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Abstract 
ZnS film has been deposited on PbS buffer layer using thermal evaporation, the ZnS film has nanostructure (nanowires) due to effect 
of PbS which play role of catalyst. This growth for non doped films have dense structure (for PbS and ZnS films). SEM morphology 
of ZnS/PbS, ZnS and PbS have been studied in details (surface and cross section). Atomic force microscopy (AFM) used to 
characterized the thins films (ZnS and PbS). X-ray photoelectron spectroscopy (XPS) and EDX techniques have utilized to know the 
chemical and stoichiometry of deposited films. The crystallographic properties have been studied using XRD patterns, it found that 
the results in Raman and XRD characterization have a good agreement. UV-Vis spectroscopy is used to acquire an idea about optical 
properties of thin films deposited on glass substrate. The deposited ZnS nanowires and thin film have hexagonal phase, which 
indicate to the buffer layer, which does not affects the structural but changes the growth mechanism. High Resolution Transmission 
Electron Microscope (HRTEM) images have confirmed the formation of ZnS nanowires.. 
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1. Introduction  
The physical properties of semiconductors such as ZnS 1, 
ZnO 2, 3, PbS 4, SnO2 5 and SnS 6 are greatly affected by 
the method of deposition film; with plasma like 
magnetron sputtering 7 or without plasma such as 
thermal evaporation 7, under vacuum or at atmosphere 
like spray pyrolysis 8. Also, the compatibility of 
semiconducting with the substrate or the before layer9. 
The material nature10 (category) 3, 11 and crystalline 
orientation of the substrate have distinguishing the 
nucleation processes (up to down or down to up 
nanotubes) and the growth mechanism dominated phases 
(cubic12or hexagonal8) of a thin film and its morphology 
as well as physical properties. Deposition of 
polycrystalline, single crystalline13 or amorphous thin 
films depends on the substrate as well as their chemistry 
(especially the interfaces) and growth conditions 9. In the 
same deposition method, the used parameters (such as 
temperature and gas flux 14), the stress and mismatch 
between the lattices of the substrate and the deposited 
material play a vital role on the properties of the 
deposited film, especially near the contact interface 2. 
Thickness of the films 11 can be decreased the effect of 
the lattice mismatch between the substrate and the films9. 

PbS nanoparticles were used as a biosensors for the 
detection of bacterial samples 15 as well as for pathogen 
monitoring 16, and for its NLO (Nonlinear optical) 
properties of semiconductor application. Also, the 
variety of optical and electrical 17properties as well as 
applications of ZnS film attired the researchers groups to 
continues the development in laser technology, surface 
acoustic wave, diode 18, Z- Scan and photoelectrical 
fields 19.  

The lattice mismatch is not always considered 
essential to influence on the growth mechanism and film 
quality, while the synthesizing method has curtail effect 
on film crystalline quality 20, 21 and its behaviors, this 
phenomena has been observed and studied very well in 
previous works using several deposition techniques 8, 12. 
For very thin films the properties will be dominated by 
the several materials used in interface favorite the 
nanostructural nucleation and play a catalyst role 7, 
which has been observed recently22. On the other hand, 
the optical, sensing and electrical7 properties have been 
sensible to the doped dose as well as metal nature like 
Cu, Zn, Pb or Ag 5. 

In this article, we have grown ZnS on PbS buffer 
layer as well as ZnS doped with PbS films on Si and 
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glass substrates, in order to investigate the morphology 
and structural properties of ZnS films as well as to 
control the mechanism of growth nanowires. Different 
techniques have been used to characterize the prepared 
ZnS films, such as X-ray diffraction (XRD), Dispersive 
X-ray Spectroscopy (EDX), photo-luminesces 23, UV-
Vis, scanning electron microscope (SEM) and HRTEM. 
To our knowledge, this is first times to study the ZnS 
films with PbS as buffer layer (or seed layer) and 
comparing to the ZnS dope with PbS (12 wt %) using 
thermal evaporation method. 

The thermal evaporation is simple and is interesting 
technique to obtain the good quality films (ZnS and PbS) 
as well as control their nanostructure. 
 
2. Experimental 
Three films were deposited using thermal evaporation 
method at 10-5 Torr pressure under different conditions; 
1-ZnS /PbS film was deposited using two crucibles, the 
first for PbS powder and the second for ZnS powder, 
where the PbS deposited in the first and then we 
deposited ZnS film. 2- For thin PbS film, we used one 
crucible for deposited this film (PbS powder 
evaporated). 3- Finally, we used powders mixture 12 wt 
% PbS and 88 wt % ZnS in the same crucible. 

SEM (TSCAN Vega\\XMU) used to characterize the 
surface and growth morphology (surface view and cross 
section) and AFM used to show the morphology for 
ZnS/Si and PbS/Si thin films. Also, XPS and EDX have 
been utilized to obtain the composition of deposited 
films. XRD (Stoe Transmission X-ray diffractometer 
Stadi P) used to investigate the structural of the films 
(cubic or hexagonal phases). MicroRaman (Jobin-Yvon -
LabRAM HR with He-Ne 633 nm laser) used to justify 
the vibrational modes in films24, HRTEM used to 
observe the nanostructure growth for PbS:ZnS (Pbs 
doped ZnS film). UV-Vis (Shimadzu UV-310PC 
Spectrophotometer) spectroscopy was used to obtain an 
idea about optical properties of deposited thin films on 
glass substrate cited in recent our works 24.  

 
3. Results and discussions 
3. 1. SEM Study (Surface) 
The films deposited on Si (100) substrate were 
charactrized by SEM to reveal some information related 
to the thickness and the surface morphology. The film 
PbS/Si has nanosturctre (clasicaly growth with spherical 
form) as shown in figure (1-a), however, the ZnS/PbS 
film has nanowires growth due to deposited of PbS 
buffer layer as shown in figures (1-b), (1-c) and (1-d) 
where the magnifications were 10 k, 50 k and 100k, 
respectevely. 

The diameter of nanowires have less than 100 nm 
which is clearly in the figure (1-d) and the next 
paragraph, it will be discussed in details (SEM cross 
section). We have found in previous works, that the 
substrate (or buffer layer or seed layer) had a crucial role 
to favorite or disfavored the especial type of growth 25 as 
well as morphology using magnetron sputtering 26 or 
thermal evaporation 1techniques. The ZnS nanowires is 
non dense structure while the PbS is thick and dense 

structure. 
 
3.2 AFM study for the surface  
AFM characterization for thin films surface of PbS/Si 
and ZnS/Si are presented in figures (2-a) and (2-b), 
respectively. The morphology for both ZnS and PbS 
films are granular form. This classical growth has been 
conformed8, 12, but to obtain nanowires/nanorods as well 
as nanostructures we need to catalyst for created and 
nucleated as shown in recent woks27, where, we need to 
precursor and/or catalytic agent.  

 
3.3. SEM study (Cross Section) 
Cross section for ZnS thin films (this film deposited on 
Si using ZnS powder via thermal evaporation methods), 
SEM cross section of ZnS thin films (figure 3-a) show 
dense structure without nanowires form (classical 
growth), where it not used a catalyst for producing the 
growth mechanism. SEM cross section view was used to 
characterize growth morphology ZnS/PbS (where the 
ZnS film deposited on PbS thin film). The figure (3-b) 
shows nanosturtural (nanowires) in the top, whereas the 
PbS present dense film with the thickness of 300 nm). 
The diameter of nanowires has small and less 100 nm 
(figure 3-c and d ), it confirms the PbS role as catalyst to 
create the nucleation of our seed layer to growth ZnS 
nanowires 28.  

 
3.4 SEM and HRTEM study for PbS:ZnS  
Figure (4-a) presents HRTEM images at bright field 
(BF) and similarly, figure (4-b) presents HRTEM at 
High-angle annular dark-field (HAADF) for PbS:ZnS 
nanowires film papered using 12 wt % PbS and 88 wt % 
ZnS (where the PbS as dopant for ZnS). HRTEM 
observation has shown that the structure of ZnS is 
nanowires with their diameter were variations from 10 
nm to 50 nm. It looks like Nanowires and not Nanotubes 
structure.  

Also, SEM cross section for PbS:ZnS film have 
shown that the nanowires growth with diameter less than 
50 nm as seen in figure (5-a and 5-b) at 20 k and 50 k 
magnifications, respectively. The figure (5-c) and (5-d) 
present surface SEM images (top view) morphology for 
ZnS nanowires film, with small diameter and varied 
from 9 nm to 20 nm, where figure (4-c) SEM images at 
100 k and figure (4-d) at 200 k magnification. So SEM 
images (surface and cross section) have confirmed the 
creation of nanowires PbS:ZnS film. 
 
3.5 XRD Study 
Figure (6) shows XRD pattern of PbS films deposited on 
Si(100), all reflected peaks correspond to the cubic 
structure of PbS with lattice parameters a = 0.59143 nm. 
All peaks (111) at 26.10 °, (200) at 30.15 ° and (220) at 
43.22 °, are in good agreement with the database (PDF 
number 78-1054). The peak (002) at 28.55 o for 
corresponds to ZnS wurtzite (hexagonal) phase in 
ZnS/PbS nanowires. This results accorded with recent 
study, where we obtained ZnS hexagonal structural using 
spray pyrolysis 8. But in previous work 12, it was found 
that the ZnS polycrystalline as cubic structural using 
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(a)PbS/Si 

 
(b) ZnS/PbS (Mag:10K) 

 
(c)ZnS/PbS (Mag:50K) 

 

 (d) 
ZnS/PbS (Mag:100K) 

Figure. 1 SEM images for (a) PbS thin film, and SEM images for ZnS/PbS nanowires at (b) 10 k magnification, (c) at 50 k 
magnification and (d) at 100k magnification. 
 

 
(a) PbS/Si thin film at 5x5 µm 

 
(b) ZnS/Si thin film at 5x5 µm 

Figure. 2 AFM images for (a) PbS/Si thin film and (b) for ZnS/Si thin film at 5x5 µm. 
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(a) ) ZnS/Si thin film 

 
(b) ZnS/PbS (Mag:50K) 

 
(c)  ZnS/PbS (Mag:80K) 

 
(d) ZnS/PbS (Mag:100K) 

Figure. 3 SEM cross sections images (a) for ZnS thin film and for ZnS/PbS nanowires (b) at 50 k magnification, (c) at 80 k 
magnification and (d) at 100 k magnification. 
 

 
(a) BF (bright field) 

 
(b) HAADF ( dark filed) 

Figures. 4 HRTEM images (a) BF (bright field) and (b) HAADF ( dark filed) mode. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure. 5 (a) and (b) SEM cross section images at 20 K and 50  K magnifications, respectively. (c) and (d) SEM images for surface 
at 100 k and  200 k magnifications, respectively. 
 

electron gun deposition. The XRD pattern for PbS:ZnS 
nanowires (12 wt % PbS) has also wurtzite with (002) as 
preferential orientation, with two peak at 26.86 ° and 
30.53 ° corresponding to (100) and (101) orientation, 
respectively. The peak at 31.33 ° is due to cubic Pb 
according with the PDF Number : 4-686 due to 
disassociated the powder of PbS in heating behind the 
evaporation process where the crucible contain ZnS and 
PbS powder. 
 
3.6 UV-Vis Study 
UV-Vis transmittance spectra show the transparency of 
two films (PbS film and ZnS/PbS film) the small value 
of transmittance of PbS properties is low transparence in 
UV domain (which it has high transparency in IR 

domain) (figure 7-a). The optical transmittance provides 
useful information about the optical band gap of the 
semiconductor 29. The optical band gap was calculated 
from UV-Vis spectra using Tauc formula, and it is about 
1.61 eV for PbS thin film only (figure 7-b).  

Also, the figure (7-c) shows the band gab is about 
1.62 eV for PbS layer in film ZnS/PbS nanowires. The 
situated band gap at 2.27 eV is due to PbS doped ZnS (or 
the PbS incorporated or quantum dot PbS in ZnS 
nanowires); As the particle size decreases, the band gap 
of semiconductor is found to increase; this is known as 
the quantum size effect 4.  

 
3.7 Raman Study 
He-Ne laser (633 nm) has been used to examine the 
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Figure.6 XRD pattern for PbS thin film, ZnS/PbS nanowires and for PbS:ZnS nanowires deposited on Si (100) substrate. 
 

  
 

 
Figure. 7 (a) UV-Vis spectra for PbS (red color) film and ZnS/PbS nanowires (black color) and their corresponding band gap (b) for 
PbS thin film and (c) ZnS/PbS nanowires deposited on glass substrates. 
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Figure. 8 Raman spectra(a) of PbS and ZnS powders and (b) for PbS thin film and ZnS/PbS nanowires. 
 
Raman vibrational modes of PbS and ZnS powders 
which has shown in figure (8-a). Raman spectrum peaks 
at 105 cm-1 and 1000 cm-1 for PbS powder might be 
attributed to a combination of longitudinal and 
transverse acoustic (LA + TA) phonon modes and is due 
to the anglesite PbSO4 Phase4 . Similarly, Raman spectra 
for ZnS powder have shown dominated peak at 348 cm-1 
by the longitudinal optical phonon 30 and large peak at 
218 cm-1correspond longitudinal acoustic phonon for 
ZnS1. 

The peaks at 185 cm-1 could be due to PbSO or 
longitudinal optical (LO) phonons for PbS 31and the 
intense peak at 950 cm-1 is due to PbS for ZnS film on 
PbS as shown in figure (8-b). Also, PbS:ZnS film 
nanowires (12 PbS wt % and 88 PbS wt %) present two 
peaks at 140 cm-1 and 285 cm-1 the transverse optical 
phonon peak around 140 cm-1 (TO -2LA) related for ZnS 
32 and the transverse optical phonon peak around 285 cm-

1 associated to ZnS, respectively. 
 
3.8 EDX and XPS Study  
EDX technique was used for (figure 9-a) PbS/Si thin 
film and (figure 9-b) for ZnS/PbS/Si nanowires to 
observe the elements composition of the films. We have 
found Pb and S a elements are mainly components of 
this studied film and O is found in small quantity, which, 
it considered as contamination. Table 1 presents the 
element percentage of Pb and S and the ratio was about 1 
which confirms that the film is stoichiometry. The EDX 
spectra for ZnS/PbS/Si show Zn, Pb and S peaks with 
important quantity (because we have two films or two 

layer, ZnS nanowires in the top and PbS in the bottom) 
so the S elements is coexisted in two layers, and 
consequently the EDX spectrum just for evidence to 
presence these elements.   

For further investigation of the chemical composition 
of the product, XPS scan of the sample was performed 
(figure 10 (a) and (b)). In order to compensate the 
surface charging effect C1s signal (284 eV) has used as a 
reference signal. XPS curves were fitted after adjusting 
to the theoretical curves. Detailed spectra for the PbS/Si 
thin film show Pb4f, S2p, C1S and O1S regions and related 
data are presented in figure (10-a). However, XPS curve 
for ZnS/Si thin film (without PbS buffer layer ) show 
Zn2p, S2p, C1S and O1S regions, The results of XPS 
surface analyses are summarized in table 2, which 
confirm the formation of PbS (in figure 10-a) and ZnS 
(in figure 10-b) compound and they are quiz 
stoichiometry of the films. Moreover, there was a strong 
indication of the presence of traces of, ZnO, PbO, CO 
and PbSO3 on the surface of the films due to preparation 
and measurement conditions. The ZnS nanowires film on 
PbS (ZnS /PbS) in figure (10-c) expedited Zn2p, S2p, C1S, 
O1S and Pb4f, where the presence of the peak of elements 
Pb4f in the XPS spectra (table 2 ) indicates that the Pb in 
the nanowires does not poisoning or booked up in the 
interface (bottom in the nanowires), but it is thawed in 
the nanowires. 

XPS confirms the presence the Pb and S for PbS thin 
film, also as well as the presence of Zn and S elements 
for ZnS thin films. Also, presence of the important 
quantity for O and C in the surface is due to humidity  
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(a) PbS/Si 

 
(b) ZnS/PbS/Si 

Figure. 9 EDX spectra for (a) PbS/Si thin film and (b) for ZnS/PbS/Si nanowires. 

 
absorbed in the two thin films as considerate that the 
XPS techniques analyze just the superficial layer (depth 
varied between 5 to 10 nm as maxima). The EDX and 
XPS confirmed stoichiometry of deposited films with 
low contamination of oxygen which present that the 
thermal evaporation is interesting technique to obtain the 
good quality ZnS and PbS films as well as control their 
nanostructure.  
 

4 Conclusion 
ZnS film deposited on PbS buffer layer has compared 
with ZnS/Si and PbS/Si using thermal evaporation. The 
ZnS on PbS has nanowires structure, PbS buffer layer 
playing role of catalyst. This growth for PbS and ZnS 
thin films typically has dense structure. SEM and AFM 
morphology show that the PbS and ZnS separated films 
have granular form, while growth ZnS/PbS has 
nanowires. XPS and EDX utilized to know the elements  
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Table. 1 Atomic percentage for PbS/Si film using EDX 

Element Weight % Atomic % 
S K 15.64 54.5 

Pb M 84.36 45.5 
 
Table. 2 Atomic percentage for O, C, S and Zn elements from XPS analysis for PbS thin ZnS film and ZnS nanowires on PbS 

At % Pb4F S2P O1S C1S Zn 
position 138 161 531 284 1020 
PbS/Si thin film 5.85 8.90 25.43 50.82  
ZnS/Si thin film - 2.46 36.86 52.36 2.46 
PbS:ZnS nanowires 1.46 33.36 16.39 43.69 5.10 

 
composition and stoichiometry of deposited films. The 
crystallographic properties have been studied using XRD 
patterns and Raman, The ZnS nanowires and thin film 
have hexagonal phase, which indicate to the buffer layer 
not affects the structural but change the growth 
mechanism. Optical characterizations have been effected 
using UV-Vis spectroscopy to obtain the transparency as 
well as the optical band gap. SEM and HRTEM 
techniques confirm the creation the nanowires where we 
use the PbS as dopant for ZnS film in our condition. 

Thermal evaporation technique can be used easily to 
produce the nanostructure such as nanowires 
semiconductors materials. 
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