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Cr doped CdO thin films were deposited on mica substrates by DC reactive magnetron 

sputtering method by varying oxygen flow rates from 1 to 4 sccm. X-ray diffraction peaks 

indicates that the films were polycrystalline in nature with cubic structure. The intensity of 

the (2 0 0) peaks increased with the increase of oxygen flow rates. The resistivity increases 

from 2.12 x 10
-4

 to   5.71 x 10
-4

 Ω.cm with the increase of oxygen flow rate from 1 to 4 

sccm. The carrier concentration of Cr doped CdO thin films decreases from 1.04 x 10
20

 to 

0.68 x 10
20

 cm
-3

 with the increase of oxygen flow rate from 1 to 4 sccm. The optical 

transmittance of the thin films increases with the increase of oxygen flow rate. The optical 

band gap energy is varied from 2.57 to 2.69 eV with the increase of oxygen flow rate. The 

optical constants such as absorption coefficient (α), extinction coefficient (k) and 

refractive index (n) were also determined from the optical transmission data.  
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1. Introduction 
 

Transparent conducting oxide (TCO) films like SnO2, ZnO, In2O3 and CdO have been 

extensively studied because of their use in semiconductor device technology [1]. It is one of the 

promising II-VI compound semiconductors that have great potential for optoelectronic devices [2]. 

CdO is an interesting material because it is one of the semiconducting oxides with high carrier 

mobility and it has a wide range of applications in optoelectronics such as solar cells, smart 

windows, photo-transistors, heat mirrors and gas sensors [3]. CdO is a degenerate n-type 

semiconductor with electrical conductivity and transparent in visible and NIR spectral regions with 

a direct band gap of 2.2 - 2.7 eV[4,5]. The n-type electrical conduction in CdO is due to Cd 

interstitials (Cdi) and oxygen vacancies (Vo), however the Vo is dominate defect acting as doubly 

ionized (+2) charge shallow donors [6]. The carrier mobility is one of the optoelectronic properties 

of CdO which could be controlled by doping with different metallic ions [7-11]. It was observed 

that dopant ions of slightly smaller size than that of Cd
2+

 improve the electronic conductivity and 

mobility. However, doping by using any technique of CdO with ions of much smaller radius like 

chromium has not yet been investigated. Chromium (Cr) doped CdO is the subject of the present 

study. 

Various processing techniques were employed to grow CdO thin films such as reactive 

evaporation, sputtering deposition [12, 13], sol–gel process [14], spray pyrolysis [15], pulsed laser 

deposition (PLD) [16,17], molecular beam epitaxy [18], Langmuir-Blodgett deposition [19], 

chemical bath deposition [20], chemical vapor deposition (CVD) [21].  Among all these 

techniques, sputtering is considered to be the most promising techniques as this technique allows 

uniform film to be grown on different large-area substrates at a moderate deposition temperature. 
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The aim of the present work is to study the structural and optical properties of Cr doped CdO thin 

films prepared by DC reactive magnetron sputtering method. 

 

 

2.  Experimental Details 
 

Cr doped CdO thin films were prepared by DC reactive magnetron sputtering technique. 

High purity of Cadmium (99.99%) and Chromium (99.99%) targets with 2 inch diameter and 4 

mm thickness are used for deposition on mica substrates. The base pressure in chamber was 4.2 x 

10
-6

 Torr and distance between target and substrate were set at 60 mm. High purity (99.99%) Ar 

and O2 gas was introduced into the chamber and was metered by mass flow controllers for a flow 

rate fixed at 30 sccm for Ar and 2 sccm for O2. Deposition was carried out at a working pressure of 

2 mTorr after pre-sputtering with argon for 10 min. The DC sputtering power maintained at the 

time of deposition for Cd target is 100 W and    35 W for Cr target. The depositions were carried 

out at room temperature with different Cr concentrations. Film thickness was measured by 

Talysurf thickness profilometer. The resulting thickness of the films is ~300-350 nm. X-ray 

diffraction (XRD) patterns of the films were recorded with the help of Philips (PW 1830) X-ray 

diffractometer using CuKα radiation. The tube was operated at 30 KV, 20 mA with the scanning 

speed of 0.03(2θ)/sec. Surface morphology of the samples has been studied using HITACHI S-

3400 Field Emission Scanning Electron Microscope (FESEM) with Energy Dispersive Spectrum 

(EDS). EDS is carried out for the elemental analysis of prepared thin film samples. Surface 

topography of the films has been studied using AFM (Park XE-100: Atomic Force Microscopy). 

The electrical resistivity of the films (ρ) was measured using the four-point probe method. Optical 

transmittance of the films was recorded as a function of wavelength in the range of             300 – 

1200 nm using JASCO Model V-670 UV-Vis-NIR spectrophotometer (Japan). 

 

 

3. Results and Discussion 
 

 Fig. 1 shows the X-ray diffraction patterns of Cr doped CdO films deposited at oxygen 

flow rates from 1 to 4 sccm. The presence of diffraction peaks indicates that the films were 

polycrystalline in nature with cubic structure. The intensity of the (2 0 0) peaks increased with the 

increase of oxygen flow rates. The FWHM value increases with the increase of oxygen flow rate, 

implies that crystallite size decreases with the increase in the oxygen flow rate. The crystallite size 

estimated from Scherrer formula [22] is found to be decrease from 41 to 29 nm. For a high 

crystallinity film, there is sufficient time for deposited atoms to undergo surface diffusion to 

thermodynamically stable sited before being covered by the next layer atoms. The energy of 

deposition flux is controlled by means of the ambient gas pressure; higher oxygen partial pressure 

causes lower deposition energy and small crystallite sizes; a lower oxygen partial pressure causes 

high deposition energy and causes large crystallite sizes. We thus speculate that this behavior is 

result from the energy of the deposition flux caused by the O2 partial pressure. Thus, the crystallite 

size of Cr doped CdO films decreases with increasing oxygen flow rate. The lattice constant 

increases from 0.4705 to 0.4817 nm with the increase of oxygen flow rate from 1 to 4 sccm as 

shown in Fig. 2. Since the radius of Cr
3+

 is smaller than that of Cd
2+

, the increase in the lattice 

constant is probably due to the incorporation of Cr atoms at the interstitial site rather than Cd site. 

Similar behaviour was previous reported in the literature [23]. 

The dislocation density (δ), defined as the length of the dislocation lines per unit volume 

of crystal, is evaluated using the formula, 

 

                                             
2

δ = 
 D

n
                                                                        (1) 

 

where n is a factor that equals unity when the dislocation  density is minimum and D is the 

crystallite size. The microstrain is calculated from the relation  
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β cosθ

ε = 
4

                                                                  (2) 

 

The microstrain (ε) values increased from 0.048 x 10
-3

 to 0.065 x 10
-3

 lin
-2

.m
-4

 with the 

increase of oxygen flow rate from 1 to 4 sccm. The dislocation density (δ) also increases from 0.60 

x 10
15

 to 1.12 x 10
15 

lin.m
-2

. The microstructural parameters of Cr doped CdO thin films deposited 

at different oxygen flow rates are tabulated in Table 1.  

 

 
 

Fig. 1 XRD patterns of Cr doped CdO films deposited at various oxygen flow rates 

 

 

 
 

Fig. 2 Dependence of lattice constant as a function of oxygen flow rate 
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Table 1: Structural parameters of Cr doped CdO thin films deposited on mica substrates 

 at various oxygen flow rates 

 

 

S.No 

 

Oxygen flow 

rate (sccm) 

Crystallite 

size, D 

(nm) 

 

Micro strain,  

ε 

x 10
-3 

 (lin
-2

.m
-4

) 

Dislocation 

density, δ 

x 10
15 

(lin.m
-2

) 

1 1 41 0.048 0.60 

2 2 36 0.054 0.77 

3 3 32 0.061 0.98 

4 4 29 0.065 1.12 

 

 

FESEM images of Cr doped CdO thin films of various oxygen flow rates are shown in 

Fig. 3. The morphology of the surface region of thin films has a crystalline columnar texture with 

all columnar grains oriented in the same direction and with a predominantly open micro porosity. 

The microstructure consists of parallel columns with gaps in between. Increasing the oxygen flow 

rate the columns width starts to be narrower. The grain size is found to be in the range of 24 - 42 

nm for the Cr doped CdO thin films.The relative compositions obtained from EDS for Cr doped 

CdO films with different concentrations are in an atomic ratio of Cd/O/Cr are 59.52/37.46/3.02%, 

58.86 /38.18/2.96 %, 54.18/42.78/3.04 % and 52.24/44.64/ 3.12 %. 

 

 
 

Fig. 3 FESEM images of Cr doped CdO thin films deposited  

at different oxygen flow rates 

 

 

AFM is widely accepted as the international standard to characterize the surface roughness 

of a sample due to the high spatial resolution of measurement. Measuring surface roughness of Cr 

doped CdO thin film is important before the manufacturing of optoelectronic devices. Figure 4(a) 

and 4(b) shows two and three dimensional AFM images of the films deposited at oxygen flow rate 
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of 4 sccm with scanned over an area of 5 x 5 μm
2
. AFM images indicate that the increase in the 

surface roughness by oxygen flow rate was caused by sharp hill-and-valley structure throughout 

the film surface. The average roughness and rms roughness of the Cr doped CdO films are 5.25 

and 6.43 nm. 

 

                         
 

Fig. 4 (a) Two dimensional and (b) Three dimensional AFM images of 

    Cr doped CdO thin film deposited at oxygen flow rate of 4 sccm 

 

 

The electrical resistivity (ρ) of Cr doped CdO films were investigated by four-point probe 

method at room temperature.  The resistivity increases from 2.12 x 10
-4

 to 5.71 x 10
-4

 Ω.cm with 

the increase of oxygen flow rate from 1 to 4 sccm shown in Fig. 5. The increase of resistivity is 

due to reduction of oxygen vacancies in these films. The decrease of oxygen vacancies reduces the 

carrier concentration resulting in increase in resistivity. The sheet resistance (Rs) of Cr doped CdO 

thin films are calculated from the equation 

                                               
s

ρ
R = 

t  
     Ω/sq                                                   (3) 

 

The sheet resistance values increases with the increase of oxygen flow rate from 1 to 4 

sccm. The sheet resistance values for oxygen flow rates of 1, 2, 3, and 4 sccm are found to be 6, 

8.4, 11.6 and 16.3 Ω/sq respectively. The electrical parameters of Cr doped CdO thin film 

deposited at different oxygen flow rates are given in Table 2. 

 

 
 

Fig. 5 Variation of electrical resistivity of the films with different oxygen flow rates 

 

(a) (b) 
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Table 2: Electrical properties of Cr doped CdO thin films 

 

S.No 

Oxygen 

flow rate 

(sccm) 

Electrical 

resistivity, ρ 

(Ω.cm) 

Mobility, µ 

(cm
2
V

-1
s

-1
) 

Carrier 

concentration, N 

(cm
-3

) 

Sheet 

resistance, Rs 

(Ω/sq) 

1 1 2.12 x 10
-4

 52 1.04 x 10
20

 6.0 

2 2    2.93 x 10
-4

 47 0.88 x 10
20

 8.4 

3 3 4.06 x 10
-4

 38 0.72 x 10
20

 11.6 

4 4 5.71 x 10
-4

 32 0.68 x 10
20

 16.3 

 

 

Fig. 6 shows the variation of Seebeck coefficient with inverse temperature for Cr doped 

CdO thin films deposited at different oxygen flow rates. The Seebeck coefficient values are found 

to be negative values indicating n-type conductivity of the films.  The carrier concentration and 

carrier mobility of the films are determined from the equations as reported in the earlier literature 

[24-26]. The carrier concentration of Cr doped CdO thin films decreases from 1.04 x 10
20

 to 0.68 x 

10
20

 cm
-3

 with the increase of oxygen flow rate from 1 to 4 sccm. The carrier mobility of the films 

decreases from 52 to 32 cm
2
V

-1
s

-1
. The decrease in mobility is attributed to enhancement of 

oxygen release and the decrease of grain boundary scattering due to thin film densification.  

 

 
Fig. 6 Variation of Seebeck coefficient vs inverse temperature 

as a function of oxygen flow rates. 

 

 

The optical transmittance of the films was recorded as a function of wavelength in the 

region of 300 - 1200 nm is shown in Fig. 7. The transmission is high in the visible region and 

depends on the oxygen flow rate. It is observed that the transmission of the films increased with 

the increase of oxygen flow rate due to decrease of density of defect centers. The light loss by the 

scattering of defect centers decreases as the density of defect centers decreased which results in the 

increase of the transmission. The absorption coefficient (α) is calculated using Lambert’s law [27] 

                                               

1
ln

T
α = 

d

 
 
 

                                                                  (4)     

where T is transmittance and d is film thickness. The absorption coefficient (α) and the incident 

photon energy (hν) is related by the following equation [28]       
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n

g(αhν) = B (hν-E )                                                    (5) 

 

where B is a parameter that depends on the transition probability, Eg is the optical band gap energy 

of the material, hυ is the photon energy and n is an index that characterizes the optical absorption 

process and is theoretically equal to 2 and ½ for indirect and direct allowed transitions 

respectively. The optical band gap values were determined by extrapolating the linear portion of 

the plots of (αhν)
2
 versus hν to α = 0  as shown in Fig. 8. The optical band gap of the films 

increased from 2.57 to 2.69 eV with an increase in the oxygen flow rate. The increase of optical 

band gap may be due to the decrease of carrier concentration and due to Moss-Burstein shift [29]. 

 

       
 

Fig. 7 Optical transmission spectra of Cr doped CdO films  
 

 

  
 

Fig. 8 Plots of (αhν)
2
 against photon energy (hν) of Cr doped CdO thin films 
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Table 3: Optical parameters of Cr doped CdO thin films deposited on mica substrates 

 at different oxygen flow rates 

 

S.No 

Oxygen flow 

rate 

(sccm) 

Absorption 

coefficient,  

α (cm
-1

) 

  

Extinction 

coefficient, 

k 

Refractive 

index,  

n 

Optical band 

gap,  

Eg (eV) 

1 1 8.11 x 10
4
 0.042 2.05 2.57 

2 2 8.51 x 10
4
 0.044 2.08 2.61 

3 3 8.68 x 10
4
 0.045 2.10 2.63 

4 4 9.47 x 10
4
 0.049 2.16 2.69 

 

 

The optical absorption coefficient (α) values are varied from 8.11 x 10
4
 to  9.47 x 10

4
 cm

-1
. 

The extinction coefficient (k) values are found to be increased from 0.042 to 0.049. The refractive 

index of the films increased from 2.05 to 2.16 with increase of oxygen flow rate from 1 to 4 sccm. 

The optical properties of Cr doped CdO thin films deposited at different oxygen flow rates are 

tabulated in Table 3. The performance of the TCO material can be determined from the sheet 

resistance (Rs) and optical transmittance using figure of merit () given by Haacke’s relation [30]. 

Generally, a film with low electrical resistivity and high optical transmittance would have a 

relatively high figure of merit. The figure of merit is varied from 2.7 x 10
-3

 to 5.7 x 10
-3

 Ω
-1

. The 

best figure of merit with 5.7 x 10
-3

 Ω
-1 

is obtained for the film deposited at oxygen flow rate of 4 

sccm.  

 

 

4. Conclusions 
 

Cr doped CdO films were prepared on mica substrates by varying oxygen flow rates from 

1 to 4 sccm. From XRD spectra, the presence of diffraction peaks indicates that the films were 

polycrystalline in nature with cubic structure. The resistivity increases from      2.12 x 10
-4

 to 5.71 

x 10
-4

 Ω.cm with the increase of oxygen flow rate from 1 to 4 sccm. The carrier concentration of 

Cr doped CdO thin films decreased from 1.04 x 10
20

 to  0.68 x 10
20

 cm
-3

 and carrier mobility of the 

films decreased from 52 to 32 cm
2
V

-1
s

-1
with the increase of oxygen flow rate from 1 to 4 sccm. 

The decrease in mobility is attributed to enhancement of oxygen release and the decrease of grain 

boundary scattering. The highest figure of merit with 5.7 x 10
-3

 Ω
-1 

is obtained for the film 

deposited at oxygen flow rate of       4 sccm with a minimum resistivity of 5.71 x 10
-4

 Ω.cm and 

high optical transmittance of 77%. Our results suggest that the sputtered Cr doped CdO thin films 

can be used for optoelectronic devices. 
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