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Abstract 

CdTe QD decorated ZnO NWs arrays ((CdTe@ZnO)) are controllably synthesized by using simple microwave assisted (MW) and 

Chemical bath deposition (CBD) wet chemical strategy in this paper. The effect on structural and morphological of CdTe@ZnO 

was investigated by X-ray diffraction (XRD) and SEM. The CdTe QDs were densly and uniformly coated on ZnO NWs both 

radially and along the axial direction, and forms an intact interface with the wurtzite ZnO NWs core as observed in the SEM. The 

as-prepared CdTe@ZnO are found to exhibit significantly enhanced photoconduction as compared to the pristine ZnO NWs 

arrays, attributed to the decreased band gap and / or depletion of oxygen vacancies and other defects states in them. Furthermore, 

the effect of CdTe QDs loading on the absorbance and photoconductive performances of CdTe@ZnO are also investigated. The 

absorption and photoconduction of the CdTe shell above its band gap (1.5 eV) respectively, are demonstrated by absorption and 

photoconductivity measurements. 
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1. Introduction 

One-dimensional semiconductor nanostructures are considered 

as the most sensitive and fast responsive materials for photon 

conduction due to their large surface-to-volume ratio and 

direct pathway for charge transport [1-3]. A variety of 

semiconductor NWs and nanoribbons of group II-VI 

compounds e.g. ZnO, ZnS, CdS, CdSe, CdTe have been 

developed for optoelectronic devices, as the active materials 

covering the whole spectrum from for UV to visible and 

infrared light [4-6]. However, pure semiconductor NWs cannot 

absorb wavelengths below their band gap, which limits their 

wide spectral sensitivity in standard devices, such as for 

visible or ultraviolet (UV) light imaging, memory storage or 

switches. QDs open up new possibilities for the multiple 

charge carrier generation with a single photon [7-8]. Multiple 

carrier generation in nanocrystals has shown that two or more 

excitons can be generated with a single photon of energy 

greater than the band gap. Semiconductor quantum dots (QDs) 

such as CdS, CdSe, PbS, PbSe, InP and InAs have recently 

been extensively used as light harvesters in the application of 

QD-sensitized solar cells (QDSSCs).Unique size and shape 

dependent absorption properties of quantum dots or 

nanocrystals are hosted on a transparent electrode, which 

consists of a one-dimensional (1D) ZnO NWs on a conducting 

substrate. In such a configuration, an appropriate band 

alignment between the QDs and the ZnO NWs allows efficient 

charge carrier injection, and 1D nanostructures provide an 

ideal channel for effective carrier transport. CdTe has a high 

optical absorption coefficient and narrow band gap of 1.5 eV 

matching the preferred range of the solar radiation spectrum. 

It allowing effective injection of photogenerated electrons 

from CdTe into ZnO. Consequently, CdTe@ZnO forms a 

nanocable array on a transparent conductive substrate would 

hold great potential in a number of photoelectrical and 

photoconducing applications. Several methods may be used to 

deposit a semiconductor material shell on an FTO substrate 

i.e. Electrochemical Deposition, Microemulsion method, 

Chemical bath deposition (CBD) methods [9, 10]. CBD is 

preferable for ZnO NWs preparation as it is relatively simple, 

scalable, cost effective and can produce dense NWs. In the 

present work, CdTe QDs were prepared by (microwave) MW 

assisted method [11, 12]. Good absorption, photoconduction 

properties between the CdTe shell and the ZnO core are 

demonstrated by absorption and photoconductivity (PC) 

measurements, respectively. In present work, a simple, low-

cost, catalyst free and direct mass-scale production method is 

applied for the preparation of high-purity ZnO/CdTe QDs 

core-shell NWs samples have been studied for their optical 

and photoconduction properties. 

 

2. Experimental procedure 

2.1. Preparation of ZnO NWs Arrays 

Firstly the microscopic glass substrates were cleaned by 

immersing them in a mixture of aqueous hydrogen peroxide 

(H2O2) and concentrated hydrochloric (HCl) acid (1:3) for 20 

h, washed with deionized water under ultrasonication and then 

dried in air. All chemicals were analytical grade (Merck), and 

were used without further purification. Double distilled water 

(DDW) was used in experiment. The two-step method was 

adopted to fabricate ZnO/CdTe NWs arrays. The FTO glass 

substrates were ultrasonically rinsed for 0.5 h in acetone, 

isopropyl alcohol, and ethanol solution, respectively. The ZnO 

seed layers were first deposited on FTO substrates by dip-

coating method. After heat treatment at 400 °C for 1 h, the 
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FTO coated with seed layers was immersed in an aqueous 

solution containing 0.05 M zinc nitrate (Zn(NO3)2) and 0.05 

M hexamethylenetetramine (HMTA) and was kept in a water 

bath for 5h at 90 °C, for synthesis of ZnO NWs by CBD 

method. Fabricated ZnO NWs arrays were washed with 

deionized water and were dried and annealed at 350°C in a 

muffle furnace. The furnace was naturally cooled down to 

room temperature to obtain ZnO NWs arrays synthesized on 

the FTO. 

 

2.2 Synthesis of ZnO/CdTe core-shell NW arrays 

The synthesis of nano CdTe and their subsequent coating on 

ZnO NWs was done as follows: CdCl2 5H2O was diluted with 

40 ml of Toluene. During a constant stirring GSH, Sodium 

citrate, K2TeO3 sol and NaBH4 were added into Cadmium sol. 

1M NaOH was then used to adjust the pH 10 under vigorous 

stirring. The mixture was kept in a MW oven for 1 min at 

300W. The mixture was cooled down to ~ 50oC. The as 

prepared CdTe solution was concentrated to ¼ th of the 

original volume, was precipitated using 2-propanol and was 

finally collected via centrifugation. CdTe dispersion was 

prepared by re-dissolving this colloid precipitate in 3ml DD 

water and was kept for the CdTe coating on ZnO NWs arrays. 

It may be noted that to study of effect of growth of CdTe 

coating on ZnO NWs arrays, we tried various molar 

concentration of CdTe and various time for deposition of 

CdTe layer. The optimized molar concentration and 

deposition time for maximum photocurrent and optical 

absorption was used for further study. A weight ratio of 5% of 

CdTe was added to 10mL of water and ultrasonicated it for 30 

min. The FTO substrate deposited with ZnO NWs was dipped 

into this solution and was kept on a magnetic stirrer at 60°C at 

600 rpm. After the evaporation of water, the substrates were 

annealed at 350 ◦C in a muffle furnace under ambient 

condition. Finally we obtained the sample of CdTe@ZnO. The 

final products were left to cool at room temperature. The 

pieces were taken out and dried before the subsequent 

characterization. 

 

3. Result &discussion 

3.1 SEM Studies: The morphology of the as prepared 

CdTe@ZnO were observed in SEM. Fig. 1(a) and fig.1(b) 

shows the typical SEM images of pristine ZnO NWs sample 

and CdTe@ZnO synthesized by wet chemical methods. It can 

be seen clearly that the orderly hexagonal and densely 

populated ZnO NWs arrays are grown onto the FTO glass 

substrates. In fig.1 (a) the diameter and length of ZnO are 

110–200 nm and∼2.5μm respectively. After CdTe coating the 

as-prepared ZnO NWs film changed from white to black, 

implying the formation of CdTe on the ZnO NWs 

surface.Whereas spherical CdTe particles can be observed 

around the ZnO NWs observed in fig. 1(b). The CdTe@ZnO 

are observed to be much thinner in fig.1(b), which may be due 

to etching and dissolution of ZnO NWs during the coating of 

CdTe QDs [13].  

 

  
 

Fig 1: SEM images of (a) ZnO NWs grown on FTO (b) CdTe@ZnO grown on FTO 

 

3.2 XRD: The X-ray diffraction (XRD) spectra taken from 

pure ZnO NWs arrays and as deposited CdTe@ZnO are 

shown in fig.2 (a) and 2(b) respectively. For pure ZnO NWs 

arrays, eight diffraction peaks can be respectively indexed to 

the (100), (002), (101), (102), (110), (103), (201) and (202) 

planes of wurtzite phase ZnO (JCPDS file No.74-534) [14]. The 

predominant (101) peaks suggest that the ZnO NWs grew with 

their c-axis orientation normal to the FTO surface. After 

deposition of CdTe two new peaks are observed in addition to 

the diffraction peaks from the hexagonal ZnO NWs in fig. 

2(b). These broad peaks are centered at 23.96° and 39.40° 

which can be indexed respectively to the (111) and (220) 

planes  of the zinc-blende (ZB) CdTe (JCPDS file No. 65-

880). The emergence of new independent peaks of CdTe 

suggests that CdTe QDs are not forming a single phase with 

ZnO, and are just decorated on the NWs. The XRD results are 

supported by the SEM micrographs too, where CdTe 

decorated ZnO NWs can be observed in abundance. The 

average grain size (D) of the ZnO NWs arrays and as 

deposited CdTe@ZnO was calculated with the help of 

Scherrer formula in Eq. (1) using the diffraction intensity of 

(101) peak [15, 16]. 

 

D = kλ/(β cos θ)     (1) 

 

where λ is the X-ray wavelength, β is the full width at half 

maximum (FWHM) of the ZnO (101) line and θ is the 

diffraction angle. The broadening of the diffraction peaks is an 

indication that the synthesized materials are in nanometer 

regime [17-19]. The grain size was obtained 23nm and 11 nm 

respectively in the range of the ZnO NWs arrays and as 

deposited CdTe@ZnO.  
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Fig 2: XRD patterns of (a) ZnO NWs grown on FTO (b) CdTe QDs coated ZnO NWs grown on FTO 

 

3.3: Optical absorption study: UV visible absorption spectra 

of ZnO NWs in fig.3(a) exhibits a clear sharp absorbance peak 

in the UV region at 368 nm whereas in case of CdTe@ZnO in 

fig 3(b) exhibits remarkably red shifted absorbance edge, 

showing an onset of absorption at 670 nm covering the whole 

visible region[20,21]. RED shift in the absorption edge after 

decoration with CdTe QDs towards higher wavelength is very 

favourable as it extends the range of absorption spectra from 

UV to visible thereby making it a suitable window material 

for solar cell. An optical band gap of 1.85 eV estimated for the 

CdTe@ZnO layer from the absorption spectra given in table I, 

is much less than the band gap of the as prepared ZnO NWs.  

 

 
 

Fig 3: Absorption spectra of (a) ZnO NWs grown on FTO (b) CdTe @ ZnO NWs grown on FTO 

 
Table 1: Band gap of as prepared ZnO NWs and CdTe@ZnO NWs 

from absorption spectra 
 

Sample λ (nm) Band gap Energy (eV) 

a. ZnO NWs 368 3.378 

b. CdTe@ ZnO NWs 670 1.850 

3.4. Photoconductivity study 

The PC was measured in an assembled setup using regulated 

power supply as a voltage source and a commercial 100 W 

incandescent bulb as a photo-excitation source. The response 

behavior of the thin film was characterized by measuring 
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photocurrent as a function of time and voltage. Generally, 

ZnO NWs are n-type semiconductor due to oxygen vacancies 

and other native defects such as interstitial Zn ions which act 

as donors in ZnO lattice. It is well known that the rise and 

decay curves of photocurrent are governed by the trapping 

states and recombination centers lying inside the material. 

Therefore these curves can be used to understand the nature 

and distribution of traps and recombination centers. The 

response time is an important property of photoconductive 

materials. If trapping centers are in abundance, the response 

time is slow. Trapping also increases the decay time, as the 

carriers are slowly released after removal of the excitation 

source. Extensive study of photoconducting properties has 

been made in nanoparticles, thin films, nanorods, NWs and 

mixed lattice for different parameters. 

 

3.4.1. Time-resolved growth and decay of photocurrent: 

Fig. 4 (a) shows growth and decay of photocurrent spectra of 

ZnO NWs and fig 4(b) shows CdTe@ ZnO NWs samples 

under illumination of light. In ZnO NWs sample the 

photocurrent reaches a maximum value of 81.27 mA When 

light in switched on, and then starts decaying during steady 

illumination [22]. In fig. 4 (b) for CdTe@ZnO sample when 

light is switched on, the photocurrent reaches a maximum 

value of 102.98 mA and then starts decaying during steady 

illumination. Similar results have been reported by A. Bera et 

al. [23]. Slow rise and decay may be attributed to dominance of 

surface related processes of adsorption and desorption of 

oxygen molecules [24]. This confirms that the thinner 

CdTe@ZnO NWs with higher surface to volume ratio 

enhances photoconduction by modifying the grain boundaries 

and thereby providing easy pathways for electron conduction.  

 

PC Gain = Iph/Idc      (2) 

 

Iph is photocurrent and Idc is dark current. The photocurrent 

on–off ratio as Iph/Idc is critical parameter to determine the 

photosensitivity of the films, where Iph is the difference 

between the total current to the current when light is turned on 

and Idc is the dark current. The maximum photoresponse was 

observed for CdTe QDs coated ZnO NWs. PC Gain of ZnO 

NWs and CdTe@ZnO NWs are obtained as 2X102 and 

3.5X1o3 respectively. 
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Fig 4: Rise and decay curve of (a) ZnO NWs grown on FTO (b) CdTe @ ZnO NWs grown on FTO 

 

3.4.2 Study of voltage dependence of photocurrent: Fig. 

5(a) shows the variation of photocurrent (Ipc) with voltage for 

ZnO NWs and fig. 5(b) for CdTe@ZnO NWs grown on FTO 

sample. In fig 5(a) ZnO NWs sample show linear variation of 

current with applied voltage but in fig. 5(b) for CdTe @ ZnO 

NWs a sudden exponential increase in PC is observed after 

initial linear region, with applied voltage [25]. At higher 

voltage the current flow through the samples is limited by 

space charge. However, at high voltages, the current is no 

longer determined by the carrier densities that were present 

without any field. Due to large surface to volume ratio of ZnO 

NWs adsorption desorption of O2 molecules on surface play 

important role in current enhancement. The photocurrent 

increases which may be due to removal of the adsorbed 

oxygen molecules from the surface thereby releasing trapped 

carriers for conduction. After CdTe QDS decoration 
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enhancement in photocurrent can be attributed to three 

important factors of the CdTe @ZnO NWs based solar cell: 

strong light absorption in a wider wavelength range, higher 

CdTe QDs coated on ZnO NWs surface, and direct contact 

between CdTe and ZnO without any interlinking material[26]. 
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Fig 5: Voltage dependence of photocurrent (a) ZnO NWs grown on FTO (b) CdTe @ ZnO NWs grown on FTO 

 

4. Concussion 

In summary, ZnO NW and CdTe@ZnO QDs NWs were 

successfully synthesized via a simple two-step wet chemical 

synthesis process. We have demonstrated the photoconductive 

performances of CdTe@ZnO exhibiting significant 

enhancement in the photocurrent as a function of time and 

voltage as compared to pristine ZnO NWs arrays. The 

favorable absorption properties of CdTe@ZnO configuration 

contributes to a better performance in photonic applications. 

Moreover, this controllable wet chemical process provides a 

facile way for the rational construction of ZnO-based and 

other metal oxide-based nanostructures in optoelectronic and 

photovoltaic applications. 
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