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Abstract: The steady thermal model for conformal coating white LEDs is successfully developed to
determine the temperature value in the package volume. The Matlab software (version 2017) and
finite element method are utilized to solve the heat equation and visualize the temperature
distribution, respectively. The thermal model is applied to study the temperature behavior of white
LEDs under different injection currents of 50 mA, 150 mA, 250 mA, and 350 mA. The temperature
value of each location is determined correspondingly by the temperature interpolation and
comparing the color between color bar and color of the pcW-LEDs package structure. Beside, the
effect of mesh size on the temperature simulation on the simulation result is also investigated. The
result shows that the smaller mesh size provides higher resolution of temperature. The obtained
result is meaningful for white LEDs thermal management to reduce the negative effect of heat during
the operation process.

Keywords: steady thermal model; conformal coating white LEDs; temperature interpolation; LED
thermal management

1. Introduction

Solid state lighting has an important role in our modern life [1,2]. Lighting fixtures using light
emitting diodes have shown many advantages such as energy saving, quick response after being
driven, high color rendering index, longtime operation, less thermal radiation emission, less heat
generation, mercury free, and compact size [3-5]. An efficient and popular method for generating
white light is covering a conversion wavelength fluorescent material on the top of a blue LED die.
The white LEDs can be packaged using some package structure such as phosphor dome type,
phosphor remote type, and phosphor conformal type [6-8].

In comparison to phosphor dome type and phosphor remote type, the packaging configuration
of conformal type is prefered due to its advantages such as compact size and high luminous
efficiency. Figure 1 shows the 3D view of conformal packaging structure of pcW-LEDs. A blue LED
die is mounted on a sub-mount substrate by die bonding techniques. The gold alloy is used to connect
the electrode on the blue LED’s top electrical circuit and electrical circuit on the sub-mount substrate
through a wire bonding process. The yellow is dispensed on the top side of the blue LED die. Finally,
the structure is covered by a polymer material (silicone gel or epoxy gel) for protection and to increase
the light extraction purpose.
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Figure 1. The 3D view of conformal packaging structure of pcW-LEDs.

When pcW-LEDs are operated by forward bias. Blue die emits blue light toward through the
yellow phosphor layer. The yellow phosphor is excited by blue light and then emits the yellow light
through the processes of absorption and long wavelength conversion. Due to the high transparent
encapsulant polymer lens, the mixture of yellow light and unabsorbed blue light transmitted through
it easily. Under perception of human eyes through a photochemical reaction, human eyes have a
white light perception feeling.

Due to some inherent limitation in efficiency quantum efficiency, Stoke loss, optical loss so the
heat always occurs during the operation process of pcW-LEDs [9,10]. In adition , the thin layer of
yellow phosphor compared to encapsulant thickness leads to a heat accumulated at the blue and
yellow phosphor region. The low thermal conductivity of polymer encapsulant lenses causes the heat
accumulated to be more serious [11].

The negative effects of generated heat including modification to optical properties of output
light, cause the photo biological safety due to blue light leakage, damage, thermal stress, and
shortened lifespan [11-13]. The reduction of the negative effect of heat on pcW-LEDs is a required
and urgent demand.

The topic of thermal management for pcW-LEDs is alway a hot topic and it has attracted much
work from related expertises. Related to the topics of thermal behavior of pcW-LEDs, many solutions
have been proposed and reported [12-20]. Different software has been used to model the thermal
state of LEDs such as CFD software, COMSOL, and ANSYS [14-17]. The heat transfer model which
utilized the software simulation to predict the temperature characteristics in packaging configuration
is an helpful metho in understanding the relation of forwarded electrical current on thermal behavior
of white LEDs. Also, it is an easy way to control the thermal decay of output white light emission.
However, the factors that are affect to simulation result should be taken care.

In this study, we have built a thermal model to determine the temperature behavior of the
conformal package under different electrical injection currents. Matlab software is applied to solve
the heat diffusion equations. The finite element method is applied to identify the internal temperature
distribution inside the conformal package structure. The spatial temperature distribution is defined
by temperature interpolation. Besides, the factors of element size are investigated to understand its
effect on the simulation result.

2. Thermal Model Description

In terms of mathematical description, the thermal model for heat phenomena is based on the
heat diffusion equation established by the theory of heat transfer [19,20]. The thermal model for LED
is related to heat transfer modes including conduction, convection and radiation. The governed
equation for the thermal model is heat diffusion equation. Solving the heat diffusion equation, the
temperature values are defined [21,22]. In practice, the heat diffusion equation is solved using the
boundary condition. Simulation software is an efficient tool to solve the heat equation. The finite
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element method is applied to visualize the temperature distribution inside the structure where the
heat phenomena is happening. In this study, the steady-state thermal model was established using
MATLAB software to program and apply. Different parameters in the LED thermal model are set
and simulated to determine the temperature distribution [19-22]. Thermal model is verified by
comparing the similarity between simulation and experiment. In the thermal model, the
temperature within the white LED structure is interpolated efficiency.

A brief summary of thermal models for pcW-LED conformal structure includes the following
main steps. Firstly, the type of thermal model in the simulation is defined as a steady state.
Secondly, the geometry of the pcW-LEDs conformal structure is programmed and visualized. In the
third step, the finite element is applied so that the geometry of the conformal structure is meshed
with a suitable finite element. In the fourth step, the boundary conditions (e.g. temperature) is set for
each part of the pcW-LEDs geometry. In the fifth step, the thermal parameters for materials of each
part of the pcW-LEDs geometry are set in the code line. In the sixth step, the codes are run to obtain
the temperature distribution result. In the final step, the verification of the thermal model is done by
comparison of simulation results with experimental measurements. The high similarity between the
simulation results with experimental measurements indicate the trustable level of the established
thermal model.

3. Simulation Result

In this section, the result of mained steps that are referred above are presented. The steady state
thermal model is built and run to obtain the results. Figure 2 shows the section view of geometry of
the pcW-LEDs conformal structure. In the simulation of the steady state thermal model, the cross
section of the LED is programmed and visualized. Table 1 shows the parameters of each geometry
block setting in simulation.Each edges are labeled with a specific symbol. (e.g. the symbol E1 means
edges no.1). The geometry includes the main block of Substrate, Encapsulant lens, Blue LED die, and
Yellow phosphor regions. Each block of geometry is defined by several edges. Block of substrate: the
rectangles constructed by E1, E2, E4, E10, E11, E12, E13, E14, E15, and E16. Block of encapsulant lens
: the regions constructed by E14, E4, E15, E19, and E20. Block of Blue LED die: the rectangles
constructed by E4, E5, E7, and E9. Block of yellow phosphor regions: the rectangles constructed by
E3, E6, E8, and E9.

Table 1. Setting geometry parameters in simulation.

Name of structure part | Value | Unit |

Substrate thickness 0.73 mm
Substrate dimension 5x5 mm?
Blue LED die thickness 0.5 mm
Blue LED die dimension 2x2 mm?
Yellow phosphor layer thickness 0.2 mm
Yellow phosphor layer dimension 2x2 mm?

Encapsulant lens radius 2.26 mm
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Figure 2. The cross section of LED.

After finishing the geometry building, each block is meshed with many small elements which
are related to the finite element method. The finite element is applied so that the geometry of the
conformal structure is meshed with a suitable finite element as shown in Figure 3. The geometry type
of element is triangle. Their maximum size is set as 0.2 mm in the simulation code.

Block With Finite Element Mesh Displayed

351

25T 7

Figure 3. The cross section of LED with meshing the finite elements.
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In a steady state thermal model, solving the heat diffusion equation needs boundary conditions.
Thus setting the boundary conditions for temperature is set for each part of the pcW-LEDs
geometry. Besides, since each geometry block is a different material so their thermal properties are
not the same. It requires setting the thermal parameters for materials of each part of the pcW-LEDs
geometry in the simulation code line. In detail, the boundary conditions for temperature are shown
in Table 2. The thermal parameters for materials of each part of the pcW-LEDs geometry is shown in
Table 3.

Table 2. The boundary conditions for temperature is shown in simulation.

| Temperaturevalue| Unit_

Room temperature 26 °C
Case of 50 mA of injection current 34 o€
Case of 150 mA of injection current 44 o€
Case of 250 mA of injection current 60 °C
Case of 350 mA of injection current 80 °C

Table 3. The thermal parameters for materials of each part of the pcW-LEDs geometry is shown in simulation.

Name of structure block | Thermal conductivity m

Substrate 400 W/m.K

Blue LED die 130 W/m.K
Yellow phosphor layer 0.2 W/m.K
Encapsulant lens 0.2 W/m.K

Figure 4 shows the temperature distribution of pcW-LED structure at the initial conditions (e.g.
room temperature conditions) when pcW-LED is still not operated. The temperature is uniform for
different locations of the structure. There is no heat source in the structure.

Figure 5 shows the simulation result of the temperature distribution vs. Injection current of 50
mA, 150 mA, 250 mA, and 350 mA. At alow injection current of 50 mA, the temperature distribution
is relatively more uniform compared to that of the cases of 150 mA,250 mA, and 350 mA. The non-
uniformity of temperature distribution for cases of higher injection currents show the higher
temperature value in the region close to Blue LED dies and conformal yellow phosphor layer. The
temperature distribution also indicates that the heat transfer is from the LED die to the outer surface
which is the interface between the encapsulant and air ambient. Temperature distribution showed
that the temperature at the farthest region from the Led die is lowest. This result of temperature
behaviors is related to the low thermal conductivity of encapsulant material . The heat is accumulated
in the region of LED die and conformal phosphor regions. There is a big difference in temperature
distribution at the substrate, LED die-covered conformal yellow phosphor is always higher than
that of the encapsulant lens region. This big difference is due to the thermal conductivity of the
substrate being larger than that of the encapsulant lens region. Thus, the heat is move to this direction
is easier than the direction which have lower thermal conductivity.

d0i:10.20944/preprints202502.0850.v1
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Figure 4. The temperature distribution of pcW-LED structure when pcW-LED is still not operated.
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Figure 5. Simulation result of the temperature distribution vs. Injection current. (a) 50 mA. (b) 150 mA. (c) 250
mA. And (d) 350 mA.

To further determine the value of temperature in each location in the package volume, the
temperature interpolation is applied in simulation. Figure 6 shows the interpolation results of
temperature distribution vs. injection current of 50 mA, 150 mA, 250 mA, and (d) 350 mA. In each
case, the region that has the same temperature is confined to the region having the same color.
Compare the color between color bar and color in the pcW-LEDs package structure, the value of each
location is determined correspondingly.
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(a) Unit: °C

Figure 6. Interpolation Temperature distribution vs. Injection current. (a) 50 mA. (b) 150 mA. (c) 250 mA. And
(d) 350 mA.

4. Effect of Mesh Size on the Obtained Simulation Result

In simulation, the selection of mesh size is important. if the size is too big, the number of finite
elements will be small, the temperature does not reflect exactly the temperature behavior at that
location in the package structure. If the size is too small, the number of finite elements will be big, the
temperature simulation result at that location in the package structure is more exact. However, time
consuming simulation running may be significant. To understand, the effect of mesh size on the
obtained temperature simulation result. Geometry blocks with different sizes are investigated .
Figure 7 shows the simulation result of the geometry block is meshed with different maximum size
of 0.05 mm, 0.2 mm, 0.3 mm and 0.4 mm. As shown in Figure 7, the smaller triangular mesh is, the
more dense the finite element is.
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Figure 7. Geometry block is meshed with different size.(a) Mesh size: Hmax=0.05. (b) Mesh size: Hmax=0.2. (c)
Mesh size: Hmax=0.3. (d) Mesh size: Hmax=0.4.

Figure 8 shows the effect of mesh size on the obtained result. All settings in the simulation are
done for the same injection current of 350 mA, the difference is related to the size of the mesh size.
The obtained result shows a difference between the case of maximum mesh size of 0.05 mm and cases
of maximum mesh size of 0.2 mm, 0.3 mm and 0.4 mm. In detail, the result indicates that the smaller
mesh size provides higher resolution of temperature as shown in Figure 8(a). The results as shown
in Figs 8 (b) —(d) indicate that the larger mesh size is not only giving poorer resolution but also causes
strange signals which are marked as the red dashed line circle.

(d)

Figure 8. The effect of mesh size on the obtained result in temperature simulation.

5. Conclusions

The steady thermal model for conformal coating pcW-LEDs is succesful developed. The finite
element method is applied to determine the temperature value in the package volume. The heat
equation is solved by using the Matlab software (version 2017).

The thermal model is applied to study the temperature behavior of pcW-LEDs under different
injection current of 50 mA, 150 mA, 250 mA, and 350 mA. Cases of higher injection currents show
a non-uniformity of temperature distribution. The higher temperature value in the region close to
Blue LED dies and conformal yellow phosphor layer. Temperature distribution showed that the
temperature at the farthest region from the Led die is lowest. This result of temperature behaviors is
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related to the low thermal conductivity of encapsulant material that cause the heat accumulation in
the region of LED die and conformal phosphor regions.

The temperature distribution also indicates that the heat transfer is from the LED die to the outer
surface is weaker than the direction from the LED die to the substrate.

The temperature interpolation is applied to deduce the value of temperature by Comparing the
color between color bar and color in the pcW-LEDs package structure, the value of each location is
determined correspondingly. Result show that the region that has the same temperature is confined
to the region having the same color.

The effect of mesh size on the temperature simulation result show that the smaller mesh size
provides higher resolution of temperature. In addition, the larger mesh size is not only giving
poorer resolution but also causes strange signals.
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