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ABSTRACT

The GaN/sapphire layered structure is a potential candidate for high frequency devices due to high acoustic velocity of sapphire.
Generally, the GaN thin films are epitaxially grown on ¢, a, and r-plane sapphire substrates. In this study, wave equations of GaN/
sapphire structure were calculated according to crystallographic relationship between GaN layer and sapphire substrate. On each plane,
the shear velocity was changed by the kH of GaN layer and propagation direction on sapphire substrate. We found electromechanical
coupling constant of r-plane was better than the others. As a result, elastic stiffness and electromechanical coupling constant of

materials are affected by a cut and an orientation of substrate. GaN/r-plane sapphire structure is more advantageous for high frequency
SAW devices.
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Fig. 1. Structures of sapphlre and gallium nitride. (a) hey
structure of the O° ions in Al 703 with the AT ions
occupying 2/3 of the octahedral sites and (b) hcp
structure of the N atoms in GaN with the Ga atom:
occupying 1/2 of the tetrahedral sites.

Table 1. Crystallographic Data of GaN and ALO,

Parameters AL O, GaN
Structure type corundum wurtzite
Crystal system trigonal hexagonal
Space group R3c (No. 167) P6;mec (No. 186)
Origin 3¢ 3ml
Lattice a=4.758 A a=3.189 A
parameters’ c=12991 A =5.185A
z° 6 2

(o position: 18c N position: 2b
site symmetry: .2 site symmetry: 3m.
Coordination (x,y,2)7(0.306,0,1/4)  (x,y,2)=0,0,0.375)

AP position: 12¢ Ga’*
site symmetry: 3.
(x,y, 20, 0,0.3520)

: position: 2b
site symmetry: 3 m.
(5 y,2)~(0,0,0)

*Reference 8
"Number of chemical formulae in a unit cell.
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Table 2. Epitaxial Relationships for the Growth of GaN Crystal

Growth direction relationship | In-plane direction relationship
Epilayer Substrate Epilayer Substrate
(001)GaN (001)AL O, [100]gan | [ITO]AIZO3

[010]an I [120]a1,0,
(110)GaN (010)ALO4 [110]gan I [100] a0,
[001]gan 11 [120]a1,0,
(001)GaN (110)AL0, [110]gan Il [110] 410,

Table 3. Euler Angle of GaN/Sapphire Structure according to the
Orientation of Sapphire

Euler angle of GaN  Euler angle of

(9°, 8°, ¥ sapphire (¢°, %, ¥
(001)GaN/
(001)sapphire c-plane 0, 180, 0~180 0, 180, 0~180
(110)GaN/
(010)sapphire r-plane 90, 90, 0~180 120, 57.61, 0~180
(001)GaN/
(110)sapphire a-plane 0, 180, 0~180 90, 90, 0~180
[T 21]a0,

Fig. 2. Geometry for (a) (001)GaN/(001)sapphire, (b) (110}
GaN/(010)sapphire, and (c) (001)GaN/(110)sapphire.
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