
Crystal structure analysis using TEM/STEM

～ Conventional cross-sectional TEM observation ～

Structural characterization of a Ga2O3 epitaxial layer grown
on a sapphire substrate using cross-sectional 

and plan-view TEM/STEM analysis

Ga2O3, one of wide-band-gap semiconductor materials, is attracting attention as a next-generation power semiconductor. Since Ga2O3

is a polymorphic crystal, it is difficult to identify the crystal structure precisely using conventional cross-sectional TEM observation.
We introduce an example of crystal structure analysis of Ga2O3 film by the combination of cross-sectional TEM and atomic resolution 
plan-view STEM.
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 Elucidation of crystal structure of epitaxial film by atomic resolution HAADF-STEM images . Crystal structure analysis
 Contrast modulation of atomic Ga columns in HAADF image reveals that it contains crystal defects (twins). Crystal defect analysis

《The configuration of Ga atoms 
in κ-Ga2O3 crystal structure.》

《 BF image 》 《 HAADF image 》

～ Atomic resolution plan-view STEM observation ～

Analysis using a combination of cross-sectional TEM and atomic resolution plan-view STEM enables 
detailed crystal structure and defect analysis of Ga2O3 film.

【 HRTEM + FFT 】 The interface layer was β-Ga2O3.

Crystal structure analysis of Ga2O3 film

・Crystalline polymorph
α-, β-, γ-, δ-, ε-, ( κ- )Ga2O3

・Wide bandgap （～5 eV）
・Low cost and high quality substrates.
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【Simulated diffraction pattern】

【Diffraction pattern】

Overlap of diffraction spots between κ-Ga2O3  and ε-Ga2O3.
It is difficult to determine whether single or mixed crystal.
⇒Atomic resolution STEM observation

【TEM analysis】
The main Ga2O3 layer is κ-Ga2O3, 
or κ- and ε-Ga2O3 crystal structures.

The difference in the number of overlapping Ga atoms.
Contrast difference in atomic columns.

Twin boundary where two crystals are intersecting 
at an angle of 120°.
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