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Abstract: Cu doped ZnS microstructures were prepared by the thermal evaporation method using 

ZnS powder and CuCl2.2H2O powder as precusor materials. The microstructures was characterized 

by using X-ray diffraction (XRD) analysis. The XRD studies indicated that there are two phases 

(ZnS and ZnO) at the undoped sample, but  most of the samples are only having wurtzite 

(hexagonal) phase of ZnS after doping. The photoluminescence emission and photoluminescence 

excitation of ZnS and Cu
2+

 doped ZnS microstructures have been studied. The photoluminescence 

excitation spectra of  ZnS microstructures is presented around 374 nm. By doping of Cu
2+

 ion, the 

absorption wavelength is shifted towards the lower wavelength being an evidence for an increasing 

band gap. The emission spectrum of pure ZnS has a green emission band centred at around 520 

nm. By doping Cu
2+

 ion, the peak of the green band in the luminescence spectra were transferred 

to 516 nm and appeared a strong blue peak at 440 nm. The reasons of these will be discussed in 

this paper. 

Keywords: ZnS:Cu
2+

 microstructures, photoluminescence, thermal evaporation. 

1. Introduction

 

Owning the largest band gap among II – VI semiconductor, zinc sulfide (ZnS), a direct transition 

semiconductor, is a famous material with diverse luminescence properties [1,2], Especially in doping 

the transition metals or rare earth elements [3–7]. Curently, it is used in many fields such as liquid 

crystal displays, light  emitting  diodes (LEDs), cathode ray tube (CRT) equipments and flat panel 

displays (FPDs) [8, 9]. 
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Recently, Mn-doped and Cu-doped ZnS structures have received much researchers’ attention 

because the properties are closely related to the concentration of metal-doped [10–13]. The reason 

is that these metals can change the energy band and form luminescence centrals with different 

energy levels. 

There are several approaches that have been conducted for the synthesis of pure ZnS and Cu-

doped ZnS and controlled their morphology as soon as luminescence properties. In 2008, Datta et al 

have prepared Cu-doped ZnS nanorods by sovolthermal process. They exhibited that the wurtzite ZnS 

nanorods gradually phase transformed to cubic structure and photoluminescence intensities of UV and 

near IR bands changed with increasing the dopant concentration [14]. In 2012, Manuspiya et al have 

synthesized ZnS and metal (Mn, Cu)-doped-ZnS via wet chemical [15]. They found that ZnS, Mn-

doped-ZnS and Cu-doped-ZnS generated blue, yellow and green color, respectively. Recently, in 

2016, Shang et al also found that the optical emissions of ZnS nanostructures can be selectively 

modified through the control of Cu ion dose and subsequent heat treatment [16]. An increase of Cu 

dopant content will lead to an apparent red-shift of the intrinsic band-gap emission in the UV range 

and the broadening of defect-related emission in visible range.  

In this research work, we present the synthesis of ZnS and Cu-doped ZnS microbelts by a thermal 

evaporation method. There are two peaks in the PL spectra at around 440 nm (blue) and 518 nm 

(green) at the same time when ZnS is doped by Cu with the rate of 10%mol. Different from ref. [14], 

phase of Cu-doped ZnS structures is wurtzite. The crystal structure, optical and surface morphological 

properties are all studied in detail.  

2. Experiment 

The Cu
2+

 doped ZnS microstructures were synthesized on Si/SiO2 substrates by thermal vapor 

deposition in a conventional horizontal quartz tube furnace. A mixing of high-purity ZnS and 

CuCl2.2H2O powders as the precursor materials were placed into an alumina boat and positioned at the 

center zone of the horizontal tube furnace. The ratio of CuCl2.4H2O and ZnS powder is weighed with 

0, 10, 50 and 100 mol%. Si/SiO2 substrates with size of 0.5 x 0.5 cm were placed in the low 

temperature zone at about 15 cm downstream from the aluminum boat. A haft of the quartz tube 

containing the aluminum boat and Si/SiO2 substrates was setup outside the tube furnace until the 

furnace was heated to deposition temperature. The quartz tube was pumped down to pressure of 

1×10
−3

 Torr and heated to 600 
o
C, then the high-purity argon was introduced into the tube and the 

mechanical rotary pump was turn off. The flow rates of Ar were controlled by a mass flow meter at 

120 sccm. The temperature of the furnace was raised continually to growth temperature at a ramping 

rate of 10 
o
C/min. The deposition temperature was set up at 1100 

o
C. When temperature of the furnace 

increased to deposition temperature, the part of quartz tube containing the aluminum boat and Si/SiO2 

substrates was pushed into the furnace to grow microbelts. During synthesis the furnace temperature 

was maintained at growth temperature for 30 min, after that the furnace was allowed to cool naturally 

to room temperature. 

The morphology was examined by a field emission scanning electron microscopy (FESEM, JSM-
7600F, Jeol). The composition was determined by the energy dispersive x-ray spectroscopy (EDX, 
Oxford Instruments X-Max 50) attached to the FESEM. The phase structure, crystallinity and 
preferred orientation of as-synthesized microstructures were characterized by an X-ray diffraction 
(XRD) (X-ray Siemens D5000) using Cu Kα radiation (λ=1.5406 Å) operated at 40 mA tube current. 
The XRD patterns were collected in the range of 20 ° ≤ 2θ ≤ 70 ° with a step of 0.05  and collection 
time for each data point was set at 4 seconds. The photoluminescence spectra (PL) and 
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photoluminescence excitation spectra (PLE) were recorded on Horiba Jobin–Yvon Nano-Log 
spectrometers using a Xenon lamp (450 W) as an excitation source. 

3. Results and discussion 

 

Figure 1. FESEM images and EDS of ZnS microstructures rate of Cu and ZnS is 0 mol% (a,b), 10 mol% (c,d), 

50 mol% (e,f) and 100 mol% (g,h). 
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To study the morphology of the structures, FESEM were employed. Fig. 1 shows a series of 

FESEM images of the structures grown on Si/SiO2 substrates. A typical FESEM image shows that 

undoped ZnS microbelts is high density with several microns to about ten microns in widths and 

several tens to more than one hundred of microns in lengths (Fig. 1a). These microbelts are quite 

smooth, and their orientations are random. Making clusters and structures as microsheets is the trend 

that can be seen clearly for Cu-doped ZnS with 10%mol. When ZnS is doped with Cu at 50%mol, the 

microsheets become larger than the undoped microbelts and the density of them is low. However, for 

Cu-doped ZnS with 100%mol, all of the material turned into cluster and no microbelts or microsheets 

were seen. The corresponding EDS spectra reveal that the undoped microbelts mainly contain Zn, S 

and O elements and the atom ratio of undoped ZnS is 53.0, 44.8 and 3.3 at%. The origin of O atom 

may come from reaction between ZnS and O2 existing in furnace tube which was not pumped to low 

enough pressure or origin from ZnS powder (precusor material). By doping Cu
2+

 with 10%mol, the Cl 

and Cu components appear with atom ratio of 6.1 and 1.2%, respectively. At 50%mol of Cu content, 

the atom ratio of Cu in the microsheets go up to 1.6%. However, the Cu component increases rapidly 

to 40.8%, and the Si component appears with atom ratio of 3.0% at the doping content of 100%mol. 

The Cl composition maybe come from CuCl2.2H2O precursor, while Si composition is attributed to 

Si/SiO2 substrate due to thin material located in it. 

XRD measurement was performed in order to determine the crystalline phase of the 

microstructures. It is clear from Figure 2 that all of microstructures doped or undoped Cu are matched 

to the structure of wurtzite (JCPDS 05-0492). In detail, the XRD pattern of the microbelts without 

doping shows a peak at 27.87
o
 corresponding to (111) plane of cubic phase (JCPDS card no. 05-0566) 

while all of other peaks are wurtzite phase of ZnS. When the precursor material is mixed with 10 

mol% of Cu, the peak of cubic phase disappears and the intensity of all peaks corresponding to wurzite 

phase increases. However, when the concentration of Cu goes up to 40 mol%, the intensity of all peaks 

decreases and becomes very weak at 100 mol%. This proves that crystal quality of ZnS is changed 

through doping with Cu
2+

 ions.  

 

Figure 2. XRD pattern of Cu doped ZnS microstructures grown on Si/SiO2 substrates. 
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In order to investigate the optical properties of the samples, the PL spectra of ZnS and ZnS:Cu
2+

 

microstructures were measured at room temperature using a 280-nm excitation wavelength (Figure 3). 

For the undoped sample, PL spectrum shows a emission band in visible region at around 520 nm. The 

study groups of Zhang and Changxin Guo have reported that the green emission at 520 nm from ZnS 

nanowires and nanobelts originates from Au impurity [17]. In 2016, the other group found that the 

emergence of the green emission is directly related to the formation of the ZnO layer and the imperfect 

surface/interface between the newly formed ZnO and the ZnS backbone [18]. In our situation, from 

EDS analysic and XRD pattern, no phase relative Au was seen from the microbelts, so this green peak 

may come from radiative centers of ZnS and ZnO [13, 19, 20]. The ZnS:Cu microsheets show more 

peaks, at 440 nm and 518 nm for 10 mol% being different from undoped sample. At higher content of 

Cu with 50 mol%, there are only one blue peak at around 443 nm with very high intensity. However, 

at the sample doped with 100%mol of Cu, the intensity of blue emission band went down significantly 

and there are two new peaks at 346 nm and 510 nm beside a blue peak at 440 nm. From the PL spectra 

and Refs [21–23], the blue emission bands are attributed to the surface defects such as sulfur vacancy 

or sulfur interstitial lattice defects. Meanwhile, the green emissions may be assigned to the surface 

defects such as oxygen vacancies [13].    

 

Figure 3. PL spectra of undoped and Cu
2+

 doped ZnS microstructures. 

In order to further investigation about the effect of Cu on the radiative centers of ZnS microbelts, 

the PLE spectra of the products which monitored at the emission wavelength of 440 nm are shown in 

Fig. 4. At undoped sample, the spectra show that the microbelts are absorbed strongly at around 374 

nm which are corresponded with the bandgap of ZnS, ZnO or ZnOS [24]. When the contents of Cu are 

10% and 50% mol, the absorption edge transfers to short wavelength at around 362 nm and 359 nm, 

respectively. At the same time, there are some very strong peaks at around 332 nm and 340 nm 

corresponding to the fundamental absorption of ZnS [25]. The absorption related to the band to band 

transition of ZnO or ZnOS reduces from 374 nm to 359 nm when the content of Cu
2+

 increases. This 

result shows that the emission of the radiative centers of ZnS microstructures are modified by Cu
2+
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ions and the emission at blue emission is originated from defects of Zn and S in the ZnS crystal. 

However, at content of Cu is 100%mol, the absorption peak comes back at around 369 nm. The reason 

may be that at very high content, Cu
2+

 ions have a trend making clusters, so the emission centers return 

to ZnS host. 

 

Figure 4. PLE spectra of undoped and Cu
2+

 doped ZnS microstructures. 

4. Conclusion 

The undoped and Cu doped ZnS microstructures on Si/SiO2 substrates have been successfully 

synthesized by a thermal evaporation method. The undoped ZnS microbelts shows a broad band 

emission at visible region at around 520 nm which related to radiative centers of ZnS and ZnO. By 

doping Cu with various concentration, the emission band of radiative centers related to S and O in the 

ZnS microbelts separated into blue and green emission, respectively. The green emission band 

dominates as the doped Cu concentration is high enough and then to be quenched at the doping of 

100%mol. Thus, the emission of radiative centers of ZnS can be controlled by Cu concentration doped 

into ZnS microstructures.  
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