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Abstract: As an emerging class of lead-free optoelectronic materials, copper( I )-based halides materials have
garnered significant attention in the field of optoelectronic devices due to their unique physicochemical properties,
abundant structural diversity, and excellent optoelectronic performance. This review systematically summarizes the
latest research progress on copper( | )-based halides materials, starting from crystal structure design to in-depth dis-
cussions on their electronic characteristics, optical properties, and controllable synthesis strategies. Studies reveal
that through structural modulation (e.g., A-site cation selection, halogen composition optimization) , copper( I )-based

halides materials not only inherit the high photoluminescence quantum yield and spectral tunability of lead-based
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perovskites, but also significantly enhance material stability and environmental adaptability, effectively addressing
the toxicity and instability issues of lead-based counterparts. The broadband emission characteristics are widely at-
tributed to the self-trapped exciton luminescence mechanism, manifested by large Stokes shifts, long photolumines-
cence lifetime, and strong exciton-phonon coupling. This review introduces synthesis techniques for single crystals,
nanocrystals, and thin films, and highlights breakthroughs in optoelectronic applications such as light-emitting di-
odes (LEDs) , photodetectors, and X-ray scintillators. For instance, the external quantum efficiency of green LEDs
based on copper( | )-based halide materials has exceeded 13%, deep-ultraviolet-sensitive photodetectors based on
Cs;Cu,ls thin films demonstrate a high photo-responsivity of 17.8 A+*W™, and Cs;Cu,ls scintillators exhibit a light
yield of 79 279 photons per MeV. Looking ahead, by precisely modulating material dimensionality, optimizing de-
vice interface engineering, and exploring novel application scenarios, copper( I )-based halides are poised to ad-

vance optoelectronic devices toward high efficiency, environmental sustainability, and multifunctional integration.

Key words: copper( I )-based halides materials; structural modulation; self-trapped exciton emission; optoelec-

tronic devices; lead-free materials
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Fig.8 (a)Schematic illustration of LED device structure. (b)Energy band diagram and working mechanism of LEDs devices
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Tab. 1 Summarized performances for representative copper( I )-based halide LEDs devices

KICH B Pk nm i K EQE/% BARSEE (ed-m™)  JBEHREN  BEICE
Cs,Cu,I; thin films 440 - 10 ~6 [67]
Cs,Cu, I, NCs 445 112 263.2 4.5 [18]
CsCu,l, and Cs,Cu,, films 446, 550 0.15 145 - [88]
CsCu,l, and Cs,CuI, films 460, 571 0.053 352.3 2.9 [89]
TEA,Cu,Br, films 463 0.11 85 4.3 [58]
[dppb],Cu,L: Mcp 515 13.39 5064 3.1 (1]
CsCu,, 550 0.17 47.5 5 [79]
PVK/ CsCu,l, 550 1.35 357.8 ~4.5 [87]
Cs3Cu2ls/CsCuzls mixed phase 565 3.1 1570 2.7 [86]
CsCu,1,-doped halide emitter film 578 7.4 15 879 3.5 [19]
CsCu,I/TmPyPB 593 2.12 14767 4.4 [90]
CsCu,l, films ~600 0.025 29.3 1.3 [91]
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Fig.9 Working mechanism schematic of photodetectors based

on Cs;Cu,l;s thin film'”
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Tab. 2 Summarized performances for representative copper( I )-based halide photodetectors

ok ¥ /mm Wi i 26 /(A W) FRIAR/(10" Jones) 7 /ms 7/ms 27 ik
Cs,Cu,l crystalline film 265, 365 0.0649 0. 69 26.2 49.9 [98]
Cs,Cu,l, thin films 265 17.8 1.12 465 897 [20]
CsCu,l, nanowires (NWs) 230~350 32.3 1. 89 0. 006 94 0.214 [99]
CsCu,l, single-crystal microbelt 350 0.126 0. 64 0.04 1.6 [65]
CsCu, ], perovskite films 290, 340 0.047 63 2.58 0. 87 0. 86 [100]
TEA,Cu,Br, crystals 275 5.07 7.04 11.52 11.22 [101]
CsCu,L/GaN heterostructure 325 0.37 18.3 7 8 [102]
Cs,Cu, I  nanonet arrays 275 1. 66 2.48 28 31 [103]
Cs,Cu,l, 2D single crystals 270 3.78 60 163 203 [104]
Cs,Cu,Br, films/n-GaN 270 0.005 16 0.529 11.8 5.6 [105]
CsCu,l, wire arrays 330 1.29 2.7x107 0. 64 7.1 [71]
CsCu,l, single-crystal microrods 355 5.4 0.091 0.61 0.5 [62]
CsCu,l, nanoribbons 365 0.27 6.38x107* 5.8 6 [70]
CsCu, 1, film 265 0.022 1 0.12 — — [106]
CsCuzI3 single crystals 360 0.276 1. 34 0.37 1.08 [107]
CsCu,L, single crystals 300~700 52 9.3x107° 0.25 20 [108]
CsCu,l, film 254 1.43 1.15 50 70 [109]
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Fig.12  Schematic illustration of CsCu,l; scintillator detector
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