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An all-solid-state electrochromic device composed of 3\0d Ni(OH), with a TgOg protective

layer was prepared by rf magnetron sputtering and lamination with a proton-conducting solid
polymer electrolyte. This device had good durability, high transmittance modulgit&¥—74%

and coloration efficiencyabout 84 crAC™ 1), and good response timéd.5 and 18 s, respectively,
during the bleaching and coloring procegsé#is indicates that T8s layers are electrochemically
stable and can be used as protective layer for Ni(Cd$)well as WQ. © 2002 American Institute

of Physics. [DOI: 10.1063/1.1522478

Electrochromism(EC) is defined as a phenomenon in than that(about 37 cAC™*) of Ni hydroxide? thus limiting
which a change in coloflight transmittancetakes place in  the practical use of the Ir oxide in EC devices,@a may
the presence of an applied voltajé.Because of their low represent another possible protective layer on top of the
power consumption<2 V), high coloration efficiency, and Ni(OH),.
memory effects under open circuit conditions, EC devices In this letter, an all-solid-state, proton-based EC device
have many potential applications in smart windows, mirrorswith a TgOs protective layer on top of the Ni(OH)layer
displays, and optical switching devicks An EC device was fabricated and its performance compared with a similar
generally consists of a transparent electrically conductindg=C device but without a T®s protective layer on top of the
layer, electrochromic cathodic and anodic coloring materialsNi(OH),. The EC device composed of spin-on-glass
and an ion conducting electrolyte. Such devices are currentifSOG (a kind of thermally decomposed Sid
prepared using proton-conducting solid polymer electrolytesoated glass/ITO/Ni(OH) Ta,Os/H " — SPE/TaOs/WO,/
(H"—SPE) for practical use, because of the advantages ¢f O/SOG-coated glass provided good durability, a high CE,
this process, which involves seal development during manuand an acceptable response speed, due to the protective prop-
facture and the inhibition of bubble formatio.WO; and  erty of the TaOs between the Ni(OH) and the acidic poly-
Ni hydroxide are currently in widespread use as, respecer electrolyte.
tively, cathodic and anodic coloring materias>—° How- Two types of all-solid-state EC devices comprised of
ever, EC devices incorporating W@nd Ni(OH), may have ~SOG-coated  glass/ITO/Ni(ObJH ™ — SPE/TaOs/WO;/
problems related to their limited durability due to chemical/TO/SOG-coated  glass and  SOG-coated  glass/
incompatibility between the electrochromic layers and the'TO/N'(OH)Z/TaZOS/H_+_SPE/T§OS/WO3/'TO/SOG‘
adjoining electrolytd®!* WO, is stable in a moderately Ccoated glass were fabricated, shown@sEC1 and(b) EC2

acidic electrolyte but rapidly dissolves in a basic electrolyten Fig- 1. First, NiO and W@ films were deposited on the
On the other hand, the Ni(OHi)s stable in a basic electro- Substrates of ITO coated SOG-coated glass. NiO and W
a solutiofnetal were used as target materials. The working pressures
were 5x 102 Torr and 2< 102 Torr, respectively, for the
NiO and WG, sputtering and the sputtering was performed
WO, also has a tendency to slowly dissolve in an acidicunder Ar:Q ratio of 1:1 and only @ respectively. The NIO
electrolyte because hydrated WOthe soluble form, is and WQ films were sputter-d_e posited at rf POWETS of 60 g_nd
formed during the bleaching/coloring processes in the acidic1 ?é)c\é\éurfjfigtr'vimigﬁr ﬁgvrz'nbztelr?-r’réhir?séa'ﬁgeﬁgg“on
electrolyte™*3 which may lead to the degradation in the per- b o P L
formance of an EC device Ta,Os protective films were then deposited on the NiO/ITO/
Ta,O5 was used t(;“prc.)tect the Wan an EC system SOG-coated glass qnd WOTO/SOG-coated glass using a
comprised of indium tin oxiddITO)W oxide/H"—SpE/r || Magnetron sputtering system.,( was used as the target
. 12 . ) _ . material. The base pressure was below 1 ° Torr, the
oxide/ITO;“ in which Ir oxide, the electrochromic anodic working pressure was%$10 2 Torr, and the sputtering was

coloring material, is stable in an acidic electrolyte but has aperformed under only Qat 40 sccm. Prior to sputtering, a
. - " : :
much lower coloration efficienc{CE) of about 17 cmfiC presputtering process was performed for 20 min in order to

remove contaminants from the target. Sputtering was then
¥Electronic mail: ysung@Kkiist.ac.kr conducted at a rf power of 60 W for 10 min at RT.

lyte but unstable in an acidic electrolyte. Recently,
to this problem was attempted by depositing a compactWO
protective layer on top of the Ni hydroxid&l?However, the
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FIG. 1. Schematic diagrams of all-solid-state EC deviegsvithout and(b) 100 — —

with a TaOs protective layer on top of the Ni(OH)

oT)

Ni(OH),/ITO/SOG-coated glass and ;@;/Ni(OH),/
ITO/SOG-coated glass was prepared by the potential cyclincg>, 70
of the sputter-deposited NiO/ITO/SOG-coated glass and@ ¢!
Ta,O5 /NIO/ITO/SOG-coated glass, respectively, @ 1 M
NaOH electrolyté®!® The thicknesses of the sputter-
deposited TgO5, NiO, and WQ layers were about 60, 300,
and 200 nm, respectively, as determined by cross-section
scanning electron microscof8EM). The crystallographic 0L ]
microstructures of all the deposited films were amorphous, as : Ta,0,/WO,/ITO/SOG-coated glass 1
evidenced by x-ray diffraction data. Finally, all-solid-state 10 i Reference %T: ITO+solution+cell window
EC1 and EC2 devices in Fig. 1 were fabricated by laminating 0 ——t——dow L L L L L L
the sulfonated styrendethylene—butylene-styrene triblock 0 30 60 50 1,12,9 150 180 210 240 270 300
copolymer used as the 'H-SPE, which was described ime (sec)
elsewhere? FIG. 2. In situtransmittance curves obtained during switched pulse potential
Both EC1 and EC2 devices were tested after storage inycling tests of (8) Ta0s/Ni(OH),/ITO/SOG-coated glass andb)
atmosphere for 2 days to estimate their durability. EC propT&0s/WOs/ITO/SOG-coated glass electrochemical cells.
erties such as the CE and response time were evaluated by

switching a pulse potential wave betweerl.7 and 1 Vot e |TO/glass with the electrolyte and the cell window was
(versus anodic coloring materjalith a duration time of 30 assumed to be the referenceT%or 100% transmittande

s, referred to as switched pulse potential cycling. The transrp . glectrochemical  cells  of T8 /Ni(OH),/
mittance(633 nm was simultaneously measurgadsitu dur- ITO/SOG-coated glass and 2'[35/W03/ITO/5SOG—coaied

ing potential cycling, as described elsewh@&t&!® 3
; ; i glass had CE values of about 37 and 4% @n?, respec-
The EC properties of 585 /Ni(OH),/ITO/SOG-coated tively, in which CE is defined as 108{eagned Togiored/Q

glass and Tg05/WO3/ITO/SOG-coated glass were first in- Were Tyeuchoq and Togoreg are the transmittances of the

vestigated by electrochemical cell tests, for Comparisor})leached and colored states, a@dis charge per unit area

to those of an all-solid-state EC device. The _ ! ) .
Ta,05 /Ni(OH), /ITO/SOG-coated glass and ;1 /WOs/ used during the coloring process. The response times during

ITO/SOG-coated glass were used as working electrodes ifn€ Pléaching/coloring processes were also quantitatively
typical three-electrode electrochemical cell, where Pt wirg-alculated from the normalized flrrqstlltﬁl?smlttance curves of
and Ag/AgCI electrode were used as counter electrode anid® SWitched pulse potential cycli §:****The EC response
reference electrode, respectivBf415 Figure 2 showsn  time was calculated on the Ievgl of a 90% transmittance
situ transmittance curves obtained during the switched puls€nange. The response times during the bleaching and color-
potential cycling tests for the electrochemical cells(af ~ INg processes were about 5 and 17 s, respectively, for the
Ta,Os /Ni(OH),/ITO/SOG-coated glass andb) Ta,Os/ Ta,O5 /Ni(OH),/ITO/SOG-coated glass electrochemical
WO,/ITO/SOG-coated glass. The electrochemical cell ofcell and about 6 and 18 s, respectively, for the
Ta,Os /Ni(OH),/ITO/SOG-coated glass were potential Ta,O5 /WO, /ITO/SOG-coated glass electrochemical cell.
cycled under a switched pulse potential of betweeh9 and ~ The coloring response time was, on the whole, slower than
0.6 V (versus Ag/AgCl with a duration time of 30 sia1 M  the bleaching response time, because the conductivities of
NaOH electrolyte and the J@;/WO;3/ITO/SOG-coated the bleached-state forms, Ni(Opand WG, are lower than
glass electrochemical cell was tested under a switched pulgbose of the colored-state forms, NiOOH and HW&*
potential of between-0.4 and 1.8 (versus Ag/AgCl with Figure 3 showsin situ transmittance curves obtained

a duration time of 30 s in 0.5 M §$80,. In order to evaluate during the switched pulse potential cycling performed after
the CE values of the electrochromic layers, the transmittancstorage for 2 days for the all-solid-state EC devices. For the
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mr——— 77T T T of W03 and Nl(OH)Z with Ta205 prOteCtive |ayer, SOG-

oo | All-solid-state EC device ----EC1 ] coated glass/ITO/Ni(OH) Ta,05/H" —SPE/Ta05/WO3/
= so . Reference %T: Air —EC2 | ITO/SOG-coated glass, was prepared by rf magnetron sput-
NS . tering and lamination, the EC properties of which were esti-
: 70 mated from a comparison with the electrochemical cells of
g 60 Tay,O5/Ni(OH), /ITO/SOG-coated glass and ;1 /WO;/
8 5 ITO/SOG-coated glass, respectively, and an all-solid-state
x : EC device without the T#s protective layer on top of
£ 4o} Ni(OH),. The EC device without the 3&s protective layer
E 30 on top of Ni(OH), scarcely showed any transmittance modu-
; 201 lation, due to dissolution of the Ni(OH) On the other hand,

ol ] the EC device with the T&®g protective layer on top of

I | Ni(OH), had a good durability, high transmittance modula-

0 1 1 L i I 1 L 1 n 1 i 1 L i L L L 1 i 1 1 . 0 _ 0, 71
0 30 o0 90 120 150 180 Z10 240 270 300 330  1on (18%-74% and a CE valugabout 84 crﬁC_ ), and a
. good response speed of 8.5 and 18 s, respectively, during the
Time (sec) . )
bleaching and coloring processes. Therefore, we conclude
FIG. 3. In situ transmittance curves obtained during switched pulse potentialfhat the TaOs layer is electrochemically stable and can be
cycling tests conducted after storage for 2 days for all-solid-state EC deviceased as a viable protective layer on top of the Ni(Qlds
composed of(solid linel SOG-coated glass/ITO/Ni(OK)Ta,05/H" - well as WG,. Although more detailed studies of theZDg
SPE/Ta05 /WO3/ITO/SOG-coated glass an¢totted ling SOG-coated tective | ired t that it will b ful
glass/ITO/Ni(OH) /H* — SPE/TaOs /WO, /ITO/SOG-coated glass. protective layer are required, we expect that It will be usetu
as a durable smart EC window with a high CE and a good

. L . ) response time.
practical application of the EC device, air served as the basis

for the reference %. The transmittance change during the  This work was supported by Grant No. 2000-30700-
bleaching/coloring processes was barely measurable in tH03-1 from the Basic Research Program of the Korea Sci-
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