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Analysis of Stress-Induced Effect in Blue GaN-Based Light-Emitting Diodes
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Absgract: It was proven that the light outputs of blue GaN-based light-emitting diodes (LEDs) was seriously influenced
by the application of external stress. We have simulated the wave function overlap of an electron and hole, which are
significantly reduced by the development of stress. Consequently, its internal quantum efficiency decreased from 67.0%
to 37.5%. To experimentally investigate the effect of stress, we designed and prepared a special zig system. By applying
external tensile stress to compensate for the compressive stress innately developed in Blue LEDs, it was found that the
optical output was greatly enhanced from 83.1 mcd to 117.2 mcd at a current of 100 mA, an increase of approximately
41%. In contrast, when the compressive stress is developed more by external compressive stress, we observed that the
light output power was reduced from 89.0 mcd to 80.7 mcd, a decrease of approximately 9.3%.
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Fig. 1. Brief view of fabricated LED chips, substrate bar and
zig for applying external stress. The anvil can move upward and
downward up to 2 mm.
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Table 1. Lattice parameter and elastic coefficient of GaN, InN
and InGaN.

Material parameter GaN InNN  Ing2GagsN
Lattice constants a 3.189 3.545 3.26
[A] c 5.185 5.703 5.288
C11 390 396 223
Elagtic stiffness Ci12 145 115 137
coefficient [GPa] C13 106 92 109
C33 398 224 355
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Fig. 2. Light output as a function of externa tensile stress at 4
values of applied currents.
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Fig. 3. Light output as a function of external compressive stress
at 4 vaues of applied currents.
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