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Abstract In this study, the crystalline property of a-plane GaN epitaxial layer grown on r-plane sapphire by a HVPE
method has been investigated according to the V/III ratio and the growth time of multi-step growth. Furthermore, these
results were compared with the previous result obtained from the single-step growth of a-plane GaN on r-plane sapphire
substrate. In the multi-step growth for a-plane GaN epitaxial layer on r-plane sapphire, the FWHM values of rocking curve
in GaN epitaxial layer were decreased as the HCI source flow rate and the growth time were increased. The void formed
in epitaxial layer was continuously decreased as the growth time in first step and second step using a higher HCI flow rate
was increased. As a result, the GaN layer obtained with the longest growth time on the first step and second step
exhibited the lowest FWHM values of 584 arcsec and the smallest dependence of azimuth angle.
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Fig. 1. Image of homemade horizontal HVPE system.
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Table 1

Growth conditions different V/III ratio and growth rate with each step in multi-step growth
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Sample ID

Ref. A

Temperature (°C)

1000

First Step Growth time
HCI : NH; =700 : 7000 (sccm) (min)
Second Step Growth time
HCI : NH; =600 : 6000 (sccm) (min)
Third Step Growth time
HCI1: NH; =400 : 2000 (sccm) (min)
Fourth Step Growth time
HCI : NH; =300 : 900 (sccm) (min)

10

Total growth time (min)

10
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Fig. 2. Images of OM (x200) and 3D scanning image of
AFM (Spum x 5 um) for the samples.
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Table 2
Thickness, roughness average (Ra), FWHM of rocking curve and growth rate of a-plane GaN epitaxial layer
Sample ID Thickness (pum) AFM Ra (um) Rocking curve FWHM (arcsec) Growth rate (Lm/min)
Ref. 21.7 2.5 734 22
A 15.1 7.2 1055 1.5
B 15.9 1.9 941 1.6
C 36.9 2.0 795 1.8
D 33.1 2.3 641 1.7
E 49.8 2.5 584 1.7

% [11-20]

(o100 [0001]

[11-20]

(-100] L0001]

Fig. 3. Cross-sectional SEM image along the [1-100], direction of GaN layer for (a) sample Ref. and (b) sample E.
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