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Abstract 
     In this work, the effect of Zn dopant on structural and optical properties of 

cadmium oxides, CdO, thin film were studied prepared by pulse laser deposition on 

glass substrate then annealed at 250 ᵒC in air. All films were examined by X-ray 

diffraction and UV- visible spectrometer. The XRD analysis shows  appearance of  

new phase identical with hexagonal ZnO additional with cubic phase at high Zn 

content, which effected on the optical properties. The optical energy gap increase 

from 2.45 eV to 2.70 eV with increasing  Zn content  from 0 to 40 %. 
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الخواص التركيبية والضوئية للأغشية الرقيقة للزنك المطعم بأكسيد الكادميوم المحضر بواسطة الترسيب 
 النبضي لليزر

 

 2، رواء عصام محمد الراوي1*ضياء الدين صليبي مصطفى
 ، بغداد، العراق.أوقاف الكرخديوان الوقف السني، دائرة المؤسسات الإسلامية والخيرية، 1

 .جامعة الأنبار2، قسم الفيزياء، كلية التربية للعلوم الصرفة2
 

 الخلاصة
في هذا العمل جرت دراسة تأثير الزنك المطعم على الخصائص التركيبية والبصرية لاغشية اوكسيد      

 252الكادميوم، والتي تم تحضيرها بواسطة الترسيب الليزري النبضي على شريحة من الزجاج بعد تقسيته عند 
لسينية والمطياف فوق درجة مئوية في الهواء. جميع الاغشية الرقيقة تم فحصها بواسطة حيود الاشعة ا

 ZnOالمرئي. وقد بينت تحليلات حيود الاشعة السينية وجود طور جديد يماثل أوكسيد الزنك -البنفسجي
بالإضافة الى الطور المكعبي عند تراكيز عالية للزمن، والذي اثر على الخصائص البصرية. بينت النتائج 

 %.2.الى  2ع زيادة تركيز الزنك من م eV 2..2الى  eV 5..2زيادة فجوة الطاقة البصرية من 
 

Introduction 

     CdO is an important n-type semiconductor with a cubic structure, which belongs to the II–VI with a 

direct band gap of 2.5 eV , having a simple cubic structure [1].  

     Synthesis techniques and conditions can considerably affect the properties of CdO films[1].CdO 

films prepared by different ways such as chemical bath deposition[2],spray pyrolysis [3], pulsed laser 

deposition [4]andsol- gel [5]. 

     Low electrical resistivity and high transmission in the visible region [6] make it possible to usein 

various fields with many applications such as solar cells, phototransistors,transparent electrodes, gas 
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sensors [7]and used as antibacterial[8-9] ,aim of the my work effect of  zinc doped cadmium oxide on 

the structural and optical properties for thin films prepared 

Experimental part 
     Prior to deposition, the substrates were cleaned with cleaner solution, distilled water and followed 

by alcohol using ultrasonic bath. Films thicknesses were determined using Michelson interferometer. 

Pure and Zn doped cadmium oxidespellet were prepared by mix(0, 10, 15, 20, 30 and 40) % Zn:CdO 

atom ratioby mechanical mortar with steel balls for 10 minutes. A piston under a pressure of 2.5 tons 

was used to make a pellet of 1.4 cm diameter shown in Figure-1.The targets were bombarded by 

Nd:YAG pulse laser (HuaFei Tong Da Technology –Diamond -288 P ttern  PLS)  t 6 Hz frequency 

 n  9 ns pu se  ur t  n w t    64 n  w ve engt  with 800mJ to produce thin films onto glass 

substrates attached about 2 cm above the target in glass chamber under vacuum of  1 10
-3

 mbar 

achieved using double stage rotary. The prepared films then annealed at 250
o
C temperature.  

 

 
Figure1-(CdO)1-xZnxpellets with different Zn ratio. 

 

X-ray diffraction (XRD) pattern of the deposited films on corning glass substrate were examined by 

SHIMADZU XRD-6000 X-r     ffr  t  eter  n 2θrange from 20° to 80°. 

The inter-planer distances dhklare measured  using Bragg law[10] 

2 dhkl s n θ =   λ                                                                                                                             (1) 

     W ere θ  s t e   ffr  t  n  ng e,    s t e   ffr  t  n  r er, λ  s t e X-ray wavelength for Cu-Kα 

transition which equil to 1.5406 Å 

T e  ver ge  r st    te s ze w s  eter  ne  b  S  errer’s f r u   [11]: 

    
      

 (  )     ( )
                                                                                                                                                     (2) 

 

     Optical transmittance spectrum were recorded, at room temperature, in the wavelength range 300-

1100nm using OPTIMA SP-3000 UV-VIS spectrophotometer. 

Results and discussion 

     Figure-2 Shows XRD for pure and Zndoped CdOthin film deposited on glass, it shows a 

polycrystalline structure for all films wherefive peaks located in CdO sample  t 2θ=32.8631, 5241.83, 

3341355, 5347.51 and 69.1480
o
corresponding to (111), (200), (220), (311) and (222) respectively 

identically with standard inter-planer distance values (dhkl ). another phase appears for hexagonal ZnO 

at high Zn content with preferred orientation    ng (   )   re t  n  t 2θ= 3   3 8ᵒ 

It isclear that increasing Zn contentcause to improve the (CdO)1-xZnxthin films crystallinety. 
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Figure 2-X-ray diffraction patterns for (CdO)1-xZnx thin films deposited by pulse laser energy with 

different ratio annealed at 250ᵒC. 

 

     Table-1shows the experimental peakslocation and their inter-planer distance dhklcompared with 

standard dhklfrom International center for diffraction data card No. 96-900-8610. Also contain the full 

width at half maximum FWHM and crystalline size (C.S), calculated by Sherer formula, for pure and 

doped cadmium oxides films. This table shows that increasingzinc content leads to increase the 

average crystalline size.  
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Table 1-Structural parameters for (CdO)1-xZnx thin films deposited by pulse laser energy with 

different ratio annealed at 250ᵒC. 

x 2θ (Deg.) 
FWHM 

(Deg.) 

dhkl 

Exp.(Å) 
C.S (nm) 

dhkl 

Std.(Å) 
Phase hkl card No. 

 
32.8631 0.3771 2.7232 22.0 2.7108 Cub. CdO (111) 96-900-8610 

 
38.1425 0.3352 2.3575 25.1 2.3477 Cub. CdO (200) 96-900-8610 

0 55.1536 0.3771 1.6639 23.8 1.6600 Cub. CdO (220) 96-900-8610 

 
65.7961 0.4609 1.4182 20.5 1.4157 Cub. CdO (311) 96-900-8610 

 
69.1480 0.5028 1.3574 19.2 1.3554 Cub. CdO (222) 96-900-8610 

 
31.4385 0.5028 2.8432 16.4 2.8137 Hex. ZnO (100) 96-901-1663 

 
32.9050 0.2514 2.7198 32.9 2.7108 Cub. CdO (111) 96-900-8610 

 
38.1425 0.3771 2.3575 22.3 2.3477 Cub. CdO (200) 96-900-8610 

0.1 47.6117 0.5447 1.9084 15.9 2.6035 Hex. ZnO (002) 96-901-1663 

 
55.1117 0.4609 1.6651 19.4 1.6600 Cub. CdO (220) 96-900-8610 

 
65.7961 0.4609 1.4182 20.5 1.4157 Cub. CdO (311) 96-900-8610 

 
69.1061 0.5866 1.3581 16.4 1.3554 Cub. CdO (222) 96-900-8610 

 
31.4385 0.5866 2.8432 14.1 2.8137 Hex. ZnO (100) 96-901-1663 

 
32.7793 0.2514 2.7299 32.9 2.7108 Cub. CdO (111) 96-900-8610 

0.2 38.1006 0.2933 2.3600 28.7 2.3477 Cub. CdO (200) 96-900-8610 

 
55.2374 0.4609 1.6616 19.5 1.6600 Cub. CdO (220) 96-900-8610 

 
65.7961 0.5028 1.4182 18.8 1.4157 Cub. CdO (311) 96-900-8610 

 
69.1480 0.6704 1.3574 14.4 1.3554 Cub. CdO (222) 96-900-8610 

 
31.7318 0.3352 2.8176 24.6 2.8137 Hex. ZnO (100) 96-901-1663 

 
32.9050 0.2095 2.7198 39.5 2.7108 Cub. CdO (111) 96-900-8610 

0.3 38.1844 0.2514 2.3550 33.4 2.3477 Cub. CdO (200) 96-900-8610 

 
55.1536 0.3771 1.6639 23.8 1.6600 Cub. CdO (220) 96-900-8610 

 
65.7542 0.3771 1.4190 25.1 1.4157 Cub. CdO (311) 96-900-8610 

 
69.1061 0.3352 1.3581 28.8 1.3554 Cub. CdO (222) 96-900-8610 

 
31.7318 0.3352 2.8176 24.6 2.8137 Hex. ZnO (100) 96-901-1663 

 
32.8212 0.2095 2.7265 39.5 2.7108 Cub. CdO (111) 96-900-8610 

0.4 38.1425 0.2514 2.3575 33.4 2.3477 Cub. CdO (200) 96-900-8610 

 
55.1117 0.3352 1.6651 26.7 1.6600 Cub. CdO (220) 96-900-8610 

 
65.7961 0.3771 1.4182 25.1 1.4157 Cub. CdO (311) 96-900-8610 

 
69.0642 0.4609 1.3589 20.9 1.3554 Cub. CdO (222) 96-900-8610 

 

     Figure-3 Shows two dimensional view for (111) and (200) peaks for CdOand (100) peak for ZnO 

appear in (CdO)1-xZnxfilms. Its shows appearance of the new phase (Hex. ZnO) at 25% Zn content, 

and decrease the Cub. CdO phase with increasing Zn ratio. 

 
Figure 3-2D view for (111) and (200) peaks for CdOand (100) peak for ZnO for different Zn ratio. 
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     Optical properties of (CdO)1-xZnx films deposited on glass substrate weredone in the wavelength 

range 300–1100 nm. Figure -4 shows the transmission spectra for prepared samples at different Zn 

content. This figure shows a blue shift in spectra with increasing dopant ratio. 

 

 
Figure 4-Transmission spectrum for (CdO)1-xZnxthin films deposited by pulse laser with different ratio 

annealed at 250ᵒC. 

 

     To calculated  optical energy gap values (Eg
opt

) for  (CdO)1-xZnx thin films were determined using 

T u  equ t  n b  p  tt ng t e re  t  n between (α υ)
2
 versus p  t n energ  ( υ),  t  s f un  t  t t e 

    we    re t tr ns t  n     u  te  fr   t e p rt  n  t (α υ)
2
 =0 as shown in Figure-5. It clear from 

this figure that the energy gap increaseswith increasing zinc containt. 

 

 
Figure 5-V r  t  n  f (α υ)

2
 versus p  t n energ  ( υ)  f r (CdO)1-xZnxthin films deposited by pulse 

laser with different ratio annealed at 250ᵒC 

 

     The relation between the extinction coefficient and wavelength for (CdO)1-xZnx films deposited at 

different annealing temperatures is shown in Figure-6. From this figure we can see that the extinction 

coefficient (k) takes the similar behavior of the corresponding absorption coefficient. 
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Figure 6-Extinction coefficient (k) with the wavelength for (CdO)1-xZnxthin films deposited by pulse 

laser with different ratio annealed at 250ᵒC. 

 

     Real and imaginary part of dielectric constant were determined using equations. The plot of real 

and imaginary (  ,  ) parts of the Dielectric constant with wavelength for (CdO)1-xZnxthin deposited 

for annealing temperature (250) C as shown in Figures- (7, 8),respectively .it is depends mainly on the 

extinction coefficient values according to the relationship between them .  

 
Figure 7-Real part of dielectric constant with the wavelength for (CdO)1-xZnxthin films deposited by 

pulse laser with different ratio annealed at 250ᵒC. 
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Figure 8-Imaginary part of dielectric constant with the wavelength for (CdO)1-xZnxthin films 

deposited by pulse laser with different ratio annealed at 250ᵒC. 

 

     Figure-9 shows the variation in refractive index with wavelength for (CdO)1-xZnxthin in the 

wavelength range of(300-1100)nm for annealing temperature (250) C and .It is observed that the 

refractive index, in general ,increases slightly with increases of concentration .The refractive of 

perovskite thin film is known to proportional to distance between atomic planes .This result can be 

explained  by an increases in the density of the film due to better packing and increased crystalline 

 

 
Figure 9-Refractive index with the wavelength for (CdO)1-xZnxthin films deposited by pulse laser with 

different ratio annealed at 250ᵒC. 

 

     Table-2 shows the calculated optical constants at 500 nm wavelength and energy gap for(CdO)1-

xZnx thin films, deposited by pulse laser with 800 mJ pules energy using 500  pulses, with different Zn 

contents. The pure CdO film shows a band gap of 2.45 eV, while increasing Zn contentto 0.4 leads to 

increase the energy gap to 2.7 eV. This increment maybe due to existence another phase with 

hexagonal structure with increasing (x). The highest transmission values at x=0.4. 
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Table 2-Optical constants at 500 nm wavelength and (Eg) values length for (CdO)1-xZnxthin films 

deposited by pulse laser with different ratio of Zn 

x T% α (cm
-1

) K n εr εi Eg (eV) 

0 9.59 39078 0.156 7.048 49.655 2.193 2.45 

0.1 2.33 62680 0.250 4.841 23.370 2.416 2.45 

0.2 5.14 49468 0.197 6.153 37.827 2.424 2.60 

0.3 8.82 40471 0.161 6.954 48.336 2.241 2.65 

0.4 15.13 31474 0.125 7.282 53.019 1.825 2.70 

 

Conclusions  

     Structural and optical properties (CdO)1-xZnx thin films deposited by pulse laser deposition 

technique with different ratio have been studied at different Zn content. A polycrystalline structure  for  

all films and identical with standard card for cubic CdO crystal at low Zn content then another phase 

appears for Hexagonal ZnO at high Zn content, with enhancement the crystalline and increasing the 

average crystalline size.The transmittance increases with increasing with increasing Zn content. Also, 

the energy gap increases from 2.45 eV to 2.70 eV with the increase of Zn content  from 0 to 40 % 
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