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Abstract: Trap-engineered optical functional materials rely on charge-carrier capture, storage and release to gener-
ate multimodal optical responses under external stimuli such as heat, light, mechanical force, and ultrasound.
These responses include persistent luminescence, thermoluminescence, optically stimulated luminescence, mecha-
noluminescence, ultrasound-stimulated luminescence, and photochromism, showing great potential in optical anti-
counterfeiting, information storage, stress detection, biomedicine, and neuromorphic computing. This review first
summarizes the classification and fundamental processes of typical trap-related optical response modes, with empha-
sis on carrier de-trapping, migration, and recombination under different stimuli. It then highlights recent progress in
static and dynamic optical anti-counterfeiting, bright-field and dark-field information storage, real-time and delayed
stress detection, ultrasound-triggered biomedical applications, and all-optical neuromorphic computing. Finally,
current challenges are discussed in terms of precise trap-structure regulation and characterization, multimodal signal
stability and decoupling, biomedical safety, and the construction of device-level and intelligent platforms. Future di-
rections involving intelligent trap engineering, synergistic optimization of multimodal responses, and system-level in-
tegration are also outlined. This review aims to provide guidance for understanding multimodal response mecha-

nisms, optimizing material performance, and designing applications of trap-engineered optical functional materials.
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Fig. 1 Schematic diagram of carrier transport and transitions involved in the multimodal responses of trap-controlled optical

functional materials.
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Table 1 ~ Comparison of six typical response modes of trap-controlled optical functional materials
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Fig.2 Examples of exploratory applications in optical anti-counterfeiting. (a) Static multimodal optical anti-counterfeiting

based on NaNbOs: Pr*/Er™*. (b) Dynamic multimodal optical anti-counterfeiting based on Ca;Ti,0,: Pr’*/Er*"*'. (¢)

Synergistic multimodal optical anti-counterfeiting based on CaGa,05: Mn®",
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Fig. 3 Examples of exploratory applications in information storage. (a) Multicolor persistent luminescent patterns and multidi-

mensional QR-code information storage based on NaYF,: Ln*@NaYF,(Ln = Th, Dy, Ho)"™". (b) Bright-field/dark-field

differential information encryption based on La, 4sTi,0,: Pr'**"". (¢) Rewritable optical information storage based on dual-

channel photochromism and UV persistent luminescence in Na,CaGe,0g: Bi** 2
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Fig. 4 Examples of exploratory applications in stress information detection. (a) SrAl,0,: Eu® flexible film for stress detection in

two-dimensional structures*”). (

b) Three-dimensional stress distribution visualization based on 3D-printed MgF,: Yb™,

2 . . 58 . . .
Mn* mechanoluminescent composite structures ™. (¢) Delayed stress detection based on carrier rearrangement in Ba-

Si,0,N,: Eu*". (d) Delayed stress detection based on differential carrier release in CaAl,0,: Eu®",Sm*". (e) Delayed

3+[61]

stress detection based on stress-induced carrier filling in SrSi,0,N,: Eu®, Dy .
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