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Fig. 1. (color online) Differential interference con-
trast microscopy (DICM) images of GaN homoepitaxy
films with IM-GaN grown on different temperature:
(a) 1050 °C; (b) 1000 °C; (c) 850 °C; (d) 650 °C.
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Fig. 2. (color online) XRD FWHM values of (a) (002)
and (b) (102) for four GaN sample.
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Fig. 3. (color online) AFM images of GaN homoepitaxy films: (a) High temperature intermediate layer;

(b) low temperature intermediate layer. Scan area 10 pm X 10 pm, the inset 1 pm x 1 pm.
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Fig. 4. (color online) High quality GaN homoepitaxy films with 150 nm IM-GaN grown at 850 °C: (a) DICM image;
(b) XRD (002) and (102) rocking curves; (c) LT-PL spectra; the inset is the AFM image of 5 ym x 5 pm scan area.
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Abstract

Free-standing GaN is generally regarded as an ideal substrate for GaN-based devices due to its advantage of low
threading dislocation density (TDD) and good thermal conductivity. However, new surface features such as hillocks and
ridges appear on the GaN homoepitaxy films. In this paper, the influences of the intermediate GaN (IM-GaN) layer
on the surface defects and crystal quality of GaN homoepitaxy films grown on c-plane GaN substrates by metalorganic
chemical vapor deposition are investigated. It is found that hexagonal hillocks and ridges on the surface can be avoided
by inserting an IM-GaN layer grown at an intermediate temperature (650-850 °C), prior to the growth of GaN at 1050
°C. The results based on X-ray diffraction (XRD) measurements and differential interference contrast microscopy images
demonstrate that the growth temperature of the IM-GaN layer has a significant influence on GaN homoepitaxy layer,
which is one of the most critical parameters determining the surface morphology and crystal quality. As the IM-GaN
growth temperature decreases from 1050 °C to 650 °C, thed densities of hillocks and ridges on the surface reduce
gradually. While, the XRD full width at half maximum (FWHM) values of (002) and (102) peaks for the homoepitaxy
films are increased rapidly, indicating the adding of the TDD in the films. The atomic force microscopy (AFM) images
show that the quasi-step growth mode change into layer-layer growth mode with the growth temperature decreasing
from 1050 °C to 650 °C during the IM-GaN layer growing. It is speculated that the growth mode is determined by
the diffusion length of adatom on the growing surface, which is proportional to the growth temperature. In the case
of IM-GaN grown at low temperature, the formation of hillocks can be suppressed by reducing the adatom diffusion
length. Finally, High crystal quality GaN homoepitaxy films (2 pm) without hillocks is achieved by optimizing the
growth parameters of IM-GaN layer, which is about 150 nm in thickness and grown at 850 °C. The crystal quality of
GaN homoepitaxy film is assessed by XRD rocking curve measured with double-crystal optics. The FWHMs of the (002)
and (102) peaks are 125arcsec and 85arcsec respectively, indicating that rather low TDD is formed in the film. And well
defined steps are observed on the image of AFM test, the root-mean square roughness value of the which is only about

0.23 nm for 5 ym X 5 pm scan area.
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PACS: 61.05.cp, 61.72.—y, 68.55.J—, 78.55.Cr DOI: 10.7498/aps.66.106101

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61505181, 61474101, 61504125), the
National High Technology Research and Development Program of China (Grant Nos. 2015AA016800, 2015AA033300) and
the National Key Research and Development Program of China (Grant No. 2016YFB0400902).

1 Corresponding author. E-mail: luowk688@Q163.com

106101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.106101

	1引    言
	2实    验
	3结果与讨论
	Fig 1
	Fig 2
	Fig 3
	Fig 4


	4结    论
	References
	Abstract

