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Abstract: The nitride semiconductor light emitting device has a light emitting region covering
ultraviolet, blue, and green regions. In addition, such a GaN-based semiconductor light emitting device
does not have a lattice matched substrate, and it is difficult to grow a high-quality nitride semiconductor
thin film due to a large difference in lattice constant and thermal expansion coefficient. For this reason,
a sapphire substrate is generally used to grow a GaN semiconductor thin film. In this study, I devised a
method for controlling deformation of a substrate by deposition other materials on the back side of a
GaN layer when the GaN based semiconductor layer is grown on the sapphire substrate. The deformation
of the substrate caused by the process temperature, thickness and thermal expansion coefficient was
calculated using finite element method. Based on these analysis results, the relationship between process
temperature and material variables and displacement is derived. The range of the thermal expansion
coefficient according to the process temperature and the thickness of the control layer for defining the
displacement of the sapphire substrate within an allowable displacement range is estimated using the
derived relational equation. The results of the derived relational equation were compared with those
obtained by finite element analysis. Compared with the maximum displacement, the error result was
8.72%. Through this, it is possible to define the physical properties and thickness of the displacement
control layer using the proposed relational expression without complex analysis and calculation in
molding a semiconductor light emitting device using a 6-inch substrate.

Keywords: Semiconductor Light Emitting Device, Coefficient of Thermal Expansion, Deformation
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Gallium nitride 3 um 3 um 3 um
Sapphire 430 um 650 pm 1000 pm
Control layer 2-4 um 2-4 um 2-4 um
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[Fig. 1] Shape Information and Finite Element Size of Semiconductor Light Emitting Device
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[Table 1] Material Properties of Semiconductor Light Emitting Device

FH

Elastic modulus CTE (20-1080°C)

Poisson’s ratio T

(GPa) a(1°C) ¢ (1/°C)

Gallium nitride 290 0.20 8.45¢-6 6.33e-6

Sapphire 345 0.28 9.87e-6 10.02e-6
Control layer 290 0.20 2.45¢-6 ~ 14.45¢-6
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[Fig. 2] Temperature Curve used in Finite Element Analysis
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[Fig. 3] Finite Element Analysis Results: Displacement, Strain, Stress
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[Fig. 4] Displacement according to CTE of 6 inch Sapphire Substrate with Process Temperature of 20°C
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[Fig. 5] Displacement according to CTE of 6 inch Sapphire Substrate with Process Temperature of 260°C
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Displacement of Step 1 = ({(1.38¢7 * TH + 233.33333) * CT} + (-136.15 * TH - 0.00238)) * {1 -
9.43312¢-4 * (TE2 - TE1)}

(1)
Displacement of Step 2 = {(-1.3738e7 * TH - 231.33333) * CT} + (135.6 * TH - 0.0567)
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[Fig. 6] Displacement according to CTE of 6 inch Sapphire Substrate with Process Temperature of 500°C
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Final displacement = {(-1.30177e¢4 * TH * CT - 0.220106 * CT + 0.128432 * TH + 2.24508e-6) *

(TE2 - TE1)} + (6.2¢4 * TH * CT + 2 * CT - 0.55 * TH - 0.05908)
3)
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[Table 2] CTE Range according to Process Temperature and Thickness of Sapphire Substrate

TH TE2
(m) 260°C 500°C

2m -2.91E-06#< CT <3.56E-06 3.54E-06< CT <6.75E-06
3m 1.33E-06< CT <5.66E-06 5.64E-06< CT <7.78E-06
4m 3.46E-06< CT <6.71E-06 6.70E-06< CT <8.31E-06

[ 3] FEe2s M3 FEPPA A v

[Table 3] Result Comparison between the Finite Element Analysis and the Derived Equation

FEM (mm) Equation (3) (mm)
TH — TE2 TE2
(um) (1/°C) 20°C 260°C 500°C 20°C 260°C 500°C
1.45E-05 -0.061 -0.091 0.121 -0.061 -0.090 -0.119
2 8.45E-06 -0.062 -0.053 -0.043 -0.058 -0.049 -0.040
2.45E-06 -0.063 0.014 0.035 -0.056 -0.009 0.038
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1.45E-05 -0.060 -0.106 -0.151 -0.062 -0.105 -0.148
3 8.45E-06 -0.062 -0.048 -0.034 -0.058 -0.045 -0.031
2.45E-06 -0.064 0.009 0.083 -0.054 0.015 0.085
1.45E-05 -0.060 -0.120 -0.180 -0.062 -0.120 -0.177
4 8.45E-06 -0.062 -0.043 -0.025 -0.058 -0.040 -0.022
2.45E-06 -0.064 0.033 0.131 -0.053 0.040 0.133
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