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“Smart window™ is a photo-electrochemical device that can simultaneously reduce heat gain
through building envelope a_nd regulate transmitted daylight at _will. Changing of light transparency
is due to electrochromism when the deVice is ﬁéﬁvated by small airiount of electric ﬁeld. Generally,
the device is layered by a series of ‘thin films including (1) transparent conducting oxide, (2)
electrochromic layer, (3) ion conducting layer, aﬁd (4) counter electfode or ion storage layer, which
aré all fabricated on. a glass substrate. Quality of each ﬁlm‘ layer depends on éonditions and

techniques of film deposition.

This research was aimed -at_smdying techniqﬁégs for developing ah_all-solid electrochromic device by
depositing thin film systems of indium dopéd tin oxide (ITO)" as a transparent conducting oxide
layer, tungsten oxide (WO3) as an eléctrochrdmic layer and tantalum pentoxide (Ta,0,) as an ion
conducting layer. A rea‘qtive magnetron sputfeﬁng on ITO, tungsfen and tantalum targets at 99.95%
purity was employed forvﬁlm fabrication, Effects of sputtering power and ratio of reactive gas on
film quality and spectral properties were investigated to determinie optimum conditions of each film
layer. ITO and WO, were sputtered at the power of 50 and 150 watts, respectively. In order to
investigate the effect of power on Ta,0, film properties, Ta target was reactive sputtered at 50, 75,
100, 150, 200 and 250 watts in the atmosphere of argon and oxygen gases. While depositing WO,

and Ta,0,, flow of argon was fixed at 30 sccm but varying the flow of oxygen. ITO was also
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reactively sputtered with the ratio of Ar/O, at 50/0.5 sccm under the base pressure at 7.5x10° mbar
and operating pressures within the range of 1.5 -3.5 x10° mbar. Glass substrates were set at 8.5 cm
away from targets and were cleaned prior to deposition processes. Upon optimum deposition
conditions for each layer, three configurations of film systems, namely GlassITO/WO,,
Glass/ITO/Ta,0O,, and Glass/ITO/WO,/Ta,0;, were fabricated and tileir spectral, elec&ochenﬁcal,

and electrochromic properties were properties investigated.

The investigation of spectral properties using spectrophotometry showed that Ta,0; and WO,
became visibly clear when oxygen flow was greater than 6 sccm and 25 sccm, respectively. Their
visible transmittance was more than 85% and visible reflectance was less than 25%. X-ray
diffractometry was employed to investigate film structure and crystallization of Ta,O;. It was found
that most films were amorphous. Electrochromism was investigated using cyclic-voltammetry. It
was found that Glass/ITO/WO, system gave the highest degree of electrochromism in which the
coloring was maximum at an anodic current of 3.896 mA/cm’. In the Glass/ITO/T 2,0, film system,
it was found that increasing thickness of Ta,0; tendéd to lower electrochromism activity in the film
system. In the Glass/ITO/WQ,/Ta,0; film sysfém, electrochromism was also observed. It suggested
that all-solid electrochromic device can be created. Uponl 25 rounds of Q&clic?voltameuy, .vi.s‘ib'le
transparence at coloring and de-coloring stages wéxje found to be in the range of 52-57% and greater

than 85%, respectively, with the maximum anodic current in the range of 1.775 22063 mAlem’..





