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Abstract: We study the thermal behavior of white LEDs by using the efficient stable thermal model.
The sample of white LEDs with a correlated color temperature of 6500K is utilized in this study. The
relation of forward current on the thermal behavior in encapsulanted volume is studied in both
theoretical and empirical ways. Simulation and experimental results have indicated the advantages
of the thermal model not only in studying thermal behavior but also in thermal management and
packaging of white light-emitting diodes.
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1. Introduction

White LEDs based lighting has been proven with much uniques characteristics compare to
compact lamp such as low power consumption, rapid response after be turned on, high color
rendering index, long lifespan, low heat genneration, environnment friendly due to not containing
murcury, and cost efficiency [1,2]. Among method for genneration white light, an simple and efficient
way is the combination of a blue light excitation source (e.g. Blue LED die) and a conversion
wavelength fluorescent material [3]. The white LEDs can be fabricated by ultilizing one of these
different package configurations such as dome, remote, and conformal structures. Among the
different type of packaging configuration, the conformal structures is prefered due to compact size,
high efficiency and extraction efficiency. In the conformal structures, a thin layer is fabricated on the
blue LED die’s top surface which is sold on a sub-mount substrate, then this structure is packaged
with a high refractive index and optical transparent property such as epoxy or sillicone gel. Figure 1
shows the illustration packaging structure of conformal type. The measurement of emission spectrum
of pcW-LED packaged with conformal type is shown in Figure 2, where it can see clear two emission
band of blue and yellow band. The blue band is the portion of unabsorpbed blue light which emits
form blue LED to excite the yellow phosphor. The broad yellow emission is the converted wavelength
by yellow phosphor when absorbing the blue light. The mixture of output light has two emission
band including transmitted blue light and converted yellow light. The power ratio of these two bands
is well controlled to fabricate the white light with different optical performance.
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Figure 1. An illustration of packaging structure using conformal type.
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Figure 2. Emission spectrum of pcW-LEDs used packaging structure of conformal type.

Due to limitation of quantum efficiency, Stoke loss, optical loss, so that no matter what kind of
packaged structure, the injection current for LED always has a strong relation to generated heat which
causes the modification to optical property of output light. Understanding the relation of forwarded
electrical current on thermal behavior of white LEDs is an easy way to control the thermal decay of
output white light emission [4-11]. Related to the topics of thermal behavior of pcW-LEDs, many
solution has been proposed and reported. Different software has been used to model the thermal
state of LED such as CFD software, COMSOL, and ANSYS [12-17]. The heat transfer model which
utilized the software of ANSYS to predict the temperature characteristics in conformal packaging
configuration [15]. Tran et. al. developed a novel solution with combining of Matlab programing
which can be applied to solve thermal problem at encapsulant material for electronic devices [19].

In this paper, we study the thermal behavior of white LEDs by using the efficient steady-state
thermal model. The influence of forward current to heat characteristics in the packaging domain is
studied in both theoretical and empirical ways. The results have indicated the advantages of the
thermal model not only in studying thermal behavior of conformal structure but also in the field of
solid state lighting.

2. Thermal Modeling Description

The steady-state thermal model was established with using MATLAB software to program and
apply the finite element method. Differrent heat condition in the LED structure is set and simulated
to identify the temperature distribution [16-18]. The similarity between simulation and experiment
is validated with using thermal camera images to capture the temperature distribution of LED sample
which was driven at the same heat condition as it is in the simulation. As a result, the temperature
property in the white LED structure is visulized efficiently. In addition, the interpolation of the
temperature within the white LED structure is contoured easily.
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Figure 3 shows the flow chart in the thermal model for the conformal structure. In the first step,
it is necessary to define the type of thermal model in the simulation. In this study, the thermal
behavior of conformal structures is studied through the thermal model of steady state which is
established using MATLAB software. In the second step, the geometry of the conformal structure is
built by the programming correspondingly. In the next step, the geometry of the conformal structure
is meshed with many tiny element. In this step, the parameter of element size is set so that the number
of elements and the size of the conformal structure are suitable. In the fourth step, the temperature
value for the boundary conditions is set and corresponds to the conditions of each injection current.
In the fifth step, the thermal parameters for materials of conformal structure are set before running
the simulation. In the sixth step, temperature distribution is visualized by solving the heat diffusion
equation with MATLAB. In the step of number seven, the verification simulation results with
experimental measurements to make sure the trustable of the established model. If the level of
similarity is low, the parameters in the simulation are repeated until the simulation result has a high
level to that of experiment results.

Define the type of thermal model

Programming for the geometry of the conformal
structure

Setup condition of finite element on
the geometry of conformal structure

¥
Set up temperature value for the
boundary conditions

!

Set up the thermal parameters
for materials of conformal structure

!

Solving the heat diffusion equation with MATLAB

!

Verification simulation results with experimental
measurements

Figure 3. FlowThe flow chart in the thermal model for the conformal structure.

3. Simulation Temperature at Different Injection Current

The mathermaltical model for heat transfer of white LEDs is sovled by using Matlab. The output
results are collected and analyzed correspondently. In the running model, the influence of two big
difference forwarded current is investigated including 50 mA and 250 mA. The value of temperature
at juntion domain of LED chip at the forward current of 50 mA, and 250 mA, is 34 °C and 60 °C,
respectively. The obtained simulation result is shown in Figure 4. The influence of forward current is
clearly seen. The value of temperature of white LEDs structure is proportional to value of forward
electrical current. For the case using 250 mA, the hot spot occurs in the LED and its surrounding
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domain. The domain far from the LED die showed an lower value of temperature. This is related to
the low thermal conductivity of encapsulanted material.
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Figure 4. Simulation of temperature characteristics at forwarded current of (a) 50 mA. and (b) 250 mA.

4. Verification of Thermal Model via Comparision with Experimental
Measurement of Temperature Distribution at Simular Injection Current as in
Simulation

In validation of the proposed model, the comparision between simualtion and experimental
result is conducted. In experiment, the camera is used to capture the thermal image which
coresponding to the same value of forward currentd as used in the simulation. The experimental
results are shown in Figure 5. Figure 5(a) shows the temperature values of sample at the forward
currents of 50 mA.
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Figure 5. Experiment measurement of temperature distribution of LED sample at injection current of (a) 50 mA
and (b) 250 mA.

The value at the hotest region as using the farward current of 50 mA is 33.5 °C. It is easy to see
the non-uniformity in color in the experimental result. This indicates the significant deviation of
temperature values in the white LEDs encapsulant volume. The color difference shows a variation of
temperature at different location of the white LEDs packaging volume. In comparison generally, the
experimental results showed a high similarity to that of simulation results.

Figure 5(b) show the case of the white LEDs is bias forward at a higher injection currents of 250
mA. The value of the hostest domain at the forwared electrical current of 250 mA is 58.6 °C. The
thermal behavior show clear influence of driving electrical current on the temperature distribution
in LED structure via color difference. The hottest location is at the LED die and phosphor region. The
temperature of encasulant region is lower. This indicated that the heat is accumulated at the the LED
die and phosphor region higher than the rest region. The origin of this phenomena is caused by the
low thermal conductivity of encapsulant material (e.g. 0.2 W/m.K).

In generally, the high similarity between experimental results for the case of 50 mA and 250 mA
to simulation results has showed that the success of the thermal model. This model is can apply to
study the influence of driving electrical current on the thermal behavior in the packaged structure of
white LED, or effect of encapsulant material to the heat accumualted inside the package structure.

5. Conclusisons

In summary, we proposed and demonstrated a thermal model to study the behavior of white
LEDs which are packaged using a conformal structure.

The thermal behavior of different injection currents on the temperature distribution in the
packaged space is simulated and then verified with empirical measurement. The experimental results
showed a high similarity to that of the simulation results.

The obtained result indicated that a location near to the LED chip shows the hottest behavior.
The temperature is gradually decrease as the region close to the outer boundary of the encapsulanted
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lens. It is suggested that the injection current should be selected as suitable to avoid overheating at
the LED die region which can reduce the efficiency of the overall pcW-LEDs sample.

The results have indicated the advantages of the thermal model not only in studying the
thermal behavior of conformal structure but also in the field of solid-state lighting
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