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Transport Properties of ML-TMDCs
In this section, we again employ the effective massive Dirac-like Hamiltonian governing ML-TMDC semiconductors (Eq. A1) and use the extended transfer-matrix method to investigate the carrier transmission probability through the structure in the presence of the photogating potential. As illustrated in Fig. B1, the monolayer is assumed to extend in the x-y plane, with carrier transport considered along the in-plane x direction. As shown schematically, carriers are incident on the structure at an angle  and emerge from the structure at an angle .

Region III ()
Pristine ()













L (length of ML-TMDC)
Region I ()
Pristine ()
Region II ()
Photogating region () ()






Figure B1. Schematic illustration of carrier transport through a photogated ML-TMDC, showing the incident and transmitted carrier wave vectors and the corresponding angles ​ and ​.



           (B1)
The wave vector components along the x- and y-directions are defined as  and , respectively. This Hamiltonian acts on a state described by the two-component pseudospin wavefunction , where  and  correspond to the two sublattices of ML-TMDCs. Since carrier propagation is considered only along the x-direction, the wavefunction can be written in the form . Substituting this wavefunction into the above Hamiltonian, the resulting problem for ML-TMDCs can be solved as follows:
         (B2)
E denotes the energy of the incident charge carriers, while  and  are defined as the wave vectors within the monolayer, and  corresponds to the wave vector of the incident carrier in the  region. By expressing the above equation as two coupled equations and differentiating with respect to x, a second-order differential equation for the A and B sublattices can be obtained by defining  as:
               (B2)
If ​ denotes the x-component of the wave vector within the monolayer, it is obtained as
          (B3)
For the wavefunctions, we assume solutions of the form  and . Here, A and C denote the forward-propagating spinor components, whereas B and D represent the backward-propagating spinor components. Substituting these wavefunctions into Eq. (B2) yields the relations  and . To establish the relationship between the wavefunctions  and , we assume the basis functions  to be of the following form:
               (B4)
We rewrite the wavefunctions in terms of the basis states. Using the definitions given by Eqs. , , and , the wavefunctions can be expressed as follows:
         (B5)
If the matrix  is defined as the transformation matrix in the form , then we obtain:
                (B6)
Next, we consider the relationship between the wavefunction  and the wavefunction  within the ML-TMDC plane:
            (B7)
Substituting these relations into , and subsequently expressing the resulting equation in matrix form as , we obtain:
      (B8)
Using the two transformation relations for the matrices  and , the relationship between the wavefunctions  and  can then be written as:
           (B9)
Finally, the relationship between  and  is formulated in terms of the extended transfer matrix . This matrix shifts the wavefunction  by a distance  and transforms it into . Accordingly, the individual elements of the matrix  are obtained as follows:
       (B10)
One of the most important quantities that should be considered in the study of both the transport and optical properties is the wavefunction of the structure. The two-component wavefunction at the position ​, denoted by , can be determined from the boundary conditions, as illustrated in Fig. B1. We assume that a free electron with energy E is incident on the structure from the  region at an angle . In this region, the total wavefunction is given by the superposition of the incident and reflected waves. Therefore, at , we have:
       (B11)
As shown in Fig. B1,  represents the wave packet of the incident electron at . In deriving the above relations, the relation  has been used, where r is the overall reflection amplitude of the structure. Based on the proposed definition of the wavefunction, , the corresponding relation at the point of incidence is given by . By combining Eq. (B11) with the above description, the relations  and  are obtained. Accordingly, the basis functions can be rewritten in the following form:
                (B12)       
On the other hand, we previously obtained the relation . At the point , and using the above relations, we obtain
       (B13)
Equation  can be expressed in a compact matrix form as .
We now consider the other end of the structure, where the carrier exits the structure at position  after undergoing various interactions, with an exit angle of . Assuming that t denotes the transmission amplitude of the structure, the corresponding wavefunction can be written as . Based on the definition of the wavefunctions in terms of the basis functions at position , and assuming the relation , the wavefunction at the end of the structure, i.e., at the carrier-exit position, can be expressed in the following compact matrix form .
Using the extended transfer matrix obtained for this structure, the matrix  relates the wavefunction  to , such that . Therefore, we obtain the relation . By combining the relations obtained for  and , we arrive at:
           (B14)

Solving the above equation and using , the reflection coefficient r and transmission coefficient t of the structure, which are key quantities for characterizing its transport properties, are obtained for the  () valleys as follows:
       (B15)
       (B16)
Finally, the wave function at an arbitrary position x can be written as . Accordingly, the wavefunctions corresponding to the different A and B sublattices are obtained as follows:
       (B17)
Here,  denote the elements of the matrix . These equations are used to describe the spatial evolution of the two-component pseudospin wave function in ML-TMDCs for a given incident electron wave packet .
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