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Abstract – To recognize a ray in the wavelength range of 

625 nm to 645 nm with the possibility of AGC (Automatic 

Gain Control), the conditions have been predicted in a way 

that using a structure of 21 pairs of crystal layers containing 

the mixture of oxide and glass with the failure coefficents 

nZnO = 2.0041, nGlass = 1.45 with a pair of air gap layers, the 

simulation can be carried out. In this optical receiver sensor, 

the length of channels is 100 nm and the analysis is based on 

TMM. At particular angles which the gain is more than 70% 

and the bandwidth is about 1 nm, the incident ray is 

acceptable and the system output is active; otherwise, the 

controller will change the direction of the incident angle to 

the closest one.  
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I. INTRODUCTION 
  

Considering the fact that using the optical receivers is 

dependent on their fast time response, so in PIN 

photodiodes a high power and bandwidth efficiency are 

defined as their advantages which, in practice, pure width 

in Si PIN photodiodes is about 40 µm and in InGaAs 

photodiodes is about 4 µm and also APDs, using a high 

reverse voltage in the wavelength range of 1.3 µm to 1.55 

µm, are highly efficient, reliable, and satisfactory. Because 

the presented design has been simulated in the wavelength 

range of 625 nm to 645 nm and has been proportional to 

the optical sensor SLD1132VS, so in this article, using 

TMM, a ZnO crystal structure consisting of an array of 21 

parallel layers having identical distances from each other 

(dL= 100 nm) and refractive indices of 1.45, 2.0041 is 

proposed in a way that it is possible to gain through 

applying a ray as an optical AGC at particular angles and 

with an almost constant power. 

I In conditions that the system gain or the incident ray is 

not in the appropriate range, the system feedback 

comparator block apply the rotation command to the 

rotating plate and keeps the direction of the incident ray in 

the closest angle to the previous conditions fixed, [1], [2]. 

 
Fig.1. Sructure block diagram with feedback. 

II. FILM DEPOSITION AND INTRODUCING ZNO 

CRYSTAL STRUCTURES 
 

The The sol-gel process is the transition of a liquid "sol" 

phase into a solid "gel" phase which with changing some 

parameters like temperature, speed, heat intensity, and 

pressure, sol can be produced. So, the preparation of an 

appropriate, smooth, and uniform sol will cause a uniform 

and pore-free film to be made. 

Viscosity and density of the solution are considered the 

significant and effective parameters in producing a thin 

film which the prepared solution should have the molar 

ratio of Zn/ MEA. Thus, utilizing the sol-gel process, the 

solution consisting of 86% ml of Mono Ethanol Amine, 

1/3 g of Zn (CH3COO) 2.2H2O, 15 ml of Isopropanol in 

0.1 ml of water has been prepared. Considering the 

particular physical properties of this n-type semiconductor 

with the boiling point of 2360ºC, the melting point of 

1975ºC, direct band gap of 3.38 eV, it has a gain and its 

hexagonal structure is the most stable one in these 

conditions. The compound is heated with a magnetic 

stirrer for 50 minutes in order for the transparent, uniform, 

and almost thick solution to be made. The solution is kept 

at the room temperature for 24 hours to make sure that 

there is no sediment[4]. 

The image of this film deposition is shown in figure 2 

which using ultrasonic under the following conditions is 

made. The substrate in acid water for 20 minutes, in 

deionized water for 30 minutes, and in isopropanol for 20 

minutes will be unpolluted and in a closed container will 

be completely dried. 

 
Fig.2. Image of films after annealing. 

 

About 0.2 to 0.5 of the solution for each film for 30 

seconds will be spun at the speed of 3000 rpm (spin 

coating). The uniform and highly thin film formed at 275 
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ºC for 10 minutes will be dried. The evaporation of water 

and isopropanol is at 50 ºC to 100 ºC and MEA is 

decomposed at 175 ºC to 300 ºC. these stages has to be 

repeated 10 times and finally the annealing will be done at 

360 ºC [3]. 

 
Fig.3. The image of secondary electron from the width of 

films. 

 

In this project, the estimation of thickness using the non-

optical profilometery (Alpha Step) the thickness of the 

ZnO thin film has been measured, which is shown in 

figure 4[3],[5]. 

 
Fig.4. The result of the measurement of the thickness 

(Alpha Step). 

 

Considering the above conditions, it is perceived that the 

thickness of each film is about 3500 Â (Angstrom) which 

depicts the production of a pleasant and favorable thin film 

using the spin coating method. 

In the next stage, using X-ray diffraction (XRD), a 

crystal structure is obtained which is representing the c 

axis and the crystal plane (002) depicting that the designed 

layer is a polycrystalline structure. So, the pictures taken 

from the surface using Scanning Electron Microscopic 

(SEM), Atomic Force Microscopic (AFM), and Nanosurf 

method are shown in the sample figures 5 and 6.  

 

 

 
Fig.5. Secondary electron detector. 

 

 
Fig.6. Atomic Force Microscope. 

 

In the presented structure in this article, the 21 pairs of 

ZnO crystal layers, without applying apodization, have 

been exploited and utilized in a way that the failure 

coefficents, respectively from left to right, in the first 10 

pairs of layers (from 1 to 10) have been considered nGlass= 

1.45, nZnO= 2.0041; in the two middle layers (11), the air 

gap, the failure coefficent is considered 1(nair = 1) and 

again continuously from left to right the failure coefficents 

are nZnO = 2.0041 and nGlass= 1.45 [1], [2]. 
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Fig.7. 21-layer periodic structure with defect 

 

With regard to the above circumstances, to achieve the 

results of this kind of optical receivers in one-dimensional 

photonic crystal structures, TMM has been used [5]. 

Because the process has been analyzed in TE mode, with 

calculating dynamic matrix, the inverse of dynamic 

matrix, and dispersion matrix, the values of transmission 

bandwidth of optical receivers are investigated in the 

boundary conditions and TE mode [6],[11]. 
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Because detecting procedure in this design is 

intelligently based on the calculation of the input power, in 

particular angles of input signal; through measuring and 

comparing the values of the transmission band G(S) and 

the ray power P(S) in that range , the system feedback 

block prepares these conditions in such a way that with 

varying the factor K, the output gain of the detector will 

always remain the same; therefore, the system should 

always detect the incident ray in a bandwidth range of a 

constant wavelength and a constant power, that is, every 

signal incident upon the system will not have a favorable 

output and only the incident rays at particular angles will 

be able to transit, which considering the frequency range 

of 4.65×1014 to 4.8×1014, the angles are chosen [7],[10]. 

 

III. THE STRUCTURE OF AGC AND 

SIMULATION 
 

So, with regard to the above explanations, the system 

transfer function and the circuit operation is like what is 

shown below:  
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A ray at a special angle is incident upon the filter and 

the filter output enters a comparator; if this output is the 

same as the defined output of the comparator, it will be 

permitted to exit; otherwise, there will be a feedback that 

enables the system to correct the ratio of the signal angle 

incident upon the filter in order for the output to be in the 

defined range. 

The bandwidth and the transmission gain are the defined 

parameters of the comparator [8]. Thus, if the filter output 

does not include the needed gain and the favorable 

frequency range, it is not possible to exit.  

Optical AGC
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G(s)

H(s)

+
K

-
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Fig.8. The block diagram of the circuit of the optical 

sensor. 

 

Because this article is aimed at designing an optical 

sensor including the approximate bandwidth of 5 nm in the 

wavelength range of 630 nm to 635 nm, those angles are 

chosen which their output is in the mentioned range and 

the approximate area of the wave shape at the gain of -3dB 

is at least about 1 nm, for this reason, the approximate gain 

of the system in the range of this wavelength is more than 

70% and the approximate area of 7.5×10
-10

 is acceptable 

for the comparator. As a result of this, the position of the 

structure in relation to the incident ray at the angles of 0º, 

22º, 44º, 66º, 88º, 110º is favorable and is also calculated, 

which can be seen in the following figures [7],[12].  

 
Fig.9. The receiver output at the angle of 0º. 
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Fig.10. The receiver output at the angle of 22º. 

 

 
Fig.11. The receiver output at the angle of 44º. 

 

 
Fig.12. The receiver output at the angle of 66º. 

 

 
Fig.13. The receiver output at the angle of 88º. 

 

 
Fig.14. The receiver output at the angle of 110º. 

 

Regarding the above mentioned explanations, if the 

signal is incident upon the structure at those mentioned 

angles, the output will have all the qualifications (only at 

the above angles the output will be qualified) and in this 

case, the system ranges of the frequencies, with the 

bandwidth of 300 GHz, will be 473 THz and 473.3 THz 

which can be seen in the figure 15. 

 
Fig.15. The outputs at the angles of 0º, 22º, 44º, 66º, 88º, 

110º 

 

CONCLUSION 
 

In this project, a sensor and an optical AGC using one- 

dimensional photonic crystals have been designed that 

compared to other similar analog equipments have the 

advantages of the system high gain and a high- speed 

operation; according to this, if, for any reason, the signal 

angle incident upon the sensor varies, for instance, from 

44º to 52º, the output will not be satisfactory and the 

comparator distinguishes it. Therefore, feedback structure 
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will change the signal angle into one of the favorable 

angles. As a result, the output having the acceptable power 

will not be out of the needed range and there will always 

exist the area of 5.3×10
-10

 and the bandwidth of 1 nm. 
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