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ABSTRACT 

Thermal performance of a commercial LED array module 

has been studied by experimental, numerical and analytical 

approaches to find the dominant thermal resistance in the 

thermal circuit. The light quality, lifetime and reliability of the 

LED modules depend strongly on the junction temperature 

which can be obtained and modified by a suitable thermal 

resistance model. Analytical models for the first level 

packaging (Die) and second level packaging (PCB and heat 

sink) have been developed with special attention to the thermal 
spreading resistance. Numerical modeling has been performed 

using commercial finite element software (COMSOL) and the 

results are in good agreement with the analytical models. An 

LED array module has also been studied experimentally by 

measuring the temperature field in the PCB and heat sink using 

thermocouples and infrared thermography. The results of the 

experimental part are used to validate the numerical and 

analytical models. It is shown that more than 50% of the total 

thermal resistance is caused by the heat sink while the PCB and 

LED package each share 25% of the total thermal resistance.    

 

INTRODUCTION 
Light-emitting diodes (LEDs) are replacing more and 

more other lighting technologies such as incandescent, 

fluorescent and halogen types. The drive for this trend stems 

from their outstanding properties such as small size, low power 

consumption, high brightness and long operating life. LEDs 

consist of a semiconductor chip with a p-n junction diode [1].  

When a current is applied, electrons and holes from different 

electrodes recombine in the junction either radiatively or 

nonradiatively.  The radiative recombination will emit photons 

(light) but the nonradiative process will result in a self-heating 

process. This nonradiative recombination process along with 
Joule heating at the diode and interconnects are the main heat 

sources in the LED package. The generated heat should be 

evacuated because otherwise it will increase the junction 

temperature.  High junction temperatures can lead to lower 

light output, LED color shift and decreased lifetime. A typical 

high brightness (HB) LED chip has 1mm2 surface area with a 

total power consumption of 1W [2].  Currently, the LEDs on 

the market have a luminous efficiency of about 10%-30% and 

consequently 90% -70% of the input electrical energy is 

converted to heat [3]. With this efficiency, the heat flux can be 

as high as 80 W/cm2 and is expected to increase to 350 W/cm2 

in the future years [4]. Therefore, LED packaging plays a 

critical role in effective thermal management to achieve a 

junction temperature below a maximum value of typically 140-

150 oC.    

As can be seen in Figure 1, a LED module is typically 

composed of a LED package mounted on a printed circuit 
board (PCB) and a heat sink to transfer the heat to the ambient. 

The LED package consists of die, die attach, heat conducting 

slug enclosed in a ceramic package, thermal slug pad, 

encapsulation and lens. Electrical connections are established 

through the lead frames to the copper layers but are not shown 

here because their thermal contribution is negligible [5]. The 

PCB shown here is a metal core type (MC PCB) and consists of 

a dielectric insulator layer on top of the anodized aluminum [6]. 

The copper layers are the electrical conductors to transport 

electricity between LEDs in the arrays (not shown). The MC 

PCB is mounted on an aluminum heat sink which is exposed to 

the ambient.  
The heat is generated in the LED die (at the junction) and 

the highest temperature is therefore the junction temperature. 

Heat can be transported to the ambient through two paths. One 

is by conduction through the encapsulation and the lens around 

the die while the other is by conduction through the LED 

package, the PCB and the heat sink. Although in the both paths 

the final thermal sink is the ambient, the first path is often not 

accessible because the LEDs might be covered by a plastic lid 

for protection and light enhancement. In addition to preventing 

natural convection form the PCB surface, the plastic lid is often 

opaque to infrared radiation and hence blocks the thermal 
radiation from the PCB surface to the ambient.  Moreover, 

thermal conductivity of the encapsulation and the lens are much 

lower than that of the heat slug under the die. Therefore, 

conduction through the die backside is often the main heat 

transfer path. The total thermal resistance between the junction 

and the ambient is: 
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RTotal =  RLED package +  RPCB + RHeat sink (1) 

 

The overall thermal resistance can also be expressed as: 

 

Die Ambient

total

LED

T T
R

Q


   (2) 

where TDie and TAmbient are die and ambient temperatures 

and QLED is the LED input power converted to heat (W). Hence, 

the die temperature (junction temperature) can be decreased 

either by decreasing the LED power, ambient temperature or 

the module total thermal resistance. While the LED input power 

and ambient temperature are constrained by the application, the 

module total thermal resistance can be modified through 

different design parameters to minimize the junction 

temperature.      

Junction temperature of LED arrays can be determined 

either experimentally, numerically or analytically.  
Experimental techniques such as IR thermography at the 

junction level [7, 8], peak wavelength shift [9] and forward 

voltage measurement [10, 11] are used to measure the junction 

temperature. These methods can characterize the thermal 

performance of the LED arrays under different operating 

conditions. However, they lack the flexibility for parametric 

studies and are not useful during the thermal design process. 

Numerical simulations are also used extensively to obtain the 

junction temperature and the thermal performance of the LED 

modules [12-14]. Although relatively easy to implement, the 

disadvantage of the numerical approach is that to obtain a 
precise value for the junction temperature, the complete data 

regarding the material and dimensions of the LED package, 

PCB and heat sink should be available. In the case of the LED 

package, this data is not usually available to the light module 

designer. However, the thermal resistance of the commercial 

LED packages is usually provided by the LED manufacturers. 

Moreover, numerical studies can be very time consuming for 

parametric studies. Analytical approaches on the other hand, are 

very appealing because they are readily suitable for parametric 

studies and variable conditions.  

LED arrays basically form a conduction problem with 

multi heat source on a multilayer substrate. Thus spreading 
thermal resistance is typically significant when heat transfers 

from the LED die through the PCB and eventually the heat sink 

[15]. More complexity arises when considering the effect of 

multiple heat sources on a PCB and heat sink. Few analytical 

solutions for the temperature field of the LED array [16-18] and 

LED module thermal resistance [19, 20] are already available. 

In most cases, numerical solutions are used to validate the 
analytical results and no experimental validation is presented.  

This work therefore aims to present an analytical thermal 

model for a LED module along with its experimental 

validation. A commercial LED module including 30 LED 

packages attached on a MC PCB and a heat sink were 

investigated. Temperature measurement was performed by 

using thermocouples and infrared thermography. Temperature 

profile on the PCB surface was obtained and the results are 

compared with the numerical and analytical results. The 

contribution of each component (LED package, PCB and heat 

sink) to the total thermal resistance will also be presented. The 

analytical model includes spreading thermal resistance in the 
multi-layer PCB and multi-heat source heat sink. This model 

therefore provides a powerful tool for parametric studies and 

thermal design efforts of the LED modules. 

 

EXPERIMENTAL METHODS 
Geometrical and thermal properties of the LED module   

Part of a LED module is shown in Figure 1. The LED die 

is made by Bridgelux™ and has 1W power and a luminous 

efficiency of 15% (85% of the power is therefore converted to 

heat).  The LED package is fabricated by a third party 

manufacturer and the thermal resistance as provided by the 
manufacturer is 12 oC/W. Table 1 shows the dimensions and 

thermal properties of the LED module components. It should be 

noted that while the dimensions can be measured readily, it is 

more difficult to identify the exact materials and their 

corresponding thermal conductivities especially for LED 

package. Numerical simulations show that LED package 

thermal resistance is most sensitive to the die and die attach 

thermal conductivities. The choice of the material for these 

components can significantly affect the LED package thermal 

resistance. 

 

 
Figure 1. Typical LED module including LED package, board (PCB) and heat sink. 
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Table 1 Dimensions and material properties of the LED 

package 

Part 
Dimensions 

(mm) 
Material 

Thermal 

conductivity, k 

(W/m K) 

Lens Diameter: 6 
Polycarbonate 

[5] 
0.2 

Encapsulation - 
Silicone gel 

[5] 
0.2 

Die 1.1×1.1×0.15 
Aluminium 

oxide [22] 
30 

Die attach 1.1×1.1×0.15 
Silver epoxy 

[21] 
6 

Heat slug 

O.D.: 5.5 

Height: 0.8 
I.D.: 3 

Height: 1.9 

Copper  
 

385 

Slug pad 
Diameter: 5.5 

Height: 0.05 

Thermally 

conductive 

epoxy [5] 

5 

Ceramic 

package 

Diameter: 8 

Height: 2.7 
Ceramic [5] 4.5 

Copper layer 

conductor 

First and last 

layer : 

18×64×0.08 

Middle 

layers: 

15×64×0.08 

Copper 385 

Dielectric 270×64×0.08 FR4 [23] 0.3 

Metal core 270×64×1.6 Aluminium  160 

TIM 270×64×0.05 
Thermal 

epoxy [5] 
5 

Heat sink 
Number of 

fins: 19 
Aluminium 160 

 

 Thermal conductivity of the die material is provided by 

the manufacturer. As for the die attach, silver epoxies have a 

thermal conductivity from 2 to 12 W/m K [21]. Numerical 

simulation of a single LED package shows that by using a die 

attach thermal conductivity of 6 W/m K, the thermal resistance 

of the LED package will be the same as the value provided by 

the manufacturer. Typical values of thermal conductivity are 

used for all other components. LED packages are attached by 

soldering to a MC PCB in a 10×3 array of LEDs. Figure 2a 

shows half of the MC PCB (the soldering connections are not 
shown). MC PCB is composed of an aluminium core, a 

dielectric layer (FR4) and copper strips for electrical 

connections. Although not shown here but the entire MC PCB 

surface is covered by very thin (~10μm) white coating. While 

its thermal resistance can be neglected due to its extremely 

small thickness, it will lead to a uniform surface emissivity 

which is suitable for IR thermography. Figure 2b shows the 

LED package locations on the MC PCB. The MC PCB is 

attached by a thermal epoxy to an aluminum heat sink (Figure 

2c). 

Three type-K thermocouples (OMEGA®, 0.25 mm diameter 

tip) are used to measure the temperature at three different 
locations on the MC PCB. Two of the thermocouples, T1 and 

T2 are shown in Figure 2b. T3 was placed at the same location 

of T2 but on the opposite side of the MC PCB surface (not 

shown here). The thermocouples were connected to a data 

acquisition system (Agilent® 34970A). A high performance IR 

camera (Flir® SC620) with a resolution of 640×480 pixels was 

used to capture the temperature profile on the MC PCB. By 

comparing the temperatures obtained by the thermocouples and 
the IR camera, the MC PCB surface emissivity was estimated 

to be 0.89. 

 

 

 
 

 
Figure 2. a) Schematic drawing of half of the MC PCB 

with 5×3 LED packages b) LED package locations on the MC 

PCB along with locations of the two of the thermocouples c) 

heat sink (dimensions in mm).    

Test procedures   
To evaluate the impact of each LED module component, 

experimental measurements were performed separately on a 

complete LED module (including LED packages, MC PCB and 

heat sink), LED module without the heat sink and then only the 

heat sink. The top surface of the commercial module was 

covered by a plastic lid which was opaque to the infrared 

radiation and hence, rendering the IR thermography impossible. 

The complete module and the module without the heat sink 

were tested by running the LEDs for 20 mins until the 

temperatures on the MC PCB surface measured by 

thermocouples were stable. The temperature was measured in 

Copper layer conductors 

Dielectric 

(a) 

(b) 

Symmetry 

(c) 

22.5 25 

12 

20 

T1 T2 

LED package 

135 (270 total length) 
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2s intervals by the attached thermocouples. Then, the plastic lid 

was removed temporarily and the temperature profile was 

captured by the IR camera. The short time required to take the 

IR image showed no meaningful impact on the temperatures 

measured by the thermocouples. Therefore, the experimental 

error caused by this method is negligible. The IR images are 
then processed by the specialized software FLIR ResearchIR® 

to obtain the temperature profiles on different locations.   

The heat sink was also tested to obtain the average 

effective convection heat transfer coefficient. To perform this 

test, MC PCB was removed and a kapton® heater with the same 

width as the heat sink was attached on the heat sink (Figure 3). 

The heater surface and the uncovered top of the heat sink were 

covered by a thermal insulation to minimize the heat loss by 

convection from the top surface.  Four type-K thermocouples 

(OMEGA®, 0.25 mm diameter tip) were used to measure the 

temperature at the base and tip of the central fins each with two 

thermocouples. The central fins were selected to minimize the 
spreading thermal resistance along the heat sink base plate. 

After turning on the heater, the steady state temperature profile 

was achieved after 45mins and the measured temperatures were 

averaged over the last 2mins of the acquired steady state data. 

IR camera was used to capture the heat sink temperature 

profile. The same surface emissivity as the MC PCB (0.89) was 

obtained by comparing the IR images and the temperatures 

measured by the thermocouples. These data along with the 

measured ambient temperature were used to calculate the 

average effective convection heat transfer coefficient of the 

heat sink due to both radiation and natural convection. 
 

 

 
Figure 3. Schematic drawing of the heat sink test setup to 

measure the effective convection heat transfer coefficient.  

 
GOVERNING EQUATIONS AND MODELS 
Configuration and assumptions for analytical models 

Figure 4 shows the simplified configuration of the LED 

module with its corresponding boundary conditions. Comparing 
this configuration with Figure 1 shows that some components 

of the LED module are ignored to simplify the geometry. In the 

LED package, the lens, encapsulation and ceramic package are 

ignored due to their very low thermal conductivities. A uniform 

heat flux is applied at the die surface. Moreover, spreading 

thermal resistance due to variable cross sections between the 

die attach and the heat slug and also between the two parts of 

the heat slug are also ignored. This hypothesis is valid due to 

high thermal conductivity of the copper heat slug and its small 

dimensions. In the MC PCB, heat is transferred from back side 

of the LED package. It can be seen that the copper layer 

conductors for the electrical connections are also ignored. 

Numerical simulations show that the effect of this copper layer 

in the heat transfer is negligible due to very low thermal 

conductivity of the dielectric layer.  
Heat generation in the LED die is considered as a uniform 

heat flux at the die surface. A uniform heat flux is also assumed 

on top of the MC PCB and under LED package which is shown 

to be a valid assumption [19]. In the analytical models, two 

different boundary conditions are assumed for the boundary 

between the TIM and the heat sink.  For the MC PCB thermal 

resistance model, a uniform temperature is assumed at the 

bottom of TIM. Numerical simulations show that the 

temperature variations at the bottom of the TIM are very small 

and this assumption is therefore satisfactory.  When calculating 

heat sink thermal resistance though, a uniform heat flux on the 

surface was used.    
 

  
 

 
Figure 4 Simplified LED module configurations and 

thermal modeling assumptions    

All external surfaces are assumed to be adiabatic except for 

the heat sink surface. Due to high surface emissivity of the heat 

sink (0.89), radiation mode contributes to the heat transfer as 

well as the natural convection, and should be taken into 

account. A uniform effective heat transfer coefficient is 

assumed on the heat sink surface that includes both convection 
and radiation.   

 

Analytical model for LED package 

Figure 5 shows the simplified geometry of the LED 

package and its thermal circuit. Ignoring the spreading thermal 

resistance, the thermal circuit of the LED package can be 

expressed using a simple1-D conduction model:  

 Die
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RLED package =  RDie +  RDie attach + RHeat slug + RSlug pad  (7) 

 

where t,  k and A are thickness (m), thermal conductivity 

(W/m K) and area (m2) respectively.  

 
Figure 5 Schematic drawing of the simplified geometry for the 

LED package. 
 

Analytical model for MC PCB 

Unlike in the LED package, spreading thermal resistance 

cannot be ignored in the MC PCB due to very low thermal 

conductivity of the dielectric material. Exact analytical solution 

of a four layer structure with circular disks is used to obtain the 

MC PCB thermal resistance [19]. Circular disks are used 

instead of rectangular disks because the problem is simplified 
into a two dimensional problem due to circular symmetry 

(Figure 6). The simplified configuration of the MC PCB 

includes three layers (dielectric, aluminum core and TIM) while 

this model is developed for four layers.  A fourth layer is added 

to the current configuration by dividing the dielectric layer 

thickness into two equal layers and hence four layers 

(dielectric, dielectric, aluminum and TIM) are used.   

 

 
 
 

 
 

Figure 6. Multilayer circular disc geometry for MC PCB 

thermal modeling. 
 
Using this model, the expression for thermal resistance is 

[19]: 
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where αl is the roots of the zero-order Bessel function J0(x). 

The summation is performed over ascending values of αl using 

Stokes approximation. A modified Stokes approximation is: 
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where βl = π(4l+1)and l ≥ 1. φn depends on the total 

number of layers and for a four layer structure is given by: 
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where λl =αl/r2. By using this model for the MC PCB 
thermal resistance, maximum temperature of the MC PCB top 

surface at the center will be obtained.  

  
Figure 7 Schematic drawing of the MC PCB with LEDs 

attached with different pitches in the x and y direction.   

 

While r1 is radius of the heat flux area (LED package base) 

and is readily known, r2 is the radius of the MC PCB surface 

available for the heat transfer which depends on the LED array 

pitch. When LED arrays are placed with a uniform distance, the 

distance between each LED package center is called pitch 

(Figure 7). This value can be different in the longitudinal or 

transversal directions. If all the LED packages have the same 

z 

2
nd

 layer, k2 

n
th

 layer, kn 

r 

1
st
 layer, k1 t1 

r1 

Heat flux 

t2 

tn 

r2 

Pitch 

r2 

Adiabatic 

5 Copyright © 2014 by ASME

Downloaded From: http://proceedings.asmedigitalcollection.asme.org/ on 03/16/2018 Terms of Use: http://www.asme.org/about-asme/terms-of-use



 

electrical power, then the mid-surface between the LEDs can be 

assumed adiabatic. Therefore, r2 can be defined as: 

   

min

2

Pitch
r


   (11) 

 

where Pitchmin is the minimum pitch between the longitudinal 

and transversal directions. 

 

Analytical model for heat sink 

Thermal spreading resistance of a heat sink can be 

calculated by assuming N discrete heat sources each producing 

a heat flow of Qi [24]. The temperature distribution on the top 

surface of heat sink can be obtained by: 
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(17) 

Figure 8 shows the values of a and b which are the length 

and the width of the heat sink. In this work, they are equal to 

that of the MC PCB. ci and di are equal to longitudinal and 

transversal pitch respectively. Location of each heat source is 

shown by xi and yi . Other terms include 
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where ζ  is replaced by λ, δ and β. t1 and k1 are the 

thickness and thermal conductivity of the heat sink base plate. 

Convection coefficient of the heat sink is measured 

experimentally. The convection coefficient is calculated using 

the temperature distribution equation for fins [25]: 
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where TFin,tip and TBase are fin tip and heat sink base 

temperatures, L is fin height, P is  fin perimeter and Ac is fin 

cross section area. By measuring the heat sink base and fin tip 

temperatures experimentally, h can be estimated. heff is obtained 

by algebraically converting the convection coefficient with fin 

(h)  to effective convection coefficient (without fin). 

In the thermal design, calculating the maximum junction 

temperature is the main concern [19]. This occurs first at the 
innermost LED in the array. If the location of this LED is taken 

as x and y, the maximum heat sink thermal resistance can be 

obtained:     

RHeat sink = 
( , ,0) f

i

T x y T

Q


  (25) 

It should be noted that this equation is slightly different 

than RHeat sink presented in [19] as Tf   is subtracted from the LED 

temperature. Moreover, Qi is thermal power of a single LED 

and not the sum of all LED powers. This seems to be missing in 

the equation presented in [19].  

 

 

 
 

Figure 8 Schematic drawing of the MC PCB showing 

eccentric heat sources. 

Numerical modeling of the LED module 

Numerical modeling is performed using the commercial 

FEA software COMSOL®. A 3D model using the dimensions 

and thermal properties mentioned in the previous sections is 
built. Figure 9a shows the geometry of a LED package based 

on the size and properties mentioned in Table 1. Encapsulation 

is not modeled separately and is considered as a part of LED 

lens because it has the same thermal conductivity as the lens. 

Figure 9b shows the 3D model of the LED module. Due to 

symmetry, only half of the LED module has been modeled. 

Moreover, heat sink is not modeled here and instead, the 
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effective value of convection coefficient (heff) is calculated by 

the analytical model and used as a boundary condition on the 

heat sink base plate. All other surfaces are thermally insulated. 

To simulate the conditions occurring in the case of the MC PCB 

without a heat sink, another model without the heat sink base 

plate is also developed which can be observed in Figure 2a.  
    

 

 
Figure 9 a) Transparent 3D geometry of the LED package 

in the numerical modeling(dash lines are used to show the 

hidden objects) b) LED module with the heat sink base plate 

 
RESULTS AND DISCUSSION 
LED module thermal performance 

Figure 10 shows the temperature profile of the LED 

module both experimentally by IR imaging and numerically. 

Ambient temperature in both numerical and experimental 

studies is 23 oC based the measured laboratory ambient 

temperature. Experimental results of the tests on the heat sink 

show that the convection coefficient (h) is 7 W/m2 K. Effective 

convection coefficient (heff) is calculated based on the heats sink 

fin dimensions and is equal to 67 W/m2 K. This value is used as 

the boundary condition on the backside of the heat sink base 
plate in the numerical modeling. But for the case of the MC 

PCB without heat sink, the convection coefficient (h=7 W/m2 

K) is used as the boundary condition. 

As can be seen in Figure 10b, the maximum temperature 

occurs at the die surface and is around 60 oC whereas the 

maximum measured temperature in the IR image is 47.7 oC 

(Figure 10a). This shows that the die temperature cannot be 

measured directly from the IR imaging due to the temperature 

loss in the lens and encapsulation. It can also be observed that 

the temperature variation between the copper layer conductors 

and the dielectric layers is very small (less than 1 oC). This 
shows that neglecting the copper layers in the analytical model 

is a valid assumption. 

   

 
 

 
Figure 10 a) IR image of the MC PCB b) temperature 

profile of the LED module    

PCB surface temperature 

Figure 11 shows the MC PCB surface temperature profile 

along the line identified in Figure 10b from the MC PCB mid-

plane (x=0) to the edge. Experimental results show that the 

temperature is relatively uniform when the heat sink is attached 
and the temperature decrease from the MC PCB center to the 

edge is less than 2 oC.    However, the temperature profile on 

the MC PCB without the heat sink is less uniform, showing a 

temperature drop of around 10 oC. This shows the role of the 

heat sink to provide a uniform heat extraction means. 

Numerical and analytical results are in good agreement with the 

experimental results especially in the case of MC PCB with 

heat sink. It should be noted that the analytical models provide 

the MC PCB temperature only right under the LEDs (maximum 

thermal resistance). Therefore, the current analytical result is 

the temperature on the heat sink base plate surface. This 

temperature is chosen as the MC PCB uncovered surface 
temperature due to very small temperature difference between 

this temperature and that of the MC PCB surface in locations 

without LED (less than 0.5 oC) based on numerical results. For 

the case of MC PCB without heat sink, the temperature at the 

MC PCB backside is calculated by an energy balance. While 

the temperature drop towards the edges can be observed in the 

numerical results, the trend cannot be seen in the analytical 

results because only the maximum temperature is shown here. 

However, the variations in the analytical results are very small 

and not significant. 
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Figure 11 a) MC PCB surface temperature for a complete 

module (with heats sink) b) MC PCB without heat sink.  

 

MC PCB temperature under LEDs 

The MC PCB surface temperature under 5 LEDs can be 

seen in Figure 12 for two cases of complete module with heat 

sink and MC PCB without heat sink. The LEDs are the lower 
row on the MC PCB shown in Figure 10b with their 

corresponding numbers. It can be seen that the analytical and 

numerical results are in good agreement. The difference 

between the MC PCB temperature under the LEDs and that of 

the visible MC PCB (Figure 11) is approximately 10 oC. This 

shows the very low spreading capacity of the dielectric layer 

and hence, its high thermal resistance.  

 

  

  
Figure 12 a) MC PCB surface temperature under 5 LEDs 

for a complete module (with heat sink) b) MC PCB without 

heat sink.    

Die temperature 

The die temperature of the LED module for 5 LEDs in the 

lower row on the MC PCB is shown in Figure 13. As can be 

seen, the analytical results are consistent with the numerical 

results and the predicted junction temperatures are very close. 

The numerical junction temperatures increase gradually form 

edge to MC PCB center due to higher available space for 

thermal spreading at the edge compared with the center. The 

junction temperature of the MC PCB alone is approximately 35 

oC higher than the MC PCB with heat sink.      

     

 

 
Figure 13 a) Die temperature for a complete module (with 

heats sink) b) die temperature for MC PCB without heat sink.   
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Thermal resistance of different components 

Using the analytical models, the thermal resistance of each 

component of the LED module is calculated and showed in 

Table 2.  It can be seen that using the simplified equation for 

the LED package thermal resistance leads to less than 6% error 

compared with the value provided by the manufacturer (12 
oC/W). Moreover, the dominant thermal resistance is the heat 

sink comprising more than 50% of the total thermal resistance. 

This is mainly due to very low value of natural convection 

coefficient. LED package and MC PCB each correspond to 

25% of the total thermal resistance. MC PCB thermal resistance 

is mostly caused by the very low thermal conductivity of the 

dielectric layer while LED package thermal resistance is caused 

by low thermal conductivity of the die and die attach materials.  

 

Table 2 Thermal resistance of the LED module components 

(oC/W) 

 
LED 

package  
MC PCB Heat sink Total 

Complete 

module 

(with heat 

sink) 

11.3 11.9 25 48.9 

MC PCB 

without 

heat sink 

11.3 11.9 - - 

 

CONCLUSION 
A commercial LED module including LED packages, MC 

PCB and heat sink has been investigated from the thermal point 
of view. Experimental approaches along with numerical and 

analytical methods are used to present a thermal resistance 

model for this LED module. The following conclusions can be 

drawn from this study: 

 

1- Analytical and numerical models can predict the thermal 

performance of the LED module provided that all the 

component dimensions and material thermal conductivities 

are available.  

2- The major thermal resistance in the thermal circuit is the 

heat sink accounting for more than 50% of the total thermal 

resistance. This is mainly due to the low natural convection 
coefficient. MC PCB and LED package each share 25% of 

the total thermal resistance. This shows that efforts to 

decrease the total thermal resistance should be more focused 

on increasing the convection coefficient in the heat sink and 

decreasing the spreading thermal resistance in the MC PCB. 
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