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Abstract: 
This research is based on previous research which has never used semiconductor materials from two different 

groups, only analyzing the effect of arrangement on transmission values without reflection values, the method 

used is very mathematical so it eliminates the physical meaning of electrons. So this research aims to find the 

transmission and reflection values in alloy semiconductor materials from groups IV-VI and II-VI using the 

Schrodinger equation. The materials that have been selected are arranged according to their partners to avoid 

band gap spikes so that the final arrangement used is PbSe – ZnTe – PbTe – ZnS. This research was carried out 

using an analytical method, calculating the final equation to find the transmission and reflection values 

manually. Next, numerical calculations were carried out using Matlab 2022b. From the result, it was obtained 

that the largest transmission value occurred at 0.5280 eV, it is 0.6171, while the lowest reflection value was 

0.3829 at the same energy. In general, the results of the research are in accordance with theory and the 

transmission value is greater than the reflection value so that this material composition can be tested concretely 

for electronic devices. 
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I. Introduction 
 The study of quantum mechanics continues to develop over time. This study begins with the postulate 

of wave-particle duality, which states that a particle (electron) can act as a particle itself or as a wave1,2. One of 

the characteristics of a quantum wave is that it can be reflected or reflected and transmitted or forwarded 

through a boundary or medium3. This study is the background to the creation of new technology that is 

increasingly sophisticated and modern, one of which is the creation of semiconductor materials which play an 

important role in various electronic devices and systems such as transistors, diodes and integrated circuits (IC) 

which can be found in LEDs, cellphones, laptops, computers, television, and many more4,5,6,7. Of course, not all 

semiconductor materials from various periodic elements can be used in making electronic devices, the choice of 

material depends on the size of the band gap and the lattice constant of each material8,9. It is not uncommon for 

certain electronic devices to utilize alloy semiconductors, by combining two or even more semiconductor 

materials from the same or different groups so as to obtain adequate band gaps and electronic factors. 

Previous research10 which is the main basis for this research was carried out on four alloy 

semiconductor materials from the same group, there are AlAs (A), GaAs (B), GaSb (C), and InP (D) which 

come from groups III-V. This research analyzed the effect of changing the composition of materials on the 

transmission value and it was found that in the opposite arrangement there were the same values, the highest 

transmission was 0.8078 in the ADCB and BCDA arrangements, while the lowest transmission was 0.4267 in 

the BCAD and DACB10 arrangements. However, so far there has been no research that analyzes the reflection 

and transmission values by combining four materials from two different groups. This research will combine 

semiconductors from groups IV-VI, there are PbSe and PbTe with groups II-VI, there are ZnTe and ZnS. 

A good material or arrangement to be used as a semiconductor electronic device is a material that 

produces a transmission value that is greater than the reflection value. A large transmission value indicates that 

electrons can be transmitted to the material or structure well enough so that the large number of electrons can be 

used optimally in electronic devices. So the aim of this research is to find out at what energy the transmission 

value of the material arrangement determined above is greater than the reflection value using a certain method. 
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If previous research10 used the matrix propagation method to analyze the transmission that occurs in the 

composition of materials, this research uses a method that is considered manual, this is using the Schrodinger 

equation during data analysis. The matrix propagation method only focuses on simple mathematical forms so as 

to obtain more concise equations but ignores the physical meaning of moving electron waves11. In contrast to the 

matrix propagation method, the use of the Schrodinger equation in this research is quite long but does not 

eliminate the physical elements of the wave. The form of the wave equation that will be analyzed is still original 

so you can see how electrons travel in this equation. In general, this research continues previous research12 

which analyzed transmission in three semiconductor materials II-VI, whereas in this research four materials 

were used so that more barriers were formed and the equations used were also different. 

 

II. Material and Methods 
The materials used in this research are PbSe, ZnTe, PbTe, and ZnS which have band gaps, lattice 

constants, and certain electronic uses as semiconductor materials. PbSe (Lead Selenide) is a semiconductor with 

a narrow band gap of around 0.27 eV13,14 and a lattice constant of around 0.615 nm15, making it suitable for 

infrared (IR) applications16. ZnTe (Zinc Telluride) is a II-VI semiconductor with a medium band gap of around 

2.23 eV17,18 and a lattice constant of around 0.609 nm19. ZnTe is used in optoelectronic devices such as light-

emitting diodes (LEDs) and detectors20,21. PbTe (Lead Telluride) is a narrow band gap semiconductor of 

approximately 0.32 eV for a cubic crystal structure22,23 and a lattice constant of approximately 0.6379 nm24. 

PbTe is widely used in thermoelectric generator devices and cooling devices25. ZnS (Zinc Sulfide) is a wide 

band gap semiconductor of approximately 3.68 eV for a cubic crystal structure26,27 and a lattice constant of 

approximately 0.5409 or 0.541 nm28. ZnS is used as a phosphor in cathode-ray tubes (CRTs), optoelectronics, 

catalysts and other display technologies to emit light when excited by electrons29,30. 

This research will not analyze the effect of the arrangement on the reflection and transmission values, 

so there is only one arrangement because the material chosen has a crucial problem if the arrangement is varied 

because the band gap of each material has quite a large difference. The PbSe material with a small band gap 

(0.27 eV) will be doped with ZnTe which has a large enough band gap (2.23 eV) so that they complement each 

other, dampen each other, so that large band gap spikes do not occur. Meanwhile, the PbTe material with a small 

band gap (0.32 eV) will also be doped with ZnS which has a quite large band gap (3.68 eV). The two pairs of 

doped materials arranged in the order PbSe – ZnTe – PbTe – ZnS will be analyzed for their reflection and 

transmission values to see how good and efficient these materials and arrangements are when used as building 

materials for LEDs and thermoelectric devices. So if the arrangement is depicted in graphical form according to 

the band gap of each material, it will look like the image below. 

 

 
Figure 1. Arrangement of materials based on band gap 

 

The materials in this research will be analyzed in two dimensions so that the illustration of electrons 

ways in the four materials above in accordance with their sequence forms parallel barriers as follows. 
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Figure 2. Model of four-barrier materials in two dimensions 

 

To find the transmission and reflection values on the barrier or on the four materials, it is necessary to 

analyze the equations that will be used. Before that, it is necessary to limit this research so that the resulting 

equation has a clear physical meaning and the values obtained do not deviate from what was planned. The 

following are several limitations and conditions in this research. 

1. The Schrodinger equation used is the Schrodinger equation which does not depend on time. 

2. The wave function meets the requirements by behaving well and meeting the normalization requirements. 

3. The wave function used is the free electron wave function. 

4. The height and width of the barrier in Matlab analysis are accordance for PbSe, ZnTe, PbTe, and ZnS 

materials. 

5. The distance between each material is fixed, it is 1 nm. 

6. The electron energy used is in the range 0 to 1 eV. 

 Based on the limitations and conditions above, the first step that needs to be taken is to find the final 

equation to find the transmission and reflection values. But before that, it is necessary to first know the wave 

function that acts on the material and the composition of these four materials, there are 
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Equations (1) to (9) above are analyzed according to the barrier boundary conditions, which total 8 boundaries 

and then produce the main equation as follows. 
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The T or transmission value can be found by substituting equation (10) to equation (13) into the following 

equation. 
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The above equation can be simplified to 
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In general, adding the transmission value to the reflection value will produce a value of 131 so that the 

mathematical form can be written as follows. 

1 RT  (15) 

If the transmission value has been obtained from equation (14), then the reflection value can be found using the 

following equation. 

TR 1  (16) 
After obtaining all the equations from manual analysis, the next step is to analyze the transmission values using 

Matlab 2022b with the following flowchart. 

 

 
(a)                 (b) 

Figure 3. Flowchart Matlab 2022b for transmission (a) and reflection (b) 

 

III. Result and Discussion 
In Figure 2, it has been completely illustrated what the wave components are that pass through each 

material or two-dimensional barrier with electrons only given to the x-axis. Odd wave functions, such as 𝛹1, 𝛹3, 

𝛹5, and 𝛹7 have electrons that are successfully transmitted and those that are reflected. Electrons that are 

successfully transmitted are written in blue and arrows to the right, there are A, F, J, and Q. Meanwhile 

electrons that are reflected are written in red and arrows to the left, there are B, G, M, S. Meanwhile in 𝛹9 there 

are only one characteristic of electrons, that there is transmitted from the previous barrier without being 

reflected, this is Y because there is no barrier to the right which could be the reason for the electron reflection to 

occur. Meanwhile, even wave functions such as 𝛹2, 𝛹4, 𝛹6, dan 𝛹8 are in a barrier or material so they have the 
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sum of the transmitted and reflected wave properties because electrons are trapped in them, there are C + D, H + 

I, N + O, and U + W. 

Based on the results of numerical calculations using Matlab 2022b and iterated 5 times so that the 

results were more valid, the results were obtained in the form of a transmission graph below. 

 

 
Figure 5. Graph of the transmission value of the PbSe – ZnTe – PbTe – ZnS array 

 

Meanwhile, the graph for reflection is as follows. 

 

 
Figure 6. Graph of the reflection value of the PbSe – ZnTe – PbTe – ZnS array 

 

The graph obtained shows that the transmission and reflection values of the PbSe – ZnTe – PbTe – ZnS 

material composition are very different. The transmission graph in Figure 5 shows that the transmission value 

rises slowly along with the increase in energy and then reaches its maximum value and falls again slowly and 

will rise again. This is because there is an exponential function in equation (14) which is input into the system so 

that a very visible up and down graph occurs. If continued until the energy is above 1 eV, it is likely that more 

than one up and down graph will be visible. The time used for transmission is 0.015423 seconds and for 

reflection is 0.012063 seconds. 

This is different from the reflection graph in Figure 6 which shows a decrease at the beginning and 

then a gradual increase over a certain energy range and then if it continues again, there will be a decrease. It can 

also be seen directly that the energy range of 0 to 0.4 eV and the energy range above 0.6 eV the reflection value 

is in the range of 1 or maximum, which means that in this energy range it is not recommended for use in making 

electronic devices because it is almost all electrons are reflected and almost nothing can break through the 

material or barrier that has been arranged. If this material arrangement is applied concretely, it would be better 

to use a safe energy range, where the reflection graph shows the smallest value and the transmission graph 
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transmission increases in a certain energy range, reflection decreases. It is theoretical to show that the equations 

obtained in the method produce appropriate graphs of the results. 

Based on Figure 1, it can be seen that PbSe will be side by side or will be doped with ZnTe so that the 

band gap resulting from the combination of the two is smaller compared to the subsequent doping of the 

material, namely PbTe with ZnS. This makes it easier for electrons to penetrate the barrier, provided that the 

energy used must not be too small or too large because the electrons must penetrate two pairs of barriers 

resulting from doping which has a band gap value that gets bigger to the right or as it progresses the band gap 

also gets bigger. In Figure 2 and also in accordance with the research limitations, the width of the barrier used is 

the same, 𝐿1, 𝐿2, 𝐿3, and 𝐿4 The value is 1 nm and this does not have much impact on equation (14) on the 

various materials that are passed through. Basically, transmission and reflection are absolute opposites, so that 

when transmission reaches the largest value, this is 0.6171 at an energy of 0.5280 eV, whereas at this energy the 

reflection produced is only 0.3829. If added together, transmission and reflection will get the result is 1, in 

accordance with the theory commonly used in waves. It can be seen that the transmission value is greater than 

the reflection value, so it can be said that the composition of the materials analyzed in this study is good enough 

to be used as the main constituent of electronic devices such as LEDs, photodetectors, thermoelectric generators, 

etc., adjusted to the needs and external support materials. 

 

IV. Conclusion 

Based on the results of this research, the highest transmission value of the PbSe – ZnTe – PbTe – ZnS 

material arrangement is at an energy of 0.5280 eV, this is 0.6171, while the lowest reflection value of 0.3829 

also occurs at the same energy. This research has several limitations and conditions that apply so that the results 

obtained are straight to the point. Iteration was also carried out in this study with the time used being 0.015423 

seconds for transmission and 0.012063 seconds for reflection. In general, the results obtained are in accordance 

with theory because at the same energy, the transmission value is greater than reflection, so these results can be 

followed up concretely so that they can be used as an alternative material for making increasingly sophisticated 

and modern electronic devices. 
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