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HE (wetting). A8 A7) wE2e FA) diviscosnty), ) TR 28 A7l vure] T 729 @y G
of fatef st fde) EAe o) e B by B B9 Sne] gk dsion) Ao HH =4e
TEOS : DMF - CH30H : H;O :HCl=1:2:4:4: 0.05(mol) ©19%, $99] Eftet Bk | o F=r) Halejgde) &
Ao Azt Al AmAThe] e deld] Hx WEE olgale] Ao ok 800 nm FAY vhekg Az 5
e, e xee A7k < 500 nm o) de] =W FASA UmEd ugle wrldel v viEe] T, 2w
Azt #BARRY Fo] Wslg e, vizte] Rz vjekE o] F/MEE Hawlgly, 2EE 4 3 o) spY B2
Ast gRAZRE 38Y W 7F @) 8 &% 06Cmin, 500°CelA 1 A)7F 4 Ae]Ele] F8o] gl wAR
A7) wEke AyAHe s Azsicl.

ABSTRACT

Silica films were prepared on Si single crystal substrates by sol-gel process using TEOS as starting material. Films
were fabricaled by a spin coating technique. Sol solutiens werc prepared by varying the campositions of CHyOH, H,0
and DMF with fixed molar ratic of TEOS = 1, HCl = 0.05 (mol}. Weiling behavior, viscosity of solutions, gelation time,
thickness of films, and cracking behavior were 1nvestigated with the various solution compositions. Wetting behaviors of
solutions depended on the solution compositions, mixing method and mixing rate, The oplimum composition of sol was
TEQS : DMF: CH;0H . H;0 : HCl= 1 : 214 : 4 : 0.05 (mol) and the mixing rate of solution was optimized =t ! m#min.
Viscasity of solutions were controlled by choosing a reaction time (elapsed time after MmMiXing) at 8 ro0m [emperanes so
that we could get up to 800 nm thick film. The surface roughness was getting poor when thickness of films was (hicker
thar 500 nm. Thickness of coated lilms were incieased with decreasing amount of CH3OH. The best surface ronghness
wis abtained at the conlenl of CHyOH 4 mol. The sheriesr gelation time was obtained with the content ol CH;0H 8 mol.
Crack-lree [ilms were fabricated when sintered at 500°C for 1 hr with heating rate of 0.6°C/min.
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Deposition), PECVD(Plasma Enhanced Chemical Vapor
Deposition), LPCVD(Low Pressure Chemical Vapor Depo-
sition), &4 Hel glrk. £ HE A 2 Z(EohE
2e] FHred oA el AgehEe] WskE sl g
] o Sk HE AlEsE AREsh, 3 Al
ghol] B2} vy ] EReR 495 duks 45
glaf, e A o] ks A2 4 gk EE
HejFo )} CVD G 2 thE AE WPHe] Bl A
7 Weke Az 5 doe old: Ak

Z7 Bg ol &3l MR Hheg Axd & flthe
7hede 1930ne] At glen, F4 gt
(metal alkoxide)E Y¥EZ AMgeld] &4 FHE 55
HhehS g 734, Ao] Askgelation)® = FHA T
WA He 293 FAls o, 39 34§ anxsd
oks}, 745 59, Wil £, ket 719 Al el
gke 55 B ¢ 9ok oo} 22 HAE S /7] |
ZiAe] 248 gaoa gdo] Az gH A A7E
A (precurson)®] ¥ 52 zAale] 2EE 5 9ok

upal = WgelE J SR (Dip coating), 2% 3H
(Spin coating). W27 ¥ (Meniscus coating), 25
#lo] 2 (Spray coating) 5°] ek =¥ Z®{Spin
coatingy2 flypaper &3 wWlE) A4S T4 #RRle] &
THEE e Az FH0] M=, o R ARt
Holshe, 4=k du=y oidde] r|9E FHEY ¢
Q= upge)t

B odFeie AEEom Y5 dEst 558
453 B FeaR Az Bagh A4 7lERA] B3

¥

e I - Ak -

st
2. Mgy

21 98 3 =M

2 ATeA )z g Azslr] A3 Aheat 9
g Fu, £% ¥ 71%S Table 19 velhzich

Table 1¢] YEpd vlel zre] E AH|A AR
TEOSE A B2 wbsls ke a7
FRoz vl PLH 70 E £ (wi% of raonomerys
oF 03590}, EE AN Fake 15 Aok, WEke
& EG A AgalGen, 7 BeldeE B o2
39 ZFFE AMgEsn). 22l wEke] R E 4
st #AZ=2AA DCCAYE. DMEDI-methyl-formamideyS
AH-ELE -

Table 2¢f 2+ g992] 48 JeER$eH Hghdg
08-20 B, 5L 2-10 B, DMPE 08-2 2= g
AFALL, TEOSS F+he- 7z} 1 B3} 005 82 233
o dgst Gk

22 & B

Table 1o 538 29E2E oldsld Halzl A 4
g AFEsle TEL Fg 1o WERISIEH

TEOS A2, DMF. S575 S48 3= Wy
I E3 ve-S WA F|EA Agedit). &7 TEOS

N
X
& ge & 2EEEA DMpd e dviehl, &

Table 1. The Chemical Formula and Function of Siarting

Materials
A A 7HE}.Q1;_} 7’4%7%7%001 HEER= - -
& e St g S A e | Sorine T il [ iy | Futon
oz AA = 24 H& Adsigy, 29 Fges 4 TEOS (C.H,0),51 | 935 wi% | Dispersoid
27} deke Azslgnk. TE0sY g4te] 8 37347 Methanol CH,OH | 9999 wi%|  Salvent
I dghg, TFF DMF 5o 7[3te] 259 (wettng), Di-waler H:0 - Hydrolysis
ujake] = (thickness), o2 LA SR (crack & fracture), Hydrochloric el 156 Cutal
23} AlZHgelation time) < oW 3 AFL wAEA Acid ‘ Ayt
o15l7] §lgle] 7 goe 2, B9 Uy, ERSEEE W DMF HCON(CHy),|  95% PoreDCé)gt;t)ﬂﬁr,
A7 |RA] e,
Tahle 2. The Experimental Compositions of Samples for Manufacturing of Silica Films
Sample Composition Sample Composition
fame | TEQS | DMF | CHOH | H0 HCL | fAME | TEOS | DMF | CH0H| HO HCI
HI 1 0.8 2 2 0.05 Mz 1 2 2 4 0.05
H2 1 0.8 2 0.05 M3 I 2z 4 4 0.05
DH1 1 2 2 4 0.05 M4 1 2 6 4 0.05
DH2 1 2 2 10 0.03 M35 1 2 5 4 0.03
M1 1 2 0.8 4 0.05 Mo 1 2 20 4 0.05
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Fig, 1. Flow chart of the experimental procedure.
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Fig., 2, Wetting behaviors of solution DHZ, depending on the stock solution combination route and muang rate. (a) A-route. 30
mifmim, (b) A-roate. | méfmin, (¢) B-route. 30 mlAnin and (d) B-route, | m//min

Table 3. Surface Tension at 20°C and Boling Peint of Vanous

Ligquid Solvents
. Swiace tension,y | Boiling
Solvent Formula (dyne/cm) point('C)
HCN(CH),
DMF Il 358 153
o]
HCNH,
Farmarmde I 582 210
0
Methanol CH;OH 226 65
Water H,O 72.8 100
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Table 4. The Dependence of Gelation Time on (he Solution

Compositions
Sample Gelation Sample Gelation
cade Time(h) code Timeth)
HI1 156 M2 161
H2 205 M3 156
DHI 165 M4 150
DH2 212 M3 142
M1 177 M6 176
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wEE Ay wakl b2 A8 A2 delrr] 9
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180~ 200°C Foolla] ol ke Edw) a1yt fas gl
oleh T2 FAVI= 24} e, 57, DMFS] S

Intensity
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Fig. 3. XRD pattern: of silica film sintered at 500°C for 1 h in
air; solution DH2,
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Fig. 6. Thickness variation of silica films as a function of the
degree of gelation in DH-series solutions.
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