the influence of Die-attach materials 
of the square LED on the junction temperature with GaN as LED-Chip 
material (with 4 μm thickness), Au as metallization material (with 
0.01 mm thickness), SiC as Die/submount material (with 0.375 mm 
thickness), while keeping all the other illustrated parameters (TIM and 
heat sink) in Table 1. 

In this study, we used for the thermal characteristic analysis of 
substrate three different substrates: AIN DBC, Al2O3 DBC and IMS which 
theirs compositions and thickness are presented in Fig. 15. 

The relatively high thermal conductivity of ceramics in DBC sub-
strates and thin dielectric layers in IMS are very beneficial to reduce 
thermal resistance in substrate level. 

In addition, heat spreading in copper circuit layers is another 
important factor for good thermal management. The thick copper circuit 
layer is called “heavy copper” and considered as an effective way for 
thermal management of high power electronics. Since the copper circuit 
layer is the path for heat spreading, the lateral size of copper circuit layer 
should be maximized. In this study, we assume that copper circuit layer 
has the same size as the substrate. 

In case of the array of LEDs, the placement of LED-chips is important 
to avoid the interference of the heat spreading effect. If LED-chips are 
placed so closely with one another, the heat will not spread enough and 
the junction temperature will increase. 

Since the heat spreading of the substrate level mainly occurs in the 
copper circuit layer, the important factors to determine the thermal 
resistance of a substrate are the thickness of the copper circuit layer and 
the size of the substrate. 

That is why we varied the thickness copper from 0.1 mm to 0.5 mm 
and we varied the length of a square substrate for two power input 1 W 
and 5 W. 

Fig. 11. The junction temperature of LED 5 W as a function of Die-submount thickness for the two materials Si and SiC.  
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Fig. 16 show the temperature distribution in LED-chip to substrate 
with 1 W/5 W power input, AIN DBC/Al2O3 DBC/IMS substrate pack-
ages and 0.1/0.5 mm copper thickness. From this figure, we see that the 
lowest junction temperature is that of AIN DBC used as substrate 
whatever the 2 thicknesses (0.1 mm and 0.5 mm) and two input powers 
(1 W and 5 W). Indeed, the difference of junction temperature between 
the use of AIN DBC and Al2O3 DBC does not exceed 1.3 ◦C for the 2 
thicknesses and the 2 input powers. While the difference of junction 
temperature is very remarkable if we used IMS substrate. Indeed, this 
difference reaches 7 ◦C for 0.1 mm thickness and LED 1 W power input 
and 19 ◦C for 0.5 mm thickness and LED 5 W power input. 

For more details, we plotted the junction temperature of LED 1 W 
and 5 W input power as a function of copper thickness for the 3 substrate 
packages AIN DBC, Al2O3 and IMS which are shown in Figs. 17 and 18. 

From these two figures, we see that by increasing the copper thickness 
from 0.1 mm to 0.5 mm, the junction temperature decreases for the 3 
different substrate packages. In addition, it confirms that a thicker 
copper layer can achieve a lower thermal resistance. However, the 
impact of copper thickness varies with types of the substrate and their 
property. In case of the LED package with AlN DBC substrate, the 
junction temperature difference between 100 μm and 500 μm of copper 
layer are only 0.5 ◦C and 1.3 ◦C with 1 W and 5 W input power, 
respectively. This is because the AlN with its large thermal conductivity 
contributes to the heat spreading, assisting thinner copper circuit layers. 
In case of the LED package with IMS, due to the low thermal conduc-
tivity of dielectric, the junction temperature difference are 3.7 ◦C and 
20.1 ◦C with 1 W and 5 W input power, respectively. In this case, the 
heat spreading is mainly coming from the copper circuit layer with very 

Fig. 12. Temperature distribution in LED-chip to Die-attach with 1 W/5 W power input, 100In/Au-20Sn/Sn-3.5Ag Die-attach materials and 0.01/0.1 mm Die- 
attach thickness. 
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Fig. 13. The junction temperature of LED 1 W as a function of Die-attach thickness for the 3 materials 100In, Au-20Sn and Sn-3.5Ag.  

Fig. 14. The junction temperature of LED 5 W as a function of Die-attach thickness for the 3 materials 100In, Au-20Sn and Sn-3.5Ag.  

Fig. 15. Compositions and thickness of three different substrates (AIN DBC, Al2O3 DBC and IMS).  
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little contribution from the dielectric. 
In order to study the effect of substrate size on the junction tem-

perature of LED lamp, we plotted the junction temperature of LED 1 W 
and 5 W as a function of length of a square substrate for the 3 packages 
AIN DBC, Al2O3 DBC and IMS which are shown in Figs. 19 and 20. From 
these figure, we see that the increase in the size of the substrate does not 
vary the junction temperature which remains almost constant in the case 
of the 2 substrate packages AIN DBC and Al2O3 DBC for both the LED 1 
W and 5 W power input. On the other hand, the junction temperature is 
very sensitive to the increase of IMS substrate size. Indeed, when the 
length of a square substrate increases from 100 μm to 500 μm, the 
junction temperature decreases by 6 ◦C and 30 ◦C for the case of a LED 1 
W and 5 W power input, respectively. 

We conclude that the use of AIN DBC is the best substrate package 

allowing a minimum junction temperature of the LED lamp compared to 
Al2O3 DBC and IMS. Therefore, we will continue the rest of this study 
using AIN DBC with composition and thickness shown in Fig. 15. 

3.5. Effect of thermal interface material 

In this section, we will deal with the influence of Thermal Interface 
Materials (TIM) of the square LED on the junction temperature with GaN 
as LED-Chip material (with 4 μm thickness), Au as metallization material 
(with 0.01 mm thickness), SiC as Die/submount material (with 0.375 
mm thickness), AIN substrate package (Fig. 15) while keeping all the 
other illustrated parameters of heat sink in Table 1. 

A TIM is used to fill the gaps between the LED package and a heat 
sink, in order to decrease thermal contact resistance. These gaps are 

Fig. 16. Temperature distribution in LED-chip to Substrate with 1 W/5 W power input, AIN DBC/Al2O3 DBC/IMS substrate packages and 0.1/0.5 mm cop-
per thickness. 
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normally filled with air, which is a very poor conductor [k = 0.026 W/ 
(m.K)], and it must be eliminated from the thermal path. 

There are many materials used for gap filling include solder, thermal 
grease, phase change materials, adhesive tapes, gap filling material and 
others. In this study, we considered 8 TIM: 100In, 90In-10Ag, 80Au- 
20Sn, 77.2Sn-20In-2.8Ag, 88Au-12Ge, 96.5Sn-3.5Ag as solders, Shin- 
etsu Chemical (G751-1) and Momentive Performance Material (YG- 
6111) as thermal greases. We varied their thickness from 0.02 mm to 
0.1 mm for two power input 1 W and 5 W. 

Fig. 21 shows the temperature distribution in LED-chip to TIM with 
1 W/5 W power input for 8 Thermal Interface Materials Thickness and 
0.02/0.1 mm TIM thickness. From this figure, we see that the junction 

temperature of LED lamp is almost the same for all TIM solders (100In, 
90In-10Ag, 80Au-20Sn, 77.2Sn-20In-2.8Ag, 88Au-12Ge, 96.5Sn-3.5Ag) 
and for the 2 powers input 1 W and 5 W which are 56.3 ◦C and 185 ◦C, 
respectively. A slight difference of junction temperature between TIM 
solders and thermal grease used. Indeed, this difference does not exceed 
0.1 ◦C and 0.4 ◦C with Shin-etsu Chemical (G751-1) and Momentive 
Performance Material (YG-6111), respectively, when the thickness of 
TIM is 0.02 mm. For the case where the thickness is 0.1 mm, this dif-
ference does not exceed 2 ◦C and 8 ◦C with Shin-etsu Chemical (G751-1) 
and Momentive Performance Material (YG-6111), respectively. 

For more details, we plotted the junction temperature of LED 1 W 
and 5 W as a function of thermal interface materials thickness for the 8 

Fig. 17. The junction temperature of LED 1 W as a function of copper thickness for the 3 packages AIN DBC, Al2O3 and IMS.  

Fig. 18. The junction temperature of LED 5 W as a function of copper thickness for the 3 packages AIN DBC, Al2O3 and IMS.  
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different TIM materials shown in Figs. 22 and 23. From these two fig-
ures, we assure that the impact of TIM thickness on thermal resistance of 
package is negligible. Indeed, the junction temperature gap between the 
6 TIM solders (100In, 90In-10Ag, 80Au-20Sn, 77.2Sn-20In-2.8Ag, 
88Au-12Ge, 96.5Sn-3.5Ag) does not exceed 0.02 ◦C and 0.05 ◦C for 
the TIM thickness 0.02 mm and 0.1 mm, respectively, for LED 1 W power 
input. For the case of LED 5 W, the maximum of junction temperature 
gap are 0.15 ◦C and 0.27 ◦C when the TIM thickness are 0.02 mm and 
0.1 mm, respectively. 

We conclude that the type of TIM, which is the thermal conductivity 
of TIM, is not important in thermal management of the system. 

Therefore, we will choose 100In solder as thermal Interface Material 
with a thickness of 50 μm allowing a minimum junction temperature of 
the LED lamp compared to other TIM for the rest of this study. 

3.6. Effect of heat sink 

Heat sink is one of the most important factors in reducing the thermal 
resistance. The most effective way to increase the efficiency of a heat 
sink is to use a large heat sink with forced convection. However, both 
solutions are not suitable in many cases because a large heat sink is 
restricted by the design criteria for the LED fixture and forced 

Fig. 19. The junction temperature of LED 1 W as a function of length of a square substrate for the 3 packages AIN DBC, Al2O3 DBC and IMS.  

Fig. 20. The junction temperature of LED 5 W as a function of length of a square substrate for the 3 packages AIN DBC, Al2O3 DBC and IMS.  
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Fig. 21. Temperature distribution in LED-chip to TIM with 1 W/5 W for 8 Thermal Interface Materials Thickness and 0.02/0.1 mm TIM thickness.  
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convection requires additional power input. Therefore, effective design 
of a heat sink for a large convection heat transfer coefficient is another 
big subject. In this study, we only consider the heat sink with straight 
fins, and examine the effect of material, size and convection heat 
transfer coefficient. 

Firstly, we examine the effect of heat sink materials using two 
different materials Aluminum (Al) and Copper (Cu). Fig. 24 shows the 
temperature distribution of square LED with 1 W/5 W power input using 
Aluminum and Copper heat sink. From this figure, we see that both cases 
have almost junction temperature although Copper has much higher 
thermal conductivity than Aluminum. Indeed, the differences of 

junction temperature are 0.3 ◦C and 1 ◦C for LED 1 W and 5 W power 
input, respectively. 

Fig. 25 shows the junction temperature of LED 1 W as a function of 
length of heat sink using copper and aluminum materials. From this 
figure, we conclude that the materials of heat sink made no significant 
difference when we varied the size of heat sink and convection heat 
transfer coefficient. It is limited only in case that heat spreads enough 
before a heat sink. If a localized high heat flux is applied on top of a heat 
sink, its material would be an important factor to increase the efficiency. 

To study the effect of the length of heat sink on the junction tem-
perature, we presented the temperature distribution of square LED 1 W 

Fig. 22. The junction temperature of LED 1 W as a function of thermal interface materials thickness for the 8 different TIM materials.  
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with Copper heat sink (allowing a minimum junction temperature of the 
LED lamp) for different length of heat sink at the same convection heat 
transfer coefficient [H = 10 W/(m2.K)] which is shown in Fig. 26. From 
this figure, we notice the remarkable decrease of the junction temper-
ature by increasing the length of heat sink. 

To study the effect of the convection heat transfer coefficient of heat 
sink on the junction temperature, we plotted the junction temperature of 
LED 1 W as a function of length of copper for different convection heat 
transfer coefficient which is shown in Fig. 27. From this figure, we see 
that the junction temperature decreases with the increase of both con-
vection heat transfer coefficient and length of heat sink. Therefore, the 

role of the convection heat transfer coefficient is large in the small heat 
sink and it becomes smaller as the size increases. 

4. Conclusion 

In this paper, a numerical study was performed to analyze the 
thermal management of the Light Edding Diode package. The 3-D model 
using Comsol Multiphysics was used to numerically model the heat 
dissipation of the LED chip towards the heat sink. In order to found 
optimum case for reducing the temperature junction of the LED lamp, 
several materials of all subcomponents of LED packages are studied and 

Fig. 23. The junction temperature of LED 5 W as a function of thermal interface materials thickness for the 8 different TIM materials.  
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Fig. 24. Temperature distribution of square LED with 1 W/5 W power input using Aluminum and Copper heat sink.  

Fig. 25. The junction temperature of LED 1 W as a function of length of heat sink using copper and aluminum materials.  
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discussed. Other parameters that affect the junction temperature such 
as: material thickness, convection heat transfer coefficient, length and 
size of substrate and heat sink are also varied and studied to deduce the 
optimal condition. A large number of simulations using Comsol Mult-
physics were carried out for this detailed study which took a long time 
for the parametric studies. The main results found are: 

• The LED package containing: GaN as LED-Chip material, Au as ma-
terial metallization, SiC as Die material, 100In as Die-attach mate-
rial, AIN DBC is the best substrate package, 100In solder as thermal 
Interface Material and Copper for heat sink are the best composition 
for allowing a minimum junction temperature to be obtained. 

• The thermal conductivity of TIM is not important in thermal man-
agement of the system. 

Fig. 26. Temperature distribution of square LED 1 W with Copper heat sink for different length of heat sink.  
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• The junction temperature decreases with the increase of both con-
vection heat transfer coefficient and length of heat sink.  

• The role of the convection heat transfer coefficient is large in the 
small heat sink and it becomes smaller as the size increases. 

Nomenclature 

Ag Silver 
Al Aluminum 
Au Gold 
Au− Si Gold-Silicon 
C specific heat capacity 
DBC Direct-bonded-copper 
g gravity 
GaN Gallium nitride 
H convection heat transfer coefficient 
IMS Insulated-metal-substrates 
In Indium 
L length 
LED Light Edding Diode 
P Power of LED 
p pressure 
SiC Silicon 
SiC Silicon Carbide 
Sn Tin 
T temperature 
TIM thermal interface materials 
u velocity according to x axis 
v velocity according to y axis 
w velocity according to z axis 

Greek symbols 

ρ mass density 
η dynamic viscosity 
λ thermal conductivity 

Subscripts 

x, y, z Cartesian coordinates 

Declaration of Competing Interest 

None. 
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