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ABSTRACT
Oblique angle deposition technique (OAD) can generate nanostructures and has

attracted the interest of many researchers. In this article we use this technique to
investigate the morphological and structure properties of obliquely evaporated Cd films
deposited onto glass substrates at different angles (0ᵒ, 50ᵒ, and 70ᵒ),and then oxidized in 
air at (573 K) for 1:30 h to produce (CdO) nanostructure. The influences of deposition
angle on the structural and morphological properties of cadmium oxide thin films were
investigated. X-ray diffraction pattern shows, that all prepared films are cubic structure
with preferred orientation along (111) plane with peak intensity increased with
increasing incident angles .The AFM results demonstrate that the film deposition at
higher oblique angle (70º) has higher surface roughness and the values of (G.s)
decreased as the oblique angle deposition angle increases (112 to 267) nm. Scanning
electron microscopy shows that the films had microstructure with columns that are
progressively inclined as the incident angle was increased.
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الخصائص التركیبیة والسطحیة لاغشیة اوكسید الكادمیوم النانوي التركیب المحضر 
بتقنیھ التریسیب المائل بالفراغ

الخلاصة
obliqueتم استخدام تقنیة  الترسیب المائل   angle deposition technique لدراسة الخصائص

بالتبخیر لكادمیوم على شرائح من الزجاج التركیبیة  لاغشیة اوكسید الكادمیوم من خلال ترسیب معدن ا
اكسدة ساعھ ) كلفن وزمن 573ومن ثم اكسدتھ بالھواء عند درجة حرارة (,العمودي  والتبخیر المائل  

تأثیر زاویة الترسیب على الخصائص تم دراسة ونصف  باستخدام الفرن التقلیدي كمصدر للاكسدة .
كادمیوم. لدراسھ الخصائص البلوریة للاغشیة المرسبة، استخدمت الاوكسیدالتركیبیة و السطحیة لاغشیة

) وشدة 111وظھر ان الاتجاھیة المفضلة لغشاء اوكسیدالكادمیوم كانت (تقنیة حیود الاشعة السینیة للقیاس،
القمة تزاداد مع زیادة زاویة الترسیب  .من خصائص مجھر القوة الذریة اتضح ان الخشونة تمتلك اكبر 

وان الحجم الحبیبي یقل مع زیادة زاویة الترسیب وخصائص المجھر 70عند زاویة ترسیب قیمھ لھا
الالكتروني الماسح اظھرت التركیب العمودي النانوي للاغشیة المحضرة.

،الترسیب الزاوي المائل: أغشیة اوكسید الكادمیوم، الترسیب المائل، الكلمات المرشدة
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INTRODUCTION
n recent years, researchers have focused on cadmium oxide (CdO) due to its
applications, specifically in the field of optoelectronic devices such as solar cells [1, 2]

photo transistors and diodes, transparent electrodes, gas sensors [3, 4] etc. (CdO) is an
n-type semiconductor with a rock-salt crystal structure (F.C.C) and possesses a direct
band gap of (2.2-2.5) eV [5].Various techniques have been employed to prepare CdO thin
films such as spray pyrolysis [6] sputtering [7, 8] solution growth [9] activated reactive
evaporation [10] pulsed laser sputtering [11] and sol-gel method [12]. The glancing angle
deposition (GLAD) technique is the extension of the commonly used oblique angle
deposition (OAD) in thin film deposition community which has been practiced for many
years [13]. In the state of obliquely deposited thin films, it is noticed forms like high
density rod or needles, separated by low density voids [14]. Then the film density less
than the material density in its bulk and the film density decreases with increasing
deposition angle (Өo) [15].The oblique deposition produces columnar structures due to the
shadowing effect and random fluctuations during film growth [16]. The shadowing effect
favors the growth of longer Nano rods that causes decrease in the number density of
Nano rods. Also, the fluctuations in the deposition fluxing Unstable deposition rates or
angular spreads of the incoming particles) make the growth of uniform nanostructures
even more difficult therefore, large clusters of tilted rods mixed with smaller and shorter
rods are common topologies produced [17]. The idea of this work is study the effect of
deposition angle ϴ° on the structure and morphological properties of (CdO) 
films prepared by normal and oblique thermally evaporated cadmium thin films.

Experimental part
   Cadmium thin films were normally and obliquely deposited at different angle θ = (0◦, 
50◦ and 70◦) onto a glass substrate by thermal evaporation type (thermionic Laboratory 
Inc.) German Production Company. The (Cd) material was placed in tungsten (W) boat
in a vacuum chamber at a pressure of (7x10-5) torr. The distance between source and
substrate was kept (15) cm for all samples to obtain homogenous and uniform film
thickness of large area. The Pisces of glass substrate (2cm x2cm) were washed in
acetone and ethanol for 15 minute in ultrasonic treatment (Transistor/UL Transonic T-
7), rinsed using deionized water, and then dried with nitrogen gas. The slides finally
were dried by magnetic stirrer with hot plate device at 150C. All the samples were
annealed in a furnace type KSL-1100X at temperature equal 573 K for 1:30hour to
produce of cadmium oxide. Film thickness is measured by optical interferometer
method. The method is based on interference of the light beam reflection from thin film
surface and substrate bottom. He – Ne Laser (632.8 nm) is used and the thickness is
determined using the formula [18].

… (1)
Where: x is fringe width, ∆x is the distance between two fringes and λ is the wavelength 
of the laser light. The crystallinity of the films was determined by X-ray diffraction
(with Cukα radiation (λ =1.54 Å) with Current= 30 mA, Voltage = 40 KV and Scanning 
speed =5 cm/min). To determine the nature of the growth films and the structural
characteristics of (CdO) films, X – ray diffraction measurement has been done and
compared with the ASTM [19, 20] (American Society of Testing Materials)
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card Scanning electron microscopy (SEM) (Tescon Vega III ) was used to examine the
film morphology of normally and obliquely (CdO) films . To determine the grin size
and surface roughness, used atomic force microscopy (AFM) (type NT-MDT spm
ntegra).

Results and dissections
Thicknesses results
  The film thickness for normal (θ=0ᵒ) and oblique (θ=50ᵒ and70ᵒ) deposited films 
respectively shows in the table below. It is clear from table 1 that the deposition film
thickness decreases with increasing deposition angle and this results agreement with
paper [21]. This is due to shadowing effect and geometrical consideration in oblique
deposition, also increasing the deposition angle will decreases the deposited materials
per unit area.

Table (1) Film thickness of CdO thin films deposited at different angles (θ=0ᵒ, 
θ=50ᵒ and70ᵒ). 

Thickness measurement by fringes method
The thickness of normally and obliquely deposited (CdO) thin film and prepared at

different oxidation temperature (573) K was measured by using an optical interferometer
fringes method and in the flowing is explained in details :

If dropping a bundle of laser helium-neon (He-Ne) has a wavelength (632.8) nm on the
surface of the (CdO) film it was reflected from the surface of film package is received
and then collected by the lens and drop it in the end, on a white screen containing equal
divisions of the lines are calculated thickness of film of a relationship (1). According to
the schedule shown, it clears film thickness decreases with increasing in all oxidation
temperature, due to geometrical consideration in oblique deposition technique. It’s clear
that the same behave of the (CdO) film thickness in this method with the thickness
measuring using measuring device.

Deposition angle θd (deg) Film Thickness (nm)

0º 630

50º 618

70º 611
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Table (2) Film thickness of (CdO) thin films deposited at different angles (θ=0ᵒ, 
θ=50ᵒ and70ᵒ) and prepared at oxidation temperatures (573) K and time (1:30) 

hour.

X-ray diffraction results
The XRD patterns of the (CdO) thin film deposited on glass substrate at different

angles (θ=0ᵒ, θ=50ᵒ and70ᵒ) shows in figure (1- a, b and c) respectively .It's clear from 
figures, that all normal and oblique samples have the sharp and strong peak observed at
diffraction angle (2θ) of (33º) corresponded to the (111) planes (preferred orientation), 
and the intensity of the (111) plane increases with increasing incidence angle θ, and 
becomes more intense with angle (70◦) . In addition, for normal angles (0◦) we observe 
the presence of a weak peak assigned to the (222), (200) reflection appearing at 2Ө◦= 
(69ᵒ, (38º) respectively, and the, (222), (200)  peaks was absent   in fig 1 (b) at incident 
angle (50º) and presence of a sharp peak assigned to the (111) reflection appearing at
(2Ө◦= 33.30) in oblique incident (θ=50ᵒ) this results agree with paper [22]. Also, one can
observe that figures (1, a) show polycrystalline structure, while become single crystal as
deposition angles θ= (50º and 70ᵒ) as shows in figure (1, b and c).This shows an 
improvement in the structural properties observed which have better degree of
crystallinity. Therefore, deposition at this angle presents the advantage to get
homogeneous and more films crystalline. Through peaks shows us the effect angle on
the intensity of the peaks where the larger incident angle increased the intensity of peaks
and become sharper. These peaks also corresponded to these observed for (CdO)
(JCPDF File No. 03-065-2908). Structure properties (hkl) and inerplaner distance of
(CdO) listed in table (3), The XRD patterns of (CdO) obtained indicated, that oblique
incident shows an improvement in the structural properties observed which have better
degree of crystallinity as compared with normal incident, therefore deposition angle has
a great effect on the structural properties of these films which means that it has a great
effect on the optical properties and other properties. Also, it is clear that the deposition
method and preparation conditions had a great effect on films structure prepared in this
research closer to a single crystal.
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Figure (1a, b and c) shows XRD of (CdO) films deposited normally and obliquely
(θ=0ᵒ, θ=50ᵒ and70ᵒ) respectively. 

a

b

c
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From the X-ray diffraction the planes orientation as a function of deposition angle were
determined; also grain size (G.s), number of layers (Nℓ) and micro-Strain (ѕ%) and other 
parameter of cadmium oxide (CdO) metal were also calculated and listed in table (3).

Table: (3) structure properties of (CdO) thin films deposited at different angles
(θ=0ᵒ, θ=50ᵒ and70ᵒ).

From during table (3) The lattice constants obtained are found to be in good agreement
with ASTM data (CdO) metal sample, it is clear that the variation in lattice constant
with deposition angle, for all angles the lattice constant value for the preferred
orientation (111) is less than its value of ASTM, (cubic (CdO), aº=cº = 4.656 Å). Hence,
we think that the samples are under tensional stress (+). Also it is clear that the lattice
constant decreases with increasing angle. This fact is attributed to the surface effect,
which leads to the shrinkage in the a-lattice distortion and decreases the lattice
parameter [23]. This has larger effect on the structure properties of the films. While The
FWHM gives indication of the existence of dislocations in the material [24]. It is equal
to the width of the line profile (in degrees) at half of the maximum intensity [25, 26].
From table (3) and for preferred orientation (111) of (CdO) thin films, it is clear that the
FWHM increases with increasing deposition angle, although thickness decreases with
increasing angle. As the mean grain size decreases as shown in the same table .also this
is more probably due to a better crystallization of deposited films .The FWHM of XRD
depends on the crystalline quality of each grain and distribution of grain orientation.
And Micro Strain (δ٪) the micro strains are caused during the growth of thin films, and 
will be raised from stretching or compression in the lattice to make a deviation in the a-
lattice constant of the cubic structure from chart value of ASTM. So the strain
broadening is caused by varying displacements of the atoms with respect to their
reference lattice position [21, 27]. The micro strain depends directly on the constant (a),
and its value is related to the shift from the ASTM standard value, from above table, it’s
clear that the micro strain increases with increasing deposition angle and this may be
caused by defects like dislocation and stacking faults in the film deposited [24] While
Texture coefficient, (Tc) is the best indication of preferred orientation, (which may be
defined simply as a condition in which the distribution of crystal orientation is
nonrandom) [25, 28]. Table (3) shows the influence of deposition angle on (Tc) of
(CdO) thin films prepared at oxidation temperatures (573) K at 1:30 hour .The results
indicate that the Tc obtained results decrease with increasing deposition angle for
preferred orientation (111).This is attributed to the changing in the surface morphology
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of (CdO) thin films which produce by oblique deposition technique. And It is clear from
the table (3) for the preferred orientation (111) that decrease in the average grain size
With increases deposition angle of (CdO) prepared at oxidation temperatures (573) K.
This is due to linear dependence of grain size on film thickness [29]. By comparing with
FWHM results shown in table (3), it is clear that the behavior of grain size is the inverse
of FWHM.

Scanning Electron Microscopy (SEM) results
Figure: (2-a, b and c) shows SEM images of cadmium oxide films deposited at

various angles of incidence. Figure: (2-a) shows a film deposited at normal angle of
incidence. A dense film with a range of submicron particle sizes from approximately
100 to 500 nm can be observed. Figure: (2-b and c) show images of cadmium oxide
films deposited at (50ᵒ and 70ᵒ) angle of incidence. From the images, it can be observed
that at higher angles of incidence nanoporous films have been obtained. The
microstructures of these films are considerably different from the film deposited at the
normal angle of incidence Figure: (2-a). The particles size of (CdO) is the structure is
very compact and that the (CdO) consists of a few small particle in normal film (θ= 0ᵒ)
and many large particles in case of oblique incident (50º, 70º) as shows in figure (2- b, c)
,duo to columnar structure. Which it is a result of the shadowing effect due to: (i) the
incident flux does not arrive wholly perpendicular to the surface and (ii) the incident
particles of a material that come to the surface with an oblique angle [30]. From the
images, it is apparent that angular deposition at a higher angle can significantly change
the porosity and morphology of the film. The effect of surface morphology on gas
sensitivity has been reported elsewhere [31].

(a)
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(b)

(c)
Figure (2) SEM images of cadmium oxide nanofilm evaporated at (a) normal 0º

(b) 50º and (c) 70º angles of incidence.

Atomic Force Microscope (AFM) results
AFM was used to characterize the topography of the (CdO) thin film. AFM images

indicate changes in surface behavior of the film. Also us information about the average
size and size distribution of the islands and provides information about the shape of the
island [32]. The results provide proof that the oblique deposition greatly affect the final
surface morphology of Cadmium oxide thin films as can be shown in Figure (3 -a, b and
c) for scan area (10×10μm). The porosity of the films was found to increase with 
increasing deposition angle which is consistent with the SEM results discussed above.
During deposition of the films, the particles cluster together forming bigger grains with
grain boundaries clearly shown between particles and also between grains. From the
results of AFM, the values of (G.s) and the values of roughness (Rrms, Ra) were
calculated, as it is shown in the table (3). The general output concluded is that a change
in deposition angle leads to change in film microstructure.
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Table (3) Grain sizes of cadmium oxide film deposited between 0° and 70° angles of
incidence, determined from AFM scans.

Deposition angle
(deg)

Roughness high (Ra)
(nm)

Grain size G.S
(nm)

0º 188.02 267

50º 273.94 118

70º 485.62 112

b

a
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Figure (3) AFM images of evaporated thin films deposited at (a) 0°, (b) 50° and (c)
70° angles of incidence.

CONCLUSION
In conclusion, we have presented experimental study of the growth of (CdO) thin

films using oblique angle deposition. XRD studies show that all the films having
preferential orientation along (111) plane and intensity increases with increasing
deposition angle. SEM picture show that the films have microstructures with columns
that are progressively inclined as the incident angle was increased. The AFM images of
the normal and oblique deposition films reveal the formation of a porous granular
surface, while the surface roughness values are in the range between 112 nm and 267
nm and change in deposition angle leads to change in film microstructure
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