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Abstract - Optical properties of TiO./M/Ag/M/TiO, films have been changed with the diffusion barrier
metal M. Optimum optical properties of TiO/M/Ag/M/TiO,, as the transparent heat mirror film, could
be obtained with Ti among diffusion barrier metals of Ti, Cu, Zr, and Al TiO/Ti 1/Ag/Ti/TiO, film,
which was fabricated by sputtering of 18 nm-thick TiO, and Ag, and 4 nm-thick Ti, showed maximum
transmittance of 89% at visible wavelength and infrared reflectance of 97% at wavelength of 3000 nm.
Optical properties of this film was not degraded by Xenon-sunshine weather test for 240 hours. For
specimens with barrier layers of Cu, Zr and Al, degradation of optical properties by weather test was in-
creased in a sequence of films with Cu, Zr, and Al barrier layers.
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Fig. 1. Schematic illustration of TiOy/M/Ag/M/TiO, tran-
sparent heat mirror film.
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Fig. 2. Transmittance curves measured on glass sub-
strate, and TiO,, Ag/TiO,, TiO/Ag/TiO; films.
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Fig. 4. Transmittance curves of the 18 nm-thick Ag
films before and after ion bombardment.
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Fig. 5. Transmittance curves of TiOyTi/Ag/Ti/TiO, films
with Ti layer thickness.
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Fig. 6. Transmittance curves of TiO/M/Ag/M/TIO, fil-
ms with different barrier metals.
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galvanic cello] #AlL)o] R} M3 F&9] A7|5eHy
2ol wrAlgit}21]. £ A7 A= TiO/M/AgM/TIO,
ohEarete] i3 AlE S ddEE 40%2] F917160A
At b AE EH7IW EAsteE il F
71 18 nme] R TO, Wek3ol 49 AT B 5

o|FFE 0T o|Fojz M/Ag AHLR AEFE3Y gal-
vanic cello] FAH 4= it} o] AL, Ags) Fapukz|ut
a4 Mo BEAFAY Abo] AE7L &9 gho g AA
TE Ag B0 3¢ 25 SbiAy Mo 47834
$Alo) 280k W718eH YA ola) ShabaA e
Mol M—M”+2e2 o] 235]o] F1 9] TiO, 3 Ag
Fog gl AEEE, Ag Wto] Xenon LA

Atomic %

Sputter time (min.)
(a)

Atomic %

Sputter time (min.)
(b)

Fig. 11. Auger depth profiles of TiO,/JAI/Ag/AI/TIO, fil-
ms (a) before and (b) after Xenon-sunshine weather test
for 240 hours.

ZAEE o] 2250 §4 4 TiO, $208 FAHE
24 5 A4 wvte] B Gelel F55) 7
2t Ao e BA] AShATt Gebd B
o 34 Mo} 715hta Bao] gola WNEFE
WdAd AIEAl 5y dd9 dhete] BetEAde) dslt
A3kd ZlolH, ol & Fig. 93 Table 19 HaojlA] &<l
& 2= glolc}.

Fig. 103} Fig. 11¢] &xpabz|ato g z+7] Cug} AlS-
AHE-3 TIO/M/AgMITIO, 5% dhete] WA Ald 4.
%] Auger depth profile 272 W&k WA Al
HAl 38 BAY da Hrrl 34 @ Tio/Cu/
Ag/Cu/TiO, 5% wratell A= gt AlE A - 5o bt

Table 1. Standard electrode potentials of Ag and diffusion barrier metals.

Ag Cu Zr Ti Al
standard electrode +0.799 +0.337 -1.530 1.630 -1.662
potential, E, (V) ) ) ) o ’
AE, (V) 0 -0.462 -2.329 -2.429 -2.461
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