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Abstract

In this paper, the electrochromic mechanism of W03 thin films is introduced, and four evaluation in-
dexes of the performance of electrochromic devices are summarized: optical modulation amplitude,
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response time, coloring efficiency and cycling stability, among which optical modulation amplitude is
the key parameter to evaluate the performance of electrochromic devices. This paper summarizes the
four main preparation technologies of WOs films: sol-gel technology, electrochemical deposition tech-
nology, electron beam evaporation technology and magnetron sputtering technology, and summa-
rizes the research work on the preparation of WOs films using these technologies in recent years. Fi-
nally, the paperlooks forward to future research in the field of electrochromic technology, where flex-
ible substrates and all-solid-state electrolytes may be widely used.
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Figure 1. The structure of electrochromic devices
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Table 1. Comparison of different electrolytes
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Figure 2. The technological process of Sol-gel technology
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2020 4£, Jinxiang Liu 2523481 ] Sol-gel ${AK7E ITO #HJE_EHI4 T WO, Wi, 1§ ] 7 454 1E i
XAV, N 7@ & H A E et bl . W T4 R B, 8 Tl oSk A R e 1) 2% 1 WO TR
A H/NOREREE, HA H AR HON 25% 000 IR 4% 10 B AR R B (e RE, R
400°C IR FE FIB K5, TEJIK 700 nm Ab Y622 1 il B A 40%.

2021 4, EEFEE[241fFH Sol-gel HiAMI % WOs HIEUR (E, TR7T 7 AAEFR N WOs HiiR o 5
VTR R . 25 R, FHEL 150°C AT 100°C, FERETE 200°C IR R HGbEE R, HrEgESE m, b
RFIEE N 64.8%, FHOMFEN 6.7 cm?C £ 1000 KIGEIRJE, HG2A 8 h g 5 5 GEiE 2 45%0L E.

2022 4, Bo Zhang Z5[25]f# ] Sol-gel BiARYE FTO A& Ll % T B4 WO, I, 5 T4 IB 20
FELAYOUE 465 W) R R BSCR CRp PE R R o 285 SRR B, 8408 WO TIRYE ] WG FHT 21 40 i B ) ST () 3R B H
FELEAAIETE. 2 W 5 Nb EEREEN 1:0.07 B, #REEA RAEMESEEAMRE, 7K 640 nm
Ab, HOGEREIMRE R T 45%, HAEM. HEERRI 370008 71 s M1 48 s; fEPEK 1200 nm &b, HoOGZ 1
MERER T 25%, HAGE. MBRERTH 558 1.3 s f1 2.4 s,

2023 4F, BRESESE261fEFH T Sol-gel VA% T WOs T IR A4 N 1 & 5 1) - e e A B i 1),
R BHRRVER % T WO MG, X AT A B A5 e 2 e a0, M2 7 £24LK
WO; . X 2L BT IR, 45 RERW, 241 WO, M RA H I BrE attae. K 600 nm
b, FOGZEVRGIIEEE N 58.42%, BEE WOs W IN 1 4.18%; H A& LGB AT (8] 730 4.7 s F1 5.4 s,
M8 WO, R B FIRR Ci (7] 22 58 5.7 s 1 6.1 s.

2024 4, Wanxiong Yong 5¢[27]ff [ Sol-gel #Hi A& 1 WOs FOGHIBUE AL, 7 1 MoOs 145
FKSFRTE R B R RE R . Z5 SR, MoOs & RIS MR 26 B E B R, B AR e B 5
Po TEBEK 550 nm Ab, JeE SR N 55%.

Sol-gel # A & WOs W K0 703k 0T L i e in 2 2 Frow, ME 2 il DUE Y, 8 ARG
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YRR T B T SR A RO, R R T TR LA I B A Bk 2 LI S5 M, KT MU s

Table 2. Comparison of electrochromic properties of WOs3 thin films prepared by Sol-gel technology
2 2. Sol-gel HARFIE WO FERBEH T G MaEXTEL 24

TS ZH B LS 2 R i 5 /4R €5 T [ (1] () o R AY SCHR
WOs EES 40% / ITO 3 FE BY 3 [23]
W03 ToE T 64.8% 42/14 FTO 5 HL B [24]

Nb-WO3 B A 45% 71/48 FTO 5 HL B [25]
WOs ToE T 58.42% 2.4/1.3 ITO 5 HLIZF [26]

Mo-WOs EmAS 55% / b8 [27]
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Figure 3. Schematic diagram of electrochemical deposition technology

B 3. UFERRRATIERERE

2020 #F, Zhiyuan Li FE[30]f8 F UL AT BOR MUK G BB % 7 WO KR E S MR, IR T
Uil 2% 7 R BCE B R A S . R BUR A SETUURE T, S IREIER Y 62%, I 2IINE
. ERWHIPRE T, HOLERGIRE T 7%, WREEIEBRG. Fit, BB OB LA ARG
RAS T LA I He AR AR M o
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2021 4, SRABZE[3 1M FH AL E DR BARHI % T WO 5R L LI (PDA)E A, #F 7T 1 MR+
ANFAFR) PDA X & & 5 s S M RE ST . 45 R, 25 mL A ER B ARV & 1.17 ug/mL PDA
IS BT 1) 45 10 52 A5 R RESBON AR, 7RI 680 nm b, HOGZEVHHIIEE N 77%, # GBI [EN 7.0's,
HREAIE I (] 5.5, 223 1200 RHEAGZE R IIPERA 5, OG22 A iR FE N BTAE 1) 80%, BA R IF 11
WfasE M.

2022 4F, Wenli Li %5 [32]38@ i FEUTAE AR AR RGE T 458 WO, Wi @i ik iS4, 152
TOUB Bt AR AR LA E] 67.8%, F& (LAERIEF] 104.98 cm?/C.

2023 4, ARHIFZE[33)EH EAEPIBNEALE ITO S HBIEILE LHl% T WO 2H,0 i, it s
L TR o A S (HL00) I S RARAG TR T R 23, 3RS T BAE AR 2 AL B0 . A 18 mL
(T B HCN 30% HaO2 VRS 4.6 g 85K TRA il 25 1 Fe TR VROE i FL A 2 AR A o] 46 1Y) PR 0 € T B
(6 2 A ) M P AR 4K 633 nm b2 92%, o35 (o RIAR (0 N7 B 18] 435 4 6.5 s K 8.0 s

2024 4F, Aryal Krishna Prasad %5341 ] T AL ZZ 3L PTREOR #4617 B4 WOs YRR, BT
Mo-WOs JHEEAf A Bt fik e 2 F I 2 ThEe ik . S5 RER W, 1ENHRBUAR G, sl
MEFEA 84.5%, iR REN 90.4 cm?/C, H/NIIE GIARE A 0.4 s, A& —FRLF5 1 MR 47
. VENfERERSME, RSN 39.1 mF/em?, HEREEEN 80.4%.

HLAL 2 TR AR i 4 WO R A4 X Bl AW i 25 3 BT e AAFE 3 WA Tn] LA i Ak 22 iR
HRMBRNN WOs HEE A 5 15 1 % 27 P R B DL S AR PR ) 3 €48 e 2 [R], i HLiZ AR m] fd
FAEMRME AT AT MR H 25, W1 PET [32]55 . IR GiZH ARLEH4 WOs B (o AT N A JEH K
FROTEE 7o ELTHE R P PR BSOS ek BB S ARV IR E . pH BR R BON B2, 7 KRR P 7 B P il v
R . B H AT & %A E A TE R A I AR BT A %, DRI IX — Bk 2 T RE 2 R
HAERD A= BN

Table 3. Comparison of electrochromic properties of WO3 thin films prepared by electrochemical deposition technology

= 3. BN & WO3 BIRB BTG MR

VoI 2 ik MRS OGEIRRIEE A /AR RN E(s) fof A SCHiR
WOs / 62% / FTO 5B [30]
WOs3 / 77% 7.0/5.5 ITO T HLIH [31]

Mo-WOs EN 67.8% / ITO/PET #4J& [32]

WOs3-2H0 RN 92% 6.5/8.0 ITO 5 HLIZF [33]

Mo-WOs / 85% / ITO 3 AL BE 3 [34]

3.3. BFRELFAR

LT AR AR B O ORE I —Fh, e AR 28 MR B TR I T AR, TR
fiu B PRHN, ERRERFACNIRE, [ B RHA R R PR, IR AN AE, ERAE=
SRR ZER K IR T B T TR R AR L R R R TR A B R/ U B AT DL I R L TG
PR IS ARG R A, AT SR VR AE RS IO I R AT RS R A 2

i L7 AR R BOR 1 2 WO, T, S H A 2 WOs #EH, 75 2z 10 T ZE S8 78 5.
TR, APRIRE S . 18] 4 N T IRZEIGEIRBE K. BT AR EORII RO R R e, Hknioy
Bk e bt PBLAR . TR,
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Figure 4. Schematic diagram of electron beam evaporation technology

E 4. BFRELRKREEE

2020 4, Agata Obstarczyk F[35ff ] | HL T IRZAKF ARSI % T TiO2w WOs Al TiO,-WOs Vi & B,
Froxf R AE A P E 600°C T 800°C [ B N HEATIR KALBE . 25 R WX TiO,. WOs MR AT IR K AL
H, &SREMERRRAE R, M TiO-WO; TR A A 2 R A X Fif i .

2021 4, XiChen 55[16]f1H] T T HRA R BRI, RIC 1 1R KRR EE R . TEIFIE MR
sz . 5 R R B, IR KIRFE Y 200°CR, WO T 152 I HH 5 KPR ' 257 bl s F88 0 B e (¥ R B 124
FEPA 650~1000 nm K EGEHE N, ECDs M6 HHINRE KT 40%, #fFAE5CHcE (1 4000 s Jo, Hi#E
ARG R AL, RN TT B, Wikl s Fs.

2022 4, Jyothi Gupta F£[36]ff T AR ZE R BORH 4 7 WO i, BRFT 1 I B 0TS 206 H 2
A VERE MR . 45 RR I, JIRUERAN 1.5 Als I, IR EIEIONGKIERE, BHOEN 155
em?/C, HA BKME T #Huk .
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Figure 5. (a) Transmission spectrum in colored/faded state; (b): Vary of colored/faded transmittance over time [16]
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2023 4, Chien-Chung Hsu %537 R 8L HL(LLO) B N A (WO K K v, A3 B ANE] Li & & 1) LiWOs
A, PR B RS R R Il LiWO; HBUR AEE, PRAAF Li & & LiWOs MR A BUE (R .
S5 RFRW], LiooWOs HBAER K 550 nm 4062 R HIE A 33%, AN 92 cm?/C.

2024 4, Mingjun Chen Z5[38ff F | ML T HZ&E K BRI #% 1 IEZ B AL A B (0-WO s ) IR, 147
L Tt 53 (R U B B B P e, T 0 ] O B AN 20 A ik BdE AT e B PR TR ), 7R 633 nm 4b
RGP HINRE y 89.1%, 5 (MR (0 hi [ IS 8] 73501l 9 17.9 s F16.88 5. FEUE K 1000 nm 4b FR) ' 27 1 1) i
FEH 84.1%.

LT IR 78 R AR B WO VB AP X E T 26 4 FIToR, AT DU HE 243 A i 4 ) 78 o Pl 5020 e 1k i
TR, HEBEFREZEAN S TEENESR, AR L2504 FAEKMER, RS, Ju¥
PER S SA R ZE R o AR I H 7 SO HEAT 0 R M TR B 28 8 B i B, DRI 4 A
—E RIPR,  Lean VAR P B RARE o 45 b AT E IR 2R R B AE A Sk ) B0 R RS 1) o £ B R K
e 7.

Table 4. Comparison of electrochromic properties of WO3 thin films prepared by electron beam evaporation technology

4. BFRABEBAG & WO3 BREBETE MR

TR ZH B WL AR 3 /AR I [ (s) o A SCHR
TiO2-WOs3 TET / / Rl S IR IR [35]
WO; ToE 40% 14.3/16.3 ITO 5 HL Y3 [16]
WO TETE / / FTO 5 HL B} [36]
LiWOs3 TETH 33% / ITO 5 B33 [37]
WO3 x T 89.1% 17.9/6.88 ITO T HIBH [38]

3.4. BIERSRR

T DB S5 2 — o e o vy RERL 1 2 o ] A BE A T i MABE A TR 5 R B A, R — b B T 4%
(1) B R SRRV o AR SR B AE B (R 26 N AR NG B U, 78 B RRORT BH AR 2 (8] it i L
TR, EPEE NP A S O, R IERT, £ miEsydEh 5T
KA, FEARAERE, RS T ZXET, S FE RIS E A N EEEe, E558EM8
R 57 B0 1345 R 9 B B M B BB A R 10T, JUARTE SRy 3R TH W UL

A58 FH T4 DB SR ) £ N T B4 1R 1) LS F L AREIRM DI . WRIRE . AHRRA, FEEM
AR, B IEHIX L T SHO TR R R ORI R JERE . SRR SSRGS RS
[39]0 Rz Sy 44 BB B YR Fsh R A AN TR 1T LA 43 oA B AR (D C) R 42 30 S AR SR AR B s 0 o P 7 W B o 2
P 2 i) JE A N S B SR (— RO AR ) IO REAR IS PR g S B A S o 1] 6 DRI
TAREFEA.

2020 4F, Zhu-jie Xia SE[40]00 RS M, @ P2 il 0 IR AL ) 4% 1 AR 45 & L1 WO IS, 1F
Ft 1 ok R X B it AR 25 4 DA S R B O PR R AR RN . 45 AR, WO T 2 i B2 R 1 - v T
BOK, 7E 537 K BIAS IR B T il & AL T-J0 @ T B4 i il IS, B sERNmEBUrRartae, 7Eik
K 550 nm ARDGAERBIIREE N 73.1%, HOKEN 42.9 cm?/C, £ 1500 RIEH )G, G HIIEE A
65.4%, HAWEFIEIR AME .

2021 4F, Pattarapon Pooyodying %5[4 1115 FH S Atk % He k5 H2 A il % Mo 54410 WO, R, @it
il Mo $ERIIESS ISR T AR Mo & &M Mo:WOs I, Zitillil, HECE e Gl i 4 M s 2
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Figure 6. Schematic diagram of magnetron sputtering technology

6. BT RAR T{ERIEE

VAT E R 47.46%, 5 C AR I N 7] 2378 36 s 1 26 s.

2022 4, FRSRZE[424F FH RIS IS H AR #1467 R WOs W, WF9C T WOs W BRAEAS RV 1R
T AL B VR RE RS . BT AR, FE Sl HIR LS 1) WOs IR DS AE S A NI
R85 13 3 1) Nay WO, FEE 22 IR B 2 E 52T, EHK 676.2 nm AbE (S 5RO ET 2 28
KT 85%, RILH 7RI EBUE AR

2023 4, Huizhong Ma 55 [43 1 F LR BEAE IS BRI 7 WOs S, SR F0 1 ISR <R o i 45 44 |
TEHAM B ER A VERERI S . (EREEM T2SE0R, WO; WRAE 455 nm A HI62- A HIIEE A 84.66%,
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T2 W S H AR 46 WO S BERFVEXS LA BT an 3t 5 B, B3 5 AT BUR HZ R #1451 WOs iR
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Table 5. Comparison of electrochromic properties of WOs3 thin films prepared by magnetron sputtering technology
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e HE
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