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Recent Advances in Mechanoluminescent Tactile Sensing Devices
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Abstract: Tactile sensing is essential for high-dimensional perception in embodied intelligence, yet conventional
electrical sensors are limited by complex readout, electromagnetic interference, and restricted imaging resolution.
Mechanoluminescence materials, which directly convert mechanical stimuli into optical signals, offer a promising al-
ternative for visualized and interference-resistant tactile sensing. This review summarizes recent advances in ML ma-
terials for tactile sensing, focusing on key performance metrics and optimization strategies, including sensitivity en-
hancement, improved cycling stability, extended sensing range, and signal-to-noise ratio optimization. Progress in
high-resolution tactile imaging and multimodal sensing is further highlighted. Representative applications in electron-
ic signatures, artificial skin, human-machine interfaces, and soft robotics are discussed. Finally, critical challeng-
es, including static stimulus response, multimodal signal decoupling, and system integration, are analyzed. This re-

view provides insights into the design of next-generation ML-based tactile sensing systems.
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Fig.1 Key metrics and representative applications of mecha-

noluminescent materials for tactile sensing.
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Fig.2 Schematic illustration of ML mechanisms. (a) dislocation-motion-induced ML mechanism; (b) piezoelectricity-induced
ML mechanism; and (¢) triboelectricity-induced ML mechanism
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lindrical rod arrays inspired by tooth force-transmission mechanisms
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Enhanced sensitivity through structural design. (a) slit microstructures inspired by spider leg joint slit organs”*; (b) cy-

Bl (o) green-orange switchable mechanolumines-

cent fiber enabled by a biomimetic three layer coaxial okra-inspired structure™ ; (d) 3D-printed porous lattice struc-

tures”™; (e) UV-curing 3D-printed honeycomb structures™; (f) bioinspired 2D hemispherical arrays mimicking epider-

62

mal interfaces™®'; (g) high-aspeci-ratio hair-like microarray structures™'”
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Fig.9 High-resolution strategies for mechanoluminescent (ML) tactile imaging. (a) high-resolution mechanoluminescent tactile
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tion ML materials for fingerprint recognition' ™ ; (d) near-field photon-collection ML imaging scheme!'; (e) ML layer
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Table 1

Key performance parameters of mechanoluminescent tactile sensors

ML B4 A7 (nm) [ 1B I I EL 1 IR 25 (8] 43 P SCHik
ZnS:Mn 585 0.8 N 10000 0.8- 10N 100 wm [11]
ZnS: Mn/Cu@Al,0, 480/590 230 kPa 10000 230 - 2500 kPa <100 pm [115]
ZnS:Cu - MoS, 510 200 Pa 2000 200 Pa - 5 MPa 10 pm [13]
ZnS:Cu/CMOS 510 0.23N 1920 kPa 2t 100 wm [14]
ZnS:Cu 510 0.1N — 0.1-3N 0.5 mm [15]
ZnS/CaZn0S : Mn 590 2N 100 0-8MPa — [18]
ZnS: Mn/Cu@Al,0, 585 IN 20000 1-2N — [55]
ZnS:Mn/Cu 510/590 5N 1800 <12.7 kPa — [57]
Nafion@Ag@ZnS 510 0.2N 300 0.2-60N — [72]
ZnS:Cu 510 9 kPa — 9 - 40 kPa 40 wm [96]
ZnS:Cu’/Mn*" 510/590 5N 2000 5-60N — [119]
MgO:Cr'* 800/1350 — 1000 — 1.5 mm [65]
Cal,: Th™ 550 0.1N 14 0.1-0.5N — [66]
SiF,: Pr’* 222 5N 20 5-25N — [89]
CaGa,0,:Mn™ 590 32 kPa 100 32 - 96 kPa — [67]
Sr,LiMg(PO,),: Dy™ 580 2N 16 2-10N — [70]
LiNbO, : Pr™* 620 IN 5 1-1000 N — [73]
Sr,8i0,: Eu™* 580 72 Pa 70 72 - 500 Pa 200 wm [74]
CaZnOS:Bi*", Li",Nd** 480/910 IN — 1 - 3000 N — [75]
SrZn0S: Mn** 620 0.5 GPa — 0.5-10.5GPa — [77]
SrZn0Se: Nd* 910 5N 10 5-55N — [90]
BaGa ,0,,:Cr” 720 12N 1 1000 - 3500 N — [76]
CPO:Tb*,Mn*" 540/650 0.5N 300 0.01-0.12 MPa — [83]
Sr,(BO,),: Pr™* 272 0.3 MPa 20000 0.3-1.5MPa — [88]
Zn, ,Ga, Ge, ,0,:Cr 690 0.1N 3000 0.4 - 3000 kPa — [108]
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Fig.10 Multimodal sensing strategies for mechanoluminescent tactile sensors. (a) Temperature sensing based on PL spectra
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band luminescence coupling "'*'; (d) pressure-temperature bimodal sensing based on optical-electrical coupling "™ ;
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(e) synergistic output of mechanoluminescent and triboelectric signals ; (f) decoupled stress-rate sensing based on
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spectral peak features "'”'; (g) humidity-coupled mechanoluminescent response
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