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Ho Quynh Anh
Faculty of Basic Sciences,
Hanoi University of Mining and Geology

FABRICATION AND PROPERTIES OF Cu, 0 MATERIAL

Abstract
Cu,0 is a p-type semiconductor material of interest due to its great potential in solar energy
conversion and catalysis, possessing a suitable band gap (1.9 — 2.2 eV/), a high visible light absorption
coefficient, low cost, and non-toxicity. Cu, 0 thin films were fabricated using the simple thermal oxidation
method. The material was characterized using Raman spectroscopy and X-ray Diffraction (XRD).

Introduction

Cu,0 (Cuprous oxide, red color) possesses a cubic crystal structure with a body-centered cubic (BCC)
unit cell. The Cu-Cu distance is 3.02 A and the 0-O distance is 3.7 A.

P i

Figure 1 — Unit cell of the Cu, 0 crystal lattice

Cu,0 is thermally stable (1240°C melting point), soluble in acid/concentrated alkali, and easily
oxidizes into CuO in humid air. In bulk form, E; = 2.14 eV, absorbing photons with 2 < 580 nm. In the
nanometer range, E; increases due to the size effect.

Experimental Section

Copper (Cu) samples were cleaned with 10% HC! and subsequently subjected to thermal oxidation
in a horizontal furnace at three temperatures: 200°C, 250°C, and 300°C for 1 hour.

Results and Discussion

1. Raman Analysis

® (u,0 Signatures: Raman spectra at all temperatures showed characteristic Cu,0 peaks at
88cm~! and 147 cm™! (T5y, T3, modes). These theoretically Raman-inactive modes appear due to
point defects which break crystal symmetry, also giving Cu,0 its intrinsic p-type semiconductor
nature.

® 200°C: The film was uniform and stable, showing only the Cu, 0 phase.

10
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Figure 2 — Raman scattering spectrum of Cu,0 calcined at 200°C for 60 minutes

® 250°C: A weak peak appeared at 298 cm_l(Alg), characteristic of the CuO phase. The resulting

film was a mixed phase of Cu,0 and CuO.
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Figure 3 — Raman scattering spectrum of Cu,0 calcined at 250°C for 60 min]}

® 300°C: The intensity of the CuO peaks (298 cm™! and 626 cm™!) increased significantly,
indicating a higher CuO ratio. This makes the material less suitable for solar cells due to the lower

conductivity of CuO compared to Cu, 0.
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Figure 4 — Raman scattering spectrum of Cu,0 calcined at 300°C for 60 minutes]}

2. X-ray Diffraction (XRD) Analysis

® 200°C: The XRD pattern confirmed a cubic crystalline Cu,0 film. Peaks at 36.52°,43.35°, and
74.20° correspond to the (110), (111), and (311) faces.

® The calculated lattice constant was a = 4.27 A, consistent with previously published values.

® 250°C and 300°C: The presence of the CuO phase was re-confirmed by additional XRD peaks.
This result is consistent with the Raman analysis. The CuO phase fraction increased with increasing

temperature.
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Figure 5 — X-ray diffraction patterns of Cu,0 calcined at different temperatures (a) and magnified (b)

Conclusion

® (u,0 thin films were successfully fabricated using the thermal oxidation method.

® The optimal temperature is 200°C for obtaining single-phase Cu,0 films with a cubic structure.

® Higher temperatures (250°C,300°C) result in the appearance of the Cu0 phase.

® The fabricated material is potentially suitable for use as a multilayer structure in optoelectronic
components.
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