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Solution-based Controllable Synthesis of p-type CulnS,

Flower-like Microspheres and Their Electrical Characterization
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Abstract ; Tetragonal CulnS, flower-like microspheres were successfully synthesized through the sol-
vothermal reaction in ethylene glycol (EG) with the assistance of cationic surfactant cetyltrimethyl-
ammonium bromide ( CTAB). The morphology, structure and composition of the products were
characterized by X-ray diffraction ( XRD), scanning electron microscope ( SEM ), photoelectron
spectroscopy ( XPS) and UV-Vis spectroscopy, respectively. XRD spectra showed that the lowest
temperature for the synthesis of pure CulnS, was 200 °C. CulnS, microspheres obtained at the tem-
perature 200 °C and 220 °C were verified to be Cu-rich and In-rich, respectively. UV-Vis spectrum
showed that there existed intensity absorption in the visible region for CulnS, microspheres obtained
at 200 °C. The band gap was estimated to be ~ 1.62 eV, which is very close to that of bulk
CulnS,. Back-gate field effect transistor based on CulnS, microspheres obtained at 200 °C was con-
structed and their electrical characterizations indicated that as-prepared CulnS, microspheres were p-
type semiconductor with conductivity of ~2 S + cm™', which is similar to that of p-type CulnS,
films. As-prepared CulnS, microspheres showed their potential application in the fields of low-cost

and high-performance photovoltaic devices.
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Fig.1 XRD patterns of the products obtained at different tem-
perature. (a) 180 “C, (b) 200 °C, and (c¢) 220 C.
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Fig.2 SEM images of CulnS, microspheres: (a, b) 200 °C, (¢, d) 220 C. Inset shows the corresponding EDS spectrum.
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Fig.3 XPS spectra of CulnS, microspheres obtained at 200 °C ;
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Fig. 4 UV-Vis absorption spectrum of CulnS, microspheres

obtained at 200 °C , the inset shows the (ahv)?-hv

curve for the estimation of the band gap value.
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Fig.5 Electrical characterization of CulnS, microspheres obtained at 200 °C. (a) Schematic illustration of the device. (b) A
typical /,.-V, curve, inset shows a SEM image of the device. (c) I,-V,, curves under varied V, ranging from —60 V to

60 V with the step of 60 V, inset shows [, -V, curve at V, = =1 V.
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