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Abstract

Based on two hypothesis: a) eliminating the approximate condition that the thickness of film is far
less than that of substrate adopted by Stoney model, and considering that the film thickness of GaN
is comparable to that of Sapphire substrate; b) taking the GaN film as a film with non-uniform
thickness which changes with r, we investigate the curvature and interface shear stress of GaN-
Sapphire hetero-thick-film system. In addition, we take the film thickness of GaN as sinusoidal
function of r, and study two types of film thickness variation, i.e. the thin-thick-thin model and
thick-thin model. The results reveal that the system curvature is not a constant but a variable
which changes with r. The interface shear stress shows a behavior of direction transition within
the range of R, and transition point just corresponds to the extreme point of curvature, indicating
that the curvature has a significant influence on the interface shear stress, which originates from
our consideration of the non-uniform film thickness for GaN.
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Figure 1. Diagram illustrating the thick film-substrate
system in cylindrical coordinates. h, and h, is the

thickness for thick film and substrate, respectively. They
both have the radius R
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Figure 2. The calculated curvature of GaN thick film as a function of coordinate
r inthe whole sample radius R at thin-thick-thin mode
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i.e. w; asa function of coordinate r in the whole sample radius R at thin-thick-
thin mode
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Figure 4. The calculated interface shear stress between the
GaN thick film and Sapphire as a function of coordinate
r in the whole sample radius R at thin-thick-thin mode
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Figure 5. Diagram illustrating the shear stress z of interface
between the thick film GaN and substrate sapphire at thin-
thick-thin mode. The arrow indicates the direction of shear
stress 7. The coordinate r=0 denotes the center of GaN-
sapphire system, and r =0.012 denotes the place where the
stress is equal to zero
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Figure 6. The calculated curvature of GaN thick film as a function
of coordinate r in the whole sample radius R at thick-thin mode
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Figure 7. The calculated first-order derivative of the displacement
in z direction, i.e. w; as a function of coordinate r in the whole
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thick film and Sapphire as a function of coordinate r in the whole
sample radius R at thick-thin mode
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Figure 9. Diagram illustrating the shear stress z of interface between the thick
film GaN and substrate sapphire at thick-thin mode. The arrow indicates the di-
rection of shear stress 7. The coordinate r=0 denotes the center of GaN-
sapphire system, and r =0.023 denotes the place where the stress is equal to zero
E 9. B -BREAT GaN BfE - EEARKZFALHNHTIES « HnEE.
Bk REYIR A « 7518 YARE R r =0 RERZEHH LA, r=0.023K
LHYEHAE



GaN- 1 5 A1 7 Jo J5E FEAA 2 1 L 70 4 PR 7

mBEEE

2% B 28R 5 42 B 1 (N0.61204013, 51072007, 60711127203); Ji] L4 & S R A BOARB S TS

HAER G T EIITH (No.Y2012004) . Vif-Jb4s B SRR} 25 4 93 B I H (E2014202189) .

SE#k (References)

(1]
(2]
(3]
[4]
[5]
[6]

(71
(8]

(9]

[10]
[11]
[12]

[13]

Chung, K., Lee, C.-H. and Yi, G.-C. (2010) Transferable GaN layers grown on ZnO-coated graphene layers for
optoelectronic devices. Science, 330, 655-657.

Taniyasu, Y., Kasu, M. and Makimoto, T. (2006) An aluminium nitride light-emitting diode with a wavelength of 210
nanometres. Nature, 441, 325-328.

Zhang, S., Shi, J.-J., Zhang, M., Yang, M. and Li, J. (2011) First-principles investigation on optical properties of GaN
and InGaN alloys. Journal of Physics D: Applied Physics, 44, 495304.

Stoney, G.G. (1909) The tension of metallic films deposited by electrolysis. Proceedings of the Royal Society of
London, 82, 172-175.

Floro, J.A., Lucadamo, G.A., Chason, E., Freund, L.B., Sinclair, M., Twesten, R.D. and Hwang, R.Q. (1998) SiGe isl-
and shape transitions induced by elastic repulsion. Physical Review Letters, 80, 4717.

Freund, L.B., Floro, J.A. and Chason, E. (1999) Extensions of the Stoney formula for substrate curvature to configure-
tions with thin substrates or large deformations. Applied Physics Letters, 74, 1987-1989.

Timoshenko, S.P. (1925) Analysis of bi-metal thermostats. Journal of the Optical Society of America, 11, 233-255.

Freund, L.B. and Suresh, S. (2003) Thin film materials: Stress, defect formation, and surface evolution. Cambridge
University Press, London.

Barghout, K. and Chaudhuri, J. (2004) Calculation of residual thermal stress in GaN epitaxial layers grown on techno-
logically important substrates. Journal of Materials Science, 39, 5817-5823.

Hlramatsu, K., Detchprohm, T. and Akasakl, 1. (1993) Relaxation mechanism of thermal stresses in the heterostructure
of GaN grown on sapphire by vapor phase epitaxy. Japanese Journal of Applied Physics, 32, 1528-1533.

Touloukian, Y.S., Kirby, R.K., Taylor, R.E. and Lee, T.Y.R., Eds. (1977) Thermophysical properties of matter. Plenum
Press, New York.

Murrayy, C.E. and Noyan, 1.C. (2002) Finite-size effects in thin-film composites. Philosophical Magazine A, 82, 3087-
3117.

Itoh, N., Rhee, J.C., Kawabata, T. and Koike, S. (1985) Study of cracking mechanism in GaN/a-Al,Oj3 structure. Jour-
nal of Applied Physics, 58, 1828.



	Study of Interface Stress Property of Gan-Sapphire Hetero-Thick-Film System
	Abstract
	Keywords
	GaN-蓝宝石异质厚膜体系界面应力特性研究
	摘  要
	关键词
	1. 引言
	2. 剪切应力模型的建立
	2.1. 厚膜–基底体系的几何模型
	2.2. 厚膜–基底体系的力学连续性方程
	2.3. GaN厚膜–蓝宝石基底系统的参数选择

	3. GaN厚膜–蓝宝石基底体系膜厚在薄–厚–薄模式下的界面剪切应力特性以及曲率变化
	4. GaN厚膜–蓝宝石基底体系膜厚在厚–薄模式下的界面剪切应力特性以及曲率变化
	5. 结论
	致  谢
	项目基金
	参考文献 (References)

