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Relationship between microstructure and gas sensing characteristics of ceramic gas sensors was
described, and highly functional gas sensors using ultrafine particles were reviewed.

Using ultrafine particles brings about activation of particle-surface {for adsorption and redox
reaction) as well as increases of surface area and contact-points of particles. As a result, a high
sensitivity, rapid response and detection of inactive gas species become possible.
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Fig. 1 Schematic view of porous ceramics and
energy-band structures. A resistive depletion
layer (white region) is formed at the surface
and interface. Ec: conduction band, Ev : valen-
ce band, Er: Fermi level
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Fig. 2 Barrier heights at sevaral acceptor
concentration N, grain diameter: 1000 A,
acceptor levellX®,: —leV, donor concentration
Na: 10 em~?, donor level Fa: —0,05eV
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Fig. 3 Measured and calculated resistivity of
sputtered ZnO film vs. grain size®. N4: 3. 125
x10%em™, Fa: —0.05eV, Nu: 2. 210" em™,
E,o: —0.8eV, T: 300K
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Fig. 4 Relationship between sensitivity and

crystallite size!'™. sensitivity=Ro/Rg; B: CHa,
C:CO, D iso—CsHro, E : Ha, gas concentration :

2000 ppm

AL LT, i, ST (R SR
R AR TR (Ry) O M RofRey % 5 01
Ro BEGEEM (AR RimRy) Ml RofdR BEBOSIE,

EEFE 8 5B (1987)

ZOIE)O

2.3 BHMETEEREY

A FRE T pstidr i o, ' v O/hBEdh, B
Bk, ERE LoD, BERTr oM aEN L LTH
NBRADE D2 TN B, HERY 2, X
BlLT, 3R Aoty AN EOREEL, ARERED
BOMRIC L B HEEE B B

BMUSHAETETIL Sn BEEERL S ¥ A 5L, SnOs
A FEEMMIRT B R ERS 20, RuOr b —2EH
D-oPeEE Sn0: kY UETO—4% Fig. 5 WOR
FW ey 2T, Sn0: ® InO B —F v b &
LRy 2 ) ¥ /TR LS 0, 0
NOHETEH, HTE 50~400A, JLE 500~6000A o
WHAHR BN, CO © He icktl 100 ppm UTF T
Wi Th 3, Libl, fEGe: GRERE, BESELTR
B EE, SMITERETL L) koo 65T
RN DA AR & (TS R
-d- 6 19)(’

WG 1, R XSRS TR L LT
RENERA R &S A ARBRE LD, 30~1504 ©
BT 678 2 SnOp BRI (BEE 8~100 pm) &%
FofRA L 422020 N O BE RS LM R b e
2 ACRBIEEEO O FAFETH L, O HFAESR 0. 1~
0.5 Torr O & & 1ol e BEFRIKEA L 228k
ETH B, B Torr OBEAIIIBMET L 28R
M L SnO: MFOSEERER O FAKED 1/2
iz i LT 30A (0.5 Torr) 426 150A (10 Torr) %
THRT B, ThOOEROREMSELL, 300C T
i3 60 nem (0.05 Torr) A 6% 10° gem (5 Torr) & 74
%o Fig, 81z, 1EMAF AT AREDOTERIF O &
RFREMET Lice O H AT X D& A0 RE D
KERR2THEYD, Z2OENL, & O ¥AETTO
WIEEEA L, 0.5 Terr {:FE Tl 3 OH.EE 4L
KEDbDEBLLNTN S,

Ferrite

Au electrode

RuO,

Dielectric
coating

Fig. 5 Cross section of the vacuum-deposited
SnO2 gas sensor element®’,
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Fig. 6 Sensitivity as a function of oxygen pressure at the depesition
time of the ulirafine particle SnQs film?®. sensor operating temper-
ature : B0°C for Hz0, 250°C for CeHsOH and 3560°C for iso-CsHia.

900°C TSN LA, e 3004, B 1000A @ SnO:
DT, HERE &SI, BB, rhw-)bﬁ?‘j(?'
M L™, Opth 0.1 Torr P TOMIEOBEEE, BT
WAEr, TR 180°C Dlb TRt e -;gqagf@;%m@ko

thin {ilm

1ot b single /
crystal

= A

5 , ,5 BihEO 560C K EORBIES L LELT, WET
S - — R L D ERCRAORIIS B LR LT
/ . j/ %o %z, Fig. 7 .Ciﬁiﬁ“ck’ﬁ i, SR 0 OF —?‘{ﬁ%ﬂc
7 Cﬁ BARGEE, PR TE ocon!, HMETEAL
10° r i Wi, OMEE, BESA 2, Pd R & 5T oocnt &?‘aéo
16” lit)” 1'0” 12)" Cif”:[’i YR TOBEEN—ETH IO L, B
0 {em ) TORYE FETREOH L ZHATORF ¥y

Fig. 7 Interdependence of conductivity ¢ and WEEOETFICARECRELTHRCEER LTINS,
electron concentration at 27°C for the SnO. Ogawa 5L, BRROH = PEERE L D EWN L
single crystal and thin films subjected to vari- WO T Sa0: W W TE B0~80A, REE

ous heat treatments®™. O pure SnQ: flm Lpm) &, RE arsy 2 ) v /e & A RRis o i

of 10004 thick, & : pure SnOa film of 30004
thick, @ : Pd added film of 10004  thick,
The numbers 1~4 correspond to stages of

(MR 0.1 pm) QAT o, TR », BER « 23R
WHTHAS, Fig, 8 R L9 BB FEECH »,

ag-prepared, annealed in vacuum at 397°C, g oEblnnd s — AP LT /2 Ric it B, o
exposed to Oz-and He-gases at 287°C, respec- 13RO LERICT B C & B, Lis L, Hithik
tively. BT 4 BT D, a i 0%l /2 %) 1o

Ry T LB MR T T, R v AT B, IREETOBREETC L ARTEZRO
TR LV NO, T Y E2TR2VTHEHEE  Eaiiegh 250°C T 0A Leian, BT
ORRDTHEL I B, NO. (Sn0s ZnO F#HE)Y2 o BTH, BT (60~80A) O#eT s 7 8HTOE
T rEsT (IO xrfz B T, SRR AENE BT e v MJIP S ER R DA Lo BB AT T

%‘?'57‘: HAEEOEIN L &b BEFERRRAT VIRIEICH S ERPENTINS
Bo i AL B ppm OWETHTEMNRE RLTE e '~E"4L %%Mﬁﬁ%‘éb& i FME L B
BESRTLA, THETHYD, BT S ILBHREREREL LD

CNOOEB T HEOEBN BB, Fald s F B (GHCOOMSn) H&ETs wwﬂem
BEBOTESTOA TS, Yamazaki 5k, SnCe ¥ WTHERUERERIR 87 L, REEnsTas
W% 107 Torr OITIPTRIE R, £20% O 1 SnOp M I IEM S A 2% BFRIE 50~1004 ©

— 107 —



— 404 — BERESE W8 5 E (1887)

R . Fe** 44 vRESHL, LA E2 @ TH L ERD
o 70 BT 1 FesOs (Fei* (Fet Fe*106) [8E{1d B o 38
. 1 = T A 2 B < ATHUL TS BT BL S T 7-FeaOs

_ o | I ~B LB,
5 ;V' 3T —F, 5% X AERO aFeOs Tl Falr ~E
5 19 o o 7% i B M L RS T L B A S B L e
T L 3,//6/ "] % b, EHORTTREEDL S LHBTREET DI
= //%7/ R ;\E CHABEINE Y, UL, a-FeeOs ThiBHTIL
T oLeS L : FELEICED AR RD DA C L BWESNT
I s 105 DB, THEH (Fe(SOgsnth0 $7 10 FeasSOse
L T oEs TELO) Ak LINEAEL L TBE M - FedOs B
[ I BHRERE L BT, ey, xa s —w, H
’ i By E TS b (Fig. 9), likaok, Ti, Zr,
T o 100 fo00 Sa DI E S DICEIREE E 15 b, A0C T

CpHgOH concentration (C} (ppm)

Fig. 8 Conductivity ¢, carrier concentration
7 and mobility su of ulirafine particle SnQOs

250°C as a function of
259

film measured at
C:HsOH concentration

HOEEE 0.2~1 pm FTHATHSBORIEG X O3
HiT& D, HTIRPUE TS Nb 1R - LTo Pd
MES, HEEE LTEBICNAD L L DB

MT&EDH, He R &/ — it U TRERET, 50ppm
THEEE 10 Bl kAT, F72, (CHaCOORSnCla o NER:
T F LR B R TSRS L TR 200~1000 A
@ SnQs F v 2R Ll b 3%, T vy
TRT LI — s T 3 R IR AR I LT L
Pbdes <, 90% JEAERIIE 30 msec & Tl

3. N HEREE Y

BRSO A LR O E R RN E TR D, #
OFER & LCHRESLE U, it amg s
FINT 542 w4 TdH b, B TR EL D (LIRS
BESFCLDEMT RERE LN TE D, oh
R LAz Tio#, CoO® 1k o bk i
FlE = v R A iR v AR E SR T
Za L, i SOfEENCIE T00°C JEEE O SR A0
THhb, CDOEIEEATOEyFTHRBER T LI X
YRR &ML D, FEEERE OE T & S
bR ER Liclid 5, PITiceh BOJWJ%&HESO

LP #amE LT 7-FeaOs itz 4 B35
T AN, COETE, FeaOs WiESE (RF#E 2000~
5000A, Zuflsk 60~T0%) % 350~400°C TR LT
7-FerDs B E Lz b O ThH 5, 7r-FeOs IR0 A 1F
FOVHERE Fet* ((1aFe®s 000 (O 0 4 24 v 285) %
Lo TR LD, BB AP TREE CETEINRT

5000 ppm O 7 w49 i LIERRIE 30 BT 678 59,
COEBHOERE, RARECEETE S04 44
B UM & B B T IR b &
ALBNTO S, HEBELLEREN/ a-FeOs (F A
R S A ST TR 10004, B UmYg T
B EDICL BT, SnCle 20molY% %S doksgin &5
Iﬁbt%@fﬂ%%%lmﬁ ETER 1%6m¥z THB
E D, SEHEET A B0 TIOERML @Aﬂ:bt
a—FezOs BEEAAET CO ZEIRAMCEBRE CRINT
AL EHWESNLN®, R LD, 150~200A
®» a-Fe:Os BT (T1 ) OEMICEY 364 o

wn 10 -

Qo [

e

~ 5r

& Hz

2 2

& CHa

‘@

[

3, L -
» o

b
]

fr £
3 z
&~

z &

1

=

& 2
2 °
2 £
= b
i O
-

(=] a
-— n
5 2
8 @
E -
b4 g

800 700 800 s60
Heat treatment temperature{?C)

Fig. 9 Influences of heat treatment on gas
sensitivity and microstructure of a-Fe:0s gas
sensor?®,
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Fig. 10 Comparison of gas sensitivity between Au-dispersed gas sensors™.
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