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Ferroelectricity emerging in stacked two-dimensional (2D) transition metal dichalcogenides
(TMDs) provides an intrinsic route to engineer electronic properties in layered materials.'2 In
rhombohedral (3R) TMDs, the lack of inversion symmetry leads to pronounced interlayer
charge redistribution, giving rise to robust out-of-plane ferroelectric polarization and strong
internal electric fields.® These built-in fields naturally confine electrons and holes into
atomically thin quantum wells at interfaces between domains of opposite polarization,
known as mirror twin boundaries (mTBs).4#> We combine first-principles density functional
theory (DFT) with a self-consistent Thomas-Fermi approach to establish a predictive
framework for polarization-driven quantum confinement at ferroelectric twin boundaries in
van der Waals TMDs, enabling systematic evaluation of carrier accumulation, confinement
stability, and external tunability across a broad materials space (Figure 1). This work
establishes ferroelectric mTBs as a programmable internal interface platform for hybrid
integration, enabling built-in fields to define and tune quantum-confined channels relevant
to nanoscale optoelectronic, photonic, and quantum device architectures, while reducing
reliance on external gating and complex heterostructures.
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Figure 1: (Leff) Mirror twin boundaries in ferroelectric TMDs. Schematic of mirror twin boundaries
separating adjacent ferroelectric domains in 3R-TMDs (with MX- and XM-stacking). (Right) Schematic
illustration of the electro-static potential profile across a mTBs, and the green curve displays the
probability density (|W(z)|2) of accumulated carriers. The black curve is the potential profile in
friangular well.
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