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Fig. 1-2-5. C 1s XPS spectra of the SmFeO; prepared
by (@) CN, (b) PP, (c) RM, and (d) RHP methods, where
the samples were prepared at 700°C. The relative
intensities of the C 1s peaks in % are denoted in the
figure 1%,
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Fig. 1-2-6. The catalytic activities of the SmFeQ; for
CO oxidation as a function of multiplication product
of Fe/Sm and surface area (S), (Fe/Sm)s 7,
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Fig. 1-2-7. Response and recovery characteristics of the
Sm,0;-doped SnO, sensor to 1000 ppm C,H, at different
RH I,
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O(aas) + n'acetone — {acetone — oxygen}(qqs) + e~ (1-6)
{acetone — oxygen} qas) = acetate(qas) + CHz(gas) (1-7)
H30 < OHqaas) + Haas) (1-8)
20H(qas) © H20(gas) + O(aas) (1-9)
acetate qqs) + Hiaas) = acetic acidqqs) (1-10)
acetic acidqqs) = acetic acidgqq) + vacant sites (1-11)
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Fig. 1-2-10. (a) Response S of SnO, nanowires to
synthetic air/nitrogen pulses as function of their radii.
Sensor response is defined as S=100%(Rsa-Rn2)/Rsa

(Inset) Typical response to synthetic air of a SnO, Fig. 1-2-11. Schematic representation of a porous
nanowire with {’:286?111 at T=573 K. (b) SEM images sensing layer with geometry and surface energy
of SnO, nanowire ™. band-case with necks between grains.
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Fig. 1-2-12. Dependence of device resistance in air
(Ra) and response to H, or CO in air (RJ/Rg) on
grain sizes of SnO, (diameter d) [°!.

Fig. 1-2-13. SEM images of a 50 teeth interdigitated
nano-electrode; (a) tilted overall view, and (b and c)
enlarged views of pattern edge ™.

Fig. 1-2-14. Model to explain the micro gap effect,
where the oxide grains linearly packed between
micro gap electrodes 81,

Fig. 1-2-15. Sensor response to 3 ppm H,S of the
SnO, thin film microsensors with Pt micro gap
electrode of 0.1-1pum at 300°C as a function of gap
size M,
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Fig. 1-2-16. Sensor responses to H, (500
ppm), CO (500 ppm), ethanol (47 ppm), and
toluene (50 ppm) gases at 500°C for the
devices using (@) commercial TiO,
nanoparticles and (b) TiO, nanotubes after
the ball-milling treatment for 3 h (2,

Fig. 1-2-17. Pore size distributions and SEM
images of the sensing films composed of (a)
commercial TiO, nanoparticles, (b) TiO,
nanotubes obtained by the hydrothermal
treatment at 230°C, and those after the
ball-milling treatments for (c) 1 h, (d) 3 h,
and (e) 5 h. These films were calcined at
600°C 211,



Fig. 1-2-18. Sensitivity (to methanol at 400°C) Fig. 1-2-19. Long-term test of the stability of a
comparison of a hollow Sb:SnO, nanoparticle hollow SnO, nanoparticle microsphere film
microsphere film, a SnO, CVD film, and an exposed to methanol 1,

Sb:SnO, microporous nanoparticle film 1,
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TN AN EIRENT TR D EFOSHIR E 720 | RERAFMEDR 22 < 72 5, hollow #§x3& 1%, H A fLi#E %
EOTEETH DD, AKX —VIEED 200 ppb LLETHEEM T X 2 BE S EEITIKIEL
TWbEEZLND, £2, IEBEICENZZ O L 5 ZefEiEiE. BT A L OGIC L 0 ARk
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RIATON T, R=ATA VN7 b F5 R 7k T P
R S e T —

z b (Fig. 1-2-19) . FAEL L 72JERE & LT, T. Hyodo

51%. SnO, @ hollow JEfEZ . PMMA (Z SnCl, —-7KF0 ///// {/A\\‘
Myl A2 ) — D77 Sn KR E 32— 4 > —
JUTBMET 52 L THTBY . ChEAs Y —r %Uifgéj -
FIRINE & 0 BB 7 £ LT, HoB EOSNOKIERIT o 1500, The varition of LPG response of
BRARFEE T L LTV DL COMETIR, o i e (@ 3 O v
F L7 L— Rl L LT PMMA Ot % 150-800nm & temperatures

LT, 2602656415 hollow-SnO, 3£ 10 T ARENFFEIZ DWW TR TE Y . PMMA ERZR%
RELTDET=NVENELS 2D | Hy Tk DB RN ) b, NOx (2563 2 iR 1 XM
MNBINT, 72720, TNENTEEIIEA TH L=, INERE 2 BT 2083 H 503,
R« > VR - ZAMEORIENL, B bt X ONEITCHE T 2t 2 IR 2 858 S E 5 7201
HETODLZ ENmhD,

R.J. Deokate 1%, A7 L —E3RIC L0 {EEL L 72 JBEE 303-750 nm @ CdIn,O, 5% LPG %N
FHEFE U CTRET L Fig. 1-2-20 @ X 9 ICEJE 695 nm DA LPG (2564 2 i i BE O 3 i b
BIFCTh o7 b Uiz B SEM IC LR, [BJE 695 nm 0> CdIn,O, I OREok: T 238 — o

Fig. 1-2-21. Cross-sensitivity of SrTiy,Fe, O35 thick and thin film sensors (composition: x = 0.4) at
different temperatures. Balance: dry air, other gas concentrations as indicated .

W TH -T2 EMnD, MARICHTABIER SN TRV RIS Z Y . BRI R 522/ E
WEOESED b RE LR RERERE(ESENZ EHBISND, 0L, B
FEEFO PSR | » PSR & <HERT5 2 03025, R. Moos 1%, 20 Lo i
B8 LT SrTigeFeosOs.s HilEH L OVEIBRISE T-12 L 5, Befbihds L OSETEMEN 2 Z BRIk 5 Ik
J DR AR 2 Wit U7 (Fig. 1-2-21) Pl JERERISE 7-Tl, 400°C L 0 R\VE I BV THEH IS
BWREZR L TR Y AKX DIGEREDOZES T TS 25, 4200C LA EO IR TIREHIC
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JEEE A L TH A ZNENOREDFET 0~30% L /N &SV, —F, HBHET T, BohDiE
FEIZERUC AR TIRW S DD, 73 LU NO 1T L CIIER T & 2 R BB A3/
SN ENbND,

1. 3 Rue7z2b1 NS

N7 AHA ML, HREEEN - BRENE BT (S
A ) TN - AUEEERENE 72 & ORMEHREE A AT L
TEY ., ZERRSB CHEMTONTE T, Ak
YOG THL N T AS A NMUE LY R
v TR R R T S S HE STV D,

1. 3. 1 #HoBELEH% Fig. 1-3-1. The crystal structure of a perovskite-type
oxide ABO, 4,

N7 ZHA b L%, ABOs(A, B: &JE A A4,
O : MHEA A L) TRINDEEMRILY O EED—HATH D, 22T, @EA 4 Al BT
i,

A AT EREORENT D) @E, 7% U HHEEERS L0 TR

B: A AL HEMNNSL, SrEFIREB TR
Th D, Fig. 1-3-1 1R L= L o ic a7 A b A MWEEOHEIERK, I 72b b oG THE
MiTHY ., BOs NEANTEHALA CE=RocBEELZTER L, A ITHEAMEEDZEL, T7205 12
D> O THENDEBOLEL HD D, ZOHEE A 4 RO O 25 L. A0z ED3SL
Tt FO<UISHNISE TR FRIEO L D ICHE L, ZUT X > THEL D O NIEERDETEA A
VHREONSBREALIEEL LTEXADLND AV A FBLUBY A FOKENIZENLLI,

A BRETIEEZFOME T ORE, BX O A0 HIE DR EL

B: a7 20 A MU OMEE DR A PE
Tho, Lol EEIITOTNICEALERE - &5 - B - ZHfE R HBERL N, £0OE
KD R E SRFE & A K +-(Tolerance factor, t) & 1ZKR D X 5 A B BE R & 5,

_ (ra-rx)
T 2(rptry) (16)

T ra BEO TN ENEA T DA F R TH D, BERREIL. t=1 ThH D523,
FERTIL 0.75=t=1 OFFA Tz 7 A A MURERHBL L t OE/NE < 72 DI O T i
MODERIREL 2D,

N T A A Ml L U TORMDZL X, KEmEE DL EME & TR DSAEMEICHR LT
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W5, Bl zE, Fel Uiz X 9 28 im0l 4 2 2212 B33 % Tolerance factor)<odE & HMESk
HAETTZTIRY . SEZIERILHEEZ A, B A FNERERA AT HZ ENTE, KSICHE L7
ZERIEMERBFEORRNATRETH D, RBLSBMEWA M ThLEL LTER SN Z &1
DI, TRl b M ORI, EORME, FREFICLY . 55D A ORESIED
B2 B2, ZHUTHE - TRUBERECTHAME e ERZ DR THE SN NHL TH D, LLTIC, #
BRI ON T LT B

® Redox RICH51T 2 EE{LIE TR DI & B 548
LRBALY OREAIREE, BIREEOHIER X OKRKGEA & RSO ZEL
WeHA A o 73 ETEVMEROSTE OB EMEI T 2 20 R
FRYE FEME D FE B & i
2 T8 B NI Z ITHRE D FEH
fliRg s | ARIETE YRR Sy D2 EAL DR, IR R

1. 3. 2 AR

FEFRIEIE, EARDRED SAFASOSIT L > ThHEZRET 5 5ETH Y . EFBISEN L <M
LTV, EMOSHEL, 2 FEU EOSRBRILYCHEORE 2@ TS S, Al
L TR 1G5 716 Th S, ERBE TR, Rl OBEMER > TS E Y . SOSIF AR
JEH DA A LI LV T D, —ANS, BRI T DA A DOIEHPER S . iR TREY
MOME LB LS5, DD, FEOMEKZ TOMMLI TS HENE BRD, 61T, 2
U EOMERZIRAET DI LD, W—IURET D L9 REEZZE LR ITIR 57220,

FROBEZBE LT, B— TR RE G T 2B, ERZRH LzaiEns LT
FAWSNTE Y, BIEEAE, LB, W BAE, SAPER ERFIUCY -5, B,
RS BEEIRICIEBR 2 N2 S 28— IJRE LB EZ A%, B0l > Thikz
\BDHETHD, INVTNET, BRTVaXy KGR 5 Y NV EIKS R - BEfEARSIZE D
WEWEA RoTey Ve L, ZOFNVEMBAL CRMEMES D FETH L, AT, &5 Al
BRAIEIC K VR b e G LTz, ZOmoy FRlBMAEIS, @BE 2 IR, AN XS
FL— METRBA A VYO EE, SbICES AL Y @a PR T2, Yy
MED—TETH D,

By R OMMEE TIR, BN E ZORERIChE . ARIRL T ORI 7 RECBERE N 2 5, KL FAk
ReROBERE D E 72T L COZRWIESITIE, i TR R E < ARITTEER S DA%,
S LITHIEERLT D & . AR TN CTRERS SR TRE D 2 5, Bk icis b L 2 LR O
REIE. HHFEUELDIERE & B R AR (T 36 1T DA D IR AR, KL TRl R OPERS DRREEIC L W ET
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Do BAMROMEE & RN, B & BERSIC R E s e 5 2 508, FHESCAMM DO E b
REV, WAL AERD EG 512013, 72~ <URE - EIFF TOBGIEREE LU,

1. 4 EXIBIE=%) U THKFOBIR

ZnO JEfERL A& 248 Seiyama 512 X 0 1962 42 A S TLLKR, A& Y OB MEIRIT
IR OBl TN D, WM ZADE=2 1 7 PREBEBEBA DRI /2 & 2 ~— R & LT Hdl s
Ok L, FBEZEMIZT THRERS COy. B, Ho R BT T 28 v r7hmE s S, 2L
TERLTND P 7 BREMEEER CICHIIN T D X R —a 7 lle=4 1) » 7
YU T AEELIEFICE D, B0V T Y T EVR AL, S oDER
A6 D, —2RIF BREEVPBIOCE=4V 7y NU—7 AROELLTH D, £
LT 2HIE, B 7 LA OGS LN RN EH, 372bb/ b Th 5,
B ELDNSKTELIET, M X MR XA F—HEEMET L, IR MLy b
U—JBNa[ieL72b, LTEN-oT, B U ZIZROLNDEDIE, “BUVWERE 2L "% L T“E
SPRIHATHZ LN T&HZ & THDH, BCCResearch (2 L, HADREEE L H&E=4Y 7
Bffidsid, L€ 13 EK P (2011 FBUE) ThH Y, ZDOROEESFR LR FRIL 6.5% &
FREATHD P F7- Imec 13EE, A A EREHH LB/ NESRETT LB o %
FRLEE, 77V EVRATOFTBENMFINTWD, 2D X 912, FFERTE~DOB% © BIfE,
HFRANE AT TV D

AR TIE, BIEmWNE O S bT 52 & TR DRILKFEL X —7 Y F& L TW
%, KIEFROWNERCRIEBECH D ME, 7— 7 KB EORFERAET D L, Z Oy Ok
BRI & SEMOBEIC LY | A OO ZA0354E L, KERy Tl s st 5, #H
REEROG G, AT AT RKUCHEH S &3, R TICEE L7REETH Y . 2 O A
EOMTT 5 LT L - TR RE OF BT DOREEAHEE T 5, MO ZTHIE, AA L
DEHEGHT, ETITEERD DAERM AR L, o TN DR A 2 LT A7 m~
NTT T X0 EITo TR . RFFROINO—21%, TFICEEME LT R & oy B &
WX GBS E TR LT A%, AR ENT T AR IV E=2 DV 7T 5H2 &
Tihat2y b TH AR ATREIC T2 2 &L Th D, LERNTORFORELILIC LV RET D
BT 72 W AZDWTC Table 1 12 F & o7,
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Table 1. ZIEEBSERODIBEM A DRET DHREHARKERR

HRREER H, CH, CoHs CoHa CoH, co CO,
K2 O [©) ©)
B i Bia O O ©
s 700°C LI E 0O o) o)
rakeSiie © O
N BLHRE [©) ©)
KE il T—IRE © [0 ©
fiakoSiie
N L34 O A [©) @)
BELIE R T A A o
rakoSie )] ©)

F 7o, EIEFRAERII TS D A BMET 2 DR E(TCG) I L UL sr I A BITHOWT, i 25y
HrooflE fE % Table 2 (Z7”d, RIRIET 2TV —2>TH FHE A IS L7258 103 R &
HEL, REPBKLETH D, 0B, CHIET — 7 ESEHAMEITER T2 A TH L7720,
ETOURHSNIGEERE L HESND,

Table 2. EEZHRDHHH A HTDOHIEELE

. HRE(ppm
PR (ppm)

TCG H, CH, CoHg CoH, CoH, CcO
EIEI 500 400 100 150 10 0.5 300

ROVWTNN—DTELEETHHE
EZIFEDI |® CH, =5

@ C,H, = 10and TCG =500
ROWVWTNN—DTELEETHHE

® CZHZ g 5

@ C,H, = 100 and TCG = 700

® C,H, = 100 and TCGH¥EmME=70/A
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1. 5 AFEOEH

THEMTEORE IRpEEN AVL, R 7R RIS 2 A EZN R OHE 72 £ THHE S L,
AWFFETRARIG & LTz CoHy X0 CoHy b AFRICHEER SN TS, LML, BIfEER L 72
STWHHAIu~ b7 T 7 4 OX 5 KRG TlEE iz Bz, MER R TOMSIREICE S
e TLED,

Z 2T, ABFETIE, ZIGICIED T A ' PO T bR E SRR T g
OEFGRAETM L, rIMET 2k UCHH & ST DMRET 2 OBRBEEMT X 0 fknd 2 B2k
BER L 0 bEtEiE 2t oV OB E R ATz, ZORE, EEA Y Y O R HIFRICITEE Tl e
sz AWz, ZR5EIETH 2 @BMALY FERZ B E L L THWZSGE . BRI &
HAT A DS TR Z 2 FUSIZ & » TR bR OEEENEL L, B v THREE BT 5,
ZOEE, EIRETIERFREROEEEOE AT 503, ZUEIE TILEREEH R H B D <
FA=Z L LTNDY | BUNeRs 2 TE L DM/ 42 08 - 52 228 &2, &
VYRS R o TRELSENT D Z LRI b LM BRI (Rimi) OEEZZSRIITH
KD LN TED,

Fo, MET AT DINEH L 2o MBI, BAECIVER LI T 201k
Bt Hic, 28726 it L X O ICAIERORIZ K 0 AT 2 8RR 2+ 3 Dk
7 ANZBWNT, CoHy D & 9 72 Al ALK SE T AT 2 IR BN IX, MR I <
OWHEYA NP FETDHZENRMALRD, SHICAWEBLELLELRDTZOTHD, X7
AT A MR EIE, AR b LT AR A f ORMEMTZTIRY ZRAEL, S HICHER
BBIZ R > TREY A N OB N /e & O FHVRREIZ DWW TESITHIE T 5 2 & 23 A6
ThDh, £io. BT ZAOMEA~DOIEEMES & o FHRIE~RKE L HEST D280 b, Bl E~D
R B ORI OB DWW TR T 5 2 & T RiiA v E— X U R EEREE L
HE R CoH, & U OB 7o v YR AR EIC OV TRET LT,
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HEoE NRus2bA NSO B YA NN T UV EHEICE 2 AR

2. 1 M=

a7 2I A MR ABOs L, THRZ AT 2 BOg NFEARDE DV IZ AT A MERAADLZ
L TEOEARRRAEMMEZR L, B 1 MERIMEFHNEMEIC R E REEL KFT Z L5
TS, ZHE T, BUABEOE A B, MMM B2 ERk A B S ST g, A
T YO Y MEIOBRFE 2R T ANIE T, INUERE DK D B D 4 1% OB IS kG
W, AT 28 MBI ZMZ 2 2 LIE—20T7 Fr—FIlkkd,

RETIL, GBS Z HREE S L@ FRBRAEIC L W Flix o<a 7 204 Nk
PHEFELAR L, ZNEYEERE T 2 O oYM BN Lz, @0 Rk RE & ix, 1B
NECEHEINDG®T I v 7 ZAMEEDO—>TH Y | AEIBIESLT V2% s N e e BRI V72
AL & U CTHHR W OB G I ilBIE 2 &R A A VI WD Z D | BENOE S 7255
FRCAMRETH ZenTE s M S5z, ABFFETIE, W TOBA 4> ONltEDm E
HRJE LTTEF AT & R U(AcA)E ., FEMR BICTRIR 2 AT D8RO REm E2 By E L TR Y
o) RUPVP) AR L7 B2 VERL L 7= R 5 1, ZSEEA I L, CoHp 2kt
DICERFEICOW T RAFHA N TRl L7z, D, B 14 MR RR s a7 2014 M
L2 B B E LT, ZNENDHEFO CH Ik T o8 v U ZHREICER L, BV
TEELE LTRER L7cBR D~ 7 20 A NMUFRLMIZIBIT 5 B A MR 5 2 58O\ T,
ARECldagim L7z,
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2. 2 ZEBRGE

~Nu 7 AHA FEEEY SmBO; (B = Cr, Mn, Fe, Co, Ni) #E1%, &40 FRIBFMAEIC I VAL
7= DA (Bt O BRYERE 2 IR R LT, W= F Lo 2 ) a— L EG ICIRE S E, &
ERA T ED 4G mol DT BT LTE R AcAc FEMIAIE LTINZ, b2, @aorale L
THRIVE= e nrl RUOZRRIKED 3.75Wt%iRIN Lo, F% L7 &0 Bl iARsin 2 < L4
FEARST 77 /L X FEAR (L0 mm x 5 mm x 1 mm) EIZEAR L, 4000rpm CA B a—7 4 7 &4T o7,
ZOTHEZ 3EFYIRL, 120°C T—Wp S, 7500C T 2 KffiBERk L7z, ZOTREEZ I HIZ2
Bl VIR Z & T, X7 2D A MU YR A AR LT, 7235, BERURE X, SmBO; (B =Cr,
Mn, Fe, Co, Ni)DHIBRIAIRIE & 120°C TS HE 5 Z & TR e X VR %E ., air FHK FO
TG-DTA JIEZ1TH Z L TIRE LT, . ZORIEMEREOS Y Z 7 # ) ¥ — 3k, XRD
BELOSEM I L VATV, 15 5 A7 B LA HER o it S MO TR B B 2 5 L 72,

Y FEAITFig 2-2-11R LI E DI AgS—A FZHWTAU U — F(p=03mm)Z 5 L,
BT, RIMEEDOH NI E 725 LCR A—Z TRt T D12 DEY 2 —/VIT#E kK LT, £ LT,
PG ISR L CRIEREEICHIR% . 0.5V ORFELE AN Uiz, ISEREL, _R—AHT AL
L 72 No/O,=79/21 vol% T L 7= AR ZER & BREIAT A & LT2FR3R 53 E Pop=0.21 atm — & T Tl
TEMRIEIC Ny IR LTBIEH 2R 2 U0 B2 5 2 & CRISENO RS ZHI L, 22t 5 EX AR
P& LCR A —# TitHld Z & TRl L7z, Z & & Ol 100 mli/min & L7z, £7-. HIE
BRI, SRR T LY REFOFTAFA T my RBRE LT,

Gas in

>

Inorgani

% Au wire

: Gas out
Temperature || |
Controller |- <— Module
L1
Impedance
Analyzer

Fig. 2-2-1. Image of the actual sensor device
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2. 3 SmBO;(B=Cr,Mn, Fe, Co, N)EEDx¥Z7 7 FZ Y E—Ta v

o7 T RITBRARIEIC L0 SmBO; il 24 & 9™ 2 BROBERUREE 13, ATBRIAISIK A4 120°C #old %
ZLeThlEbndEr S UKL TG-DTAMES 5 Z L THat L, TORRE B A MJEZ &
\ZZFNEHFig. 2-3-1 05 51T LTz,

F 9%, SMCrO; ¥ 1 7 VK (Fig. 2-3-1) TdH 5723, TG 8 LU DTA fhif)s & HIZ =i 5 400°C
FHE & T L, 500°C AHETEIN L 72, X Uk ZEaEhiTd o FViRICE ik
R LT Te K KOURBEOIEE L & 2 Hiv, WIZHEINZEEZ O\, @B A 4 D2
BEISIZE Db D EZEZ BILD, S HIT, 650°C £ T DTA Hiftds KOV TG #h2s izl LT
B, AR LB OSRPEZ > TND 2 EERIEL TN D,

ﬁm\%MM%%?HE»%X@TGWA@%%%F@Z&ZK%LKOBWC#E%WCK#

NS RBEAY—7 LEERD DB, TR Eh, BBUREN R TERY | BIED
HEEEZ DR WEE L — 7 X b OFsdb, %E OBRBNE\L A ED R W EERD TG IR
REDFRN A RA LV WE LT REEOBIBEE 2B 5,

SmFeO; %t 1 7 /LBy KD TG-DTA & 5 (Fig. 2-3-3) Td D A3, D& 1 7 /Ly RO E s B L&
g LT, IREEHIEIA T 513 E DR IS L WRESOL MBIl S iz, E7z, 300°C i

TN U7 BAALAl AcAc DR LR LT Z LI L D RE e — 27 B L OVE &R BB s T,
IHIZ, 20T T 7PbBITBHINARE Ch o723, JEKT 5 L& 715°C (HTicfimiby— 27 L Lo
N5 3uV FEEDOREE — 7 BB STz,

swmm%tmﬁw%X@Temﬁwﬁwwz&qmiiﬁkﬁ%ﬁ%%%ﬁ%@%ﬁ%%b
7= AcAc X° PVP DL ENEER LT\ &R bivd, £z, 700°C FHIICITIRINAI ORREEC
D AR U TG U7 SRR O BB & 22 5 2 2R ASBLI S AT,

SMNIO; &t 1 7 /LR O TG-DTA Il EHE H(Fig. 2-3-5)TH . SmCo % & [AIEED I 7 S,
400°C fHTIIZIRINAI ORI iR 3 F BTz, F£72, 550°C FHL CIXE&EE(LZ L7 DTA £
fEBlENTEY, ZORETHEPERIN TSI EEBEZIHILD,

U bEXy, ER L' 7 VRO TG-DTA IEDRE R LV . BAIRISAIR L7z 7500C %
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Fig. 2-3-1. TG-DTA curves of the Sm-Cr precursor powder in air until 1000 °C (10°C/min).
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Fig. 2-3-2. TG-DTA curves of the Sm-Mn precursor powder in air until 2000 °C (10°C/min).
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Fig. 2-3-3. TG-DTA curves of the Sm-Fe precursor powder in air until 1000 °C (10°C/min).
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Fig. 2-3-4. TG-DTA curves of the Sm-Co precursor powder in air until 2000 °C (10°C/min).
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Fig. 2-3-5. TG-DTA curves of the Sm-Ni precursor powder in air until 2000 °C (10°C/min).
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Fig. 2-3-6. XRD patterns of the perovskite-type oxide SmBO; (B = Cr, Mn, Fe, Co, Ni) thin-films
sintered at 750°C; (a) Cr, (b) Mn, (c) Fe, (d) Co and (e) Ni.
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Fig. 2-3-7. XRD patterns of the perovskite-type oxide SmMeO; (Me = Cr, Mn, Fe, Co) and LaFeO;
thin-films sintered at 750°C; (a) SmCrOx-, (b) SmMMnOa, (c) SmFeO-, (d) SmCo0- and (e) LaFeOx.
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(a) SmCrO,

(c) SmFeO; 200 nm

(d) SmCoO,

Fig. 2-3-8. SEM images of the perovskite oxide thin-films on an Al,Oz substrate with 3 times
spin-coatings; (@) SmCrOs3, (b) SmMMnO3, (¢) SmFeO3 and (d) SmCoOs.

ZIT, ABMETHWEAY Y a—F 4 U BBV T, BAER (BERER) & BEORMG A
SEM 12 KX v 8152 L7=, Fig. 2-3-9 121, SHimAFEELEE L7z AlLOs b EIZ/ERL L7z SmCo0; 35 &
O SmFeOz # D SEM 4~ LTk v | [3[EIERAN X 1[0 750°C HERL] # 1A 7 & LT, 1
YA I NVBIORIYA I VDOFERZR LTZ, SMFeO; K TIZ 1 3 A Z VDA TS . Hiked TS
T ALO; R DKL D MM AR TE DRROWERERTHY . 3 A 7 VK DERTHZEN
FEDLLT RO AL DM DBHER L D6 RoT2 2 LN BIEEDE)— R0 %, — 5,
SmCo0; HETIX, 1A 7 A TIHAHL I L—F —BEHA LTz, THUTBMWLEE TRIZHB
TR LRI T S E LT 2 SISk, ZORIRBE L 2o B UL, 3% A 21cky
AR LEBRAITIE, B2 EITR L-, SmCo ZXxt a7 LR TG-DTA L &b TEES
% L. XRD TIL7500C TR 7 AHA MEmHEAMHB TE /22 L2 5, SmCo KLl o
W 7R BERIREEIE 750 °CIRVVREE T D LHERIT 2 2 L8 TE 5,

27



3 cycles

¥

AR C ; —— —
mCoO, 2um [ (b) SmCoO,

(c) SmFeO, tum | (d) SmFeO, Tum

Fig. 2-3-9. SEM images of the perovskite oxide thin-films on an Al,O; substrate with 1 time or 3
times spin-coatings; (a, b) SmCoOs, (c, d) SmFeO;.
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Fig. 2-3-10. Schematic image of the thin-film device and SEM images for cross section of the
Sm-based perovskite-type oxide with 3 times spin-coatings sintered at 750°C.
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Fig. 2-3-11. Nyquist’s plots and the equivalent circuits for the SmFeO3 thin-film device in air and
80ppm at 400 °C.
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Fig. 2-3-12. Arrhenius plots and activation energies of SmBO; (B = Cr, Mn, Fe, Co) thin-films.
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Fig. 2-4-1. Frequency properties of SmCrOj; thin-film device to 5 ppm C,H, at 400°C at the frequency
range between 50 Hz and 5 MHz.
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Fig. 2-4-2. Frequency properties of SmMnO; thin-film device to 10 ppm C,H, at 400°C at the
frequency range between 50 Hz and 5 MHz.
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Fig. 2-4-3. Frequency properties of SmFeO; thin-film device to 30 ppm C,H, at 400°C at the
frequency range between 50 Hz and 5 MHz.
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Fig. 2-4-4. Frequency properties of SmCoO; thin-film device to 30 ppm C,H, at 400°C at the
frequency range between 50 Hz and 5 MHz.
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Fig. 2-4-5. Response transients of SmBO; (B = Cr, Mn, Fe, Co) thin-film device to various C,H,
concentrations at 20 kHz, 400 °C; (a) Cr, (b) Mn, (c) Fe and (d).Co.
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Fig. 2-4-6. Dependence on C,H, concentrations of the SmFeO; thin-film device at temperature range
between 400°C and 500°C at 20 kHz.
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Fig. 2-4-7. Response properties to 5ppm C,H, and 50ppm C,H, of the prepared oxide thin-film
devices at the temperature range between 400°C and 500°C at 20 kHz.
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Fig. 2-4-8. Electronic state of Fe*" ion in free ion and octahedral structure.
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Fig. 2-4-9. Chemical interactions with the frontier orbital between Fe** ion in perovskite
and C,H, molecule.
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Fig. 2-4-10. Selectivity of the SmFeO; thin-film device to various gases, such as 80 ppm C,H,, 80
ppm C,H,4, 500 ppm CO,, 500 ppm CO and 500 ppm NO at 400°C and 20 kHz.
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B3E ANRTAAA MO A VA BT RS 2 B

3. 1 M=

AFETIE, B 1REIIBWTCOREERMBRALKFET A28 58 dEE U CTER R
ERELEZFe 2 BYA MEBE LI u T 20 A MBI EN—2 L LT, &bk bk
L LTOREZBIE LTc, 31 B LRMKRIZ, @ FRIBMAEICRBW TN e 7 20 A Mgk %
BT D705, RETILAFeO; IZEBIT 5 A4 MeJd & 447 13H5c3E (Ln = La, Pr, Nd, Sm, Eu, Gd,
Dy)& Ao, AR LB L RIZA 27 ) —> 7Y o MEIC L 0 ER FIDERER L T35
FZ2AER L CoHy U AITKT 28 E R 2 RRSRHK T CRMiid 2 2 & T A A M@ ~n
TANA NI O > v TR RFE TR B A T Lz, £, Ao EEHW
et T 2y 7 RTEAUAECE AR, WA LR SRR 2 R B IRV TN R E R R 2 &
THIHIL TN D, (BF B FORBFIZHBNTS, Fe &2 BY A MBS Lo A0 7 20 A
U ) 2 U7o & R EHE, CO R0 NO,, 7 /b = — L 7g BTkt LT BAF 7R B 0 R ]
LEMEZRTZERNMONTEBY . ZOMEHNIT 2R EACITbR TS B Lo, =
D—F T 2012 FF O EIC L A4 HEe RE AN L0 A TEORITE S RWE S DIy
ZRLTWDHZEHMENTHD, £ I TARIFIETIE, BB E L THW A LER N2 7 R
A N EERL, ZR Lo TEN - U RER BT 5 2 & T, %O T
B OB LB IR R A I ET L 72,

IHIZ, Fe & BYA MR E LTIe"m 7 20 A NMURALIE A9, EE MM, 5K
WIT A Y OfgsiR & UCHIHT 2BEOEENREN S 25 Z A LT UIRMESE LTI S
NTn5 B —o k9 RRBEICH LT, A BLUB ¥4 MZRADMKOEREA 4 Oy E
Balid 2 LT, BEEMROUBARBEZER S S CEENLZLGET RN L HmE ST
Wh, BilE LT, Ao MST IV H U BHER TR IC L DI T4 Ca®, S, Ba™7e SR
EHT D Z LT, ST PICBERBEAER I TEEEZ S, BB E L TOEE)
WEEA FIF 2RHTh o B, 22 G, sSmFeO; &2 _—2 & LT, Sm™*CThs AHA M 2linF
FrThD CEIyEHRESED 2 LT, BEEMIC X o TERFE XA A &7 Smy,CaFeOs
MARZERL Y742 L L CEMEICER L., ZORMA o E—F 0 REIC X D RALKES 2Kt
T DISERE ZRET LT,
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3. 2 ZEBRFGE

N7 A A NMUEEEYE K ; LnFeO; (Ln = La, Pr, Nd, Sm, Eu, Gd, Dy) 3 & U Smy,CaFeOs (x =
0, 0.05, 0.20, 0.50, 0.75, 1.0) PhiZ & 4> F-RIBRIAIEIC & 0 Bk L7-, (L83 o0 & B ile i 4 HF8 5
BHE LT, B TF L7 ) a—)L EG IS, MeRA A ED 45 mol o7 kF ATk
Y AcAc ZEIAIE LTHNA, SHIC, @Al LTARY = rtrl R aiildE&o 3.75
WE%IRIN L7z, Z ORISR 2 2856 o %, R C 750°C 2h BER S 2 2 & THEMW 2157,
AL L 72 AR L O b R iX, TG-DTA, TG-mass, XRD. BET, XPS # L' SEM |2 &
WXy T 72— ar&iTolz, T LT AONIZBIEWHRIZ. R vE=1t'rl R PVP
K-90 & a-7 L& — /L&t 19 TRAE LTc@mm FEiRE AN TS—2 ML, < LEGHE
Ml & 702 R I0mmx5mmx1mm) BICES 20 umFEEICAZ Y —2 7 U v b &L T
N A M EHEFE S, 850°C TREXfHIT 5 2 & CHMbMEEZERL 72,

YU FEFITFig 3-2-1 IR L7mE HIc, AUR—AREHAWVWTAUY — R (p=30um) &5
L., &bIT, REEDOHARE 725 LCR A — X IZHt T 5120 DEF Y a— Tk Lz, Z L
T, FUSEPNICHA L CHIEIRE ICHIR%. 05V OZMEEZEHMN Uz, ISERMEL, =20
A & LT NofOp=79/21vol% THHE L 7= B ki Z2 5 M U A2 & L ClRsR 47+ 0.21 atm — & F THIE
BN, AR LIZPET ARNTIND AUV X D Z L CRINENO RS A HIE L, 27
L AR LCR A —F THiAMND Z & TRl L7z, ZoL &, 2fitkid 100 mli/min & L7z,
Fo. WEREEIL, SR BT PRERFOTA XA N T vy b LIRE LT,
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Fig. 3-2-1. Image of the actual sensor device.
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3. 3 BHEnTRUA VMBI EDX YT 7 F ) EB—Ta v
3. 3. 1 LnFeO;z(Ln=La,Pr,Nd, Sm, Eu, Gd, Dy)

By FRTBRAEIC L 0 A R% L 72 LnFeOs (Ln = La, Pr, Nd, Sm, Eu, Gd, Dy)¥y K%, 4@ flEeth %
FEIFUEE & LTy FRIBRAR 288 U, BERRIRJE 750°C TARK L7-, Fig. 3-3-1 38 X 10 3-3-2 12i,
FHEE U 72 AT IR A 100°C THZREE 5 2 & TR FEr 7RO TG-DTA JliEDFER & |
750°C THERL 5 = & TFF7= SmyCaFeOs (x = 0, 0.05, 0.20) ¥R TG-Mass I E DfE R %7~ LT
B REBGE, HEHDE IO ENT A ZEE 2 TV i EE 2 et LTz,

TG-DTA IZHW\ T, RT /5 200°C IZHIRT 5 2 & T, Fa FViRICEE L T\iz H,0 B X
O L TV IR EG OB L B 2 H LD SWREE DE &A1/ biviz, £ Dk, I K% 230°C
T/INSRFEE — 7 53 330°C TRERFACE—7 BB SN, TR ENEERD 2o Tz
T MBI L AcAc ITIER L72F L— MEIKD X 9 ek v N U — 7 ORI B L 72 Bi%
EEZLND, ZOBE, FIFEIER Yy U —ZIIZEBE LW WIEEIZY AcAc DfiET, BEIE
Fy NI =7 SRCER L7 =2 L5265 B £z, 430°C (281 % 20%F5 o B &b
ERERFERAEC—7ICELT, ERROX Yy N —ZIZMZ TES 1A PVP O REIGIZ L D H D
EEBEZOND, TORISLARE, B RG & PR 7 WE B 0 MR 4 1ICHETT L, 700°C 53 TUY
L7, Fig.3-3-2 (2% L72 TG-mass A% hLDOfERIC LT, Ca&oiyEia 2S5
Z L ¢, 500-600°C T CELUAI SN2 miz = 44 DREE CO kD E— 7 BNEAR LIz, Zhid, &
GBI X0 REICEEFE KRB C D L TRPHBUSEICEN T2 RIB A R BB E L. CO,
BRI ETERE TR L Tz B2 bivd, SmFeO3id B A h&JED Fe 7% “Fe” ©Fe™”
DRABMCTHEET L ENMOENTNDZ 0D, KBV A FBRDTNIFEEL, TA5F0N
KA LLTUVIRRBIZR > TV D A LD, ZTREBET 5 &, Fig. 3-3-1 1231 T 450-715°C
A CToBe R B A 13, BB OBRL /M & 0 J8 4 - RIEWRAE L7 REEDNDURE L 7281
LBTHDHIEERRLTND,
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Fig. 3-3-1. TG-DTA curves of SmFe-based xerogel powder from the polymer precursor.
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Fig. 3-3-2. Temperature-programmed desorption for m/z = 44 of Sm,,CaFeO; (x =

0, 0.05, 0.20) powders in air.
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Fig. 3-3-3 (2%, AR L72BbR KD XRD ¥ — %2R LTEY, ThFNE~FE0%
2 LTV, BERGREE 750°C (2 XV BEAk L= & B bRz zn i, S~ u 7 204 Ml
AT DEREMEEERLTEY, A FA MR E LM ETRORTEFICEN, A0
— 7 PMEAAES 7 b LT, Zhud, FTECRIRTFESPREL LD LT 0% ) A RIHEIZ X
D ¥ A A ERITNEL 2D R E LT Fig. 3-3-4 [OR LR FERD L 5 IR FES DR
722 LEMEENEDL- O TH S N, F7-, BETFMEIC L 55407 20 A MURMLM Ok
A IE Ln 22101 X D EB O T A S L7203 72 (Fig. 3-3-5), 17 A B A MEDEH /T 2
—XThDMLTUART f P/NEL 252 LT, FAFFETHERLIZm 7 AH 4 MIFEEE
DELS 720 BoNTBMOREMEII NS 2D Z R TPRINZA, f & BET fEE ORIZE
FRMEIZ A Do Tz, XRD /X —2 L0 | BESIREEDS SR CTh o 72 2 L b RAF bt 4
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Fig. 3-3-3. XRD patterns of the perovskite LnFeO3 (Ln=La, Pr, Nd, Sm Eu, Gd, Dy) powders
calcined at 750°C in air.
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Fig. 3-3-4. Lattice parameters of perovskite structure LnFeOs (Ln=La, Pr, Nd, Sm Eu, Gd,
Dy) from XRD patterns.
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Fig. 3-3-5. Tolerance factor of perovskite structure LnFeO; (Ln=La, Pr, Nd, Sm Eu, Gd, Dy)
and BET values of the perovskite powders calcined at 750°C in air.
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3. 3.

Fig. 3-3-6 |2, &A% L 7= Smy,CaFeOs (x = 0, 0.05, 0.20, 0.50, 0.75, 1.0) @ XRD /3% — > %75 LT=,
B LB RIIE~BAE22 L TH Y, C&BRENNT 513 & Bz 2 502w
L. Ca"&f@# x=1.0 DFHARIL. SmFeO; LV &0 LIS WWEEEZ 2 LI-, Ca'a@HL TV
SmFe0; Tl HAOR I a 7 2 A MEZ RS EH S Z — 2 2@ Uiz, Ca* & BT 5 &
[T & — 7 (X EHRE OB > TR 7 L, S HIZ x = 0~0.20 TiL 28° fHTIC MY
SM,03 A BNHE—7 @M L=, £7-, x=10 TET T I LT A MMH CaFe,05 % Rk L
TWDHZ Emghoiz, Fig. 3-3-7 IR LT=X 912,
BEHREICSC T af@nBEd L, b BE O c AN Lz, Zhid, A A 808 sm¥* kv §k&
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Fig. 3-3-6. XRD patterns of Sm,Ca,FeO; (x = 0, 0.05, 0.20, 0.50, 0.75, 1.0)

powders sintered at 750°C in air.
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Fig. 3-3-7. Lattice parameter from the XRD patterns of Sm,_,CaFeO3 (x = 0, 0.05, 0.20, 0.50,
0.75, 1.0) powders sintered at 750°C in air.

Fig. 3-3-8 IZ1% x = 0~0.20 ® SEM 435 X OV BET %7 L 7=, SmFeO3 1% L T Ca™* % & #i % =
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Fig. 3-3-8. SEM images and BET values of Sm;,Ca,FeO; (x = 0, 0.05, 0.20) powders
sintered at 750°C in air.
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x=0.05

Fig. 3-3-9. Mapping images from AES of Sm,,Ca,FeO; (x = 0.05, 0.20) powders sintered at
750°C in air.
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3. 4 FERuTRAIA MIBIEHEBRRRTFOR v 7Rt

3. 4. 1 LnFeO;(Ln=La,Pr,Nd, Sm, Eu, Gd, Dy)E BRI+

A V= AR K D v TREEAT OB, AT 2 RIEERBORENR )Y E
FWried, 4 E—F U AFEMIECH Z DO X 9 72/37 A —2 TRBLE L, “impede = (15
T2 BRI E 2o TND LD THD, AR TS ZHEMmTE T I v 7 22 B8k L L
T L725A . OB E AL 2 03 3 DTFET 5 s O L7 Ny . @KL 1S plsy
@R+ —EBMRER Y, ERETIIINS 3OO OMBEIE LTHRESND, Lk T
TNENOEAOEMEERAZMMT 52 &L THERDEZ DT 22 LR D, 2 b OfEFEH
T uBoETHLN, AR (=1 /FmiE#E ) 2FHT22ETZOuBoEZ BTS2
ENHEDDTH D, LIZA > T AZHIEICB O TERL L 7= %+ 0 B B 2 59l 5 2 & 13,
TNENOEXFELFM T2 T OO EERER AR >, LTICIE, L
LnFeO; JE A &+ 0 & I BRI DUV TR LT,

FTAERLESa T 2 A MRS -o /FEHNREE 300°C (2351) % Bode 7' v
k% Fig. 3-4-1 (2R L7z, R BE CIIN AN E o AT Z2HEB LTV DA, 3KkHz s
B Z 4RO, IMHz TN TOHFFTRIHEW -, ZOMMEAIE, BELOANEDY  (JEH
B) ICHTHESMEARLTEY, KERMEICARDIZFEHEETE TRV EZRLTWS, £
FEmEE A AT 2EEEE T Iy 7 ALZO X ICADONHAEZTRT I EN KN Th D, £7-,
FTAXA N Ty FTIEEERMEENZ#E . ZHIERIOR L,
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Fig. 3-4-1. Bode plots of LnFeO; (Ln= La, Pr, Nd, Sm, Eu, Gd, Dy) thick-film devices at the
frequency range between 4 Hz and 1MHz at 300°C in air.
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Fig. 3-4-2 (a) 75 8 (a) (ZiL. air FFHXMN D 5 ppm CoHo (28] 0 B % 7= & & OJEIREE 300°C 15
X400 CIZBITHTAFA Ty hBIOWRERMEZ R LT, £7.Fig. 3-4-2 (a) 75 8(a) I
RLTETFAFA N vy FCTIE, ADONMHAZATLIAEE YN ZRLE, I &7 ry b
WEIR DO, ENENRE T DEA OEMRHN R D572 Th V) | HFF OREEHEOTEHE,
RN, KTV A X, BEERAR ESL DT 7 7 F—0EZ LR BP0 iEoR ST A K E
BET 5D & CTHEHRETIIRARETH DEMFHEZMHTE 2R TH L, B8 Rin 2t
TR, BRSNS B T A EMERS R L TEET DB OEEE 2RI L TR |
BRA B 2 BT DR T O R Ry DB R & KT M, L7zd- T, ZRIC kY Ho
[ EREET S 2 & T, EORICEERE(C AT S 2 ENARIEOB &2 D, Fig. 3-4-2
(@ 7°58(@) IRLIZFTAFA NIy bT, ZORAREERTEMEEM ETH D, F 2T,
Fig. 3-4-2 2> 5 8 IZBIT 2 (b)F L )T/ L7z 5 ppm CoHy (2% D B Rtk id, e n i
H L <ITEMEO7 7y MIEYRE LZEEEICBWTRIE LT,

FT air 26 CH iUV 2% &, BTOFERFITA L E—F L ABREINT HI8E 2R LT,
AT, p BEERTH DR T AN A NI D A A X v ) T ThDHIELL hd, B bE
[ DOWEETR & IRACKBEHT A L DISIZE > TR SN DEF e-lC XV HERT 52 & T, EEM
BT D720 TH 5, 4000C DINERMETIE, T RXTORFICBNTR=ZAT A U NARLE &
0 IDITA = F U AB LRI/ NE D o7, —J7 T, 3000C DOFEFIE 400°C & ki LT air

FIRICBIT oA =X AMENRRKRE o7, MIERE 4000C (231 5 RLE ST, FHEART
B D AR B OB BN - L, oW 25 OWBLEDNERL L2 2 & T, MERmO DT

IR b E I U2 2 E B HIZZET B D, Fig. 3-4-9 35X OV 10 12, HIEIREE 300°C 35 &
VM400°C IZ81F % air B8 XTS5 ppm CoH, RS Nk T 2t E . 26 O|PUE LR L
TINERREZ £ LT, n mRIZBWNT, J&E S OHEKIZH-> T, LnFeO3 EBED RS air F% [
K[OBPENKRE S eolz, ZL T, Ln=Pr 2R TR TOHEFITEN T, I & IGERE X
HeBIBR 2 R LT,

F7-. Fig. 3-4-11 [T DB IR L 0 B L7z 90%InE R 2 77 7 b LTz, JIERE D
R 72 DT EINEHE DS HMEA DA A DD Z E A ]IFF LI2D, 20 L9 BRfERITE LR D
ST, L2LARDG, Ln LR DR FEHE S ORI, IEEHENAEREICEDLTH 5
A %R LTz,
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Fig. 3-4-2. Nyquist’s plots and response curves of LaFeO; thick-film device to 5 ppm C,H,
in Po,=0.21 atm at 300 and 400°C.
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Fig. 3-4-3. Nyquist’s plots and response curves of PrFeO; thick-film device to 5 ppm C,H, in
Po,=10.21 atm at 300 and 400°C.
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Fig. 3-4-4. Nyquist’s plots and response curves of NdFeOj; thick-film device to 5 ppm C,H,
in Po, = 0.21atm at 300 and 400°C.
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Fig. 3-4-5. Nyquist’s plots and response curves of SmFeQ; thick-film device to 5 ppm C,H,
in Po,=0.21 atm at 300 and 400°C.
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Fig. 3-4-6. Nyquist’s plots and response curves of EuFeO; thick-film device to 5 ppm C,H,
in Po,=0.21 atm at 300 and 400°C.
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Fig. 3-4-7. Nyquist’s plots and response curves of GdFeOj; thick-film device to 5 ppm C,H,
in Po,=0.21 atm at 300 and 400°C.
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Fig. 3-4-8. Nyquist’s plots and response curves of DyFeO; thick-film device to 5 ppm C,H,
in Po,=0.21 atm at 300 and 400°C.
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Fig. 3-4-9. Response transients and resistances in air and 5 ppm C,H, of the LnFeO; (Ln =
La, Pr, Nd, Sm, Eu, Gd, Dy) thick-film devices at 300°C.
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I Response at 400°C
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Fig. 3-4-10. Response transients and resistances in air and 5 ppm C,H, of the LnFeO; (Ln =
La, Pr, Nd, Sm, Eu, Gd, Dy) thick-film devices at 400°C.
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Fig. 3-4-11. Response speed to 5 ppm C,H, of the LnFeO; (Ln = La, Pr, Nd, Sm, Eu, Gd,
Dy) thick-film devices at 300 and 400°C.
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Fig. 3-4-12. XPS spectra of LnFeO; (Ln = La, Pr, Nd, Sm) powders sintered at 750°C; (a) Fe 2p
and (b) O 1s.
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Fig. 3-4-13. Nyquist’s plots of the SmFeOj3 device in air, 5 ppm and 10 ppm C,H, at 400°C.
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Fig. 3-4-15. Bode plots of phase angle for the Sm,,CaFeO; (x = 0, 0.05, 0.20, 1.0)
thick-film devices to C,H, at 400°C in Po, = 0.21atm.
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Fig. 3-4-16. Temperature dependencies of phase angle for the Sm;,Ca,FeO; (x = 0, 0.20)
thick-film devices to air and 80 ppm C,H, at 20 kHz and 4 MHz at the temperature range
from 100 to 600°C.
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Fig. 3-4-17. Frequency action at 0 Hz (DC), 20 kHz and 1 MHz for response curves of the
SmFeO; device to 0.5-10ppm C,H, at 400°C in Pg, = 0.21atm.
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Fig. 3-4-18. Frequency action for the obtained sensor response at 0 Hz (DC), 20 kHz and 1 MHz
for response curves of the SmFeO; device to 0.5-10ppm C,H, at 400°C in Pg, = 0.21atm.
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Fig. 3-4-19. Response curves of (A) the SmFeO; and (B) the SmggyCag0Fe0s devices to
various C,H, concentrations at 400°C in P, = 0.21atm.
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Fig. 3-4-20. Responses of the SmFeO; and SmggyCag0FeOs devices to various C,H,
concentrations at 400°C and at 20 kHz and 4 MHz: (A) Sg and (B) Sc.
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Fig. 3-4-21. Impedance in air and the amount of impedance change between air and 10 ppm
C,H, of Sm,_,Ca,FeOs (x = 0, 0.05, 0.20, 0.50) thick-films at 400°C and at 20 kHz.
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Fig. 3-4-22. XPS spectra of Smy,Ca,FeO; (x=0, 0.05, 0.20, 0.50, 1.0) powders; (A) Fe 2p

and (B) O 1s.
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Fig. 3-4-23. Selectivities of Sm,_,CaFeO3 (x = 0, 0.05, 0.20) devices to various sample gases

at 400°C at 20 kHz.
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WD LR e &2 55, HIERK T #I2 500°C (251 # 400°C (2 B9 (heat cycle) & . S5 45kQ
FHTICEE Le720, RIS L DBENERTH D, LnLans, IWEREZREICT LTS
2 kL7 Fig. 3-4-25 22D, ISEEE ORI onhote, ZOZENGL, B— A2
JVALERIZ KV ICNERIC IR LT AT A MBS E 5 2 & T, N—=R T A IR OfE I [E11E
SHLZEMARETHDLEEBEZLND,
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Fig. 3-4-24. Cyclic test of the SmFeO; device to 0.5-10 ppm C,H, at 400°C and at 20 kHz.
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Fig. 3-4-25. Concentration dependency of cyclic test for the SmFeO; device to 0.5 - 10 ppm.
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3. 5 x&®

F9. e T 2h A MEEREY LnFeOs (Ln = La, Pr, Nd, Sm, Eu, Gd, Dy) ¥ % &5y 1 BiBRIAE
(2 &0 BERGIREE 750°C TER L, A7 U—HIRlZ 4 2 & CEBAIE 72 ER L 7=, {ERIL7-
LnFeO; JEfERIZE 1D H1 T %  PrieOs 38 X T SmFeOs 13 CoH, (2% L THICE WIS BURE 27~ L,
R—2 T A L INEET D MEIRE 300~400°C TiT ppb L~/ ORI FE fEE T O F%n o /] RENE 201
WL, SNHEOMKROF YT 7 XY= g aE 2 TERLURE, BET HICITRE 2%
IRy 1208, XPSAZ X DR HE M Tid, Fe2p DB — ZRENE L < W2 & 239035 72, CoH,
DET LD _HEEDO n BB, VA AL L THIET D Fe A M/EHILTRAET HZ & T, £
D% D CoHy DFALSIEAEIT L, Bk 2 B L0t E2 b5,

FRETIENe T A A MR O RALKIE T ZZKET D' B ORI OV TR
723, ZOERWVRLRICME > TEEREE ZEm < LRITE R b2 W2 EREE LTHET D,
Z T, SM¥H A MC Ca¥ RS ERT S LICKVImEREE AR SETHMES AL ST
HEMAR ESE, ZOMBECT e —F Lz, CaERAR LI LT, MEOAT 5%
BRI Ly, WAEENEIEMHE LT 2IRE S CHERESY ER S5 L, REREROK
LA AR DO B L O MDA v B U A REEN DN ZFEA A S, &
BEORFEITo72& 25, Sm™: Ca® = 0.95: 0.05 DR TIERL L2823, Mabbkl & L CTRE
PED OIS EIRE DBLS X 0 e b BAFICHERE L7228, Ca" 2 BHT 5 2 & TARFEEDHINSMtIC
BWTA U E—F  AOREMENRKDND LWV I FERIZE ST,
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FBA4E SRMEOREHIFICL 5T TRE~DHERER

4. 1 HE

SRR 2 BB bR IR T 5 2 & CEs b & X o 7o gE R X, AT
SHERESN TS W =l 21F, R 204 M ABO; (A8 A L2 EMEIC X 0 #5)
B LA T U V= Ml AB,,M,03 (M = metal, Pd, Au, Ag, Rh)2 B BhELHEA A filitt & LT
FRIZE->TWD, L L Z ok, EEHEE 800°C, EuLHFMR L W\ 2k L W& Tkl
AURER LA RS RE 2 R84 L 22 e D, HREN DR VIRESNTLE I R EORENH D, K
WEFED K 5 7o 8RBT 2 o D& YRR L TR DB b R DR EIC B R A HEF S D
Z & T, ARG T D IS TEHAL S TGRS 6. OIS 568 CHE
B, HESIREOREZE LRI, BMESREEDS Z LITHRRY, RERL, UM
BEOTEMACIZ K> TH A FBMENE E TR 2 Z N TEFICEmEB ThOcEZEZ LTL
0, HELEEMCTRZ L ENTERLRBEOTHS B, &o12id, SR 7=
1 EDBFIREBZBAE LTEHAEHICOWTHRE LT TR bR, LeRnsT, &R
it U THWDBRIZIIEZE SN D R b HNTER T NERbdH D,

ARETIE, @EME Ag 7/ KiF &2, IR EIZO) - BRSEL 2L Ty 7Rz
B EEw k) LRAT, FERC, Ag &2 SmFeOs 2% L TIRED Ag & BB S 53R A HIT -
Too BT =~ TIL CoH ITKT 5B U I ELDOBRFEZAT > TV D3, AglE CoHy SERIBLIZKTT 5
fBLTEESEN TN D Z EBRMbATWS Pl KifgEClx, AN T L LTRIEHED LY EATR
CoH, TITEAL I bIIZ 72 2 & HifF LTz,
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4. 2 EBRFE
Ag doped SmFeOs } K

Ag Z HHFFLERL U 7= SmFeOz My K134 B IR 2 R R & Lo @ FRIBEMIEIC L 0 3FEED
Yo I EER LT ; DAG-SMFeO;. @SmyAgFeOs. @SmFe, AgOs. LT, b8 7L
ZABR, AZRBLUBRELTE, ZOXI RV T NEERIT S Z LT, GRAGEOHEREN
TV TR G 2 DR OV T bikam L 72,

Fig. 4-2-1 121, Ag ZHHEFHLER L7z SmFeOs My RO G 7 v —% R Lz, £7, @R oor
a-b mol) & EG % HFFERE LT, ENLAI AcAc 24 JEA 74> @ 4a mol 3 L TN PVP K-90 % #ask
FEED 3.75Wt%Z T % Z & T SmFe RAETBEARAEK 28 L2 (1K), Zh &3z, b (= 0.1,
0.05, 0.01) mol D REFEEER & =55 1-# PVP K-15 % EG ([Z58 2T S B 72(21KR), = LT 1{RICx L
T2iED-> Y LN L, 120°C Z&FHE[E %, 300°C CkE L7z, 56 7oBERIZRRRHR
(BT 7500C 2h BERK Z 1TV, Ag ZfHEF L 7= SmFeOs; ¥y K& Gk L 7=,

Pd doped SmFeQ; ¥ &

Pd-SmFeO; ¥y K i, Fig. 4-2-2 DA T 0 —IZx L= K 912, JH#E L7z Pd S8R, ToHO&
% L7- SmFeOs iy KA A L CTHo &85 2 & TER L,

SMFeO; By RIZH 3 3 L [AkEIC, 4@ asEetE(Sm:Fe = a mol : a mol) & HiZ& 5 & L 7= @4 F Hiisik
KA e L CRERGREE 750°C THL L7z, £72. Pd $EAREHRIL, 5a/100 mol PdCl, & KiEFl KCI
% 50 mUABRUK T CHE LIRS E 5 2 & T, BEd & L7z PACL, OBRRIRZER L, 20
FRIZA R L7z SmFeO; YR 2 BRI L, 1R L <##¥R L7, Tk, B L7e0 bAR
[E 24TV, 2000C TEMLHEZAT 5 2 & TR FEZ RV 2, S BIT, #7888 KCI Z/KPeifi2 LV He
DERE, WS 5 2 L TR R IfIC Pd K- Z fHFfF X872 Pd doped SmFeO; ¥y K & &1k L 72,

ERTHELNRIEMERIZ. XRD, BET, SEM, EDX BX O TEM 2k X ¥ 77 X J ¥ —
varE(Tol, £, BT A7, PVPK-90 & -7 L E ) —/LOERN 191X 5E
TR R EBINT HZ L TRX—=A MRz, 2L T, < LAESEMRMFET7 L)
FERAO MM x5mmx 1mm) FIZES 20 um FEEEIZA 7 Y —2 7Y o R &ATV, 850°C THEE {41
HZ L CEBRMETZER L, £ LT, AuU— R(p = 0.3 mm)Z#5%, ISERHEZ T2
TeDICISEIFA Lzt o 11X, 3 EmERBROLRME T CRIEETTo 72, bbb, HIE
R ICHIER, 05V OXRREILZFINM L, Ny/Oy=79/21 vol% Tk L7-_—2AH A & | BT
0.21 atm —7& F CHIEREIC N, AR L7 lE ST 2 280 2 5 Z & TE(LT 5 EXNRHEE LCR
A—=Z TR ioTz, Flo, MERBEEIL, SRFICB I LBV RFOTAFA T my M
HWE LT,
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Sm(NO,), -6H,0 - a mol | 50 ml Ethylene Glycol |
Fe(NO,);-9H,0 —a or a-b mol | 1.0gPVPK-15 |

| bmol AgIND,), |
WV <

B | Acetyl acetone |
[ 375wt% PvPk-90 | | Stirring for 1h |

<

( Polymer precursor ) Ag* solution
2

Stirring for 1h
\!
Drying on the hot plate

b

Pre-calcination on the hot plate

\
Addition of (NH,),CO, and grinding for 30 min.
Y

| Ethylene Glycol |\

Calcination at 750°C for 2h

Fig. 4-2-1. Synthesis flowchart of Ag doped SmFeO3; powder by a polymer precursor method.

SmM(NO;);+6H,0 —a mol
Fe(NOs)5+9H,0 —a mol

| Acetyl acetone |

Ethylene Glycol 1,1 ["3.75wt.% PVP K-90 ]
( Polymer precursor ) 50 ml water
— B | excess KCI |
Stirring for 1h <
T ! <| 5a/100 mol PdCl, |
Drying on the hot plate Stirring for 1h
\ v
Pre-calcination on the hot plate PdCI,2 solution
¥ >

>

Calcination at 750°C for 2h Stirring for 1h

| Heat-treatment at 200°C |
2

Fig. 4-2-2. Synthesis flowchart of Pd doped SmFeO; powder by a polymer precursor method.
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4. 3 SRMEAPHELE SmFeOMEDXF ¥ T/ 2V P— g v

Ty AT EIC X 0 ARk L7- Ag-doped SmFeOs ¥y k> X #ilElH#% % Fig. 4-3-1 (28 LT,
Fig Of FEICIZR E U CRBRIZ L CTARK L7z SmFeOs 3K D X fREIHT <% — > & #i1 7= (Fig.
4-3-1 (f)® Pure-SmFeO3), F T &EAIZFHET 5 &, Ag ZHEF L 72 SmFeOs % Pure-SmFeO; & bt
L C Smy03 45 L OF Fe,O S AN & L CE < ERk LTz A Eimbt 2 91 Ag 2 HFF L7-
Fig. 4-3-1 (a)-(c) Ci. [RNCAHAIC MM 28I LT, {b¥ &tk 2 ®lfE L7=%4A . Fig. 4-3-1 (d) T
1% Fe,053 & ARl & L CELI L. Fig. 4-3-1 (&) TIEIARMMH Y — 7 BN b Doz, Li=2i- T,
L BRI L C Ag FREHRIEZ i L 72 1A OB A, Ag,0 720 L AgO 2 ARH4 & L CE IS
Brit L, & HICEEI7Z Fe SAMY) Fe03 & L TAR LI EHENT 2 Z LN TE D, £, MmKm
B9 AGTAS Fe* o b BRI T DIV, & HIZ Sm¥ L L THEET % Sm & OES I S

EHEFFT D701, Rl Fe N Fe,03 & LTARLIZEEZDZ L TE D, 1272, XX
VI FHMOFETH Y HEF L7 Ag 2B b & U TR FRmICHH L TWZERIZE, MET
& % 7= OB T & 2 AR IR TR,

777777 SmFeO, (39-1490) | _
_____ Fe,0, (33-0664)
_____ Sm,0, (42-1461)

10mol%Ag doped

in A and/or B sites

5mol%Ag doped

-%" in A and/or B sites
8

'E 1mol%Ag doped

I in A and/or B sites
(2]
£

2 1mol%Ag doped

in A site

1mol%Ag doped

in B site

Pure-SmFe0,

20 30 40 50 60 70
2 6/ deg.

Fig. 4-3-1. XRD patterns of Ag-doped SmFeO powders sintered at 750°C in air.
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Fig. 4-3-2 (a)-(d) 1Z1%. Fig. 4-3-1 (c)-(f) DY 7L, TbbibZEERLLZHIE L7- IAB IO
1B. 1 L T72\ >y 1AB 3 X Of Pure-SmFeOz ® XPS I E Dk %7~ L 7= (LT, 1mol%Ag doped in
A and/or B site, 1mol%Ag doped in A site 33 JX U8 1mol%Ag doped in B site #1241, 1AB, 1A B
X 1B LWERLT D), KL EOMEE T RN —B.E OFMiIX, Handbook of X-ray Photoelectron
Spectroscopy (Published by Perkin-Elmer Corporation)®, 35 X OM&ff SCikic & W 4T > 7=, Fig. 4-3-2 (a)
(2R L7z Sm 3d i, 3dsp A7 hLAS Sm™ EHEHI S D 1082.6 eV HTHM & Lizy v — 772 AL
7 MVEBRI LTz, F7-. Fe 2p Tid Pure-SmFeO3z ® 2pzp A-X7 b LD ¥ — 7 fE)N 709.9 eV, Ag
ZHEF L7- SmFeO; TIiX 7108 eV Th V. HE TR L L TR=RLF—AIZT 7 F L, »
ShPnicTu—RiZhotz, 2O LMD, Ag ZHHE L7- 2 & T Fe™ (709.6-709.9 eV)! s L 8
Fe®* (710.5-711.0 V) "CHERR S D Fe 2pg, A% LIz, Fe* (712-714 eV)V 8 b ik S h
Ll EZ NS, F7- Fig. 4-3-2 (d)IZR L7- Ag 3d A~27 kLTI, 1AB 35 L TN 1B T 367.5-367.6
eV Th V. Ag'(367.5-368.0 eV) I L HEHIF 2 = LN TE . Ag BEMEY DM E I At L CE
ENTWDEEZLND, £, BEFE 0 1s A7 FAZRLEENHIE. B FEEHE Outie
(528.8-529.3 eV)IZ%f L T WeAEMRTFE Ougs (530-535 eV)D AT RV WEHBH) T > 72, WERRFEIC
X B FEA A (O, 05, 07, 0%), b F 3k /L 3 OH (530.9-532.0 eV) 35 L UM EE CO4” (531.0-531.4
eV)72 ESBOWAETHENFET 571200 T u— RAE—212/2 079, 1AB B L UN1B Tk
Ohattice /=X LT Oggs DTN KE L, 70— RRAXT fLERoTEY | =V EKEORKHT
FAF =N E312eV Tho7mZ EMD COZRNL OH S L TWAH EHERIT 5 Z L3 T& 5,
ZhuE, BRELOMKERIL Ag D Fe YA b ADEHZNFIT L0 ERAIHPPEO SRR KV IR K
PRS- 728, COZR° OH DA NS T-fREEZ BB,

F 7=, Fig. 4-3-3 (a)-(c) (ZIFHF DN AR D SEM BB L O'BET AR L=, AR LTZA
TOMBL AR TR OEEN L 540, 50 205 90nm O — Uk 12> 5 KX 7g IR - S
TWARETF 43735, BET fEIZ 1AB B8 L V1B TiE 12 705 13 m?lg &0 L7=— T, 1A 13 3m?lg
TH Y Ml ARV MBI e o 72,
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Normalized intensity

(a) Sm 3d (b) Fe 2p
2Dy, ,
3dg, 71086V
2p,p oev
7 1mol%Ag doped i
in B site A
1mol%Ag doped i
inAsite ]
1mol%Ag doped :
in A and/or B sites i
Pure-SmFeO, 709.9eV
1120 1110 1100 1090 1080 1070 730 725 720 75 710
Binding Energy / eV Binding Energy / eV
(c)O1s (d) Ag 3d
Ouis Ou 3ds, 13676 eV
531.2 eV 529.0 eV 3d
312 i .
1mol%Ag doped =< ;
= 529.3 eV in B site -
= .
c
2 J
£ 1mol%Ag doped
T in Asite E
N 529.2 eV
(1]
£ 1mol%Ag doped
S mol%Ag dope J
= in A andfor B sites\
28.8 eV
] 368.1eV 367.5eV
Pure-SmFeO,
540 535 530 525 380 375 370 365 360
Binding Energy / eV Binding Energy / eV

Fig. 4-3-2. XPS spectra of 1 mol% Ag-doped SmFeO; powders sintered at 750°C; (a) Sm 3d, (b) Fe

2p, (c) O 1s and (d) Ag 3d.
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Ve e ,’r -"\

X

(a) 1mol% Ag doped in A and/or B site BET surface area: 12 m?/g

@

A
.

a

€A

X 50,000 500N

BET surface area: 3 m?/g
B ‘o

\

LS

-

X 50,000 === 200nm

(c) 1mol% Ag doped in B site BET surface area: 13 m?/g

X 30,000 == 500nM  X50,000 === 200nm

Fig. 4-3-3. XPS spectra of 1 mol% Ag-doped SmFeO; thick-film powders sintered at 750°C; (a)Sm 3d,
(b) Fe 2p, (c) O 1s and (d) Ag 3d.
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WIZ. Pd-doped SmFeO; ¥y KD X v 7 7 Z U B— 3 IOV TLLFICh~R 5, £, Fig.
4-3-4 \ZR LTz X #EHT L 0 | Pd-SmFeO; ¥R Tld, Pure-SmFeO; ¥R XRD /3% — 1 L kb
095 &, KCl LIRS D R a8 L=, Ziud, PAClL, 2 9AMR S HBICEME & L
THWEERE KCI BT Lzt o Th b, Fiz, Fig. 43518 L7= SEM 025 1%, gl L
THCE 7o HERLER A L CUN 720 Pure-SmFeO; #3R & KL 1B RE 72 & K2R o T, S HIZ, Pd
K+ DERACHER BT D08t A2 B2 57-%, Fig. 4-3-6 BL W7 IR L7 EDX BI O
TEM (2 X 0 3Fffi L7z, EDX IZ LAUE, Sm X Fe 72 E O 4 | & bhlik LT Pd X204
BFELTND ZENGNY, SHIZZORTH A XXBEZE 330 nm THHZ Libino
77

______ SmFeO; (39-1490)

----- Sm,0, (42-1461)
B KCl(41-1476)

5mol% Ag doped
= SmFeO,
& ]
% I [ | [ |
N
= 1
S .
5 |
= .

1 Pure-SmFeO,
20 30 40 50 60 70

2 6/ deg.

Fig. 4-3-4. XRD patterns of Pure- and 5 mol% Pd-doped SmFeO; powders sintered at 750°C.
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Pd-doped SmFeO, Pure SmFeO,

)
¥
)

3

%X 50,000 === 300nm

X100,000 === 100nm X 100,000 === 100nm

Fig. 4-3-5. SEM images of 5 mol% Pd-doped and pure SmFeO; powders sintered at 750°C in air.

Fig. 4-3-6. Mapping images of 5 mol% doped SmFeO; powder.
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x350,000 x260,000
20 NnmM o mmm— 3() M

x350,000 x350,000
20 NMm

20 nm

g

Pd

Fig. 4-3-7. TEM images of 5 mol% doped SmFeO; powder.
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4. 4 ARMEAHEE L SmFeO, EEREZEF DY v J i

Ag DFFFILERIELC X 0 JEREFLSE 1 O S8 AR e~ DB OV T L7 A Y E—F A Z D
Bode 7'& v kN DFER A Fig. 4-4-1 (R L7z, 7236, HIEIL air FRHHKTIT o 7o, JBEIZ K-> TR
IRDJEWBEEEZ R L CTND 2 ENSND . BRSO 1A IC K DEFAE A R b EO A v
E— X AR LT, ek, IREREKICH T D ZEiX 1A > 1AB > 1B DJEFT/hEL 2o 7z,
Z LC, JEAEE OB L TR R 03B 7SV 7 R ~DISER Sy DB Bz L A b b
Z DWW EBA LA TIEZ OHEN L0 /NS WREREICB W CHN T, 2T R « (= 1)
MRENVWZLEARLTEY RAREDORT 2 v VFEBERRE WD & 2R LT 5, Fig. 4-3-1
T, IATIZTIABR 1B L L TR Z L <BIAIL TH D, Litd Bode 7y & —ET 5
fER L7 olz, F7o, Fig. 4-4-2 121%, 1R L 72K ENRASE 7 air 725 10 ppm C,H, DEI Y % 21
T2 EEEFEE R L TR Y, 1AB BL W 1B TIHMERHKROU 0 BRI X H BB KE
o, MEFHKEZY VR LICE>TZ ORDA XV IREERTEIS NS X ickoT-
ZEND, 2. SHEICBVWTHRALEEA =X ED T+ U TRENED L, b REicE
JART T VRERENEIN LT & B b,

1.0E+06

1.0E+05

1.0E+04

Z [ohm]

1.0E+03

1.0E+02 ' ' ' ' '
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06

Freq./Hz

Fig. 4-4-1. Bode plots of 1 mol% Ag doped SmFeOj; thick-film devices in Po, = 0.21atm at 300°C at
the frequence range from4Hz to 1MHz.
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1.0E+06

(a)
OCSIENIED © © 000 ©
1.0E+05 } O O OG0 OCTEE T
E
N -
O, 1.0E+04 F
N
1.0E+03 Opened symbol: air
Closed symbol: 10 ppm C,H,
1.0E+02 L L L L L
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06
Freq./ Hz
(b) 1.0E+06 ;
1.0E+05
‘E
<
2, 1.0E+04
N
105403 Opened symbol: air
Closed symbol: 10 ppm C,H,
1.0E+02 - - - - -
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06
Freq./Hz
(c) 1.0E+06
(0E+05 | MEEEEEEN N N NEN N
= (I O O OO0 CO I I
=
2, 1.0E+04 }
N
1 0E+03 Opened symbol: air
Closed symbol: 10 ppm C,H,
1.0E+02 L L L L L
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06
Freq./Hz

Fig. 4-4-2. Bode plots of 1 mol% Ag doped SmFeO; thick-film devices to 10 ppm C,H, in Pg, =
0.21atm at 300°C at the frequence range from4Hz to 1MHz; (a) 1AB, (b) 1A and (c) 1B.
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Fig. 4-4-3 75 521, HEIREE 300°C (2351 % Nyquist’s 7 2w b I X OVHIEIREE 300°C 35 &
N400°C (21T B & 2o~ Lz, £9°. Fig. 4-4-3 (@) (25~ L7= Nyquist’s 7 12 > kT, air 75
PHST 4.0HZ 2R 57 1y R AN B2 T3 L TAHADN~ A T AR DK B 2 &
10 ppm CoH, 12 air FHR N DUV B2 D L A v E—F U R Z 1T RE BN LTz, = OB EITFr
WARJEN S BEE I B W T CTh o 72, RRRORER LY . |k 2 EF <R D~ BIEHE B
% 40Hz & LT, Fig. 4-4-3 ()3 K OMC)IZHIEIREE 300°C 35 L TF 400°C (Z3431F % CoH, i ket
WZDOWTR LT, 2D & X CH IR 0.5 ppm 38 LTV 10 ppm & L7z, HIEIREE 300°C Tl air 55
FHXICHK T D= T A o OREVEITENTE Y, 10ppm CH ITEIV X D & A v E—H U AX
RELEM U, 5612, 0.5 ppm CoH Tk HInEME S+ ICiEsd+ o Z L Rz, 7272,
3. 4#i? Fig. 3-4-5 (27 L2 HIEIREE 300°C (2851 5 SmFeO; DFER L ik T 5 &, A v E—F
VAESHFIEEREWVETH 572, 1AB DA, Ag TR FORMmIZ A0 b L < 1L AgO 23 Al
MELTELMMHLIEZ ERBLLI, IR TFREORT Y V&5 & EiF B2 b

o TIEIREE 400°C T [AEEIC Ag HHEFLHEL L CTUNRV ) SmFeO; & ELER L T, REZRA B —&
A% LT, Fig. 4-4-4 () \Z/R L7970V 1A Z & B JEBERIZE -0 Nyquist’s 7' 2 v b Tid, A
VE—HUANRNRY REL, Ty MIZEL TWenoTo, £72, 10 ppm CoHy iIZxF3 51
v AR L/ NS o Tz, Fig. 4-4-4 (b) B I ONC) 1R LTSE R 5, air FHERICE
FHA L E—F U ATIEELTE 5T, 10 ppm CoH, 75 air I8 0 Bz =% 1T coA v v —F v
ZEETHEAE Lied o7z, Ziud. B TIcZ <At L7z Sm0; X° Fe05. MEm DO
REDHFENFRKE L TEZL, By FEEICEEBELZRIZFL WL EE XD, Fig.
4-4-521%, YTV ABIC K D EBERFE A DINERHEICOW TR L TE Y 1AB & B a2 Rtk
ERLTE, BB M0E, A E—F U2 ElN 1A L TERWEWS 22T, ZRICHLED D
FUZ 10 ppm CoHp IZKF T 5 A B — X U 2B LRI 1A L RS ThH -7,
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Fig. 4-4-3. Nyquist’s plots and response curves of 1 mol% Ag doped SmFeO; (1AB)
thick-film deivce to 10 ppm C,H, in Po, = 0.21atm at 300 and 400°C.
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Fig. 4-4-4. Nyquist’s plots and response curves of 1 mol% Ag doped SmFeO; (1A) thick-film
deivce to 10 ppm C,H, in Pg, = 0.21atm at 300 and 400°C.
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Fig. 4-4-5. Nyquist’s plots and response curves of 1 mol% Ag doped SmFeO; (1B) thick-film
deivce to 10 ppm C,H, in Pg, = 0.21atm at 300 and 400°C.
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SmFeOz & i LT, 1B (TSR M B U7z, HIENREE 4 300°C 726 400°C (2 EH-SHETH,
Z O[T D B 727 o T Fig. 4-4-9 1Z1% HIEREE 300°C 35 & 1V 400°C (236817 % 452100 10 ppm
CoHo 12542 90%IZREfE] 27 L7z, JIEWREE 4 300°C 225 400°C |2 EA- S5 2 & T, i
DEAEHALIZE > TE BT OIEEREN M L LT, £, MBHLEEZ LD SmFeO; DRI
BN LIZOWT, Ag-doped SmFeO; TidZ < DRUSHA FAFEL TE Y, JEBIE#H A
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Fig. 4-4-6. Response curves of 5 mol% Pd doped SmFeOj; thick-film deivce to 10 ppm C,H,

in Po,=0.21atm at 300 and 400°C.
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Fig. 4-4-7. Response transients and resistances in air and 10 ppm C,H, of the Ag or Pd doped

SmFeO; thick-film devices at 300°C.
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Response at 400°C
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Fig. 4-4-8. Response transients and resistances in air and 10 ppm C,H, of the Ag or Pd doped
SmFeOj; thick-film devices at 400°C.
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Fig. 4-4-9. Response speed to 10 ppm C,H, of the Ag or Pd doped SmFeO; thick-film
devices at 300 and 400°C.
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4. 5 Ft¥

ARETIX, SEMMEA LI L2 SmFeOs YR A ER L, CHy Ikt d o2 v v ZRetEic S
WTRRE LT, A Lo R Al I En /o bt e LCTmbinTnsd AgB LOPd Th 5, il
HOMIRTFR L7 SmFe R &5 T RIBMAREIRIC T O U7e Ag VIR & RN L &5 E R L O
BERR 5 2 & TIERI LT, HHx v 727 2 VB — a 2 To kR, bS8kt SmiFe % il
THZET, BMEEREICAG E L THEFSND Z EE R L, 7258 1E, PACL AR T 0
B LTz SmFeOs iR Z AL THML <##R L., #BB X ORISR+ 22 & TIERIL 7z, Z oW
YA TEM IC X D BIZE L7fER. Pd 7/ Bi28 SmFeOz 3K EIZ/ELL TWAD Z L3 no
77

A7 V=TV MEZE o TR—R MRIC LY 7% < LVAVER EICHERET 5 2 & TE
ISR VR L 72, BRSE 0 E 0.21 atm —E S F TR & ORED CoHy 123 LTl v v 7Rtk
Al L= & 2 A, HEHLERIEIC X o CEORMEIC R E RN T, Ag L LCHFFLIZ) T
VO (1B)  BEHHEFD SmFeO3 JERARIFR - L bk L Ce v v v ZRetEmd k& < bk L7e, F7z,
B 7L 1A R Pd HEFALFE L 7= SmFeO; Tl v oo ZEMEN KR E S IR LT-, & E bt i
WFRS 5 2 & TUEE S D RMEICIR, BORHERPBAE FFIE7R EN T b, Pd ZHEF S H 2B
BB RO REMEDR @ < 720 . BAHT AENE (BT £ CIBEICRIE Le 2 &2k
EMFEIROFRK EEZ bivd, £To, RERIGEZ R L2 7V 1B O%4 . Bt & LT
B9 % AQUORIFRE~OHTHENRE TH 72— FH T AFBEHMHL TV b, B
PEH AT % CoHyp DIENES £ THLRL L CHEMS T TRRMICE RIS AR Lo 8 BE LT,
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B5FE SmFeO, HE DT BRI

5. 1 #=E

WAEICBIT HET I v 7 AL, Y IVT VERSCHIBMAEIR O VSRRSO, pH 72 &2
BB R REBIC R & < BT 5 WO RBFECIZ 2 E T, SmFeOs 2 ulh & Lzt v
MEHZ DWW Tagim LTS, T Y o 7T @itk & st EG 2 3l & L Tma 7l PVP
EINT 280 FRRARIEIC L > TER LT, 20L& &, &0 FRiBMRAERICR L TaEA 4
Bl & LT ACAC ZIRANL TV 5, HIBRAIZISIT 5 AcAc 1T, @A A 27 AcAc 12 L CHRUL
T5ZLT, BEAAUVRILESMSELIRNMAE LTOMREEHBE LTS, LL, Zh

TICHIBRAIRI KT % AcAC ZIRMBIRICHOWTH AT 5731 ADBLE L ED, HEmSh
TRV, £ 2T, RETIEES FRIBEMREEIZERNT 2B A ORMEL RS E 5 2 & T,
SMFeO; B DG AR PR L FIRBEZ TN L. BALA OB R et Lz, £, BAAAITR
DN % 25 & B TR L 72 SmFeOs TIIES CoHy MENRFIE IS KIF B SOV TR LT,
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5. 2 ZEBRGE

N7 AH A MR YY) SmFeO; WL, RBMERE, Wi F 1L 7Y 3 —/W(EG) & HFEIR
BtE LTINS T EF AT F(ACA)B L OVR Y B=r e a U R(PVP)Z NN X 757 /il
BRIRTEIC K 0 (ERL L 72 Bl &)@ A v o4l & LC L7z AcAc OIRINEIL, ReB1 4
H(ZxF LT 0~8 fi#(AcAc / Total metal ions = 0-8, LA AcAcO, 2,4, 8 L) & L7z, Fiid L7 mifki
IRVHRIE . AlLOs FEA 12 4000 rpm CTA B> 22— k% 3 [alffi L, 120°C Fzf#f% ., 450-750°C 2h BERK,
L7z, RIBEAR L OSSN EIEOX v 7 7 % U ¥ — 3 i, TG-DTA, FT-IR, UV-vis, XRD,
SEM £ LN XPS |2 L V1T 7= (Fig. 5-2-1), SEM #2217 5 B, Rl OE@MERD =D, Au AR
v BV TITo T,

B YHEIET, iE 100 mi/min, B8535y —E(0.21 atm), FINEE 0.5V OS5MF F CREA
B— & ZYEIC X VATV, RGP 50 Hz - 5 MHz, #BR 4 A 133545 £ — & (Po, = 0.21 atm)
& UCHIER S N IR L7,

Sm(NO,),-6H,0 -a mol- || Fe(NO,),"9H,0 -a mol-

EG I
<:| AcAc -0a, 2a, 4a, 8a mol-

v PVP 3.75wt.%

Polymer precursor FT-IR

v

Drying at 120°C Spin-coating at 4000 rpm
‘l’ for 60 sec on Au electrode
Sm-F I d o
TSmfe xe"fe powder > Drying at 120°C for12h | &
¢ D
[ TGDTA | Sintering at 750°C
for 2h (200°C/min)
[ XRD, XPS, SEM |

Fig. 5-2-1. Flowchart of the SmFeQOs; thin-film by a polymer precursor with changing the
amount of AcAc

93



5. 3 SmFe RATBREIZHINT 2 BALEI DOERMNZHFE

S JEAEEAE A IR & U CIiEE L 72 SmFe RRTERAD TG-DTA Il E D& R 4 Fig. 5-3-1 12" L
7o ZOLE, @O TRRERAAIORNINRZBET 2720, OB EG & @RI D DY
> 7 /L (Metal nitrates + EG), @BAZA] AcAc & AN L 7= ¥ > 7 /L (Metal nitrates + EG + AcAc), @F
43 PVP Z SN L 7= > 7 /L (Metal nitrates + EG + AcAc + PVP)D 3 S &R L 7=, > 7 L@
T, 190°C {1 CHHBEHE D3R & Z 2 HivD 40%IE E ORI E & B LUK & 72388 e —
7 EBNIL, ZHALETIE, Wbzt e WEERD 28 L 715°C L CIR Lz, —
FH. BrIN@QBLIUO@TIE, ERLOE—7 B{EKR L, KREARFEL) 320°C (+AcAC) B LW
420°C (+ACAC+PVP) (2B To, FRCHE L2 DIZHH L TR Y, @miRliX, PVP O iRE & 6
AT —27 T AKBANZAIN L7 ACAC R PVP IC L 28D T3y NU—J ONfRE L L2150
LEZOND, £z, VU7 @B LUGTIL, 200~250°C fFilric, @280 Lz, =
L, 7 AOTIHBHI S TE LT, AcAc ZIRIN L7 2 & T S V7o Bt O B iR 03 15
Wy 7 FLibntEz RS 1)

; ; 900
Metal nitrates + EG
----------- Metal nitrates + EG
+ AcAc 800 E
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+ AcAc + PVP 300 =
DTA |
0
0
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Fig. 5-3-1. TG-DTA curves of the Sm-Fe xerogel powder with or without AcAc and PVP
until 1000°C.
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X B2, AcAc DU R ZFE L <HRitT D728, PVP Z RN L TV 720 SmFe SR RTBRIATAIR &
FT-IR (X V3l L7=fE 5% Fig. 5-3-2 (0" L7z V77 LU ADANY hLE LT, EGBLD
AcAc bRl =277 7 IR LTc, EGIC@ BRI 2N A T3 7V %37 AcAcO0 TlE, EG 7 H
HSLOZBIZR b Aeotz, 2ok &, 1033 8L 101083 em™ (2B 7= B — 2 4%, R-OH {hiis

EEZRLTEY EGHETHS Z &30 n M 21T, AcAc 288 A AT/ LT 2 53R
ANL7= AcAc2 TIEE—2 4122 T, 1608, 1411, 1357 351181238 cm™ |2 AcAc 12 & 5 LR
=Lk C=0 OMFHEEN 2B L7 B, AcAcs 5L T8 THREEER ALY PAZBIMIL, &7
AT NVEREEDHEZR EIX R b e o Tz, £72, AcAc ICA R ASFEE 2 SN L7 fif U=t
7V (Metal Nitrate + AcAc only) Tl, EG ZMMx 7= 7N EIZBR DA Frliey | ki
DE—7 1B LV3ITMAZ, AcAc DEFEH C-C-C DIEMFHEBI 2 @I L= M, Soic, ©—7

B LT ACAC DE—7 Ll 5 & IR L= > 70 Tld B — 7 3308 1705 75 1697 cm™
V7 FLTWDZ ERNDhol K 7 FLTWEDT, TR F— Ll OBFRE =ho =
he/A)nD, “RAX—=NEIN LI Z ERHERISND, ZORKE L TETLND Z &1, AR
SNVEDOBRIZEBIRA T DB LI ETHY, B L2 & TE—A L MRREL oo
HEEEE ST L EZLND B oz L EBET D0, 2 b ORBEAAEIC UV-vis
WEZITH> Z T, FNBEBREICLDE AT MVEFHE LTz, Fig. 5-3-3 1ZEH L7=H
TR E D AR "V ER LTz, EG < AcAc TiE, AIEJEHEIRIC B i B — 7 138l & e
Mmole, Ll EGIZH L TaRA A 2T 5 &, 360 nm i 7 v— N7 e — 27 281
L7 (EG + Metal nitrate), F72. AcAc & & LIZIIN L 72K Tl 480 nm Lz THR & 57 1
— R72p v —7 28 L 7= (EG + Metal nitrate + AcCAC), ZHHDE—Z7 X, Fe A 4D d-dBREIC
FrbnEHbND, ZOEE, AIHEOEWRKITEEEZE L TV, BEOEIR CTIIRAEE 5
LCWe, FBEDART FUIZOWT, 350 nm T2 b B —27 2800 L7228 Z X BATBE)
BB Fe?t > Fe3t +e )ik b bDEZER O, @RATUDBERETHL Z L 2T, B,
Fig. 5-3-4 (ZiX, Fig. 5-3-2 Tl L7 ABRIATARRIZ kT L C PVP % ¥fil S CREAl L 72 FT-IR O
RETRL TN D, PVPHERINR LG LT, Filce =27 R 7 MIA LT, PVP & DR
Te IR fE G ORIT RN EEZ BIVD,

L7235 T, FT-IR & UV-vis DFERZHE 2 5 & AcAc IZ&JEA A ZENL LT, BATICIEM
LTW5B EHWrcxs, ZOFE, ZORNANEITFig. 5-3-5 IR L7z Y . VR =LEEDORFEIC
KL TEBBAF VPR L TNDEBEZ LD,
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Fig. 5-3-2. FT-IR spectra of the Sm-Fe precursor solutions changing the amount of AcAc
without PVP.
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Fig. 5-3-3. UV-vis spectra of various Sm-Fe precursor solutions without PVP.
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Fig. 5-3-4. FT-IR spectra of the Sm-Fe precursor solutions changing the amount of AcAc
with PVP.
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Fig. 5-3-5. Schematic images of the precursor; (A) a metal ion bound with acetyl acetone
and (B) complexes in PVP chain.
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5. 4 BIEASHEHBRSE(CYEEOYMICE 2 DR

AT Tl BIBRIRICERINT 5 AcAc B L ONPVP DR & LT, B IZRIBRIAICBIT 548 A
FrDxy VU= RB LOBRE TR FHIC L DEBA 4 & AcAc 12 X D8HED 5L
ThdHILEMER L, WIT, AcAc Z&JFA Ak LTOofE, 264, 4B X8 EERINT
D Z & TH U@ o RIS, A B 3 — MEIC X0 (ERT 2 #5255 % XRD,
SEM (2 & 0 34l L7,

Fig. 5-4-1 |2, BERRIRSE 750°C T air FPHEUICIB WO TRHERL L2 b XRD /N Z — 2 ZoR L
Too ZORR. ERE LTHA L7 ALOs IR DEHTE —2 RNHL- TRV, BE ORG sk R
ZRHlT 572912 A0z O 35°D A A L E—27 % 100 & L THIME L7z, ZDOREFR. AcAc0 7D
ACACA IZFBWTE— 7 FENHIR L2 Z &b, RIBMAIC AcAc ZIRINT 52 & T, (121) m%x
AA L E—27 L LT SmFeO; bl DREAMEET 2 Z & &2 R L7c, BlllShi- v — 27 il
INED S T T DR LV SRed DA ADORITED Z L IXTE RN o773, AcAc I
HZ LI L OERREERET D Z L 2R LI, L LR, AcAc8 Tik, B —ZEMN
AcAcd &R LTI L2 2 L BIRENC AN D Z & CHIRORE MR 2 HET 2 2 L3R X
A5, Fig. 5-4-2 121X, TG-DTA (Fig. 5-3-1) DOFERM G K& 223 BUG DIE % 72 400°C LA D 450°C,
550°C 33 & 1F 650°C D #E [ SEM 44 7~ L7z, 450°C 35 L U8 550°C Tl Z < /S WRIF23 R 5 5
D ZAUEEEIRL T Au A28y ZIZ R D AURLTTH 2 MEFFEIZTTE TV, Loy L
5, 650°C TlX, AN FrkEE & B2 D Z ENRHKZ, L7ani-> T, RIBROE i e
WCBWTHLFIIE L TE LT, BRI FE L TWD Z R gnole, LeR- T, il
BRERIZUSINT B BALAI OFE 2 it 5 2 & C, BERGRFRIC BT R TR 2 RIEST 5 2 L ovA
HEThDEEZLND, Fig 5-4-3 121, ALOs FEMIZ A B 2 — F—>750°C FERk D 7 v X % —[H]
DHFTH Z & T, AcAc IRINEIT X DRI T-RREAZ DWW TRRET L7, AcAc SEINC X 2 I Tl
FEMWORLF D FURER /3 12 W TR - 2SI AL L TV D Z E DR CTE o, L L 2R D,
AcAc ZINM LTI TIX, 2D X 5 R RE MFLITHER T 5 2 LN TET, B R EE AL TR L
TWe, ZHUE, AcAc ZIRINT % 2 & T, BiBADE Mg A B PERIICAT DAL D Z & 3R LTy
5HEEZBND(Fig. 5-3-1), A a— F—T7500C BEREDO It A% 3 [HfTH Z & TERL -
SmFeO; KD SEM % Fig. 5-4-4 (TR L2, 2—7 4 V7 B X OBEsklEEZ Ei 5 2 & T, HE
1% 180-200 nm FEE £ TEL 72 0 . AcAc IRIMEA~DIRIFYEIZ R b ieinotz, £72. AcAcd I L
% SmFeO; I Tid, R 7P A XM & it LT 6202 k& < | Fig. 5-4-1 127k L7z XRD
DFRERIT—F LTz, FTo, R T L TWDHFLTSH AcAcd Ml b K E W2 & AHEREAIIZITH
Wrd-2 = &2 72, AcAc8 Tl AcAc2 & JEL L7ZEIZRETdh - 7273, AcAc8 Tld X v ki 1-[d 1
PREBELTCWD LS Thotz,
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Fig. 5-4-1. XRD patterns of the SmFeO; thin-films prepared from AcAcO, 2, 4 and 8
precursor at 750°C with 3 times spin-coatings.

Fig. 5-4-2. SEM images of the AcAc4 thin-films pyrolyzed at 450°C, 550°C and 650°C in air.
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Fig. 5-4-3. SEM images of the SmFeO; thin-films by AcAc0, 2, 4 and 8 precursors sintered at
750°C with 1 time spin-coating.
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Fig. 5-4-4. SEM images of the SmFeO; thin-films by AcAc0, 2, 4 and 8 precursors sintered at
750°C with 3 time spin-coatings.
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5. 5 JEREHIE L7 SmFeO; BERIFRFD& v ¥ v 7t

AcAc INMEZGBA A K LT 0 fFH X0 4 f5& LTI LoriBRRIc L v /ER L 7=
SmFeO; HlFEHIFE 1 D air XK. BEFIRFIZFRH K L OWEFHR ST 0.21 atm —& F T N AR L7-
10 ppm CoHo 1Zxd~ M EIREE 400°C (2817 5 A ¥ A M7 v v % Fig. 5-5-1 1[I LT, £ E
OB THEM I ZHNTWDEN, 204 =X U ZEPRE S BARD | air FZHEKTO 20
KHz (2317 2 HPUE 33 £ % 330 Q (AcAc0) L1210 Q (AcAcd) Th o7, F7=, JAH %k 20 kHz
2RI DAL $-29.80° (ACAC0) I L TN-18.12° (AcAcd) TH o7z, S HIT, air FHAICBIT S
AUE—H R ER—R L LT, BEBEIFRARTIIA =X A 3E0 L, 10 ppm C,H, 1T
31 = AT L, FFIZ AcAcd 12 K 2 il IR E EsEkic BT 6 1 v BE—F 2D
BALENDRENZ ENhoTc, mBEEICH VD TIE, AcAc0 38 LD 4 OF#F TEIFT/hE <
20 HARZKT D37 FOEBKHIFEOZITEC RN L 2R L, o, R—AET
WHD O IZHENELD EVD Z L, BN RZRS Z 2B L TRBY, EEOR DOk
PLEIICERNT L EEZ LMD,
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Fig. 5-5-1. Nyquist’s plots in air, excess oxygen and 10 ppm C,H, atmospheres of the SmFeO,
thin-film devices by AcAcO or 4 at 400 °C.
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Fig. 5-5-2 33 X OV 3121, AcAcO. 4 B L8 I L D 1ERL L 7= SmFeO; I E DA B —F
A ZEBLONAHA 01225V TD Bode 7' 12 v &R L TWAH2, XHREIT (Fig. 5-4-1) 35 X O SEM
BlZZ (Fig. 5-4-3) OFEREBDOETELET D &, HIEMERSRLF 238D THU CTd > 72 AcAc0 D
SmFeO; M TIX, Z 23 < . JAREIINICAE > T 0 28 500 Hz T T LG Tnb, —4,
R RPRREE AN AT L 72 AcAcd <2 AcAcC8 12 L 5 SmFeO; fiERIZE+ Tl AcAcO & H# L T, Z
P U, BRERESEINCEES 0 OB bEEE YT b Uiz, 202 L0 bl VT iy Of%
RIS R LT 2 & 303700 | K- AOHEKR, I DEEEDOHETT L 7R TldZ OB KA R
PSR BE 5 2. B OA T 28BN ET 22 L AR L, 20X ) 22 EEERE
AR LT BT, WEREEOE=2 1 v T HESOEEEY AcAch |2 KD SmFeO; R 1%
AN TERSE I EZAGIT R T 2 B M & R-l 9~ 2 = & TRt L7z (Fig. 5-5-4), #&$iAsr R TiE. 20
KHZ (28] 2IGB 1L 4 MHz OIREME L I L T B NICE L, /A4 XAb/hE DT, REMSY
TlE, 4 MHZ (281 B IGZ AR C Poy = 0.05 atm (2% L Ch MM E R 2 it L= LIAMT A
STURBEITR BN h o Tz, Fig. 5-5-5 1T1%, Pop ZAKIZ K 0 A& U7 L E L Pop ICKF L T m
v b L7 T 7R LTEY, 20 kHz ZHRIEHEE L L7e5E OBMPELENRE N L5
MTHD, ZORMRIT, FHEERELEGET IO Th T,
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Fig. 5-5-2. Bode plots in Z and SEM images of the SmFeO; device by AcAc0, 4 and 8 precursor to
C,H, at 400°C in Pg, = 0.21 atm.
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Fig. 5-5-3. Bode plots in § and SEM images of the SmFeO; device by AcAc0, 4 and 8 precursor to

C,H, at 400°C in P, = 0.21 atm.
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Fig. 5-5-5. Response transients of the SmFeO3; AcAc4 thin-film device to various P, at 400°C at 20
kHz and 4 MHz.

Fig. 5-5-6 775 81T, AcAc0, 4 35 LT 8 Hill{A & v {FEL L 72 SmFeO; IR 3R+ DfE 4 D CH,
(ZxE 2 I R 2 JETR L 300~500°C THIE LR a2 R Lic, 2 TORTFTHRENRD TOIG
Bt TE R o RERIT. Fig. 5-5-4 OFER L —F LTz, — T, HHS TIIISE 2 L
TH Y, 300°C (281 5 AcACO LIS T TR TDHE AT CoHq ITx4 D& 2 Mt L7z, 300°C T
X, TOREEEEZELNTWARWED, XR—ZF A D SIN v/ &< 0.5 ppm 3 L T8 1.0 ppm
CoHy RN Lo 1oy, MIEIREE FIF 5 2 & TSN itk L, ([RREEKcCOry v
FetE b rlRE & leodo, o, INE HIEHE b 8GE LTc, &F 72 LICIRPUEIE, BEIRE
300-500°C T AcAc8 < AcAc4 < ACACO THI A AN KE 725 Z & TRV S < 7 D[ %
A7, BEMETIEIOL D REEERGEIIR SR o T,
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Fig. 5-5-6. Response transients of the SmFeO; thin-film devices by AcAc0, 4 and 8 precursors to
various C,H, concentrations at 300°C at 20 kHz; (A) resistance and (B) capacitance components.
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Fig. 5-5-7. Response transients of the SmFeOj; thin-film devices by AcAc0, 4 and 8 precursors to
various C,H, concentrations at 400°C at 20 kHz; (A) resistance and (B) capacitance components.
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Fig. 5-5-8. Response transients of the SmFeOj; thin-film devices by AcAc0, 4 and 8 precursors to
various C,H, concentrations at 500°C at 20 kHz; (A) resistance and (B) capacitance components.
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WZ7vy b LIERERE Fig. 5-5-11 ISR L2, ZOZ7 7 72 niE, &£ TOHRFITHBW T, 400°C
FHECRRDIEBENFSND &\ D Z & PHER T X 2, A EHE SmFeO; 12— L TH Y |
SmFeO; DAL FHNEIED B RIT 72 DIREEAY 400°C FHE T, B B E L TR 2 8cE - 1n) L&
DI, MEOBEBS L WEREN 7 7 74—k b B2 bbb,

Z T, MBHERE R S SICHRET B0, 2L B KON R OIR R AR KO
BN AN 54 B HHTR AL 2 7F4f L 7=, Fig. 5-5-12 (Z1%, {EEHIEEE 300-500°C {28\ CHlE L=
FAFARNTBY N7 4T 4 IV IV T RSy ERIR S BEL . B L2 ihE &
DR U PERAEERE L7 ey LR EZ R LT, ERL7-EEOF T, AcAcS 12
£ % SmFeO, I C I3RS il 5y DIEH TR DR AFMEAFFIT R < . 10 ppm CoHo (23 2 #ET
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Fig. 5-5-9. Concentration dependencies to various C,H, concentrations of the SmFeO; thin-film
device by AcAc4 precursor at the temperature range from 300 to 500°C at 20 kHz.
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Fig. 5-5-10. Concentration dependencies to various C,H, concentrations of the SmFeO; thin-film
device by AcAc0, 4 and 8 precursors at 400°C at 20 kHz.
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Fig. 5-5-11. Measurement Temperature dependencies to 5 ppm C,H, of the SmFeO; thin-film
device by AcAc0, 4 and 8 precursors at 20 kHz.
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Fig. 5-5-12. Temperature dependencies of resistivities for grain and grain boundary (g.b.) of the
SmFeO; thin-film devices at 300-500°C.
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Z 2T, HIEERIZRTS D AcAc DI DAL FHNE M4 /i $ 5 R e R M5
LRV EREL T, XPSHIEETTV, BE LT-(Fig. 5-5-13), Sm 3dsp A7 hLiE, & TOH
B2 30T 1082.0 eV 2R LTHY . Sm¥*ThH D LKW L7-, Fe 2ps, Tk Fe®* & Fe ¥ OiRfE% #
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OW B 237 528.9 eV OFRMEE L, AcAc IRINEIC X 28T S o T, S HIT, A
ENCBWTEHE L7275 F 1T ACACTRINEIC L D B —27 27 MIA LN ) - 7=, Fig. 5-5-14 1713,
Sm 3dsp. Fe2psp BLUVOIsOE—27 U 7inbHEH LR ok RE2 R L, a7 AhA
NUEREY) ABOz (12351 2 RETEMEY A MEB A FBLOB A MULFWAE LIBFETH D
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T 7 I BE D=L D, T ORIt o Feth A bk H#E A KT Fe/(Fe+Sm)i3 0.15-0.20
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ERRE DL, BIROENRRKD T 7 7 X4 —I2/x>TWb L HEESIND, F7-. Fel(Fe+Sm) =
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Fig. 5-5-13. XPS spectra of the SmFeQOj; thin-film by AcAcO, 2, 4 and 8 precursor sintered at 750°C;
(A) Sm 3d, (B) Fe 2p and (C) O 1s.
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Fig. 5-5-14. Elemental ratios on the surface of the SmFeO; thin-films by AcAcO, 2, 4 and 8
precursors.
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SmFeO; il 2 =1 73 FRIBAIEIC K 0 SRS D BR, 08GH & L THINT 5 AcAc DIINEZ i+ %
Z L THROBESCE Y Vo TR 2 DB AR L. AR e U TR R R E AT D
RIBRIRDOFHEE 2 Bt LTz, EBROFER, AIBRAICR L CTRINT 5 AcAc BE &AL A 1% LT
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(a) Thin-film

x10,000 === 1.m
Fig. 6-1. SEM images of film morphologies for SmFeO; devices; (a) thin-film and (b) thick-film.
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Fig. 6-2. Selectivities to various gases at 400°C and 20 kHz and SEM images of the SmFeO;
thick- and thin-film devices.
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