[= F] F=AESIA
Kor. J. Mater. Res.
Vol. 18, No. 2 (2008)

LTCC &
294 - AFET - AAF - AR

SROlE ARl B, )&

o
Rin
H

DOI: 10.3740/MRSK.2008.18.2.069

o838 Sn0O, 7k= AA

7% . Nguyen Van Hieu** - o] &"
e 2 AL, *aheol gajla ARt

SnO, Gas Sensors Using LTCC (Low Temperature Co-fired Ceramics)
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Abstract A sensor element array for combinatorial solution deposition research was fabricated using LTCC
(Low-temperature Co-fired Ceramics). The designed LTCC was co-fired at 800°C for 1 hour after lamination
at 70°C under 3000 psi for 30 minutes. SnO, sol was prepared by a hydrothermal method at 200°C for 3 hours.
Tin chloride and ammonium carbonate were used as raw materials and the ammonia solution was added to
a Teflon jar. 20 droplets of SnO, sol were deposited onto a LTCC sensor element and this was heat treated
at 600°C for 5 hours. The gas sensitivity (S =R./R,) values of the SnO, sensor and 0.04 wt% Pd-added SnO,
sensor were measured. The 0.04 wt% Pd-added SnO. sensor showed higher sensitivity (S =8.1) compared to
the SnO; sensor (S=5.95) to 200 ppm CH3;COCH; at 400°C.

Key words LTCC (Low Temperature Co-fired Ceramics), combinatorial solution deposition, SnO, sol, gas sensor.
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21, M= =A< M=

Fig. 13} 20| AAIS 4572 LTCC green sheet(7}2:
1.7cm, AZ: 1.7cm, 57: 114 um, 951 Green Tape™,
DuPontyS °]&3ate] A= F2AE A&t Hd A
3 7248 AFE Au Ho|2EE 23d ZURYHO
2 FYAIIHL viae Au BIO|EEE ETFHOZ ol ¥
o] Az Fig. 2004 He ZAAH 272] green
sheet Yol A= ¥ sheet(sheet 1) 142 &8 AF
el F(layer 1) AZX3GA, A= A} 248 A5

< dET F UEE AAE via sheet(sheet 2) & 27
2o & 748 AF sheet(sheet 3) S ZF3dt] 7% A
= Z(layer 3y Azt Hste 3lehg-do] o 3

o)
BEE

o2 WHAA k= guide F(layer 4)2 guide
sheet(sheet 4) 1075 AF3to] AxsIGAT). 7} T2 100°C

oA 5E7F AZ3F 3 70°C, 3000 psie] S 30%-7F
7}sFed lamination 3}, 800°ColA 1A]7F &< #+44

st A 7xAZ FAA
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2.2. Chemical sole| =

SnCl, - 5H,O(GR, Kanto Chemical Co., Inc., Japan) 5~
L3 NH,HCO;3(=95%, Junsei Chemical Co., Ltd.,
Japan) &S EE &NS AE 7] Al ko
gel & AT} ©] gel& 55mle] PrUo} F&A (pH
10.5)00] #AMA 71 & B Z2 &7]o] ¥z, 200°Col A 3

2.3. MM AXpe| M=
22014 A Z3}F solg mRo]|=ZZ HI(DV 10, High Tech
Labs)S o]-&ako] 148(=0.87 ul) &3Fe 5, 100~150°C
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Sheet 3
(sensing electrode sheet)

Sheet 4
(guide sheet)

Fig. 1. Designs of LTCC sheets, where black areas indcates
gold electrodes formed by screen printing.

—>— Green sheet

Fig. 2. Sectional schematic diagram of each layer (layer 1:
electrode pattern layer, layer 2: via electrode layer, layer 3:
sensing electrode layer, layer 4: guide layer).
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o] LA SEHIER xS o8 e WY
O 2 sol 208ES Hojzd & 600°ColA 5AI17F €A
2 o 2ZH Sn0, AlA AAE ST Fig 32 ¢
AAE A el mA Gzt Al ARHE she] 7]
£ 7I247mm, A2 4.7 mm, 57 2mm ©]3, §o0]
F2E= Y9 A7l= A&l 3mm oAtk PtE ©]
&3 S|EE F/IE At AATE 5 3

Fig. 4= A28k Sn0, AlA wme] mA AR o]t}
Az Alxe] FHo| A, TH #Yg Yy
ZH10~15 nm)= A= U5S IRIT = Utk Scherrer
o] 292 o]&ated X-4 3 FE 9 SnO, (101) peak
2XE 78 JAe] A7) 11.4nmE SEM #2439}
%] 3k ch.(Fig. 5)

Fig. 62 0.04wt% PdE 7St SnO, sol& W= +
ZA ol FAste] A &gk AA o] o] 7EA] 7hze] dig
HEEAS 400°CollA 793t veRd Aol 7t 7k

sn0, sol
Electrode (Au) 3 mm
\ N g [}
2.0 mm
Heater (Pt) ) 4.7 mm :
e
| 1.0 mm

Fig. 3. Sectional diagram of prepared sensor element and
heater.

Fig. 4. SEM microstructure of SnO, sensor.
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Fig. 5. X-ray diffraction pattern of tin dioxide heat treated at
600°C.

o e 2= SE R/R(R. &7 & AA Azt A,
Ry 54 7h2el =2HAS W XA AhHE A
kst fzo] Bo DTS B

T} A9} olehE, oA E
ol WHA(Fig. 6. (d), (e), (), &
A, Z23 7p2e ik -3
(a), (b), (¢)).

Fig. 791+ 300°CS} 400°ColA PdE H718HA] 2
Sn0, AlA ¢} PdE 713 Sn0O, A <] z} 7h2=0) th
=S YERSITE NO, 5 ppmeol| tigh == %ﬂ%
7} 300°CY -, PAE H71ekA| ke 73%# PdE
7Fe 73R 2 784S HAo, 5%

7
aksl ghahe} o)atsl A
A YRk thFig. 6
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LTCC & ©]83%t SnO, 7} A4 7

m SN0,
== Sn0,+0.04wt% Pd

(a) T=300C

=kl

o W

(b) T=400C

S (=R/R)
f=1 ra = [=2] wo " - (2] o

CO100ppm ' C,H;OH 200ppm
NO, 5pprm CH,COCH, 200ppm

C,H, 200ppm
H; 200ppm

Fig. 7. Sensitivity of SnO, and SnO,+ 0.04wt% Pd sensor to
each gas(operating temperature (a) at 300°C, (b) at 400°C).
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Fig. 6. Transient response of SnO,+ 0.04wt% Pd sensor to (a) CO 100 ppm, (b) NO, 5 ppm, (c¢) CsHg 200 ppm, (d) H, 200 ppm,

(e) C,HsOH 200 ppm, (f) CH;COCH; 200 ppm at 400°C.
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C,H;0H(g) > CH3;CHO(g) + Hx(g) (for basic oxide) (1)

C,HsOH(g) = C,Hy(g) + HyO(g) (for acidic oxide) (2)
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