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5 A 4
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AT 1
Sn0p-Au-Sn0,-, (0<x<2)8] Al To= FAH ] i,
AuZt Sn0p}F Sn0.(0<x<2) 7]A] Alolel vFe] Q&= F2E 7HA =,

Au-vl H ¥ (embedded) %% Sn0, Ui=i5HA) .

AT 2
A1gel de) A,
Au =3 Z 9o, Sn0,(0<x<2) Yi=ubule] A E o] =

< Sn0, Hi=EgHA].

por

S EAo=w & Au-"IHE (embedded) 4%

7% 3
A2l i,

7] Sn0s-, (0<x<2) Yeutare F77F 3 ~ 5 m¢l AE 5302 3= Au-"lH 3 (embedded) 5% Sn0, Yo

SEA.

AT 4

Sn0, Hi=gholol ffell, Au Adite] e F71=
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A= o .
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MgehA wgsts @4 Aol 4YE Fad gqviE Add. dusE, duHes ols/FaHom A
2 ge m3E Q7] QadE Rgen 4o e ARD olgd ol Y Andelwn Fud Pod

A, ol Az B ARES shte BHom AgHY) AL, T olF BA o, olAelN o B
gaetael S4e mgslopt Bk wed, FAs F BAd YL neldA AT 5 vl ¢lu, 12
7] e, obtAE @ Wl FHntE dEARA B FHol 478 & el Q. old@ vHE WE
o, cldel, AFHOIE 27 B FA LowA, @ AmolA, WEA FEo HolE olfW AN, W=
Solwl, shvbe] AR otolA] Ush HIEEHE thE E4S Relst glol Jbg ol gAole & 5 k.

Fob AL W5 Folgat B wEel BeE wolv] A A =
wBEA Fel7h PAAA AT AgHo] Gk, AR, ot W, Ao wE7} o
2 Q8L %3 (4= 59, Au, Ag, Pd, Pt + SnO,, 7Zn0, Ti0,, MgO etc.)(Li, H., et al., ACS Appl.
Mater. Interfaces 11, 8601-8611 (2019); % Zare, M., et al., Sci. Rep. 9, 8303 (2019)), ¥ (<&
E9, A4 or ¥4)(Pourrahimi, A.M., et al., Adv. Func. Mater. 29, 1808678 (2019); % Choi, M.S., et
al., Sci. Rep. 10, 346 (2020)), Feist(el= 9, oxkd, 124, 2xk¢), 3xk))(Jalali, M., et al., ACS
Appl. Mater. Interfaces 12, 7411-7422 (2020); 2 Fan, X., et al., ACS Appl. Mater. Interfaces 10, 296-
307 (2018)), wiAlEA(dE &4, #8d, ¢2A, B24)(Sun, Z.-G., et al., J. Catal. 375, 380-388
(2019); 2 Yang, X., et al., Sens. Actuators B-Chem. 286, 483-492 (2019)), ZX(i.e., homogeneous,
doping, heterogenous)(Wang, S., et al., Catal. Today 335, 151-159 (2019); 2 Song, M., et al., Nano
Energy 55, 341-347 (2019))3} & zpololl A 13} 7154 Ats wagh Aol thi-olnt.

BAL AN ATE AN, Pe(ADE ARAOR I8, PRAOR L Ehow. AREA U2
Bohe 714 AFAA AR Ho| Aol ATatth, meb the(AW) w9l AAe o}F £4A WS K=
FomAl, obF Su AAED ATANE TEG wu £ 9 27 GEO % he(AT) Bl 22
of AHFTW, olgle] MAE e A8 T AR Yrhbr] Wiel, 4 AA e wise] Gu
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=4 W7 A=A w8 HE 0}‘:’35} 2 dge F2E gete dio 1Ag, HeAd, a8
2 B2, g &FaFg(peapod) TE7F AREEHE A99A], dEAA, wiEE, ASjA

(capacitor), Yo7 (nanoemitter) o AHHo=2 F3Fs v 4 o},
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= 2], Sn-riched SnO./Au/Sn0,2} Z& Al =9 o|&F%9} Mol A=A

Au-vf H ¥ (embedded) Sn0, HAS A|-F3t= Ao},

2

(e}
< 7t

rr

= E
==

-
ot
-
oX,
o
N
N
N
rr

f
g,
ol
o
t

o2 E#-& FCVD(flame chemical vapor deposition) 3A7]HS =U3Fe] Sn-riched Sn0./Au/Sn0;

b 22 A T olF et ol AEAUSE Zte 553 A4S 7= Au-mi HE (embedded) SnO, H3HA

A9 HE 79
A7) BAS g@Adely] 98ke], B e Sn0,-Au-Sn0.,(0<x<2)9] Al Fo2 FAES i, AuZl Sn0.¢}

Sn0y(0<x<2) 7]A Ateld] B Q& F2E 7HAE, Au-"lHE (embedded) 5% Sn0, U=B3AE A3
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=

wek, 2w Sn0, Yimgtolo] Qo Au o] i FUE 2 2598 ¥ A ¥, 39 siskd 7]
A ZZ (flame chemical vapor deposition; FCVD)O.& Au ©]9l9 BE F7]|EE5L &A1t 7|8AA Aurs
Sn0,ol &&5HA st @A E E85e Au-"l HE (embedded) 5% Sn0, U= Ao AzwHe AlF3c),

gk, 2 oIS A B2 odwe wE Au-viHE (embedded) AEF Sn0, U=HFAE EFete A E A

ob&el, & IS A7 B o] wE Au-viHE (embedded) FS Sn0, H=BFAE 3= 29A, HF

A2, BfE®], AYAIE (capacitor), YWx=o]1E (nanoemitter) 2 A7|3}stAAS A3},

ygo] g7
2 WA= V|EXE BolshA FEEHE, AMEE Fx ule] FOWD FA471He] =9d¥ Au WIH€E Sn0.(Au-
embedded Sn0,) Yx=TFS A}

;a
o

Eoado] wrE FCVDell 93 YA < (Sn-riched Sn0.)/A+E (Au) /WA FEA31E(Sn0,) o AuZt 7
Som, o]F 7]£9 Au-absorbed Sn0, Yi=E3A7F e (Aw) /MR 5418t
=

Aok Fxst Aol 725 HERhIY.

ofj
o
-

ool wWE Au WiHE Sn0.= 7h=AE S ol &EA, AE AEelAe] Wste =8, vedrat 24 WSt

ofgk W olUA] F7ket 71 Au®] 2= M (spill-over) @S FAlG WS = Qe AUA £39E5 B

12 Au-adsorbed Sn0; UrE3AS vt N2 2 F 7H#] ¢4 UHES HoFE 7o)t

(a) 49%Z(Thermal evaporation)ol 7|¥ksF Sn0, A Fo Au 29 EHH(sputtering)?} A7 (heat
treatment) AL ALK o7 FPdlo] Aol A2 el yYrEgtAola, (b) AF2o| 71Wkek Sn0, A F
of Awh ¥ 7157 559 FCOVD HA4& AHH o= dste] dojxl F2] 7|Hke] Y &3hA9l.

= 2+ FCVD o2 A Au-embedded Sn0,ol A TEMQ] o|w|x] ¢} A BAS HoFE= 13 o|t):

(a) APFAQ) YB3A AEelA el AulE olwx], (b) Au Wi=3E]ZF 3} Sn0, Hi=stolojete] A o]mA],
(c) Au 9ol A=l 9= Sn-riched Sn0, vh=whete] arwfg o]mx], (d) (a)e] STEM Aui& olw|#], (e) Au-
embedded SnQ; Wi=EgAol el zt FEEo|M Au, Sn, 02 AR EA, (f) Augt Sn0, AAF-HEANHe RE
AE B4 ol Aue] YiedEE 9ol gk Bteto @ Sn3t 09 AEe] A HEHE AL & IS, (g ~
(1) Au®t Sn0, ZAAF-ENA (g) Au, (h) Sn, (i) 09 #3E, (j) Sn0, Sl BEF o] U= Agell A o] STEMS]

AP, 5 (0 8 e Aol ek, du ol s ) sl 98 e
al, 2w ﬂ 7‘%5& 3 ]/‘1% W24 Aurh 7HE {%o] 7‘3%%)'

.
~—

l\':

%= 38 71E9 ~yEYEo R A% Au-adsorbed SnO.ol A TEMC] o]m] A} Al F-A

o

HojFs It

(a) AFAQ] YJr=B3A MEANA Aul& oluA], (b) Au W3 E|ZFT Sn0, Hi=etolojete] AA o]m]A],
(c) Au 9loll AER Fo] W AAHA &2 Auvke] auj& on A, (d) (a)o] STEM Aui& olw]#], (e) Au-
adsorbed Sn0, W=EghAlolM el zF FEEo)q] Au, Sn, 09 AE 24, (f) Augl Sn0, BAF-EAMe TE
A A (old] Aue] YeTtElE 9ol Au o]9]9] ot HEERE HEHA &5). (g) ~ (1) Aust Sn0, AN
ol (g) Au, (h) Sn, (i) 09 &3, (j) Sn0; $lol ABAE ] A= Agoll A ¢] STEM®] HAADF, (k) jell vtebd
dolE weh, Au YedEE HpgERE o] o]27]7tA] A e st 24 (GegtE] Sl o]27] A7

=
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o Ak AEHA @k, WM = Awt ol AEH L, Sndt 09F 22 e ALE2 719 HEH
X] 0} O

T 4% FODH I 7]& Yo 3w Au-adsorbed Sn02 e HHAOA Au W=StE]E FWoA o AHEEA
AdE HolF= ol
(a—e) Au Y=9E] S W follA], A %i&%’io] Sn-riched Sn0299h-& o] F+= Sn¥}
a1, (f-j) Au Y=stES 1A folA], f1x]ol d3glo]l ouf gt Snyt 0 73
% 5% Au-embedded Sn027} A= 7F5ALS 712 AR o2 A7EA HA
(a) FCVD &4 o= Qlste] Au W=atE]S3} Sn0, Hi=gteo]o] AlHo] &5 &akA FUAWA A E ] Sn0.7F
Aus dodA Odf® Zo]A Sn-riched Sn0, H=wtdto] PAH= A, (b) FOWD THoR lsto] Au =3}
2 "ol Sn0.7F A AR VISt e st wiiwol YA 2 oo, olgk YIAlEe] Al Austrel &F3e
wa a2 20)& Sn-riched Sn0p Ui-ubwlo] @A E = b4 (¢) FCVD ZA O 3], Sn0,7F TAIA R

AANEZ A o, olgfst HEEC] LA Auoll T3] 8&E 54 3L, olw FCVD F7go] H
o7 W"Wojxal ol Aue] 183 ET} Folx|WHA | Sn-riched Sn0.0 diFslE HEES Au B £o=F

A s
o] el AFelA sh= #4. oleld A7EA Snriched Sn.ol thevbet A4 AUZ Fol, olale} 74
o]

HEEol

S
Y

AU AT AFeAel oI wute] P4 mrhs, AWAAS] A ngt HE % == A
UFel U sl sFavn @ & 92
% 62 AR 0E BWE 7K A7 e AEEAY 2e 1000 FHLEAN AR BE N, 72 F

9] 7}2~A17d indexol thek HnE HolFE 1Yot}
(a) prinstin Sn0, (b) Au-adsorbed Sn0O;, (c) Au-embedded SnO,°ll42] 2, 6, 10ppm NO, FI=ol 2] A3 W3},
(d) prinstin Sn0, (e) Au-adsorbed SnO;, (f) Au-embedded Sn0,°141¢] 2, 6, 10ppm NO, &=°l42] response

el e 2% T2 NO, FZAA ME 2 MEE9 (g) response, (h) response time, (i) recovery

=72 A2 U8 FWE zh= Au-adsorbed Sn0,9F Au-embedded SnOpol A9 ZTHUAZE T3t WHIY IAE

27te) A BE FFO EREC] AT i duAEe] A2 BYE olFE 5, (o
[t}

o] Sn-riched Sn0, Wizututo] x| o] o]Ze] FAZF 002 7M7Y #HE& of (Y= SHHo=R
Skt o), ZH2te] M7EA o2 F/e ZHEC 7HAR e odyAEe] AR HIFS olF = A (o]d Sn-
riched Sn0,o] F77} gFolA ™ QFolaA 4= o]2| %t Sn-riched Sn0, F747F 71 Sn0,9F o] F= A oYA+= 0

of 7745, olu] Sn-riched Sn07k 7HAE B SlUX7} AbE Heloh €).

k

82 Aus =214 Sn-riched Sn0,9] @A o] Fojmol we} Sn-riched Sn0, W IUA7F AA= HAHE o
Bl 1ot}

(a) Au-adsorbed Sn0,9] ©HAX, (b) Au Y=3E]E Yol FAH Sn-riched Sn0,2] ©HE, (¢) Au Y=TEE
Aol z=uteto 2 PAH Sn-riched Sn0,°l THE, (d) AutbeTteElE 9o ¥ 778 Sn-riched Sn0,°]
HE(olw FAZF GFobdSE BHdUAE " AXNA B).

=9 BE 2% d9elAe sndt Sn00lAM e 2 ZE uUAE HolFE Ldelr):

(a) Sn 2 (b) Sn0,.

rr
ol
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AT

i
b
rle

3 3ka)

=

&= 102 Aust Sn0.= o] Fozl up EjFAClA mHel AFEizh ekl d w, N0, 7hs FERREGOlA L] s T
gl oluA e WgE HojFs adolth:
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(a) Sn0; EHel NO7F &2 wf vhg HFo] 32 27 odx] Wst, (b) Sn0, Wl Au YieTE| S %
S, NOZF 52w whg Ao 3 g oux] Wak(elw], 7] (a)dl vlE] Au FvlE 3] activation
energyZt Wold), (¢) Sn0, EWS $FA FAE & i Snore A W3 T Not FE o ws A%
H2 =zl oyA] Wst(olw, 71E (a)oll Hla] 7] W YA 7F ol ow Q&) 7] W& =
2] U7} =obg), (d) Sn0, EHel Au YeatE] S-S FA38aL, Au 9ol Sn-riched Sn0, EWS 9FAl A3

<, NOZF &3 w wbg Ao 3 g oux] Wak(elw], 7] (a)dl vls] Au FvlE 3] activation
energy 7F SrolAal FAle] 7] WA AYA| 7L mobAA, 7]E Sn0, EHETE N0, FERWEEo] X A F
dojd).

l

Lo

Wy A7 Hek FAF g

olst, ¥ WHe AAE At

o], ALgHE 7% §o % T Folo] glolA thE Helsk QrhE, o] WHol S sl% okl A A
A& AR At BAH R olssta Qi oJnE AHth,

wek, T sd VEd A 2 FEo gighk vy e AW AR s,

Eodhg e Sn0,-Au-Sn0,-(0<x<2)2] Al Fo2 FAFY Aqar, AuZl Sn0:9} Sn0,-(0<x<2) 7]A] Alolo] H}§]
A= TFEZ VA=, Au-HE (embedded) 5% Sn0, YB3 S A F3c).

371 Au-"l 3 (embedded) 5% S0 Y5 3A= Au Y=dtElE #1dl, Sn0.(0<x<2) Yizutulo] 3] x|of
AE Aol upgA s,

F7] Sn0s- (0<x<2) Yiedhahe FA7F 3 ~ 5 nmSl A o] wpgh=] s},

filo

Sn0, theotolo} glol, Au Aol FE 718 D H4

Y W 2,

3t slstd 7)1 S&H (flame chemical vapor deposition; FCVD)S.Z Au ©]9]9] RE F7|EES 27k
713X A AuRhE Sn0y0l S2FelA st WAl

E X5, Au-"l 23 (embedded) 4535 Sn0, Wi=&dhae] A 2WHS AlFskc).

A7) Azgel glold, A7) Au ARol FHE 718 0 FEYe 27 HACL, - 4B0(1), (Clly),CHOH(1)S 2
o whgrasit,

71 Azl 9lelA, 447l FCVDE= 1200 ~ 1500 CellA Sl S 3 ~ 72 &b A4 2Absk= Zo] nighyet

gk, 2 a7 B odie wE Au-vlHE (embedded) AEF Sn0, H=HFAE Eiete T2AAE A

ofge], ¥ wyge Ay] B duo] wE Au-vfHE (embedded) AEF Sn0, UEHAS ¥3sl= 297, 4F

22, wiE g, ASAIE (capacitor), Wx=o]1E] (nanoemitter) 59 A7]3stAhx=S A&},

2 oAM= wigd Auwb S2FE Sn0, YieT2E 2 o gAssth. oA 719 Au-adsorbed Sn0,7}
42 7 T o]FFE s HEAWNES vEE AdE 9@y, &% A5 (peapod) TF&F H]E=pA|RE, 1
ANE TS 5=, Snriched Sn0,/Au/Sn0.9F 22 Al Fo] o]FFxet F e HEAWS Zte F5% F
A 7HAE AS #elsksit.

E oatgo e wfygd Auwb 2% Sn0, Wi=TZ7F FCVD(flame chemical vapor deposition) Wolgl E&& Af
2 FF7IHeR FAsIon, Au—embedded Sn0,9] FAZES 7FEstA st FA WIAYUEFS AASHIT.
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2 ool widE Aul S&E Sn0, e Ze 5%S dotry] 8, A oM, Ax A
I A WEle] o3t F A UA] FUFe} 719 Aul spill-over S BA] W
o

<AA 4 1> Sn0, Yi=9lolojeo] A

\(

DC 2HEE o]&3st AMAFE dFu}t 719 Yo 3mme AuS %—ﬁlxlﬁt}, 2~HEHH FAH Z2AL Current 10
mA, ~9EE 24 AZFe 1 nin, 2899 34 AF5E 4 x 10 mTorr, working gases™ Ar, 7|% 25
ool AW, Sn FE 9T 1ge FUY RE ok 127 2 HF 3 A 7h FHE ol sn 35
Ut R ES R VRS R HE 9 SEFAT. 1 5, S $5 10T/mine 2 900 C7HA]
SHFI AN B AT, Ak} ol22 S 1:9 B SR 2 Torre] 7t2=dsS

<AAd 2> W8y Eallo] FA

d3}F 3% (Gold Chloride hydrate) 99.995%  (HAuCl, - 4H,0) 0.23g¥  2-3Z 232 (2-propanol)
99.5%((CHy)sCHOH) 10g< A ©i ~E#HE o] &3te] 30 min 9 AoHATE. 1 F, A7) <A d1>9] HHH
o2 AFH Sn0, Yi=lolojo] 3 mlE HAEHFI FCVD &4 W& o] 83 1300TolA flames 5% &9
A48 At 4, 1 gEeA Qg

<AAd 3> &Y Zvo A

A7) <Al 1>9] oz AE Sn0, vimotolojo DC AHEHE o]&3te] 3mme] Aug YA 9ol T4
o 2nEY 208 Geselol® 444717 A% Sl 84 e AnEY 203 $US 1 F 500C
Tl A 2412 &<t Ar E9]7]9

]I

-

P

o
X
124
©
Ll
:.°¥,
N
A%
o

fo ¥4

<ANd 4> AE EA B

MZo] el =AS F3 AxEn]) 7 (transmission electron microscope)(TEM, Talos F200X, FEI)¢} oy #]
BAF X-A 3352 7](Energy dispersive X-ray spectroscope)(EDS, Talos F200X, FEI)& o]&3lo] zz} &4
=

<AAd 5> 7tA 7AA HAE

H

dFEuy ) 9 FAdE MY EE flol wE=d WS (interdigitated electrodes)s DC A~HEE o] &3}
Au 300 mm®] FAR FHAIA AY LAE AFEATE. Z AP AFSEH EE 7h2Y fEFS 500 scems S
FAT. Response = airg TEE w9 A Radt €5 71AE TEE W] A RgR T AEA 71 o
+ Rg/Ra, 94 7F2=4Y wl&= Ra/Rg= responses Aallth. WHEAIZH(Response time)S 5 7t2E o+
3] +§}(Saturat10n)1\]_ F A3 wkgol BuS wol 90%e] Azrem k. 3E A7 (Recovery
FE7b S v $ airg T8 EeF0] recoveryZt 90%% AlZFo.® 33T

& =
T o

or{n:

time)
<A¥d 1> F 719 MZ o2 Au-adsorbed Sn02 YeB 29 vl £

<1-1> ¥4 "4hde] v

Shvbe= 7]&¢l thermal evaporation o2 7|PZH AW Sn0, Hi=otolofo] Aug E&2Ql sputter WA o=
Sn0, EWl Aue] wA 5 =4Sl contact dxe WS T8, island 49 Au Y=vt

ElE& dAdske] Sn0, o FHA7I= AAE AFRTF(E 19 a).

o
d
il

1o =

s

W o2 shube, 7] thermal evaporation WHOZ 7|PAH AW Sn0, vh=felofdll, Au A=<l
HAuCl, - 4H,0(1), (CHy)-CHOH(1)¥} Z& H71&8 9@ F£9S Y1, U9 flame chemical vapor deposition
=

(FCVD) ¢k 22 A3h2] oyA] FgA e Au o]9]9 BE f7lEss oA 7IsAA Autts Sn0l =2

ol
o



[0069]

[0070]

[0071]

[0072]

[0074]

[0075]

[0076]

[0078]

S=50dl 10-2333667

= SATHE 19] b).
<1-2> ATz Ha

Ye53AE FAAStE AAES vAFREoR HH, F Ye&53Ae] PR THd ekte] AfelE Heole
s o 2+ TEM data solAl, FCVD ®Wwyo=z %29 Au-embedded
, 719 A2 g4 W Au-adsorbed SnOx(%= 3)9F H]E}SI T},

EE O_u

WA, (1) & 2a-2ct= A¥ZA<Q Au-adsorbed SnOx( AMES Au&oHE o &7Fx #2235k Ayolr). 7]1E9]

Sn02 yizelolofe] ¢F 80-120 Y=vH WY o2& Au Y EEFES B2 4 v, ]2 3 morphology
+ thermal evaporation¥} sputterE AR&3F AW Au-adsorbed Sn0, Wi=38HAl (¥ 3a-3c)ollM= HA =z

= 7] wj<zoll, ¥ Apol7} gloka & 4 ).
(2) 138 2d-et= FCVD Hoz A% Au-embedded Sn0,7} #d oWk R oz AT A=} = ZAHES
mapping 3 ZAIZ | o]RL £ AE vk Uut Au-adsorbed Sn0,(%E 3d-3e) FAIA= Y& IS A=
Zt BRoMY A F(& 2d € = 3d)d 53] Au JE|F9
,9] ASdlE oA Aue] AEYRS zh=d Wksle] (I 3e), FCVD Wl o & whE Ay
, Sn 08¢ EF 41 YH(E 20)2 HEdvs zelE REYu. gla oy
HOH el PR FEY & A 2931 ] & 2f-2{¢} & 3f-

zlol & & it q RS B =
iol A=A vely Juk. T 2f9} = 3f Au Y FE|FM BE %l*é*é%i%% e o= FCV
21023 Au, Sn, 059 RE AHEE] Ao e A v, 71&9 WA

D
2 A9 Au-adsorbed Sn0,2] 7%
A Autto]l AEdvE S & AT, Pl olYs £¥ = ¥ 2g-2i9F ¥ 3g-3i9 o], A
£ FlgozHN Yy Aolg e = Add. F, FOWD H2S w507 Au-embedded
Sn0,9] A9+ Au W=FEFE e, 2§ 2col vEbW AAMF, Sn-riched Sn0.(Sn0x)e] Zubwto] FHE A
& = ATk HAADR} 22 ojm|Alell A (&= 2j % &= 3)) A& &4& AAls & A2 (% 2k 2 = 3k), FCVD
A& coreZA19] Au 919 shellollAl Sn¥ 07} AEd ¥ ofvgh, Aust vA] A2E(SnH 0)#9] Afol7} &
A W, 7]E] WAl s HZojgh Ao JHow Tk oule BRE ol Augt UA| &9
Aol 7k g shAl ebdkeh. web FCD oM, obF SolstAle, Au 1ol $F Sn-riched Sn0, So] ¥13]
2 2 A Sz HolXut, @2 Au FHEEAE o] yialo]= whakg sl o A
A A=, @A F ﬁl‘,%oﬂ/ﬂﬂ TFZA9 Aol¥ ol application(o]7]|HE 7FaAdAd ) #ES X
) 5 gld

#
AW GRS EE P /19T AUH Ao A3 5 Ark. A Su0, e
3 g

E1

Skojofell w7l 3

Ebtth (e 4

<1-3> FEistd Hla

FJejstg oz B 7]E9 Au-adsorbed SnO,&= T3] Au®t Sn0,8] F T o= o]Folz Ao WH (%= 3f-3k),
FCVDZ A% Au-adsorbed SnO.i= Sn-riched SnO:-Au-Sn0,9] Al Fo2 FAH AS & 5 ddd

= Au AFSE 39S v oA MMEE Sn-riched Sn07F F7HH o ®E HAEO, o3 I =
At Au7} Sn-riched Sn0,9F Sn0, 71A] Afolel]l Wkgl o] Ho], UAFe] peapod FEE ©]FIUT}.

Aw7Ae] 343 FEE =, b2 ol gt A2 F47IHe LYoz &4 peapod TERE WHE T
RS MR ofye}, H|E A7|A Dol dfe EALTE debA] HolA] kAN, FAARY] 2HS FEA,
Au 919 Sn-riched Sn0,7} o}eof] A7|A] &A AL e W2 7% Sn-riched Sn0,E A= Aol 7}

otk oAl ek, FCVDEhe 371 AAZE &S AIZE gl Yxesde] F2E SA e AREA v
A& o, S gtA oy g 7sES LA FFE 5 JA Sl & 7 U+ solutions AT F
T e Folnk. &, F A ApololA, AxA R FF HH H|2E] Hols ykgx e AR mAF o R
<l zkzke] 425 7HA AL Q= Blojtt.

2
R
ol
v B
il

> Au-embedded Sn0.9] AL 7153 3= WAHUES &4
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[0079]

[0080]

[0081]

[0082]

[0084]

[0085]

[0086]

[0087]

S=50ol 10-2333667

HoAGto el FCVD A A F=ejX Al YEll= Au-embedded Sn0,= I o3k fiAYZ o= AAE 5 A
=7k dis A sSlT
(1) Thermal evaporation WHOo = &A%, 7] Au-adsorbed Sn0yoll, F71& 2 F459 E97] ¢tolA, 2k 1000-

1300C Atelo] a9 doluA 7t ymEgAe] FHel &hHor FUWA W, e XEY 53], Aust
Sn0.7F Askar Sl Al Fojd ez 7hg w2 AUAZE deEn, o= ZutE tE 7]A

XS 71 AR WA "k, O Au YT E S sETEZ Sn0, o= whE 4=

= e Sn0,9 HAGEZE AuE IRAA FA3] FoiwEE A7 S & Aok, SHARE o]y & A g,
2 dAdYAE A Q= FCVDEF-EH Sn0.7F 71AZ2 E8E 7HaAdol 7] wEol long shotd FEo] Fof
BT (% 5a).

(2) 71849 Au-adsorbed Sn0.0l, =2 & olUx7} =™, 71X Sn0,&= WEEA AsE9] Fg= A &
3k, Sn0,(s) = Sn0(g) + 1/20,(g) & Ea ¥ A L= Sn0x(s) = Sn(l) + 0,(g)&e] Hkg-o] dojuttt, = 73}
(53 ¥ Sn0} 0, T Snt 0.7F, ©hAl Au EW fJellA] vt F28FHA] Sn-based Sn0.E FAT F A& 7Hs
Aol k. % 19 Fo] olyd RS ES B olUA] FY FAFXES] 1000-1300% AtolollA EFE
U= gkgol7] wiiEo|t}, ARt o] g wAUEFLE 7181 (53 E Sn, Sn0, 0.7F B, Aut Sn0.9] 714 &
ak7] wol, o] wdk A or Jhs/do] sHks| 1l

N

ek F2 Q1 AEelA vAl A FAE

CH(E 5b).

(3) AL A 718 A% Au-adsorbed Sn0,7} oA Fdoz | Auet Sn0,9] AlACA, %7} ool ulet

Au7b Sn0,E &% A= FAVE AE F A Frh. webd ey A o] FRFS w2 Sn0,9] 71A17F, SnelE,

Sn0 °]=, 0,01, Sn0,0l=, 1 FEjoll daglel, Au WZo] 180l 7hgaiA|ar, olddh ite] A&LHMA, Au

of agreo] 3} @ido] AVIA Ak, aEla 2=7F gl whel 2ol wEal 9" Sn, Sn0, Sn0y A
&)

it
H
i
SL
i3
o

~

S Al Au W vEE o R AL Holu Al EHo] AFS Auvt peapod FAAY #el= FHIE JHAA HE A
olty., 19| T oAl FHaxsl= BRI, TAHAA Foll Aud] EE7F U LWA AFEel It
283 E=7F Fol | EUGlo]l AuE Sn-based A 3% HVQ&OE "”‘ﬂlﬁﬂl ok &, AuE 983 9= Sn-
based Sn0,= Au’t Sn-based A& FA K3 WEE AT AE4H 22 Boltt. olgg wWAUSES @A

vz ZAAT AFdA t3EA Q] VLS mechanism W] #2st @44y 1 AE Zold vk ofy e, 2ol
FAA dAL} A AER EAStY] oAl nAR FARAEHE AV (D 2 (2)9 WAYUFEY 84 JMsAde] =
(%= 5¢).

<A 3> PP I 2 Z3 Au-adsorbed Sn0,00A ] 7}2o] thdk EH/AH ¥kE vjnw &

1%

A2 g8 F2E 7HAL AE Auadsorbed Sn0,59] YizAlo]zoAe] 22 zpol7} AA| 3/

A 4 gl 7kl applicationol M= of gl 2 Aol = UEhub=A] 483

2
=3
]o
o
e

NO; 7}, 7F=AlA o 2] XA Q] A FEE2] response, response time, recovery time2} Z2 I
Au-embedded Sn0,9] 27} bare Sn0,9} Au-adsorbed Sn0, F-Z=°ll HIS| 7t o249 /AN A L] wHS
o] A $-43 Aow YElYtd. o E E9], prinstin Sn0(% 6a)¢F, Aucl gk wldlo] A o] Qlx] e
opend Sn0,(%E 6b), 183 FCVD'HS A HE Au-embedded Sn0.(%E 6¢)o] A5, NO,o zF A o (2, 6,
10 ppm &%= NO,), response(= 6d-6g), response time(&= 6h), recovery time(X= 6i) EFolA, Au ¢l 9F
< Sn-riched Sn0.7F 2ozl Fej7y 7V £2 2W VIR ofv, 7tAE FASIA @l afo] tAA
o7 =7 velgtt. st7] & 19 el e AHE, N0, 7FAo] WE responses™ =A UERG wHAE
response time¥} recovery timee FA YeEbd S 9w},

¥ 1

prinstin SnO;, Au-adsorbed Sn0,, % Au-embedded Sn0,°] response, response time, Z recovery timeolA] 7}

_11_



[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

SE53d 10-2333667
244 AR
bare Sn0, Au-adsorbed Sn0Q, Au-embedded SnO,
2 ppm 6 ppm 10 ppm 2 ppm 6 ppm 10 ppm 2 ppm 6 ppm 10 ppm
Response 17.08 25.8 29.53 17.45 27.78 31.97 23.3 37.87 41.68
(Rg/Ra)
Response 116 130 225 104 67 46 75 264 231
time
(s)
Recovery 408 194 122 198 129 99 213 96 60
time
(s)
O] AL 2%F AMZE(Au-adsorbed Sn0,¢} Au-embedded Sn0,) 9] M2 ThE w|AYZA 7]Qld Aoz ofefg

)

[e]
(o
)
il
N

o]¢}t= &g, FCVD Ho= e ufyH3 catalyste
Ao, F o B A A= AEHE
Sn-riched Sn0, thin film¢ Y=

s JEE EX A
SJoll & Cdssh CdSes] 74

—

2 1]

JAY Dt

o714 AEE W= 7Y
7t Ax gAY FE
U= JEE Alo] 29
aEod, YegE F
A= g3 2ol

o] F7hsh 2%

ra
2
irg
X
rlr

37+ e,

o 5449 %

=

2 2
‘I"|TC
2R’

= UE el Ak Ade] A
o] WO R AZHAW Au-adsorbed Sn0,0l 412
A kol xE
L (2) AR FZERe
3= NOSF 0,9] 7F=E9]
. (3) o]u] Au-adsorbed Sn0,¢]

L+

m

e

1 1.8
* 1-
My, S.R
(D
zFolo]al, n = Dirac
AgFs eI, e
e Al
obd,
AEd 4 .
HAZE & 4 Ak, 2¥od
715 Au-adsorbed SnO,ol| ]3|
g T2

WA AuZF Sn0,ol
HAA) Aol AR
Sn0,2F Au®] Ade x| <}

=, A 7HAe 92 ¥E e o] 00] He
Sn-riched SnO, ®}%o

3

_,4
=
N

AC)

2

Lo

o
(e
o
hU o

1 Zoix7A =4

o) =
AR

°| A

(1) 200Ce &
Au-adsorbed Sn0,9] FEWE AtLoAl HAAE wjok7it),
AlA o] ghgAIZEO] U]

ZUe wWer AxE

J2=

= 7HAEH. (4) A3Hew Al| gHow
, A Au-adsorbed Sn0,9] A& ¢ &
1 WSS AFH o= zlaHrt
o] A=
ZHAA "ok, 1A o]
Atolz= mat wiitolth. B 10 Y=

455 ey

Lrehde,

718 A

dats

Aol 714

Zol M= JUAE AE o IR

e T W3

- 1/R9]

Mg 9 E8% 2 A& Sn-riched Sn0,%}

2Apgle] wHl oliA} SRt e

ol glgo] =gdor AWE),
NO, 7hz=of ujgt W /AA
A Azt 7hx2 NOE 7] £9

WL of

o uj

ol 5 RS FholFi

BZ37] 9Aal Sn0,0] viF-ellA] <]

H T,

AAE Wzl

919l opend catalyst 2=
frie Auel FHE b g g 9
Mgl AU s
o]

Wel A o)A,
R R EIERE LR IR
A3k oA Abole] A ofelsh ol vhehd S glek,

2= 7P g E
, SFA Sn-riched Sn0, ¥Eto] AuZ ZHHaL )

Fol A 7F o w A,
S %%, Young' s equationd #ol,
. =, Sn0.¢F aire] AW oA

T U= Aumair®] AU AE 3 A3

A S A1,
Vg el gue

© 7pe) ol

gt (5) REgA 7E=<l NO,

, RS Y A7) WES YERTH, m,

9 A4 5 gleAel A, e T
% 720l RTpAlw] Zhz

=

u catalyst

dr spill

Aw APl

T} 2~7}

2, N0, 7} F3 o

Ui] mh}\f —1]—

S8 rp
ek elvizh A,
o ¥ theutute) oy
onnEe] wwd
I Ao =
A 4

y (Sn0y-air )+
It ZA €.
Au Y=IEE 9o ok

Sn0,9}F aire] AW oYX 7} Sn0,-Sn-riched SnO,9}



[0096]

[0098]

Olﬂ

=50l 10-2333667

owtEe] 7H& olFil 9l Sn-riched SnOp-aire] Ft 27l wiFAl ol o]AE ko] ouAH BYPL o]

Hrh, old Aus E@MIL T Sn-riched Sn0,o HES Augt 27] wiel, HEZ W EHA9 ot

Zhol Mol flar, o4 WMEe] Av)vke] vkl At s Alolu. ojuf Frexl 5

wAfol=2 /¥ Sn-riched Sn0.9] HtEhe] FAZE ghebdS(WME e A77F 002 $HESSE), Sn0-Sn-

duAel 7l HA AobAA, T 7Tt 002 S, ontge] 2 olFa gl

= Sn-riched SnO-aire] EW(AM) olUAZE Sdi= 74 4 9tk Zolrh. mebx A o=, Sn0,-
s

aire] B9 oUYA|7t owtEe Z+& o]F 1L ¥ Sn-riched SnO,—air@t W]S2dk

_‘
o
=
@D
[N
w
=
(=
oo
lo
r&

u
<

& theabol 2] Y ATEO] B AR vhe Atel= (024, 1ol AAL A wal, naaA
9 bl = (2249, 349) W ATEA, L& AL ol ge] thetel = kel AUE Folt ¥ BE
7lelg & 4 vk,

o]2{gt Sn-riched Sn0,9] ¥-& TWAYA =, NO, 7F2=Aldo] A4 4 Qv &3 duAE S+ 98-S
stk agH ) ofugl =84 JZo=, NO7F oA w3 4 A sk HEe] Ay A7 welAE A
A= & gy, a2 ANFL 46 = -sdT + vdP + ydAXE (dG, s, dT, v, dP, y, dAE Z+Z} 1= =g Yy
o] gk, QERY, 2x9o ¥, H3, ¢He] W, 1wH MX] G A o] #slol EE) xdAEE xHel
UAE Xgsts AfFolux] ®stigoelth, oju] dA 2% oFy old A, dTgd dPEe] 0o FHE=,
dG/dA = y 2FH, 2 d6ol dsiA dwdo] old4E FHouR= AXA "ok, &, &= 8aclAet Zol,
Au ZhE]~E7E wbreka & o, AuE B4 Snriched Sn0,0 FAIZF = 8b B 8cA® GFobd W, EwWol

UAe A4 AdE Ae ougdd. olgd 7 S3 ZeE Hded #FAS e = dAY xdE
AL, oA e SHelA UFAPS w= = 7eAF FAE F A= Aoltk. shAIRE, o]2]gk FOWD W o F4dd
Au-embedded Sn0,9] AE9] EH AFlUAI7F FolAl&= A2, @A Sn-riched Sn0,2] THA e ARt o
Fo e A oblrh. = 9olA HupAY], Sné] & =] oUA (&= 9a)7F Sn0.¢] A Ze] oA (&= 9b)
Hop BE 2% G9olA 4 & @S5 AL e s & ¢ Ak, o3 FODHTe] 3854025
Bl 7]& Sn0.,7} Sn-riched Sn0,% w}H®, FA Xlolo] 3 7~ Zg o7} ol = 99 Ao

o5, Au ¢ol 9FAl A E Sn-riched Sn0yi= 71 Sn0yoll WlE] W ANUAE o= 942 3
o|t}.

olgldt BAS F ¢ &7 AA olslEty] Y, & 100 zZHzre] tZ sk ulsk Gibbs free energy9d
reaction process® A7} YeE} gtk. o]AE EF Sn0,9 WHSEZHE Sn0, + N0, AAEo] A EE= 7

= A M2 gE dlyx] WEtE dehla v WA, 7P Vel 2 4 9=, Rbe=<l bare Sn0pE

FE 7] NO, 7F&7F F&Eo] A Sn0, + NO, FElS] AGEZA L] A Hsle X 10ax7 1849
ATk, dHAHE oJ7]o] Au catalyst EIHES 7R H (= 10b), AA|T-o= Fo]shA] ZAt, ojn] IR AA
# activation energys WF=(EIMY Fa) 7hde]se] AR Qls), Y274 mEshs weo £58 =
g = do. a2y §F2 Sn0,9) Yxdbebe] g atE A BEW(E 10c), 7]E Sn0, WA YA e vls] X =2
29 AYAE 7HAA & olYe, o7l FrpHoez Aol wWsk(Sn0, 4 Sn-riched Sn0p)E A H2 E
W NYX A ZFAEFE R Sn0,9] WHEEo A Sn0, + NO,Y] WA E7IA 9] HEZA activation energys RFFE
Aol ofyet, 238 FHx9 Sn0.9 2= A oUAY HFHE A EZolv 98 A HE Aol ol gk
&3 w3, WelE FAN tE W AA wkSo|A, ASF activation energy®E WEAl stE Ay e AyE
ZHAA H, whgEAdA AAE/A TdetE WY SEE =Y ¢ e ATE ST ¥ F JEEsE
o] (= 100 FHAUAEZ EolA HE A% 10c)9 RN, & o} =% zZ4zte] & Wyow &4
3t dUAE WEE 7] wWiEdd, oH e o SARAE AASI7F JEAT, ojuf, FCVD WA S & Sn-

W, % 10doA BE AXY, Au g AEZREY A eubet

riched Sn0,/Au/Sn0,®] TFE WEA H
I z2dasl olgh ERloix FrIRR 2t : frzts, Au §lol 94
¥ Sn-riched Sn0, Yi=utete] F72 FCVD FRBAIS ZAToEHN | WX 702 o|Fojx Ay Alo]=9)

gk dolols AT & L ol

lo
>
>,
o,
N
*
o,
v
ot
>
>,
o,
N
]
ofh
o,
et
£
22
_0|L
rr
BN
o,
Lo
rr
w2
=
S
2
X
w2
2
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[0099]

[0100]

[0101]

SSS0l 10-2333667

€ BEF RY duUAE S9doR xd F vk dathd, BE ol F

e sojeng, staAde] a3yt g9d 4 vhel glvk. webA] debye length W91 bl

= omn, o]Z2 = H|F Auwl Sn-riched SnOoll WA Utk AT Y AERA
Aee oug. webA F7EA gd(EHAUA S7F 23 + ke

%49 Au-embedded Sn0.9] 537 Tx7F kAl Fed S Bl

Ae 718 2E7 Sn0.9] debye

~E &3)E Bl AT FOD ¥
gtk
= A3 WA GAEE Ay
F7] F9 29 AHAAE wor=r),
(2) AEE 8/ A= 2bhE N Al wiokz)l AxE Ao W o 2R thA] wisk=t}. ojuj, FCVD ¥
Ao AlHe] WL Sn-riched Sn0,9] HimAlo]= HhFo] FHAEO Q1Y) wiiEdl], vimAle]= effect®t Sn0,
Y-E] Sn-riched Sn0,29] XA W3l ol&) THolUAZE AA F7keshdA FWoA HAHHoz Az AEZFo
PFAdE. (3) &A1l Sn-riched Sn0,9] F77F Wiy k7] wii&el (debye lengthRUt% A 9F7] wiell) i
Au H3F NO, 7kl tigh spill-over A4S X1 5 vk, (4) oo Au-embeded Sn0,°] %W EE
PR wgo] dojur] wEol, wWokzl AAE WIS 916 S0l uFelqe A HE Adeoyy

AA4E e Dask k. (5) ARHon AW FHoz dAAE WoAN EdedAe] A% Aude] Lo g
o AEols] ¥Eom, 1A Awenbedded Sn0,8] ATRE AT (6) WEH FhA% N0, A2t AL

SR FEEe 3, ol dgAel e AL o HPdAn.
ol

el Al Ao AAT, 71Ee] WA Au] spill-over® 7p29] W % AbE AA =9, 7AW E
1 RFH, FCVD 212 metallicdt WS WHEWA vwmutds /gwstel] o3k 9 2HA 9 JUAE o &
Aoz 7Fxde] vheS =d ¥ olyzh, 7€ Mg Splll—OVe A= A AZ F e FHE 7
oh. wEbA FCVDH O R ®HE°]Z Sn-riched Sn0y/Au/Sn0,%2 HISH AFo] mHTte] Xxztn & & Y=
response, response time, recovery time E-FoA, A L3 o2 "W HT;. FRUE, qH wdkyg
B vApolz wiael A4St g3E FAFoRA, AHe] X EEXE AAY st dte, 7]E Fuie
FHE 22 AgdA, 9§ dagh @43 JdUyAE W5 3, ZH/AAEANAY TS v FHEe)
S8 =9 F Adedl, ol#gt vYxAtel=x gie W adE A&sted Aye A 5x <ol 44
o},

o] A& 71F Au-adsorbed Sn0.olA Aufioll o}-&l whaho] FAdw =] oFe WM& vlalste], 9]¢ FCVD HMEA 9

A Aol w438 upHA vk, oA A @A Y=
of W, o Wt Au Y=
dor 7Ee #9/

AR WHAYSES deksk A-q38, o3t JidS AAR gdsiA 4 A
SA oy EaHAA, dutER 7129 linitS HoldE AMES solutions AAE F Uk,
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==0dl 10-2333667

omn

k1
g
[\

Concentration (At %)
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SE=501 10-2333667

k1
N2
(VA

Concentration (At %)

Distance (nm)
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k1

SS=50ol 10-2333667

Wt % AL % Wt % At %

Ay 6507 50 54 Au .75 80 05
Sn 3439 44 32 Sn 385 539
) 054 513 O 140 14 56
Toeal: 100 0O 100 0O Totak 100 00 100 00

- . - - - -

Wt % i At %

Au 65.73 Au $8 53 9535
Sn 32 47 3 Sa 078 125
[} 08 753 <) 029 339

Toeal: 10000 | 10000

- - - -

Torak: 100 0O 100 00

Bodh ll J

Wt % Wt % At %
Ay 64 02 Au 96 97 84 52
Sn 34 42 Sn 183 265
O 156 (] 120 12 83
otal 100 00 Yotak: | 10000 | 10000

LL.--LLL | J SR

5 W% | A% 1 W % A%
Au 6365 4414 Au 9618 K2 96
Sn 3 &5 64 $n 256 3 66
<) 19 16 22 <) 126 1339
10000 | 10000 Totak 10000 | 10000
|
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=85
a
b
- Ox(9) SnO(g) + Sn(g) + 1/20,(g)
SnO(g) '.R') e
B
C
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k1
N
N

Y snoysair = Ysnossnrichedsn0, F Ysn.riched SnO/air COSO

YSn-dchod SnOJair

YSnOJaIr

Ysnossir = Ysnossnricheasno, F Ysn.ciched Snoair COSO

lim
If YSnO/Sn-riched SnO; ~ 0 YSnO/Sn-dchodSnO, =0

“+ Ysnossir = Ysn-riched $n0/air COSO
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Gibbs free energy

(o]

SS=50ol 10-2333667

Gibbs free energy

b
5
w AE.
c
(0}
$ Sn0; + Au
E
(1)}
Q
Q
s0;+hNo; O
Reaction process Reaction process
4 S o) R
s b \ AE,
LU R A W £ | Avombedded$nQ: // ..\ ...
o G iital
m .......................................................
4G ﬁ A6
(72}
Q
...................................................... = ORI
sno;+n0; O $0; + NO;
Reaction process Reaction process
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