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Solar PV glass*
Published date : 2021

$21.4

$5.4

CAGR*: 21.8%

Display glass
2022

Construction glass
2022

$185.4
$114.7

CAGR*: 7.1%

-

$71.1
$1

CAGR* : 2.3%

Optical lens
2022

$26.4

7.3

CAGR*:7.3%

2020 2020 2020 2021
*PV © photovoltaic
[238 1] ZF EoFd #29 A7 45 192
Fields | Solar panel Display Building Optical lens
- Reflection
- Dirt (fingerprint, dust
Problems {fingerp )
i - Scratch - Energy loss - Scratch
- UV degradation of OLED | - Harmful effect of UV | - Fogging
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Dust deposition density [g/m?]
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Covalent bond

(B&™ 1)

Chain 1 l O—0O) f\ Hydrogen or
i i i >]< Van der Waals bond
Chain 2 () (Bgd )

[2¥ 4] PFPE (perfluoropolyether) & T+%$} A3 w4

—— Covalent/lonic bond
(B 1)
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Materials | Method Deposﬂ:on Substrate UG Wf: .
temp [°C] [nm] [°]

CeO, ALD 200 glass 26 105
TiO, RFMS RT Slide glass 100 94
Er,O; ALD 120 Si(100) 50 100
Dy,0; ALD 135 Si(100) 50 108
ZnO RFRMS RT Glass 80 100
HfO, DCRMS RT Quartz 178 92

316L
ZrO, RFMS RT Stainless steel 200 105

[£ 2] 7]€d 1

A< [e]
B AFAE

Zr02[43])
RFRMS : RF reactive magnetron sputtering, DCRMS : DC reactive

magnetron sputtering

M #7] 2 A3E e

(Ce02[381], TiO2[39], Er203, Dy203[40], ZnO[41], HfO:[42],

A& gk
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Vg surface energy of solid

YSg = ¥Ys1 t+ YIg cos6 v,,* surface energy of liquid

v, interface energy of liquid-solid
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[2¥ 6] Young’ s model[45]

[28 7] 49 &4 F
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n,sinf,; = n,sinf,

nq,n,: the refractive index of the two media
0,: incidence angle

0,: refraction angle

3t Fresnel reflectance ©| Snell’'s law =

2 A A o gt ol
e % gle,
R =|_sin@1-62) 2 R _|_tan(01—92) 2
s | sin(9,+82) p

tan(601+067)

Ry R, Fresnel reflectance of s-, p-polarization

Fol7k BE5H YAzt

5l Fresnel reflectance ¢l

13 ]2
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Reflected
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FEAANM FAFEME F3 nanorod TEE FASATH[49]. V.

Ganesh et al. AAALZ F2H36E TiO. nanofiberE 500°Ce] th7]

T

71l 1AIRFERE  dAgste] A B Ux  TEE
g3tk [50]. Dou et al. | I®OE F23E Si0: sol& 500°Ce]
7] ZE971elA 1AIRE ) AA e  nanoparticle TERE
FAA3ATH51]. ©] fel% stamping, nanoimprint 59 WHS
ALACF nanopatterne FAe= WHol EAjgoH[15, 52, 53].
shAIRE  olgt e WHES A A&str] ofdu Ao

olr

Mo ww ARE gHee HE FlAd mAd dRuy
SApOl =9} B& o] &3 W] wlwA Zheksha

AY 242 AUt
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A
<

A 4 A Ce029

rare—earth oxide A&

.

o
_rO

—_
0
HH

ol =7} 3.2eV JEZ 7FA]%

L —
R

A7}
2 3}

12 AlE

4f enE
Al

o] 4f @u|g}

Aol

=
=

(29 1113 o)

=

.

o A%

|=3
=

inner shell®!

17 %o
oF1 outer shell?l 5s, 5p @H|E-& A7} v}

1tH[26].

=

FA 9, outer shell¢! 5s, 5p <2.H]

°

TZE JHA L
H 1%

102 A A
2

of A2 MM & ARgol ¥AL[30], E& At

&

]

-

Wrl= ZAolt) J. Preston et al.o]l W= CeO,

)3 QeH31, 321,
AR} o A9AA
WA Aok,
227 A%

=
SN

o

A

g
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fel

28.5 mN/m=zZ

28.8 mN/m,

2}2}

| —
s

o|J

o
XO
‘_H,MO

ol

XU A 7} 40.6 mN/m

o] cerium vacancy$2} interstitial

oxygen atom©®] A F o] A

ol

.z.:l
fss

s

Atk wEkA, CeOq

gty B Fo

ket

=
[€)

)\o]

3

PN
T

4

Aol whEhA

o]

3

Ha7t so] Qlvb[28, 56, 571.

Ce0,9]

‘JEfolm, ok 15

]

2gAd e

A74A

3

&

A 7HA

Eis

.

e

Z o7 oAt

L —
T
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Octet outer shell
552p6

A=

Intrinsic/Pristine State

VOCs / HCs

Hydrophilic

Chemisorption+
[_q‘ Physisorption \‘M

Rare Earth Oxides (REOs)

T

[Z27 11] Ce029] ©3} oz

)

19

e

Absorbed/Exposed State

AL ARG ARAS AN
]

ol 3t

A=

Rare Earth Oxides (REOs)

274 WAYF[54]
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A 5 2 ¥Ere] WALE A4t

5—1. Transfer matrix method (TMM)

_4

Sl AA7|sE #4480l v ¢ WA AAWE Ad o, v gl
FatE = o] gl A Aol A g A1 B2 9
WA A 2z AdelM e AV AV 2 e 2 Yehyd

A Afo]o] whuke 2x2 EA] &Y (characteristic matrix) & UE}

—

o,

Fogdh BAEe @ AWM A7%% Age w9
AAMOR Adafrt 4TS = YA okedsl Pol vhehd £ ek,

cosd, (isind,)/N,

v, ] = iN,(sind,) cosé,

N,: complex refractive index (= n—ik),n: 28&, k: 28AF

A71A, 6, 33 S 7 (optical phase thickness) & Hlo] BluhZ

A w7 = s dHEkE vlei, ofeljet Zol yEhdTh

Zandp
P A
d : film thickness

A incident wavelength

& 59, [19 1219 o] MZ & #dES 2= vtulbo] prj9
So7 olFox Slttar ZHYsirk. EAAYES Fa 7|H-layer p

Aol A7 A7) A3k xho R a5



E,

i = ] (M, w7

Hp+1
E: electric field

H: magnetic field

9 AL B3 layer p  AAEAMY  ANF( By VO
A 113} (normalization) 3hd th&3} 7ro] Ll 4= 9t}

(5] = (M1] - [M,,_|[Mp] [Yl ]

sub

B: normalized magnetic field = (E1/Ep+1)

C: normalized electric field = (Hi/Ep+1)

od71M, Y+ F38 o]=u]®l A (optical admittance)® A7)}
AN w(y=2) & gudth 4 FF A A4S, 39

olEmEAE HAg FdEY 2V el obdel #o] RdE

+

= [M1] - [M,_][Mp] [Nl ]

sub

C
Ng,p: complex refractive index of substrate

oA ek Bek CE obfie] Ael widst Bl RMARER),

FHE(D, F7& Q)= AE 5 Utk

21 A



*

(NbB——C)(NOB——C>
NoB+C/\NyB + C

T = 4'N0Re(Nsub)
(NoB+ C)(NyB — 0)

A=1-R-T

Ny: complex refractive index of air (=1)

Re: real part of complex number
weba, wpete] T

AL A, A7

ANE ok

22



[19 12] M2 9& 2283} FAE Z=
AR

23
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5—2. Effective medium approximation (EMA)

EMA+ 270 ©]’+e] A& 7FA+= composited 3874 2455
A w AFESE o]E S %, FHZ+ Lorentz—Lorenz, Maxwell
Garnett, Bruggeman EMA7} &4ttt} o] FollA Bruggeman EMA7Z}
A% Azpsl 7bg # weths Bav 9o 2 Aol Bruggeman
EMAE AHE3F3ItH[58]. Bruggemano] #AAI$H EMA 212 o5
ZH[59].

fj- volume fraction of constituent j
n;: refractive index of constituent j

ngua- effective refractive index of the composite

9 Aol W=W, composites TASE A4 TAAAEESY =HEHR
3§ (volume fraction)S ¢, dld composite?] FHES AALE
T AT

EMAE [Z23 1313 o] A= & ZHE87 Y¥I&5 7K+
TAEe] madstAl Aol = composited FHES T3H7]9)E,
G composites 3] FUIE composite S FE (FFEStY] A ES

AArEtet,

24 .__:Ix_s _'-I:-'_'|'li



[Z2" 13] Effective medium approximationg] E2]& <l A}

25 f’ A—E —.?_; Eﬂ aF
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Al 6 B A7} ¥FAFE (luminous reflectance)

AWEA © 7 Abghe 555nme] vpgel Hu) AZEE EAGE 74
A= ZRAgAde]l F= v Zzbo] apAel webA EEbx|=
AEE uistt. Ho A e div] & 7HAE G sge] st
AlZFE2 H]E HA A E (relative luminous efficiency) @il 3t}
e WE A EE YERd S4S (2" 14] o YERRE60].
|2 =73 WA (spectral reflectance) ol BHIA T EE

HFd 3t HEARES Luminous reflectance Rum) 2FaL 3w olge] 2oz

M
o
o
=
Yy

780nm

A=3g80nm Plum

Rym = 780NM
A=380nm (plum (/1) dll

(DR(AN)dA

@um(A): relative luminous efficiency

R(A): spectral reflectance

26 -":lx_i "'l::'lll.: o |



1.0F

0.8
£ o6l
S

0.4

0.2

0.0l

400 500 600 700
Wavelength (nm)
(29 14] Azke) o] Wl 2 B3 WS At AES Y
2460
27
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A 7 2 A¥EHHA (sputtering)

~HE Y (sputtering) & %2 AFmeA  AUAZE & QA=
E7 (target) ol =170, Bl WEd QAE 7@ Aol 2
s FAskeE WS gtk

&= (cathode)?l EMI¥} 4= (anode)dl 7]dell #AAES  7}shd,
Bl A WEE dAA 2 A del EAlskeE seed electron©]
TYE Ar 7kash TESO] Ar'E o] 23} HWA Hekzebrt AT
o] wj, Ar" %Fo]&o] = EpFloR WA olFdte] FEaA Hu

=l

Az Agd JuAz A8 B 92 A% Fo| Heluhed €Ak

AHE Y A= 7 dge] wel DC(direct current), RF (radio
frequency) 2 ¥ =d, AstEd 22 FLA gAe A$ RFE
Aty B gl DCE AFESHA HW, 559 ERAo] :xwoe

Art ool AHHow Aol colgor tiHEo] HE, ¢ ol

(A

28 =5 k'_' 1-II



Chamber

GUN

Target
@ etz 2%t

@ Ar+ 0|2
@ Txt

[2¥ 15] "lZYEE AHEHY A

[29 16] AFl A3 P EE AFHEHH |

29 v A—E —.3— Eﬂ '?5'.} Tl

e,



A3 FAD B

= AellM ALOy HErt CeOz ®HERZ ZH2F =% 99.99%9] AlOs
B} (Kojundo/Japan) ¥ =% 99.9%2% CeO:; E-7 (Kojundo/Japan) &
AH-g-31o] A 281Gl T ZjHo g Imm 57 9 slide
glass (DURAN/Germany) & A3ttt sid f2l+= #4345 wet
stk -2l (soda—lime  glass, SLG=Z ®FT F
vt s s A, Hgd e sol 2 AR EL

whal Z2 8 A, 7o) 19 Al (cleaning) & 3 stlvt. Slide
glassE isopropyl alcohol® Z#A Hojdl H, Ny 7FAZ AZ A AU
o] &, 99 T WO 7 acetoneds ZHA Aojd H, N, 7IAE
2ol Ax AFAY. 1 v, acetoneo] © H 259
M # (sonication) & 33} T},

glul Z=xe REF wlIYEE A¥E™Y  (RF magnetron
sputtering) = ARESFith B2l 39 =EES Al7sH] SEiA

2

z3te AAer] ARl 1083 ou ¥
g

rir

(pre—sputtering) <

AlOy BrEr2 A d w Zof st 58k kAol Wolx Ab oA
, X9 AAZIZE UE SUMEY B FHoQluR[33].
Valenzuela et al.> RF "}lIUEE AHEHHES AFE3dto] AF2ofA]

FAdst= As BRuFH(6 uebA, Bl ekeks A sk 9 el
oA S-S et st utuke] FI SR E FURA7]7]
flel RF 99l= 450W=E %2 & AREeRlal, b= 3mTorr®
w2 s ARESRlth. RF powerZt oW AHEE AAE9 F
& olUAZE AA L o]Z l&f 7]# floll F&E adatom® ©]&=7F
FolA F& HE7b kst ShEo]l wow AdyHE A=<
e

A A+ 2 (mean free path)7F ZoIX Al FHo] oyx] &£2Ql9]
719l Sz 7] wel rxbA 2 7] 9l A adatom@] o] F%7f

30 A ‘._, ‘_]l



i
S
2
o[\
&2

B
kit
_\|l_‘
o[\
)
ro
_\1

. CeOs= RF vlIUEE A9EHHORE

s
=25k o vtuk = S5 J522 HQl P. Singh et al.[63]9] F&

EN
nJ
o
L
fd
_OL
32
iy

Rotary pumpZ AF&3ste]l 1 x 107° Torr7bFA pumpingdle] A X &
]S 9= F, Turbo molecular pumpE AHE3Ee] 5 x 107° Torr7bA]

pumpingste] 13y JEHE WHEAT ALO, ¥ CeOp el 7h7te]

Zazde (% 3l Aasin
BE AL B A7 39AL AYHch WA, RF opIEE
Aol e Fol R @vel ALO, wEE FASAT T,

tetk3Ad AIOH) & A#etr] 98 90 T ©f FH4(0.5MQ) el
308k wrSAIZ T mpHwto g okwWe] UnthEAd  Al(OH) el

glulol =9t FFXE F43%t7] $l8l Field Emission—Scanning

Electron Microscope (FE—SEM, Zeiss Merlin compact/Germany) =

AFESLSE 1 S5 vhak ) 5 o] 83519 £ 4% (deposition rate) &
AAbstRck vtk FA= AlEYd 9] fAAA 5' SA st
imageE image] AZEYE T Ao AF AHY FAE

o

A5t Hpks AFEITE =8, SEMS 3 AbskE R4 A
WAL charging A4S WXAE7] 98 pt coatingl® WA
et S drure] Aks #<lskr] 918 X—Ray Diffraction (XRD,
Bruker D8 advance/Germany)E AF&3tSITE AlEdo]de] ARE-E
ALOy9t CeOz wvtEel Fd+E S4st7] 98l Spectroscopic
Ellipsometry (SE, J. A. Woollam M—2000/USA) & AF-&-3t3ith.

MES ARt & UV-Vis spectrophotometer (Agilent Cary
5000/USA)E  AFE3Fe]  400nmelA  700nm  Alele]  WHARES
At vad AIOH) 39 x5 43| #4187 918l Focused
Ion Beam Scanning Electron Microscope(FIB—SEM, Helios
650/USA) & olga3itt. & 3 &4 e stk vhaA Bt Aoﬂ

31 i



pt coatings F3d] T#e ¥, FIBE olg3ate] vhuhS whi (cross—
section) &2  Avtslo] 4S5 PP, Atomic  Force
Microscope (AFM, Park systems NX—10/Korea)< ©]g3fo] uput
ol W ARAY|(surface roughness)S =A3191 Y A=
ol AlEdold Aol whakE SH A ] Aol & AW it

A=72ESs =435t7] Y38l contact angle meter (KRUSS DSA

100/Germany) & AH&staith. 3ulFa o] A S "oy ¥ 5x %
293 Ayz BA4e AUt AEG 539 daHs Tt

HEzte] Bk exE AEAQh

: 5 A &)



Film Al O, CeO,

Target Al, O, CeO,

RF Power (W) 450 200

Base pressure 5y 106
(Torr) X

Working 3x 103 30 x 10°3
pressure (Torr)

Ar flow (sccm) 30 80

Substrate RT
temp. (°C)

Target-stage 47
distance (cm) '

[¥ 3] ALO, B3} CeO, vrete] Faz7

ALO Porous Al(OH); — CeO, —

_&_M_W

ALO, Hot water immersion CeO,
deposition (90°C, 30min) deposition

[Z4 17] BE AF 273

33 2 M E g



aEE e RPE HAARASFE FAXL o ol A dojE g}
drig A 3=AS Hdegs Aotk AdRAFE 0~1410)9 #E
ZpAE 16l FPhETSE o gy AA oyt dAsittE s
o] m] gty

g dolH=Z &3 ALO, B S £+ 14.0 nm/mino|™,

CeQy HFEle] =2 &= 11.9 nm/min®]t}.

34 A ‘._, ‘_]l



[Z1% 18] AlOy9} CeO2 HE}HE 53 A|ZHE F7

300
ALO,

- y = 14.0x
200 1 R? = 0.9997

2501

150-‘ CeO,

Thickness (nm)

100~ y =11.9x
' R2 = 0.9994

50 1

%9 5 10 15 20

Deposition time (min)

[29 19] ALOy$} CeOp Mo 53 £

& 5 A= o

L



A

A 2 A FHYS

n) 2}

Bl

5

=
=

ellipsometry

Spectroscopic

A8 A4 (extinction

index,

=4 E (refractive

ATt

—_
fi%e)

coefficient, k) & =74

)

140nme FA=
140nm2)

FAZ

60nm2)

21l

1o}
=

ol

FAZ

o
=

2] 2] backside reflection

i

_Z# r

20] I

(1%

—_
1o
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1.56 : . : ; .

1.5
~ EEEDN K ="
& 1,54 i, 2
2 Y8
@ o]
= o
B 1.521 Y
o 055
& -3

1.50- =
L 0.0
400 600 800 1000 1200 1400 1600
Wavelength (nm)
1.69., . :

(b) _ 16
£1.68 =
X 128
()] —
2. 67 S
o 088
>
£1. 66. S
@ | .
S 1.65] 043

- =
1.644 0.0
400 600 800 1000

Wavelength (nm)

(c) 25
~270] X
x 208
@ o
22,551 152
[1)] (@]
2 105
© 2401 o)
s | L0535
¢ z

2.251 L 0.0=
400 600 800 1000

Wavelength (nm)

[Z¥ 20] ()71} (SLG), (b)AlOy #9, (c)CeOp HHHHe] B8

37 2 M E g



A 3 4 4374 Al(OH);

o/ L B R o s T M S S S TR
X 2 O & w oF o] o <0 Mo T Z = T UK Z % T
o = Mo woE oy oo B ® g T
e W ¥ TP R ~ M @ - 3 .
i 2w PR ~ N 5 X S NNCI ST e T
W RECE = W K < S S =
0| L o o2 T s
= (N LY oo 2 ooy — F P om g oM = g
o To X S N2 Do ® @ %
(i o gn MO Woor N B NI K 7
i) _ T o o S ﬂﬂﬂ e H SN
2 o o o _ oT _%ﬂwm GM]%mﬂ%ﬂAmM
—~ __.A — . o o i
T oo 0 T e °© TR E = PowoE oW o M T g
TR 3L, E®EROS 2R wnowm 5 Yzt y
A = B C I I A
v < Mo e®e B ER SE R Kooy 2y
7o T o N up 9 = T N X
X o ) = ey — B W X B o, N T ~
o ' ~ — = X © - < B ) oL = o K
i N Sk R 3 o X 5 O X = B b K T Xm0 = =
RN R ea T e Rrogrx 2 E T I
e Bk o2 op BN mo oo ) W W R W
Mg s x B W o o oy N = 3 ° @ Ty
N = =0 ﬂﬁ < ol = ~ 3 EE io
- NOR g T 5 o T L. ™ oo X = r
oy R % No 2 oF X B o B A =~ T N i
o %o xr ™ - e o2 o om W b 2l
T oo T Aoy By d o d Ty - W
o X m r o O_ :i _ ﬂ_Al X0 =t n Bo 1Aru dom \ml ~r
= w £ X ol zr o S S w0 m o o 2 X
SR T I - - TR SR
o — N N ,wnM X A_ e dﬁ M_AI oo EI C— ! T o#a N = -
T 0 = O Aol oy b x T S o Z £ B
o B o How o 5T STy X 2T o
s g T T Rerr¥aecslea x T Ow
H T o 5 2% "X W %T BB §% td < R P Iw
TSk d = S WU o F Qo aodo He R OFW o %
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FIB-SEM

Eis

S|
~

g

188nm 79 vty Al(OH)s

B AP 52° 7]&olA &

9]

&[99 24]19F 2t}

)

To
o

e Arkstol

%, FIBZ

==
LN

3)

3 pt coatings T3] 23

vpoo)

3l AI(OH) 3

o
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AlLLO,(250nm)

Intensity (a.u.)

20 30 40 50 60 70 80
20 (°)

[2% 21] AlOy BF9te] XRD #4 23

Tilt10° Tilt10°

SLG l 200 nm

! 2 A ST 8



139nm

300nm 300nm

[218 23] 7] AlLO, 5&

300nm

300nm

7 (a)10nm, (b) 14nm, (c)18nm,

(d) 22nm2) hot water immersion & AI(OH)38] F7)

Thickness of Al,O, [nm]

As-deposited

10

14

18

22

Porous Al(OH);
(After hot water immersion)

139

165

188

219

[¥ 4] 7] ALOy & FAE o34 AlI(OH):8 S

41

o A
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-

Pt layer

Glass

[Z28 24] 52° 7]=%! ©¥4 Al(OH)3(188nm) 2] FIB—SEM A+3l

(A+9] : cross—section AFR)

- 5 12hel

1 J!.-'r_



A 4 & AEHlA

—1. %8 24 (optical model) Y A=}

N

e PR SAS A e us we FAE Aiter] 9lE)
‘MATLAB &ZESJO|E ALg-ato] AlEH A
Algdeolds sy A, RRAE AARE flsh EE mds
ARttt [2¥ 2419 FIB-SEM A& EdZ o4 Fx2& 19
Aol [2¥ 2519 (a)ok Zoh g 7xE Atshrd 4 3
TZ2E 7ML QolA, ZAME B3 Fsh md dAo] Fa) Fst
2Ae A 2d @D, @ F 279 RdES AWssint
md Ay A e gen 2ok WA, g3 AIOH) 5= $lelA
ofe 2 ZAFE FHEol dAS WER Tttt FHA, Fx27t
TRACZ wjd= o] u}. AHA, Joghee et al.[65]¢] A|Z3F vlulo]
= &to]  CeOx7F thaAd AIOH); uFere]l dAl o] 5

—
BN
i
ml
1:1

0% Agst mds dAsr] HsiA 0 188nm FAC] thEA
Al(OH)39] AFM #4& 33, dd= [29 27]e el
188nm 9] oA AlOH)z9] 34 AZH7] Hdl Fol(R)7F
191.2nm= FAEA7] wieoll, A4 F2+= (29 2619 ()9 2o
s, g F2E Faste] CeO.7F thad AIOH)5 ¥Eke] d A
zolo] #dstA FETT 7MYt Sld M-S EdE A A
2d QY FxE [2¥ 2619 b #o a8 AAs A 2d
O, @& 7MFA 94 o FFH TAES OS5 2 FAE
A 2E D, @F oY For FEd H, effective medium

approximation(EMA) & Abg-3ste] 7} 59 2d&& AAtsl #3loh 1

43 .__:rx | _'-.;i_ -l_-ll



t}S transfer—matrix method(TMM) S %3&l 3o wE wALSS
AR, d WhAMES F 3 Rume
s VIHeR s I"S UH
Aot sHAI¥E, TMMOZ A4t
HEARS (Wb HEARE) A dtolt}l, 18]3 UV—Vis spectrophotometer®
SAS Ade o, SHolAY WS ESF aelsh RRARE (S
ot dubd oz ofd RRAMES REoR uir g ©9d
WARE S frAFsteh. whebs, SAANE o Ui @k AlEdEolAd

ps
=
=
fifo
iih)
_%'L_ll
rlr
-
(g
of\
_C|>1_L
4
1o

A 2E O, @F S Aakgt CeO2(8nm)/PA(188nm)/SLG
T8 AEdeld Axe 54 d3E [ 28] yEHd. A
2d Oro A B2d Q9] At 54 dde F dAse A
g1gt = SUSTh webA, o] %o &qyT AlEolde A B Q%
z13yakod vt

te/d AlOH) 59 7= 130914 220nm, CeO2] F70= 41X
12nm74A] WA3A 7] A Riume AlRESFAH

AEE el Al vhEle] FAE BE JooA dFstar ket 7w
Atele]  roughness+= O°ol#tar 7FE k. T3, <=  Al(OH)39]
=dE8s SAs=d olgwol 3o AlOH):9F ALO,S =HEO
2o JHgsielt. AlEEeldel ARgE FHELS ellipsometry®
S48 == ARESH

Algdeldor Axtde Axe [29 298 Zth 400~700nm
g A Rum©l 1%°13F1 thaid AL(OH) s FA8F CeO, F75 A
Arow A& TG s diks vy Al(OH) 39k CeO2 F77}

WA, S 7] VX GFE ZASIAS B A Fashan,

44 i’—'! b= ‘_]l



[28 25] 7] @95 724 O)FA 2D O
(B2 : CeOz, F&A : AlI(OH)3)

(a) Real strcuture (b) Approximated model @
N\ N .-‘\~' @ g:':‘::‘g':gln']‘

[23 26] @QAA T+ B)ZAF 22 @
(B CeOz, T34 . AI(OH)3)

15 2 M E g



PA(188nm)

nm
80

40

RQI =32.5 nm
R,=191.2 nm

*Porous AI(OH)3 = PA
[29 27] B34 AI(OH)3(188nm) ¢ AFM &% A3

R4 : root mean square roughness, R, : maximum height of profile

CeO,(8nm) /PA(188nm)/SLG

Experiment

Approx. model @

Approx. model @

Reflectance [%]
E

400 500 600 700
Wavelength [nm]

[2¥ 28] CeO2(8nm)/c+34 Al(OH)3(188nm)/SLG T%9]
Aol A9 54 A7 v
46 " ,H E 1_'_” -.:,1
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R, m (400~700nm) [%]

1.4
1.2

0.8
0.6
0.4
0.2

Thickness of PA[n

4 5 6 7 8 9 10 11 12
Thickness of CeO, [nm]

130

*Porous AlI(OH)3; = PA
[29 29] 2AF 22 @F 53] CeO029 34 AI(OH)38 FA4
Rums A4S Al EH ol A3

47 2 A2tk



4-2. NEFoIA AR A A v|n

(2% 2915 #Fastel odAd AIOH) 3¢ F7= 139, 165, 188,
219nm= a3l CeOr T2 F7= 4, 6, 8, 10 nmE WAt A3
16705 242 A#atddet. o] o Ce0:8 2 77+ FF3k x4
SHRS e FAE v

A dEFRel TMM= o83 AlEdolde Wi ¥R
ALk 7] witel], UV-Vis spectrophotometer® W FH AE°
HALES S F, Bte®E Uro] vuE ok

188nm 9] ©xA AIOH)3 #lol CeO: 52 FAE 4, 6, 8,
10nm= 747} WAt 54 vhAbE A3l AlEgeld d34E [1#
30], [2¥ 31]el yErdtt. T3 CeOp F45 8nm= 13k tha/d
Al(OH) 3¢ 715 139, 165, 188, 219nm= 7Z}7} W7 s}H
HARE Aatel AlEdeld A¥E [2w®32], [Z1"33]ed yEyl
a3 CeOz TS B34 AlOH) 39 T Rume 533 As}
AEHolAoR Aikst A9E [ 519 [ 6] 27 Adeld 73l

Agdold A, CeO,(10nm)/PA(188nm)/SLGY  Rumol 7H4
ko ARLEQlYE. shAIRE 574 A3, Ce02(8nm)/PA (188nm)/SLGE]
AlEdold Axel 54 AddE
Hluwgles o, T#zo AFEd2 FAHRAREL AlEdUeds
A S48 v zpol7b AT o= AAl AAeE Biepo] ghA

g AR Al ARG TS

AG
2407 gEolet 58 & Ak

O

e
o,
rot

Rlumo] 7]—;8_ Z‘}_% 7}1’% ?—-;_

>
30
o
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o
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r
N
)
oX,
|
fllo
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A
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o
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5 -

Q\E 4 | Bare glass

o' 4

O

3

whd

8 1

= 2 -

o

2] g 4nm
0 \ %
400 500 600 700

Wavelength [nm)]

(2% 30] 188nm 79 T84 AIOH); $1 CeO; 52 FAE
WAbE AlEEolH A3

6

5 Bare glass
g,
@
g -
g7

[N\N10nm
]
= 2-\
T :
o 1 4nm
._,,__—--"‘——_-

0
400 700

500 600
Wavelength [nm]
[Z2% 31] 188nm 79 th34 Al(OH)s $| CeO: T& FAE
WA 5% 23

3 217 1
49 HE2TH+



(@)

5 4
§' 1 Bare glass
Rl 4 4
D
g ]
s °]
3 5 [T~219nm 139nm
[
[T
(14 1
0 - 4__’/ ]
400 500 600 700

Wavelength [nm]

[Z2% 32] CeOz FA7} 8nm¥ # ©+34 Al(OH)3; F7E WALE
AlgE el 23

6
5o —— Bare glass
§ i
e 4 s
Q|
c
g7
8, _‘19""‘ 139nm
G
0 4 W
ek I N
0 T T T T '
400 500 600 700

Wavelength [nm]

(29 33] CeO; F77t 8nmd W TH34 AIOH); FAE whahg
=% A%
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ngm

%]

CeO; % FH [nm]

PA = [nm]

(flat surface 7| &) 139 | 165 | 188 219
4 1.29 [0.5710.19]| 0.2
6 1.19 10.45/0.14 |0.27
8 1.1 10.39/0.12]0.37
10 1.0 [0.32(0.11 (0.51

[ 5] CeO28t 34 AI(OH)39 7' Rum AlEHCIAE 23

*Porous A1(OH)3; = PA

RIl_Jm

%]

CeO; & FH [nm]

PA &Ml [nm]

(flat surface 7|'=|'_<') 139 [ 165 188 1219
4 247 10.9210.60(0.47
6 1.21 10.6410.33]0.33
8 1.29 10.620.27|0.55
10 1.48 10.7810.42 10.86

[ 6] Ce0:28 T+2A AI(OH)38 578 Rum 3 27

ol



A 5 2 dEre A Fel

CeOy F7¢ vd4d AlOH)3;2 FAl wg uiute]

gelslr] fallAl, 188nm F71¢ thaAd ALOH) 3 $ell CeOq
4 8, 10nm= wWAsH Axst AWMEE3} CeOr FAE
183 o¥A AIOH) 39 FAS 139, 165, 188, 219nm=E W7 &}

A Z2st MEE9 X-ray diffraction(XRD) ¥4 23y 4

Ay (19 341, [1935]1 9% 2

22 AT} Ce0s9F T4 AlOH) 32 T Aaglo] A%

T+ 574 peakol g§lo] vl H (amorphous) o= Ao

e, 7ol F&F" A (adatom) =9 olExrF  #

A5
Fstgich. ol 4% 3™elA AFPEl Aol FHE AYRY)
A

@dskA A7) wmolvk[64]. HEFE Ce0:22] ABF, T& F771 oF

wul olet AN BHe] FHS 7] W), BT EA
urh A4S FYsHE Aol ofelgol AN Rele wawn
52



CeO,(10nm)/PA(188nm)/SLG
Ce0,(8nm)/PA(188nm)/SLG
CeO,(6nm)/PA(188nm)/SLG
CeO,(4nm)/PA(188nm)/SLG

Intensity [a.u.]

I T T T T T T T T 1

20 30 40 50 60 70 80
20 []
*Porous AlI(OH)3 = PA
[2¥ 34] 188nm F719 3 AI(OH); 9 CeO: =& FAdE
XRD ¥4 A3

= Ce0,(8nm)/PA(219nm)/SLG
= Ce0,(8nm)/PA(188nm)/SLG
== Ce0,(8nm)/PA(165nm)/SLG
m— Ce0,(8nm)/PA(139nm)/SLG

Intensity [a.u.]

20 30 40 50 60 70 80
20 []
(7% 35] CeOs SA7 8nme @ B4 AlOH)s A

XRD ¥4 23} sy o
53 o A—T =2 1_'.” ﬂ Tl



Al 6 A & =Z (water contact angle)

Contact angle meterE %3] bare glass, CeO:2(8nm)/SLG,
CeO2(8nm) /¥4 AI(OH)3(188nm)/SLGY & H=7s =439 1,

AE5Zbe] tgk CeO29F thaA AL(OH) 39 S AT

A=52 54 Adx= [29 3619 yEkdld. Bare glass® ¢
HE2bo]l 29.5°2 =4 H3AAL, 8nmo CeO:& T&E F, 95.2°%
=453

o} ol 2% 4dEoA AFF Ce0,9 274 wioluh[26—
28]. T3 188nme] tt3A AI(OH)3 9ol 8nm2 CeO& =
oF 127°9 AFZSE BT ol 2% 184 Ags A F
g Adolrt. webs, CeO2(8nm)/tha/d Al(OH)3(188nm)/SLG
Ce0:9] 2FAel thaA Al(OH);9 A9l awrt dad &zl
¥ Zlojth[44].

S AyEe BF 7] Y714 72043 B¢k 83 wE A F
S48 Aolth CeOr ¥ T3 27]dle I4AS wrhzb ARl
Ao wel A5ds Wk 4 %

A
37HAL 2 Wl T T w3 A FF, 21 aksk A

i

54 -":rx E "";i' 1_-“



PA CeO,
(a) (b) (C) (188nm) (8nm)

CeO, (8nm) M
| | |

. ﬂ

0~29.5+1.9° 0~95.2+1.2° 0~126.7+1.5°
*After air exposure (720h)

*Porous Al1(OH)3; = PA
[Z28 36] (a) bare glass, (b)CeO2(8nm)/SLG, (c)CeO2(8nm) /34
Al(OH)3(188nm)/SLGY A&z &3 A

140 Co0
1 €Uz (188+8)nm
— 120 PA ( )0 o
= ]
o 100 hydrophobi ,..-'9 ________ o
= - Yty Wy - 2
& 804 ° CeO, (8nm
5 —r—
= 604 o
§ | o -
v 404
2 T
O T T T T T T T T T T /’// T
0 50 100 150 200 720

Air exposure time [h]

[28 37] Ce02(8nm)/SLGS CeO2(8nm)/THEA
Al1(OH)3(188nm)/SLGE] AlZte] W& HFH2F W)



A 7 A HAE (Reflectance)

Spectrophotometers %3l bare glass, %™ FEHE 83 t}3A
Al(OH) 3(188nm)/SLG, CeO2(8nm)/th&4  Al(OH)3(188nm)/SLG]
ZEA B 49 (400~700nm) Wl 3E RRAMES SASSla, 1
A3E (29 381 yEbdllth ®=9h, ZF 99E9 Rum? Rave @b [E
71l Aelal TRl

Bare glass, W34 Al(OH)3(188nm)/SLG, CeO2(8nm)/th34d
AI(OH) 3(188nm)/SLG® Rum< 212t 9.6%, 2.6%, 0.5%= 8% 31,
Raet= 27t 9.7%, 2.7%, 1.1%=2 FAHAL. 7]A,
CeO2(8nm)/th&4 Al(OH)3(188nm)/SLGS] Rum Rave #kS] 2to]7}
e ol wew, [2% 38]eA & 4 kel o]l 400nmel

YHAREo] w4 S7Fe e & ¢ Ak =3, [O9
5

A7y 579 A

&
;Y

o= uvlwrol wl= 7 oA (band gap energy)} o] Qth

ar [e]

AE 5o, Wt AEo F A9 do] APE w, 7Hd ] (valance

band) el Sl AAELS H AdYAE F535te] A Ed(conduction

band)® ©7] ®th o] W, HdEdhE o7jd A= dAlz 27

HE A Feta, vA] A AR deeds sdd e 9l

NUAE thA] WEetA drt didE, W= ] ®ry Z2 o YA 9]

s FAbstd, 7HdAde] Sl AAES o] W oyAE FFEHA
x

Foto] HE O T REY66]. B oluAE tad g2 AHo®

s

pery = Mo _ 1240
3T amm

E: energy of photon, ¢ speed of light

h: Plank’ s constant, A: wavelength of light .
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71X, hce Zdrolr] wiitel, W oy W sl JIFEs
e g Aol 7HAEA 99 (400~700nm) & tidaEl AlLksko]
eVE SbstH, 7HAgA d el W oA = 1.8~3.1eVel Aa &
Ak ZFE wAe=m Aed ¢ (100~400nm)E AlAtstH
3.1~12.4eV] A& & 4 9t Vanglista et al.e]l wW=wW 25nm
FAS CeOp v W= 7 ofx7} 3.5eVI[67] HE=Z, o]
7PN BA Jo oA BT A7 wiel ZRAEA oA g
FHAZIL A o] W WY whEbA, &)
RNl AA el e AEE WRbEo] Frleke Al

webE o)

W
Mo r|r

o

7}
2

fllo

bare glass, ¥ I¥H= P a4 AI(OH)3(188nm)/SLG,
CeO2(8nm)/tF&7d  AI(OH)5(188nm)/SLGS] okl WAL HAEE
Ak, 71 A3t (23 39]9F 2k 22 Aol AES A
e HAES Aetgith W gixpr w@o] dojub= bare glassOl

=
e e ZHES WAL el 7Ad 4
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-
N

10 1 Bare glass
S
CI-" ]
c
s ©]
§ 4 - PA(188nm)/SLG
I
x , \
i CeO,(8nm)/PA(188nm)/SLG
\ /
0 T T T T T
400 500 600 700

Wavelength [nm]

*Porous AI(OH)3 = PA
[(2¥138] bare glass, T34 AI(OH)3(188nm)/SLG,
Ce02(8nm)/T}FEA Al(OH)3(188nm)/SLGY] w344 HIALS:

(¥4 =28)

B CeO,(8nm)
2-side | Bare glass | PA(188nm)/SLG /PA(188nm)/SLG
Rlum [%] 9.6 26 0>

Rovg [%] 97 26 1.1

[ 7] bare glass, TF&A Al(OH)3(188nm)/SLG, CeOs(8nm) /tF34d
Al(OH)3(188nm)/SLG9—] Rlum‘—i”]' Ravg (oo]:‘lji i‘%])
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(8+188)nm
PA (188nm) CeO,/PA

(a) Bare glass m (c) CeO,/PAISLG
Deranereromre Un 5 seoul 5 s

viarsity Seoul National University Seoul Natio

@l University seoul Natioral University Sie

-~

Seoul National University Seoul National Univers

(c) CeO,/PAISLG UI N (o) PAISLG

varsity Seoul National University Seoul Natior
1al - University Seoul Nationel University Se

Seoul National University Seoul National Univers

(b) PA/SLG IR0 (c) CeO,/PAISLG (a) Bare glass

arsity Seoul National University Seoul Natii:
I University Seoul National University 5

Seoul National University Seoul National Univer

*Porous A1(OH) 3 = PA
[2”39] (a)bare glass, (b) T34 AI(OH)3(188nm)/SLG,
(c)CeO2(8nm)/H+¥4 Al1(OH)3(188nm)/SLGE] REA} HIAE
(¥H IH)
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Al 8 A CeOy T/ ¥

o mPowr ARF 188nm F/19 TEA AIOH)s Ao Z2a

Ce029] == 74, 6, 8 10nm)el wWE H=7zty)

o

b

2ASGI, AEHZ4S (19 40], WAES (39 41]0] Vel =4,

A2 Rum, Rae'® [ 8]l As] FoArh,

[ 8]S RW, CeOz & F77F 4°A 6nm= 4= HF7ho]

Hastal, 60l 8nm= Zs Tk Ale & g ok B, 84

10nmz 45% A57 wast A9 gl 2 Fastgn.

AR A9, CeOr T F77F 40l 8nm=E AFE

ek, ol

7rastal, 8oA 10nm=E ZAF45E Frkste AE ¢ T
H

oj% <l

KX
A5 Ce029] & FA(4~10nm)ell & F&Fo] gle o=

Rlumo]

188nme PA flelA CeOz F717F 8nm<d o, "o ZHtd F ol

7V A7) wZel
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140

Water contact angle [°]

110

130 -

120 -

After air exposure (720h)

4 6 8 10
Thickness of CeO, [nm]

[29 40] 188nm A8 34 AI(OH); $] CeO: & F7d

RN
N

—
o o

N

Reflectance [%]
(@))

N

[2¥ 41] 188nm F74 ¢ tZA
o

A&7}

ﬁwnm

- Rum™9.6%  pare glass
CeO, (?)

PA
(188nm)

2-side

N

4nm
\M

S

0 , : . : :
400 500 600 700

Wavelength [nm]

*Porous AI(OH)3 = PA

Al(OH)3 $] CeO: &
HALS (% ZH")
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CeO,(?) / PA(188nm) / SLG

2-side 4nm 6nm 8nm 10nm
WCA [°]/ 122.742.4 | 119.74+1.8 | 126.7+1.5 | 126.3+2.4
Rium [%] 1.2 0.7 0.5 0.8
Ravg [%] 1.5 1.1 1.1 1.5

62

*Porous AlI(OH)3 = PA
[ 8] 188nm F71¢9 34 AlI(OH); 9 CeO: 53 F7'2 WCA,
Rlum; Ravg (og:‘ﬂ i%)



A9 A 34 AlIOH)s FA 9F

Ce022] F77} 8nm 4w, th&4d Al(OH)s F7(139, 165, 188,
219nm) ol W& HEFZ3 whAbES AR D, J5242 (2% 42],
HRARES [ lel vebdlich 2813, HEZAF Rum, Raes |
9lell Felsl Tk WAMES g ZHO ARE dehfa vk |
15 =24, o34 AlOH)3e] F77F 139914 188nmz=  #5

7to] F7bstal, 1884 219nmE 245 & W7t e As

uich

=

T

(2

oldl Aol g s L4 S vhed Al(OH) 58 F°l

e AFM #As Aesigla, 2 Adb (2" 44190 2ok md
F7°ll W root mean square roughness(Ry) 2 CeO2(8nm) &2+ &
AEZE [ 1010 AEskalrh [# 1015 29, 139914 188nm=
5 Ro7F A Frrekdlan, ool wel HEZAE FUkske Ae

cosOy, = rcosf

0,,: water contact angle on rough surface
0: water contact angle on smooth surface

r: roughness factor

£ 9] Wenzel equation®] W=W, smooth surface| A2 H=F2to] 90°
o’ w, roughness?7t T7F&= rough surfaceolA 2] FF7}o]

Z7b8th[68]. ol= B Ado|x =Hs AFM, H=z+ Ao

o©
HHARES] A, B AIOH)s FA7F 1394 188nm=E 25
Rum©®] 48bal, 188914 219nmz 4% J7ksks 2 & 4 Qo)
o] CeOz F717F 8nmeolal PAS] F77F 188nm¥ w, 2] A4
o] 7Hg A7) wEolrh

47 843 94 AARE T = ul, Ce0:2 TF F7= 8nm,

73 by I §
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) ] ] = ’
O 1= T R

{1 A = 4 % O q [e) E Oﬂ @) H i 6"— ]V.___E
A = S - A =
; = 9] I =

i
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Water contact angle [°]

[Z% 42] CeOz A7} 8nm¥ # 34 Al(OH)3 F7E A

Reflectance [%]
O N ELN (0)] o o

-
N

—

After air exposure (720h)

(= )

T T T T T T T

140 160 180 200
Thickness of PA [nm]

' 220

Wavelength [nm]

&7}

_\Rmm"g.ﬁ%
Bare glass
CeO, (8nm)
] 2-side
139nm
T —
| —319nm |
00 500 600 700

*Porous A1(OH) 3 = PA
[2¥ 43] CeOz A7} 8nm¥ o ©34 AI(OH)s F7E HHALE

(¥4 2%)
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CeO,(8nm) / PA(?) / SLG

2-side 139nm 165nm 188nm 219nm

WCA [°]/ 110.74£2.2 | 121.2+£1.0 | 126.7+£1.5 | 126.3£0.7

Ry [%]| 26 1.2 0.5 1.1

Rug [%]| 2.6 14 1.1 17

*Porous AI(OH)3 = PA
[ 9] CeOz F717} 8nm 4 ® o-F4 AlI(OH)s F71'" WCA, Riym,

66 ; H “._, 1_'.]| (=1, [Tl



2 o

*Porous AlI(OH)3 = PA
[2% 44] o354 AI(OH):¢ 7' AFM &4 23

Thickness of PA [nm]

139 165 188 219
R, [nm] 30.6 31.0 32.5 31.8
WCA after
110.742.2 1 121.2+1.0|126.7+1.5 | 126.3+0.7
Ce0,(8nm) Z& [°] - - - -

*Rq : root mean square roughness
[£ 10] ¥4 Al(OH)39 T8 R.$} CeO:(8nm) T& ¥ F&7

g Ralke AT



CeO,(8nm)

Bare glass | /IPA(188

Nat'esnal.Jnivey
- _g’;

s Se™\

3
T e S

« WCA ~ 127°
* Ry, ~ 9.6% * R, ~ 0.5%

*Porous AI(OH)3 = PA

[2¥ 45] bare glass® CeO2(8nm)/t+34 Al(OH)3(188nm)/SLGE
RRAL 9l HE5ZF g AE (YH ZH°)
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AbsFEd 2

#2018 AHghe ofe] Wobo RO EAISH: BAE W ubabs
W 29 AHSY] 8, AAH/AY PPl $rw ¥ B
WeHES gl AN frel Sl S5E FublasY S4L
e BE W Az 98 97E FRSAT. $EE T
548 2t kg Azsy) A8 AEdelaS B wue wig

B
=
3]

o

Akt Aatel FAE 7M. Z RF plIUEE AVEHY
water immersions ©]€3 CeOo/thaA AI(OH); WS A|ZE
57 AI(OH) 39} CeO29] FAI7F FREAN &4 Sl vA= &=
ZAFSEA T

Ce0:28F t+&7d AI(OH) 37 = A7l vA= Y& A7) 919
Bare glass(Soda—lime glass, SLG), CeO2/SLG 18] CeOq/tt34d
AlI(OH)3/SLGe & AH=F7Z= Ak =3, Ce029F Wa
AI(OH) 37} WAL ol mA&= Q&S ZANet7] 918l bare glass, T34
AL(OH)s/SLG  Z12]al CeO/vh&7d Al(OH)s/SLGE WAES 24
3ttt Bare glass, Ce02(8nm)/SLG “12]3 CeO2(8nm)/tH&4d
AL(OH)5(188nm)/SLGE] = A=F22 22k 29.5°, 95.2°, 126.7° %
ZAEdet. Bare  glass, o34 Al(OH)s/SLG  18la
Ce02(8nm)/tF3% AlI(OH)3(188nm)/SLG2] Rum< 22 9.6%, 2.6%,
0.5%% ZHH UL Rues 27 9.7%, 2.6%, 1.1%= FHH A o]
Ce029 24 ¥ v34d AIOH)z9 99 a3, W « x5 &3

S =
A3 & 9

—|~
32
K

oot

oX

—

N\

v

Ce0:8 =& F77F 2t 54 vA= 4TS A8 oA
Al(OH)3¢] F7E5 188nm= sk, 1 fod Ce0:8 FAE
4~10nm=z WA Fsgic 1 Ay, JAF4E Ce0:2 F4¢
FEFE e BHAE, Rums Ce0:29] F77F 4olA 8nm=E ZAF+=
asta 8oA 10nmE 445 T7kshe AF&FS 2ol

mpA o R, v AIOH) 9] F77F 24 54 vAe ddF=

¢
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N
717 1399 4]

=y
T

Al(OH) 39

e

FA7F 8nmYd

CeOs

3

w719

s
T, T

18894 219nm A}o]9]

73

st Al

139~219nmz= W7

= 7F8kal

d=

188nm=

A%, 1394 188nm=

E]—_ Rlum-ﬂ

2131
1884 219nm= Z

3o
3

[e)
e

AsS mock tzAl AlOH) ;9

188nm®]|

Zkzk - 8nm,

FAS oE2A AIOH)39 A7

Ce0:9]

A Al(OH)5(188nm)/SLG FEo]

1A
)

CeO2(8nm)/t}

126.70, Rlumj”]— R

Eix

0.5%, 1.1%% 7+& %

22}

T

avg

o

R

ol

oy
~
ol

)
N

ol

i

7F Aatek Aol

W b %

BRI

4
M A hot water immersion A

Al(OH) 39

7]

A2

Tl

a] Al

w3, SEM AM#l&

—~
o

ol

T

o
o

JXIO

u
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70



T 53

1. MARKETSANDMRKETS. Solar Photovoltaic Glass Market is projected
to reach US$ 211.1 Billion by 2027 Globally, at a CAGR of 27.9%, says
MarketSnadMarkets. 2022 [cited 2022 December 1 ]; Available from:
https://www.globenewswire.com/news—
release/2022/11/21/2559516/0/en/Solar—Photovoltaic-Glass—
Market-is—projected-to-reach-US-21-1-Billion-by-2027-
Globally—at—-a—-CAGR-0f-27-9-says—MarketsandMarkets.html.

2. Reports and Insights. Display Glass Market. 2022 [cited 2022
December 11 Available from:
https://reportsandinsights.com/pressrelease/display-glass—-market.

3. Verified market research. Construction Glass Market Size and

Forecast. 2022 [cited 2022 December 1]; Available from:
https://www.verifiedmarketresearch.com/product/global-
construction-glass—market-size—and—forecast-to—-2025/.

4. Verified market research. Optical Lens Market Size And Forecast.
2022 [cited 2022 December 1] Available  from:
https://www.verifiedmarketresearch.com/product/optical-lens—
market/.

5. Kwon, S.-K., et al., Degradation of OLED performance by exposure to
UV irradiation. RSC advances, 2019. 9(72): p. 42561-42568.

6. Elminir, H.K., et al., Effect of dust on the transparent cover of solar
collectors. Energy conversion and management, 2006. 47(18-19): p.
3192-3203.

7. Yamada, T., et al., Reflection loss analysis by optical modeling of PV
module. Solar energy materials and solar cells, 2001. 67(1-4): p. 405-
413.

8. Abdelwahab, S., M. Elhussainy, and R. Labib. 7The Negative Impact of
Solar Reflections Caused by Reflective Buildings' Facades: Case
Study of the Nasher Museum in Texas. in IOF Conference Series:
Earth and Environmental Science. 2019. IOP Publishing.

9. Cartwright, C.H., Treatment of camera lenses with low reflecting fiims.
JOSA, 1940. 30(3): p. 110-114.

10. Gu, J., et al., Removing image artifacts due to dirty camera lenses and
thin occluders, in ACM SIGGRAPH Asia 2009 papers. 2009. p. 1-10.

11. Hansen, R., Contrast Ratios in Outdoor LED Displays. Information

Display, 2010. 26(4): p. 8-12.

12. Medvitz, B., Challenges for Outdoor Digital Displays. Information
Display, 2016. 32(3): p. 38-42.

13. Isakov, K., et al., Superhydrophobic antireflection coating on glass
using grass-—like alumina and fluoropolymer. ACS applied materials &
interfaces, 2020. 12(44): p. 49957-49962.

14. Xu, Y., et al., Comparative study on hydrophobic anti-reflective films

from three kinds of methyl-modified silica sols. Journal of non-
crystalline solids, 2005. 351(3): p. 258-266.

71 -":r'-\.ﬁ-! ":I:I' 1:]

| &3
I

'Iu


https://www.globenewswire.com/news-release/2022/11/21/2559516/0/en/Solar-Photovoltaic-Glass-Market-is-projected-to-reach-US-21-1-Billion-by-2027-Globally-at-a-CAGR-of-27-9-says-MarketsandMarkets.html
https://www.globenewswire.com/news-release/2022/11/21/2559516/0/en/Solar-Photovoltaic-Glass-Market-is-projected-to-reach-US-21-1-Billion-by-2027-Globally-at-a-CAGR-of-27-9-says-MarketsandMarkets.html
https://www.globenewswire.com/news-release/2022/11/21/2559516/0/en/Solar-Photovoltaic-Glass-Market-is-projected-to-reach-US-21-1-Billion-by-2027-Globally-at-a-CAGR-of-27-9-says-MarketsandMarkets.html
https://www.globenewswire.com/news-release/2022/11/21/2559516/0/en/Solar-Photovoltaic-Glass-Market-is-projected-to-reach-US-21-1-Billion-by-2027-Globally-at-a-CAGR-of-27-9-says-MarketsandMarkets.html
https://reportsandinsights.com/pressrelease/display-glass-market
https://www.verifiedmarketresearch.com/product/global-construction-glass-market-size-and-forecast-to-2025/
https://www.verifiedmarketresearch.com/product/global-construction-glass-market-size-and-forecast-to-2025/
https://www.verifiedmarketresearch.com/product/optical-lens-market/
https://www.verifiedmarketresearch.com/product/optical-lens-market/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Liu, Y., et al., Integrated super-hydrophobic and antireflective PDMS
bio—templated from nano-conical structures of cicada wings. RSC
advances, 2016. 6(110): p. 108974-108980.

Khan, S.B., Z. Zhang, and S.L. Lee, Hydrophobic surface modified
HfO2 antireflective coatings. Nanotechnology, 2019. 30(40): p.
40LTOL1.

Minegishi, S., et al., Highly Water—Repellent and Anti-Reflective Glass
Based on a Hierarchical Nanoporous Layer. Coatings, 2022. 12(7): p.
961.

Fredj, N., et al., Effect of mechanical stress on kinetics of degradation
of marine coatings. Progress in Organic Coatings, 2008. 63(3): p. 316-
322.

Hillborg, H. and U. Gedde, Hydrophobicity changes in silicone rubbers.
IEEE Transactions on Dielectrics and Electrical insulation, 1999. 6(5):
p. 703-717.

Wang, T., et al., Perspectives on the inclusion of perfluorooctane
sulfonate into the Stockholm convention on persistent organic
pollutants. 2009, ACS Publications.

Cordner, A., et al., Guideline levels for PFOA and PFOS in drinking
water. the role of scientific uncertainty, risk assessment decisions,
and socral factors. Journal of exposure science & environmental
epidemiology, 2019. 29(2): p. 157-171.

Feng, X., et al., PReversible super-hydrophobicity to super-
hydrophilicity transition of aligned ZnO nanorod films. Journal of the
American Chemical Society, 2004. 126(1): p. 62-63.

Feng, X., J. Zhai, and L. Jiang, 7The fabrication and switchable
superhydrophobicity of TiO2 nanorod films. Angewandte Chemie,
2005. 117(32): p. 5245-5248.

Chevalier, J., What future for zirconia as a biomaterial? Biomaterials,
2006. 27(4): p. 535-543.

Guo, X., Property degradation of tetragonal zirconia induced by low—
temperature defect reaction with water molecules. Chemistry of
materials, 2004. 16(21): p. 3988-3994.,

Azimi, G., et al., Hydrophobicity of rare—earth oxide ceramics. Nature
materials, 2013. 12(4): p. 315-320.

Preston, D.., et al., Effect of hydrocarbon adsorption on the
wettability of rare earth oxide ceramics. Applied Physics Letters,
2014. 105(1): p. 011601.

Khan, S., et al., FRole of surface oxygen-to-metal ratio on the
wettability of rare-earth oxides. Applied Physics Letters, 2015.
106(6): p. 061601.

Ta, M.-T., et al., Growth and structural characterization of cerium
oxide thin films realized on Si (111) substrates by on-axis rf
magnetron sputtering. Thin Solid Films, 2008. 517(1): p. 450-452.
Beie, H.-J. and A. Gnorich, Oxygen gas sensors based on CeOZ thick
and thin films. Sensors and Actuators B: Chemical, 1991. 4(3-4): p.
393-399.

Inaba, H. and H. Tagawa, Ceria—based solid electrolytes. Sjlid,state )

[, T

72 .--:r,._E III_ _li



32.

33.

34.

30.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

ionics, 1996. 83(1-2): p. 1-16.
Fan, Z. and F.B. Prinz, Enhancing oxide ion incorporation kinetics by
nanoscale yttria—doped ceria interlayers. Nano letters, 2011. 11(6): p.
2202-2205.
Correa, G.C., B. Bao, and N.C. Strandwitz, Chemical stability of titania
and alumina thin films formed by atomic layer deposition. ACS Applied
Materials & Interfaces, 2015. 7(27): p. 14816-14821.
Lertvanithphol, T., et al., Facile fabrication and optical
characterization of nanoflake aluminum oxide film with high broadband
and omnidirectional transmittance enhancement. Optical Materials,
2021. 111: p. 110567.
Pasieczna—-Patkowska, S. and J. Ryczkowski. Spectroscopic studies of
alumina supported nickel catalysts precursors. Part [[-catalysts
prepared from alkaline solutions. in Annales Universitatis Mariae
Curie-Sklodowska. 2010. Maria Curie—-Sklodowska University.
Li, B.-j., et al., Superhydrophobic and anti-reflective ZnO nanorod-
coated FTO transparent conductive thin films prepared by a three-
step method. Journal of Alloys and Compounds, 2016. 674: p. 368-
375.
Mr, Q.M.A.-B., T.0.S. Mr, and K.A.A.-1. Miss, Optical properties of
hydrophobic ZnO nano-structure based on antireflective coatings of
n0/Ti02/5i02 thin films. Physica B: Condensed Matter, 2020. 593:
p. 412263.
Lv, Q., et al., Transparent and water repellent ceria film grown by
atomic layer deposition. Surface and Coatings Technology, 2017. 320:
p. 190-195.
AF, et al., RF Magnetron Sputtering S3HL o] &3t
Ti02/5i02/Zr02 BFef £ ¢4 $h=r3ets] #], 2019. 24(3): p. 287~
294.
Oh, I.-K., et al., Hydrophobicity of rare earth oxides grown by atomic
layer deposition. Chemistry of Materials, 2015. 27(1): p. 148-156.
Senay, V., et al., ZnO thin film synthesis by reactive radio frequency
magnetron sputtering. Applied surface science, 2014. 318: p. 2-5.
Jain, R.K., et al., A study on structural, optical and hydrophobic
properties of oblique angle sputter deposited HfOZ films. Applied
surface science, 2013. 283: p. 332-338.
Zegtouf, H., et al., Influence of oxygen percentage on in Vvitro
broactivity of zirconia thin films obtained by RF magnetron sputtering.
Applied Surface Science, 2020. 532: p. 147403.
Belhadjamor, M., et al., Anti-fingerprint properties of engineering
surfaces: a review. Surface Engineering, 2018. 34(2): p. 85-120.
Han, S., et al., The wettability and numerical model of different silicon
microstructural surfaces. Applied Sciences, 2019. 9(3): p. 566.
Yoldas, B.E., Investigations of porous oxides as an antireflective
coating for glass surtaces. Applied Optics, 1980. 19(9): p. 1425-1429.
Raut, H.K., et al., Anti-reflective coatings: A critical, in—depth review.
Energy & Environmental Science, 2011. 4(10): p. 3779-3804.
Costina, I. and R. Franchy, Band gap of amorphous and well —Org’erea’ ]
73 2] 2 ‘_'.]i



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Al 2 O 3 on Ni 3 Al (100). Applied physics letters, 2001. 78(26): p.
4139-4141.

Gao, Y., et al., Highly transparent and UV -resistant superhydrophobic
Si0O2-coated ZnO nanorod arrays. ACS applied materials & interfaces,
2014. 6(4): p. 2219-2223.

Ganesh, V.A., et al., Robust superamphiphobic film from electrospun
Ti02 nanostructures. ACS applied materials & interfaces, 2013. 5(5):
p. 1527-1532.

Dou, W., et al., An efficient way to prepare hydrophobic antireflective
Si02 film by sol-gel method. Materials Letters, 2016. 167: p. 69-72.
Zhang, D., et al., Functional nanostructured surfaces in hybrid sol-gel
glass in large area for antireflective and super—hydrophobic purposes.
Journal of Materials Chemistry, 2012. 22(33): p. 17328-17331.

van de Groep, J., P. Spinelli, and A. Polman, Single-step soft—
Imprinted large-area nanopatterned antireflection coating. Nano
letters, 2015. 15(6): p. 4223-4228.

Oh, J., et al., The apparent surface free energy of rare earth oxides is

governed by hydrocarbon adsorption. Iscience, 2022. 25(1): p. 103691.

Speight, J.G., Environmental organic chemistry for engineers. 2016:
Butterworth-Heinemann.

Chin, C.C., et al., On the off stoichiometry of cerium oxide thin films
deposited by RF sputtering. Physica C: Superconductivity and its
applications, 1996. 260(1-2): p. 86-92.

Solovyov, V.F., et al., Highly efficient solid state catalysis by
reconstructed (001) Ceria surface. Scientific reports, 2014. 4(1): p.
1-8.

Aspnes, D., J. Theeten, and F. Hottier, [nvestigation of effective-
medium models of microscopic surface roughness by spectroscopic
ellipsometry. Physical Review B, 1979. 20(8): p. 3292.

Bruggeman, V.D., Berechnung verschiedener physikalischer
Konstanten von heterogenen Substanzen. I. Dielektrizititskonstanten
und Leitfihigkeiten der Mischkdrper aus isotropen Substanzen.
Annalen der physik, 1935. 416(7): p. 636-664.

CIE, C., Commission internationale de ['eclairage proceedings, 1951.
Cambridge University, Cambridge, 1932.

Liu, S., et al., Bio—inspired 7102 nano-cone antireflection layer for
the optical performance improvement of VOZ thermochromic smart
windows. Scientific reports, 2020. 10(1): p. 1-14.

Garcia—Valenzuela, J.A., et al., Main properties of AIZ03 thin films
deposited by magnetron sputtering of an AI20S3 ceramic target at
different radio-frequency power and argon pressure and their
passivation effect on p-type c—Si wafers. Thin Solid Films, 2016. 619:
p. 288-296.

Singh, P., M. Srivatsa, and K. Sourav Das, Effect of substrate
temperature on nanocrystalline CeOZ thin films deposited on Si
substrate by RF magnetron sputtering. Advanced Materials Letters,
2015. 6(5): p. 371-376.

Chopra, K., Metastable thin film epitaxial structures. physica status _
74 Al == 1'.]



65.

66.

67.

68.

solidi (b), 1969. 32(2): p. 489-507.

Halan Joghee, S., et al., Double-Sided, Omnidirectional y-AIOOH
Hierarchical Nanostructures: Imparting Enhanced Antireflective
Properties with Self-Cleaning Capacity for Optical Devices. Langmuir,
2021. 37(23): p. 6953-6966.

olF%, HoFdsE  V: FHxL OPTICAL SCIENCE AND
TECHNOLOGY, 2007.

Vangelista, S., et al., Structural, chemical and optical properties of
cerium dioxide film prepared by atomic layer deposition on TiN and
Si substrates. Thin Solid Films, 2017. 636: p. 78-84.

Wenzel, R.N., Resistance of solid surfaces to wetting by water.
Industrial & Engineering Chemistry, 1936. 28(8): p. 988-994.

75 . H .I*',Jr- 1_-_” 3



Abstract

Multi—functional coating on glass
using nanoporous aluminium
hydroxide and cerium oxide

Dohyun AEOM
Department of Materials Science and Engineering
The Graduate School

Seoul National University

Common problems which can be encountered when using glass
include the reflection on the surface and the contamination caused by
dust, fingerprint etc. In order to solve these problems, coatings with
certain functions such as anti—reflection (AR) and hydrophobicity can
be applied on the surface of glass. Organic materials such as
fluoropolymers are mainly used to provide hydrophobicity in the
commercialized films, but organic materials are known to have
relatively poor thermal/mechanical durability compared to inorganic
materials. Accordingly, hydrophobic rare earth oxides which are
inorganic metal oxides are attracting attention as alternative
materials. CeOz is a promising material due to its hydrophobicity, high
thermal stability and reasonable price which is lower than other rare
earth oxides. Generally, it is known that low surface energy and
porous surface are needed to improve the hydrophobicity.
Amorphous AlOy thin film was known to form porous Al(OH) 3 in hot
water by chemical reaction. In this study, AR and hydrophobic

properties of CeOz/porous AlI(OH)s multi—layer thin film deposited
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on glass by RF sputtering were investigated. The thicknesses of each
layer which can lead to low reflectance in visible range were
calculated using the measured optical constant of the films. Films with
the calculated thicknesses were deposited, and AR and hydrophobic
properties of the films were evaluated using spectrophotometer and
contact angle meter respectively. The results indicated that the water
contact angle, Rum and Rae of double—sided coated CeOq
(8nm)/porous Al(OH)3; (188nm)/glass film had 126.7°, 0.5% and

1.1%, respectively.

Keywords : anti—reflection, hydrophobic, AlxOy, CeO2
Student Number : 2021-29516
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