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i, A7) s A=l dieEA A E = 2]l A=

A7) A A7) A A 2 Y] =0l Ao Aol FAEE slojHIE = HZH AFFO|E(hybrid

1 Tl
perovskite) WF=AZES ¥33
A7) slolBBlE HEH AJ}o]E (hybrid perovskite) ¥FEAZS,

7] (Ambient Air)ol] =%%o], tuWd EE olu=(dimethylformamide, DMF), t©lw|€ ¥ x}o]=(dimethyl
sulfoxide, DMSO) X+ Zv} F-E]Z2E(gamma butyrolactone, GBL) % #Holkx 3svEs =73 =3 &l
(solvent) & o]&3lo] FAJ=

371 &% 8l (solvent)=, 7] tvd
butyrolactone, GBL)©] 7 : 3¢ F-3]H]
]

(dimethyl sulfoxide, DMSO)$} A7
90" Ce] & =5 2L,

E o =(dimethylformamide, DMF)e} }7] 7w} F-E] 221E (gamma
E3Eol 70° o &Y 2EE ZHAY Y] tddE dE Aoz
E] 2 2+% (gamma butyrolactone, GBL)®] 7 : 39| H-yH|E Z35 o]

4z H” kel

A7) EtolB = H|ZH AF}o]|E(hybrid perovskite) ¥FEAEL

7] &3 fu(solvent)e] Fujulo] 7|uksle] A 34 Flo|A AFE slolRE =
perovskite) RE=AZ Y 2 A din|sle] & 8 X H]&(ON/OFF ratio), =914 &
FE5 Aojged wel dF 54 FHA, T 37 LS A=

, iy
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H ZH 2 7}o] E (hybrid
= 9 =g dF7F

slolHgl= H2H ATl E whut EWR| AE
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A1gel gloiA,

A}7] dlolBEE HRZH AT E wtEAZ=S ) A SE7F 45% WA 55%0] 1L, =7F 23C WA 27Ce W7 &
A (ambient air processing)dlollA] A AL, FRI} AbAo] oz ubul] éxéél A7 JAL] o] w2
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o]l BY T HZBE AT} E Bl E x| A,
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A7 4

A7) SelBE = HZB2TlolE AT, 7] €% &vl(solvent) & o]83t4, 7] &3 &vl(solvent)
ol 7] T (ambient air processing) stollA A ZHE slolH = HEZHAFIO|E Hlz A5 vlul T A
g Aol din)ste] vk g An g R 7} A E =

slo|BnE = R HE ATl E ulul EdX| A,
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A7l Ao,
A7) sfolB Y= w2 H AF}o]E (hybrid perovskite) WHEAZFS,

A7) A AT 7] = A ARl wixE A, Y] WSS ~F ZYsta, dHsty d4E WA
(bank)el] HA 5+

slolngle sz B AgtolE uhak ] AH.

AT 9

Aol AolA,

A7) dtolH e FH2H AFto|E (hybrid perovskite) ¥HEAZL

A7) Z3 g (solvent)oll HZH AFIo]E AP (perovskite precursor)S &astAu &0 H7A|Ql ool o
93} a2t (Hydroiodic acid, HDE F7bste] Galfsta, 23 A" & EFA(toluene) H7lste] 7] =
(bank)oll BA T +=

slolHgl= HZH ATl E v EWR| AE

7% 10

B2 2500 rpm WA 3000rpme] £EE 3, 809 Al o AEH =

slo]Hel e W 2B ATl E utuh EdA A,

A107el lolA,

7] Bl (toluene), 7] 80% F 30%°] 7] EF &wl(solvent)ol H7tH e
Slo|HE = HZH ATl E vl E x| AE

A7 12
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7] WA (bank)E, lum WX 1.5pm Zol2 FAd=H



[0001]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

sE59d 10-2294707
A7) slelB@l= #H & H ~7bo] E (hybrid perovskite) WEASFL,
27] t7) (Ambient Air)ol =% 31, 300nm Wele] TS zh=
stolBE]l= HZ B AJlolE ulul EX] A,
A+% 13
A1l glojA,

A7) slolBBlE HEH Ao E (hybrid perovskite) ¥FEAZS,

471 3 g (solvent)] F-yju]o] 7|Htate] MBAgAE= 29 Zh(SS, Subthreshold Swing Value)o] =]
=

glolBEls H R HAFF0|E uhtal Edx|AH .

AT 14

A1l glo1A,

A7) slolBE]l= H 2B A7)0l E (hybrid perovskite) HFEA|F2,
g7 5 &l (solvent)o] F-dfuje] 7jwkate] 47| sto]He= #|ZH AT E(hybrid perovskite) WA
AR (crystallinity)o] Aloj= &=

slolngle sz B AgtolE uhak ] AH.

e 4y

2 e 7] b4 (Ambient Air-Stability)& ZHE Sho|HE= HRH 7ol E uhul EMXAHE A 23517]
2 APdel] B3 AowA, Wtk AAMeAE £ Xy o]¥ (solvent engineering)S ©]-835}o] H=H
»Flo]E ubal E WA ~E| (hybrid perovskite thin film transistor)E AATOZHN, At S5 456 A
55%, X 23T WA 27C 9 th7]dl =EEHE 73@11*% HZB glelE utuks 2 glslel® ¥ 2 H ~Tko]E uh
go] A4 2 T3 LS FREE Ve e A
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71 & ezl FAE ol mholi#o] M (Ton migration)dl, olF Mt A7 &k, W @ ulojojs o]

wheh dule] 2 AR-AL(-Y) B4 2A 298 4 qlr},

Bk AA 9 3 oyx] Hsk F&(power conversion efficiency, PCE)S BAMA 7= 7)<&d] sk B& E3lo]
AATE, ARB AT E wal ERAAE L] RS obx] AAXI =, ol V&g diF-Fo] 9 EWA
Holl 251 A485A ke olfoltt

T4 B dAeh g, AzeadlelEs ek Ak P dAAN dA s vhed HEr] bR 2 AolE

weka] AFA (precursor) 282 FoAdoloorsial Az FAHE B A So] F oA
box)oll Al 48] ojo} s}, =
At EAo M B A BAlE oA3] |AFA ).
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Jolo] = 2B AT7Fo]E diulel AR 7] QFAA] (ambient air-stability) % &% orAA S

tﬂ—E}-

o A 5% 45% WA 55%, == 23T WA 27°C 9 thr] 34 slollA AZEE Slo]lH Y= H 2 H Ao

bl EdX A BT A4 A ShoA AAEE SlolHE HlRHATFO|E ukul EWXAEHO EAS

oz vugozH FEIY Ao JgS wol lo|BE HEHAF0|ES AH Alo]Z(grain size)9f
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FHE 228 dhxe) e B¢ o] opd, Al FX 45% WA 55%, 2% 23T W%
e A At FEAES 2L, 4R AR Aol sk, W EFY Y U=

bk E @} 2~ F (hybrid perovskite thin film transistor)S Al&dhs AL ZHo= 3o},
g0 X o]¥ (solvent engineering)S ©|83}e] fujAle] EFd ulg} dlo]HB T HZE ATl E

morphology), 27 Alo]Z(grain size), 274 YA (grain boundary)2] Zol7} &e}A 3lo]lB g
E dtut ERR|2EH O EAo] EE A AS FHoR gt
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S o] 83l slolB Y= HEH AF}O]E (hybrid perovskite)
NEA TS JAASI MBEAHA 2= 29 ko] e HZ2HA710|E whal EWX]2~H (hybrid perovskite

w0 Gl Aol Abast pEo] S o] 88te] stolHE HRH AT E(hybrid perovskite)
WEASS Gkl dAHlold F(passivation layer)e] F-Aoli ti7] HAE 2zt dZHATto|E upap
EWA2EE Agshs e HHow dr

A2 Ad 5
2 oo dAAdd W2 sfolHYE HRHAFIO)E vhet ERNAXEE V]I, ] 7|9 e e
H AClE =, A7) AlCE AT AR FAEE AR, V] AATe] AR AT A HAS, 4
AdaAute] ARo FAE, AV Ax AT dlgEHA wWAEE =l de, A Zdw, AV Ax AdAS
A7) =l ATl AR FAEE slo|HE s FHlZH AFlo]E(hybrid perovskite) WHEAZS EZ3Ea, A
7] dlolBgle #HZH AF}olE (hybrid perovskite) WFEAZS, 7] (Ambient Air)dl xZ%¥ o], dHE ZE of
v = (dimethylformamide, DMF), t©lw|&l X2 xlo]=(dimethyl sulfoxide, DMSO) = 7lu} RE] 2= (gamma

butyrolactone, GBL) & #ol% & 3 EF &mi(solvent)E ol&3te AL + 3

247) soln = HEBAdtolE WA Ee A FE7F 45% WA 55%0]ar, £=7F 23C WA 27T 7]
Aol Qo whare] A do] Gy, A4 U

:J_

(ambient air processing)dtollA A ZEa, &
A0)7} Folx|ar, A eVt FAaE F U

N ol

32

A7) 23 fvf(solvent)E, A7) tdld EE olu|=(dimethylformamide, DNF)7} &35, A7) tdd ¥ &
obu] = (dimethylformamide, DMF)$} A7) diwld A& Ale]=(dimethyl sulfoxide, DMSO)7} 7 @ 3¢ HF-uju=
3t A7) gue 28 ol =(dimethyl formamide, DMF)9} A7) 7Hnl B E]2E (gamma butyrolactone,
GBL)o] 7 : 3] Ryn|2 EF= i, 7] vued A% Ale]=(dimethyl sulfoxide, DMSO)¢} 4F7] 7w} HE]R
2+= (gamma butyrolactone, GBL)®] 7 : 39 ¥-¥uH|& &34 4= ).

7] stelBnE = FRH APl E HbEASe, A7 % vl (solvent)S o]&ate], Bbet mwl AwgA| 7} &

2 5 9
A7) &3 8l (solvent)=, olo] W3} 4=A4F(Hydroiodic acid, HI) =& EFd(toluene) F o= 3} 9]

=
gl o) WA WD 5 Qe

&l (solvent)E, 7] tdlE %5 olvu|=(dimethylformamide, DMF)7} &%2 7% 407 Co &N
LxZ2 ztu, A7 YWE EE olu|=(dimethylformamide, DMF)e} A7) tlWld AZ  Alo]=(dimethyl
sulfoxide, DMSO)7} 7 : 39] Ryju|2 &£3d A 50° (9 € &L52 728 4 v},
271 £33 &v(solvent)E, A7) gHg ¥E olvu|=(dimethylformamide, DMF)2} A7) #n} HE] 2% (gamma
butyrolactone, GBL)®] 7 : 39 Fyu|2 Z3=E A$ 70° €9 & 2xE ztwu, A7) fud AZ Alo]=
(dimethyl sulfoxide, DMSO)e} A7) #wl RE]Z2%E(gamma butyrolactone, GBL)®] 7 : 39 Hynjz &3t=
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A7) slolBgl= HE B AFlo]|E (hybrid perovskite) WEAZES, AV Aa ATy
A

o
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471 =8 A5 Atel

7] Eelvse &3 mYsta, festste] ddE W (bank)ol FAHE 4 .

7] stolBE = #H ZH 2710l E(hybrid perovskite) WFEAFL, 7] &3 Svf(solvent)ol] HZBAJ}olE
A A (perovskite precursor)& £313F3L, ofol2 W3l A H(Hydroiodic acid, HI) &
ol 3hite] vl HIMAE AUVt A7) WA (bank)oll 2= ZESIY] FAHE ¢ Qo).

o
p8l

A7) 28 F79& 2500 rpm WA 3000rpme] £EE FaEar, o 80% 9 A7+

of

=
=
A7) W3 (bank)E, lum WA 1.5um Zol2 FAE 4 ot}

A7) slelH Y= W2 H AF ol E (hybrid perovskite) WHEASS, A7)
o] A7) dfolB = HZH AFlo]E (hybrid perovskite) WF=ASe] AA

=

g & Aol (solvent engineering) ¥ 3 Ao FFH S ]85
%X]iﬂ hybrid perovskite thin film transistor)E AT ZH 7)o =F%H+= 3t
At = HZ B gl E uiute] AAA | 7] oA (ambient air-stabilit

E
AHom ugtosn $E3t Ahko) G ol solHE HRHTto]El)
o

E uin EqA2E7) Hold B4E A AT 5 9

Eoatg e g lxyo]d (solvent engineering)g ©]&3te] FufAlel FFo ug} slolv
=]

A (toluene)L A7) ok 80% %= 30%°| A7) &% &7(solvent)o] H7}=

%4

EF<l(toluene)

2~
T

T ot

l—u]-

w5 45% WA 55%, &% 23T WA 27C o wi7] &4 stellA A=kst ste]
WA ~Ele] 547 A 34 stellA Az stolHE= HZH ATbo]E H

&3 &ufj(solvent)e] F-FH]of 7]qt
A (crystallinity)e] Alojd 4= 9o},

ATt

=253, 300nm

e

B

E = 1

27 AA Aol Z(grain 31ze)91r
A7 YA (grain boundary)e] Zo], Ad e (defect state)”} D&t tf7] 74 sl A
=2 |

u

9]

1=
ahulko] HEst (morphology), A4 Abo]Z(grain size), A% YAl(grain boundary)e] Zol7} Z&A Fid

sfolmels Hmnsslols vie EdxsEe 54 ATE 5 9

ze ~

thin film transistor)E A& 4 Ut}

2 U2 v AXYoG ) ikl e g S o] 83l SlolRE HEE AT
[e)

PAdste] Aol F(passivation layer)e] FAl%E df7] AAHEES

ol QuAdo] we sholnele HzutelE wur EdAsH AE W

}ol E (hybrid perovskite)
Zhe HZ B A7te]E ulub
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T 2a 9 X 2be B AW A4 wE A FX 45% WA 55%, =% 23T WA 27C o o] TA
(ambient air processing)< ©]&3te] slolB = HZH AF}o]E (hybrid perovskite) WFEAZS Azt W
He Awshe mwot

T 3a YA & 3de £ €9y dAAde] i slo|H = FEHATtolE uhERAXEY FRE AYitE &

wHolt},

% da WA E 4d¥ Ao 55 45% 1A 55%, 2% 23T WX 27C 9 7] ¥4
A AZE SteolBEl= HZH AFFO)E (hybrid perovskite) WEAST AA 37
slolB = Jﬂiﬂ}\ﬂo] (hybrid perovskite) ¥Wr=A|5¢] SEM(scanning electron microscope) ©]u|X|Z A%}
43 &) FH upgt vustE =Wo|tt,

%52 ¥ @y daAed] BE solus MEnsvtelE wEASe -4 04 AAEPS dyste W

ambient air processing)3}oll
L] == tﬂ-}\ o]-oﬂ/q zﬂx]—&

o —

T 6a WA = 6d= *JEH &5 45% WA 55%, &% 23T WA 2 9] t)7] FA (ambient air processing)stel
A A stelB = A2 H ko] E(hybrid perovskite) P EWA~E e} A4 Q1 FEHE HF2 QheA
AAE slolB = W 2B AFbo]E (hybrid perovskite) B EWMX|AEH Y HE EAS AF @4 guje =

Fol o} Haels mro

= 7a WA X 7dE At FX 45% WA 55%, =X 23T WA 27C ¢ th7] &4 (ambient air processing)stol
A AZtE StolBEl= HZH AFFo)E (hybrid perovskite) ®dl EWRAAEQ A4 3 FEHE UEA ot A
o

7C
E

HU

3»

oo

Azt sto]lnB = FZH Fo]|E(hybrid perovskite) det ERA~HY ¥ 5A4S Az 4 g9 F
Froll wet vlasts Edoltt,

82 I o] A e wE dtolHel= HEHATlo]E uiep ERAXE O HAlo]EE, AHAHA FE
29, ¥©1& Hde(turn-on voltage)S AHsls= EHo|t).

T 102 2 Iyl dAA ] mE o]l E FHRBEATIOE HiEAFo] U] wEEHE At wE Sl
Bol= H2BATlolE vl EdAAEY HACEE, ABRAHA & A9, ¥ HY(turn-on voltage)?
Ak Arshs =volt

% llas % 239 GAARA T SfolnEls R8sl HPExﬂoﬂ d42 3 g v 8
o 2

9-9] SEM(scanning electron

T 11bE 2 ahgo] AdAA e wWE slo]B
T WA 27T o 7] oA &u H7FAA o
¢] SEM(scanning electron microscope) ©]H| A

FHATFIOE HILEA|Zo] A 5% 45% WA 55%, =% 23
93} $2AHydroiodic acid, HI)S AL star AztdE 2S¢

2
Arste EHolt),

= 12% &u) HI7FAIQ] ofelowd} 4=A4F(Hydroiodic acid, HI)§lo] A|ZtE slolH= HZH ATIO|E HEE A
F9 X-4 3 ~AEYS diste =doltt.

T 132 &) %Mxﬂol ofol 2 W3} FaAb(Hydroiodic acid, HI)§lo]l #|2tgl slo]r
EWNA2EHY AAolEE, JB2YA = 29 ©& A (turn-on voltage) W3S AH s}
wigs HAJsp7] e AT UE
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[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

SES0dl 10-2294707

i A2 A o] EE AolE A+(120)& F7] Yx=tolo] g4~ #d 9] (organic nanowire lithography),
=% 72" (drop casting), =¥ FA¥(spin coating), W H®W(dip coating), HAAY ZFZ(e-beam
evaporation), 9% Z(thermal evaporation), ¥ ® (printing), A~ZE& 2289 (soft lithography), E 2=
HE ¥ (sputtering) FollA MY == o= o= ghvte] WHS o]&3te AL + v,

dal=, AClE AF(120)S AHHP S B4 71%(110) Aol T2 5 3l

Houbg o] A eo] wWEW AolE A=(120)2 7]3(110)] AR sEYEe] AAdE, FAPE AoE A
=(120)3 7]5(110)9) Ao Z2gHud(Mo)o &2 EXx9 = g},

TS, AlelE A=(120)2 280° ColAl 40nm FAE ZEsE 7] Ao 2HEHE Zaste dHdS Fstod 34
2 5 9

T 19 F WA GAE Fushd, 2 o) AAde m sle]lBE H2H Avlo|E uha Ef XA (100) 9]
Az S 7] 3(110) Aol FAE AolE A=(120)9 Ao dluh(130)S A g},

_1?_
dEl=, dAu(130)2 A Agu(Sioz), d2 AIH(SiNg), &FvE ARSE(ALZ0x), shZw Abshet
(Hf02), whdlr Abster(Ng0), Elehm AFebeh(Ti02), whed AbsheH(Ta2.05), ## A8}eH(Ga203) % A==
B A (Zr02) 02 o] ol ol HoJE 3} o]Afe] MEld gl

W o] gaAee] wEwW A9 (130)S §7] Yx9olo] @A 1@ 9 (organic nanowire lithography), E&
N2~€ (drop casting), 2% FE(spin coating), ¥ ZE(dip coating), XA ZZ(e-beam evaporation),

=2 (thermal evaporation), & (printing) AZEF AT (soft  lithography), % AHEH
(sputtering) FolA AEEE Hojr o o] WS o83t IJd=E 5 U},

=19 Al A dAE Fashd, 2w o] dajdo] mE sfo]He|E FRH A7ko]E vbep E A2 (100) 9]
Az E e AlolE AA9(130) 9] el A HA=5(140) B =d¢ A5(150)& FA Tt

f I'E

o
l
T
Lo
el
iy
fru
o
_‘
2
N
>4

oo dAAlde] mEE, A AF(140)2 55 9 Y AR BEE F

o]

AR

B2, &2 A50140)F olFE 552 Au, Ti, Al, B Pd F o= st Sd4d F don, o] A
o]

AL 170(indium zinc oxide),

Hodbigo] JAAoo] mEW Ax AF(140)S olF= FH oARA
= A2 AF(140)& 1Z0(indium zinc

ITO(indium thin oxide), ZL#j&(graphene)d < dow HIEZ3}HA
oxide) o2 &A= 4 Q).

1"’>’ m{u

T, A AF(140)S o)FE FY A 242 vgd istE, 2A-d AbelE, a8 ¥ (grapheme) ¥ 3LE
o = o)
T =

ol AA Ao wEW, =gl AF(150)2 55 2 FY Axd B4 F o sl EHR o]Fod

L F ol Sl 899 &

oo 4
30
od 4

2 odygol gaAdel mEd =9 AS(150)2 5 AEA 42 oFod £ Ju, FY ARy 542
1Z0(indium zinc oxide), ITO(indium thin oxide), ZZ@]¥ (graphene)d 4 o™, vIFA A= =@ A=

(150)2 17Z0(indium zinc oxide) & A= 4 Ur}.

% 19 v WA 9IS Fansh, B ouwe] Axee] BE slolnels szHastels weh =22 (100)]
M AATH(130), 42 AF(140) B =l AF(150)9) Aol BAHE FenE(160)E BT

AsAE 28 =(160)S ETEH A XAE(PR, Photoresist)S Z33 4= 9ir},

2o ddA el wEE E2vS(160)2 29 a9k, sjEstele] F4d WA (bank)7t FEE ¢
[e]

A2, W3IE 1pm WA 1.5pm o2 ¥

ox

4 % quh.
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[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

SE50dl 10-2294707

Z H2H27t0]E 8hel E X 2E (100) 2]
FE- . 28 E(160) W W= stolrel=

2 o] daAoo 2N Sfo|HE FHZHATFOlE QEEAF(170)2 2~ F¥ (spin coating), €% thol
F¥(slit dye coating), 93A ZEHE(ink jet printing), 2=XEd# o] ¥ (spray coating) @ W FH(dip
coating) &2 o] Fofxl oA MEE = of- shipe] Wyor JAd  glar, Buh vpeEA A=, solHE =
FHRHE 2Tt E WEAF(170)2 2% 3y ow P49 & St

dE =2, sholr
precursor)® 829

acid, HI)o] o]-&4

HARBATIOE HEEAE(170)S FAHee EAE HARZBA7lolE HFA (perovskite
3} wE ol (CHNH;1) 2 2253 T (Phl,) 3 €9 HI7MAZ olo]eds) 442 (Hydroiodic
%

ey
=

2o ddA o] maw stojBs 2B ATt E RHEAF(170) CHNHPLI S £35St

dE2, B el dadA]de] wE FolEE HEZHAII|E WEEAF(170)2 Adl FE7F 45% WA
55%0)aL, %=7F 23C WA 27Cel W7] &4 (ambient air processing)dtollA A ZwE 1, =R} Abho] ko
2 miute] Aol ey, A4 A9 Zolrt elxa, At AEvt AE 4 .

Y, stolHYE HRHATPOlE RHEAF(170) &9 & (solvent) S o]&3dto], wheh FW Aw A7}

2 g o] gaA ool mEH dlo|BHt HRHATIO|E WEAF(170)S P EZAS 7] (Ambient Air)
w=5o], gud ¥E olu|=(dimethylformamide, DMF), Tlwl& AZ Alo]=(dimethyl sulfoxide, DMSO)
= vl FE]Z2E(gamma butyrolactone, GBL) & Holx sluE &3t &3 &uf(solvent)ol] &€
o

A2, slolBHE HRHATIE WEAZE(170) £3 &ul(solvent)ol] HZBAFFO]E A4 (perovskite
precursor)E &3sta, &uj H7}AQ ofol o3} i{‘l(Hydrmodw acid, HI)E o]&3slo] &4 TE 4 9
3, 23 39 F, EFA(toluene)E 718t # A (bank)ol]l W= FolPdE 4 ATt

B

wrge] dAAeel] mEd stoluels 2R ATIO|E REEATE, thr]e] »EFH AL, 300nm Wele] FAE

¢

dg 2, oY= HRH2FlolE REEA|F(170)2 W7] FdA £ v £ & HAE o] &3t Axd
4 +=d, 7] T4 (ambient air processing)S ©]-&3}e] slo|HE = HZ B AJ}o]E(hybrid perovskite) ®F
LRSS AFxse S = 22 @ & 2hE o]gsle] A3y,

= 2a ‘3% T 2bE B dyol AdAdAde wE t)7] FH(ambient air processing)S ©]-&3dte] FolBE= H=E
B 270 E(hybrid perovskite) MFEAZS A Fss WHS AWl mHo|t),

% 2av t7] ¥ (ambient air processing) & ©]&3}e] dfo]HEE HARHBATOE WEAFTS AZde= WY
o

Aol et AW E,

T 225 Fastd, 9A(S201) 04 stolBYE FHRBEATIOIE wEA|Ze] Ax WHe Air Ay FEE
k2~ (glove box)ollAl AFAS &u] H7FAQ ofole sl =42 (Hydroiodic acid, HI)7} H7kd &3+ &
faet 5, 23 &uje FIuld mE} AR T2 2%(210)d14 F 6A1F Bt A=t

E oo AdAAdo] wpEw &3 fuj= tdE XE ofu|=(dimethylformamide, DMF), tlugd AE Aloj=
(dimethyl sulfoxide, DMSO) i+ 7ru} FE]22E (gamma butyrolactone, GBL) & Ho% shurt £3E 4 9

A=, AT (precursor)Es 82238 WU (CHNE;D) 2 8223} F(Pbly)o] o]&2 4 U},

A o] wEE &3 &vj(solvent)E UWlE EF o}n|=(dimethylformamide, DMF)7} &3] a1
g obv| = (dimethylformamide, DMF)$} vlwld A% Abo]=(dimethyl sulfoxide, DMSO)7F 7 @ 3¢]
2 23dHm gue ZE olv|=(dimethylformamide, DMF)$} 7tu} FE] 2= (gamma butyrolactone, GB
7 39 Huuz E3Hz, g AEZ Alo]=(dimethyl sulfoxide, DMSO)¢} 7w} H-E] 2= (gamma

z
L

ol

b Lo
o,

>

>~

i
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[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

SE50dl 10-2294707

butyrolactone, GBL)o] 7 @ 39 H-yu|2 &3d 4 Q).

dE 2, f(solvent)= Y€ EE olv|=(dimethylformamide, DMF)2] -9 40° C(210)9] &l 2Lofx 4]
oz, twd X & olv]=(dimethylformamide, DMF)<} TlWld AHZ Alo]=(dimethyl sulfoxide, DMSO)7} 7 : 3
o] Byug E3d 7% 50° C(210)9] &M %o A = Q.

wa, &3 guj(solvent)E ©WE XEE opu|=(dimethylformamide, DMF)& 7Im} X-E]ZZE (gamma
butyrolactone, GBL)°o] 7 : 3¢ RIn|E &3td A 70" C(210)9] & 2&& Alola, tdd AF Afol=
(dimethyl sulfoxide, DMSO)$} 7w} H-E]22}%(gamma butyrolactone, GBL)o] 7 : 3¢ ¥yM|E =gd A%

90° C(210)9] &9 2=oA 4 4= 9},
Boubmo] daA o] wEH Z3F fu(solvent)olE &1 HIMAEHA olo]le w3}t AAH(Hydroiodic acid,
HD7F 2712 4 de=d), olol o3l 224 (Hydroiodic acid, HI)E dlo]BE]l= HRZH A7l0]E kAo 2
A AGS SN w3 AES FAAA - dE AR E AFche S HHo= ojfE F
AT

olo] 9. W3} A (Hydroiodic acid, HI)¢ E#E= %11 U)X E13E o] &3le] Bz AdE 4 .
A (S202) A SlelBE|E HZ2 B ATl E RERAZ] AlFx WHL2 u7] FolA AFA £F &

fM(solution)S 7|3 Aol 23 FTHI},

d2 B9, 7] & A H%(relative humidity, RH)7F 45% WA 55%0]

o
H
N
S
[\
<
(]
=
)
\V]
~
(@]
1A
»

Rl

)

a2, 23 FZYL 2500 rpm WA 3000rpme] £EZ FaEa, oF 80%9 A7 o A&E 4 ).

A (S203) 0l A BlolHE| = HZBEATO|E HEEA|Fe] A HHeS Su) HbA F sl EF<d(toluene) S
T3t

g2, EF<ed(toluene)d FY A2 = 2bE o83t BF HAyE & =d, EFA(toluene)S =3 =
Hol FaxE T X (220004 FLE = Ak

=, EF<(toluene)S, =¥ F;Eo] FHE o 80% F 30%A 23 Y Hu Y &9 Ao HrtE ¢
ATt

& 9, 554949 £ d-&ul(anti-solvent)d =&/ NAWHL SlolHY= HZHEXATl0lE BteA 3 A
4o gAEE F43 FaAA AAst AE dEAA 25 U 249 wE 9 g4 2 AFS FH1E
Atk dE 5o, 7 £FE oF 150 uld & o

v
X
~~
92)
]
S
=~
N—
2
X
ol
o
o,
z
AL

= HlzeadbelE vt Az W2 t7] SolA stolBeE HzBidlolE vt
EASe] AAs sAS JAstr] Al 1007 CollM oF 10 &<t o' d ¥ (annealing) s 4= T

3a WA % 3dE B owe] Qo] e soluds zn sl MuERAsH TS ARshs

==
i
ol
o
rlr
of

2 gojngs HZ2HaglolE BeAFS sto|HE| = #H &2 H 7)o

= e dAdAfde] mE stolHYE HRHATLO]E whep ERAAE(300)= 719(301)
foll Ale]E H=(302)0] #1xletaL, AlolE A=(302) ol AAu(303)0] 18k, dA2H(303) Aol 4= A
=(304) ® =81 AF(305)¢] AL, A2 AF(304) 2 =H HS(305) Al E8H S(306)°] HXAa}
H, EdH S(306)°l W=7t FAE o] Wl stejre|E B ATkl E REEAS(307)0] & €T,

AR, AoE AF(302)C 40mne] F79 B d(Mo)o] 280° Colld 2HE]H o9& Z2 A" &= AUrt
2 oo dAAde] wEH, AdAu(303)> ] FolA LFuE SAI=(AIE AR AAHS Y3 &
o2 FEHEO, 40nm FA L UFuF SAlols = A7 3E J|HS o]L3e] FAE 4 Q)

, ZEHE(306) ZAEHE EE HA2AE(photo resist, PR)E Z&sla, ~3
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

oin
1]
Jm
el

10-2294707

2% 71W& olgste] WAt gAE 4 v

ez, B owge] QAN WE St HRnislelE MEAZ(07)S FLvF306)9 B0 AT
; g9 2 WA EFE Soo] 20 wYHe} F4E 5 A,

& 5], stolH= FEH ATt E REEAF(307)2 MAPHL, BE(film) o= Ad & S}

HRZ BTl E e A5 (307)2 Ao sjAwo] A F(passivation layer)o] S£xj3FA] &

% 3bi ¥ wge QA BE solngs Mzn vt weh B 2E (31009 F3 AV oln|A g
A g

% 3b% Fushd, AW 99 L Zen ed 9N 3V EEAA2ES Jo Bo 29 19 B 3
oHEE MzH st WEAS FYL AT BAGIDS 4T T F Ak

ARHoz, §7] 7o AznsvtolEE &4 B4 HAHHnE, solnes AEnsvtolEdA 4H EE
Pacehs] g4l F9HA 97 A8 BAGIDI L8 & v,

g, WIGIDE A2d5(312)% =EJdSF(313)4 e EEHAA~E(photoresist) S 2% A
UV(Ultra Violet) =% % dX(exposure and develop) MRS o]&3sle] HAEHY € 4 A},

S
o

W =% 2 @4 &, sto|Bs HZEA70lE WA P4 ., 100TolA 6417 o] & A 2] (anneal ing) 3}
YEYAZES &2 AF(312)F =dQl A(313) Alele] HaAHS AL

»
E

d& Eo], WABIDE 422 HAF(312), =8¢l A=(313) 2 Ale]E #H=(314)9] Atold HIX& 4= dt}.

2 Zev = g9 o sfolues HRHATE RIEAS2 SAHS fld) Z2B ¥ (probe tip)& ®F
EAS HEA717] AAsiM = Z2E H(probe tip)el o ~aPd 5 U,

& 3ev & EWe dAA Aol mE sfe|BE|E HRHATL|E dbep EQIX]AE (320)0]4] stolBE|E H2H
7h|E MtEASS G ool ol W Ao dEE =AY

T 3cE Hushd, LEHAREZ(PR) A9 T2 23 3¥ Fot9 dlolRil= HRZHAT0E dlEAS A
S g 33219 9IS g S .
dd=2, WA(32D)+ 1.3ung ZolZ IFAdE 4 dvd, Wa32D)Y zeole AFA &HE& 58317 g 2
olZ 1um WA 1.5um¥ & Y},

u}

T 3dE B owde] A4 wE slolHgs HR2HAvlolE whek E@X A~E(330)9] #3F dujA onAE
LA gt

T 3dE Fuetd, Ay odd @ mwn gsd X as AR TE P AES A AA® W (332)0] F®
H Al E wleA|Zoe] 23 @ 4 9lowm o] WI(332) Ao AW HEHATtlE wlEAZe Zo|(L)
o A G99 dold e & AU

ki
&
k)
A
ki
I
o,
fr
o:
& g
El>

45% WA 55%, <% 23C WA 27C ¢ 7] &A (ambient air processing)d}oll
A AAE stolHE = 1E 2270 E(hybrid perovskite) WA Aik 4 F2H 4k QoA Azt
slo]HE]|= HZ B ~J}o]E (hybrid perovskite) WFEA]5 2] SEM(scannin,
AT &ujo] Fel wet vlaske Ewoltt,

% oda WA E 4de] AT FE 45% WA 55%, &% 23C WA 27C ¢ th7] &4 (ambient air processing)dhol
Al AZE sfolBE|= H®H ~Jko] E(hybrid perovskite) WEAZ I A AN FRHE ¥R QboA Azt
SlolHE|= W ZH AJ}0]E (hybrid perovskite) WFEFZ=9] SEM olnx|E WA EME, 5-4=(anhydrous) 73
A RBIlE Hpup A2 Al H2HATMlE Aol 1 12 YA Wi(nucleation density)s ZHAl skar, A
2 FA Stoll Al A=E whato] AbA9l o] whgol A9 glv] wWiEe]l W AW A (surface coverage)”l o
7] Al A AZE wbetET JfdE = Q.

electron microscope) ©JU|X|S A|ZF

o

I

dE o, AUl FE 45% WA 55%, &% 23T ulA 27C < t7] &4 (ambient air processing)< 4ol H&
50%+5%, <% 25TC+2T & 7] A& ved + .

w3k, frE EE oln=(dimethylformamide, DMF), T]wW& AHZ Alo]=(dimethyl sulfoxide, DMSO)3} #m}
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[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

SE50dl 10-2294707

F-E]22E (gamma butyrolactone, GBL) (=04 S=0¢} 72 A7 &% 1&(electronegative group)S 7FA 3L
ATk, AVNHAAE TFS Foli @7 (Lewis base) AAS 7HAA Qlal, sto|lBEYE HEH AFFo]ES] A1
22=3d (1) (lead iodide, Pbly) ©] dlolBH = HEHAFIOE ZAAo|L dlo]HE = FHRZHXATIOE AR
A S BAR AFste v8& wet. A7) $A4EE =015l (01FRT et &, SS01ES 7HAA
S DMSOZF C=01&S 7FAaL 9l DMFY GBLMTE 79k Fo]2 ¢} & Ha, 8L ESR(I)e] sto]Hg
E H2HAFtolE AA o dtolHBE HEHATIOE AY A T EERE AFete sEHo| 7MY Erh. Fo
2~ 4719 Al71%E DMSO, DMF, GBL A& Zfolxitt,

i

[oX

pud

i

O

T 4ave EulE gdHE ¥E olv|=(dimethylformamide, DMF)7} o]&% A% A £% 509+5%, =% 25T
+2C 9 7] ¥4 (ambient air processing)dtellA] Azt slo]HE|= HZH A7)0 E (hybrid perovskite) WF
EA5(400), (401) 2 A A0 F28 w2 QoA A|ZE fo]lBE|= #|2H8 ~F}o]E(hybrid perovskite)
W= A S (402), (403) ] SEM R A& E=A] S},

N

SEM ©]w]%](400) 2 SEM ©]®|#](402)%= 20 um W]&= FG= a1, SEM o] %] (401) 2 SEM ©]m] %] (403)+= 500nm
g #g Sl
Fdag AWEW, DIFY 9FER ol n HRHATIOIE MiEASE o J)e] o] EAste FAY

slo| v
Y(dendritic bundles)® A= < U},

o 9

Ax 7<) FEBE va ot A AFY sfolBg= W EHAJlolE (hybrid perovskite) BFEAZFol ®W
ElJ]E SEM o)W A (402) 2 SEM ©]m] A (403)E AW &% 45% WA 55%, =% 23C WA 27C 9 ui7]
(ambient air processing)stell A A2 stol By = #HRZH AF}o]E (hybrid perovskite) WHEAZ ZH
W= SEM o7 %] (400) 2 SEM o™ A (401) KBt} FH AW HA (surface coverage)?} £& 5 )

% 4be &3 &2 guEe ¥ & olu|=(dimethylformamide, DMF)$} tlWle A& Alo]=(dimethyl sulfoxide,
DMSO)7} 7 @ 39 Hyu|=2 &3ty A9 AU 5% 45% WA 55%, =% 23C WA 27C 9 ti7] #4 (ambient
air processing)dtollA AztE slo]BE]= HZH AJ}o]E(hybrid perovskite) WHEAFTS WERAE SEM o] 1] X
(410) B SEM oWA (41D} A Al S2H ¥ SroA AztE sfolHF = FHZ2H A7) E (hybrid

o
perovskite) WE=ASS UERNE SEM ©nX](412) 2 SEM ©]w]#](413) & Z=A|gt),

SEM ©]w]#](410) 2 SEM o]m| ] (412)%= 20 um W]&= &G a1, SEM o] x| (411) 2 SEM ©]m] 4] (413)= 500nm
e #Y HAT.

A 317 FRH kX oto A A|ZE FlolHE|= ¥ ZH AFbo]E (hybrid perovskite) WA ®W
Efl= SEM o]m#](412) Z SEM o]n|#|(413)+= AW &% 45% WA 55%, =% 23C WA 27C <9 ti7]
(ambient air processing)dlollA #|2td slo]lH B = HZ B ~7}10] E (hybrid perovskite) WH= W
U= SEM |7 =] (410) 2 SEM e]m A (411) Rt ¥ AW A (surface coverage)’t £ F AT}

T4a9t =4bE AHHW, = 4bE DNFYE AREE Bl dEelE =4a9t H|See 424 thib(dendritic
bundles) ©] A9k, DMFQ] C=0Z&F Xt} ¢ 78t A7|S4d% 25 S=08 717 DMSOS] &A= Q&) 7ol o x4

afxar, s AWEATE Fobd 4 Q.

= 4cE yHE EE olu]=(dimethylformamide, DMF)} v} H-E] 2= (gamma butyrolactone, GBL)®] 7 : 3
o] Ruuz EgH AL A FE 45% WA 55%, 2% 23T WX 27C 9 W7] FA(ambient air

processing)dtoll A A ZE slolBg= HEH AFFo|E (hybrid perovskite) ¥HEdZ=S YERE SEM o]m| X
(420) 2 SEM o]v]x](421)9} AA A FEHE 8k QhlA AZtE slolB = HZH Ao E (hybrid
perovskite) RFEASE YER = SEM o] *](422) 2 SEM ©]7]x](423)& =Al%ct.

SEM ©]®] =] (420) 2 SEM ©]w]X](422)% 20 um H[EZ ¥ a1, SEM o]w]x](421) ™ SEM ©]®]#](423)% 500nm
HE2 29 3o,

A 87 F28 dbx otolA Az dlolBH = HEH AJFO]E (hybrid perovskite) WHEAZO] WS U
EllE= SEM o]m]Ax](422) 2 SEM o]n x| (423)= At} &% 45% WA 55%, <% 23C WA 27C ¢ 7] 34
(ambient air processing)dtell A A ZE stol B = FHZH AFLO]E (hybrid perovskite) YHEAZE TWHS el

=]
= SEM oW %] (420) 2 SEM o]n] A (421) Bt} T AW A (surface coverage)”’} £L&

LEdast =dcE AVEY, = des DMFWE AREEE whEbell Sgdls mdadt W@ A th(dendritic
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[0160]

[0161]

[0162]
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[0164]

[0165]
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[0167]
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bundles)ol A%, D] C=0TLH 2T o okt A7 S4%E 1§ (0% 74 GBLe EAZ Q8 A7l g =
WakA @, EW ANGAL 4 FA 2 5 Ak,

)

T 4de "vE A#E Ale]=(dimethyl sulfoxide, DMS0)$} 7w} H-E] 22 & (gamma butyrolactone, GBL)©] 7
39 Ryulz Egtg A9-o Al FE 45% A 55%, &% 23T WA 27C 9 thr] TH(ambient air
processing)3loll A AZtEl FlolBE|= W ZH AJLO|E(hybrid perovskite) WFEAZS UeERNE SEM o]0 A
(430) F SEM o] X[ (431)E =AIRHHE

SEM o]"]A](430)= 20 pum H]&=2 F=3, SEM o7 A (431)= 500mm H] &= 29 Hr).

T4cst TAdE AFEREY, & AdE & 4c9 5Y8A GBLE AMEElE DMF(420)thal o] sk Folx 97 AES
7}% DMSO(430) & A}ﬁo}@ dhabo] g 7lo] o 2R e AT = 9},
W 238 guf(solvent)?] Fun]o] 7]wtale] slo]H A= HEHATIO|E HILZZ|

S, 2 W4yl Ao =
9o Aol Aojd 4 U},
AfAoR  E 4g WA & 4dE AHEE A F5E 45% WA 55%, &% 23T WA 27C 9 7] 4 (ambient
air processing)dtoll A slo]|HE = HRH ATl E gl Zo] Ak Ao}, ¥ F7]d &R &2 AE

oA Azt FHZBETFOE WA S diH|slo = FE] AAAg] R AL AT 4 .
L 5e B dyge daAdd mE olHg= HRHXA7l0lE REEAFY X-4Ad d A EH(X-Ray

=
Diffraction, XRD) & A3t =wWo|t},

= 58 Fushd, 2= (500)0 4 HEsty 33 3 vae B AZolM 203kl 13.9 7, 28.2° &
31.7 ° & ghdrt,

Zb vas AREATMlE WP s fs ofo]euto] = (CHNH:PhI) o AHE A4S ekl

n

EE, 12,67 © 20 @olA WAz} Gk AL BBl 20Es F(Pbl) AR Bol §l7] WEe A4
o] $5alThs Ag UEd & k.

TR, da @Astel Al stelBnE|= HRHATo|ES] 1 AMYATE A S5 45% WA 55%, &% 23

C WA 27T ¢ 7] 34 (ambient air processing)3lollA] A2t slolHBE 2 HA7l0]ES] W AW A
B}y £7] gl dA 3F A AztE kel XRD I A7F 7] FAgstel A AlztE whdbe] XRD I A MG
a4 Qo

= A £% 45% WA 55%, =% 23C WA 27C 9 7] &H (ambient air processing)3d}ol

A A slolBg= #HZB AFFo|E (hybrid perovskite) HHet EQXV\HQ} A4 7 S2H 2 Qlof A

A2t stolBEl= HZH 7o) E(hybrid perovskite) W EWA~EHO AE 5EAS A B4 & &
(]

T 6ax= 8WlE DMF7} o] €¥ A9 AU 5% 45% WA 55%, =% 23C WA 27C ¢ 7] FA (ambient air
processing)dtollA] A ZteE slolB B = HE B AFFo|E (hybrid perovskite) ¥ EAWX| A9} A& 37 &
B ukx olo A A FH EolH Y= W ZH Aol E(hybrid perovskite) B EdX|AE Y HE EAS oAE
=

T 6be =3 &vl= DMFS} DMSOZF o] &% 99 Adl &% 45% WA 55%, <% 23C WA 27C < ti7] &4
(ambient air processing)dlollAl A|2tE slo] B = HZH 7)o E (hybrid perovskite) BFef E@ix]~E e} &
2 34 FEB dkx oA AFHE FolHY = HEZH AT E (hybrid perovskite) B EUXAE ] WS
EAS o3

nl

% 6cx =3 w2 DMFS GBL7F o] &¥ A$9 At FX 45% WA 55%, =% 23C WA 27C 9 ti7] &4
(ambient air processing)3lollA] A|zte Jlo]HE|= W ZH AF}o]E (hybrid perovskite) B9 E@x| 2B 9} A
2 7l 2218 vhx cloA AlgtE slo]BHE HZH 2710 E(hybrid perovskite) W E@X| Bl HF
EAS oA,

T 6de =3 &ulZ DMSOSF GBLe] ©]8¥ Z5-9 Al F% 45% WA 55%, 2% 23C Wix] 27C < di7] &4
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[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]
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(ambient air processing)stollA] Azt dlolB = HEH AF}o|E(hybrid perovskite) = EWX] A~ ¢ 2
A 7<) F28 A ¢kA] AZE slolBE HEB Aol E (hybrid perovskite) B EWA| AE O] A
EAdE dAlgit.

T 6a WA = 6dE Fastd, ZHZ(601), ZEZ(602), LWZE(603), LWZ(611), ZLWZ(612), IHZ
(613), Z#>(621), L3E(622), L2 (623), ZHZ(631), ZIH=(632) L ZHYZ(633)= A F= 45%
WA 55%, 2% 23T WA 27C ¢ th7] &A(ambient air processing)dtoll A A ZE ZH$-olar, 1 Z(604),
TP (605), TLElE(606), I (614), T E(615), LENZ(616), I E(624), I E(625), P 1=
(626)= A 374 sholA AE ALola, TeZ(601), LWIZ(604), TZ(611), LEZ(614), LEj=
(621), Z#E(624) ¥ ZHZ(63D)E= AE dol7t 20umd A$olar, ZTHZ(602), ZLZ(605), L=
(612), 1= (615), L= (622), LI (625) 2 1Z(632)= AY Zo|7} 50umd ALolW, 1=
(603), Lef=(606), 1#Z(613), Lef=(616), T#Z(623), L= (626) L L= (633)= A dol7F 100
ungd A5 Yepa, =89l Ak (V) 5V Es 7V o] &d S gl

T, AR Abol=(grain size)$h A3 97 (grain boundary), A% o] FWelA m, oy 87
AN AR vtel A 97 Sl AR ehurk $8 A SR Abee] dgen o7l 87
4ol Aol=sk o Am, A4 AA ok o ar, AT BT o A& & Ak,

o g
i

el G A9, solnE HEnivtelE wute sy 3y ¥, AA (amnealing) WHoNA Sl o
s upere] Ayl mskebh AAAsEe] AR Ael=sk AR, AR A9 Lol Fobd = g,

el dgel 4, stelHeE SzHavteE wute] 2y nRHA e A4 oA A el 9

B AR AR (0) 9 AFde] 79 SAA (0,)& FAst] A S #aAd 5 A

whak EdX A~ [AY)H B2 HteA o] AAe] F 5 4 JAVE Lotd 5, AFFEHI AT 5
AT, S, FED ALY FFoF uiy] 3 A AlztE e ERAXHY AV)H EAde] A4 A
st A A ZtE dhdk EdR ~EHT Fold 4 9l

= B ouwe A % 45% WA 55%, &% 23C WA 27C 9 7] ¥%(ambient air processing)dloll A
2R 27lolE Wk Azdo 2ty oA (Ambient Air-Stability)S ztil, 53 A4 BEAS zte
H 2B A7o]|E vl E X AF (hybrid perovskite thin film transistor)E A& 4= AT},

= 6a WA = 6dE AWEW, ofd SvlE ARSIEA dHglo] A Fi 45% WA 556, &1 23T WA 27T
o] 7] FA(ambient air processing)dtolA A ZE FtolBE = HZH AFlo|E wlul Edx|AEH HE EA
o] A4 37 stolA AFtE stolBRYE FEHAFME i ERRAEY HAE SAHET Fre AL AT
T At

de=, o gulE AMEIEA *“Jr%i"] gl F% 456 WA 55%, &% 23T WA 27C <] ti7] A (ambient
air processing)dtoll A #|Zte 3}o] ZHXFLolE vl EdX]AEH HE EAo] HAA 37 Flol|A Zﬂ
ztgl stolBEE w2 H ATt E ) E%X]é o] AE EART & o & H]E&(ON/OFF ratio)o] © =
2913 271 9 wax, =49 ARV H 58 .

HEFAE SRR ﬂole et EdAsEE A2 37 M ARE sl AEnsslelE ue Ed
AzEshe g AW dol7k il £5 A9 S4o] e el & & ek,

ES, FE AG WS wlmetd syl diulste] 77k Belel A5 WAl 549 5 qliEl, A% golee
o AClE Aol Hg5o] Ao Aedw @ sfolnel= AzBivtolE WEAFOR ofFs/] Y

oful, o]&& 54 HAZ Auste] AolE ARl /AL L FaA7)x, ofol uteh o) wa w
AolE Ao} PE@abe] wAE = = gtk

2=

=]

= 45% WA 55%, =% 23T WA 27C 9 t7] &% (ambient air processing)3dtollA 3lo]lB =
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[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]
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HZH ATl E vt ERXAHE AggozN AAYHA Ao #adE 4 ).

o

% 7a WA = 7d= A T/:T‘ 45% WA 55%, &% 23T WX 27C ¢ di7] F* (ambient air processing)3fel
A AAE slol BB = HZH A7) E (hybrid perovskite) B EWX|AE9} A 379 F2H "l koA
AZE slolHYT HZH A }]E(hybrld perovskite) Wt ERR~HO ¥ EAS A A o F
Fol wel v deE E=Holt),
% 7av= &vlE DNF7} o] 8¢ A%< A
processing) 3ol A A|ZtE slo|HE = H=Z2
H kA oA A|ZHE FlolBHEE HEHA
=

= 45% WA 55%, % 23T WA 27C
#7}o] E (hybrid perovskite) B2t E WA A ¢}
7}o]l E (hybrid perovskite) ¥ E#MAAE Q] &

1E o

>4

T 7b E% &vl= DMF9} DMSO7} o]&® 99 A % 45% WA 55%, =% 23T WA 27T 2 di7] 33
(ambient air processnlg)o}-oﬂ/ﬂ XﬂX_}% '5—}'01_]_:]_1:'/15 Jﬂilﬂ_/\ }O]E(hybrld perovsklte) ‘1}‘1} —E—%X]Z\—Tﬂq— ;é]
2 A Z2H ux QoA AFE FolBBE FHZHAFFO)E(hybrid perovskite) e EWR AE Y &d

545 A

% 7ct EF &2 DNFS GBLol o8 A9 Al H% 456 WX 55%, &% 23T WA 27°C 94 o7l &4
(ambient air processing)dlollx A|ZE sto]lH = F|ZH ~FFo]|E(hybrid perovskite) =9 2

2 3749l FmB uba oloA A ZE slolH = B 7o) E (hybrid perovskite) HEh E%Xliﬁsl =9
EAS oA,

d

T 7de =% &vlE DMSO9F GBLo] o]&% A9 Aul F% 45% WA 55%, &% 23T ulx 27C 9 7] FF
(ambient air processing)stolx A|ZE slolBH e #H|ZH 270 E (hybrid perovskite) ¥ E#H X]J\Eigr e
2 3749 FER kA otolA AFE slolB = HEH A7} E (hybrid perovskite) BFe EW;AAAE Y =

=48 oA,

T 7a WA = 7dE Fas¥, 2= (701), L= (702), L= (703), LEl=(711), Le=(712), L=
(713), = (721), ZLEhE(722), Y= (723), ZHZ(731), ZHZ(732) D ZHZ(733)= AUl S5 45%
WA 55%, =% 23C WA 27C ¢ th”7] &4 (ambient air processing)3d}ollA] A|ZrE A g-olar, 13 (704),
I E(705), ZE(706), LENE(714), ZYE(715), ZHE(716), THZE(724), LYPE(725), D Y=
(726)= AA 3F sholM AFE Afola, ZZ(701), ZLAZ(704), ZZ(711), ZHZ(714), Y=
(721), = (724) 2 2HPE(73D+= Ad Aolrb 20um¥ Agola, 1= (702), 1|E(705), L E
(712), 21 (715), 1e)3(722), 1@ (725) @ 1@ (732)= Y Zolrt 50umd ALolw, 1=
(703), M Z(706), LZ(713), L Z(716), L Z(723), zﬂlﬁ(m) 2 a2 (733)= AHE o]t 100

und F$-E Yelg o, AlelE A (V) 5V, 6V, 8V & 10V7F o] 82 4 Q).

T 6a WA %= 6de] AW tA] AuEW, Ao F% 45% WA 556, =% 23T WX 27C o W] A
(ambient air processing)dlollA #|Zt%l slolH = Jﬂi 2~7}o] E (hybrid perovskite) ¥ E#:MA2EE 2
2 33 stoll A Al slolE = FREATLo|E Wt EWA A EY R AR giFoR WU Aol
=5 5 U

A2, Ao F% 45% WA 55%, =% 23T WA 27C o 7] #A(ambient air processing)dlollAl #|2He
slolHe|= w2 H A7t E(hybrid perovskite) ¥H E@A 2~ Aa 874 dlolA AztE stolHd|= HzZBE
2ol E i ERAAHET 3 A9k 24 = AR/ O =4 2.

A2, Ao F% 45% WA 55%, =% 23T WA 27C o 7] FA (ambient air processing)dlollAl #|2He
slolHE|l= HZH 7to]|E(hybrid perovskite) Bl EWMA~HE A4 374 sl A2 slolH = Hzn
27folE whul EXAE HT AR dF Aol FA S H.

dutg oz go AolE AL ((V)olA AF LH d4e A/l Ao & ZAF Agdo] YeEldS 9
Eig=

2 AE AL FpolHIE HEZHATIOIE BteA S An/Edg 0l A Alo]o] AEgHFAA KE 7] HEF e
HE gYo] AFozFE wAE 4 Q).

=, A FE 45% WA 55%, =% 23T WA 27C o th”] ¥A(ambient air processing)dlollA #|ZFe s}o]
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[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

SEEd 10-2294707
B H 2B 2710l E(hybrid perovskite) W9t EfX 2O HFH A2 A4 7 slollA AL slo|BE
E H2Hx7lolE whak EWRAE O HEH AEdHT Lol &S ouE 4 Q).

g ¥ wwel YA WE solnels HEnsvlolE v EdX 2] AA ol EE

, B2 A<H(turn-on voltage)S AW3tE =W

MB2A] S5

)

[ K

oo

*

E=o8E sk, =D AA &d olTkE uEhla, 2EE(802)% ABEAHNEE A9S
vhebie], Z1E) 2 (803) = © A4S vebdT).

aHEZ@R0DE sk, Ad FE 456 WA 55%, &% 23T WA 27C °f ©ui7] ¥ (ambient air
processing) kol Al DMF<F DNSOZF 7 @ 39] Hujn|2 &¢d & &S o|&3te] Al#d sfojrels Hzr )
olE Mt A=& oF 0. 10 um(eme/v-s) WA 2F 0.25 nplem/v) &2 743 =o AA &3} o]Ex=2 Jed,

aE(802)S FmEdH, A S%E 45% WA 55%, &% 23C WA 27C ¢ 7] F A (ambient air
1 H

processing)tol Al EF §ul2 ol gatel AR Folwels HmptelE vk EQAsEE dhw FA9
FEn wod £ §u1E olgsle] ALY solnels Hznsvtels wut EdiHNT o e 293

H
HES vehar, A Ao Hdad we e B 2RSS e,

=, B oawe A £ 45% WA 55%, &% 23T WA 27C ¢ th7] TH(ambient air processing)dtoll A &}
o|HEE #HZHIPO]E Wl EHX]|~E |<gto2x, Aivt A" 248 9haer gE 54 3ol of
W, o7l =5 AHelAx dA ols=rt v i, A At e Zar, ke AA o] §-rehH,
g2 Ef AH 92 E Z2te HRZHAJbe]E whal Edl X~ (hybrid perovskite thin film transistor)E A
s F Ut

wek, B oame A % 45% WA 55%, =% 23C WA 27C ¢ 7] &4 (ambient air processing)sloll Al
slo]lBE|E HEZBAFOlE vlul EMXAEHE AFeozn, MBEAgA E= A9 Zto] dAd ¥ 2B Ao
E utut EWX| A (hybrid perovskite thin film transistor)Z A& 4= g},

IPE(803)E FueHA, AU HF% 45% WA 55%, =% 23C WA 27C <9 7] FH(ambient air
processing)dtoll Al £33 &ulE o]&3to] AZE slo|HE|E #HZHAvlolE vk EMA B AARE FHE
28 dtxoA 23 &ulE o] &ste] FAE StolHEE HEHATLO|E ¥ EWXAHY FAE He HY

AEEZL FYHt,

%, B wge SRy ke GFow 8 trld wENE BRNN Az istlE Mg Agselw Az
BoglolE vpute] A4 R AZH b= W EdXE ) BA g FuE & ot
% 9a WA = odi ¥ @el QA Az sgto B wEAFe] thrld] wEEE AL

& Obes T A o] mE sfolBe= HZHATto]E wiEASo] DMFSE DMSO7F E3hE &S SviAl
£ ol&ste] F4E AFolA di7lel =FHE ARt wE StolHE FRH AJlo|E uiup EJAAE

S
2
oy

& o= ¥ e dAA el WE slo]BYE HR2BATFo]E REEASo] DMFSE GBLol EdtE =% SviAlE
ojg3stel gAdE AgolA tirlel mF:E= ARt wE slo|HHE HRHEXATPO|E vpgp EQAAE Y AF S
e AR

AAlefo] WE sto]HE= FEH AT E HIEx ﬂ% ] DMSOS} GBLe] &3tel &3 &vjA|

s
oA ti7lel m=FE = Al wE dtolHg

—{o mz

T 93 WA ¥ 9dE Fasbd, ef=(901), 3 (911), 2 (921) @ 2= (931)= AY ZAol7t 20 undd
ZAg-olar, ZE(902), ZE(912), 22 (922) F X (932)= Ad dolrt 50umYd Ao, ZE
(903), L= (913), N2 (923) E ZY=2(933)= A Zol7l 100 und FA-E Yela, AZF F3s slol

BT Bl E MRS BHEA 193 5292 FRE 5 g,
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[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0231]

T 108 B age] gAA ] w2 FolHEE Hl2H A0 E B Zo] 7| =EHE A7k wE Flo)
HEYE FfREAFO|E it ERAAE ] WA o]FE, NEAYAEE 29, B HAgte] WIlE AWie &
Holt},

= 10% %J—lf—)‘}‘]ﬂ J_F/HE(IOOI)‘; 78_7;” _‘é‘_j’,}- O]%E% L}‘E}‘LH_]—I, -IEHE(lOOZ)’E” /‘1_15]__)_\_31]/\]%5 _{\_%% L}-E}-
e, 22 (1003) &= © AdS YERAT

SR Z(1001), ZZ(1002) 2 2E(1003)0] WEW, A7ke] Fem A7
9, " HAtel A frAlg ghs dERAT

5, 2 odde g XYy Al FE 45% WA 55%, &% 23T WX 27C 9 ti7] FA(ambient air

processing)dtoll Al do]HE = Jﬂiﬂ)\ﬂO]E(hybrid perovskite) WEAFS AFste], A Ho|H F
(passivation layer)Q F-AE th7] ¢tAAL zte HZH A7)0 E Bvlul EAX|AEE A28 3= 9)

O

B} ol s, AHAYAEE &

ol

% lla® slolBP = HRZH2TlolE wuAFo] dAaz FTHE S22 dhxoa] 2 dio] AAAGE w2y
S H7FA|Ql olo]ewWdl F=AAb(Hydroiodic acid, HI)E ALslar Ax"E A9 SEM(scanning electron
microscope) °©]F|A]E AW sl= EwHolt},

T 11aE Fasbd, SEM olm#](1101)= HI gflo] &wjZ DNFE o] &3 slolBnglt= HEH AT E BIEAZS
UERR I, SEM ©]m] A (1102)+= HI glo] =3 fuj= DMFS} DMS0S] %¥HS o] &3F slo|Ba|e HEZB AJlo|E Wb
EAZS e, SEMolu] R (1103)E HI ¢lo] &3 gu]= DMF9} GBLY %3FS o] &3t &lojHglt #HZH A7}
°|E WA FS el

= 11be A 5% 45% WA 55%, =% 23C WA 27C ¢ th7] -&A (ambient air processing)3dlol A slo]H
= HZEATIlE HiEA S giy] FolA B dye] dAAdE w2 &u) HIMAIQ] HIE Al9sty A=

2 799 SEM(scanning electron microscope) ©JR|A| & AWsts= EwHo|t},

£

T 11bE FHxskd, SEM olmx(111D)E HI §lo] &mZ DMFE ©]§3F slo]|Bal= HEZHA70E eSS

e Az, SEM o]m#](1112)+ HI §lo] &8 &vl= DMFS} DMS0S] %3S o]&3k sfolH

EATE e, SENeIm A (1113) & HI §lo] &% vl DNFe} GBLY @S o]
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