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Abstract Keywords 

   Polycrystalline Cadmium Oxide (CdO) thin films were prepared 
using pulsed laser deposition  onto glass substrates at room 
temperature with different thicknesses of (300, 350 and 400)nm, 
these films were irradiated with cesium-137(Cs-137) radiation. The 
thickness and irradiation effects on structural and optical properties 
were studied. It is observed by XRD results that films are 
polycrystalline before and after irradiation, with cubic structure and 
show preferential growth along (111) and (200) directions. The 
crystallite sizes increases with increasing of thickness, and decreases 
with gamma radiation, which are found to be within the range 
(23.84-4.52) nm and (41.44-4.974)nm before and after irradiation for 
thickness 350nm and 400nm respectively, The dislocation density, 
microstrain and number of crystallites per unit surface area, 
decreases with increasing of thickness, while they increases with 
gamma radiation. From the atomic force microscope (AFM), the 
grain size of CdO films decrease from 96.69nm before radiation to 
89.49 nm after gamma radiation and RMS roughness increases for 
the irradiated sample from 4.26nm to 4.8nm, increase in the surface 
roughness is advantages as it increases the efficiency of the CdO 
solar cells. The optical properties for thin CdOfilms with different 
thickness before and after gamma irradiation have been determined 
and reveals direct energy gap. It is decrease with the increase of 
thickness, while it is increase after gamma irradiation. These films a 
promising candidate for the window layer in solar cells and other 
possible optoelectronic application. 
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الرقيقة المحضرة بطريقة  CdOتأثير السمك وأشعة كاما على الخصائص الفيزيائية لاغشية 

  الترسيب بالليزر النبضي

2ھناء ابراھيم محمد، 1اقبال سھام ناجي، 1أيمان مزھر ناصر  

، العراق دقسم الفيزياء، كلية العلوم، جامعة بغداد، بغدا 1 
قسم الفيزياء، كلية التربية للعلوم الصرفة ابن الھيثم، جامعة بغداد، بغداد، العراق 2  

  الخلاصة
الرقيقة باستخدام الترسيب بالليزر النبضي على ارضيات زجاجية )CdO(حضرت أغشية أوكسيد الكادميوم      

الأغشية بمصدر اشعة نانومتر، شععت ھذه ) 400 و 350 ، 300(في درجة حرارة الغرفة بسمك مختلف من 
لوحظ من . درس تأثير السمك والتشعيع على الخصائص التركيبية والبصرية). Cs-137( 137كاما  السيزيوم 
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بان الاغشية ذات تركيب متعدد البلورات قبل وبعد التشعيع، وذات تركيب مكعب وتظھر  XRD خلال نتائج 
حجوم البلوريةمع زيادة السمك، وتتناقص مع زيادة تزداد ال). 200(و ) 111( نمو مفضل على طول الاتجاھين

نانومتر قبل وبعد التشعيع لسمك  (41.44-4.974)نانومتر، و  (23.84-4.52)أشعة كاما، ضمن المدى
ة نانومتر على التوالي، ان كثافة الانخلاعات، الإجھاد المايكروي، وعدد البلورات في وحدة المساح 400و350

من خلال مجھر القوة الذرية . السمك، في حين أنھا تزداد مع تعرضھا لأشعة كاما السطحية يتناقص مع زيادة
)AFM( يقل الحجم الحبيبي للاغشية ،CdO  نانومتر بعد التشعيع  89.49قبل التشعيع  إلى  نانومتر 96.69من

ة في خشونة نانومتر، والزياد 4.8إلى  نانومتر 4.26للعينة المشععة من  RMSبأشعة كاما وتزداد الخشونة 
وقد تم تحديد الخصائص البصرية لاغشية أوكسيد . كخلايا شمسية CdOالسطح من المزايا التي  تزيد كفاءة 

، الرقيقة مع سمك مختلف قبل وبعد التشعيع بأشعة جاما والتي بينت فجوة الطاقة المباشرة )CdO(الكادميوم 
ھذه الأغشية مرشح واعد للطبقة النافذة في الخلايا . ماتزداد بعد تعرضھا لأشعة كاوالتي تقل مع زيادة السمك، و

  .الشمسية وغيرھا من التطبيقات الكھروبصرية
  

Introduction 
   Transparent conducting oxides have 
been intensively investigated in recent 
years owing to their high optical 
transmittance and low resistivity. 
According to these properties it has 
spacious application such as 
transparent conducting electrodes, gas 
sensors, surface acoustic wave device, 
varistors, etc. [1].  On the other hands, 
CdO is a candidate material for solar 
cell applications due to their high 
quality electro-optical properties in the 
visible solar spectrum part [2]. In 
addition, it has a great potential use for 
optoelectronic devices. Cadmium 
oxide is a transparent oxide in the 
visible and NIR spectral region. It is a 
degenerate, n-type semiconductor with 
a high electrical conductivity (10-4-10-2 
Ω·cm), and with a direct and indirect 
band gap of 2.5, 1.98 eV respectively 
[3]. Undoped CdO thin films have 
been prepared by different methods 
such as molecular-beam epitaxy, spray 
pyrolysis, radio frequency magnetron 
sputtering, pulse laser deposition, the 
sol–gel technique, etc.[4-9]. High-
energy radiations, such as γ-rays, 
change the physical properties of the 
materials they penetrate, and these 
changes are strongly dependent on the 
structure of the absorbed substances. It 
is thinks that the exposure to ionizing 
radiation (γ-ray) causes defects in 
structure (called color centers or 
oxygen vacancies in oxides). The 
effect of radiation based on both the 

parameters of the films including their 
thickness and the dose: the degradation 
is more severe for the thinner films and 
the higher dose. The absorption of γ-
radiation in the thin films depends 
upon their electronic structure which in 
turn alters by the interaction with 
photons [10]. In this paper, the pulsed 
laser deposition technique was used. 
The main advantage of pulsed laser 
deposition (PLD) is the ability to 
create high-energy source particles, 
permitting the growth of high quality 
film at relatively low substrate 
temperature. Hence, the aim of the 
present work is to study the effect of 
thickness and Gamma radiation on the 
structural, morphology and optical 
properties of cadmium oxide thin films 
growth by PLD. 
 
Experimental 
   High purity (99.99%) Cadmium 
Oxide powder was used as a source for 
deposition of CdO films on glass 
substrates using pulsed laser deposition 
using Nd:YAG laser with λ=1064 nm, 
average frequency 6 Hz and pulse 
duration 15 ns at different thickness of 
300, 350, 400nm. All samples were 
irradiated by Cs-137 source which 
emitted gamma ray with energy of  
661.66 eV and intensity of 85.01,the 
total doses was 3.164 Sv, where the 
time of irradiation is two days.The 
structure of the prepared thin CdO 
films was obtained using the X-ray 
diffraction techniques using radiation 
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   XRD pattern for prepared CdO thin 
film of thickness 300nm, indicate that 
the film was amorphous before and 
after irradiation as in Fig.1 (a-b), and 
the films become polycrystalline 
before and after irradiation, with an fcc 
cubic structure typical of CdO (PDF 
card No: 005-0640) with increasing 
thickness. All the films indicate a 
preferred orientation along (111) and 
(200) planes as in Fig. 1(c-f). XRD 
studies obvious that the structure of 
these films was became nanostructure 
on irradiation with a gamma radiation. 
It can be also observed that the 

diffraction patterns exhibits peaks 
represent to (220) and (311) plane 
which appear   with low intensities as 
compared to that of (111) and (200) 
planes. The intensity of the ( 111), 
(200) and (220)  peaks decreases, and 
all peaks are more broadened with 
increasing gamma radiation,   as shown 
in Fig.1(a-f), and this is an agreement 
with other literatures [1,9]. The shift in 
the diffraction peak position towards 
lower diffraction angle compared to 
CdO films before irradiations as in 
Table 1. 

 
Table 1:XRD results for CdO thin films at different thickness before and after irradiation. 

 
For all samples, which indicates a 
slight lattice shrink attributed to the 
decreasing the diameter of crystal, and 
the displacement of diffraction peaks is 
an indication to increase the 
dislocation density and strain as in 
Table 1. Also the intensity of peaks 
increases with increasing of thickness, 
and decreases with gamma radiation. 
This increase in intensity is indication 
of improvement in crystallinity, while 
the decrease in intensity is due to 
creation or annihilation of defects and 
recrystallization. 
The average grain size (D) of the CdO 
structures before and after irradiation 

by gamma radiation was calculated 
from the full width at half maximum 
(FWHM) of the prominent peak, using 
Debye- Scherer equation [9]: 




cos

K
D 

                                    
(1) 

where λ = 1.54Ǻ is the wavelength of 
the X-ray radiation, θ is the angle of 
diffraction and β is the FWHM in 
radians of the XRD peak. The 
crystallite sizes increases with 
increasing of thickness, and decreases 
with gamma radiation, which are found 
to be within the range (23.84-4.52) nm 
and (41.44-4.97) nm before and after 
irradiation for thickness 350 and 400 

No*1011

atom/cm2
εx10- 4 δx1013 

line/m2 
D(nm)d(stand.)

(Ǻ) 
d(exp.)

(Ǻ) 
hkl

(stand.)
2θ(stand.) 
(degree) 

2θ(exp.) 
(degree) 

Thickness 
(nm) 

2913.121 175.865 23.842.7122.67211133 33.5 350 before 
radiation     2.3492.33620038.283 38.5 

    1.6611.65722055.256 55.4 
432869.23 4892. 5 4.522.7122.71211133 33 350 after 

radiation     2.3492.36520038.283 38 
    1.6611.66222055.256 54.8 

77.551 58.212 41.442.7122.71211133 33  
400 before 
radiation 

    2.3492.34820038.283 38.3 
    1.6611.66222055.256 55.2 
    1.4161.41631165.908 65.9 

406162.918 4040.7 4.972.7122.70411133 33.1 400 after 
radiation     2.3492.34720038.283 38.3 

    1.6611.66222055.256 55.2 
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properties due to variation of thickness 
and irradiation. Changes in the 
morphology of the films were also 
noticed in the irradiated thin films. The 
morphology of the irradiated films 
reveals increase in surface roughness, 
which is more desirable to enhance the 
solar cell efficiency. Direct energy gap 
has been noticed by studied the optical 
properties and these values of direct 
optical energy gap is decrease with the 
increase of thickness, while it is 
increase after gamma irradiation.  
Higher band gaps are always required 
for TCO films used in solar cell 
applications. Also it can conclude that 
thickness and gamma irradiation were 
affecting all the parameters under 
investigation. 
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