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Abstract: Electrochromism is the phenomenon of reversible color/optical change of materials induced by redox
reactions under an applied electric field. Since electrochromism was first introduced by Platt in 1961, electrochromic

(EC) technology continues to develope due to its advantages of multiple colors energy saving and controllability, and

was applied in many fields, for example, smart windows, displays, anti-dazzling rear view mirrors, etc. Recently, with
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the rapid development of optoelectronic and photoelectric technologies, highly integrated electronic devices attracted

extensive interests, and the EC technology is developed towards functionalization and intellectualization. For example,

self-powered EC devices (ECDs) were fabricated through integrating with the green energy technology, which further

reduced the building energy consumption. Because of the visualization of the EC phenomena by naked eyes, the signal

reading became more convenient for the sensors integrated with ECDs. In addition, because of similar device structure,

electrochemical principles, active components with other functional devices, a lot of multifunctional EC technologies

were explored based on single device, facilitating applications of ECDs in EC infrared control, EC energy storage, and

EC actuation. In light of the recent emerging progress of EC technology, we reviewed multi-functional EC systems

based on the integration of multiple devices and single device, respectively, including self-powered ECDs, EC sensors,

infrared ECDs, and EC energy storage devices, etc. The integration modes, structure design and performance

optimization were also summarized for different types of the multi-functional ECDs. At last, we introduced the

challenges and potential pathway of multi-functional EC integration in the future.

K ey words: electrochromism; multi-functional applications; multi-device integration; single device integration; review
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Functionalization and intellectualization
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Fig. 1 Development history of electrochromism: from high performance to intelligence

(a) EC electrodes and devices for smart windows: (i) Structure and performance of early ECD!""), (ii) Self-weaving WO5 nanoflake EC films!'?,
(iii) Nest-like WO EC films'"*); (b) Multi-device integration based on electrochromism: (i) Integration of ECD and photovoltaic cell’**),

(ii) Integration of ECD and tactile sensor'®

(i) Electrochromic infrared control, (ii) Electrochromic supercapacitor®®, (iii) Electrochromic actuator!
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1, (iii) Integration of ECD and strain sensor®®’; (c) Single device integration based on electrochromism:

34]

ECD 7E 3 E 7 0] E24 3 2 (B 2(a)). 81T ] 2(a)
BT B HL RS2, IR PVC BT 4 ECD it ey, IR
BN IE I T A B - WOs B th n) B £
(1A% 4k . Davy S0 OUBUE i 7 15 30 4K A BH i HE
AT 1 8 EHES L (B 2(b)), FHA AN LA
FH fE: ALt 388 I 3 % 1k SO ST SR A e, PR A I i
HL R 1.6 Vo H4 I 58 40 K PH BE FLth 5 5 RS 2 AH 25
A, ST XK BH G R e EE, 54 K PH AE
FB IS BRI 25 A1, IR fe T T WA AL
Ah. (HRZLLE PECD HAEREAT B4l Bk = %
HARREFATHEBAEME . Cho 261 3E B Y TR &
AN PVC SARAEFE R B0 (A g i 8 38 AT
R, XBHBE HELIBHE 6 R4 4 i HELRR S T DA TE
H, S50 €0 % P 5 2% R AR D A L SR A (RO
THE SRS AR . ML R, KB BE HL i
R R F B0 RS RRCTE R — B34 AN F AR ) 2R T
TR G 850, K WO TR AL AR i a1 I 5 4, 3T
WD AR E R . B, Gl kK K PH BE BT
(Dye-sensitized Solar Cell, DSSC)5 ECD 45 #4111,
TE PN B b2 Sl ] 4 WP T Gkt i 22 L S A AR
(Titanium Dioxide, TiO,)ZFH L EZ, 4560
Bl R AR R (LA ) BT TSI 7 7 £ B i 043404,
FLZE 1996 4, Bechinger 25N TiO, J4kHH WO, 43



118 T AL A R R

¥ I rElectrolyte
HOMO @

EC material

Organic dye

-

(b) Bleaching
circuit

1T0/glass

_ PANT eletrode
Gel t?lecn-(ﬂyte
P i PEDOT oo
1T0/glngg i

Py Iayem
ITO/glagg

( d) A Protective coatinﬁ

5V e \ FTO/Glass |
|1 — Y g
| 1! porel I e
TiOJ/N719 @[ i 0
+ LUMO LY Membrane
> T‘n + 2601

> +'1 by ( Pt " FTO/Glass |
> ‘t:v{' Protective ooating
—— I(‘* —_— [ FTO/Glass -

FTO/Glass Pt =

Organic dye EC material

K2 45EKE" PECD 45 7R i IR RIS (Y ()%, S Ah KB fE I 5 ECD & 2 45 R & B (b)),
J6IE T PECD A% (0 J5 3R 2% B AR (I8 P (o), AR 25 2 44 PECD 45 #or 2 B (d)*)

Fig. 2 Structural schematic illustration and digital photographs of the perovskite PECD (a)

2] schematic illustration

of the stacked structure of the near-ultraviolet solar cells and ECD (b)**), mechanism and digital photographs
of the PECD under irradiation (c)!*®), and structural schematic illustration of the quasi-solid PECD(d)!**!
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Fig. 3 Schematic illustration of the TENG powered ECD and color-changing photographs of the ECD (a)?"}, schematic
illustration and color-changing photographs of the self-powered ECD (b)P**, wearable piezoelectric-driven self-powered
patterned EC supercapacitor (c)*¥, and schematic illustration of the ECD integrated with Al**-based
supercapacitor and color-changing photographs of the ECD (@)1
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