[= =] #3A833%
Korean Journal of Materials Research
Vol. 15, No. 5 (2005)

gzols A YregAe 2 o
wApgAY Az 2 2dg 23
3 «'. Brian Prevo* - Orlin Velev*

Agardtietn AsAEgs
*Department of Chemical and Biomolecular Engineering, North Carolina State University

Convective Deposition of Silica Nano-Colloidal Particles and
Preparation of Anti-Reflective Film by Controlling Refractive Index

Yeon HwangT, Brian Prevo* and Orlin Velev*

Department of Materials Science & Engineering, Seoul Nafional University of Technology, Seoul 139-743 Korea
*Department of Chemical and Biomolecular Engineering, North Carolina State University, Raleigh, NC 27695, USA

Hro.
=3 =5

(200519 349 21¥

20059 49 259 FHEFFHE

)

Abstract Anti-reflection film was coated by using spherical silica nano colloids. Silica colloid sol was reserved
between two inclined slide glasses by capillary force, and particles were convectively stacked to form a film
onto the substrate as the water evaporates. As the sliding speed increased, the thickness of the film decreased
and the wavelength at the maximum transmittance decreased. The microstructure observed by SEM showed
that silica particles were nearly close packed, which enabled the calculation of the effective refractive index of
the film. The film thickness was measured by profiler and calculated from the wavelength of maximum
transmittance and the effective refractive index. The effective refractive index of the film could be controlled
by a subtle controlling of the coating speed and by mixing two different sized silica particles. When the 100
nm and 50 nm particles were mixed at 4:1-5:1 volume ratio, the maximum transmittance of 95.2% for one-
sided coating was obtained. This is the one that has increased by 3.8% compared to bare glass substrate, and
shows that 99.0% of transmittance or 1.0% of reflectance can be achieved by the simple process if both sides

of the substrate are coated.
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Fig. 1. (a) Schematic of the coating apparatus using colloid
sol. (b) As the glass plate above is slided at a constant velocity
v, colloid particles are deposited on the glass substrate to form
a film.
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Fig. 2. The structure of the particle film varies according to
the coating speed. At a fixed particle volume fraction, the film
becomes thicker as the coating speed decreases, and the
boundary coating speed between the particle volume fraction
and speed increases according to the volume fraction.
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Fig. 3. (2) Calcilated reflectance of the film according to the
film thickness at 600 nm wavelength. Minimum reflectance
appears at a certain thickness, and varies with effective
refractive index of the film. (b) Traces of the minimum
reflectance points at a visible wavelength range. At all
wavelengths, zero reflectance is obtained at the vofume
fraction of 0.4.



288 3} 4 - Brian Prevo - Otlin Velev

Yepdt}. Fig. (e F& 2EELS 1.03%8 1.38 7t
W3lA7]HA] 3o] 600 nmg! YARZO et wialg
S AxE AFolth ng=1234 w 1/4n, #F) 122 nm
of FAA FiAZL HA4v) e AE & 7 JeH,
366 nm(3/4n, FHF FANA Al HATt Hok gkt
9] Hagd FE FHE Tt dEY, ng=123 F
Hog §& F-&o| FoR AU Al wa} YARES
08t AAA "o} Fig. 3@l YEFA ngoll thaled b
ARES] FHAagk e oAl 289 Fig 3(b)7F Bk dat
o2 o)A l/dn, 3 FAIY S8k, Yapel ®
1} B-80] 0.4(ng=123)l4 HWgﬂ 0¥e & =+ 9t

8 ZHEE ng=138 E ns=1239] ZAAI L 7}
Al sl ety WSS AL Fig 47F "o

A

Tt} 713&e 239 At Y FAske A4l 7]
F™ ; ST,
0.04 |-%, 4 /7 O NN
L 7 S
W z R N
S z SN o
A zZ / / RN [ /
AT ; N ; ¥ B 7
003F -\ S A \ :
© L LNy o 7 ) \ | !
O \_ N / / \ N
c ! VY '\‘ ; ; \ v %
5 [ CANY ;o VNN
8 0.02} Y ‘\;(‘ oy by VN
= - RN 4 (S
s AN A
m o ;;5/.»./ ‘<.’ N
r z
00T 7 n=138 == 1=600nm
[ t=~06 nm ~ x=400 nm, =+ -+ 2=700 nm
A z %=500 nm, --~-- 1=800 nm
000 hrebehn o d L4, al i Py 1 Py PR RS Y S i
0 100 200 300 400
Coating Thickness (nm)
(@
s, ~1100m 2 N
0.04 "X =1.237 P A P T
A 4 - IS
AT Y A .
Boo03} W 7 Vo G
[t VU s i N A
& ] ,““ 4 : .I‘ i \ v
° Vovoo Py \ s
@ WL 2 i 3 :
% 002t A 7 P ] o
14 AN rony 3 v
A O \f I i P \ 5
'\ \. / R \:
0.01 Wy Voo
SN Vi Py \ %]
\ é\ ; :1 ¢ 3 “\
\ﬁ ' 0l \. ¥
g N oo
0.00 Lt YA PR SAPENP A SNeaeiy
0 100 200 300 400
Coating Thickness (nm)
(b)

Fig. 4. Calculation of the reflectance vs thickness for (a) the
effective refractive index of 1.38 and (b) 1.23. At the refractive
index that is obtainable using closed packed particles (n.s=1.38),
the film thickness should be adjusted at about 96 nm to achieve
low reflectance at a wide wavelength. On the contrary, the ideal
film (n.s=1.23) should be coated at 110 nm thick.
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Fig. 5. (a) Visible light transmittance of the films that was
coated using 20 nm sized colloidal particles at various sliding
speed. (b) Thickness of the films measured by profiler. The
dotted lines were calculated by eq. (1).
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Fig. 7. Visible light transmittance of the films that was coated
using 100 nm sized colloidal particles at various sliding speed.
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Fig. 9. SEM photographs of the film coated with 100 nm sized
particles which shows the maximum transmittance in Fig. 8.
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