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In this paper, NiO0.99Cu0.01 thin films were deposited by using thermal 

evaporation technique on Si substrates under vacuum 10
-5

 mbar. The 

structure and crystallite size of these films were established using atomic 

force microscope (AFM) and x-ray diffraction (XRD), it shows that the 

structure is polycrystalline and the average diameter is around 97.21nm. The 

optical properties; absorption, transmission, and reflection, as functions of 

wavelength were measured. Optical constants such as (refractive index n, 

dielectric constants Ɛi,r and extinction coefficient k) of the deposition films 

were obtained from the analysis of the experimental recorded transmittance 

spectral data. The optical band gap of NiO0.99Cu0.01 films are calculate from 

(αhυ)
1/2

 vs. photon energy curve and from photoluminescence spectra.  

                   Copy Right, IJAR, 2013,. All rights reserv 

 

 1.Introduction 
 Transparent Conducting Oxides (TCO) thin films like Nickel Oxide are attracting more attention because 

they are important in several scientific and technological applications. They have been employed as an 

antiferromagnetic material
]1[

, p-type transparent conducting films
]2[

, electro catalysis
]3[

, positive electrode in 

batteries
]4[

, fuel cell
]5[

 , a material for electro-chromic display devices
]6[

 , part of functional sensor layers in chemical 

sensors
]7[

 , solar thermal absorber
]8[

 , catalyst for oxygen evolution
]9[

 , and photo electrolysis
]10[

 . 

 NiO films have been fabricated by a number of techniques including sol-gel
]11[

, spray pyrolysis
]12[

, plasma 

enhanced chemical vapor deposition
]13[

, pulsed laser deposition
]14,15[

 , and magnetron sputtering
]16-19[

 . The present 

paper reports fabrication of NiO0.99Cu0.01 thin films by thermal evaporation technique in order to study the optical 

constants of the NiO doped Cu thin films. 

       

2. EXPERIMENTAL WORK 

 NiO doped Cu thin films were prepared by using thermal evaporation technique onto p-type Si substrate 

under vacuum 10
-5

 mbar by the combination of rotary and diffusion pump. The NiO powder was doped with (0.01 

wt %) of Cu (99.99% purity). The thickness of the films was 500nm.  

 The structure of the films was obtained using x-ray diffraction (XRD) (Shimadzo 6-2006, with Cu-Kα 

radiation having wavelength λ= 1.5406 Aᴼ). Microstructure surface topography was estimated using (AFM).  

 Optical transmittance was recorded with a double beam Shimadzu UV-Visible spectrophotometer in the 

wavelength rang 200-900 nm.   

 

3. RESULTS AND DESCUSSION  
             The XRD pattern of NiO0.99Cu0.01 thin film was shown in Fig.(1). The analysis of structure of deposited  

NiO0.99Cu0.01  films were polycrystalline with two weak diffraction peaks appeared at about the position of 37.12ᴼ 

and 43.3ᴼ  with the preferential orientation (111),(200) respectively.  Although there are other peaks, which are 

within the noise level. The XRD pattern of the NiO0.99Cu0.01 only appear NiO peaks, this was confirmed by chen et.al 
]20[

. 
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AFM images (2D&3D) were prepared of the NiO0.99Cu0.01 thin films on Si substrates as shown in Fig.(2). This Fig. 

shows the Roughness average is about 0.596 nm and the Root Mean Square about 0.706 nm. Fig.(3) shows the grain 

analysis report which estimated for the NiO0.99Cu0.01 thin films and the average diameter of the particles about 97.21 

nm.  

 

 

 

 

 

 

 

 

 

        

 

 

 
NiO0.99Cu0.01 thin films recorded in the range 200-900 nm. Fig.(4) shows the Transmission & the Absorption vs. 

wavelength spectrum of  NiO0.99Cu0.01  thin films of thickness 500 nm. It can be seen that the NiO0.99Cu0.01 thin films 

having a high transparency in the VIS-IR regions, while the transparency in the UV region was very low. The 

spectrum of absorption were also estimated as shown in Fig.(4). It is opposite to that of transmittance spectrum. 

 

 

 

 

 

 

        

 

 

 

 

 
 

 

The reflectance (R) has been found by using the relationship: 

R+T+A=1…………….. (1) 
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Fig.(1)  X-ray diffraction of  NiO0.99Cu0.01 thin films on Si 

substrate. 
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Fig.(3) AFM grain analysis report for the NiO0.99Cu0.01 film of 500 nm thickness. 
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Where (A) is the absorption & (T) is the transmission. Fig.(5) shows the reflectance spectra for the NiO0.99Cu0.01 thin 

films as a function of wavelength. It is clear from this figure that the reflectance of the films increased with the 

increasing of the wavelength.  

 
 

 

 

 

 

 

 

 

 

 

 
The absorption coefficient (α) could be calculated by using the following relation

]21[
:  

                                    𝛼 =
2.303 𝐴

𝑡
…………… (2)  

Where (t) is the film thickness. 

 Fig.(6) shows the dependence of the absorption coefficient(α) on the wavelength. This figure shows that, 

the absorption coefficient (α) deceases with the increasing of wavelength and the cut off wavelength (λcut off) around 

620 nm.  

 

 

 

 

 

        

 

 

 

 

  

 

 
   The value of the band gap (Eg) of NiO0.99Cu0.01 can be deduced from the plot of (αhυ)

2
 vs. photon energy 

(hυ), as seen in Fig.(7). 

 From Fig.(7), it is observed that there exists a linear dependence of (αhυ)
2
 with (hυ) in the high photon 

energy region. Extrapolation of the linear portion to the hυ axis would yield the band gap (Eg) of the film. From this 

figure, it can be seen that the band gap was about 3.1 eV and this value is in good agreement with the reported value 

of 3.15-4.0 eV 
]22[

. 
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Fig.(4) Transmission & Absorption spectrum as a function of wavelength for NiO0.99Cu0.01 
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Fig.(6)  Absorption Coefficient as a function of wavelength for NiO0.99Cu0.01 thin 

films. 
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The refractive index is an important parameter for optical materials and applications. Thus, it is important to 

determine optical constants of the films. The refractive index of the films was determined from the following 

relation
]23[

: 

𝑛 =  
1+𝑅

1−𝑅
 +  

4𝑅

 1−𝑅 2 − 𝑘2…………… (3)                                    

                        
Where k is the extinction coefficient (k=αλ/4π). 

 Fig.(8) shows the variation of the refractive index as a function of the wavelength for NiO0.99Cu0.01 thin films, 

which indicate that the refractive index increases with increasing of wavelength.  

 

 

 

 

 

  

 

 

  

 

 

 

 
The relation between the extinction coefficient (k) and wavelength for NiO0.99Cu0.01 films deposited are shown in 

Fig.(9). From this figure we can observe that k increases with increasing of wavelength.  
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Fig.(7) (αhυ)
^2

 as a function of Photon energy (hυ) for NiO0.99Cu0.01  thin films.  
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Fig.(8)  Refractive Index as a function of wavelength for NiO0.99Cu0.01 thin 

films.  

Ext

inct

ion 

Coe

ffici

ent 

(k) 

Wavelength λ (nm) 

Fig.(9) Extinction Coefficient (k) as a function of wavelength for NiO0.99Cu0.01 thin films.   
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 The dielectric constant is defined as Ɛ(ω)= Ɛr(ω) + iƐi(ω), real and imaginary parts of the dielectric constant 

are related to the n and k values. The Ɛr and Ɛi values were calculated using the formulas
]24[

: 

              Ɛr = n
2
 –k

2
…………….. (4)                 Ɛi = 2nk …………….. (5)  

 The variation of the real (Ɛr) and imaginary (Ɛi) parts of the dielectric constant values versus wavelength in 

the range 200-1200 nm are shown in Fig.(10). 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 
From Fig.(10) we can observe that real parts of the dielectric constant increase as the wavelength increase. Also the 

variation of (Ɛr) has similar trend to the variation of the refractive index because of the smaller values of k
2
 in 

comparison with n
2
 and the values of real part are higher than imaginary part. The imaginary part of the dielectric 

constant as shown in Fig.(10). The variation of the (Ɛi) mainly depends on the variation of k values which related to 

the variation of absorption coefficient. 

 The photoluminescence spectrum (PL) of NiO0.99Cu0.01 film excited by 320 nm line is shown in Fig.(11). 

 

 

 

 

 

  

 

  

 

 

 

 
The spectrum shows two peaks: the first peak at 404 nm which can be referred to the direct band transition. The 

second peak at 620 nm is due to the exciton emission. The intensity at the 620 nm peak is higher than that found 

around 404 nm peak. This is because the direct band transition quenched by the defect states. 

 The energy band gap from photoluminescence spectrum of the NiO0.99Cu0.01 film is calculated by using the 

following equation:  

𝐸
𝑔= 

1240
𝜆(𝑛𝑚 )

……………….(6)
 

 For the PL wavelength 404 nm the energy band gap is found to be 3.07 eV. 

 

4. CONCLUSION  
 NiO0.99Cu0.01 thin films were prepared using thermal evaporation technique onto Si substrate under vacuum 

equal to 10
-5

 mbar. The thickness of the films was 500 nm. The structure analysis shows that the films are 

polycrystalline structure. From UV-VIS transmittance, absorbance spectra, it observed that the optical transition in 

Real 

Part 

of 

Diel

ectri

c 

Con

stan

t (Ɛr) 

Imagi

nary 

Part 

of 

Diele

ctric 

Const

ant 

(Ɛi) 

Wavelength λ (nm) 

Fig.(10) Variation of Ɛr& Ɛi as a function of wavelength for NiO0.99Cu0.01  thin films.  
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Fig.(11) The Photoluminescence spectrum (PL) for NiO0.99Cu0.01  thin films.   
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the NiO0.99Cu0.01 films to be direct transition. The energy band gap calculated from PL spectrum and found equal to 

3.07 eV.    
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