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Abstract: Theoretical study using mathematical analysis supported by Matlab code was created, for Silicon dioxide (SiO2) 

thin films on various substrate materials (Aluminium, quartz, and silicon), and different thicknesses. Reflectance and 

transmittance of the (SiO2) thin film is strongly dependent on the electromagnetic wavelength. Many physical results were 

obtained. The results obtained serve as an illustration of the feasibility of simple techniques in measuring precisely the 

reflectance and absorptance of the (SiO2) thin film with an error not exceeding 0.1%. The reflectance and absorptance 

characteristics of multilayer thin film are strongly dependent on the wavelength of the electromagnetic waves. The effects of 

various substrate materials on the reflectance characteristics have been investigated by evaluating the reflectance curves of 

SiO2 thin films with thickness in the range of (100-1000) nm. The amplitude and periodicity of reflectance and absorptance 

changed with wavelength. Also the periodicity of this variety change with the film thickness and with the substrate material. In 

multilayer thin-film devices, the amount of light reflected at each interface can be adjusted by adjusting many factors like film 

thickness and substrate materials. beams phase can be adjusted by changing the layer thickness. There are thus two parameters 

associated with each layer, thickness and refractive index difference between film and substrate materials, which can be chosen 

to give the required performance. 
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1. Introduction 

Silicon oxide (����) Thin films are the most extensively 

studied among different deposited materials. Because of their 

technological importance as dielectric protective layers in 

semiconductor layers, integrated circuits, waveguides, and 

many other applications. However, high-quality films are 

required for these applications. ���� has many interesting 

properties that make it suitable for thin film applications [1]. 

SiO2 thin films have wide applications in the biomaterial 

industry [2-4]. And in the electronics industry, (����) films 

have an important use as the gate oxide in the semiconductor 

and electronic devices [5], another important use in 

protective layers of magnetic or optical disks and in coatings 

of displays [6]. 

Many important pieces of information required in 

manufacturing optical devices, like thickness, refractive 

index, and wavelength dependencies of optical constants 

[7-9]. 

At the present time, there is an urgent need to obtain 

controlled data for optical constants for materials that are 

used as a thin film in terms of wavelength. Since these 

constants can be determined only within a very narrow 

wavelength range, the proposed structures for such materials 

need to be tested with more rapid and more accurate 

theoretical simulation methods. Along with the experimental 

studies, especially, composition and characterization of the 

physical and chemical properties, it is highly important to 

study these properties theoretically to predict the optimized 

properties of the same structure before examining the 

materials experimentally for the above-mentioned 

applications [10]. However, theoretical studies of 
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confinement effects and optical properties for (����) are still 

computationally challenging. 

In this study, a simulation of transfer matrix equations was 

used to study the transmission and reflectance as a function 

of wavelength. The reflectance-transmittance characteristics 

of optical thin-film have been analyzed, visualized and 

compared for these three different substrates. The optical 

transmission and reflectance spectra for a range of samples of 

(����) thin films (of different thickness) were obtained by a 

Matlab code. 

2. Theoretical Analysis and Simulation 

In order to exam the optical properties of a thin film, a 

mathematical Matlab code was built to exam the ������ 
films with a thickness range from �50 − 1000���, using a 

wavelength in the range �200 − 1000��� from near IR- 

visible –near UV. 

The process of designing a thin film can be done on a 

scientific basis before an experience, paving the way for 

starting the manufacture of samples on the basis of 

knowledge. 

The complex reflection coefficient is defined as the 

amplitude ratio of the reflected electric field to incident 

electric fields. The reflectance and the phase shift between 

the reflected and incident waves were determined. For an 

incident wave function given by the following equation: 

����, �� = ��� exp����� − ������            (1) 

Where � represents the angular frequency of the wave 

traveling distance represented by r in time t through the air 

with wavenumber ���. 

For a thin film surface lying in the (x-y) plane, the normal 

incident wave will be along (z-axis) therefore “(1)” will be: 

��� , �� = ��� exp����� − ��� ��            (2) 

The interface between the substrate and the thin film 

materials is at  = !. This boundary condition implies that 

the transmitted wave (�") will be at  ≥ ! and the reflected 

wave (�$) at  ≤ !. 

�"� , �� = ��" exp����"� − ��" ��          (3) 

�$� , �� = ��$ exp����$� − ��$ ��          (4) 

��� exp������ − ��� �� + ��$ exp����$� − ��$ �� =��" exp����"� − ��" ��          (5) 

At = !: 

��� exp������ − ���!�� + ��$ exp����$� − ��$!�� =��" exp����"� − ��"!��          (6) 

For � = �" = �$ 

Assuming that the reflected wave has the opposite 

direction of the transmitted and incident waves: 

��� = −��$ , ��" = '()'(* ���           (7) 

��� exp���−��+!�� + ��$ exp�����+!�� = ��" exp ,� -− '()'(* ���!./ (8) 

Differentiate equation (4) with respect to z. 

At 
 ≤ !	 �� = �+, ��� = −��$	 ≥ ! 	��" = '()'(* ���	           (9) 

�−��+�1 ��� exp����� − ��+!�� + ���+1���$ exp����� + ��+!�� =�−��+1 '()'(*���" exp ,� -�� − '()'(* ��+!./       (10) 

��� exp��−���+!�� − ��$ exp�����+!�� ='()'(* ��" exp ,-−� '()'(* ��+!./             (11) 

Adding (8), (11) 

,1 + '()'*2/ ��" = 2���exp	[−���+! -1 − ')2'42.      (12) 

��" = �'42'(45'() ���exp	[���+! -'()'(4 − 1.]       (13) 

Subtracting (11) from (8) 

��$ = '427'()'(45'() ���exp	[−2���+!]         (14) 

Taking the refractive index representation from the 

following equation [11, 12]: 

2�+�+ = 8)9):48*; 	→→ �+ = 8)9)�'4:48*;      (15) 

From “(13)” & “(15)” 

��" = �'42'(45'() ���exp	[� 8)9)�'4:48*; ! -'()'(4 − 1.]    (16) 

��$ = '427'()'(45'() ���exp	[−2� 8)9)�'4:48*; 	!]      (17) 

Where =  is the dielectric constant, >  is the magnetic 

permeability, ? is the electric conductivity. 

Reflectance	 = GHIJHKLHM	H'HGNO
	L+LPJ	H'HGNO	          (18) 

Q = RSRT =
UV42VW4XVW)R�T YZ[,\ ])^)UV4_4]*`a-VW)VW47b./RT     (19) 

Q = �'42'(45'() exp	[� 8)9)�'4:48*; ! -'()'(4 − 1.]    (20) 

Transmittance	 = LGP'hi\LHM	H'HGNO
L+LPJ	H'HGNO      (21) 

j = RkRT =
V42lVW)VW4XVW)R�T YZ[,7�\ ])^)UV4_4]*`	a/

RT      (22) 

T= '427'()'(45'() exp	[−2� 8)9)�'4:48*; 	!]       (23) 

The above expressions give the reflectance and 

transmittance amplitude for the normal incident, in terms of 

refractive indices, = the dielectric constant, > the magnetic 

permeability, and ? the electric conductivity. 

In general case for an incidence angle �m = 0 − 180�. 
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Figure 1. Represents the incident, reflected, and transmitted electrical field 

portion from the electromagnetic wave. 

For an isotropic and homogenous thin film, a part of the 

incident beam will reflect at the interface and the transmitted 

beam will reflect again at the second interface. The matrix 

describes its optical characteristics calculated from the 

following expression [11-13]: 

o��p�q = rs tuvwb ��v��wb� xtby�xbv��wb tuvwb z{ o�bpbq      (24) 

Where xh is the admittance of the subsrate medium. This 

expression relates to the first boundary to the field 

components at the next boundary. The matrix elements 

represent the boundary encountered by the wave as it passes 

through the system (1): 

o��p�q � | o�bpbq                 (25) 

Where 

| � }∏ � tuvwa ��v��wa� xay�xav��wa tuvwa �'a�b �       (26) 

The above expression for matrix M represents the 

characteristic matrix for the multilayer system. Where this 

research subjected to a one layer Sio2 thin film. Therefore the 

matrix M has written in a new formula and as a 2×2 matrix: 

| � ,�bb �b���b ���/                (27) 

The optical admittance of the layer 

xa � �=�>� �a 

where =�&	>� represents the permittivity and permeability 

of free space respectively. Because of the dependence of the 

refractive index �a on the polarization of the incident beam, 

the optical admittance equation modified as follows: 

xa � �a cos m 

for S-polarization 

And 

xa � �a /cos m 	for	P_	polarization         (28) 

The phase shift of wave in thickness �a is given by: 

wa � �� ��'�M�� tuvma             (29) 

Where �a represents the thin film layer thickness [1, 3]. 

The transmittance (t) and reflectance (r) coefficient 

calculation calculated as follows [11]: 

� � ��*�*i))5�*��i)U5iU)5��iUU          (30) 

� � �*i))5�*��i)U5iU)7��iUU�*i))5�*��i)U5iU)5��iUU          (31) 

In the above matrix, the elements �b�	���	��b  are 

imaginary, while �bb	���	���  are real. Thus the 

reflectance coefficient is imaginary, so the reflectance will 

be: 

Q � ��∗ � |�|�             (32) 

T=|�|�                (33) 

Regarding that 

Q & j & � � 1            (34) 

In the optical metrology of thin-film coatings, 

characterization techniques were based on least-squares 

fitting. The measured reflectance or transmittance spectra are 

widely used. The spectral characteristics usually consist of 

normal-incidence transmittance measurement results, where m � 0. 

3. Results and Discussion 

3.1. Reflectance and Absorptance of (SiO2) on Different 

Substrate 

Figure 2 presents light reflectance as a function of the 

wavelength of 700nm thickness of ������  the film, 

deposited on a different	substrate. 

The figure shows the effects of substrate materials on the 

reflectance properties which have been estimated. The 

interference reflectance pattern due to the thin film is plainly 

evident over the entire wavelength range scanned, with the 

fringe spacing increasing with wavelength. This is in a good 

agreement with sultan [14], and Niizeki [15]. The difference 

in amplitudes is due to the different contrasts in the refractive 

index between the substrate and the layer. 

The comparison that the amplitude and periodicity of the 

reflectance and are strongly affected by substrates. As seen 

from the figure, the reflectance of ������ films on ���� 
substrate is rather high and varies between �95%�  and �80%�. While the reflectance on quartz is the minimum and 

it is within �5%�. 
The figure illustrates that the oscillation period is also a 

function of substrate materials. Minimum reflectance has 

been obtained at some wavelengths in ������ thin films 

coating on the substrate of quartz, so that it can be used as a 

good anti-reflector film. 

The figure also shows that there is a significant reduction 
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in reflectance for ������  films coating on the silicon 

substrate, where it decreases from 75% to 32%, while such 

considerable drop has not seen in other substrates. Which 

means that the effects of substrate on the reflectance 

characteristics are significantly different in various substrate 

materials. 

 

Figure 2. Represents light reflectance as a function of the wavelength of 

700nm thickness of ������	����, deposited on a different	substrate. 

The effects of substrate materials on the absorptance 

properties have been examined by comparing the spectrum of 

absorptance for different substrate materials, as shown in 

figure 3. The figure shows that the ���/����� films have 

higher absorption intensity than the other films in the whole 

light range. In the case of Si and quartz substrate, the 

absorption is observed to be increased after wavelength 300 

nm, while with the ���� substrate, the absorptance is nearly 

constant. In the short wavelength region, the absorption 

enhances because of the anti-reflective effect at a continuous 

refractive index gradient between air and the silicon [16]. 

While the enhancement in absorption at high wavelength 

region is due to the effect of diffraction with the incident 

light beam. Low absorbance appears in the ultraviolet region 

for all samples. and, absorbance in the infrared region is 

significantly high for all samples. 

 

Figure 3. Represents the effects of substrate materials on the absorptance. 

3.2. Reflectance of Multi-thickness (SiO2) on (Al) Substrate 

Figure 4 shows the reflectance of ������ with different 

thickness on ����  substrate. Figure 4 informs that the 

reflectance of light of �600	��� thickness was less than 

82% from 680 nm to 780 nm and a minimum reflectivity at 

720 nm which was 81%. Notice that the reflectance 

spectrum between �200 − 600��� is very closed for the 

three thicknesses, then drops irregularly, this result have 

good agreement with chao wang 2017 [17]. 

 

Figure 4. shows the reflectance of ������ with different thickness on ���� 
substrate. 

3.3. Reflectance of Multi-thickness (SiO2) on Quartz 

Substrate 

Figure 5 shows the reflectance spectra of the ������ thin 

film coating on a quartz substrate. Although high thickness 

antireflection coatings can reduce reflectivity over a wide 

range of visible light, ������ coatings tend to have high 

reflectivity at near-infrared wavelengths. From the figure, it 

can be seen the deviation of reflectance at a wavelength 

corresponding to half-wave optical thickness from the 

substrate reflectance. This deviation is proportional to the 

index variation along with the thickness. 

 

Figure 5. Shows the reflectance spectra of the ������ thin-film with quartz 

substrate. 
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The phenomenon of wave constructive and destructive 

interference can clearly explain the observed behaviors. The 

phenomenon of both constructive and destructive 

interferences is continued with higher intensity in the ranges 

of �500�� − 1000���. The reflectance spectrum at this 

range shows oscillations which mean that constructive and 

destructive interferences occur almost at each wavelength. 

3.4. Reflectance of Multi-thickness (SiO2) on Silicon (Si) 

Substrate 

The reflectance for ������  thin films deposited on a 

silicon substrate with different thicknesses shown in Figure 6. 

Theoretical values of the reflectance were computed 

according to the relations “(30, 31, 32, 33, 34)”that take into 

account the wavelength dependence for the refractive index 

of these films. 

The figure shows that the minimum in reflectance is 

shifted to shorter wavelengths. The difference in the optical 

thickness and therefore, the thickness of the layer causes the 

shift of the wavelength at which the reflectance would be 

maximal. As seen from this figure, when the period number 

increases the spectra become sharper, narrower, and the 

refractivity increased, and this result is complies with the 

results of Barybin and shapovalov [18], and Wen-Hao Cho 

[19] It is obvious that the reflectance of the ������ layer, in 

this case, is independent on the thickness of the ������ 
coatings at shorter wavelength. With the thickness of SiO2 in 

stack increasing, the reflectance changes correspondingly. In 

this work, the lowest reflectance was obtained while the 

thickness of was ������	1000��. 

 

Figure 6. Shows the reflectance for different thicknesses of ������ thin 

films deposited on the silicon substrate. 

4. Conclusions 

The reflectance and absorptance characteristics of the ������ thin films have been visualized and analyzed for 

various substrates materials, and film thickness using Matlab 

code. Mathematical analyses have been done to obtain the 

equations of reflectance, transmittance, and absorptance. The 

results showed that reflectance transmittance and absorptance 

of any thin film is strongly dependent on the electromagnetic 

wavelength. Studying the reflectance and absorptance for 

(SiO2) thin films, (using Matlab code), for various substrate 

materials and various films thickness were done. 

The results obtained represent an illustration for the 

benefits of the simple techniques in measuring optical 

properties for thin films in general, and in particular for the 

(SiO2) thin films. The accuracy of this method was very 

excited, in which the error does not exceed 0.1%. Theoretical 

calculations must be done before any experiments, to save 

money and efforts. 

It is found that multiple oscillations occur on the 

reflectance and Absorptance curves due to interferences 

among multiple reflected waves. As the wavelength increases, 

the oscillation period of these characteristics changes. Thus 

the reflectance and absorptance characteristics of multilayer 

thin film are strongly dependent on the wavelength of the 

electromagnetic waves. 

The effects of various substrate materials on the 

reflectance characteristics have been investigated by 

evaluating the reflectance curves of SiO2 thin films with 

thickness in the range of (100-1000) nm. 

The amplitude and periodicity of reflectance and 

absorptance changed with wavelength. Also the periodicity of 

this variety change with the film thickness and with the 

substrate material. 

In multilayer thin-film devices, the amount of light 

reflected at each interface can be adjusted by adjusting many 

factors like film thickness and substrate materials. beams 

phase can be adjusted by changing the layer thickness. There 

are thus two parameters associated with each layer, thickness 

and refractive index difference between film and substrate 

materials, which can be chosen to give the required 

performance. 
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