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Fig.2 (A) SiO, nanoparticles enhanced mechanoluminescence (ML) ; (B) Pressure mapping based on ML,

17]

schematic configuration of devices" '*; (C) Visualization of dynamic pressure distributions generated from

handwritten “e” ''7); (D) Dual-mode sensors based on ZnS-CaZn0S'"’; (E) Comparison of ML intensities for

Li,NbO;:Pr** with different values'?! ; (F) Comparison of ML intensities for the LiNbO,;: Pr**, CaZnOS: Mn,

ZnS:Mn and ZnS:Cu sheet during the tensile strain test* [20]
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Fig.3 Electroluminescence based sensing: (A) Schematic illustration of the real-time wearable cardiac-mon-
itoring syslemmr; (B) Real-time color changes of the color-tunable organic light-emitting diode, synchronized
with the shape of the measured normal electrocatdiogram (ECG) signal. The insets indicate (left) the region of
ECG signal for respective color emission and (right) corresponding CIE coordinates?'’; (C) Schematic of the
device structure of the fiber-shaped light-emitting pressure sensor (FLPS)[ZZ]; (D) Working principle of the FLPS
with an epidermal electrode?’; (E) Schematic of the fabrication process for the wearable and semitransparent
[24]

pressure-sensitive light-emitting sensor based on electrochemiluminescence'™; (F) A sensor for visualizing the

- . .4
movements of continuous external stimuli’**’
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Fig.4 Optical waveguide based sensing: (A) Optical outputs and ray diagrams of stretchable lightguide for
multimodal sensing when it is undeformed, stretched, bent, and pressed, the scale bar is 1 cm:m; (B) Real-time
reconstruction of multi joint bending using the vector sum model *’; (C) Bending-angle-dependent output of a
typical skin-like wearable optical sensor (SLW0S)?"; (D) Close-up view of the SLWOS output within bending
angles of 60.0°—60.8°!?"
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Fig.5 (A) Nanoscale crack-based sensor assembled with hierarchical thermochromic membrane>®;
(B) Schematic of the joule heating mechanism in the nanoscale crack-based thermochromic sensor™’; (C) Color

changes of the thermochromic membrane by changing temperature, the scale bar is 2 mm" % (D) Schematic
391,

illustration of the plasmonic microgels in the polyacrylamide hydrogel under swollen and shrunk states
(E) Pictures of the flexible plasmonic microgel films at 24 °C and after heating and cooling for 5s"';

(F) Schematic diagram of the smart device integrated by transparent nanogenerator and liquid crystal (left).

Liquid crystal touched with human finger for temperature sensing visually (right)m]
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Fig.6  Electrochromic based sensing: (A) Schematic illustration of the structure of the pressure visualization

and recording systemm]; (B) Fabrication procedure of the visualized, self-powered, and flexible ultraviolet
[43]

photodetector™; (C) Optical photographs of the flexible device without and with different ultraviolet

illumination intensities **'; (D) Number of pixels corresponding to different pH and concentrations of Na* (blue),

lactate(purple) and glucose (yellow)[m
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Fig.7 Structure color based sensing: (A) Schematic illustration of a block copolymerstructure color strain
sensor *; (B) Photographs of the sensor as a function of strain'**’; (C) Schematic diagram of the generation

process of the polydopamine-infiltrated poly(ethylene glycol) diacrylate hydrogel inverse opal film“7;

(D) Photographs of the bioinspired structural color patch adhered on porcine myocardium tissue' "

3 BREERE

ARG T e n] o WAR I ) R 6 R R A (R P A n] A Ty SR R WS BTk Bk
J6. BEUOL, Jeiis . AEUEE . RBUEOMEH 0 B REL S i R MRS K51 kT Al R T
el FRIBT B, T T ] 2P i A O i A SRS AR D RE R R A T 2l P e T 1R 1Y
L, ATRLALAE D — PRk SRS R RS0 Bl b s AR S5 R D7 AR 20 2 09T



314 oy B A 22 %51 %

SRR EAT T IRAG D RE Y M AT 2 A R SO R T AR RO WTE AR 7 S PR st (B AT BRI S EAT
R 22 JE BT 5 g Sl 4y BB B2 A0S ) AR S5 A5 8, O L el T PR B PR , 7 S P i e 8 v e o
REZRAFAE PR M AR B 0 A4S o Al 1] FH X 28 a] MR 7 5 0k B 22y it S B AR8E E ARARS 1 ) 1k
R R BT RXMERS . Sy 1WA B 2 | S R RERR AR AL R SR [T 4 A St A (S S5 1R AT i
P, T | LR B BRG] x5 TR A R IR A S A S B ISR . AT WFFE B e AR AR s A AR 1)
FABE . AGINTE L L WL (BRI BEE A TR AT . BEE FORRR S | B REf Rt — P R e,
AR AT IAL T P] 2 AL SR AR A B SR AR T A RIS 2 A

References

[1] PAN Xiao-Jun, BAO Rong-Rong, PAN Cao-Feng. Chem. J. Chin. Univ. , 2021, 42(8): 2359-2373.
TR, BASAS, W B0, S22 254, 2021, 42(8): 2359-2373.

[2] CHANDRA B P, SHRIVASTAVA K K. J. Phys. Chem. Solids, 1978, 39(9): 939-940.

[3] LIU Ming-Li, WU Qi, SHI Hui-Fang, AN Zhong-Fu, HUANG Wei. Acta Chim. Sin. , 2018, 76(4): 246-258.
XTI, SRBE, ST, ZAAR, S LA, 2018, 76(4): 246-258.

[4] GUO X, BIAN J, BAT Y, MA Z, YANG S, WANG Z. Chem. Phys. Lett. , 2022, 787: 139235.

[5] WANG W, WANG Z B, ZHANG J, ZHOU J, DONG W, WANG Y. Nano Energy, 2022, 94: 106920.

[6] BAIL'Y Q, GUO X P, TIAN B R, LIANG Y M, PENG D F, WANG Z F. Adv. Sci. , 2022: 2203249.

[7] WANG F L, WANG F L, WANG X D, WANG S C, JIANG J F, LIU Q L, HAO X T, HAN L, WANG J J, PAN C F, LIU H,

SANG Y H. Nano Energy, 2019, 63: 7.

[8] LEE H, CHO E, KEREKES T W, KWON S L, YUN G J, KIM J. Polymers, 2020, 12(8): 1720.

[9] LI H, ZHANG Y, DAI H, TONG W, ZHOU Y, ZHAO ], AN Q. Nanoscale, 2018, 10(12): 5489-5495.

10] LV S, HAN Y, SHUAI L, CHEN B, WAN J. J. Lumin. , 2021, 239: 118303.

11] JEONG S M, SONG S, LEE S K, CHOI B. Appl. Phys. Lett. , 2013, 102(5): 5.

12] ZHAO Y, DU J, WU X, WANG Y, POELMAN D. J. Lumin. , 2020, 220: 117035.

13] DU J, POELMAN D. Ceramics Int. , 2019, 45(7): 8345-8353.

14] DENG Y, WEI J, SUN J, ZHANG Y, DONG L, SHAN C X. J. Lumin. , 2020, 225: 117364.

15] MATSUZAWA T, AOKI Y, TAKEUCHI N, MURAYAMA Y. J. Electrochem. Soc. , 1996, 143(8): 2670-2673.

16] QIAN X, CAIZ,SUM, LI F, FANG W, LI Y, ZHOU X, LI Q, FENG X, LI W, HU X, WANG X, PAN C, SONG Y. Adv.

Mater. , 2018, 30(25): 1800291.

[17] WANG X, ZHANG H, YU R, DONG L, PENG D, ZHANG A, ZHANG Y, LIU H, PAN C, WANG Z L. Adv. Mater. , 2015,
27(14): 2324-2331.

[18] CHEN B, ZHANG X, WANG F. Acc. Mater. Res. , 2021, 2(5): 364-373.

[19] MA X, WANG C, WEI R, HE J, L1 J, LIU X, HUANG F, GE S, TAO J, YUAN Z, CHEN P, PENG D, PAN C. ACS Nano,
2022, 16(2): 2789-2797.

[20] TU D, XU C N, YOSHIDA A, FUJIHALA M, HIROTSU J, ZHENG X G. Adv. Mater. , 2017, 29(22): 1606914.

[21] KOO ]JH, JEONG S, SHIM H J, SON D, KIM J, KIM D C, CHOI S, HONG J I, KIM D H. ACS Nano, 2017, 11(10): 10032-
10041.

[22] ZHOU X, XU X, ZUO Y, LIAO M, SHI X, CHEN C, XIE S, ZHOU P, SUN X, PENG H. J. Mater. Chem. C, 2020, 8(3):
935-942.

[23] CUI Lin, WANG Peng-Yu, WANG Cheng-Ming, ZHANG Chun-Yang. Chin. J. Anal. Chem. , 2021, 49(5): 665-675.

HEHE, TG, AR, AR FH. 0HTiEsr, 2021, 49(5): 665-675.

[24] KWON D K, MYOUNG J M. ACS Nano, 2020, 14(7): 8716-8723.

[25] ZHAO H, O’BRIEN K, LI S, SHEPHERD R F. Sci. Robot. , 2016, 1(1): eaai7529.

[26] BAI H, LI S, BARREIROS J, TU Y, POLLOCK C R, SHEPHERD R F. Science, 2020, 370(6518): 848-852.

[27] ZHANG L, PAN J, ZHANG Z, WU H, YAO N, CAI D W, XU Y X, ZHANG J, SUN G F, WANG L Q, GENG W D, JIN W

G, FANG W, DI D W, TONG L M. Opto-Electron. Adv. , 2020, 3(3): 190022.

[28] WANG L, WEI Z, RAO W, YOU X, LIU J, LIU Y, CAI H. Inorg. Chem. Commun. , 2021, 130: 108702.

[29] MAY,DONGYF,LIUSY,SHEPY,LUJY, LIU S J, HUANG W, ZHAO Q. Adv. Opt. Mater. , 2020, 8(6): 6.

[30] KACZMAREK A M, MAEGAWA Y, ABALYMOV A, SKIRTACH A G, INAGAKI S, VAN DER VOORT P. ACS Appl.
Mater. Interfaces, 2020, 12(11): 13540-13550.

[31] LIZ,ZHANG J, JIN J, YANG F, ALEISA R, YIN Y. J. Am. Chem. Soc. , 2021, 143(38): 15791-15799.

[32] HAN X, LUAN X, SU H, LI J, YUAN S, LEI Z, PEI Y, WANG Q. Angew. Chem. Int. Ed. , 2020, 59(6): 2309-2312.



%5 3 X555 . AT T 2 B AR T ik 315

[33] ZHANG S, L1 'Y, FENG L, XUE Q, GAO Z, TUNG C, SUN D. Nano Res. , 2021, 14(10): 3343-3351.

[34] STRIZIC JAKOVLJEVIC M, LOZO B, GUNDE M K. Crystals, 2021, 11(8): 876.

[35] TRAN LV, SLABAUGH C D. Int. J. Heat Mass Transfer, 2019, 137: 229-241.

[36] GUAN Y, ZHANG L, WANG D, WEST J L, FU S. Mater. Des. , 2018, 147: 28-34.

[37] LIANG Xiao-Rui, ZHANG Yong, ZHANG Li-Chun. Chem. Eng. , 2009, 23(5): 56-58, 62.

NG, Tk BB, Skar AR, fheE TREIM, 2009, 23(5): 56-58, 62.

[38] PARK B, KIM J U, KIM J, TAHK D, JEONG C, OK J, SHIN J H, KANG D, KIM T I. Adv. Funct. Mater. , 2019, 29(40):
1903360.

[39] CHOE A, YEOM J, SHANKER R, KIM M P, KANG S, KO H. NPG Asia Mater. , 2018, 10(9): 912-922.

[40] SUNJ G, YANG T N, WANG C Y, CHEN L J. Nano Energy, 2018, 48: 383-390.

[41] MORTIMER R J. Electrochromic Materials. Annual Review of Materials Research: Annual Reviews Inc. 2011: 241-268.
[42] HAN X, DU W, CHEN M, WANG X, ZHANG X, LI X, LI J, PENG Z, PAN C, WANG Z L. Ady. Mater. , 2017, 29(26):

1701253.

[43] QIU M, SUN P, LIU Y, HUANG Q, ZHAO C, LI Z, MAI W. Adv. Mater. Technol. , 2018, 3(2): 1700288.

[44] YINL,CAO M, KIM K N, LIN M, MOON J M, SEMPIONATTO J R, YU J, LIU R, WICKER C, TRIFONOV A, ZHANG F,
HU H, MORETO J R, GO J, XU S, WANG J. Nat. Electron. , 2022, 5(10): 694-705.

[45] HONG W, YUAN Z, CHEN X. Small, 2020, 16(16): 1907626.

[46] PARKTH, YUS, CHO S H, KANG H S, KIM Y, KIM M J, EOH H, PARK C, JEONG B, LEE S W, RYU D Y, HUH J,
PARK C. NPG Asia Mater. , 2018, 10(4): 328-339.

[47] WANG Y, SHANG L, CHEN G, SUN L, ZHANG X, ZHAO Y. Sci. Adv. , 2020, 6(4): eaax8258.

Advances in Visualization of Flexible Wearable Sensors

LIU Bo-Yang'*’, WANG Ran-Ran™?, SUN Jing’
Y(School of Chemistry and Materials Science, Hangzhou Institute for Advanced Study,
University of Chinese Academy of Sciences, Hangzhou 310024, China)
*(State Key Laboratory of High Performance Ceramics and Superfine Microstructure,
Shanghai Institute of Ceramics, Chinese Academy of Science, Shanghai 200050, China)
3(Center of Materials Science and Optoelectronic Engineering, University of Chinese Academy of Sciences,

Beijing 100049, China)

Abstract Beacause of the light weight, good conformability and high biosafety, flexible wearable sensors show
broad application prospects in military, healthcare, medical and sports areas. Visualization is an important
direction for the development of flexible wearable sensors, which is significant to enrich their functions and expand
their application areas. This paper reviewed the progress of visualized flexible wearable sensors in recent years,
summarized the existing types and their mechanisms, and highlighted the ones which relied on light-emitting or
colour-changing materials for visualization. Finally, the opportunities and challenges of visualized flexible
wearable sensors were presented.
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