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Abstract

Zinc oxide (ZnO) has the advantages of wide band gap, high exciton binding energy,
non-toxic, low price, strong anti-radiation ability. It is widely used in solar cells, liquid
crystal display, sensors, etc. Due to its intrinsic donor type point defects present, natural
zinc oxide is N type conductivity type, meanwhile, ZnO is easy to donor doping,
relative, the P type doping is very difficult, which is restricted to the zinc oxide to
popularize the application of bottleneck. At the same time, due to the hetero-epitaxial
existence problem, lattice mismatch, thermal expansion coefficient of different reasons,
the quality of ZnO single crystal films is difficult to improve. In the experiment, we use
the molecular beam epitaxy (MBE) method to grow the magnesium and nitrogen
co-doped ZnO thin film on MgO(111) substrate. By using a series of characterization of
the samples, we study the effect of magnesium on growth of nitrogen doped ZnO crystal.
At the same time, we also study the method to improve the quality of film through the
surface pretreatment process of the magnesium oxide (111) substrates.

During the experiment, X-ray diffraction showed that the ZnO film on MgO (111)
substrate has the c-axis preferential growth. Combined with the intensity, FWHM of the
Zn0(002) peak, the SEM image and the AFM image, these results suggest that the
nitrogen will hinder the growth of ZnO thin film, Mg will promote the quality of
N-doped ZnO film, oppositely. Analysing X-ray photoelectron spectroscopy, we found a
Zn-N peak in both N doped ZnO film and Mg, N co-doped ZnO film, indicating that N
doping could realize the ZnO’s P-type conversion. By analyzing the photoelectron
spectroscopy of the Mg, N co-doped ZnO, it is found that magnesium inhibits (N2)o
defects. If the elements of the sensitive factors into account simultaneously, magnesium
and nitrogen co-doped zinc oxide in nitrogen content is higher than nitrogen doped zinc
oxide in nitrogen content of nearly twice as much.

In the pretreatment of MgO(111) subtrate of the process, we used nitrogen plasma
for ten minutes, and followed by Mg atom for one minute on substrate samples with

five cycles of spray treatment, we found that after the pretreatment, the ZnO present a



two-dimensional growth mode through a sharp stripes of the RHEED spot. The FWHM
of ZnO (002) peak from the XRD and the RMS from the AFM image are reduced
significantly, suggesting that the quality of the ZnO has been improved significantly.

This work hopefully provides some guidelines for the future research.

Key words: ZnO; N doped ZnO; MBE;
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