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ABSTRACT

Indium tin oxide (ITO) layers are of considerable witerest on account of the combination of properties they
provide high electrical conductivity, high infrared refleclion with high solar energy transmission, high transmis-
sion n the visible range. We are concerned about the vanation of the spectral transmittances and sheet resistan-
ces as the thickness of Si0.-ZrQ; barrier layer and ITO layers and heal treating conditions are changed. Trans-
mittances and reflectivities were studied by measuring UV-VIS-NIR, FT-IR spectroscopy. ITO films are crack
free, homogeneous and of polycrystalline cubic structure. The microstructure of good ITQ films shows a narrow
grain size distribution and mean value of 100 nm. The selectivity of absorbing preoperties 1s improved by increa-
sing the thickness of ITQ films. The increase of sheet resistance of ITO films are due to the ncrease in
the reaction between films and glass substrate.
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Fig. 1. Schemalic diagram of dip-ceating apparatus.
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Table 1. Batch Compositions of Si0:-Zr(); Bartier La-
ver and ITO Coating Solutions. Unit; moles

Barrier layer ITO
Si(OC.Hs), 1 (0.24 M) -
ZrOClg : SHEO 0.28 -
HO 8.21 —
CH,CQCH 0.25 -
In(NQa}y+ xH.0 - 1 (0.2M)
SnCl,-5H-0 - 0.08
C.H-OH resicdue residue

telra ethyl ortho silicate{Alfa, 99%) 2lzyrconyl chloride
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Fig, 2. Spectral transmittance of glass pane coated on
both sides with Si0x-Zr0y/ITO for various mul-
tiplicity of coating. Heat treated at 500C for
15 min. Drawing rate 0.21 cm/sec (R5).
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Fig. 3. Surface morphologies of SZ(3)-ITO(6) films heat
treated at 500T for 15 min., Drawmng rale 0.21
cm/sec (RE).
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Fig. 4. X-ray dilfraction pallerns of samples (7.2% Smn)
heat (reated at BT [or 15 min. with Hy:N. at-

mosphere.
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Fig. 5. Transmittance of ITO/Si0p-Zr0; multilaver film.
{a) a four-layer film composed three Si0:-ZrO;
layers and one ITQ layer
{b) a six-layers hlm compaosed three Si0,-Zr0);
layers and three ITO layers
{c) a nine-layer [ilm composed three Si0,-Zr0;
layers and six [TQ layer heat treatment: 500C,
15 min. (HE'NE)
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Fig. 6. Spectral lransmittances of glass pane coated on
both sides with various layers and heat treated
al 350C for 15 min.

(a) only ITQ, single coaling

(b} only ITO, triple coating

(c) ITO single coating on 5i0p-ZrO, single bar-
rier coaling

(d) ITO triple coating on S10.-Zr0; single bar-
rier coating
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(a) only ITQ, single coating

(b) only ITO, ireple coating

{c) ITO single coalng in single barrier coa-
ting

{d) ITO iriple coating on triple barrier coa-
ting
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Table 2. Sheet Resislances [{}/07] of SZ-ITO Coated
Glass Heat Treated at Various Temperatu-
res

Sample ‘ Multiplicity of
code \ coating for 15 mimn,
S105-ZrQ,  ITO 350 500
SZ(0)-ITO(L) 0 1 - 9509
SZO-ITO(3) 0 3 3294 6712
SZ(D-ITO} 1 1 - 5087
SZ(D-ITOE) L 3 4551 997
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