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ABSTRACT

Ti0:-510, system anli-retleclive(AR) [jlm was prepared to decrease rellectance on the glass surface. The
experiments were carried out zs fellow, 1) preparation & hydrolysis of TuDs-5i0. syslem sols, 2} glass dipping,
and 3) drying & heat treatment. We invesligated the relractive mdex and thickness of film with viscosity,
zela-potential of sol, sel concentratiom, withdrawal speed, drying and heat treatment condition. As a result,
we prepared good qualitative Quarter-Half-Quarter type ambr-reflective [ilm that had minimum, ¢.02% and ave-

rage reflectance, (.087% in the visible region.
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Fig. 1. Electric mobilily changes of (a) Si0: sol. {b) Ti0;
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sol. {c) parent glass, (d) $i0,-TiO; sol with pH.
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Fig, 2. Viscosily changes ot sols with time.
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TEOS TEQOT H.0 EtOH pH Application
5 1 6 10 1 all
T 1 2 25 1 Q-0 Q-H-Q
TS60-A 0.67 1 2 30 1 ' Q-H
TS60-B 0.67 1 2 50 1 Q-Q-Q
TS40 15 1 2 50 1 Q-Q, 2-H-Q
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Fig. 3. DTA/TGA curves of dried gel in room tempevaiure for 24 hrs.
(@) S, (b T, (© TS60, (d) TS40

Relstive intensity(arbitrary ooit)

0

400 o

manatase

60

TiDe

510 TilY

S0 40

26

30 0 10

1.9

1.B

1.7

Refractive index

100

=

Fig. 4. X-ray diffraction palterns of TiOs, 5i0. and Si0,

-TiO: gel.

A 30 ¢ ) 9 &(1993)

—8— 10 mal%

—&— &0 mol%

100 400 500 GO0

Temperature{C)

Fig. 5. Refraclive index changes of 3i0;-T10, film with

temperalure.

-779-



Fefd - A -

130

e S
(=] L] ~ =3
—} = = (=1
]
o

Thickness(nm)
(-4 -]
[=] -

- B
[— ]

4 L} L} \ 1 L} )

2 4 6 8 10 12 14 16

=
(=]

Withdrawal speed{cm/min)

Fig. 6. Film thickness changes ot 50, and TiQ. [ilm
baked al 400C [or 1hr with withdrawal speed.
(a) Si0: OIm on T:0, film, (b) 510, film on pa-
rent glass, (©) TiQ: Olm on S10.-TiO; tilm.

- el ek 99 nmi= g1SRE B om/min
A4, 22 Aubap abebel A Si0-TH; B5h bk #lel
95w e S0, vk glakEE 5 om/mined] 4, 3F A
Hlap bk A 2] TiO, whebe) H elebmed] #aee
Si0, WluLe AEE 4em/minel 4 WAE Gk o)9
o] e Tl whde] Flae] FR alel ofF <l
A de]xE 7 Fig 19] zeta patentialghel] ]
ot = ¢lXo] F=)A] solution®] pH7| 1.5¢) 32, o]ul 510,
wbabe] glags, S10;-TiCw, T “4‘““": 2} zhzhe) alelel A
E A g sheld] = glale] vtz 4
Aok Glasset 510,-TiQ, E3) vivle 2 648 oul=]
guglenz H2 Ao TE 4
o) Wupel et TIOWh S0y e el
o]z} o} mm =, spreadinge] 717 #HEe] A
Lo] QST A 2 FAle] wfele] &g}
Fig 72 Si0-Ti0), B3 sol2] ol ke g2 tl}‘#——}
FAMREE el Zaelvl. Quarler-Quarler types]
2% Aula} whab® Quarler-Half-Quarter tvpef] 3%
Aubal wpete] Ab&zEE Si0,-TiO: 25 22 n=172)2
Ho 57 80nm7y <lArES 6eom/mined At ot e}
Quarter-Half typeg] 2% #qF2) wflo] AlE-E Si0x-

%

& mlo

W % I

-780-

o) g2 ol

210

190 | TS60-A

- S
W~
[— I~
T T 7

T540

-
N ok
[ =T
T T

TS40-B

Thickness(nm)

un -~
[=T
i i

i i L] LY

2 4 6 8 10

w
[—
-

Withdrawal speed(cm/min)

Fig. 7. Film thickness changes of S10x-Ti0; {ilms on
parent glass baked at 400 for thr with withd-
rawal speed.

160
140
—_ TS60-A
g 120
2 s
% 100 - ¥ - —=
=
vl T340
2 3
| 80 . - —
= T
- s - .
60 -
40 1 1 1 I 1 1 l

0 2 4 6 B 10 12 14 186
Drying Time(days)

Fig. 8. Film thickness changes of Si0s, Ti0: and Si0k-
TiQs films baked al 400T for 1hr with drying
lime.

TiO, 3 2=Hn=1.84)2
28 TA 148 nm7} Lol H .7, Quarter-Luarter-Quarter
type®] 3% FubAb wpebe) oA 74 nm7t
Som/mins A T 3iv)l 32 #ulka} wpele] 2 A5
TiO, W=2 Quarter-Quarter-Quarter typed 857
65 nm~7} dAET 6em/mmel A Quarter-Half-Quarter
type®) 3% Fpbab wysrel A4} FaToA 130 nmr)
11 con/mmned #1742

glAl&2 35 cm/minel 4

Al T
old

240537



Sol-Gel 2= 2= PO, 73l wi=he] 24, fd# 54

Fig. 9. The pholos of Optical microscope {3, b) and Scanmng eleclron microsceope (o, ).
(a) crack of S} Nlm, (b) defect of S0, film, (c) Analase crystal in Ti0. [lm, (d) Fine antirefleclive

i,

Fig. 8& = wbabzeol Azal7he) Wale] whi dbel dls)a gk 231 @44a) olefu) sollfe] S2zle) o4}
FAY WSS cfehde Zabele xalzle] Febal ] #lu} dxle] wiyelT Fulwl gl AR T2 solidel 2
S GHEE HErew vhen vpute] Foel i 7lal frAlaba] Zald) Hel 2EE film 9ol @2 de-
AiE WRA A glow, wule] Iwidelm 71mea] tecle] AlF(a, o] alis #42 vlEp a¢ojul
Pefl we} Beke A 23 eskel ole mhvle] 5 Ty sol Si0, solell Wlske] coating E4& g9 U
A7} o5 37

el A%

| - ol A o] Lb g = sl o 2] F-ate] S0, sole] A5-2 4ol cracke|v} defecit
A8 RE A7) BB dxAs Z

4151+ 7ol o] dAlal =) grelrh (OF T0; sols] FE7) 1.2 mol/
Lwl,] _,_-,q]n]] ] ;]_f csala‘;-&_ \:];]1] ol Ao g A o]Aﬂ\—o‘l 7;]_?_ Coatillg :Br'_ o {] q.x]o]l ] E2| ,:Tc- 3].1;1.
~Hlo, Al garatel geuiEk we ¥ Tk e
sl FAE 3% Ak vebe] Al able]u)
3.6, gioto| o|MlfE piEb
Fig. 9L—i %Pfi}iﬂvrfs'ﬂ- Fatdagle) de L] W) 37, AubA w3
52| mlAFEE 2 #Heloh (a)e S0, sole] Fig 10 52 7|34l Si0, vfabe] o] &t gt »aka)
HO/TEOS#) 2 o]3le] 4 fel 72 43 11}-““ A ehekel 2ls) =yl 225 Webd datelr), )k 550
crack 23 elTl, ol wwlE-4] TEQS7 #zvl 4 2)e) nmell # A WhA-S 142%5 wpel o 158%2] #g
AR FAT PR olh Walak: LD A7bE A elis, AF 94 495 Wage] Foleks
=, o= HLO/TEOSE 028 abed A 24k Sofie] £ moke] whaf 4.8 vlehfm glel 515 #abap apate]
Q71%E coatingd ERE o 4] crackel PASE  ol@F 2A"S DFL une) 2P gc) 123909 v)
Asrz % o 5 gk (W S0 sol9] =) 1 atel Sol-Gelfl o2 Az S0 o) 48 139%
mol/Rche & 4= solg| FleReuk-dol o) Al vepdl i 207 ool HAREARE el o|Egncly

A 30 A A G E(1963) -781-



F - HA

40— e
i ]

e
th

=
=

Reflectance(%)
- T
w o

u.sr o o
0'0 | - 1 1 | 1
400 450 500 550 600 650 700 750

Wavelength(nm)
Fig. 10. Reflectance of 3iC: single layer AR coating.

2o e 23 Atk AAE B4 EAse BAE
wg We £ oglen el TAs: 2E T

cryclite(NayAlFgle} 1352 EH2E78 2o 7] oo
ThE ApEAL webE] iR e1® 9kAEkE: e whe
Aze gArMAe Brpesich et Yoldas™s
AAH Al & uba} Hhﬂo]] g &k Z|ubAl wbaka] z
WHE ueh olEgel WIS wE Aw e
Azel e Ab5aE A2 S E sk

Big. 112 Si0, TiO, B3 wbags) S0, wate 2 M5
Quarter-Quarter type®} Quarter-Half type®l 2% #aFab
whh2o] Aqubal Zdele) Quarler-Quarter type-g <k
580 nmel 0.04%2] = Aubalbgsl Hg whrl-& 05%%
i R FAY AR FFEE el Usbd
Rokel Al FAE vlehdw glel HA ubalad
el e Badel]d HejdgE FET whalge] 2r)0)
siel AAF e R Aubal &8 P47l 29 Quarter-
Half type-£- 440 nm$} 720 nmell A4 22 0.2%2} 0.04%2]
# ARk 540 nmel 4] 145%2] S HkAbs w5
gl L02%S viepilEe Wapds| Aula) e o
el gleh S shabg2 ool g SO, ubate)

Do f2 vlEed 9sis o vehis 2
BrARE R e ghg zhA) F3 AR a2l e
whal-Eg ne] 7] wfFe AHubal i3 Quarter-Quarter

typeldot t] welxA Hc)h Fig 12+ Si0-Ti0, E3f
abatal 5i0,, TiO, where 2 FA% Quarter-Quarter-
Quarter type2| 3% Aukal wbeka] Aukal F4eo|oh 570
nmell 4 0.04%2] 2| =ubaAl-g-% vjehde] A5 2 dha)

Fol Frheks Uskge) 4uba} T4l F7 whapgo]

-782-

o g2 - ofAlE&

M

Reflectance(%)
- =]

=y

0.9 ”
400 450 500 550

600 650 700 750
Wavelength(nm)
Fig. 11. Reflectance of double layer AR coatings of Si0s-
TiO. system.

{(a) Quarler-Quarter lype
(b) Quarter-Half type.

2.0

— -
[ [~

=
=

Reflectance(%)

=
=

0.0 L .

400 450 500 550 600G 450 700 750

Wavelength({nm)

Fig. 12. Reflectance of Quarter-Quarter-Quarter type
triple layer AR coating of $10:-Ti0; system.

0.11% 2 -2 UAbs & b= Quarter-Quarter typed] 23
Aupal dbebell v)sle] T & 4F2] AUk BFE
Bolx slch Fig. 132 Quarter-Hall-Quarter lype2| 33
Aukal whela] =upap Zde)ch 550 nmell A 0.025% %]
2 Mubalgat 7pAlgAd FAlR 450~ 650 nm)ell ] 0.2%
o] #he] W2 whAE-E zheo] S HbAlME0] 0.087%4]

S5 A E3hE e s

ERSEs B



Sol-Gel el €)% TiOx-Si0uA *[ubA wpere] Az 2 &4

1.6

1.2

0.8

Reflectance(%)

0.4

0.0 =
400 450 500 550 600 &£50 700 750

Wavelength(nm}
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layer AR coating of Si0,-TiCJ. system.
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