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ABSTRACT  

  ZnO films deposited on silicon porous substrates (PS) were prepared by electro-deposition 

anodization on n type (100) silicon wafer. This ZnO/PS structure combines substrates having 

specific structural and optical properties (IR emission), with nano-composites of ZnO 

potentially interesting due to their functional properties (UV emission) to be integrated as 

constitutive elements of devices in various optoelectronic applications mainly in blue light 

emitters. With this combined structure, the blue shift in the PL peak is possible and easy to 

obtain (467nm). the structural properties characterized by X-ray diffraction (DRX) and 

scanning electronic microscopy (MEB). 
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1. INTRODUCTION 

  ZnO is an important binary compound semiconductor of the II-VI group. It currently grows 

in the hexagonal wurtzite crystal structure. It has and large free excitation binding energy of 

60 meV, at room temperature and a direct wide band gap ranging between 3 and 3.7 eV 

depending of the elaboration process. Zinc oxide has received considerable attention for a 

long time due to its many attracting applications such as piezoelectric [1], photovoltaic 

devices [2-3],gas sensors [4,5], optical catalysis[8],and solar cells [7-9].Due to its large direct 
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band gap. This compound is also interesting for the production of blue and UV light emitters 

used in the optoelectronic devices, such as UV lasers [10], blue to UV light-emitting 

diodes[10-13] and UV sensors [10]. Several methods are used for preparing ZnO films, such 

as magnetron sputtering [14-15], pulsed laser deposition(PLD)[16], spray pyrolysis [17-20], 

sol–gel process [21-23] chemical bath deposition (CBD) [24-27] and chemical vapor 

deposition (CVD) [28,29],..etc. However, these methods are not well suited for large area 

coating, low temperature processing, and low cost. The electro-deposition technique has been 

proved to be one of the simplest and most effective way to prepare nicely crystallized ZnO at 

relatively low temperatures. This technique is widely used in order to growth and 

functionalize oxide materials with specific chemical and physical properties. The advantages 

offer by the electro-deposition technique for oxide films [30-34] are numerous as the easy 

preparation, rapid and simple, low cost, possibility of large-scale deposition, low temperature 

processing and direct control of film thickness, in comparison with other deposition 

techniques [14-23]. Generally, in literature [30, 33], the aqueous deposition was performed 

using either zinc chloride or zinc nitrate on a variety of seeded or seedless substrates. In this 

work, the nano composites of ZnO have been deposited on n type porous silicon (PS) 

substrates. This later has been intensively studied since the discovery of its efficient 

photoluminescence at room temperature in the visible light region with the possibility to 

adjust its emitting wavelength from red to blue by managing the erosion process. In the 

present work, the electro-deposition technique was successfully used for the preparation of 

ZnO on nano-porous silicon substrates with high porosity. Within this device topology, we 

expect to combine the particular properties of PS with the potential applications of ZnO.  For 

this reason, structural, optical and electrical properties of the structure ZnO /PS  were 

investigated using X-ray diffraction (DRX), Scanning Electro Microscopy (SEM) 

spectroscopy and FTIR  

2. EXPPERIMENTAL SET UP 

2.1 Preparation of the porous silicon substrate 

The silicon samples used in this study were cut into 5 x 5mm2 squares, from single crystal 

silicon wafer. The porous silicon (PS) layers are formed on n type (100) c-wafers with 

resistivity of 1-10 Ω.cm and thickness of 500-550µm using the electrochemical anodization. 

For that, silicon wafers are initially prepared with a bath in Trichloro heated at 50 
0
C for 10 

min followed by bath in acetone. The cleaning was performed in a bath of ethanol followed 
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by a final rinsed with deionised water. After a drying phase, samples are placed in the N2 

nozzle, and the ohmic contacts are deposited by application of InGa on the non polished face 

of the substrates mounted on copper support. 

 

 

Fig.1. Descriptive schematic of anodization cell 

 

The electrochemical anodization is carried out at room temperature with HF(50%) C2H5OH 

(99%) for 2 min at a constant current density of 100 mA/cm
2
. Because the samples are n type, 

a back illumination from a 50W lamp mounted at a distance of 10 cm was used during etching 

process. “Fig.1” shows the anodization cell with three electrodes.i.e. The working electrode 

on the silicon substrate (cathode), a platinium wire as a counter electrode and a reference 

electrode. 

2.2 Deposition of Zno Layer 

 The ZnO layers were deposited on PS substrates using electrochemical anodization. This 

technique has been chosen because it gives a non blocking electrode for cathodic reactions in 

the silicon pores compared with others techniques as spray pyrolysis, vacuum evaporation. 

The electrolytic solutions were prepared using aqueous solution of 5mM ZnCl2 with a PH 

about 6.To ensure a good conductivity of the solution allowing optimal conditions for the 

deposition of  ZnO, the samples were introduced at 65
0
C during time between10 and15min 

0.1 M KCl, controlled by a cyclic voltammetry driving the voltage of the potentionstat. 
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 The important aim of the cyclic voltammetry of our experiment approach is to give the 

optimal condition to achieve ZnO deposition on silicon substrate using this technique.  

It is thus possible to know the potential that may be applied at the potentionstat to obtain good 

ZnO composites quality. ZnO nanocompossites were electrodeposited from an aqueous 

solution of ZnCl2 and KCl, used as supporting electrolyte, and flowing air as precursors. The 

electrodeposition conditions were optimized in order to obtain uniform and stoichiometric 

thin films. The deposition was carried out by adjusting the bath temperature at 65
o
C, and the 

pH of electrolyte at 6.5 and the applied potentials from -0.3 to -1.6V /SCE.  

“Fig.2” shows the voltamogram on copper substrate obtained from acidic solution (pH 6.5) 

containing 5mM ZnCl2 and 0.1M KCl at temperature 65
0
C. Good quality films of ZnO were 

obtained at the cathodic potential of  -1.3 V/SCE. This value corresponds to the good 

reduction of the Zn+2 ions. The reduction of Zn
+2

 ions leads to a metallic Zn that reacts 

chemically with ZnO. Therefore, it is observed that there is no current at E= -1.3 V/SCE 

corresponding to the reduction of Zn+2 into metallic Zn, while the value E= -1.3 V/SCE 

found for the potential is consistent with the literatures [27,34]. All samples reported in this 

work were prepared at potential -1.3V/SC. All electrochemical experiments were carried 

using a potensiostat/galvanometer.  

 

 

Fig.2. Cylic voltamograms mesured on ZnO/PS at 0.005 m ZnCl2+ 0.1 kCl T=65
0
 C scan 

rate=20mV/S 
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3. RESULTS AND DISCUSSION 

3.1 Structure and morphology of the zno samples 

Fig.3 (a,b) shows SEM images of the PS samples at different magnifications. SEM 

micrographies of deposited ZnO layers on PS are presented in Fig. 4 (a,b). It is clear that 

crystalline ZnO is deposited along the outer walls of the pores of PS either partially by filling 

or completely covering them Fig .4 (a). Few pores of PS were not covered completely by the 

ZnO particles. Fig (4-b) shows the particles of ZnO in the pores of PS. This technique of 

deposition is better than others physical techniques for many reasons The first reason is that 

these methods of deposition as the vacuum evaporation and sputtering show a blocking of the 

particles at the entered pores of PS. And the second reason is due to the difficulty to obtain 

the porous silicon n-type. Because, this type of silicon needs an illumination for increasing the 

probability of the ionised impurities. We assume the diameter of the pores between 10-40 nm, 

and the size of ZnO between 4 – 13 nm. 

 

Fig.3. SEM images of n porous silicon layer for different dimensions (a,b) 

 



Séminaire National sur le Laser Solaire et Matériaux 
 ELOUED (5 - 6) Février 2018  

220 
 

 

Fig.4. SEM images of Zno deposited on PS from 0.005M ZnCl2 +0.1M KCl  at 65
0
 C  for E=-

1.3   V/SCE ( a,b) 

 

The DRX of ZnO films prepared on PS substrate is displayed in Fig.5. The most intensive 

peak diffraction observed at 63◦, can be indexed to n-Si (1 0 0) diffraction. The strong peak 

intensity of the nano-composites ZnO is located at 34.22◦. Also,  others peaks displayed for 

the ZnO peaks having intensity weaker than the first, located at 31.21, 38.17◦ and 45.32◦ 

corresponding to the (100),(101) and (102) planes of ZnO, respectively. The XRD analysis 

indicates that the nanocomposites of ZnO presents a preferential orientation along the n-Si (1 

0 0) substrate. It is similar with a strong (0 0 2) peak which located at 34.12◦ and a number of 

weaker peaks with (1 0 0), (1 0 2), (1 0 1), which indicates that the nanoparticles on Si wafer 

are of perfect c-axis orientation. 

 



Séminaire National sur le Laser Solaire et Matériaux 
 ELOUED (5 - 6) Février 2018  

221 
 

Fig.5. X-ray diffraction patterns of ZnO films prepares on PS substrates at a potential E=-1.3  

for  10min 

3.3 OPTICAL PROPERTIES 

 Fig.6 shows the IR spectrum of the silicon after anodization (silicon porous). The porous 

silicon is evidenced by different vibrations modes. The stretching vibrations bonds of the 

 Si-H; SiH2; SiH3; at 2083, 2118, 2140cm
-1

, respectively. The peaks at  2150-2400 cm
-1

  can be 

attributed to the composite OxSiHy compounds (O2SiH at  2305 cm
-1

, O3SiH at 2366cm
-1

), 

these vibrations result firstly by the oxidation of  Si-H  bonds in the solution, secondly, the 

contact with the atmosphere, Others  peaks  were appeared at the region 900-1150 cm
-1

, 

attributed  of the stretching vibrations  of  Si-O-Si and Si-Ox[27], which  confirming the 

formation  an oxide on the surface. 

 

Fig.6. FTIR spectra of porous silicon layer. 

 

              

Fig.7. FTIR spectra of ZnO nano deposited on PS :  (a) absorbance, (b) transmitance 

composites 
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Fig. 8 shows PL spectra of ZnO/PS nanocomposites measured by Cary 500 (Varian). 

ZnO/PS nanocomposites exhibits large band luminescence across most visible spectrum (400-

700 nm), this refers to the good quality (002) axis orientation of ZnO (Fig. 5) and the high 

quality of PS substrate in which we combined the PS optical properties (IR emission) with the 

ZnO which has a large gap in UV emission (3.37eV), the UV emission due to the direct 

recombination of the photo generated charge carriers [29, 31],  

In PL spectra of ZnO/PS, we can observe an intense PL peak located at (374 nm) caused by 

wide emission of ZnO (3.37 eV), and the peak located at 623 nm from PS  revealing the high 

porosity of PS. 

Red shift in PL peak of ZnO from the original PL emission 367.5nm [32] toward the longer 

wavelength of 374 nm was attributed to Zn vacancies in ZnO energy band, the peak located at 

462 nm correspond to the bleu emission caused by the combine by the high quality of the 

porosity of PS and ZnO optical properties and its UV emission [31]. 

 According to the previous studies the photoluminescence of PS is commonly attributed to the 

oxidation of PS surface and the quantum confinement of electrons in nanosized particles of C-

Si presents in PS. This can be observed clearly in Fig.7 revealing to the different stretching 

mode of PS, we know that the surface of PS influenced easy by ambience and the PL 

properties are very sensibly by the surface structure, the entire PS surface is recovered by 

hydrogen, such as SiHx species Fig.7 which unstable and easy to break. The Si-O and Si-H 

bonds break and form some defects, which may decrease the Photoluminescence intensity. 

Fig .4.b shows that a few pores of PS didn’t covered completely by the ZnO particles, this 

refers to many deposition parameters of the electo deposition technique as: the deposition 

time, type and nature of PS substrate (orientation and resistivity), concentration of ZnCl2, bath 

temperature ...etc. and the high porosity of PS layer, the blue shift in the PL peak is possible 

and easy to obtain [30, 33, 34]. The low dimension of the PS structure may be increase the 

probability of the recombination of electrons and holes leading to the increasing of 

photoluminescence of ZnO/PS films leading to used in much optoelectronics devices as the 

blue and red emitters. 
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Fig.8. Spectroscopy spectra of ZnO/PS layers 

 

4. CONCLUSION  

  To combine the optical properties of porous silicon with those of zinc oxide which has wide 

applications for example UV and blue emitters. ZnO nanocomposites were successfully 

deposited on PS substrates. These nanostructures were prepared by electrodeposition 

technique using ZnCl2 and the KCl under optimized conditions. This technique has some 

advantages compared to the physical deposition techniques. By this combine the 

photoluminescence (PL) of ZnO/PS increased and covered the most of the visible spectra.  

MEB images shows clearly that the ZnO particles entered in the pores of porous silicon 

despite the fact that few pores of  PS were not  covered completely by the  ZnO particles.  In 

other words, with the high porosity and the low dimension of the PS layer structure may be 

increase the photoluminescence (PL), the blue shift in the PL peak is possible and easy to 

obtain. The electrical properties had been investigated, and the FTIR and RDX measurements 

had been interpreted. 
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