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The substrate type effect on properties of oblique angle sputter deposited Barium strontium titanate films have been 
investigated. The thickness of the layers decreased with increasing deposition angle. The dependence of optical properties 
of deposited films on substrate types was studied using reflectometry. The electrical properties of films also were 
characterized by I-V measurement in an appropriate range. It has been found that the effective refractive index of deposited 
films was changed due to the variation in surface morphology which caused a redshift in the peak position of the reflectance 
spectrum. The substrate material and the deposition angle affected the grain size of the synthesized layers, which results in 
variation in the porosity of deposited layers. Improvements in electrical conductivity were observed in the coated samples 
on polycrystalline and amorphous substrates. Deposition on glass substrate results in increased grain size and decreased 
electrical resistance with respect to alumina substrate. Increasing the deposition angle also increased the grain size. 
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1. Introduction 
 

The crystal structure has a great effect on the physical 

and chemical properties of a compound[1]. Recently, the 

crystal structure control of materials has been the subject 

of many studies in the synthesis process to create the 

desired properties[2], [3]. The predictability of the 

structure and properties of the synthesized thin layer can 

help in choosing suitable substrates and layer deposition 

conditions for the intended application[4]–[6] which could 

also reduce production process costs. The morphological 

control of the layer’s structure allows control of the 

prepared layer’s properties[7], [8]. Optical properties[2]  

such as refractive index[9], transmission, reflection, and 

light absorption can be controlled. In addition, the 

structure of the layer plays an important role in the 

creation of chemical properties such as anti-corrosion[10], 

[11], etching rate[12], gas[13] and liquid[14] penetration, 

and catalytic processes[15]. 

The structure of deposited layers can alter the physical 

and chemical properties of layers. The structural changes 

can be applied before, during and after layer formation. 

Some of the parameters affecting the structure of deposited 

layers are precursor materials[16], substrates phase[16] 

and seed implantation [17]. Deposition conditions such as 

substrate-target geometrical configuration[18], substrate 

temperature[19], deposition method[20], and other 

deposition parameters[21] are some of the factors  which 

can help to achieve special structure during deposition 

process. Substrate features such as atomic and crystalline 

structures can influence the final properties of the 

deposited layer[22], [23]. For example, a crystalline 

substrate can affect the arrangement of the atoms in the 

deposited layer and cause changes in its bandgap[24], 

while the amorphous substrate will have less effect on the 

organization of the deposited layer atoms. On the other 

hand etching[25] and annealing[26] can be effective for 

structure modifications after layer forming. 

 

 
 

Fig. 1. The schematic of layer deposition configuration (a) 

regular deposition under 0° and (b) tilted deposition under 75° 

(color online) 

 

Barium strontium titanate, BaxSr1-xTiO3 (BST) due to 

its ferroelectric properties such as wide bandgap, high 

refractive index, low light absorption[27], large dielectric 

constant[28], [29] and high electrical resistivity[30] has 

attracted the attention of many researchers. BST in 

electronic industries is used in many applications such as 

supercapacitor[31] and non-volatile memories[32], [33].  



Effect of substrate crystal type on properties of oblique angle sputtered barium strontium titanate (Ba0.5Sr0.5TiO3) thin films      495 

 

Oblique angle deposition is a technique for the 

fabrication of nanostructured arrays[18], [34]. This method 

is a modification of typical physical vapor deposition 

(PVD) such as electron beam evaporation and sputtering 

with a tilted substrate[18]. Figure 1 shows the schematic of 

oblique angle deposition kinetic for nanostructure 

formation using a PVD technique with an oblique angle. 

Here, when the deposition flux reaches the substrate with 

an oblique angle, there will be a change in the mechanism 

of deposition which has a significant influence on the 

development of the microstructure and compactness of 

deposited layers[35]–[37]. Here, the initial particles grow 

on the nucleation sites and lead to the formation of 

nanocolumns tilted towards the vapor flux direction[18], 

[35], [38]. This simple and efficient fabrication technique 

has been used to grow well-aligned nanostructures[37], 

[39]. 

This work focuses on the influence of substrate 

material and crystalline structure on the deposition 

behavior of deposited layers and its effect on the physical 

properties of the deposited BST layers such as crystal 

plane preference, roughness, crystallite size, strain, surface 

porosity, light reflection, and especially electrical 

resistance. 

 
 
2. Experimental procedure 
 

Three substrate types, i.e. single crystalline (silicon 

wafer 111 p-type), polycrystalline (alumina wafer), and 

amorphous (soda-lime glass) were used with a dimension 

of 10mm×10mm×0.5mm. Before deposition substrates 

were ultrasonically rinsed in deionized water and ethanol 

solution for 6 minutes, then rinsed with deionized water 

for 1 minute and dried at 70° C under atmosphere. 

Samples were installed on the holder 0° and 75° 

aligned with respect to the perpendicular line between the 

holder and the sputtering target. An 8mm×8mm collimator 

grid with 8mm thickness installed parallel to sputtering 

target between target and holder to make particle flow 

directional and consequently facilitate the formation of 

random primary seeds on substrates and nanostructure on 

samples surface. Lab-made Ba0.5Sr0.5TiO3 sputtering target 

used as a deposition source[40]. Sputtering was performed 

in pure argon atmosphere under 5.6×10−3 mbar pressure 

and RF power of 122 W for 120 min without heating the 

substrates during the deposition[41,42]. The configuration 

of layer deposition is schematically shown in Fig. 1. After 

deposition, samples were annealed at 350°C for 1h under 

the atmosphere. 

To study the substrate type effect on the properties of 

deposited layers several analysis methods were 

implemented. Scanning electron microscopy (SEM, FEI 

Quanta 200) was used to investigate the surface 

morphology and thickness of deposited layers. Grazing 

incidence x-ray diffraction (GIXRD, Philips PW1730 with 

copper tube) was used for determining crystallite size, 

strain, and crystalline phase. Profile of height distribution 

on the surface was obtained using atomic force 

microscopy (AFM, Park Scientific Instruments Autoprobe 

CP) which was used to calculate surface roughness. The I-

V characteristics were measured by applying a voltage to 

samples by source meter (KEITHLEY 2400) which was 

used to calculate the electrical resistivity of layers  using 

ohm’s law[43]. The reflectance intensity was measured by 

a spectrophotometer (PHYSTEC IRAN) with visible light 

source. 

The thickness and surface porosity of layers were 

estimated using SEM images and ImageJ software. 

Crystallite size, strain, and phases of crystal structure were 

obtained by the Williamson-Hall equation and compared 

with JCPDS file no. 00-039-1395 (Ba0.5Sr0.5TiO3) from the 

GXRD pattern. XRD pattern was smoothed in HighScore 

Plus software using a fast Fourier transform method. 

Crystallite size and strain in layer structure were obtained 

using the Williamson-Hall equation expressed below[44]: 

 

(1) 

 

where K is a constant equal to 0.94, FWHM is full width at 

half maximum of XRD peak, θ is the peak position, and λ 

is the wavelength of radiation (1.54056 Å for copper tube 

Kα1 radiation). 

The surface roughness of layers was calculated by 

WSXM5 software using surface height profiles that were 

measured with AFM analysis and calculated by the 

following equation[45]: 

 

                                 (2) 

 

where Rq is surface roughness, Z is the height profile of 

every scanned point, and N is the number of scanned 

points. The region of AFM probe scanning was a 2μm×2μm 

surface. The porosity percentage was calculated using the 

following equation[46]: 

 

           (3) 

 

    (4) 

 

                             (5) 

 

where Vtotal is the total volume of the surface, Vsolid is the 

filled spaces volume in the surface, fmax is the maximum 

depth difference, f(x,y) is the sample surface height 

function and 𝜙 is the surface porosity. The deepest pit and 

highest peak of surface ruggedness (fmax) differences were 

considered as the thickness of the surface layer for surface 

porosity calculation (Fig. 2). 
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Fig. 2. (a) Cross-sectional schematic of surface roughness, (b) 

3D-image of the area scanned by the AFM probe belonging to 

the sample deposited on glass under 75° (color online) 

 

Reflection intensity and the peak wavelength of the 

reflection spectrum from blank and deposited substrates 

were measured using normal linear reflectometry[47], 

[48]. The samples reflection intensity ratio versus incident 

light intensity in peak wavelength has been calculated. The 

reflectometer configuration is shown in Fig. 3(a). Fig. 3(b) 

shows the locations of the radiation fiber and collector 

fibers, as well as Fig. 3(c) shows the places of the fibers 

and the sample in the surface reflectance measurement 

configuration.  

 

 
 

Fig. 3. The configuration of optical reflectometer. (a) The optical reflectometer working mechanism, (b) The probe head components, 

(c) fibers and sample at measurement configuration (color online) 

 

The BST behaves like varistor in high voltages but at 

low voltages it still partially exhibits this behavior[49], 

Therefore, electrical resistance measurements were 

performed in the voltage range of -10V to +10V. For this 

purpose, I-V characterization was conducted in dark and 

the following Ohm's law was used [50]: 

 

                                       (6) 

 

where R is electrical resistance, I is electrical current, and 

V is applied voltage to resistor. 

 

 

 

 

 

 
 
 

3. Results and discussion 
 

3.1. Morphological analysis 

 

SEM imaging was performed to investigate the effect 

of the oblique angle deposition method and substrate 

material on the surface morphology of samples. The layers 

thicknesses were estimated using cross-sectional images 

shown in Fig. 4. Surface structure roughness could be seen 

in micrographs (d), (f) of Fig. 4. Deposited layers on 

different substrates show different thicknesses. These 

results imply that two parameters are effective on the 

thickness of the layers, namely, the density of deposited 

material and the amount of deposited material on 

substrates surface. As tabulated in Table 1, considering the 

layers thickness deposited on various substrates with 0° 

deposition angle and also surface porosity values suggests 

that the density of the layers is the most probable cause of 

the thickness variation. 
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Fig. 4. Cross-sectional SEM micrographs of deposited BST thin films on (a) silicon wafer under 0°, (b) alumina wafer under 0°, (c) 

glass under 0°,(d) silicon wafer under 75°, (e) alumina wafer under 75°, and (f) glass under 75° 

 

For the samples deposited with 0°, the amount of 

incident particle flux from the target to the substrate 

surface was constant and the difference in the thickness of 

this layer only is affected by the amount of deposited 

matter and the density of the formed layer. All the particle 

fluxes are not deposited on the substrate, and part of the 

flux may be dispersed in the deposition chamber in 

collision with the substrate. The density of the initially 

formed layers and the amount of surface porosity during 

deposition will affect the final density of the layers. 

According to Table 1, the surface porosity of the sample 

deposited on the amorphous substrate with 0° is higher 

than the other two samples deposited with 0°. This 

indicates that the density is lower in the underlying and 

interior layers formed, which increases the thickness in 

Fig. 4(c). 

Fig. 4(e) shows no evidence of structure formation on 

films deposited on alumina substrate, which may be due to 

the high density of structures in the lower layers and the 

formation of large and continuous islands in those layers, 

the surface roughness is observable in corresponding 

planar image (Fig. 7(e)). In the cross-sectional SEM 

images shown in Figs. 4(a), 4(b) and 4(c) which are related 

to the samples deposited at 0° angle on silicon, alumina 

and soda lime glass substrates respectively, no special 

structure could be identified due to the absence of initial 

random seeds in the early stages of the layer 

deposition[36], [37], [51], [52]. 

 

 
 

Fig. 5. Proposed nanorods formation in oblique angle 

deposition technique, (a) Random initial seeds 

formation[35], (b) Mass accumulation on seeds[35], (c) 

Dense nanostructures growth, mass accumulation on 

seeds and filling space between them with low density 

(color online) 
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Nanostructures formation in oblique angle 

configuration is illustrated in Fig. 5. Seeds deposition on 

the substrate at the initial stages of deposition process will 

result in shadowing effect for the upcoming material flux 

which consequently results in low density nanostructure 

formation (Fig. 5). Because the particles accumulate on the 

seeds, the nanostructures always grow faster than the free 

space therefore the surface of the low-density layers show 

higher roughness than high density layers deposited at 0° 

angles. 

 

 
 

Fig. 6. Dependence of structure formation from particle flux on 

surface area as a function of the substrate angle, (a) Cross 

section view of deposition at normal incident angle, (b) Cross 

section view of deposition on tilted substrate (color online) 

 

The main difference between the thickness of samples 

deposited with 0° and samples deposited with 75° is due to 

deposition angle and consequently the reduction of 

received material flux to the sample's surface (Fig. 6). 

Tilting the substrates results in the reduction of arrived 

particle flux per surface area of the substrate surface which 

consequently results in reduced layer thickness in 

comparison to layers deposited at regular deposition mode 

(Fig. 6). In the schematic difference of Figs. 6(a) and 6(b), 

we can see the influence of the substrate angle (the 

incidence angle of the material flux with the sample 

surface) on the structure formation and the preferred 

orientation of the crystal planes in Fig. 6 and GIXRD 

analysis results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7. Planar SEM micrographs of deposited BST thin films on (a) silicon wafer under 0°, (b) alumina wafer under 0°, (c) glass under 

0°,(d) silicon wafer under 75°, (e) alumina wafer under 75°, and (f) glass under 75°[35] 

 

Fig. 7 shows that the structures were formed on the 

surface of substrate. These structures have a flake-like 

shape and a direction opposite to the vapor flow direction 

and asymmetric shapes. In Fig. 7 (f) can be seen clearly 

that these structures arranged uniformly on the surface. 

White big particles apparent in Fig. 7 (f) are related to 

pollution on the substrate surface before deposition and 

particles accumulation on these pollutions where larger 
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seeds cause larger structure growth. Surface roughness and 

structures observed in Figs. 7(d), 7(e), and 7(f) were 

predictable concerning the layer deposition configuration 

for the deposited samples at 75° angle. In the Fig. 7(c) 

sample the presence of surface roughness and structure can 

be due to kind and the crystalline state of substrate[16], as 

well as the nanorods formation rate on the substrate 

surface depends on the kind of deposited material. The use 

of a collimator causes the particles incident to be 

perpendicular on the substrate surface and first resulting 

masses formation as island form. In Figs. 7(a) and 7(b), the 

lack of roughness and structure can be due to the absence 

of random initial seeds in the early stages of layer 

deposition on the substrate surface[18], [36], [37], [51], 

[52]. 

Surface height profiles of samples in the 3-

dimensional form are shown in Fig. 8. As can be seen 

roughness, dispersion of masses, and variance of heights in 

the deposited layer for the samples coated with 0° is less 

than deposited layers coated with 75°. Roughness is a 

function of growth conditions, particles incident geometry, 

and substrate features (atoms configuration in substrate 

surface). In (d), (e), and (f) micrographs of Fig. 8 

structures height exhibit uniform roughness on the surface 

of samples. Fig. 8(c) shows the matching of roughness 

with the result of Fig. 7(c). Figs. 8(a) and 8(b) also show 

the lowest amount of roughness, which corresponds to the 

samples deposited at 0° angle formed without any random 

initial seeds. Structures formation causes roughness at the 

surface of the layer, which is caused by differences in the 

rate of structures growth and the filling of space between 

structures by the matter (Fig. 5). The highest points are the 

brighter and the deepest points are darker in Fig. 8 

micrographs. 

 

 
 

Fig. 8. 3D-AFM micrographs of deposited BST thin films on (a) silicon wafer under 0°, (b) alumina wafer under 0°, (c) glass under 

0°,(d) silicon wafer under 75°, (e) alumina wafer under 75°, and (f) glass under 75° (color online) 

 

Surface porosity percentage depends on peak to pit 

value and distance between surface structures and it can 

show empty volume on the surface[45], [46]. Calculated 

values for porosity are expressed in Table 1 by using 

equation 5. The volume of porosity in samples surface 

increased for tilted substrates during deposition and the 

reason is stated in Fig. 5. Porosity increasing was 

predictable by the deposition process and condition of 

structure formation. By comparing roughness and surface 

porosity values in Table 1, a direct relation between 

roughness and surface porosity is found. 

 

Table 1. Thickness, roughness and surface porosity obtained by AFM and SEM for deposited samples 
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3.2. Structural characterization 
 
The formation of crystal structures of the deposited 

layers can be engineered by the type of substrates and 
parameters like crystal structure and lattice constant[22]. 
Based on the used patterns for matching, it is proved that 
the deposited films are polycrystalline-containing 
perovskite (BST) phases[27], [53], [54]. if the lattice 
constant and crystal network of the substance under 
sediment were close to the substrate[55]–[60], layers can 
grow similar to the structure of substrates in the deposition 
process under regular conditions[22]. Comparing patterns 

of samples sputtered at the same angles can see that crystal 
planes of BST formed layers are different. In Fig. 9, the 
(BST 111) and (BST 200) planes are mostly oriented in 
patterns (a) and (b), and the (BST 110) plane is mostly 
oriented in pattern (c). Substrate angle change also can 
make different preferred orientations than deposition at 0° 
pose. In the new orientations, some peaks disappeared, 
appeared and some intensity of them changed. These new 
orientations are the result of structure formation on 
random seeds and collision angle than substrate planes 
(Fig. 6). Expressed crystallite size and strain in Table 2 
were obtained by using Equation 1. 

 

 
 

Fig. 9. GIXRD patterns (10°-80°) of deposited BST thin films on (a) silicon wafer under 0°, (b) alumina wafer under 0°[35], (c) glass 

under 0°,(d) silicon wafer under 75°, (e) alumina wafer under 75°[35], (f) glass under 75° and patterns of blank substrate (g) silicon 

wafer, (h) alumina wafer, (i) soda-lime glass 

 
The substrate effects can be observed in patterns (a), 

(c), (d), (e), and (f) of Fig. 9. The substrate-related peaks 
are visible in diffraction patterns due to the low thickness 
of the thin layers and the high density of the planes. In Fig. 
9, for the pattern (a) and (d) because of the existence of 
one plane with high intensity that is related to the silicon 
substrate[61], [62], its peak (Si [400]) is seen in the pattern 
of deposited samples on silicon under 0° and 75°. In Fig. 
9(g), the amorphous SiO2 peak seen is because of the 
formation of a passive layer from silicon oxide on the 

surface of the wafer under the atmosphere. In Fig. 9(e) 
take the angle by the substrate and reduce material flow 
received on the substrate surface resulting in a decrease of 
BST layer thickness, so the peaks of alumina substrate rise 
in the pattern. Crystallite size and strain do not have any 
trend in deposited layers and the positive value for the 
strain is an indication of tensile strain and the negative 
value is an indication of compressive st[63], [64]. The low 
value of slope means that the internal strain is 
negligible[65]. 
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Table 2. The Preferred plane, crystallite size and strain from GIXRD patterns for the deposited samples 
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a 0˚ Single 39 2.16 111 

b Poly 26 -1.49 111 

c Amorphous 46 2.27 110 

d 75˚ Single 82 1.02 111 

e Poly 42 0.11 211 

f Amorphous 56 1.41 211 

 
3.3. Optical analysis 
 
Fig. 10 shows the raw spectrum that radiated on the 

surface of the samples from the spectrometer for 

measuring the reflectance of theirs. The mechanism of the 

reflectometer device is shown in Fig. 3(a). The 

reflectometer guided this spectrum of light by an optical 

fiber on top of the surface at a vertical distance (5mm). 

The radiated incident beam on the surface of samples from 

the fiber is a mix of different wavelengths with the same 

intensity as Fig. 10. 
 

 
Fig. 10. Radiated raw spectrum on samples from spectrometer 

 

 
 

Fig. 11. Reflection spectrums of deposited BST thin films on (a) silicon wafer under 0°, (b) alumina wafer under 0°, (c) glass under 

0°,(d) silicon wafer under 75°, (e) alumina wafer under 75°, (f) glass under 75° and reflection spectrums of blank substrate (g) silicon 

wafer, (h) alumina wafer, (i) soda-lime glass 

 

Collector fibers placed around a flat circle on top of 

the surface and the location of the collector fibers relative 

to the incident area of the beam with a 16.7° diffract angle 

from the incident beam are shown in Fig. 3(c). After 
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reflection from the surface, this spectrum is collected by 

other optical fibers which are placed around the radiant 

optical fiber called collector fibers (Fig. 3(b)). Collector 

fibers connect to a probe that scanned any wavelength in 

the specified range (200-825 nm). In Fig. 11, the 75° glass 

substrate sample (f) is more reflective than the 0° glass 

substrate sample (c) because the glass substrate is more 

polished and reflector than the BST layer and in sample (f) 

the substrate plays a more effective role in the reflectance 

by reducing the BST layer thickness. In Fig. 11, the 

reflection patterns of (d) and (e) have decreased compared 

to the (a) and (b) patterns, despite the decrease in the 

thickness of the BST layers due to the increased light 

absorption in the spaces between the BST 

nanostructures[66]–[68].  

Determined reflection percentage and scattering peak 

by comparing the reflected spectrum with the radiated 

spectrum. The results of this comparison come in Table 3. 

According to Table 3 data, for all three substrates without 

coating, the maximum intensity of the reflectance 

spectrum is close to 594 nm values. After applying to coat 

on substrates at 0°, the maximum intensity wavelength did 

not change for coated sample on amorphous (glass) and 

polycrystalline (alumina) substrates but in coated sample 

on single crystal (silicon) substrate shifted to 673 nm. This 

shift occurs because the thickness is smaller than the 

radiated wavelength[48] and the silicon wafer surface is 

like a mirror, also the coated sample at 75° has a peak 

shifted to 662 nm. Peak shifts for these samples are 

affected by the thin thickness[48] and surface 

nanostructures[43], [69], [70]. If the thickness is thinner 

than the incident radiation wavelength, the Bragg-Snell 

equation 7 can predict this behavior of the reflectance 

spectrum[48], [71]. According to equation 8, deposited 

layers can change the effective refraction index[48]. The 

equations of refraction and reflection are given below[48], 

[71]. 

 

                          (7) 

 

                           (8) 

 

                          (9) 

 

where neff is the effective refractive index, F is the fraction 

of layer compounds, θ is incident radiation angle, m is the 

order of diffraction, and d is layer thickness. 

According to equation 8, the material of deposited 

layers can change the effective refraction index, also 

equation 9 show thickness changing can shift reflectance 

peak to a longer or shorter wavelength. Nanostructures 

dimensions and shape be leading to scattering incident 

rays and scattered rays after refraction in layers exit from 

various angles[71], [72], some rays are reflected from BST 

layers surface scatter by surface roughness like what 

happens in reflections from the surface of a metallic 

sphere. Part of the wavelength shift of the reflection peak 

is due to the scattering related to the size of the surface 

nanostructures, also the reason for the occurring reflection 

peak around the red spectrum values in visible light[73]. 

 

Table 3. Electrical resistivity, light reflectance percentage and reflectance peak wavelength for the deposited samples 
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g Blank 

substrate 

Single 8×10-6 93.2 593 

h Poly ≈1×108 11.1 594 

i Amorph ≈1×108 28.3 590 

 

3.5. Electrical properties analysis 

 

The behavior of electric current was characterized by 

voltage changes. This is done using a simple configuration 

between a voltage source and a picoammeter which is 

shown in Fig. 12(a).  
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Fig. 12. (a) Schematic configuration of electrical resistivity measurement, (b) measurement circuit map, (c) Layers and connections 

schema, and (d) The equivalent circuit for electrical current passing through the layers (color online) 

 

Electrical resistivity depends on the morphology[74], 

the electronic band structure of matter[75], the crystallite 

size (grain boundaries)[76], and the thickness of the 

layer[77]. Crystal structure plays a role in high symmetry 

paths of band structures with plane direction[78]. The 

number of grains has a direct relation with electrical 

resistivity, wuth grains increasing leading to increases in 

the length of the boundaries and consequently increasing 

the resistance; this concept is shown in Fig. 13. Increasing 

the thickness of the layer in this configuration for 

measuring electrical resistance gives more paths to 

electron currents for passing at the layer, thus reducing the 

observed electrical resistance. Increasing layer thickness is 

a good parameter for reducing electrical resistance in this 

kind of measuring[77]. In deposited samples under 75°, 

formed low-density spaces between nanostructure causes 

increasing the electrical resistance of the layer because air 

instead of matter fills some spaces and air electrical 

resistivity is very higher than BST, trapped air between 

structures (oxygen vacancies) acts as a grain boundary and 

increases electrical resistance. The results of electrical 

resistivity measurements can be seen in Table 3. 

 

 
 

Fig. 13. The effect of crystallites size on electrical resistivity in 2D illustration of a single particle (a) Crystallites size is small and 

electrical current confront with more boundaries, (b) crystallites size is large and electrical current confront with fewer boundaries 

(color online) 
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After perusing obtained electrical resistivity expressed 

in Table 3, it was found that samples (a) and (d) deposited 

on silicon wafers have very low resistance in passing an 

electrical current. This low electrical resistance is due to 

the low substrate electrical resistance than the BST layer. 

Ohm's law in equation 6 stated that the current was 

inversely related to electrical resistance. You can see in 

Fig. 12(c) how the substrate helps to better pass current 

through the layer. For best concluding from the structural 

effect on electrical resistivity, the substrate electrical 

resistance must be either more than the BST layer or 

insulated. The substrate electrical resistance must be either 

more than the BST layers or insulated. In Fig. 12(d), the 

circuit equivalent to the substrate and layer resistances can 

be seen. If the RS resistance value is higher than the RL 

resistance value, which makes the RS resistor act as an 

open circuit in the circuit and the major electrical current 

is passed by the RL resistor and the passed electrical 

current can largely represent the layer of electrical 

resistance. Assuming the RL/RS is very small and close to 

zero, the circuit electrical current equation can be rewritten 

as follows.  

 

          (10) 

 

                  (11) 

 

where V has applied DC voltage, I is the total passed 

current of layer and substrate, IL is the passed current 

through the layer, RL is layer resistance, IS is the passed 

current through the substrate, and RS is substrate 

resistance. 

 

 

 
 

Fig. 14. I-V characteristic curves, dashed line is deposited in 75º and solid line is deposited 0º, (a) Single crystal substrate samples,  

(b) Polycrystalline substrate samples, and (c) Amorphous substrate samples (color online) 

 

By comparing electrical resistivity between the 

samples (b), (c) and samples (e), (f) reported in Table 3 it 

can be observed that the layer on the polycrystalline 

substrate has less electrical resistivity than the layer on the 

amorphous substrate in both modes of regular deposition 

and oblique deposition. The observed phenomenon is not 

related to the electrical resistance of the substrate because 

the polycrystalline substrates have higher electrical 

resistance than the amorphous substrates. This difference 

in electrical resistance can be justified by the concept of 

crystallite size which corresponds to expressed values in 

Table 2. In general, increasing the crystal size reduces the 

layer resistance in samples with similar conditions. 
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Fig. 14 shows the current-voltage (I-V) 

characterization diagrams. I-V curves show nonlinear 

behaviors that are similar to the behavior of diodes[79]. As 

can be seen in Figure 14(a), the deposited layer on the 

single crystal substrate has a slope of rapid changes in 

electrical current relative to the voltage at positive voltages 

and has a shorter branch at negative voltages, which 

behaves like a junction diode. Polycrystalline and 

amorphous substrate samples show the opposite behavior 

of single crystal substrate samples and the slope of electric 

current changes at steep negative voltages and has a 

shorter branch at positive voltages. The layer and substrate 

configuration shown in Fig. 12(c) acts like an n-p junction 

diode in the voltage in the range of +10V to -10V. The 

difference between the diagram curves of the samples with 

amorphous and polycrystalline substrates and the sample 

of single crystal substrate is due to the effect of silicon 

substrates on the passage of current through the BST layer, 

which turns it into the result of a junction between two 

semiconductor materials (a diode)[80], but in other 

samples, the electrical resistance of the substrate is so high 

that it is practically insulating and has no role in the 

current passing through the BST layer, and the observed 

curve belongs purely to the intrinsic electrical properties of 

the BST layer. 

 
 
4. Conclusion 
 

In summary, SEM micrographs show that thin film 

deposited on the polycrystalline substrate at 0° has a 

smaller grain size (26 nm) and higher electrical resistivity 

(1356 MΩ) than thin films deposited on the amorphous 

substrate at 0° which respectively is 46 nm and 1241 MΩ. 

While the thickness of the formed layer on the glass, 

polycrystalline alumina, and single crystal silicon substrate 

at 0° is 640 nm, 490 nm, and 425 nm respectively, the 

thickness of the formed layer at the oblique angle of 75° is 

260 nm, 290 nm, and 305 nm respectively which is 

attributed to the change in the density of the formed layers 

due to the crystal planes orientation change by deposition 

angle. The thin films deposited on the single crystal 

substrate with 0° and 75° have the same crystal 

orientation, while deposited thin films on the amorphous 

substrate have different orientations in different deposition 

angles. 

The roughness of the deposited thin films at 0° on the 

single crystalline silicon, polycrystalline alumina, and 

amorphous glass is 0.122 nm, 0.684 nm, and 1.012 nm 

respectively and for thin films deposited at 75° reached the 

values of 4.521 nm, 3.143 nm, and 3.978 nm. The ratio 

changing of the empty spaces in thin films and compounds 

affects effective refractive index change and causes 

displace the peaks of the reflection spectrum. 
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