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Synthesis of periodic nanoporous silica and silica phosphate

films and their applications to electronic devices

MERKRE
£l f— (UEYAMA KOREKAZU)
RIRKZE - RERERTEHRER - B
WF9EE %5 : 10092149

WA R OMEE - HHAIELSH LI — A VL FT oA Y R—F ALY I O 21T o7z, A
YIR—=T ALY T EEREOBE), BRI ZEME 2 ) b SR D e ol U iE R (AT 7 L —
M) RS DPREFRR TG T DA TE GRRGHIE) ZBI% L, IR Low-k #8

OB EMEREREORELZ B LT, ARG

ple L7z U A ilEds KOV sV or— b

DFERPLT 0 AREEZIE L, ZOWREMEZ R LT,

AT
(A )
[ERESES IEEESE & &t
2006 4FE 6,800,000 2,040,000 8,840,000
2007 5,600,000 1,680,000 7,280,000
2008 4 3,200,000 960,000 4,160,000
FEE
R
% &t 15,600,000 4,680,000 20,280,000
WFEsY R« b2 T
FHFF O3 - MIE - MPRELS: - A3 - BEREA R
F—U— Al - EEAMEH T MR RRREML, B - SR R

1. WFEBRAE S DTS 5

(1) Low—k #18+

LSI o@Ed# ki, hT YRz, Bk, B
MatZIE N O 72 D BB E OB AIC X D
WL TR SN TE 72, L, BCHE -
BOAREMEZY 0. 1um 24812 100 nm X% 5E
(2 ECRRELE O RIREC X 2 g b o RN 5H
FL L TE -, B2 50 nm BFflftR B L%
LD ULST omEEhfEFEBIC X, BT
DAE BARTEEE DN VETH 5, AL
(2 & o THOBREIE SN T~ D BREE 1, BRI
AR DWW K DB IR (R) o E |
BCAREIBRE O/ M X AR A R (C) o
INZ &> T, RC BIEFEAL T 5026 Th

%o Al BEARICAR D D EA X7z Cu ERRIC &
S TR OEBUTIZIEW IR RISk T
W5, Ko T RFEESRRE MM (Low—k 5)
Ze T2 BO AR P B AR 2N 4 1% B AR &
nb,
BAEDSIONED LLFFRESR 4.2 12k L, 100 nm
AT, TS 2AOERHFERE LT
1.6~2.2 . 70nm T 1.5 | & HIZ 50 nm
HRICARD E LU FRERINTWS, =
NETIZ 7 v FOAWIE L EA LT-S10,54
B2 FUMCAFZEBR RS N ST E 723, Wb
ER2L0EZZDHIENH LN LoFHIEED
ZEMED D B FMBE~DHIFF I E W,
JE MBI BRI RO 7= D12 1E,



~DZELL (k=1.0) BANMHE LD, Lh
LHMIZZIEDELRE DT D, DLV IK
AT D LA TREE S L < L A
PERLER 72 E DRATRICMA 2 2 LR TE R
VW, £ T, KEEEEEE & RO IS I HE 2
IRAY . 2 (0L R A LTRVACRPAY T 2 DAPAY e
%,

(2) JREVE M AR K

AT OFHERE LT, #1170
A& 7 — LB L i (DMFC : Direct
Methanol Fuel CelD 31 EH & T\ 5,

DMFC EfEIIL. 7 v HZREETHD T 7
S A UER L b TnD, LT 7 o
A, MEBMEICZ LS A X ) =7 m A
F—R—BREFEEILTLES, 72X
A==l >T, BEtOrALh Y — RE
O TAB &R Z S 572D, DMFC D3
b2 ERT D52 CRERMEE - T
W5,

2. WrstoHBY

(1) Low—k ¥4k}

AW ClE, B EE T R —F A
U BIZER UL 21T -7, B LE
WEETHU DL, ISR —2nDd 2
D BEBREOTRIE DI T LI C
HZENHIfEEIND, BfEER—T A
B OBEMIITREE N, T > X MEED R —T A
U BITHAREINL TS &0 9 BFERE RN
WEINTWS,

AR TIL, BYHEER—T 22U I RERR
BRTEDLZEB LW ENMEWEEH T
LD EERBALTWD, AFEEHNLZ &
12K o THER AR ICE N - KA B R Y
Rz E2EET s 2N E LT,

(2) BNRFE M A AR E

AWFFE TR, MR Z2 /LS 2 FFo A Y R
— 7 AV URRHEICIER Lc, MBI CTH D
Z LB E YA, MRS
F ORISR EE TP C& 5, BN Z T 1
FoAEGRTHD Y RIS > TEEAR L
12V CEREREE BT S,

3. Wik

(1) ARERE: v U H

VIR THDIT N T R TT
(TEOS) Z# AL CHAE L., TOHBA L TBW
7o SIS PEAER & i s E 5 FIETH D,
TEOS ZASKUT A miG AR RS L, il
EWERIIS Y r— T ar Ry y M &2ER
5, ZOEEEPRAITHENERZ L,
T v VB FLAEE <2 2 kT 7 — VAR FLAE
EEERKT D,

(2) ZARARIE Y vy r— b

SETEMEAIE U iR E A L, v ) DIRERR
THRES S Z &Ky, ARG A Y R—T
2 gy ) r— MR e SR LT,

4. WFgER R
(1) Low—k &z MEE D B %

AV HR—T ALY B EEITZERENE <,
HAMWEZ AT 25D T, 70X LIEALEZHIT
TeAR—T A ) LD & BRI RS X
KEL 2D, U IOFHERIT 4.2, 225D
HHERII1ITHD, 22V IOFICH
52 ETHBERIIME T 5, /2. Al
SeHEEE CIEE T RIT B BRI FRICHT
B+ 5, 2T, LowkMZHBE LIZA Y
R—=T ALY DEFEOWIERE L 7t &
TW5, AR CTEK LIERS 25 0
BE~DISH ORISR 2 8-> 72,

AV R—=F ALY B EFEITEBENICS <
DT ) —NVEPFET HTcsd, BIKMERR &
HHENTWD, LN TKRELELSMETD
MEICH D, KOKFERITIBLE 80 TH
DT DOKOWEZEMMZ 72 1TiIT Low-k
#. Low-index 4 & L TITHWA Z &3 T=x
eV, AR TIE T U B ERENICA VT ) v
TV ESTMTREIYE, By 7/ — e
SOt S8 2% 2 & THUKMEREO A RRIZER Y 1
ATZ. Fig. LIZHEMFIREZRT, T 7 b—
k& L Pluronic F127, AV H /v T ¢
LTChYAFALZ bF T (TMES) % A
Ay

F127/silicate composite film |

!

TMES
Treatment

v h 4

| Calcination in air 400°C,5h |

(A1) (A2)

v v

| TMES Treatment |

l (B1) l (B2)

Fig. 1 Preparation of mesoporous silica films by the
spin-coating method followed by the TMES vapor
treatments. This figure summarizes the film
numbering (Al, A2, B1l, B2) and their synthesis
details of the wvapor phase synthesis and
post-synthesis treatments employed.
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Fig. 2 XRD patterns of the A1 mesostructured silica
films.
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Fig. 3 A GISAXS pattern of the A1 mesostructured
silica film.

Fig. 4 An FE-SEM image of the A1 mesostructured
silica film.
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Fig. 5 Relative XRD peak intensity of mesoporous

silica films after compression.
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Fig. 6 Relative XRD peak intensity of the
mesoporous  silica films under hydrothermal
conditions.
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Fig. 7 Dielectric constant of mesoporous silica
films.
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Fig. 8 XRD patterns of silica-phosphate composite
films prepared by the method B.

Fig. 9 An FE-SEM image of the cross-section of the
calcined silica-phosphate composite films prepared
by the method B.
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Fig. 10 The molar ratio dependence of proton
conductivities on the silica/phosphate composite
films. (X H3PO,: 0.5 Brij 30 : 100 H,0 : 50 EtOH)
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