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Figure 1 Example diagram of grain boundaries and dislocations in CdTe. (a) STEM Z-contrast image showing a X9 GB with symmetric (yellow
boxes) and asymmetric (green dashed box) segments. The basic components of both the symmetric and asymmetric 29 GBs are Cd;Te dislocation
cores (white dashed circles). The small blue and large yellow solid circles indicate single Cd and Te columns, respectively. Reprinted with permission
from ref. [24]. Copyright©2014, American Physical Society. (b) STEM image of a 30° Shockley partial dislocation pair. Reprinted with permission
from ref. [41]. Copyright©2019, American Chemical Society.
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Figure 2 Deep defect energy levels and passivation examples in grain boundaries. (a) The calculated PDOS of the £3(112)Te-core GB, along with
band structure and partial charge density of defect bands at the I" point, are presented from left to right. The zero energy level is set to the VBM of the
pure 23(112)Te-core GB. The dashed-dot lines in the DOS figure represent the VBM and the CBM of the pure £3(112)Te-core GB. The dashed line in
the band figure indicates the position of the Fermi level. Calculated charge density figures associated with the gap states GS1, GS2, and GS3 are
shown in green, yellow, and blue boxes, respectively [43]. (b) Calculated electronic structures of the X3(112)Te-core GBs containing the dopant of
2Cly. + S; configurations. Reprinted with permission from ref. [43]. Copyright©2025, AIP Publishing. (c) Each section contains an EBIC image for a
non-treated, Cu diffusion treated, CdCl, treated, and CdCl, and Cu treated CdTe sample. The EBIC image contrast number is the EBIC current/
electron beam current. Reprinted with permission from ref. [44]. Copyright©2025, John Wiley and Sons.
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Figure 3 Dislocation-induced local carrier separation. (a) Schematic
diagram of the band bending caused by the charge transfer between the
Te core and the Cd core. Reprinted with permission from ref. [25].
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The efficiency of CdTe polycrystalline thin-film solar cells remains substantially below the theoretical limit, with
extended defects—particularly grain boundaries and dislocations—identified as critical performance-limiting factors.
Conventionally regarded as deleterious recombination centers, grain boundaries have been shown to undergo n-type
inversion via Cl segregation during CdCl, treatment, forming localized p-n-p junctions that convert them into carrier-
collecting channels, thereby emerging as a fundamental mechanism for performance enhancement. Concurrently,
dislocations exhibit dual functionalities: their density can be suppressed through hole injection, while specific dislocation
configurations demonstrate the capability to promote photogenerated carrier separation, challenging conventional defect
paradigms. This review systematically analyzes the atomic configurations and electronic properties of extended defects in
CdTe, elucidates their roles in optoelectronic processes, and evaluates corresponding passivation and engineering
strategies. Prospective research directions including impurity-defect synergism and defect evolution stability are
discussed, providing strategic insights for advancing CdTe photovoltaics through defect engineering.

CdTe solar cells, grain boundaries, dislocations, passivation, first-principles
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