54 5 2005 5 Vol.54 No.5 May 2005

1000-3290/2005/54 05 /2220-06 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
*
450052
2004 7 29 2004 10 12
Si-NPA  Fe; O, Si-NPA  Fe; O, /Si-NPA
Si-NPA Fe, 0,/Si-NPA /
11% 95% 100 Hz Si-NPA  Fe; 0,/Si-NPA
1500%  5500% 1000 Hz
800%  12000% .
Si-NPA Fe; O,/Si-NPA 15s5s 20s 15s.
Si-NPA
Fe, O,

PACC 6860 6146

Fe,0, Si-NPA Fe,0,/Si-NPA
1. ) Si-NPA Fe,0,/Si-

NPA
Si-NPA Fe,0,/Si-NPA

= PS
2
Ps Ps Si-NPA 111
o 0.015 em p 20
- " mm X 20 mm HCl  H,SO,
PS
PS HF Fe NO; 3
13.0 mol/l  0.04 mol/l  140C
silicon Si-NPA ™%
nanoporous pillar array Si-NPA Fe; 0,/Si-NPA FeSO, N H;
H,0 Triton-X

" 19904011

"E-mail lixj@ zzu. edu. cn



2221

a

SEM
Si-NPA

100

4h.

175°C

Fe, O,

Fe; O,

13—15

2.5 pm

500°C

N,
Fe, 0,/Si-NPA

Si-NPA

2.5 pm

2 pm
NPA

2h

Si

4 pm.

TEM

Si-NPA Fe,0,/Si-NPA

40 nm.

Si-NPA

KNO,

NO; , NaCl KCI

LiCl MgCl, Mg

33% 54% 15% 85%
CR

11%

RH

L

95% .

Si-NPA

100 Hz

1000 Hz.

NPA

Si-

3.1.Si-NPA

Si-NPA

JEOL JSM-560/V

Si-NPA

e

200 mn

Si-NPA

1

Scherrer

Fe3 04

3.2. Fe;0,/Si-NPA

Fe3 04

18 nm.

SEM

Fe, 0,/Si-NPA

3

Fe; 0,/Si-NPA
Rigaku D/MAX-3B

X

Si-NPA

Fe; 0,/Si-NPA

Si-NPA

XRD



2222 54
60 L (31D J
50 | .
g YT @y
£ (11)
8 30r (220) 1
il
B ool -
(111)
o} |
of |
0 20 30 10 s e 70
fiatfa20/()
2 Fe;0,/Si-NPA XRD 3 Fe;0,/8i-NPA
Fe,0, Si-NPA 1 PS Si-NPA  Fe;0,/Si-
SEM Fe, 0, NPA
200 nm 500 . T T T
Si-NPA
Fe; 0, 400 —8—100Hz 1
] —e— 1000 Hz
Fe; 0,/Si-NPA Fe; 0O,
. 300t 1
pS
Fe; 0, Si-NPA 2,1 |
Fe3 04/Si—NPA
Fe, O, 100 f 1
. Fey 0,/Si-NPA
Si-NPA / % 20 40 60 80 100
AH R /%
3.3. Si-NPA  Fe; O,/Si-NPA
12 F -
100 Hz 1000 Hz ) S———— ]
Si-NPA  Fe,0,/Si-NPA S oo )
4a b Si-NPA Fe,0,/ £
— 6 L -
Si-NPA RH . & e
Rees) 4
RH  11% 95% 100 Hz 4t A
Si-NPA Fe,0,/Si-NPA N ]
0
1500%  5500% 1000 Hz Si- o= © |
NPA Fe;0,/Si-NPA 800% . L L L
0 20 40 60 80 100
12000% . PS °%  Si-NPA IS /%
Fe; 0,/Si-NPA
4 Si-NPA  Fe;0,/Si-NPA

Fe; 0,/S1-NPA
Si-NPA

a Si-NPA b Fe;0,/Si-NPA



2223

1 PS Si-NPA  Fe;0,/Si-NPA
RH/% 1% /Hz
PS 25—94 300 120
15—98 320 170
Si-NPA 11—95 1500 100
Fe; 0,/Si-NPA 11—95 5500 100

Fe; 0,/8i-NPA Si-NPA

100 Hz
RH=11%  Fe;0,/Si-NPA
50 nF/cm’ RH = 95%
3000 nF/em’.
Si-NPA
125 nF/em’ .
PS

15 nF/em®®° .

Al, O, 100 nF/em” *
Fe, O, 3 nF/em™ ' .
Si-NPA
F€3 04/
Si-NPA Si-
NPA 3
24
Si-NPA Fe,0,/Si-NPA
80 1
1.
.Si-NPA  PS
. Si-NPA
Si-NPA PS
Fe;0,/Si-NPA
Si-NPA
Fe;0,/Si-
NPA  Si-NPA
Fe3 04
Fe,0,/Si-NPA Si-NPA.

Fe; O, 1

Fe, 0,/Si-NPA
4 . Si-NPA

Fe, 0,/Si-NPA
Fe,0,/Si-NPA  PS  Si-

NPA
16 17
4 b Fe0,/Si-NPA
RH = 33%
Si-NPA
Si-NPA -
4 a . Fe;0,/Si-NPA
.5
100 Hz Si-NPA Fe,0,/Si-NPA
RH = 11% RH = 85% RH
=8% RH = 11%
90%  Si-NPA 15s 5
s Fe;0,/Si-NPA 20s 15 s.
SiC 120 .
Si-NPA Fe,0,/Si-
NPA
. Si-NPA Fe,0,/Si-NPA
Fe304/
Si-NPA  Si-NPA
Si-NPA Fe,0,/Si-NPA
Si-NPA

Fe, 0,/Si-NPA



2224

54
2 Fe;0,/Si-NPA
/d / nF/em / nF/end /%
30— ' ' ' ' ) ' 5.0 3100.0 62000
200k o i 14.1 3420.0 24250
. — 12 57.9 3000.0 5180
250 | .,-—l""' . 20 51.0 2950.0 5780
-
.ﬁ 30 53.5 2972.5 5560
= 200 F .
~ -8 Fi
& .
B 150 b —e— [4¥E 4
30d
100 1 5500 %
50 F .\. @ ] 12d
~—-0—¢—0—0——¢——0—0 ?
] 50 nF/cm
0 0 10 20 30 40 50 60 AC = 52.9 nF/ent.
R /s AC = 2920.0 nF/cm?
T T ' r . r AC /AC = 0.018.
e ] Fe, 0,/Si-NPA
12t - .
10 L .
=
s 8 —a— FHE 1
~
§ 6 —— [T |
4.
4 L
2 o (b 1 Si-NPA  Fe,; 0,/Si-NPA
ol w \o—-o-c-—o—-o—-o |
6 1‘0 2'0 3'0 4I0 5I0 6I0 .
B /s 100 Hz 1000 Hz
Si-NPA  Fe;0,/Si-NPA
5 a Si-NPA b
Fe; 0,/Si-NPA
Fe, 0,/Si-NPA Si-NPA
Fe3 04/
Si'NPA Fe:; 04
Si-NPA Fe;0,/Si-NPA
141617

Fe; 0,/Si-NPA

Fe, 0,/Si-NPA
2d 12d 20d

30d

100 Hz
2

Si-NPA



2225

Traversa E 1995 Sensors and Actuators B 23 135

Traversa E Gnappi G Montenero A and Gusmano G 1996 Sensors
and Actuators B 31 59

Qu W Wlodarski W and Meyer J U 2000 Sensors and Actuators B 64
76

Nahar R K and Khanna V K 1998 Sensors and Actuators B 46 35
Bearzotti A Bertolo J] M and Innocenzi P 2004 J. FEuropean
Ceramic Soc . 24 1969

KimS ] Park J Y and Lee SH 2000 J. Phys. D Appl. Phys.
33 1781

Foucaram A Sorli B Garcia M Pascal-Delannoy ' Giani A and
Boyer A 2000 Sensors and Actuators 79 189

Bjorkqvist M Salonen J and Laine E 2004 J. Appl. Sur. Sci. 222
269

Das J Hossain SM  Chakraborty S and Saha H 2001 Sensors and
Actuators A 94 44

Bisi O Stefano O and Pavesi L. 2000 Surf. Sci. Rep. 38 1
Li XJ HuX and Jia Y 1999 Appl. Phys. Lett. 75 2906
Zhang Y H Li X J Zhang L and Chen Q W 1998 Phys. Rev.

LiY Liao H and Qian Y 1998 Mater. Res. Bull . 33 841
Lopez-Quintela M A and Rivas J 1993 J. Colloid Interface Sci. 158

Bandow S Kimura K Kon-no K and Kitahara A 1987 Jpn. J.

Neri G Bonavita A and Galvagno S 2001 Sensors and Actuators B 73

Neri G Bonavita A and Milone C 2003 Sensors and Actuators B 92

10
11
12
Lett . 81 1717
13
14
446
15
Appl. Phys. 26 713
16
89
17
326
18

Connolly E J O" Halloran G M Pham H T M Sarro P M and
French P J 2002 Sensors and Actuators A 99 25

Capacitive humidity-sensing properties of Si-NPA

Department of Physics and Key Laboratory of Material Physics

The preparation of silicon nanoporous pillar array Si-NPA  and Fe; O, coated Si-NPA  Fe; O,/Si-NPA  is presented. The
morphologies and microstructures of the two kinds of thin films were characterized and their corresponding capacitive humidity
sensing properties investigated. It was shown that both Si-NPA and Fe;0,/Si-NPA are typical micron/nanometer structural

the capacitances reached 1500% and 5500% of

composite systems. When the relative humidity increased from 11% to 95%

and Fe;0O,/Si-NPA "~
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their initial values measured with 100 Hz signal frequency and 800% and 12000% measured with 1000 Hz signal frequency

for Si-NPA and Fe; 04/Si-NPA  respectively. At the same time both of the two thin films exhibited quick response speed the
response times in the humidity-increment and humidity-decrement processes were determined to be 15 s and 5 s for Si-NPA  and
20 s and 15 s for Fe;0,/Si-NPA
explained based on their corresponding morphological and structural properties. Our experiments strongly indicated that Si-NPA is

an ideal thin film both for direct humidity sensing and as a substrate for growing composite humidity sensing materials.
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respectively. These excellent humidity sensing properties of Si-NPA and Fe; O,/Si-NPA are



