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Hydrogen is an amphoteric impurity and acts as a source of doping. It affects the electrical, optical and magnetic properties 
of materials.  This paper reports the effect of hydrogen in electrical, optical and magnetic properties of ZnTe/Co bilayer thin 
films. These thin films were deposited on glass substrates using thermal evaporation technique. Hydrogenation has been 
incorporated at different pressure of hydrogen for half an hour under constant temperature of 333 K. Electrical, optical and 
magnetic properties of these films have been studied. The conductivity values have been found to be decreased from 3.04 
x 10

-4 
Ω

-1
cm

-1
   to 2.42 x 10

-4
 Ω

-1
cm

-1
 and optical band gap values have been found to be increased from 3.33 eV to 3.38 eV 

due to hydrogen passivation effect. Presence of magnetic element has been confirmed by superconducting quantum 
interference device and X-ray diffraction measurements. Hydrogenation effect on these BLs thin films has also been 
confirmed using Raman Spectroscopy. Surface topography has been observed by optical microscopy. 
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1. Introduction 
 

In today’s information world, data are processed by 

semiconductor chips. But tomorrow’s information 

technology data will be processed by ‘spintronic’ device 

that exploits both charge and ‘spin’ to carry data [1]. 

Semiconductor spin electronics is one of the most 

perspective directions for the modern technique 

development [2]. Diluted magnetic semiconductors 

(DMSs) are semiconductors with some magnetic ions as 

impurities in the host lattice [3].The advantages of diluted 

magnetic semiconductor (DMS) based spin-electronic 

devices include enabling of instant-on computer, increased 

integration density, higher data processing speed, low 

electrical energy demand and compatibility of their 

fabrication processes with those currently used in 

industry[4]. The first known such DMS are II–VI and III–

V semiconductors diluted with magnetic ions like Mn, Fe, 

Co, Ni, etc. Most of these DMS exhibit very high electron 

and hole mobility and thus useful for high speed electronic 

devices [5]. The magneto-optical effect in dilute magnetic 

semiconductors (DMSs) is directly related to the 

interaction between the d electrons of the transition metal 

ions and the s, p electrons of the host semiconductor [6]. 

There has been intense interest in the development of 

multilayer thin films over the past few decades, both 

because of the fundamental properties that such films 

display and because of their potential use in a range of 

diverse technological applications [7].  Pakhomov et al [8] 

reported a study of magnetic and transport properties of 

multilayer made by alternating deposition of ZnO and Co 

layers. They found that increasing the relative nominal 

thickness of Co layers leads to a cross-over from a DMS 

superlattice, with the Curie temperature higher than 300 K. 

Several researchers studied the preparation and 

characterization of Mn doped ZnTe diluted magnetic 

semiconductors [9, 10]. 

Hydrogen passivation is a good method for 

investigating the origin of ferromagnetism in dilute 

magnetic semiconductors.  Recently, the effect of 

hydrogen on the magnetic properties of several DMS was 

extensively investigated [11-13].  It was motivated by the 

fact that in the fabrication of thin films or electronic 

devices, samples actually are rarely free from hydrogen 

infectivity and hydrogen impurities are certainly 

introduced into thin films [14]. Molecular hydrogen was 

directly observed by Vetterhoffer et al [15] in crystalline 

GaAs by Raman spectroscopy. At T = 77 K, GaAs 

samples those have been exposed to a hydrogen deuterium 

plasma exhibit four vibrational lines at 2842.6, 3446.5, 

3925.9, and 3934.1 cm
-1

, respectively. Several researchers 

have been investigated hydrogenation effect on magnetic 

properties of diluted magnetic semiconductors [16-23]. 

In our previous articles [24-28] the effect of hydrogen 

on structural, electrical, optical and magnetic properties of 

BLs/MLs thin films have been studied. Raman spectra and 

surface morphology due to the hydrogenation of BLs/MLs 

thin films have also been reported. In this article, the effect 

of hydrogen on the electrical, optical and magnetic 

properties of ZnTe/Co BLs thin films has presented. Effect 

of hydrogenation on these thin films has also been studied 

with the help of Raman spectra and optical micrographs. 

 



144                                             S. P. Nehra, M. S. Dhaka, Anshu Sharma, Neeraj Kumar, Ritu Malik, M. Singh 

 

 

2. Experimental details 
 

2.1 Sample preparation 

 

Bilayer ZnTe/Co thin films with a thickness of 350 

nm (200nm ZnTe/150 nm Co) were deposited onto glass 

substrates using vacuum coating unit. Hydrogenation 

process has been carried out in a labmade cell for 30 

minutes at different pressure of hydrogen. Before the 

hydrogenation process takes place, a vacuum of the order 

of 10
-5

 torr was maintained inside the cell then hydrogen 

gas introduced into cell. During hydrogenation, the films 

were kept at 333 K. 

 

 

2.2 Characterization 

 

The X-ray diffraction (XRD) patterns of as grown and 

hydrogenated thin films were recorded with the help of 

PANalytical X’pert PRO MPD PW3040/60 X-ray 

diffractometer using CuK radiation. The XRD patterns of 

these films were taken in the range of angle (2) 20° to 

80°. Transverse I-V characteristics of as grown 

hydrogenated and annealed hydrogenated samples have 

been recorded using Keithley-238 high current source 

measuring unit. Electrical contacts were made by using 

conductive silver paste on the periphery of the samples. 

The absorption spectra of as deposited, annealed and 

hydrogenated thin films were carried out with the help of 

Hitachi Spectrophotometer U-3300. A superconducting 

quantum interference device (SQUID) system MPMS 

from Quantum Design, was employed to investigate the 

magnetic properties of these thin films.   

Complementary results were obtained by Raman 

spectroscopy and optical microscopy. Raman spectra of 

as-grown and hydrogenated samples were taken by a 

Raman system (model -3000) having a Green laser beam 

of wavelength 532 nm. The optical micrographs have been 

observed with the help of Labomed optical microscope at 

10x magnification having resolution of the order of 1μm 

and the microscope was kept in reflection mode. Recorded 

two-dimensional (2-D) optical micrographs have been 

converted in three-dimensional (3-D) images with the help 

of Scanning Probe image Processor computer program.  

 

 

3. Results and discussion  
 

3.1 X-Ray Diffraction (XRD) measurements 

 

The typical XRD patterns of as-grown and 

hydrogenated ZnTe/Co bilayer thin films are given in Fig. 

1. As-grown thin film shows amorphous nature (Fig. 1a) 

while hydrogenated at 30 psi ZnTe/Co bilayer thin film 

show nanocrystalline structure due to annealing effect 

(Fig. 1b). The diffraction peaks at 2θ angles of 25.24° and 

27.55° correspond to (002) and (101) planes of hexagonal 

wurzite structure of ZnTe have been observed. Plane (111) 

has also been observed corresponding to angle 2θ = 44.27° 

for cubic cobalt. The crystallite size as calculated from 

Scherrer’s formula for the highest intensity peak at 2θ = 

27.55° is 6.15nm. The micro strain for peak at 2θ = 27.55° 

as calculated from Stokes and Wilson formula, 

  is found 0.2430.  

 

 

 
 

Fig. 1. X-ray differaction pattern of (a) as-grown and (b) 

hydrogenated at 30 psi ZnTe/Co bilayer thin films. 

 

 

3.2 I-V Characteristics 

 

Current-voltage characteristics of as-grown and 

hydrogenated ZnTe/Co BLs thin films are shown in Fig. 2.  

The hydrogenation pressure dependence on the resistivity 

(ρ) and conductivity (σ) for ZnTe/Co BLs thin films is 

shown inset of Fig. 2. It can clearly be seen as the 

hydrogenation pressure increases from 0 psi to 30 psi, 

resistivity (ρ) increases from 3.28 × 10
3 

 to 4.13 × 10
3  

Ω-

cm and therefore conductivity (σ) decreases from 3.04 × 

10
-4 

 to 2.42 × 10
-4

  Ω
-1

cm
-1

 as shown in Table 1. It may be 

attributed that hydrogen has controlled the flow of charges 

by taking electron from Co as anionic model and hydrogen 

has passivated defect at the interface. Similar results were 

carried out by Nehra et al. in the case of CdTe/Mn [24], 

ZnSe/Co [26] BLs and  ZnTe/Mn [27], ZnSe/Mn [28] MLs 

thin films. As-grown and annealed (at 333 K)  ZnTe/Co 

BLs thin films show partially ohmic  nature as shown in 

Fig. 3. Current –Voltage characteristics indicates the 

mixing of BLs thin films due to annealing because 

resistivity of annealed ZnTe/Co BLs thin films was found 

to be decreased from 3.28 × 10
3
 Ω-cm to 3.22 × 10

3
 Ω-cm 

therefore conductivity was found to be increased from 

3.04 × 10
-4   

Ω
-1

-cm
-1 

to 3.10 × 10
-4

  Ω
-1

-cm
-1 

as shown in 

Table 1.  
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Fig. 2 I-V characteristics of as-grown and hydrogenated 

ZnTe/Co thin films at different pressure. Inset fig. shows 

hydrogenation pressure versus electrical resistivity and  

              conductivity plot for ZnTe/Co BLs thin films. 
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Fig. 3 I-V characteristics of (a) as-grown and (b) annealed  

at 333K ZnTe/Co BLs thin films. 

 

 

 

Table 1. Variation in resistivity and conductivity values for as-grown, annealed and hydrogenated ZnTe/Co BLs thin films. 

 
S. No.      Name of Samples                 Resistivity                   Conductivity       

                                                          (Ω-cm)                           (Ω
-1

cm
-1

) 

1.          As-grown BLs thin film           3.28 × 10
3
                     3.04 × 10

-4
 

2.          Annealed BLs thin film            3.22 × 10
3
                     3.10 × 10

-4
 

3.          Hydrogenated at 15 psi            3.30 × 10
3  

                    3.03 × 10
-4

 

4.          Hydrogenated at 30 psi            4.13 × 10
3
                     2.42 ×10

-4
 

 
 

3.3 UV-Vis Spectroscopic measurements 

 

Optical absorption spectra of as-grown, annealed and 

hydrogenated ZnTe/Co BLs thin films are shown in Fig. 4 

(a). Hydrogenated BLs thin films show lower absorption 

comparative to as-grown BLs thin film and absorption 

increases with increasing hydrogenation pressure. Similar 

results are observed in the case of CdTe/Mn BLs thin films 

[25]. Therefore, it may be attributed that hydrogen has 

passivated defects at the surface or interface of BLs thin 

films resulting increase in absorption through 

hydrogenated BLs thin films. It may be attributed that 

absorption of annealed BLs thin films is lower than as-

grown BLs thin films, indicating the mixing of BLs thin 

films due to the annealing. Due to annealing there is an 

increase in crystallinity or grain growth resulting reduction 

in absorption. The nature of the transition can be 

investigated on the basis of the dependence of the 

absorption coefficient with the incident photon energy hυ. 

For direct and indirect allowed transitions, the theory of 

fundamental absorption leads to the following photon 

energy dependence near the absorption edge:    

  

    

αhυ = A(hυ − Eg)
n 

 

where hυ and Eg are the photon and  band gap energy, 

respectively. In this relation, the values of n are 1/2 and 2 

for direct allowed and indirect allowed transitions 

respectively. We have used direct band gap condition for 

the present study.
 
The plot of (αhυ)

2
 versus hυ of  as-

grown, annealed and hydrogenated ZnTe/Co BLs  thin 

films is shown in Fig. 4(b). Optical band gap of annealed 

BLs thin film was found to reduce from 3.33 to 3.25 eV 

due to mixing of semiconductor and metal at the interface 

and this band gap increased from 3.33 to 3.38 eV in 

hydrogenated ZnTe/Co BLs thin films with increasing 

pressure of hydrogenation as shown in the inset of fig.4 

(b). It is clearly seen that, with the introduction of 

hydrogen the band gap of the films is broadened 

dramatically from 3.34 to 3.38 eV with the increasing 

hydrogenation pressure 15 to 45 psi. The optical band gaps 

of as-grown and hydrogenated ZnTe/Co thin films were 

larger than that of the ZnTe thin films, which is due to 

band-filling effect known as Burstein-Moss shift [29]. 

Similar results have also been observed by Tark et al [30] 

and Hao et al. [31] in the case of effect of hydrogen in 
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electrical and optical properties of Al-doped ZnO thin 

films.  
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Fig. 4 (a) Wavelength versus absorption plots for  

ZnTe/Co BLs thin films. 
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Fig. 4 (b) Optical band gap of as-grown, annealed and 

hydrogenated ZnTe/Co BLs thin films at different pressure. 

 

 

 

3.4 Magnetic measurements 

 

The magnetic field dependence of magnetic moment 

is shown in Fig. 5 and Fig. 6 with the help of temperature 

vs magnetic moment plots. Magnetic moment decreases 

with increasing temperature up to 100K after this it 

becomes constant up to room temperature. ZnTe/Co BLs 

thin films show paramagnetic nature up to 100 K and after 

this it becomes saturate. These ZnTe/Co BLs thin films 

behaves as DMS; that is it does not show any sign of 

blocking phenomena at very low temperature, and its 

magnetization does not go to zero and remains constant in 

the temperature range of 100 to 300 K as suggested by 

Pakhomov et al [8]. After hydrogenation magnetic 

moment of these films was found to be reduced with 

temperature as well as applied magnetic field.  Similar 

results have also been observed by Liu et al [19]. They 

found that the saturation magnetization decreases after 

hydrogenation while the structural properties of the films 

do not change. Hydrogen passivation is a good method for 

investigating the origin of ferromagnetism in DMSs. It 

may be suggested that incorporation of hydrogen 

electrically passivated the Co acceptors and removes the 

hole essential to the roaming ferromagnetism. Thus 

hydrogenation allows us to control the ferromagnetic 

properties as suggested by Goennenwein et al. [22].    
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Fig.5 The temperature dependence on magnetization (in 

ZFC mode) under  an  applied  field  of  1000 Oe f or as- 

        grown and hydrogenated ZnTe/Co BLs thin films. 
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Fig. 6 M- H plots of (a) as-grown, (b) hydrogenated at 15 

psi and (c) hydrogenated at 30 psi ZnTe/Co BLs thin  

                          films obtained at T = 2 K.  

 

 

3.5 Raman spectroscopy measurements 

 

Raman spectroscopy has been used for confirmation 

of hydrogen effect on ZnTe/Co BLs thin films. Hydrogen 

molecules at normal pressure are infrared (IR) inactive due 

to their lack of dipole moment, but they can be studied by 
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Raman scattering. Molecular hydrogen was directly 

observed by Raman spectroscopy. Raman spectra of as-

grown and hydrogenated ZnTe/Co thin films are shown in 

Fig. 7. Comparing the Raman spectra of as-grown and 

hydrogenated samples it may be concluded that due to the 

hydrogenation peak intensity and numbers of peaks 

increases clearly showing the evidence of hydrogenation 

process. Similar results were observed by Kim [32] and 

Leitch et al. [33].  Some new peaks were observed at 1019, 

1960, 2180, 2680 and 3610 cm
-1

. Due to the hydrogenation 

Raman peak intensity was found to be increased. Similar 

results were carried out by Nehra et al. in the case of 

CdTe/Mn [24], ZnSe/Co [26] BLs and ZnTe/Mn [27], 

ZnSe/Mn [28] MLs thin films. This result indicates that 

the ZnTe/Co interface was improved due to 

hydrogenation. This improvement in heterointerface is due 

to the hydrogenation eliminated defects formed at 

interface.  
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Fig. 7. Room temperature Raman spectra of as-grown and 

hydrogenated ZnTe/Co BLs thin films. 

 

 

 

 

 
 

Fig. 8. Surface topography of (a) as grown and (b) vacuum 

annealed at 333 K ZnTe/Co BLs thin films. 

 

 

 

 

3.6 Surface topography 

 

Surface topography of as-grown and annealed 

ZnTe/Co thin films is shown in Fig. 8 indicating the 

uniform deposition and mixing of BLs respectively. Due 

to annealing the crystallinity has found to be increased. 

 

4. Conclusions 
 

Thermal evaporation technique has been used to grow 

ZnTe/Co BLs thin films. Formation of these thin films has 

been confirmed by XRD and M-H as well as M-T curves. 

Due to hydrogen passivation effect conductivity and 

optical band gap have been found to be decreased and 

increased respectively. Presence of hydrogen in bilayer 

thin films has also been confirmed by Raman 

spectroscopy.  
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