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The Study of Hold Time and Loading Rate Effect on Hardness
Measurement of C-plane Gallium Nitride Epilayers

Student: Chi-Hsiu Yeh Advisor: Chang-Pin Chou

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT
The purpose of this study is to investigate the nanomechanical properties

and relative cathodoluminescence (CL) characteristics of Gallium nitride (GaN)
epilayers which was grown on C-plane (0 0 0 1) sapphire substrate by
metal-organic chemical vapor deposition (MOCVD) method. The mechanical
deformation behaviors in the loading and unloading segments of the
load-displacement curves with different hold time and loading rates of GaN
epilayers were investigated using nanoindentation with a Berkovich tip. The
surface morphology and deformation mechanism of the GaN epilayers were
characterized by atomic force microscopy (AFM) and cathodoluminescence
microscopy after nanoindentation testing.

It is indicated that the indentation depth increased due to the creep effect
from nanoindentation process. The hardness of GaN epilayers decreased as hold
time increased. In addition, the creep effect was more obvious as loading rate
increased with the same hold time. On the other hand, the analysis of
cathodoluminescence revealed that the luminous intensity would be degraded
due to the multiplication in dislocation during nanoindentation process. The
results exhibited the interaction of nanomechanical properties and relative

cathodoluminescence characteristics in the C-axis GaN epilayers.

Keywords: Gallium nitride ~ nanoindentation ~ creep ~ cathodoluminescence
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ime . ot -

(sec) (nm) R (nm) (nm) (nm) iF R (nm) (nm) (nm) =R (nm) (nm)
50 409.5 389.4 20.1 406.0 393.0 13.0 401.3 395.4 5.9
100 4125 391.3 21.2 410.3 392.8 17.4 406.0 396.7 9.3
150 415.1 390.1 25.0 412.4 393.2 19.2 408.0 395.7 12.3
200 424.6 391.6 33.0 421.0 392.4 28.6 410.5 396.3 14.2
300 429.1 390.9 38.3 424.4 392.7 31.7 412.6 396.1 16.5
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LoéstrgiNngelzfte Hold Time (sec) Average Hardness (GPa)
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0 4 162.4 392.9 0.413

1 165.3 396.2 0.417

85 177.6 4125 0.431
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