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Abstract:
The structure of the absorber layer of the CMTS solar cell was made by a new quasi-evaporation method. The XRD and SEM analysis were used for crystallographic and topographic. Role of the intermediate layer which formed on the Mo/CMTS surface was investigated using SCAPS simulation. The results of XRD and SEM shown that the columnar and integrated growth. For the CMTS absorbent layer, the crystal structure of stannite, without additional peaks and with optimal intensity, indicates the achievement of pure growth and crystal structure with the desired crystal quality. Debye-Scherrer and Williamson-Hall calculations showed that the grain size and lattice strain were 60 nm and 0.8%, respectively.  Parameters of fabricated layer were entered in the simulation section, and the role of MoS2 and MoSe2 interface layers in solar cell structure was investigated. In general, the n-type MoS2 layer played a destructive role in cell performance. In comparison, the p-type MoS2 and MoSe2 layers improved the cell performance by improving the internal field. The best parameters (Voc: 0.75 eV, Jsc: 45.3 mA/cm2, FF: 76.6%, and Eff: 26%) was obtained for the cell with MoSe2 interlayer. Also, the optimal thickness for this layer was calculated in the range below 90 nm. 

Introduction:
Recently, most of the research efforts and development in photovoltaic (PV) technology were directed toward improving their conversion efficiency, stability, and durability at a reduced production cost [1-3]. Chalcogenide materials have been considered promising materials for thin-film solar cells [4-5]. The CIGS and CdTe solar cells have developed as the most important chalcogenide semiconductors with a lab-scale power conversion efficiency exceeding 22.1% [6-10]. But the rare elemental constituents of In and Ga, and the toxicity of Cd have led to the limited deployment of these resources [11-14]. To date, the record photoelectric conversion efficiency of Cu2ZnSn (S,Se)4 thin film solar cells has been reported to be 12.6% [17-18]. However, the fabrication of pure kesterite phase CZTS is challenging due to the number of secondary and ternary phases observed in it [19-22]. The band grading is another issue-imposed challenge to progress the CZTS based thin film solar cells. There is also another key motivation in CZTSSe based solar cells, the electrostatic potential fluctuation of Cu–Zn antisite defects such as [CuZn- + ZnCu+] is suspected to be abundant, as they are next to each other in periodic table, which leads to severe potential fluctuations and tail states [23-26]. A severe tail states in CZTSSe is one of the dominant factors responsible for low open circuit voltage (Voc), which is the biggest challenge with current CZTSSe technology. Hence, replacement of Zn with other metals could provide a route to alter the defects and tail states in the absorber and to eventually improve the Voc [27-28]. On the other hand, the formation of n-type MoS2 at the back contact is another limiting factor of better performance. MoS2 thin film has been reported to exhibit both p and n-type conductivity. However, MoS2 has a natural propensity to possess n-type semiconducting characteristics due to the presence native defects of S vacancies which acts as a deep donor [29-30]. Although, the conductivity of MoS2 grown by sulfurization of Mo thin film has been conclusively determined as the n-type [31]. Numerical study, formation of n-MoS2 is most likely to be responsible for the commonly observed high Rs and low fill factor [32]. Several attempts to inhibit or passivate this interfacial layer through an insertion of thin intermediate layer such as SnS, ZnO, TiN, Al2O3, or preferential heat treatment of Mo back contact have been stated. Since electronic band structure properties mainly electron affinity (χ) and band gap (Eg) of MoS2 are profoundly dependent on the layer thickness [33]. One of the key research findings in the CIGS TFSCs is the ability of CIGS to make ohmic contact with the Mo back contact [34]. The formation of the p-type interfacial MoSe2 film with thickness in the range of a few tens of nm is found to facilitate the development of ohmic contact, which is important to reduce series resistance. The similar beneficial aspects of MoSe2 have been verified by numerical modeling of Mo back contact in Se-containing CZTSe devices [35].
There is an urgent need to find the alternatives for kesterite CZTS and an approach to substitute other elements for Cu or Zn [36]. Materials with structures, band gaps, and absorption coefficients analogous to those of CZTS, such as Cu2XSnS4 (X = Mn, Co, Fe) have been recently reported for photo voltage applications. The CMTS is counted as one of the most promising absorber materials in the thin-film solar cell segment because of its suitable p-type Cu2MnSnS4 (CMTS) [34]. Therefore, it has the potential to become another focus of the photo-electronic field because of their suitable band gap (1.20–1.50 eV) and optical absorption coefficients (> 104 cm−1) similar to the CZTS materials. In addition, the replacement of Zn by Mn in CZTS thin films decreases the optical band gap energy. Moreover, the most important thing is that the ionic radius of Mn (0.080 nm) is larger than that of Zn (0.074 nm), which can reduce the inherent anti-site defects and anti-site disorder [37-38]. So far, CMTS has mainly studied as a magnetic semiconductor in the form of single crystals or nanocrystals. Moreover, CMTS is composed of only earth-abundant, relatively non-toxic, and inexpensive elements. Actually, the abundance in the Earth’s crust of Mn is two orders of magnitude higher than that of Zn (1100 ppm vs 79 ppm) and the annual production of Mn (~1.6 ×107 tons) is higher than that of Zn (~1.2 × 107 tons) [39-40]. Therefore, since Mn is definitely cheaper than Zn, optimized CMTS could potentially provide a Wp cost definitely lower than CZTS, which is crucial for thin film PV applications [41]. Also, CMTS thin films are used as water-purification, catalysts for photocatalytic in Hydrogen Evolution Reaction (HER) [42], HTLs layer in Perovskite solar cells (PSCs) [43], and counter electrodes in dye-sensitized solar cells (DSSCs) [44]. Like CZTS solar cells, In the CMTS solar cells, a very thin MoS2 layer may be grown on Mo back-contact material during the deposition of the very thin CMTS layer and MoS layer. In addition, the MoS2 layer acts as a buffer between Mo and CMTS. Considering the dual nature of the MoS2 layer, this layer is definitely very effective in the performance of CMTS solar cells. However, so far, the role of this layer has not been considered in any experimental or simulation work. Also, the MoSe2 interfacial layer, which is studied in this paper, belongs to the group VI of the layered transition metal dichalcogenides family (TMDCs). These materials possess excellent physical and structural properties due to their significant 2D character. The material is composed of a Se-Mo-Se atomic layer where a strong in-plane covalent bonding exists, while weak Van der Waals forces bond the sheets together. Additionally, MoSe2 compounds are characterized by the absence of dangling bonds, thermal stability, high hole mobility, and suitable bandgap values ranging from 1.0 eV up to 1.5 eV [45]. The electronic structure of the transition metal Mo in the MoSe2 is 4d25s2 and that of chalcogen Se is s2p4, i.e. both missing two electrons for a filled shell. They are semiconductors due to the weak p-d interactions. The electronic band structure both experimentally and in calculations of several families of TMDC materials was investigated comprehensively by many groups using different approaches and methods [46]. Crystals of such materials showed a good cleavage in the direction perpendicular to the layers (c-axis) [47]. 
In this work, we used a new approach to fabricate the CMTS solar cell.    and after measuring its parameters, we investigated the role of the MoS2 interlayer through simulation. Also, the role of MoSe2 as a benign intermediate layer in the CMTS solar cell structure was investigated. The proposed results provide a valuable basis for designing high-performance CMTS-based solar cells. 

Experimental:
Substrate preparation
To fabrication of the CMTS(S,Se) solar cell absorber thin layer, the SLG was used as substrate due to its wide application and favorable cost. In the substrate preparation stage, the slides were first cleaned from dust and grease with cleaning liquid. Then, for 10 minutes, it was placed in 0.02 M hydrochloric acid (HCl), deionized water, acetone (CO(CH3)2), deionized water, and ethanol in an ultrasonic bath. After finishing the washing process, the substrates were dried by pure nitrogen gas. All the preparation steps were done in a clean room environment without contamination.
Molybdenum coating
DC sputtering device was used for molybdenum coating. The target used for the sputtering process has a purity of 99.99%. Argon gas with a purity of 99.99% was used for ionization and plasma formation in the slow sputtering process. To achieve optimal adhesion and excellent conductivity of the layer, the sputtering process was performed at two different pressures. Primary pressure for better adhesion, in the range of 9×10-3 mbar, working voltage of 360 volts and 60% power, and secondary pressure for optimal conductivity and excellent crystal growth at a pressure of 2×10-3 mbar, working voltage of 380 volts and 65% power was done. The deposition rate was determined in the range of 8 angstroms/second and the final thickness of the layer was determined to be 800 nm. After finishing the layering process, the quality of the layers was analyzed to check the type of growth, adhesion, direction of crystal growth, and resistance measurement.
Growth of the CMTS absorbent layer 
For fabrication of CMTS absorbent layer, a thermal evaporation device was used. The coating was done by pseudo-evaporation method. In this method, all four ingredients of the layer are placed in a set of layers and the materials are evaporated from different sources. The deposition process was done based on the diagram in Figure 1. The working pressure of the coating chamber was set in the range of 10-5 mbar. The temperature of the substrate maintained in the range of 90 °C. Then the samples were placed inside the steel crucible with a lid along with 0.5 g of selenium. The process of selenization and annealing was carried out in order to improve the crystalline properties, inside the furnace of the CVD device with the ability to manage temperature steps, at a pressure of 10-3 mbar and according to the temperature steps of diagram 2. 
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Fig. 1. Metal rate vs time profile of the two-stage semi co-evaporation process.
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Fig. 2. Selenization and annealing condition for CMTS thin film product 
Simulation section:
In this work, SCAPS-1D simulation software was used for modeling. Determine the pseudo-Fermi levels and the electrostatic potential e and h and in this way calculate other parameters such as carrier concentration, electric field and recombination level, etc. [48]. The simulation carried out under standard AM1.5 radiation and a temperature of 300 K. Figure 3 shows a schematic of the designed solar cell with the role of surface connections of each of the layers. The parameters which used for numerical analysis are listed in Table 1. According to the crystallography and XRD analysis results of Mo, the crystal growth direction is [110]. For the crystal growth of Mo, it can have different work functions of 4.36-4.95 eV. Therefore, according to the direction and type of Mo layer crystal growth, the Mo work function value was 4.95 eV in the simulation [49-50].
[image: ]
Fig. 3. Schematic of CMTS solar cell structure with Mo(S,Se)2 layer interfaces attributes

Interface electronic properties such as back contact barrier height with respect to Ec (ΦBn), back contact barrier height with respect to Ev (ΦBp), equilibrium contact potential (qVo), conduction band offset, CBO (ΔEc), valence band offset, VBO (ΔEv), and back diode built-in voltage (qVbiback) were calculated using the Eqs. (1)–(7). It is noteworthy that the CBO and VBO were calculated according to Anderson’s rule [51].

ՓBn = ՓMo–χs                            (1)
ՓBP= Eg – ՓBn                 (2)
qVo = ՓMo – Փs; for n type semiconductor/metal junction                                (3)
qVo= Փs – ՓMo; for p type semiconductor/metal junction                                 (4)
∆Ec = χCMTS – χ Mo(S,Se)2 ; for Mo(S,Se)2 /CMTS heterojunction                        (5)
∆EV= (χMo(S,Se)2+EgMo(S,Se)2) – (χCMTS+ EgCMTS ); for Mo(S,Se)2/CMTS heterojunction     (6)
qVbiback =Փ Mo(S,Se)2 – Փ CMTS ; for Mo(S,Se)2 /CMTS heterojunction                                 (7)
Whereby, the ՓMo is the Mo metal work function while Փs is the work function of the semiconductor. The ՓS of n and p-type semiconductors was calculated according to Eqs. (8) and (9), respectively.
ՓS=χS +( kTln); for n type semiconductor                                         (8)
ՓS=χS +Eg– ( kTln); for P type semiconductor                                  (9)
whereby, q, k, T, ND, NA, NC, and NV are electron charge, Boltzmann constant, temperature, donor concentration, acceptor concentration, effective density of states in the conduction band and effective density of states in the valence band, respectively. The metal-semiconductor junction can either be ohmic or rectifying depending on the relative magnitude of work function (Φ) of metal and semiconductor [52]. For a Schottky Mo/p-type semiconductor structure, qVo is the potential barrier retarding hole transport from the semiconductor valence band to metal, meanwhile for a Schottky Mo/n-type semiconductor structure, qVo is the potential barrier retarding electron transport from the semiconductor conduction band to metal. Values for qVo are always positive for Schottky type contact and negative for ohmic type contact. The inclusion of MoS2 layer in between Mo and CMTS is expected to alter the charge carrier transport dynamics in the back contact region of CMTS TFSC [53]. Energy band diagrams of Mo, MoS2, MoSe2 and CMTS in isolation are shown in Figure 4.
[image: ]
Fig. 4. Energy band diagrams of Mo, MoS2, MoSe2 and CMTS in isolation

Table 1. The optoelectronic parameters used for this numerical simulation study and investigation [23, 45, 54-62]
	Parameters
	n-MoS2
	p-MoS2
	MoSe2
	CMTS
	SnS2
	SnO2
	FTO

	Thickness (nm) 
	5-150
	5-150
	5-150
	1000
	50
	100
	200

	Bandgap, Eg (eV) 
	1.45
	1.4
	1.2
	1.2
	1.85
	3.6
	3.5

	Electron affinity, χ (eV) 
	4.2
	4.2
	4.12
	4.35
	4.26
	4.5
	4.3

	Dielectric permittivity, Ɛr 
	13.6
	13.6
	13.6
	9
	17.7
	9
	10

	CB effective density of states, Nc (cm- 3) 
	7.51017
	2.2 1018
	2.2 1018
	2.2 1018
	7.3 1018
	2.2 1018
	1.8 1019

	VB effective density of states, Nv (cm- 3) 
	1.81018
	1.8 1019
	1.8 1019
	1.8 1019
	1.8 1019
	1.8 1019
	1.8 1018

	Electron thermal velocity Vth, e (cm/s)

	1 107
	1 107
	1 107
	1 107
	1 107
	1 107
	1 107

	Hole thermal velocity Vth, h (cm/s)

	1107
	1 107
	1 107
	1 107
	1 107
	1 107
	1 107

	Electron mobilities, μe (cm2/Vs)

	100
	100
	100
	16
	50
	100
	20

	Hole mobilities, μh         (cm2/Vs)
	25
	25
	25
	16
	25
	25
	10

	Shallow uniform donor density ND (cm- 3)
	11015
	0
	0
	0
	9.5 1018
	1 1020
	1 1018

	Shallow uniform acceptor density NA (cm- 3)
	0
	1 1015
	1 1016
	1 1016
	0
	0
	0

	Total defect density, Nt (1/cm3) 
	1.21012
	1.21012
	1.21012
	1.2 1011
	1  1015
	1 1016
	1 1018




The Mo layer showed excellent adhesion in the stress and solution tests. Crystallographic investigation was carried out by XRD. The diffraction spectrum diagram of the Mo layer was shown in Figure 5. The results indicates the cubic structure with the card number 00-042-1120 and the growth of the single crystal layer in the preferential direction [110] with the desired intensity. Measurements of sheet resistance analysis were done by four-points probe. The obtained results indicate a resistance in the range of 0.2 Ω/□, which is perfect for the back connection of the solar cell. The cross SEM is presented in Figure 6 which show a single piece and columnar growth.
[image: ]
Fig. 5. X-ray diffraction pattern of Mo thin film
[image: ] 
Fig. 6. SEM image of Mo layer on soda lime glass
[bookmark: _GoBack]The CMTS semiconductor absorber layer was made by physical quasi-evaporation method. Based on the analyzing the XRD results (in figure 7), there are two crystal structures related to CMTS and MoSe2 in the structure, which is the dominant peak related to the CMTS structure. The location of the peaks for the CMTS structure with card number 00-026-0542 and for the MoSe2 structure with card number 00-020-0757 of the software for analyzing the results of this analysis (Xpert high score) are completely consistent and indicate the tetragonal crystal structure with the name Stanit is exclusive to CMTS. The absence of additional peaks and the optimal intensity of the peaks indicate the achievement of a crystal structure with optimal crystal quality.
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Fig. 7. X-ray diffraction pattern of CMTS thin film 
The Williamson-Hall method was used to measure the lattice strain of fabricated structure, and Debye-Scherr relationship on the peaks of the XRD diagram was used to calculate the grain size. According to the Williamson-Hall relationship, XRD peak broadening is caused by two parameters: crystallite size and lattice strain. The following relationship is used for Williamson-Hall calculations:

Here, Bt is the amount of total broadening in half peaks, ε is the amount of lattice strain, λ is the wavelength, D is the crystallite size and θ is the diffraction angle. By entering the parameters, the diagram of Figure 8 is obtained. The line slope in the diagram shows the amount of lattice strain and the Y-intercept, which results in the crystallite size range. By performing calculations, the amount of network strain was very low and in the range of 0.8%. According to the Debye-Scherr relation, the size of the crystallites was calculated in the range of 40-50 nm.
[image: ]
Fig. 8. Williamson-Hall diagram for lattice strain calculations

SEM & EDS results
The morphology and chemical composition of the CMTS thin film were investigated by a MIRA3 Tescan Field Emission Scanning Electron Microscope (FESEM) equipped with Energy-Dispersive Spectroscopy (EDS). The operating voltage used for all the SEM images was 20 kV, while EDS analyses were performed by a Quantax system (Bruker) under the following conditions: operating voltage 20 kV, probe current 150 pA, probe size 5 nm, working distance 15 mm, with inner calibration on pure metals. Table 2 shows the percentage of elements in the structure of CMTS thin film. According to reports and formula the percentage of optimal elements for CMTS structure should be close to 25, 12.5, 12.5 and 50 percent for Cu, Mn, Sn and Se elements, respectively. 
The results of EDS indicate the achievement of ideal elemental percentages in the structure are in agreement with theoretical and experimental theories. Figure 9 shows the cross-section SEM image of the CMTS thin film from the area along with the elemental distribution diagram (EDS) of the structure. The images obtained from the SEM show the existence of a one-piece structure with columnar growth and the least amount of holes, with a large grain size, which is ideal for an absorbent layer.

Table 2. Percentage of elements in the structure of CMTS thin film
	Composition ratio
	Chemical composition
 Atomic percent (%)

	Se/Metal
	Mn/Sn
	Cu/(Mn + Sn)
	Se
	Sn
	Mn
	Cu

	1.12
	1.09
	1.04
	53
	11
	12
	24
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[bookmark: _Hlk163062806]Fig. 9. SEM image and EDS analysis result for CMTS thin film
High absorption rate and band gap in the maximum range of solar radiation are important for the materials used as solar cell absorbers. The UV-Vis-NIR absorption spectrum of the CMTS absorber layer showed a broad absorption in this structure.
The direct optical band gap energy of CMTS compound was calculated using Tauc’s formula and by extrapolating the linear region of the spectra: (αhυ)2 = A(hυ - Eg)n ().
The band gap of CMTS layer can be estimated from (αhυ)2 versus hυ plots (α = absorption, Planck's constant = h and υ = frequency) derived from the corresponding UV-vis-NIR absorption spectra. Figure 10 shows the graphs related to this absorption spectrum and the band gap of the CMTS thin film. The band gap is approximately 1.25eV. This value is in acceptable agreement with the reported values in addition to the optimal range of absorption
[image: ]
Fig. 10. UV-Vis-NIR absorption spectrum plot and energy band gap calculation for CMTS semiconductor structure using extrapolation.

 Simulation results 
The simulation of the modern CMTS solar cell structure was done by the SCAPS solar cell simulation software. The results of the I-V analysis of the fabricated solar cell are presented in Figure 11. In order to analyze the results and investigate the role of key parameters in the connection points of the Mo/Mo(S, Se)2 and Mo (S, Se)2/CMTS levels, specialized calculations were performed through relations 1 to 8 of the simulation method. The results of these calculations for the manufactured solar cell are presented in Table 3.
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Fig. 11. The role of thicknesses of different interface layers between Mo/CMTS in the basic PV parameters


Table 3. Calculated interface electronic parameters of Mo/MoS2-MoSe2/CMTS
	Interface M-S
	ΦBn
	ΦBp
	qvo
	Φs
	Heterojunction
	∆Ec
	∆Ev
	qVbiback

	Mo/n-MoS2
	0.75
	0.7
	0.58
	4.37
	n-MoS2/CMTS
	0.15
	0.1
	-1

	Mo/p-MoS2
	0.75
	0.65
	0.43
	5.38
	p-MoS2/CMTS
	0.15
	0.05
	0.1

	Mo/ MoSe2
	0.83
	0.37
	0.23
	5.18
	MoSe2/CMTS
	0.23
	-0.23
	-0.19



The band alignment at the interface of Mo(S,Se)2/absorber highly affects the VOC. The conduction band offset (CBO) determines whether the band bending at the interface is spike, flat or cliff. A spike at the interface, inhibits recombination at the interface, while a cliff type band bending results in higher interface recombination and lower VOC [63]. The conduction band offset (CBO) between the Mo(S,Se)2 and absorber layers is important in the formation of a contact interface. Variation in χ shifts the whole band structure of a material upward or downward. This in turn has an effect on ΔEc and ΔEv of the Mo(S,Se)2/CMTS heterojunction and ΦBp, ΦBn and qVo of the Mo/ Mo(S,Se)2 metal-semiconductor junction [52]. For example, MoS2 with χ 4.2 eV has ΔEc and ΔEv of 0.15 eV and 0.05-0.1 eV, while MoSe2 χ 4.12 eV has a 0.8 eV increase in ΔEc relative to MoS2 and a decrease in ΔEv. The value of 0.2 eV spike in the conduction band is ideal to prevent electron emission in the back connection. The transition of ΔEv value from positive to negative suggests the ease of hole flow from CMTS to back contact through MoS2. The positive ΔEv, which corresponds to an energy barrier for the lower energy holes of CMTS towards the Mo(S,Se)2. This inhibition of hole flow towards back contact is undesired and detrimental for effective carrier collection [31]. On the other hand, for the MoSe2, lower χ yields negative ΔEv indicating ease of hole flow from the higher energy valence band of CMTS to the lower energy valence band of MoSe2. This supports the results obtained from simulations as observed in Fig.9. The low height ΔEv helps to easy hole transfer. So, MoSe2 has a more benefit for Voc and efficiency which is in complete agreement with the results obtained.
Generally, for Mo/p-Mo(S,Se)2/CMTS band alignment, lower negative qVbiback or higher positive qVbiback and lower qVo are desirable for hole transport across the valence band of CMTS to valence band of p-MoS2 and from valence band of p-MoS2 to Mo metal. The intended direction of hole flow during charge carrier separation is toward the back contact. The n-MoS2 generally forms a back diode with higher negative qVbiback compared to p-MoS2 and MoSe2, which in turn, inhibits the hole transport from the CMTS layer to the MoS2 layer. Although positive qVbiback has been observed for p-MoS2 which is supposedly to act as a beneficial back surface field, degradation PCE is still observed due to the positive ΔEv and high ΦBp and qVo value. High ΦBp and qVo are responsible for the inhibition of hole transport from the p-MoS2 to the Mo back contact. According to the obtained results, the values of ΦBp and qVo in the MoSe2 layer show the optimality of this layer for the CMTS structure. For an n-MoS2/Mo junction, Φm > Φn results in rectifying contact. Given a Φm of 4.95 eV, any Φn < 4.2 eV yields a rectifying contact. As a result, the increase in current with the increase in the thickness of the n- MoS2 layer is due to the ohmic connection of this layer with Mo. For a p-MoS2/Mo junction, Φm < Φp yields a rectifying contact that is undesired in case of hole flow. As seen, n-MoS2 is already detrimental as it forms a back diode with p-CMTS which opposes the working built-in potential of p-CMTS/n-SnS2 primary diode (n-p-n). These too correlate with results from Fig. 9 and existing literature [64]. The p-MoS2 and MoSe2 thin films have the added advantage of having the back diode condition lesser negative values, resulting in better performance (p-p-n). We numerically showed that the n-type MoS2 interfacial layer with Low thickness acts as a considerably benign component, whereas, the p-type MoS2 MoSe2 interfacial layer generally induces beneficial back contact carrier transport characteristics and subsequently improves the CMTS TFSCs performance. The optimal thickness for this layer was calculated in the range below 90 nm. The obtained solutions and results help researchers in this field a lot in achieving the optimal efficiency of CMTS thin film solar cells.

Conclusions:
The CMTS solar cell absorber layer was fabricated through a new quasi-evaporation method. The investigation of the analyses indicated a unified structure with the direction of crystal growth and favorable topography along with ideal absorption and band gap in the range of 1.25 eV. The data obtained from the analyses were used in the simulation process. Due to the variation in the semiconductor model of this layer, the effective parameters at the connection points of this layer with Mo and CMTS were investigated. The presence of an n-type MoS2 layer in low thicknesses is desirable due to the creation of an ohmic connection at the Mo junction. However, due to the difference in the internal field of the cell due to the creation of the opposite diode behind the cell (n-p-n) and the formation of recombination points, increasing the thickness of this layer should be avoided. Regarding the p-type MoS2 layer, the existence of the diode aligned with the CMTS helps to increase the amount of internal field and creates a small obstacle for the movement and exit of the hole from the Mo back electrode. MoS2 thin film with a thickness of 60 nm creates a 21% efficiency for the solar cell. The existence of the MoSe2 thin film in the junction between Mo and CMTS layers greatly improved the cell performance. The existence of a suitable band gap, optimal parameters at the Mo and CMTS connection points, and the contribution to the internal field due to the alignment are important factors for the optimality of the MoSe2 layer in these solar cells. The highest efficiency and the best performance among the investigated layers were assigned to the MoSe2 layer with an efficiency of 26%. 
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