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3 Al A
9
AT 1
(a) FA Aol TEUA2E S Aalxoz FAdsts 9,

(b) 47 TEHAZE JEE vpxa=2 st FA) Adel A3 E(inhibitor)E ¥Ad3te= @A

(e) 47 FAE o9 (amnealing)3te] A Hznrstol= see Hexon FHshs WA S Lse
A% EHow sz 0 AznssteEe] ey 23wy

(a') HA Aol TEAAZE AHS Aexoz Fyste v
(b') 7] FEAA2E HES vhazz sto] A ol 18l E (inhibitor)E ¥4k wl;
(c") A7) A Aol dHE TEAA2E S AAsE BA;

47 RA el EEHAALE dRe] AR HRo| g FHOR o gate] MmuistelE ATA o

(e") 7] dlzBpxgtolE A4 o] mxd A5 wh&r(anti-solvent)ol] IAAA HAA 2B 27}o]

2A7% 3

A 13w Al 2 e dolA], A7) 8| E (inhibitor)E 2FA4S YERH | A7) Rals D44 e
= AL 5HoR e gAH dREadlolEe Auld S by

AT 4

2 ol glojA, A7) 2138 E (inhibitor)¥ R,SiXsn, RSi(OR'), R-SH, R-OH, R-COOH % R-
PO(OH), oAl AEx= sl o] 49 stES Xdstes AS EHOR st thddd 2B Alo]E HeF

Z2 W (7] gekaellA R 2 R'e= 4 A3 e vAEe] 254S UERE w@slgae]a, ofr|A A3
e g2 94 EE olyloln | nd 1, 2 i 3o|t}).

x|

A5 el oA, A fr|ERASE 2@ FEARZANES BHE EoRE 101 WA 1 6008 HItEE
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paeR

[eE)

A1 F EE A2 Fell oA, 7] &

of

W FEY (spin coating), HIZEY(dip coating), =X #Ho]ZE (spray coating), SEEHo]==2E (Dr. blade
coating), =¥ (roll coating), ®}=® (bar coating), L ¥]o] F¥ (gravier coating) % <EFrlo|zE
(slot-die coating) = o]Fojx FOoRRE MEEE F7lA] = 1 ojate WHo R F3sls S EFo=w
ste OHEA dlEHTto|EY] Auld Fa .

A3 8

A1 Fell AolA, 7] @Al (el A,

A7) ojdg e 80 WA 150°C A Falsls A EHoR sl thaA d2ravlo|ES] Held Zz w
AFE 9
Al 2 ol oM, 7] @A (e')olA,

47 AmparlelE ATA §9 ExFo] FARTh wgvle] WA FEAus P4 PP 2dshs AL 5

Ho= 3t tEA HZEaTlo|E HAuA Fa wY

A3 10

A9 ol ojA], A7) HEBATIE AFA fNo] EEXH HAYE 0.01 mm/sec WA 0.9 mm/secd] £E=E
ol EAZIH WEule] XA 7= AE EHOR sl tEA HZBaTlo|Ee] dHE Fak vy,

AT 11

A9 Fell olAl, A7) A AIREE 1WA 2029 A& SAOR S A dRHsvtolEl] A S
.

A3 12

A2 Fell AoiA, A7) @A ()=,

(') A7) A" Hen glo]Esl Aados g8 RA2 80 A 150CoA oJdZas v ol AS =
Qo sl tdA dBBavlolEe] ez Z3 upy

7% 13

713 Ao Wi E = aHE A

A7) 5 A= Ao WX E I A 1 8 T A 2 sto] W2 W] os AulAon ZAE AR w=H A}

A7) WEEAS el WA EE Y 4TS Egeht Ae SO s B &4,
7% 14

A 13 3l YolA, AV WHEAES HAto]4Z(Electron Transport Layer, ETL) & AFoldZ(Hole
=

Transport Layer, HIL)®l RS

37% 15
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7l € & oF

2 odge oay siznaslolse] dad S2 gy B olg olgd A axbd B ACR, AL
Q158 E] (inhibitor) & o] 48 W MAS Ed 24 Ao tbAA HzZHA70|ES Aelxon Zxss vy
2 o] Z o] &3 FH Ao #3F Ao},

WA 7 &
|28 A7}0)|E (Perovskite) 24 T2Z 7MAE 57 sfolBE s HE2HAT0ExE {7|HHY F7]gHo)
g HeE gddg Fx2, f71858 F71E59 48 Zo|(e organic: 2.4, e inorganic: 6.1)& <l o
AlEo] F715e &urElwA =2 AMeZ=(full width at half maximum(FWHM) : 20 nm)E 7Yk, o]t

7] sfolH = HZH TPl EE Ax H]&o] AL, Ax L A Azfe] ghdkeb, FEA | 7% 4A

2] A% 771 2Ae] AR 2 det olem R UIAA, 94 HAEe = U 24 e

i,

[ oto <o 4

of FxA e BA, uuAe 7o v PAE 9T AFEe] IAPgHALY F
Ao g FE-Ag ol Ale]E(Photo-generation site)E =th3}elr] ¢ H=
H2glolE 7&@% iAol Hol=(void) flo] #atA FAAIAY HAmB ATt E9 M-S AT
ATFER g,

AT HZBATFI|ES LED, o|WA A 5 FH AR 28317 A8 Y 7S AdstEE AR 9%
o, XEFAIHT fHA] w9 Bt mlzH avlolEY EA MElEe my Aol AstH oY),
ol H2H A7 ES A¥H oz HHYT ¢ e MZE TAHAS MEste] Fd &% 5 thdst Fopoll &8
iR g 3 =
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A9 | Ed T
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(a) B-A ol XTEYAAE A Mexoz FAsle A,

(b) A7 TEHA2E HEE nlAm =2 o] Fx] Ao 2138 E (inhibitor)E A= WA ;

(c) A7) A o dAE TEHAXZE JES AASE @A

(d) 471 FA o TEHAZE dAEo] AAR Fid &8 FHE o|&dly HAZBAIIOE A7 §AE
E¥sle oA 2

(e) 7] A& old¥ (annealing)ste] ThEA slmBvtolE RS dezor J4st= G & E3ehes
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oy o AAdRE,

(a') FA el FEAAZE P& dgzxorn FAst= o,
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(a) HA(110) Aol FEAAAE AR(120)8 AeiA oz Fahs v

o

(b) 7] XEHAAZE el (120)& vf=AR st FA(110) Al U3I8]E (inhibitor) (1308 FAdsts ©HAl;

o

(c) 7] ¥A(110) Aol A" TEHAZE A6 (120)S AAs = SA;

(d)%ﬂ<$ﬂuw)*wliiﬂl*E W' (120)0] AAE Fo] & FAHEL o]gdte] HEHATIO|E AP
A {N(140)S =XstE @A

(e) A7) BA(110)E o)< (annealing)dle] th2A F|ZBAFI0E B (141)S AEF oz FAst= oA &
AZghettt

o "tAddg dlEBaolE Yl (141)S AgdeR FA4"e F2(100) Fe] dstE Aol tEA A
EE&?}O]E% date oz 4t AS v,
A7 GAl (@)l F-A(110) Aol EEURAAE A6 (12008 Aedor Azt oy "Aedor
e XEAAZE HE12009] 27, A4, e o2 24T F deS grdy
A7) A1) E IS Yelde 713, A3, 2 =AF FollA Hoj= vz, 47 719, 45 9 vke
A5 ditd oz FAA A Fd Aol HEHE Aoz tAA HRZBEXAglo|EV F2EE FHolghd AT
o] git}y. AS-el wel A7) FA(110)= 71/ AT AR HFE gy T 7|3/ AT/ 5o £AY

o)
o
= A5d d9d = v

A7) e fEl, AR A, EesbRuelE(p), Eeloldie|etebelo] s (PET), Eelolddrele)ol
E(PRN), EFolW=(P), ZelmzhuA(PP) 53 2 wBA AL oFolA: F FA4 /B & gow,
Aol weh B At b5 E 3457189 5 Q)

A7) AFe ArA F5 AEE, F5, 35 @5, v da485d & Add. AAEHAE, AFEESA=
(I10), EFLHRSA)=(FT0), AFEAAGACI=(1S0), AEEH LA =(AT0), FFL2 =X AhsF4
(FT0), Sn0,, Zn0, = o159 2%; &, &, 22=373d & v},

Wl 2| =2 Hdxlo]l4Z=(Electron Transport Layer, ETL) TEXx A Fo]£Z=(Hole Transport Layer, HTL)Y

A7) AAFe]eZ=L (60, Zn0, SnOs, Al.0s, LiF, TiO, Ti0,, CsCO; @ Ca FA A®E 1% o]A4Y 4= r}.

A7l AFo)lE=S  PTAA(poly(triarylamine)), P3HT(poly[3-hexylthiophenel), PEDOT:PSS (poly(3,4-
ethylenedioxythiophene) :poly(styrenesulfonate)), spiro-MeOTAD(2,2',7"'-tetrakis—(N,N-di-p-
methoxyphenyl-amine)-9,9'spirobifluorene), MDMO-PPV(poly[2-methoxy-5-(3',7'-dimethyloctyloxyl)]-1,4-
phenylene vinylene), MEH-PPV(poly[2-methoxy-5-(2''-ethylhexyloxy)-p-phenylene vinylenel), P30T(poly(3-
octylthiophene)), P3DT(poly(3-decylthiophene)), P3DDT(poly(3-dodecylthiophene)), PPV(poly(p-phenylene
vinylene)),  TFB(poly(9,9'-dioctylfluorene-co-N-(4-butylphenyl)diphenylamine)),  PCPDIBT(poly[2,1,3-
benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl-4H-cyclopenta[2,1-b:3,4-b']dithiophene-2,6-diyl)]1]),
Si-PCPDIBT(poly[(4,4'-bis(2-ethylhexyl)dithieno[3,2-b:2,PFDTBT (poly[2,7-(9-(2-ethylhexyl)-9-hexyl-
fluorene)-alt-5,5-(4",7,-di-2-thienyl-2',1',3"'-benzothiadiazole)]), PFO-DBT(poly[2,7-.9,9-(dioctyl-
fluorene)-alt-5,5-(4"',7'-di-2-thienyl-2',1", 3'-benzothiadiazole)]), PSiFDTBT(poly[ (2,7~
dioctylsilafluorene)-2,7-diyl-alt-(4,7-bis(2-thienyl)-2,1,3-benzothiadiazole)-5,5'-diyl]),
PSBTBT(poly[(4,4'"-bis(2-ethylhexyl)dithieno[3,2-b:2"',3"'-d]lsilole)-2,6-diyl-alt-(2,1,3-
benzothiadiazole)-4,7-diyl]), PCDIBT(poly [[9-(1-octylnonyl)-9H-carbazole-2,7-diyl]-2,5-thiophenediyl-
2,1,3-benzothiadiazole-4,7-diyl-2,5-thiophenediyl]), PFB(poly(9,9'-dioctylfluorene-co-bis(N,N'-
(4,butylphenyl))bis(N,N'-phenyl-1,4-phenylene)diamine), F8BT(poly(9,9'-dioctylfluorene-co—
benzothiadiazole), PEDOT (poly(3,4-ethylenedioxythiophene)), poly(4-butylphenyl-diphenyl-amine) % ©]
59 FTHAR o] Fofx wollA HAEE 1F o)A & AUt

A7) TEYAAE - (12008 2344 Z™EF, dF 59 XEUAA2ES 24 (110)0] 283 F =33 2 4
&t £E2 2799 (photolithography) &40l &) FA4T 4= k. 7] LEHAXE 96112009 e 2
AN Hgshe 2xe Fu, FF Fol wet F4s) 49T 5 Ao,
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71 FA10)E Aes YEER EEHA A A 25 AYE & A, 47 2A
oy

(110)¢] =29 BEL rfgoz g¥ 7jdo] o
oyt W MAL & B9, AV TEHAZE HE(
H1E (inhibitor)(130) & #4354

hyA

20)% vf=A2 3k FA(110)7F =FF Fiol <13
3 Fae 5 9tk 4] Q8]HIE (inhibitor)E 5SS Yehls Aol A
ol dd FES AFde® W MEAA £ ded Alge] glov, oF& S, i) R-0H, R-COOH % R-
POCOH),oF 54 58 Leat 7|#3te] ZA3hs Sl #9A7F 73 Small molecule, ii) 7]#3 2/ 23 e}
t WY FEHead), 8715 7H4 ®Wo| Boju mW AAS wHFE wmERFE(Teil), F Alo]E ololF+
EE (Body)Z o] Folx A7tz x}ek(Sel f-Assembled Monolayer, SAM)S ©]F+ SAM molecule, iii) PE(Z
geld@l), PP(ZE =2 3), PES(EZE), PEI(EE v =), PI(EEolv=), PVF(ZHLEEFE) &
I Ze 27 IRA, iv) F, 0, 05 FEEE B3 Auld A5 5L IFAHCR wEoFE EoEvd

F 9,

o =

=

shtel Ao, & WA A7) 18] HE (inhibitor)(130)E 7]l & 4 A& vl F2(Head group)t
A =y wg] F2(Tail), 1 AfolE dAs= w5 (Body) o2 o] Fojx FAtEo]

wjdE Bxz, w2l (Tail)ol ol 2H87](Functional group)dl wel ¥xlet el AA/EAJo] AH
e AR HGEA(Sel f-Assembled Monolayer, SAM)S o] SAM molecule 4= it

FAAReZ, BA(b)AA =ZH FA(110) Aol -CH;, -CF;, -Benzene 59 A4 ZE7)E me] R 717

o] gste] A4S YERE Q38 E (inhibitor)(130)& Aty A4A4S YeEhE 241(110)9)

KR

=

wve adew wu ARe @ 4 A,
%

i

%3l ulel o], HEBAIIOE ALA £9(140)3 A4S JERNE <138 E (inhibitor)(130) 2+ 7
e o] TAA HEZBRAJlEE ZEHANAET AAE REul Hezog Zzo] o] Folx]A

o] g <I3]¥|E (inhibitor)(130) S &3
W 247 2ol dznsdtose &48
3l

A HR2HE2ATb0E Sl (141)E

-

$A1(110)8) EA o] o] FoiAmz, H2e o §a JE
SEAE & vl o2t vk 2]

0§ 2 oUAE £usA %a raeln Aulgon FHY F

=
[¢]

fo o w

AAEAE, A7 AT FHAEEAYS FAsE 3EES R SiXen 2 RSi(OR'), R-SH, R-OH, R-COOH % R-
PO(OH), oAl ABEE sk o] dd 4 AR 2 R'E 27 A3 EE v X3 254S YeERlE g35Aa
ola, A7)A XE/E F2A Yih EE olylo], n 1, 2 ¥ 30T},

& AAEHAIE, A7) 3352 Trichloro(octadecyl)silane, Allyltrichlorosilane, Chlorotriphenylsilane,
Trichloro(phenethyl)silane, Trichloro(phenyl)silane, Trichloro(3,3,3-trifluoropropyl)silane,
1H, 1H, 2H, 2H-Per f luorodecyltriethoxysilane, 1H, 1H, 2H, 2H-Per f luorododecyltrichlorosilane,
Trichloro(hexyl)silane, % Chlorotrimethylsilane2 o]Fo|Z oA ABE = sy o]de A A4 3=
IS 7HAE 33E; 1-Octadecanethiol (ODT), 1H,1H,2H,2H-Perfluorodecanethiol, 2-Phenylethanol, 2-
Mercaptopyrimidine, 4-Mercaptopyridine, 2-Mercaptoimidazole, 1-Adamantanethiol, 1,6-Hexanedithiol, 2-
Mercaptobenzothiazole, 3-Mercaptopropionic acid, 2-Mercaptopyridine, 1,8-Octanedithiol, 1,2-Bis[2-
methylbenzo[b]thiophen-3-y1]-3,3,4,4,5,5-hexaf luoro-1-cyclopentene® Biphenyl-4-thiol 2 ©]Fo]x o]
A e EE i o] o] Molg Ald FEIES THAE SEEd 5 .

54 5o uel H4s HeP 5 ook g go}, WshE 7]
< AT AL A= a5s e SEES AT o,

o

solg AL = 2§ AL SHFES A8

i

A o &

’$7] 1381 E| (inhibitor)(130)2] &4 WS Agte] glem, o& Eo, ~¥WIY(spin coating), HIH
(dip coating), =X #|o]= " (spray coating), HEE#o|=3" (Dr. blade coating), &Z® (roll coating),
v} 378 (bar coating), Z#f¥]e] F ¥ (gravier coating) % &£Ftlolx¥ (slot-die coating) & & o] Fo|A o
E2HE AUy E 7] e 1 oty WyoR Fd = Qirk. GAEtAE, 28 29 e Ik 5 &)
£ ol g3t A7 dFEE &d9S A4 F FAQI0)E 5 WX 158 WA HAAANA FAde dIZE HAoE F
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

SIHSd 10-2021-0104589

B 5 o,
7] BA(ONA 7] FALL0) Fol FHE ERAALE AR1200S AAT & dob. EEAAXE

J{
[S] i
AWA WPow FAT 5 Jov], dF Eof, pHEC} EEYAAE A

(12009] AAE FUA 2elR <
25 (R striper) 5& ol 8¥ 5 gout ol A@sE A ohirt

A7) AN 37 A (110) e ERAAXE SR (120)0] AAR FRo] g9} AL olgste] Amn
st E ATA §A(140)E T AZD A EE HAAL AT + k. &9 FHo] FAHE B

Q18|11 E (inhibitor)(130) “&e] HZBAFLo|E AFA &N (140)2 AAS L, TEHAZE el (120)¢] AA
Hol =EFH FA(110) Aelxt dlZesvlolE A §9(140)0] IYFEHTE. olf HZEATolE AFA §
M (140)H A2FALE UeEhE ¢ 5] H]E] (inhibitor)(130)¢] AlHo] Eot4g3t= 2 213]H]E (inhibitor)(130)7} &
2, ZEE Fides thEA dmEagtolEVt 257 57| wioltt.

71 HzBATPlE A §e1(140)2, g EAsE 2 a5 2As =S 7] &l &siAl7I= Ao

Eodgo A tZAA HEREHATEE 2249, 2/3 B4R, B 329 dH2ZHAJPOlEE, (RNHs)»(A)(n-
DBX@wn (n=1, 2, 3. .., A; n=1& 2294, n=2, 3, 4, ..., (A-1)22/3 5%
b, n=A% 3AY FARBEAFOE) gehAS 7 4 k. RNH; sitedll= ol AS dnbdgom &
4 IdEF (methyl (C1), ethyl (C2), n-propyl (C3), isopropyl (C3), n-butyl (C4), tert-butyl (C4),
sec-butyl (C4), iso-butyl (C4), n-pentyl (C5), 3-pentanyl (C5), amyl (C5), neopentyl (C5), 3-methyl-2-
butanyl (C5), tertiary amyl (C5), and n-hexyl (C6), n-heptyl (C7), n-octyl (C8) 2Joll 718t FA}e &
H), = olzng Ho] ¥x3d 4 AdEFE  (phenyl-, p-tolyl-, m-cumenyl-, mesityl-, benzyl-,
benzhydryl—-, cinnamyl- phenethyl-, styryl-, trityl- <ol 7]} A FE)HE AL, A sites
methylammonium (©]&} MA), formamidinium (©]3} FA), Cs, Rb 59 Hox 1£9 H7&E, 7 &E
E3Eo], B site?] A$ Pb, Sn 59 7] H3FEo], X site= I, Br, Cl, F & 2 1F o9

2 o] Fojx= FeEoltt.
Aalefol el dRBATR|E= Sk (RNH)2(A) o-nBiXewy (371 BFSHAell n= A<l 79, ABX; 722
il

A% A= f718S dehln, Be B4% dehla, Xt 1% olge R 948 tehy
olHI L FHERHATIO|ExE CHgNHngInClgn, CHsNH3PbBr,Cl3-,, CHsNHsPbInBrs-,,

A7 71 grleE guE ¥ Eolu]=(Dimethylformamide, DMF), t©lw€Ad2ZA}lo]=(dimethylsulfoxide, DMSO),
ZFvl-4-E] 2 2% (Gamma-butyrolactone) , t e e ola| Eolr] = (Dimethylacetamide), N-vil e o] & 2= (N-
Methylpyrrolidone), N-wl€-2-3]2]¥ (N-Methyl-2-pyridine), ¥ &9 (Pyridine), ¢}d¥(Aniline), % o]E9
ZFER o]FojF FoRREH AHEE AL F Ao}, o AgEH= A2 ofyTt.

AL, 2nuY, S§ALY, wwy, &2 o] 1Y, avhlo} TAY, =F xUy, YA X
49, Aa9 mUY, U, W ARRE ool eziy AUHE AelE S0l 1 3
5 E

o
) o
e 2umgd & Aok 9l w29 mY £Rg ALg 2Este] AEnsvllE Aue] FAS &
[e]

_/,:
271 dA(e)oll A ol d ™ (annealing)& F33HA, <QISHIE (inhibitor)(130)0] T2, FWEA & Fto v
Augoz vay dznsstelest F38 & A,
R

7] o @ ofdy@, 80 A 150TAN FAT F vk, 47 L= WS HolN ojut 4AY 2

$ A4 gl AU oTolqA YAY BAH HznivtelE JHE4(141)°1 ca & 9ol meREA
ot}

% 2 B owge) ® oE ANdd te gy senssjeee] dud 2 e vepd R melt,
w28 A;ew, Bowde] ge vad sznsziose] dud F3 ue,



[0092]
[0093]
[0094]

[0095]

[0096]

[0097]
[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

SIHS3 10-2021-0104589

(a') FA(210) 7ol TEHAXE HH(220)S AEHoz P4 oA,
(b")
(c")

(d") A7] BA(210) Aol TEHAZE H(220)0] AAE Fio &9 FHoR o]&slo] HRZBATlOE
TA &R (240) S =X WA

o

1) TEYAAE E1(220)S wpAIRE slo] HA](210) Aol <1388 (inhibitor) (230 dAstE whA;

o
N

| FA1(210) 7ol A" LEHAZE HE(220)S AASH= SA;

(e') A7) FlZH2~Flo|E ATA §H(240)0] =xF HA(210)E &l (anti-solvent)dl] HAAA a4
FZHAF)ES Mulx oz FAeE wA; 2

(f") 71 FA 5 ojddst= @A & £33

Z’:
271 A (@)l A F-A1(210) Bl FEHAALE 3iR1(220)S A9z om FAdgnt,

A7 FA210)E Aeds Yehde 719, A5, 9 BREAS FollA Aol shuE, A7) 7, A5 9 e
AT dvrd o geizelx Fd &ate] A8y Aom thddg FlmHglo|EVE SARHE slolekd Alg
of gk, Aol wet A7l F-A(210)= 7B/ AT SAWE AFE FH ke 7R/ AS/0EA Tl =AY
2 A5HE Fuad F vk, AV 719, d5 2 eSS dee viek 2.

A7) EEUAZE AW (22008 B 2EE, AE B0l ERANAES 34106 B F g L AR
st X E 4189 (photolithography) &l 93] AT = U}, 7] XEHAZE #HE(220)9] Fe 2
AAE= Agstes 22 o, T7 ol wet Ads] A48 5 oot

A7 FA10)= #
(110)9] w=&9 H&
olgi3t W MAL oE B0, AV TEYAZE T
HE] (inhibitor)(130) & At F=3& 4= olt}.

i
=
N

[o
=
[>
o
fu
ol
a2
4z
2
=
S
N
b
i
i,
4z
S
=2
ro,
ol

7] 18ulE (inhibitor) & JA44S YeERUE FAdd AgHo 9 228 25de= 14 MEAAd & 9
o Agle] glov, o 5o, i) R-0H, R-COOH 2 R-PO(OH),9F &% =& uia 7o) A4S B3 14
27} 7F5 ¢ Small molecule, ii) 7]1%3 &2/ 43t M5 (Head), 28718 74 ®H
AAS vy FE wEFE(Teil), F AFolE olo)F+= FH% (Body) 2 o] FoA A7tx=HEEAH(Sel f-Assembled

M=), PI(EEolv=), PWF(EHHIdEFaE) & 3 22 294 awal, iv) F, 0, 05 =

of

AA ary B AFAOR WEFE Zepxeid £ glr),

shupel AAjal2, B b A7) 913]H]E] (inhibitor)(130)& 7]l & 4 d+E W] ¥ (Head group)
Fdo| =8ys wy] HE(Tail), 2 Alo]lE dA3 = 5% (Body) &2 =]

widd Bxz, wai(Tail)ol Bolds 2H&7](Functional group)dl whe}l Extet mwe] Az/EAo] 24
e A7z g i 2wk (Sel f-Assembled Monolayer, SAM)S o] %+ SAM moleculed 4 t}.

TARoR, 2 Uy =EH FA(210) ol -CH;, —CFs;, -Benzene 9 &5 28718 #El F2e 714

© SRS o8t A4S UrhlE Q8 HE (inhibitor) (23008 BAS A5AS el 24121009
A PR AW

=
g ardew wY ARE @ 5 A,
%

T8l vkel o], HEBAIIE AA £8(240)3 454 FHE7]E 7HA = €13]HE (inhibitor)(230) <]
A

-1 0 .
o BolAgsle] thEAA FRBATIEE YEHA2EV} AAE FEovr Ay on Zxo] o|FojXA H

t}.

o2t 2188 E] (inhibitor)(230) AL Z3] FA(210)9] %W 7MAo] o]Fojxm=z  A7te o|gsl 7|&
H A 2] d2HuatolEl] &4 WAEHEAE 4 YiulEd o2 thddt A9 Fue usdzel
thAA HEZHATO|E IE(241)S 1, 1Y T 2 qUAE AREA & 7ideta Au|gow AT
AT,

AAEHAE, A7 A7 Z2EGEATS G4 3EES RSiXe, % RSi(OR'), R-SH, R-OH, R-COOH % R-

POCOH), ol A Ades = sht ol dd 4= TR % R'= 72 A% B WA & 29ds Uehle delea



[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]
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olar, o714 XE7|E FEA Yh TE ofloln] | n& 1, 2 = 30|t}).

L JASAE, 7] 3= Trichloro(octadecyl)silane, Allyltrichlorosilane, Chlorotriphenylsilane,
Trichloro(phenethyl)silane, Trichloro(phenyl)silane, Trichloro(3,3,3~trifluoropropyl)silane,
1H, 1H, 2H, 2H-Per f luorodecyl triethoxysilane, 1H, 1H, 2H, 2H-Per f luorododecyltrichlorosilane,
Trichloro(hexyl)silane, % Chlorotrimethylsilane® ©]Fo]Zl oA HA&E= sl oo A Ad d=
88 7= §3E; 1-Octadecanethiol (ODT), 1H,1H,2H,2H-Perfluorodecanethiol, 2-Phenylethanol, 2-
Mercaptopyrimidine, 4-Mercaptopyridine, 2-Mercaptoimidazole, 1-Adamantanethiol, 1,6-Hexanedithiol, 2-
Mercaptobenzothiazole, 3-Mercaptopropionic acid, 2-Mercaptopyridine, 1,8-Octanedithiol, 1,2-Bis[2-
methylbenzo[b]thiophen-3-y1]-3,3,4,4,5,5-hexaf luoro-1-cyclopentene™ Biphenyl-4-thiolZ o]FoZ
A s sy ol AolE AY EaEs e SEEY 5 .

47 SR AEE RAI)Y FF D 54 Sl met 445 49 & Q. oF Sol, W%E /9
2 AMgSHE A% ASE /190 A¥He] £& 4Y A A= IR /e GFES AT F 9ov,
& J)we AHEse 4% B% J1uT Aol £ Aole AL A= 1S e HHRE AT
2k,

[e]

(dip coating), =X#|o]= " (spray coating), HEE#Ho|=FZ" (Dr. blade coating), &F%® (roll coating),
v} 578 (bar coating), L#fu¥]o] ¥ (gravier coating) X &£Ft}o]5 8 (slot-die coating) &2 o]Fo]x o
2HY AEUyE 7EA] B 1 o] e r FaE £ gtk AAEAE, 28 38 e A5k 5 &)
g ol&3to] A7) SFE &S FA F FA(2100E 5 WA 157 WA HAAAA FAhste HIY WHeE
gz 4 Q.

71 SAI(c)AA &7 FA(210) g FAdE TEHALE H(220)0S AAT 5 Jdvh. TEIHAEZE F-
(220)¢] A= FEA L AR o7 g 5 glon, dE 59, oMEolY EEYALE A2
23 (PR striper) & ©]&% & dor} old Agy = AL ofrt.

%471 ?1s]HIE (inhibitor)(230)°] &4 W2 Alge] glew, oE Eo, =¥ (spin coating), HH
o] A
=]

gul

71 SAId)A 7] FA(210) 2] XEHAZE el (220)0] AAH Fio| & FAHS o]Lslo] HRE
2FFolE HTA £9(240)S Ex -, l(e)ollA Y] HlREAFIIE HAFA §9(240)0] ExH FA)
(210)= wHgw(anti-solvent)ol]l HAJA]Z|™ <18]H]E (inhibitor)(230)7} &2, FEHA] & FHEou H=14

=
=
om By Mzp st et B8 4 v

E HREATlo)lE ATA £9(240) AFAS YeRE <158 E (inhibitor)(230)2] AlHoe] Bl mg
& inhibitor)(230)7} 5%, IHE Fiol= vddy d2B 2710l EV) S2H7] FE7] wiEolt).

=
)
~~

71 HBBATRlE A 91(240), 1@ ERASE 2 S5E2AEE 7] el &siAl7I= Aol

oA tAA dzBAvllEs 23k, 2/3 5 Ak, Ex 3A 2B AJko]E=, (RNHy)2(A) (n-
DBXgwn (n=1, 2, 3. .., A; n=12 229, n=2, 3, 4, ..., (A-1)22/3 5%
A9, n=A% 349 smnaslelE) s sbd 4 alth RN sitedli Folee] A9 dwHon 2

47 AEF (methyl (Cl), ethyl (C2), n-propyl (C3), isopropyl (C3), n-butyl (C4), tert-butyl (C4),
sec-butyl (C4), iso-butyl (C4), n-pentyl (C5), 3-pentanyl (C5), amyl (C5), neopentyl (C5), 3-methyl-2-
butanyl (C5), tertiary amyl (C5), and n-hexyl (C6), n-heptyl (C7), n-octyl (C8) <ol 7]E} A}t 3
H), T+ olzvlg Ho| ¥x3gd I dRHF  (phenyl-, p-tolyl-, m-cumenyl-, mesityl-, benzyl-,
benzhydryl-, cinnamyl- phenethyl-, styryl-, trityl- $&Jol Z]e} fA}st He))E AF&3Sc}h. A sitex
methylammonium (©]&} MA), formamidinium (©]3} FA), Cs, Rb 59 A% 1F9 F7]&E, F7|& &= F57]
HE3E0], B sited] A$ Pb, Sn 59 F7] HFEC], X site= I, Br, Cl, F 5 1% o] =7 94=

o] Foj A= shghEoltt
Aaleol] meh, dRBATR|EE Sk (RNH)2(A) oonBiXewy (371 3FSHAel n= A<l 39, ABX; 722

=
B 4 glen, o Af A" A71ES YERZ, B 55& UeZ, X 13 o9 22 945 YEh
W, dE 5o, A7 §%7) slelBRgs #H 2B AFle]EXE CHNH:PbInCls,, CHNHsPbBr,Cls.,, CHsNHsPbInBrj.,,
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[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]
[0133]

[0134]

SIHS31 10-2021-0104589

CH(NH2)2PbInCls-,, CH(NHz):PbBr,Cls-,, CH(NHz)sPbInBrj-, 9 st Ss 7Hd ¢ 9l
A7 7] Evl= gHEEEo = (Dimethyl formamide, DMF), t]w|€dZA}o]|=(dimethylsulfoxide, DMSO)7+
n}-2E] £ 2+ = (Gamma-butyrolactone), Tl M Eo}lx|Eoln = (Dimethylacetamide), N-wE 3] Z 2] &= (N-Meth

vlpyrrolidone), N-wlg€-2-3 2] (N-Methyl-2-pyridine), ¥ 29 (Pyridine), °}€# (Aniline), % o]&9 %3
E2 o]Fojd woBHE HdEH= Y 0 oy, ol A= A2 oyt

271 g 34, oF Bol, 29wy, Way, a%delay, gugdol=ay, 239, vhay, 2z
59 0 ERvelmPoR o]old ToRRH HHHE WA EE 1 oo wHor £33 F gov,
HABAE 20 79, 9 29 FHoR $AE & A

s ZHssto B ATA §9(240) ;o] olelg sl@e] MRH Al E W FHF 5 Yo}

35 FA(210)E Jﬂiﬂ*ﬂﬂ‘f ATAL &4 240) HAAA FA(210) ol A4 &4& 2H

o2 ~9 gy vuste] T8 FAH o#e FA(210)d tate] IES £ 4 9gon, 2w mE A

Felo] FEE o *ﬁ”ﬂ HlzBxTbo]ES] FHlo] Byrdety AdAg FAR Ao 5 glus Tl
o}

AFA 8N(240)0] ZEHIFE FA (21005 H+gu), = ZA3I}
51

32 oo

E
=2 O —
NATFE ool gol % W RAQI0)9] WBE A

N

go, WA (e)olA, 47 MZHAA IR ATA §91(240) EEF0] LA (210) Rt MFehe] WA, A
£35S YANA EWle] HAstn G thaA dEnastelE R4S AT F vk,

28 A Haushd, HEZHATOE AGA LM (240)0] EFE BA(210) 2 WHgwh(anti-solvent)ol] A&
=]

BA1(210) ol HAzBAAOE ATA §(240)2 EEA HW FA-ATA §o 2o A3 i vw
o] 44Ht,

g Aol A, FA-ATA & AR FA(210)7F WA wkguie] HEsteF WA= Ag, FAL ATA
N AUFEH AAs7E AAE o] B ol iH A7HA &Aoo A5t 2 F

27| E Hh(a)o] PAE o] Bddoe] wAlste 9 549 sl o] "olxA Hr).

W 7 Bl A, ATA £A-FA(210) AR AFA] o] WA o] HFEHsEE A= AL,
A gl ol WA ARSIt dojuA Hal shgh RS AA &0 ol 9% AA sy Aot
A2 H2Tto] EVE "Wolz] yrtal ofgZ dTtA gofo] AASrL wo] @Iy Fake ¢ dRHATMo|E
H(b)o] FAE & k. o]E o]&dte AWIYOR HRHAIP|E AA] £9(240) FHo] o7 F-A
(210)0] | Z2B =7l EE S 4 9t

AgEE ATAG Holm i §U1E AW F At 54
FE A, 1,4-th] Sl
SMAESIAE, 1 2Tt ZREMAL, Tert-FHLF, -6, o

2 olRojzl FomnE AUHe vFY £7189Y 5 gou o

A7) HZBE2FF0lE AFA g4 (240)0] FA(210) Rt WA HEgue] HEFIJEF HIAAZE AF A7) #A=
B2AFlolE AGA] &H(240)0] =XFH FA(210)E 0.01 mm/sec WA 0.9 mm/secd] HEE o]FA 7™ wl&nj
of AAAIA 4= i, olwf HA Ak 1 WA 202Y T A

OFO
=
=2
2
)
B
ol
ol
i
ok
i)
o
)
oo ]
ol
ol
£
R
i
o,
5,
fr
[f,
>«
N
N
o
ﬂ'l
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[0135]

[0136]

[0137]
[0138]

[0139]

[0140]
[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

ZHES 10-2021-0104589
& 4 glol mprAeA o
o2 el A elfold & glont, ofe] A@E AL ohu.

wme]l wE AR HEHAJlo]E sEl(330)0] Hei o

o|\
2
)
o
)
[
2

FA(320);

7] FA(320) el vl 2 odre] whE v o] AElz oz
(330);

o|\
e
i,

A4 dRBATblE dE

A7 AR H2B ATl E B (330) Aol X HE b A|=(340); 2
A7) WFE A Z(340) Aol WX E = AR A=(350)S E3E 42 Q).

g Ir]rE Fd 2AH(300)= ol 7 el o
¢

b
o
&,
i

i

N
X
©
iu
B
)
tilo
b
s
_OL
2
>
i

2,
r 3
o
o,
et

= 8 7
o2 AFol%Z(ole Transport Layer HLyol extlz A28 Fuel & QL. TS AAEAE A (32
= e el s AFo] wixE dHY 5 vt

E(PEN), Zgoln|=(Pl), ZZ2Z(PP) 5 2L 182 AEE o|FoX&= F T4 79y

A7) e f2), A s AR, ELRd (), Eelolduedmeleo = (pET), Eeloldt g ol
s +
A5l weh B Wk bed #5799 & otk

A7) EE A Aoll= Ag-o weEl HtEAEo g2 HdApo]4S(Electron Transport Layer, ETL) £+ AHFo|&=
(Hole Transport Layer, HIL)o] @AE 4 At}. A7 AFol4$Z(HIL) S oA AH3s vie} o, o, AY
1E & 7Aooz FFAsHA] K3 4 9o}, & oy

O|FZ(HTL) L tF-E2 £2F5AES Har 3o, HrE~T)e

of & FAiAE HILS E38HA] &S 4 A

A7 A HZBE27F0lE gE Aol v A H = HEEASS Ao ]55—%( lectron Transport Layer, ETL) T
A Fol4%Z(Hole Transport Layer, HIL)Y 4 oy AstAIE dAol43(Electron Transport Layer, ETL)
d 4 o,

A7 AApo)lEZ(EIL) S Cy, Zn0, Sn0;, Al,Os, LiF, TiOg, TiOs;, CsCO; @ Ca ZFoA AEg 12 ol4d + 9
=

A7) AR A(350) & F, 2o=E Y 4 vt

Stel ez, B owne] mE YA Adbe, FHARY A% Aol 25, olusldele, AD Bo) Y ¥
o ETLS 700, S0y, ALO, AISHES SHa = vk, o sy slwel Held THE Agstel 0y Az
uogbolE ojdlol S P PIALE PAIT 2 &9} /0 TS AHESE IT BAS ~umgoR S3F 5
Ak, olF AmS vz Fe =g A oMMecld WHe B L9 Le F5L TAse] W4

6]—/* q.

T UE o2, B Wi e 3 Az, AbstE 7| fo dEY 7S Fd PTAAY P3HT EHEJ% 54

o AR HRZBRATIES F = o}
NS o]§3te] (60, Zn0, Sn0%} ¥ FILS F& et 9ol 35S FFste] 2x= 63*4% 5 }M o171

Al AR ARETllEE PAE A fo e 55 T £+
o 29Ee e WA aoux e EEkanie) T 54 A TER 8 AR fARrs



[0152]

[0153]

[0154]
[0155]
[0156]

[0157]

[0159]

[0161]
[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]
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3) Inhibitor (RE7FE HEHERFEF(Sel f~Assembled Monolayers, SAMs)) H=]2]

Inhibitor® Trichloro(octadecyl)silane(o]3} 0TS)E AF&3FATE. O0TSw= HE|HF-ito] SiCl; o= 4tskE 7|3t
$ov} mely-io] (i livdrophobic seh. EESAehelS Fah 2wl 1) 0 Plasnad oF 3087t A2 she]
0TS7} EWe] o & B2 Agst &, Aae gz dlo] 3 M B57} HES OIS 9L Axsta g 7%
S oF 1037+ Dipping(AA)AA PRO] ¢l ol 0TSE FESHTL PRS A A ST}

4) FHlEHATO]E HFA &l FH]

ARBzgtolE AA &4E FEHjgth. FAFoR, dYdA FEAT dRBzvlolE= ABX; TE9
CHsNH3sPbI3(MAPbI;) #|ZH ~7Fo]EZ MAL @ Pbl, : DMSO =1 : 1 : 0.6 = 0.161 g : 0.472 g : 0.0434 ml2] H]
£ 0.6ml9 DNFO] =01 AT7A] NS A3l 9 ~u WS Algshoc).

5) F77] B AR E 7Y

THE S9S SAMs Z® o] ¥ 7]¥ke] 4000 rpm / 25s2 F®WEFaL, Wk-&vl(Ether)oll HAAIA AA3} A7 H,
°F 100TClA 323+ dAgste] sy @dd HzBavtolE o] A2l | ds FA43H.

MES vp23E dekel 3 5, Thermal Evaporator WS %3] HA4=%Z(Electron Transport Layer, ETL)
2 ARgE Co ¥ Bit linel® #&e 219l gejo] dF-d=F2o2 o842 Silver(Ag)E FH3Fe] HARBATIOIE

el ol eIFEE GAste] 110 249l - F77] A RBEXATPIE - Gy - Ag k1ol d#el | s47he] IN +
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Gap 10 um), = 6(b):= o]o] mjgol w= wfEl SEM o]m < o]th(40 x 40 um, ¥i&:x 1.5k, x 5k, x 50k).

ta)
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234 3
Hlae] 1 2 A 30| wa} g8 Ay 2B AT E Ao ARFAFER A (SEM) AFRS 27 10(a) 2
10(b) el YeErR ST
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