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ABSTRACT

SiO, antireflective filmwas successfully coated onthelarge areaultrawhite
glass (300 mmx300 mm) by roll coating method. The effect of the
concentration of the SiO, and the annealing temperature on the photovoltaic
transmittance of the film was studied and the hardness and the adhesion of
the film were tested. The transparent antireflective film with the highest

photovoltaic transmission of 95.7% was obtained.
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INTRODUCTION

Antireflectivefilmfor solar cdlsisdeposited onthe
substrateto reducethe photovoltac reflectivity and en-
hancethephotovoltaictransmittance so that ultimately
the photovoltaic conversion of solar cellscan be en-
hanced. Currently, awidevariety of techniqueshavebeen
employed to fabricate the antireflective film such as
CV D3, magnetron sputtering*®, chemically spray®”
and sol-gel 1Y, |n 1968, Stober W4 has successfully
prepared themonodisperse S O, using sol-gel method.
Since then sol-gel method is applied to coat the
antireflectivefilmextensvey for itssmpleoperationand
low cost inthelaboratory. However, few atemptswere
made of thecoating antireflectivefilmonthelargearea
substrate dueto theengineering amplification effect, in
which the quality of thefilm cannot be guaranteed. In
this paper, SO, were prepared asthe coating precursor
using thesol-gel method. After that, antireflective coat-
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ing wasfabricated by roll painting the SO, colloid on
thelargeareaultrawhiteglass (300 mmx300 mm) using
roll coater designed by oursalves. Theeffect of the con-
centration of the SO, and theanneding temperatureon
the photovoltaic transmittance of thefilmwasstudied
andthe hardnessandtheadhesion of thefilmweretested.
Thetrangparent antireflectivefilm with the highest pho-
tovoltaictransmission of 95.7% was obtained.

EXPERIMENTAL

Chemicals

Tetraethoxyslane(TEQS), ethyld cohal, acetoneand
ammoniawere purchased from Sinopharm Chemical
Reagent Co. Ltd and used without further purification.

Synthesisprocedure

In atypica synthesis procedure of SO,, TEQS,
ethyla coholmand ammoniaweremixed accordingtoa
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certainratio. After stirringfor 2h at 30°C, thesolution
was seded and aged for 4-7 daysunder theambient tem-
peratureand thequasi-transparent S O, colloid was ob-
tained. Thechemicd equationwasshowedin Equation 1.
NH;HEO
Si(OCHs)y2H0 —— s ™ Si0,+4C,H;OH
Equation 1: Synthesisprocedureof SO,

ating section

preheating sectlion

Fabrication procedure

The ultrawhite glass substrate was orderly washed
by deionized water, ethylal cohol and acetone and was
kept in the drying oven for further use. SO, colloid
wasroll coated on the substrate by theroll coater dis-
playedin Fgure 1. After that, theantireflectivefilmwas
anneadledinthefurnacefor 2 h.
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Figurel: Thedrawing of theroll coater

Characterization

Themorphol ogy wasobserved using scanning e ec-
tron microscopy (SEM, Nova NanoSEM450). The
photovaltaictransmittancewasstudied by ultraviolet and
visible spectrophotometer (Hitachi U3900). Thehard-
nesswastested by pencil hardnesstest apparatus (T-
Machine JL3086) and the adhesion wastested using
the transparent tape (3M Scotch 600).

RESULTSAND DISCUSSION

Effect of sio, concentration on the photovoltaic
transmittanceof antir eflectivefilm

Figure 2 showed the microscopy of SO, with dif-
ferent concentrations. FromtheFigure2 (a), it can be
seentha SO, colloideaggregatestoformabigonewhich
will decreasethetranamittance of thefilmshowninFig-
ure 3. From the Figure 2 (d), some cracks and small
hol eswereobserved whi ch reduced thetransmittance of
thefilm. When the concentration of thefilmwas0.043
mol/L, thesurfaceof thefilmwassmooth and crack-free
and thephotovoltaic transmittancewas up to 94.7%.

Effect of annealing temperatureon the photovol-
taictransmittanceof antir eflectivefilm

Figure 4 showed the effect of anneaing tempera-
ture on the photovoltaic transmittance of antireflective
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film. We simulate the large-scal e tempered treatment
on theglass, therefore the annealing temperature was
above 400°C. When thetemperature was reached at
450°C, the highest photovoltaic transmittance of
95.7% was obtai ned. After the temperaturewasin-
creased, the photovoltaic transmittance was reduced.
It can be concluded that when the temperature was
relatively lower (400-450°C), increasing thetempera:
ture can effectively accel erate the dehydration of the
SO, xH,Owhich canincreasethe photovoltaictrans-
mittance of thefilm due to the formation of porous
Si0, and when the temperature was getting higher
(450-500°C), themicrostructure of the antireflective
film might be destroyed which decreased the photo-
voltaic transmittance.

Har dness, adhesion and color differencemeasure-
ment of theantireflectivefilm

TABLE 1 showed the hardness measurement of
the antireflectivefilm. The hardness of thefilm was
weighed by pencil hardness. Pencil hardnesstest ap-
paratus was used to scratch onthe glassand only one
or less scratch was observed can confirm the sample
wasqualified. Werandomly chosethree samplesand
thetest resultsshowed that the hardness of the samples
wasover 4H which can meet thedemandfor solar cdlls
outside.
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Figure2: Themicroscopy of SO, with theconcentration of (a): 0.050 mal/L; (b),(c): 0.043 mal/L ; (d): 0.030 mol/L
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Figure3: Thephotovoltaictransmittanceof theantir eflective

filmwith different concentrationsof SO,
TABLE 1: Thepencil hardnessof theantireflectivefilms

T T
0.020 0.025 0.030

Pencil hardness 6H 5H 4H
Sample 1 no scratch

Sample 2 two scratches  no scratch

Sample 3 fivescratches two scratches no scratch

Adhes on measurement wasimplemented by using
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Figure4: Thephotovoltaictransmittanceof theantir eflective
filmwith differ ent annealing temperature

thetransparent tape (3M Scotch 600) firmly attached
to the surface of thefilm, and then thetapewas quickly
removed vertically. The same experimentswerere-
peated for 200 times. Therewasno obviousfilm strip-
ping and col or difference phenomenafound by macro-
scopic obsarvation. Moredetalscan befoundinsupple-
mentary information.
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CONCLUSION

Wesuccessfully coat the SO, antirefl ectivefilmon
thelargeareaultrawhite glass (300 mmx300 mm) by
roll coating method. Theresultsshowed that thetrans-
parent antireflectivefilm with the highest photovoltaic
transmission of 95.7% was obtai ned and the hardness
wasover 4H which can meet thedemandfor solar cells
outside.
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