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Abstract: TiNOx multi-laver thin films on aluminum substrates were prepared by DC reactive
magnetron sputtering method. 4 multi-layers of TiOy/TiINOx(LMVF)/TiNOx(HMVF)/Ti/substrate have
been prepared with ratio of Ar and (No+Q:) gas mixture. TiO» of top layer is anti-reflection layver on
double TiINOx(LMVEF)/TiNOx(HMVF) lavers and Ti metal of infrared reflection layer. In this study, the
crystallinity and surface properties of TiNOx thin films were estimated by X-ray diffraction(XRD) and
field emission scanning electron microscopy(FE-SEM), respectively. The grain size of TiNOx thin films
shows to increase with increasing sputtering power. The composition of thin films has been investigated
using electron probe microanalysistEPMA). The optical properties with wavelength spectrum were
recorded by UV-Vis-NIR spectrophotometry at a range of 200~1500 nm. The TiNOx multi-layer films
show the excellent optical performance beyond 9% of reflectance in those ranges wavelength.
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Fig. 1. Cross-sectional structure of a deposited TINOx
multi-laver.

Table 1. Sputtering parameters of multi-laver TiNOx
thin films.

3x10° Torr

Base pressure

Working pressure 20~90 mTorr
Sputter power 100~200 W
Ari(Nz+Oy) 1:25~1:35
Subst. Temperature RT

T-S distance 6~8 cm
Deposition time 8~ 14 min.
Al Substrate 30x10%1.0 mm

of uiete] FAE AT Ar 7hAe} wkg A pxel &
FHE Ar:(N+0)=1:25~1:35 oln, 29}tz
F2t 2 27} 3x10 "Torrek 20~90 mtorrdd o}
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Fig. 3. FE-SEM micrographs of TiNOx thin films
prepared on Al substrate with sputter power. (a) TiINOx

TIN (229) — thin film at power 100 W and (b) TiNOx thin film at
PO ‘.m] | @sow | “"‘:”" power 200 W.
- - . _-l - - =
= |
- _ . 1 (b) 100W | \ Table 2. Gas mixture ratio of multi-layer TiNOx thin
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Fig. 2. XRD result of TiNOx thin films deposited on Al
substrate with increasing sputter power.

18 38 TiNOx uhute] ¥ 4 23 E power
o] wslo] we} AAFA@V A (SEM)LZ 4% 2
#&2 ez ok TiNOx wete]l Bde o34de
BolFEa glon, ¥wWel Jak 7] (grain size)= =
89 power?t E718HH, AR = AT BAFI Q)
o}, TiNOx uhehe] 912k =7]4= 100 Well A 280 nme]
i1, 200 Well 4= 560 nmo.= H1H A} o|#F &
gt 29 9 power?t F7+skd, Thornton &l

I

ol&l 719 oA L£E7} FEete] FAEE YA
aA7|7F ARE e 4.3—1{45} [17].

# 2% TINOx B3 wube Alzsr] 98 Fd8
= 74A geEe] 7bx EFuE veble 2ok

19 4% 7)gho] #E¥ TINOx #Hete] F7& #
N3z 98 SEMoz =¥ FRE oy, &
A Az} 94%“ TiNOx gtetel F7l= Zhzb 730 nm
o} 1,300 nmE 4ok 29EH FF £k HHE 81
nm/min®] ¥, %-Is‘—wli"l FAE g3 2o

.l



7] W2} 2 88 = g4,

10y TINO(LMVF)/ TINO((HMVF)/ Ti
(a) = 160mm /160 nm/ 160 nm /250 nm
250 mm,/320 i /320 mm /410 nm

(h} .

Fig. 4. Cross-sectional FE-SEM micrograph of TiNOx
thin films deposited on Al substrate.
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Fig. 5. EPMA spectra of TiNOx thin films deposited on
Al substrates.
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Fig. 6. Reflectance of multi-layer TiNOx thin film on Al
substrate. (a) A-type reflectance of TiNOx thin film and
(b) B-type reflectance of TiNOx thin film.
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