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Abstract

Semiconductor nanostructures have attracted considerable attention due to their
unique optical, electrical characterization and potential applications in photovoltaic
devices. In particular, nanostructured oxide semiconductors, such as ZnO nanowires,
TiO, nanocrystals, have been widely applied to solar cells owing to the low cost, high
stability against photocorrosion, and mature fabrication techniques. However, these
oxide semiconductors have a relatively wide bandgap and can’t efficiently absorb
sunlight in visible region, yielding a low efficiency. A series of semiconductor
nanocrystals, such as ZnSe, CdSe, ZnCdSe, have been coated onto the surface of ZnO
or TiO, to expand photoresponse. As compared with binary alloys, ternary materials
are the more efficient sensitizers due to their tunable bandgaps and band structures. It
is known that, the tunable bandgaps and band structures of ternary materials greatly
depend on their compositions. So, it is particularly important to precisely control their
compositions for practical application. Up to date, many efforts have been devoted to
tune their compositions by different tabrication methods, such as chemical vapor
deposition, chemical bath deposition, successive ionic layer adsorption and reaction
technique, efc. In spite of these efforts, the composition of ternary alloys can not be
conveniently controlled because of the different ion concentrations in solution method
or the different saturated vapour pressures of elements in vapour method. In this work,
we precisely tuned the compositions of ternary alloys by an alternant physical
deposition method. The major results are as follows:

(1) The ZnSe and CdSe shells on ZnO nanowire arrays were synthesized by
radio-frequency magnetron sputtering. Through optimizing the sputtering power, the
distance between targets and substrate, and sputtering press, we got ZnO/ZnSe and
Zn0O/CdSe coaxial nanowires with relatively uniform shell layer. Scanning election
microscopy (SEM), X-ray diffraction (XRD) and transmission spectrum results
showed that coaxial structure was formed, and the nanowires had a good crystal
quality.

(2) ZnCdSe shells with different compositions on ZnO nanowire arrays were



fabricated by an alternant magnetron sputtering deposition. SEM, XRD, transmission
electron microscopy (TEM), and transmission spectrum results suggested that the
composition of ternary Zn,Cd,..Se alloys had been precisely controlled. Additionally,
different annealing treatment results indicated that the annealing temperature was of
great importance for alloying process, and the ternary alloys annealed under 350 °C
had relatively uniform element distribution in our work.

(3) The photo-electrochemical (PEC) cells were fabricated by using the prepared
Zn0/ZnCdSe coaxial nanowires. The I-V characteristics curve showed the ZnO/CdSe
nanowire cell obtained the maximal conversion efficiency of 2.01%. Time resolved
photo-luminescence (TRPL) measurements results demonstrated the ZnO/CdSe NWs
possessed the longest lifetime, and thereby the higher carrier separation and collection

efficiency.

Key words: Magnetron sputtering; Composition tuning; ZnO/ZnCdSe coaxial

nanowires; Ternary alloy
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