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GaN-on-Si Technologies for LED Lighting Achieving Reduced Cost and Increased Output Power
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GaN-on-Si technologies, in which a gallium nitride (GaN) layer is epitaxially grown on a silicon (Si) substrate instead of a sapphire substrate, have
been attracting attention as a means of realizing low-cost white light-emitting diodes (LEDs).

Toshiba has developed GaN-on-Si technologies for blue LEDs as a light source for white LEDs using 8-inch Si wafers, and achieved high-power
blue LEDs with emission characteristics equivalent to those fabricated using the sapphire-based process. In order to improve the efficiency of GaN-
on-Si-based blue LEDs, we have developed a novel technology using silicon nitride (SiN) multiple-modulation interlayers to reduce threading disloca-
tion densities (TDDs) in the GaN thin film. This TDD reduction technology makes it possible to improve external quantum efficiency at the high temper-
ature required for white LED lighting. We have also developed a multijunction type high-voltage LED for LED lighting with large luminous flux based on

a thin-film flip-chip LED (MJTF-LED) with high power and high luminous efficacy.
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Comparison of characteristics of substrates for GaN epitaxial growth
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GaN-on-Si-based LED chip fabricated on 8-inch Si wafer
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Optical characteristics of GaN-on-Si-based LEDs manufactured using
8-inch Si substrate
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Cross-sectional structure of GaN-on-Si-based LED with low threading dis-
locations (TDs)
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Mechanism of TDD reduction by inserting multiple SiN interlayers
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Improvement of temperature characteristics of external quantum efficiency
by TDD reduction
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Multijunction type high-voltage LED using GaN-on-Si technologies
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Basic characteristics of multijunction type LEDs
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