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Characterization and stability of electrochromic NiO thin films
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Abstract — Electrochromic NiO films were prepared by using an electron-beam deposition method. The influ-
ence of the preparation conditions, especially the substrate temperature, on the electrochemical stability of film
was investigated. The optical properties and stability of as-deposited films strongly depended on the substrate
temperature during deposition. The NiO film prepared at a substrate temperature of 150~200°C was found to be
the stable when subjected to 5000cycles in a 0.5 M solution of KOH between —6.0 and +0.8 V. The best elec-
trochromic parameters after 5000cycles were obtained for samples with substrate temperature of 150°C. The

obtained electrochromic parameters are CE = —0.049(A = 550 nm), AOD = 0.88(A = 550 nm)em*/mC, Q,,

mC/eny” and Qpy = 14.8 mCleny.

.M B

F)ol 0]-8-3]o]

“i ]

A ZA A (electrochromism)yS-
7], A7) 24 213 (smart. window),
AEA) F7E Sol AHEe) S 1719 2 &
Aol Ak J° —.°~‘n 2 &al7k ol7) wliel A71A
24 2 870 (inorganic electrochromic materials)3Z}
ATl el AFE L Qe [1-3). A7)H B4
L. ko Hgle] EAld) o7k EhH] Exo]| Azl
“bell(colored state)o} = % Abe (bleached state) =
e wsehs Ao Aold of u olest
W7k o el BAH R Fo) o 2EEows)
A=A (color centers)e] w7 vjFol] ﬁﬁ*éi]oi FE
A Sgetell ] A ok,

e o} ebsl Adel abojol| o) sFEbH <l “:15:"\

14
A

A7
LA
i
&
F77
OA
<

et

48

=-18.11

Ao 33t gl gabd B4 W3lE dogid 2y
A Auiaie] FQ93 5Ae I %7:3101 A7) w9} o
2HEG A 2L Qlefok she mal Hzje] F9
2 FE3 g o] e] wh2A 71 4 e
%ﬂ oz{oF &} [1].

A7 H AL T2 NIO, Ti0, Va0s, I1:05, CoO,

=

MoO; 5 Aol 24 AkslEolA] wo] dojufm, 3h¢iul
S0l 2J8)] 2 e] dojvp= §34 24 A B (cathodic
whako. Al 3] ol FEle]

coloration material)al WO, 4}

o} [4-8).

Absbgol ols) o] adolihz b4 24 NiO
4l anodic  coloration materiayel] 3 =
Svensson 5 [9]°] Al&el 7 MeV PNol-2-& FEA|H

Wik A7) ARATE BHale] AL fae)
F23} 2 AL e} obAAN A7)



A7) 2 AR uhe] 43 b

E-EA5lt. Conell 5 [10K: NiOZHE: RF nhd| EE
23l o2 A|xtsled 25004 k0] S M E wte] E|3br}
71e] defuA] ekl Harsledond Agrawal 5 [11]
2 NiO #Hhg "HzPAE Sy o2 A zbsled AW
(chamberp] 21357} ufe] AxJsizje] z7)9} slebgak
A FAel u)Ale o3RS ATkl Absle}l SRIHR.
AN R g Bebd] BA% o] A2 26l 2 o
ol s U R R e ot U B g e e e B e
g Bl Aol WA el st A71H A
NiO#hg Al afsle gk 84& EAshe AL o
3] Fast

B Aol 27 A B2 458 /sl
AR S olele vokel Al eFe] iz ubte) A
2t 3% 7H F83 Al HiE N ke A7)
2 A oS Hrlsly] fls), MM FE 2R TO
7F FAE Al Z1Eslell 719k Akl wek Niowt
kg AR, 7| He-r A7) 2 aete] Aol
oA ofdfat 24 gl g aA]-S ARt sl

2.4 3

NiO whuke qbatRatz A8zl NiO &S 99%,
Cerac Co, USAYS TH5o] BhATrh] 4o Wi, A
Ak ZA & AHEslel FAS(TO: In,05:5n, F7
2000 A, wAE 10 Qem?7g $lol] F3bsio] AR}
AR T AR Leybold L560). 7)1t F3by]
= E AlRollA] 250°C7HA] W3S NiO Bhte]
FAE= oF 5000 AR Aztsieict. olul Nio whuke
e A FARAAA R 2Adslgion] FAEL 2
Afsec® 3l5ict A A 27] wlo]A gFH-e 2
X107 mbar g Foll, ARSE FRlsle] 2AFEE 3
X107 mbar2 2 3le] NiO A 85 #|2Hsiglc)

Azbel AR XA3)EAA (XRD)E o] 727} o}
AGAYL Bl slglon FHE BB AEe S
3171 A7 AFE Foll el Baksieivt. ghHskd
FH (cyclic voltammetry)oll 2]3} ¥luke] o].232q] w}
S AR 817) sl ubate] Aala) ebale o
13 22 AR glove boxMel Ax]E A7
G Al 2bse] AMEEISICE 3R 2 v
of Agx o HFS Qlrfsle] HFel WIS s}
= U oR vl o] 22 9w} ehabgul 2to] g
s ® A FARE 42 olek A7)A Al el A

)

o
o
2

s 49

* Working electrode
* Reference electrode
¥ iCounter clectrode

* iTectrolvie

Electrochromic cell

> Glove hox

pC

3% 1. Schematic diagram of electrochromic cell used for
the coloring and bleaching (C/B) cycles.
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3% 2. Variation in spectral transmittance at different loca-
tions of a NiO film deposited on ITO-coated glass with sub-
strate temperature of 200°C.
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% 3. Spectral transmittance of NiO films on ITO-coated
glass prepared with different substrate temperature.
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8 4. Spectral transmittance of electrochromic NiO films on ITO-coated glass prepared with different substrate temperature
after 1 cycle @ (A) 80°C, (B) 100°C, (C) 200°C and (D) 250°C.
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