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Abstract: In this article, we investigate the method of growing LED (Light emitting diodes) epitaxy on sapphire/
graphene substrates and its impact on improving optoelectronic performance. The research results indicate that sap-
phire/graphene samples have a smaller FWHM (Full width half maximum) compared to traditional sapphire samples,
indicating that sapphire/graphene substrates have a lower dislocation density. And in Raman testing, it was shown
that the sapphire/graphene sample was subjected to less compressive stress than traditional samples. In the elemental
analysis, it was shown that the growth of the active region quantum well was good, and In and Ga elements were uni-
formly distributed in the quantum well without any mutual diffusion. The photoelectric performance test of the sample
shows that the LOP (Light output power) of the sapphire/graphene sample is higher than that of the traditional sam-
ple, both at working current and saturation current, and the efficiency is improved compared to the traditional sam-
ple. In the variable temperature test, sapphire/graphene samples also showed lower thermal resistance, lower junc-
tion temperature, and smaller wavelength shift. In summary, samples grown by epitaxial growth on sapphire/gra-

phene substrates have significantly improved the optoelectronic and heat dissipation performance of the device.
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Structural diagram. (a)Schematic diagram of LED epitaxial and device structure. (h)Top view of LED devices
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Fig.2 Appearance of the four samples under macroscopy and their appearance under the microscope. (al)—-(a2) Appearance of

sample A. (b1)-(h2) Appearance of sample B. (¢1)—-(c2) Appearance of sample C. (d1)-(d2) Appearance of conven-

tional sample
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Fig.3 HRXRD test diagram for four samples. (a) XRD of sample A. (b)XRD of sample B. (¢)XRD of sample C. (d)XRD of the

conventional sample
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Fig.4 HRXRD patterns of sample-C and conventional samples. (a) Rocking curve of (002) plane. (b)Rocking curve of (102)
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Fig.5 Surface roughness condition before and after epitaxial growth. (a)Surface roughness test diagram of sample C before epi-

taxial growth. (b) Surface roughness test diagram of traditional sample before epitaxial growth. (¢) Surface roughness test

diagram of sample C after epitaxial growth. (d)Surface roughness test diagram of traditional sample after epitaxial growth
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Fig.6 TEM images of the epitaxial structure. (a) A cross-sectional TEM image at the quantum well position. (h)-(¢)EDS(Ener-

gy-dispersive X-ray spectroscopy) element analysis maps for In and Ga. (d) A TEM cross-sectional image at the substrate

position
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Fig.7 Electrical characterization of LED device. (a) Current-voltage(/-V) characteristics of the LED. (b) LOP function of injec-
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spectra of the LED as a function of the injection current. (f) EL intensity distribution map
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