B

G ITENEETTRITHITG

=R Vol. 14, No. 9, pp. 540-545, 1993

ERkEETE LD vEEH SI0, BEE

R AR S

®278 Lk 2641

+ &
THRIRL R A

(19934F 6 ] 7 =)

8i0; Thin Film Containing Fluorine Having
High Water-Repellent Surface

Tohsio TsucHiva and Gohei InocucHI

Department of Materials Science and Technology,
Faculty of Industrial Seience and Technology,
Science University of Tokyo, Noda, Chiba 278

(Received June 7, 1993)

AR BN, Foodik, fEdErE AR LT B iR, AUTERE KR, REn S iciaenT
B, X BT, EYOMCER O EARRRA NN, WEY A0S AER T YR, BEEN T o
YIASRBEUIF -2 —F 0 VIR SEHNEER S OEABEEREN R, CORRTE,
S HIEA LT, (RSB AME & B BN Si0: MIEA R E LT, Foiic 7 » BEFNT B
Tk, VAR OBEESE Bk E OB ERAERS, X bRl R A L
PO R IEL, Bk TN AT 0TS L fo, BEOEE O Y Si(0OCH: ¢ EtOH,
1-FrOH, H:0, 0.1N-HCl & ui T, 2t orrdsny s vELLEomMATa—F4 v OE
WA R Fr, © OWRIIC 7 AREE T » L TBI S LT ERE, 300~350°C THEEEL 7 v BESD
SiO: MR A8, 1§ 5N oo EME L UEL 8%, W 0TEERE L, il PTFE S EEED
ETH B, XPS @MlsErD 7 v i3 S0 HEOENIC, ~S-0-S-CHCHCF}CFs @ & &L T
NWBEELONDE, COMBRMHREC GENTHEEEIONEC LG, BHGEREME L TOE
BHFEN B,

HHEE LT IR 2D £ 5 I St TR

Lorisoi A B), WOEFAERE DT B GFTHA) A

AR OB & LT, 7 » BeWhEET
Hd. w7 v BAHBIRIEL 7 » BOMEIH 2D
IR EELTED, fk, iR, ETEdE TR
M, TAES L, (EEATERHE, T RS, JRRNEHk
HEOREE oo, EEWEHAY, ARETEER,
ERMIEY K BN TE, Chid7 »BEF
DH DO BT b, B3, BEREEE
HENETT, MOBRTEROEEEERTECE (2
EAETATOERETEFBEARTED, Likd, EET
FLEBLEEROBICRIETS B2 7 » BLAWBDE
WATR T H B), BTR, BFPoAsx (LERE)
AEEEICN R b, 2R, el v EORED
EFBICIAE DG (Sbha Tl wicdt

ZETED, COLHEEE S0 7 v S HAREN
L LSRR AR N Y SI0: BEfhic g A T &
Ck D, FBWTIHEGRIFCERY 5 2 & Ok
B, Bk L ORREES L LNTE B3 LEBRL
NA, TOWETE, Ve Fadkickd, 7 e RES
Ad7 Bi0s FEE A AW RIC/EBIL, F OfEilas:
G oo B OB DWW TIRET AT 2 2,

2, = 5

2.1 7wRESD S0 HEOES

G —F g VSRR O PEBHERE A R B Si{OCeHsk
[TEOS] #R -4 —KCFDED, BEiEELTEE
T - AR EMATEMEL, H0, IN-HCl £



L, 36, Vv

A - 3 T —541—
Table 1 Fluorine raw materials used in the present study
and their boiling points.
. Molecul Boili
1 Cherical formula |We°i§ﬁ§ ar } pof’nlime ) ‘ F/Si
FCS | CFH(CF2CHCHSICL . 58Ls go~01 | 17
FMS | CRA(CF:CHCHASIOCH s | 568, 1 85~87 ’
HLEpSo b UFOMmINL, BEkE 2T LIR30 v/ BESEEOREEE b, B~
IR L T A RIS LT Bk ko,
WIRT TG L Ta — 5 4 v R A 4) A BRI S b &, RS

wine,
Lfoe fEBL 0BT, =Fa7a—, 1-7n e
FAI—i, 27w TN, T F T —
cH B, T, 7w BREE -
LT~ZasFhzirdoFvrr)inas sy, BT
FCS EWE, E~TAFh7daFs b 4 by
7V PP OFMS Emezg, A M7 (Tablel), oo
THEL B —F 54 v VA HF 52 (R4 K
SR EWAF s » L. HEB & LFREAHT 2
cmimin OMETE & EWF T VIR, AR
i, TRER - BEREMT (DTA-TG) OiEA o HE
LFCLEL A r & — 0 K O BB AT 7 » B S
2 Si0x WEERURIE PRI L 2,

2.2 E@iphEae

TR D RN, U TIR TRk B
THEEL7, 301 EBEIET 2K, BlsLB7 v
SRIFDRLD S, BERINEER <220 TCG-DTA ol
ERIT » Fo, BROFARME RS 200, BRIRER
Sk CA-D SA TS O T AT -
fro Fio, MEOREREEE~S D FT-IR 20Tk

N, TFLVINT T

AWINR <7 P ovRliEl, MEORRE LU SR
ORISR 0 BAE TR TR JPS-90 5K

EERLTEFAEA <2 b (XPS) 2WELI, B
BRI, Tad vt v oF it o
T & AR ORISR S ek v 5 vy
EiTot, iz, BHEICEZE imn O YHE—E5H
WRTMRA NESTTERE Lo b D2 HEL,
Audf 72 DE—7 @ 83.8eV AHIELL T 4 —F
T ORI ET - 7,

3. HERLUEE

31 EaHE
S N S TR RS R A RS B S AT
BELZFhE RSO EEMTIzET,
1) GET v % PO Tig s S s
2) RS, BE L OMEFERE b B, i}fbk
MBS L0 eF—BETOgadEL S

T B EE T #RT 5,

5)  BRDSEED: S T RE,

WaLBEREh L,
LTRBEWEELEZ ARFLLT, 2 —F 4 VOB
DRl WA, M, RO, AT EI o H
PEefhis X 5, SiOz Bkl SHOC:He)s #JHLY,
Voo SREE LT FCS 2V BIE4ICE, SHOCH),
RS EINT 2 T &, FMS &2 588
I, Hoh U FMS 2A T L D —TREL 2 —
T YRR A C L PETTH B,

3.2 BHYE

(1) 7 o #ER&E LT FCS 20 ite

I —F 4 YOBEOREC BT BB o ThRE
foo EXOH [Z3Hkads 78°C LR k&R 7oh, v
Mo & VBT B IR T AR BB
o, B AEHIC Yk — v T 2 DT o T,
1-PrOH ¥k midt 08°C THEHEASGE L, # 4 w THRIC X
VERES & Pl b M - ek T kg B
W, R TSR T E N, CNEREET B
T EtOH41-PrOH ©R&REHE 20 THET L 788,
YR =i s 5w 7, TR & DSBS AR
AR T & o, FCS o —5 4 Vg cIEiicu

4 B — B SR T S

WEISERL, 3HMEOEBRCL Y70 v PN TS
MTE D RMCEEESTETL S onocnbmm
B BE UREORER R T 5 dinid, Bk i

QEF LI g (BG) 2 mem&%;ﬁk
BHELDPEHTH o, Ei, FCS BT 5
LR RE LD, Lige ¥ 5 M RE{ 15
7o, FCS @lnE%E SiOe e 2= T 0,002 /A
501D LT MENE B Edibd -,

(2) 7 oF|EEELT FMS 28B4

(1) Eo#E 2T, EtOH+ 1-PrOH oS
WREFANAECZIC LD Cvh— Dy 5 5o, Tk
DS N OEBAEEN T & /2, FMS ORI
Si0z L TEALT 0.01 H i 0.5 ORI EET
Ha,

— 08 —



—562— e

3.3 HEoFHEHE

=T VIR O AR A RO uIRS
ferihiE 4 5 fow, ALKX#JV@/TﬁHJ};H_IJﬁ%ﬂ”J
foo TORER, BFLOERRSEES WS — 2 Ol
5 80C AT T 2 BEDH L T Ehibd - i,
Fhr, BEIEIEOESC L VEBOEREICY 3 v s H
HUMIEINC & - TEWP L #3420 5 %
5°C/min OFRMED R OEETH -2,

3.4 THEOEMA

(1) 7 v3|ERE LT FCS 2N 2Be

WEL feEEi, 7 » RFERIC FCS 2 ML, HirE
I Si0: et T T 000205 0.1 F T8 iy
i L LT EtOH-PrOH iR &7ENE ML, Boibiie
HRTED S B00°C, BEERIFLIT 30 min 4TS

120 7 i T T
Ty
00 [ Sy 3
E T 3
3 - 4 I
[x] -
En v
ER R ‘lb
g - (3 FCS/SIOR=0.002 .
= o
S 40 = v 20008 -
© e =0.H87
R 200333 .
20+ —4 4 =0.05 B
—A- w =0.1 ;} ol :5
0 1 1 L | 1
a 100 200 300 400 500 G600
Temperature( "C)

Fig. 1 Heat treatment temperature dependence
of contact angle of 8i0; thin films containing
fluorine. Heat treatment for 30 min. Fluorine
raw material is FCS. Solvent ; EtOH --1-PrOH.
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Fig. 2 Heat treatment temperature dependence
of contact angle of SiO: thin films containing
fluorine. Heat treatment for 30 min, Fluorien

FCS. Solvent: EtOH+1-

raw material is

PrOH+EG.
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Fig. 3 Heat treatment temperature dependence
of contact angle of 3i0: thin films containing

fluorine. Heat treatment for 30 min. Fluorine
raw material is FMS. Solvent: EtOH +1-
PrOH.



Rk - s DI

Transmittance{arb.unit)
-
=
=
N
¢

1300 1000 T s

Wavenumber{cm)

Fig, 4 Temperature dependence of IR spectra
for 5i0: thin films containing fluorine. Heat
treatment for 30 min. Fluorine raw material
is FC3. Solvent: EtOH+ 1-PrOH FCS/SiQz=
0. 05,

Fig. 417 Si B iofflL, SRk - TzEL
D IR ARy b AOBERIREE AT, Skl
LT, 7w REENC FCS 2RV, FC5/Si0=0.05 & |
W B OH+1-PxOH & Fu, BRER 5000 7,
BERI L 30 min DEMTHEME NI LDZH L,
1070 em ™! A3 & 800 em™t fliic Si-0-8i MERED®
WA AE, 940 em ™ frafic Si-OH O iR g o wIn h3,
1200 ecm™ & 1150 ern™ fhic C-F {fiEiicinm
NBEIAEER XN T 5, C-F (BESHRE) O WK i 5265
HCMR T BRI HREE S, MREIR R A2 350°C & TN
Ay P TR GNT, 400°C OB T R
<Igh, 460°C PLEDOEIBETEL (BT 3
FQMQMTMCmmwﬁﬂMbﬁwmw
LT Bt idnb &7, C-F ERIETO RN AREE £
NEOE, BERHTIZE-TH3 7 » BOBRTEHS
T R TN T vy B I 5N G, SI-0H
RO W, SEREED LR &4 cm*<mof

BY, MEMNITETRA - BESEIESE, FhicEoH M
EDBEREBEATO D EZBX 5N 5, Fig, BiciEE L L
CTEtCH+1-PrOH+EG Z RO L D IR =
A7 R eOERREE L AR, BEL 2R, 7y
EENC FCS %L, FCS/Si0:=0.05 &L, Btk
BRI B00°C 7, MEERKISRTI 30min TE#INLHO
TdHh B, 1200em™ 2 1160 e~} fdsFie C-F ([iEHRE)
BB E R 2N, 940 cm™ A2 IC Si-OH OMdEIRE)

Transmittance(arb.unit)
J
7

)
1800 1000 500
Wavenumber(cm™}

Fig. 5 Temperature dependence of IR spectra
for 5i0: thin films containing fluorine. Heat
treatment for 30 min. Fluorine raw material
is I'CS. Solvent: EtOH A+ 1-PrOH +EG FCH/
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Fig. 6 Depth profile of XPS spectra for $i0:
thin film containing flucrine. Heat treatment

for 30 min at 300 C. Fluorine raw material is
FCS. Solveni: EtOH-1-PrOH FCS/SiC.=
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Fig. 7 Depth profile of XPS spectra for SiQz
thin film containing fluorine. IHeat treatment
for 30 min at 300 C. Fluorine raw material is
FCS. Solvent : EtOH -+ 1-PrOH-+EG FCS/510;
=0. 06.
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Fig. 8 Depth profile of XPS spectra for 3i0:
thin film containing fluorine, Heat treatment
for 30 min at 300 C. Fluorine raw material is
FMS. Solvent: EtOH+1-PrOH FMS3/Si0:=
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