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Fig. 1. (color online) Schematic diagram of the experimental scheme: (a) Schematic diagram of GaN-based

LED films grown on patterned silicon substrate; (b) schematic diagram of nondestructive free-standing LED

thin film after removal of the silicon substrate; (c) schematic diagram of the free-standing LED films after

removing AIN buffer layer; (d) schematic diagram of 17 PL test points selected on a single pattern film.
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Fig. 2. Image of optical microscope and SEM: (a) Optical microscope image of GaN-based LED films

grown on sisustrate; (b) optical microscope image of nondestructive free-standing LED thin film

after removal of the silicon substrate; (c¢) SEM top view of nondestructive free-standing LED thin

film after removal of the silicon substrate; (d) SEM upward view of nondestructive free-standing

LED thin film after removal of the siliconsubstrate.
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Fig. 3. (color online) Fluorescence microscopy of free-
standing LED thin film of a single pattern: (a) Side
view of the free-standing LED thin film bends to the
substrate direction in a cylindrical bending state; (b)
side view of the free-standing LED films after remov-

ing AIN buffer layer.
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Fig. 4. (color online) Micro zone PL spectra of GaN-based LED films on wafer, free-standing LED thin
film after removal of the silicon substrate and the free-standing LED films after removing AIN buffer layer
excitated by 116 mW 405 nm laser at different regionsin a single pattern: (a) PL spectrum of test point 1,
2, 3, 4, 5; (b) PL spectrum of test point 6, 7, 3, 8,9 ; (c) PL spectrum of test point 10, 11, 3, 12, 13;

(d) PL spectrum of test point 14, 15, 3, 16, 17.
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Fig. 5. (color online) The comparison of PL spectra between the free-standing films before and after removing
the AIN buffer layer under different excitation laser power of the representative point in a single pattern:
(a) Comparison of position 1; (b) comparison of position 2; (c) comparison of position 3; (d)comparison of

position 4.
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Fig. 6. (color online) The normalized diagram comparison of the relationship between PL intensity and

excitation laser power of the free-standing films before and after removing the AIN buffer layer (point 1 has

minimum blue shift and point 2 has maximum): (a) Comparison of test position 1; (b) comparison of test

position 2.
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Abstract

At present, there are mainly two kinds of methods to prevent crack and reduce tensile stress of the silicon substrate
GaN based light emitting diode (LED) epitaxial films: one is to use the patterned silicon substrate and the other is to
grow a thick AlGaN buffer layer. The two kinds of methods have their own advantages and disadvantages. Although the
patterned silicon substrate GaN based LED has industrialized and is gradually accepted by the market, there remain
many scientific and technical problems, to be resolved, and a lot of research gaps worth studying deeply. Among these
problems, to clearly investigate the different micro zone photoluminescence and the stress states in a single-patterned
GaN based LED film grown on patterned silicon substrate. The studies of the stress interaction between the buffer
layer and the quanturn well layer and the effect on the luminescent properties have important guiding significance for
improving the quality and performance of the devices. Different micro zone photoluminescence (PL) properties in single-
patterned GaN-based LED films grown on patterned silicon substrates, nondestructive free-standing LED thin film after
removing away the silicon substrate, and the free-standing LED films after removing away the AIN buffer layer are
studied. The variations of the bending degree of the free-standing LED thin films before and after removing away AIN
buffer layer are inverstigated by using fluorescence microscopy and scanning electron microscopy. The results show as
follows. 1) After removing away the silicon substrate, the free-standing LED film bends to the substrate direction in a
cylindrical bending state. After removing away the AIN buffer layer, the LED film bends into flat. 2) For LED thin films
on silicon substrates or off silicon substrates, their PL spectra have significant differences in different micro zones for the
same pattern. When the AIN buffer layer is removed from the substrate its PL spectrum tends to be consistent in the
different micro zones of the same pattern. When the patterned silicon substrate GaN-based LED thin film is removed
from the silicon substrate, the PL spectrum is redshifted in each micro zone. After AIN buffer layer is removed from the
substrate, the PL spectra present different degrees of blueshift in each micro zone. 3) The LED films before and after

removing away the AIN buffer layer show some differences in droop effect.

Keywords: GaN, light emitting diode, free-standing, photoluminescence
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