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Fig. 1. Cross-Section structure of GaN epitaxial film
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Fig. 2. Relationship between FE2(high) phonon shift
and temperature for GaN epifilm using temperature-

dependent Raman scattering.
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Table 1. Linear fitting results for relationships between phonon shift and temperature for GaN epifilm using

temperature-dependent Raman scattering.
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Fig. 4. Relationship between FE;(TO) phonon shift
and temperature for GalN epifilm using temperature-

dependent Raman scattering.
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Abstract

ITI-nitride materials have attracted considerable attention in the last decade due to their wide applications in solid-
state light devices with their direct wide band-gaps and higher quantum efficiencies. InGaN/GaN multiple quantum
well is important active region for light-emitting diode, which can be tuned according to indium composition in the
In,Gai—_N alloy system. Owing to difficulty in fabricating bulk materials, GaN thin films are heteroepitaxially grown
on lattice-mismatched and thermal-expansion-mismatched substrates, such as sapphire (Al2O3), Si and SiC, which sub-
sequently results in a mass of threading dislocations and higher residual strains. On the one hand, dislocations and
defects existing in GalN epifilms trap the carriers as scattering centers in the radiative recombination process between
electrons and holes, and play an important role in drooping the internal quantum efficiency. On the other hand, higher
built-in electric field induced by residual strains existing in GaN epifilm could make the emission wavelength red-shifted.

It is common knowledge that temperature is one of the important factors in the growth process of epitaxial films,
as a result, further research on thermal expansion behaviors is needed. Based on the above analysis, an in-depth study
of thermal expansion behavior of wurtzite GaN epitaxial film is of vital importance both in theory and in application.

In this study, we investigate the thermal expansion behaviors of wurtzite GaN epitaxial films by using temperature-
dependent Raman scattering in a temperature range from 83 K to 503 K. According to the physical implication, Gruneisen
parameter is almost a constant (Gruneisen parameters of all phonon modes are in a range between 1 to 2 for GaN) that
characterizes the relationship between the phonon shift and the volume of a solid-state material. More importantly,
Gruneisen parameter is relatively insensitive to temperature and suitable for building the connection between the phonon
shift and thermal expansion coefficient. Therefore, the linear relationship between the phonon shift and temperature is
built and utilized to calculate the thermal expansion coefficient according to the physical implication of the Gruneisen
parameter. Conclusions can be obtained as follows. 1) The thermal expansion coefficient of GaN epifilm can be cal-
culated in a certain temperature range by measuring the phonon modes of E» (high), A1 (TO) and E; (TO) through
using temperature-dependent Raman scattering when the corresponding Gruneisen parameters are determined. 2) The
calculated thermal expansion coefficients of GaN epifilm are consistent with the theoretical values.

Conclusions and methods in this paper provide an effective quantitative analysis method to characterize the thermal
expansion behaviors of other ITI-nitride epitaxial thin films, such as AIN, InN, AlGaN, InGaN, InAIN etc., which can be
of benefit to reducing the dislocation density and improving the luminescence efficiency of light emitting diode. There-

fore, research on thermal expansion behaviors of epifilms using temperature-dependent Raman scattering has a direction
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for further studying the latter-mismatch and thermal-expansion-mismatch between the epitaxial film and substrate.

Keywords: epitaxial-film, thermal expansion coefficient, Gruneisen parameter, temperature-dependent

Raman scattering

PACS: 07.50.Hp, 81.15.Kk, 78.55.Cr, 71.55.Eq DOT: 10.7498/aps.65.130702
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