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A cadmium dioxide nanostructure was fabricated on silicon and quartz
substrates through oblique angle deposition (OAD). The synthesis
involved the initial thermal evaporation of high-purity cadmium metal
films at varying deposition angles on the substrates, followed by a 1.5-
hour oxidation process at 773 K in a conventional furnace to produce
cadmium oxide nanostructures. X-ray diffraction (XRD) analysis
revealed the development of crystalline structures within the cadmium
oxide (CdO) films. The deposition angle exhibited a significant impact,
influencing the preferred orientation along the (111) planes more
substantially than the normal incident angle. I-V measurements and
assessments of electrical conductivity were conducted under both light
and dark conditions for the CdO films. The photocurrent generated in an
oblique (Al/CdO/p-Si/Al) heterojunction exceeded that of a standard
detector under illumination. The investigation explored the
thermoelectric properties of CdO nanomaterials, including the figure of
merit (M), power factor (P.F.), and Seebeck coefficient (S), for both
normally deposited and obliquely deposited films. The results
demonstrated an enhancement in the figure of merit with oblique
deposition, potentially attributed to increased roughness, resulting in
reduced thermal conductivity and an elevated figure of merit. All
findings indicated superior performance for deposition angles (6° = 50°
& 70°) in comparison to normal deposition (6° = 0°).

1. Introduction

Many researchers have focused on cadmium oxide (CdO) due to its applications, specifically in the field of
optoelectronic devices such as solar cells [1, 2] phototransistors and diodes, transparent electrodes, gas sensors [3,
4] 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 the thin film deposition community which has been practiced for many years [13]. In
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the state of obliquely deposited thin films, it is noticed forms like high-density rods or needles, are separated by
low-density voids [14]. Then the film density is less than the material density in its bulk and the film density
decreases with increasing deposition angle (8°) [15]. The oblique deposition produces columnar structures due to
the shadowing effect and random fluctuations during film growth [16].

Longer Nanorods develop more quickly due to the shadowing effect, which lowers the number density of
Nanorods. Large clusters of slanted rods interspersed with smaller and shorter rods are common topologies created
as a result of the fluctuations in the deposition fluxing (unstable deposition rates or angular distributions of the
incoming particles) which further complicate the creation of uniform nanostructures [17]. The purpose of this work
is to investigate how the deposition angle 6° affects the optical characteristics of CdO films made from cadmium
thin films that have been thermally evaporated both obliquely and normally.

2. Experimental Procedure

On a glass substrate, cadmium thin films were normally and obliquely formed by thermal evaporation of the
Thermionic Laboratory Inc. German Production Company type at various angles 6 = (0°, 50°, and 70°). The (Cd)
material was put in a vacuum chamber at a pressure of (7x10-5) Torr, within a tungsten (W) boat. For all samples,
the distance between the source and substrate was maintained at 15 cm in order to achieve a consistent and
homogenous film thickness over a sizable area. The glass ware substrate (2 cm x 2 cm) had a 15-minute ultrasonic
treatment (Transistor/UL Transonic T-7) with acetone and ethanol. Following this, they were rinsed with deionized
water and dried with nitrogen gas. Ultimately, the slides were dried at 150C° using a magnetic stirrer and a piece
of hot plate equipment. To create cadmium oxide, each sample was annealed for 1:5 hours at a temperature of
773 K in a furnace of the KSL-1100X type. The average grain size (D) of the polycrystalline cadmium oxide films
can be calculated from the (X —ray) spectrum by means of Full Width at Half Maximum (FWHM) method (Scherer
relation) [18]:

A2
b= pcosb (1)

Where () is the full width at half maximum of the (XRD) peak appearing at the diffraction angle 6, (A) refers to
the shape factor which its value depends on the crystalline shape (0.94). The micro strain was produced through
growth of thin films and can be calculated from the following formula [18].

a —-a
5= laastm —axrp| (2)
ajsstm

Where (a) = the lattice constant and the internal levels spaces are calculated by using diffraction (Bragg) equation
whereas n= a positive integer, d= the internal levels spaces [18].

niA=2dsinf 3)
a=d x(h®xk* x ?)2 (4)
The Texture Coefficient (Tc) can be founded by applying the relationship [18]

I (hEk1)/Io (hk]D) (5)

T
¢ (kD= Ny 12 I(hk D)/ Io(h kD)

Where | = the measured intensity s lo= Intensity adopted in the cards (ASTM), Nr = the number of reflections. H,
k, I = Miller coefficients. The film number of layers deposition on substrate can be calculated from the ratio
between the thickness of the film and the average particle size [18].

N,_: (6)

Where t = thickness and G.s = average grain size.
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3. Results and Discussion

3.1. XRD Analysis

The X-ray diffraction (XRD) patterns of deposited cadmium oxide CdO films normally at (6=0°) and obliquely
(6=50° and 6=70°), then oxides at temprture (773) K for (1:5) hour are shown in Figure (1), It clear in normal
deposition the presence two peaks in the XRD patterns reveals that all the films are the polycrystalline cubic
structure of CdO films while become sharp and single crystal in an oblique deposition at (6=50° and 70°) due to
the columnar growth in the direction of evaporation source or perpendicular to the plane of substrate Furthermore,
it is evident from all images that XRD, in both normal and oblique orientation, exhibits strong, sharp peaks at a
diffraction angle (26) of (33) that correspond to the (111) planes (preferred orientation). Other studies have also
confirmed similar behaviour [18]. As the incidence angle increases (0 to 70), the preferred orientation (111) plane's
intensity increases as well as. These findings are consistent with previous research [19, 20]. Furthermore, we find
that in the normal deposition (0+) depicted in Figure (1), a minor peak attributed to the (200) reflections is present
at 20 = (389). This reflection is absent in oblique deposition (50° and 70°) depicted in Figures (2 and 3),
respectively. The conventional data for the cubic CdO crystal structure matches these peaks quite well. [(File No.
05-0640, 27, 19553) JCPDF] [22, 21]. The number of layers (N£) and grain size (G.s) as a function of deposition
angle were determined from the X-ray diffraction patterns; the micro-strain (6%) and another parameter of the
cadmium oxide CdO films were also estimated and presented in table (1), which calculated by use pervious
equations. The chart makes it evident that, for all deposition angles, the preferred orientation's lattice constant
value (111) is smaller than that of the ASTM cubic CdO, a° = ¢® = 4.695 A). The FWHM indicates the presence
of dislocations in the material [23]. It is equal to the width of the line profile (in degrees) at half of the maximum
intensity [24]. Many of a polycrystalline material's qualities are strongly influenced by the size of its grains; the
most well-known of these is the increase in strength and hardness that coincides with a decrease in grain size. This
may be explained by the increase in crystallites from 70° shows above.

Table (1): Shows X-ray parameters for CdO thin films prepared at different angle and at temperature 773K for

timel:5 hour.
FWHM
ST od dASTM dXRD G.s

20 (de hkl ) A Ad (A° o Tc | N 0 %
(K) | (deg) | 2 (0¥ dog | @) | @) | AR 0

g
33.257 | 111 | 0.1742 | 2.7000 | 2.6917 | 0.0083 | 4.662 | 49.71 | 16 | 12 | 057

0°

77 38,518 | 200 | 0.1763 | 2.3400 | 2.3353 | 0.0047 | 4.670| 4985 | 04 | 12 | 0.39

50° 33.307 | 111 | 0.1947 | 2.7000 | 2.6878 | 0.0122 | 4.655 | 44.48 1 13 | 0.71

70° 33.371 | 111 | 0.1506 | 2.7000 | 2.6828 | 0.0172 | 4.646 | 57.51 1 10 | 0.90
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Figure (1): Shows XRD peaks of CdO thin films prepared at different oblique angle deposition at temperature
773K timel:5 hour.

100



ICAR 2022

. Iragi Journal of Industrial Research, Vol. 11, No. 2 (2024)
Special Issue

3.2. Electrical Measurement

3.2.1. I-V Characteristics in Dark Conditions

The electrical behaviour of (Al/n-CdO/p-Si/Al) heterojunctions is generally determined depending on the
properties of current-voltage characteristic curves. These properties represent the most important electrical
characteristics that are used to describe heterojunction acts since all heterojunctions depend on these
characteristics. Figure (4) shows the current density (J-V) characteristics under dark (The photodetectors were
located in the black box to satisfy the darkness condition) in forward and reverse bias voltage of the normal and
oblique (Al/CdO/p-Si/Al) photodetector. It can be noticed that the dark current for both normal and oblique angle
(Al/CdO/p-Si/Al) heterojunction devices in the forward bias have two regions .The recombination process can
occur when the produced carrier concentration (n*p > ni2), or when the carrier concentration is greater than the
intrinsic carrier concentration (ni), as shown by the first low voltage, which is the recombination current. The
diffusion current is represented by the second, which is at a high voltage. Additionally, there are two zones with
reverse bias: The first occurs when the applied voltage is slightly increased in reverse current, which tends to
produce electron-hole pairs at low bias. There is a noticeable rise in the reverse bias in the second section. In this
instance, the current results from the diffusion of the minority carrier across the junction. Also, it is clear that the
dark current increased linearity with applied voltage and decreased with increasing deposition angle at the fixed
applied voltage. This is attributed to the columnar structure in the film, which in turn leads to an increase in the
sheet resistance with increasing angle . This also may be due to anisotropic columnar growing, which leads to
homogeneity in electrical properties, especially for larger angles when the voids between columns come to be
larger [26].

|dark (773K

Jx10-3 (A/cm2)

-1.5

1
Voltage (V)

15

Figure (2): 1-V characters in dark under forward and reverse bias for normal and oblique angle deposition
(Al/CdO/p-Si/Al) photo detector prepared at 773K oxidation temperatures.

3.2.2. IV Characteristics under lllumination

Figure (3) shows the current density—voltage (J-V) characteristics for the normal 6= (0°) and oblique 6= (50° and
70 ° (Al/CdO/p-Si/Al) heterojunctions that are prepared at oxidation temperature 773 K under light illumination
situation (J-V measurements of photodetectors at reverse bias under illumination are carried out using 100W
halogen lamp). The light illumination increases the reverse heterojunction photocurrent (the increasing width of
the depletion layer under revere voltage bias), increases the absorbed photons number and the generated (e-h)
pairs) and this increases with light intensity increasing also, this may be due to the diode decreasing resistance
with illumination. From the figure below can be seen, that the photocurrent at a given voltage for the oblique
(Al/CdO/p-Si/Al) heterojunction under illumination is higher than compared with the normal detector. The
increase in charge production (l,n) depends on the surface morphology of obliqgue CdO obviously, there is no
saturation in photocurrent with light intensity increasing giving good linearity characteristics for fabricated
photodetectors.
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Figure (3): 1-V characters in dark under forward and reverse bias for normal and oblique deposition (Al/CdO/p-
Si/Al) photodetector prepared at oxidation temperature 773K.

3.3. Thermoelectric Power (Seebeck Effect)

Efficient solid-state energy conversion based on the thermoelectric (TE) effects, i.e., the Peltier effect for cooling
and the Seebeck effect for power generation, has great potential in many applications. A high-performance TE
material requires a high Seebeck coefficient (S), a high electrical conductivity o, and a low thermal conductivity
k, and its TE quality is described by the figure of merit (Z7). Identifying or designing materials with a high (Zr)
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has proved to be extremely challenging in the past decades A theoretic and systematic study of the relationship
between atomic structural features and TE properties will enhance the understanding of the transport mechanism
in TE materials. This is very useful for the search and design of high-performance thermoelectric [27, 28]. The
figure-of-merit of a thermoelectric material can be defined as [28]:

(ZT = % /kh) )

Where (S) is the material's Seebeck coefficient (V.K™?), (o) is the material electrical conductivity (Q.cm™), (T) is
the temperature (K) and Ky, is the material thermal conductivity (W.m™.K™).

The thermal conductivity values for the polycrystalline CdO film are (0.682, 0.668, 0.632 W/cm.K) at temperatures
(273,298 and 373) K respectively [29]. The electrical conductivity as a function of deposition angle was already
measured, hence, determining the Seebeck coefficient is needed as a function of deposition angle, and this can be
completed by measuring the potential difference developing at the two faces when making different temperatures
between these two faces. Figure (6) shows the voltage difference (AV) depending on the CdO film temperature
difference (AT) as a function of the deposition angle and the oxidation temperature. Analyzing the curves
demonstrates all curves are almost linear, and the voltage difference value increased with increasing temperature
difference and these increases are with both increasing deposition angle. This is due to the increase in electrons'
movement toward the cold face. This is attributed to the temperature gradient (dT/dx) which creates a gradient in
potential (dV/dx) in the material [30, 31]. From the slope of the (AV/AT) measurements, the thermoelectric power
(S) was calculated by using the equation S= AV/AT. The Seebeck coefficient was found to (-S) value inducting
(n-type) conductivity of the film It is clear that the Seebeck coefficient has a small value at deposition angles (0°,
50°) then increases for oblique angles (70°) since the decreasing in grain size is accompanied by smother surface
(normal incidence, 6° = 0) which means less material per unit area contribute to the voltage difference is developed
at the two surfaces and also in conventional semiconductors or metals, increasing electrical conductivity decreases
the Seebeck coefficient due to the three electronic density-of states dimensional nature [32]. As shown in Table
(2). So as to evaluate the possible use of these cadmium oxide (CdO) nanomaterials for thermoelectric application,
firstly it has to determine the figure values of merit or, thermoelectric power factor (P.F) which is defined as (S20),
this is in case of the lack of thermal conductivity data [33]. The power factor is calculated from the measured
electrical conductivity (c) and Seebeck Coefficient (S) as a function of the deposition angle of CdO thin films, as
shown in Table (2). It's clear the power factor (P.F) calculated from equation P.F = S2 x ¢ as a function of
deposition angle in CdO thin films the figure of merit (ZT) increases as deposition angle increases, this result,
shows an enhancement in the figure of merit with oblique deposition as compared with the normal deposition.
This may be due to increasing the angle that led to increasing the roughness and in turn a reduction in thermal
conductivity and an increase in the figure of merit.

Table (2): Thermoelectric parameters (Seebeck Coefficient, Power Factor, and Figure of merit as a function of
deposition angles and oxidation temperature for CdO thin films.

Deposition Temperatures cggff?sizl:]t Power Factor | Figure of merit
angle (deg) (K) (VIK) WI/KZ2.cm (ZT) (K)?
0° 6.9 x 10 6.71x 1013 2.87 x 107
50° 773 7.1 x10° 2.46 x 1012 1.05 x 108
70° 8x10° 1.4 x 102 6.01 x 107
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Figure (4): The voltage difference as a function of temperature difference for (CdO) thin films at different
deposition angles (0°, 50°, and 70°) at oxidation temperature 773 K.

4. Conclusions

Finally, we have discussed an experimental investigation of the oblique angle deposition method used to create
CdoO thin films. Further investigation reveals that the optoelectronic CdO heterojunction application is dependent
on the oblique deposition angle for structural, thermoelectric, and electrical properties. The results of XRD studies
indicate that all of the films have a preferential orientation along the (111) plane, and that intensity increases with
increasing deposition angle. Additionally, the junction characteristics of the photodetectors are improved in
oblique deposition (deposition angle 70°) when compared to normal deposition.

Conflict of Interest: The authors declare that there are no conflicts of interest associated with this research project.
We have no financial or personal relationships that could potentially bias our work or influence the interpretation
of the results.
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