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TAHLR, HRHATIE SRS A7) S5 1 F A9 Fiel wEt, f77] stolHn HmH Tt
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3}stE-(organic/inorganic hybrid perovskite compound) ¥+ F7|F45dElo]l= HRHXAJIO]E 3gHE

(inorganic metal halide perovskite compound)¥ < ¢lt}.

Hop FAAoR ) A7) gksh] 1oA A7 1749 f7] doled A, HRHEAFE SEES fUE A
F718d M 2 X2 FAEH {7183 FUE 5% FA4E F57] stolBelE HR2BavlolE SgEd
o} Wkd ) A7) EERA] 16l AZF 171 7] kol Ag-, HEZHATIOlE FEES EU|E A M Y
T HAE FrER Y Frlesdgoel 2

7] SfolBEE FRHAT0lE SjMEe g, fUIEY AT FUIE FHE BT 7P FT(thick
filmeze Azt folsta Ao Hom AxMe) tish WA (durability) 2 SHAA (stability) S 4

A7 % qlvh,
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A7) ke f7] Folee Crusl A EE EH 9, obwYI(NH), FASION, Aokl (O,

daAdl7], YEZZ](-NO), "IHEAIZ7I(-0CH;) = olnuEe]5717F Add Gl A T 54 ¢4 £ o

A7 17be] Br] Fel &S Li', Na, K, Rb, Cs', Fr, Cu(D) ', Ag(D, Au(D)’ T= o]Z¢ 23 4 9},
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A7) we I, BiT, CoL Sb L NPT, ALY, Ga, TIT, S, Y, La, Ce L Fe, Ru, O, VL TiT R o]

5o 299 & dvh,

A7 X=F, Cl, Br, I, SCN, BF, TX 0|59 =39 4 9ir},

71 e 1= FAEE H2EATb0lE SekE e e Y & 28 Fxste] dXshr|e d
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L= 2v ¥ ge] AAjdel nhE seh 12 A8 = 2B ATt
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® 28 Fxohd, £ wie) Axde mE gehy] 12 FAEE A R2H 27t E 832 dALad (hexagonal )
TEE /M 5 9a, @9 AA(unit cel D(DE o]Fod 5 glon, o F So], §7183 2780 2§ 7
AE AMX, ETERE 7HE 4 9

ATk, ES, X7F I ol9lel, Br X Cl¥ 2FE A5, AREAFE SFES CssPbo(liBry)y =

CsaPba(11Cl )2l B8t 2E 7HE = Aok, 9714 x= 0 < x < 19|},

etEe 54 o] YA A YA (nanocrystal particle)(o]s), 'HZHAFFOlE YnZAAHY
Y Z(130)°] x3= 4 ).

HzusgtolE SaEe dx A7,

%, H2H29P0lE YA AUdAY 2715 1 m WA 900 m WAL F
A3, vFFASAIE 1 m WA 500 nm HYY

o},
Azu gt e Jued4ae 2707 1 m gl

=
QA 271 REE 2AY] o], VAG 22

pac

A%, 4R 2716l olsl W= (band gap)el WA # 1,
& aFal7] wiol depatel Belstthe ®AI7 qlth,
%

AZH st E hedgate] 2717 000 mE 23 B, AeolAe] AH oles L s LuwAle] HH
Aol A Efol FamE BAE vk w8 2Pl ofel oz stel Axs} ol ], FANR o
A AE706) 2 gol Brbse.

HEZH AT E YA PAE 2o]-d(core-shell) 7+FZ 72 4 v},

Hoj-4l el ARBAAbE he A YA Al ARHATE hed YR mo] W AL HmnstelE
AR ol E A A2 AR AAOE hedgYRE EFEe A4S £3T 5 Ak o7A, Al
MZB st E e d A % A2 ARRsstolE the A YA AR Fold Bl AHEE F 9

HZH ko E hed YAt AmnlotlE a4 9 EH Ao s|2HsvtelE thedgae] RS
FAES P49 47 0S8 ¥ £3 5 Ak

A7) fr7) B Es A @ebel=(alkyl halide)S 29 4 glar, 7] & defol=s dA(alkyl)-6o]
2d F vk o7)A, Gell Fsks ERA(Halogen) ¥43= F, Cl, Br =% 18 X33 5 9k

T, d(alkyl) FE2E CHynel 7325 7HXE vla8]d < (acyclic alkyl), ClHywOHSF S F2E 71X

Az} 3L (primary alcohol), ©]x} &3&(secondary alcohol), A=} &=:L(tertiary alcohol), alkyl-N
T%E2 IR E gZolvl(alkylamine)(ex.  hexadecyl amine, 9-octadecenylamine,  l-amino-9-
octadecene(CioHzN)), p-28+E old @ (p-substituted aniline), #d <% (phenyl ammonium) ¥ ZF o9

Lo e

R E(fluorine ammonium)S ¥3$Hs 4= gloy, oo A3EE AL ofyr},

TEAYEZ(130)9] EA D% (trap density)= 10" en - WA 100 n QD 4= LT},

FAO AHNB N2A AE10) AEHE obEES Adi(a-Se) TEANHFS Y Wsh ob a4
%7] B4 oA AaIE TALS bstelol @k, Qb Aol bW oxH P&yl Feld WA
a|

7FelA =719 el Aass Aol v

T, B e oaH gEld ASEE TEAYHI130)S EY Wwk gase] 1F 54S 441

. g -2 =
(130)& E=3 WX (trap density)7F 10 em ®|9d F$, =2
[e]

= =
o =
E 2% 49, 1589 FEAYES(130) 2% s&st=d v £A7F At

EEAYEHZS(130)S EY 9 I(trap healing material)g ©] EZ&3 4 9t}

. - - ey - . -2
TEANHZ(130S B9 83 248 o 2 49 TEAGHZ(130S 10 o A 107 en o EF 2
55 M § 93, ol® A3, FF AYS UE F vk, =3, E Unv) Z}i?}&i’yﬂ, ARpel %ol
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Efel dejA] &ar w2 olgd 4 3o 3 A oA AMEE 7E & 4 jlu.

Exl 4y EHE ¥ UAH(graphene quantum dot), EZ#]#(fullerene, Cp) FE 059 FEA So=
o]Fojzl g oRHFE Aus Hojx o s xS 4 Q).
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FANG A AEVE B wES B2 S QS B ok, BIR Fu(Fud AE) 4% 7
HolN geJahx Hehiz FEE wA)olAe] BeJol sForM nYE olnxE FA & & Urh
S . 29

EEAYHS(130)d = A2BA7b0lE shehE R 7] vQIEzE 90:10 WA 10:909] T2 £9d 5 Qv

LEAYHS(130)S A20S Erste] dash 432 AYAYE 48 shd, 7] weldst EEALES
(130)0] A% @ FF9) 2z U wol ¥3he A%, LEAUL I s Aash G4BT Fol HolA,
o A

T
wolle R FE=TF "ol A Har, o= Qe A HEVIS Aee A & v

IEZAYHIZ(130)9] B4 7y g&8e] a3y, LEAYHI(130)0] F7] viddE o X2¥8d 39,
YEAYHS(130)F 7]13(110) 42 HAHE &gA12 7 Aok
TA , = (130) ¢

Mo, 7] veltle HAZB27lo|E S5tEd $4 XEACEHS(130)0] EFHo], TEAYHS
HZA (adhesion)S A 5 k. By FAHOoR, TEAYEHZ(130)S JR2E2AJl0|E 33E3 37
3

YEHS(130) Atele] HAHS A4 o+ A
71 vl = Ti0, W=iat, Si0, W=iAt, AlLO; Yie=dzk, V0, t=fixt, SAT% 38E, a5dTAel=
2 FE&gels FoR o|Folil aForRE HHUH Aok ol s XS & vt
FEAYES(130)0= HAzB27t0lE shehz 3 F7] vl 7k 90:10 A 10:900] TFH|= k- 4 Ut
71 vRRIt 7 R EAYEHSF(130) 0l A=t S8 232 YT wol x3d 7
Azreh el del AHolA, ®ale B el =rF "HolAAl Har, o] s o
T AU
F7] vkl el 4k 271 1 im WA 100 i HL 5 gl

w7) vpeldel Q1 2707k 1 m vwd A, 2L A shdl BAZE 93, 100 mE 23T B
= [e)

o) Abgks A7 vbEo] alsdEe] olmA

TEADHF10) L AB2stolE S8 Golo] A7 ARn2stolE shitE S90S ol8F §9mY
W W SH P Ba /1B(110) ol 48 F A

Lz WHe oF So, ~WFY(spin coating), ZZ#o|FZE(spray coating), ZEFAZHo|FE
(ultra-spray coating), H7|HAlz¥ &FErlo]= 8 (slot die coating), LE}H]o}x ¥ (gravure coating), H}
¥ (bar coating), =3¥(roll coating), H3 ¥ (dip coating), F°]5 ¥ (shear coating), =3 g
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(screen printing), Q3 A ZT&HE(inkjet printing) =¥ == T ¥ (nozzle printing) 5°] AT},

T WS odE B0, 7Y, Y e tgxdA, 2HE " (sputtering), FAZTFTZ(ALD), H8Hrd5 )
(CVD), ¥=Zr(thermal evaporation), BA|5W(co-evaporation) W= Zgt=nt 73t 347 A=52H(PECVD)

v A A= TEAYEZ(130)S &% (solution) FACRE FASTo =M, AxFAH deafxn, A|xH]&S
A7sk 4 9l

EEAYHF(130)2 52 oAYyAR] I8 F537] fal, $9(thick film) o2 Az ¥ ofof gt}
EEZAYHZT(130)0] T3] FAE o JAdd AHe, dxM F5of o) dAket AF AAHHE oF
o] QI7F At glole= Al AF(HA A=)(120) 0.2 At AR = AFo] o]lsd F g, =2 A7 A
Sholl ol A A AR e AEFS Al A5(FA A5)(120) FHo2 £71E = v

LEAYEZ(130)9] T 1,000 mE 20 49, LEAGEZA0)0] J1R(110) 0278 Hhelw A 42
ol WolAt wHol 9w, TEAUEZ(130)9] FAZL 1 m v A%, d2ye] Foge] o] AErt
o= fEo@ ofdt wilol 9l

S, B oume Ao e dxy JE71e EEAYGE SN oulste], BPAAY] FFFFE sl of
WA gl we ols A4-4F ge] AHHE, oA FEe] AFe] AsbASH YlolE AAHOE o
Fopl Aek, BgAAe] FEFFE FAE 9an AF7)e TEAGES g Weh(thin filmeln®, i)
A7t Aol AAsh Ago] BFFE Ul =9 glo] AFow =@ F v

el e sy olnlx B IR TAS] FeAE EEATHZF10)NA 44D Askel ol FEA o
Fasid,

A7) AFPA QxR JE7S A9, EEAGHFA3004 APE Ash Edol 23 F4 ofefol
oJBets HE7h mEA dan B ol ANE AxY & ol EF, =g 29 48E 7 g4z
A ARAE e QAAGE BRE sel, 2 FAAA AR olvA] Just o) Fel AusE Furt
FHe] A ¥& AL WRE s wHel YT

¥ ouge] gade] wEn, TEAYES(130)0] AZLAAE BPES TPel JYHRE, EEJALNHF
(130904 AR Ash Egel 23 ek Azkel AAHE AL WAL F dlo] $9 £Er} we, o
2 Q8] Axdel U R, B9 54 L A False] $4e, Be A% 542 b & A

A2 AF(140)& TE
A2 AS(140) FF A=Y 4 I,
A2 AF(140)2 A713 EAo] -3 Ay EHA=Z 4= 4 o).

A2 A=(140)2 A& &9, &dFraAD), &g, 5w, 78w, ZewPd), W=(Pt), dFT4itstE
(170, Indium Tin Oxide), <FoFAAFEE(170, Indium Zinc Oxide), LFulFold4tatE(AZ0, Aluminum Zinc
Oxide), E2AF3}521(FT0, Fluorine Tin Oxide), ¥r2&U=%H(CNT, Carbon Nano Tube), L3 (graphene) %
= Oﬂ‘:/]%ﬂ‘:]ﬁ"‘]‘ﬂoﬁ iﬂ’\‘ﬂ%ﬂ“4 A|o] E(PEDOT:PSS) 2.2 o] Fojxl aFo2HE HAYsE ZHolk o 3}
e yases 849 = o).
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L) Zo) wil, A2 A(140)S ETEAYEZ(130)3 ZAY Ze Alo]=2E JHHEE dA"E 5
Atk A2 HA=(140)9] A7|7F 7]1¥(110)9] ARG F A$, 7]$(110) SHe R AF7F Z2] &E(short)7}
u}

olstl i, B el AAdel we ad AEV1(100)9) A8e AP Brh, E wyel Aol o
2 osd AE71(100)9) A AYFel glolA, 71W(110)02A HUEBALH(IFD) ofdlo] 71%e A4
o2 el AAT, ol BYHE A ohirh

TP, FAFoR, TEAYEZ(130
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A2 A(140)S 533 dAH(X-ray)o] ETEAYEZF(130)o] T4 A
(electron-hole pair)o] AAETE HAR-AHZFT Ao & XEAHEZF(130) %-’FE]—‘E Oﬁ“iﬁ/] Oﬂﬁz] ]
A=

ZEAYEZ(130)9] AA-AF Fol AAE =, A2 WIF(140)3 Al AF(120) Abolo] WS rtate] A2
AS(140)7 A1 AF(120) Abeledl AAE DAAZIAE, A2 A=F(140)7 A1 AF(120) Ake]e] A}l
o, TEAYEHZ(130)°] AAE AA-AF 2> 4z A2 AF(140) 2 Al A=(120) 22 e,

B
ft
)
r(
o[\l'
=
w
N
)
rr
)
_|>i
Zi
gt oﬁ

=2 B9, A2 AF(140) 0 S(H)AYE ertetd, TEAGES(130)014 BAE FF(hole)& A2 A=(140)
[e]

Zo 2 ol%dA H HAA(electron)E Al A=F(120) 2O 2 o]FstA Hrt. wWHA | A2 AF(140)d <F(+)A
& QUbsHY, XEZAYEZ(130)o4 AAdE HAE A2 A5(140) FHoz o)FsiAl Hu HF2 Al A=
(120) Zo=z o|%35lA HAL}.

=, A2 AS(140)0] FAE X EAYEIZ(130)E d2d ZAMA] F @z 9d] HMA-AF Fo] FA4d=HT
A2 A=(140) 0 Fwd Aol 93] AA(electric field)7} %*éﬂcﬂ Al AF(120)0 0.2 AR = AFo] &
HE 5 3

Ae)e 71100l FAE AAE () =AD Al AE L, AAE

HZ(130)0] o24lo] 2Alse] weh, AmMAE (vEA)e Lol zﬂ
4 o ¥RAYHZ130)0] 2A1E s o] W Qe
of WAE uhekE AR <E (FD) (WA o) Fao] ofa) A7 A5z 98 & °l

9.

ot
B ot

Ha, AuAIEe 2
o] AHere 7]¥(110)

_4_4 ]Ig,
O_>f1_4 o_>{_‘,

&

FAALL, JHWO I8 FA=AALAY WIH A8 YA GA=AALA} G o
B, AN AgE Asks wuiEasEe] sdel A% B AsAR(EDZ AFH L, A5A
Gre Aske] Fe AT Y BFEAL G2H FAEG SN JYe FAY am.

wowge] Aaldel nhE osd FE71(1000E DR 3% S4S b EE(FRE £t Ang) dx
A AE7), A AaA B PBV], 428 BY BAY) EE O /)5S S DsdE day ojuX Al
Az A gol Thsstet

EE, B ouge] A e gxd 4E71100% 71E R 928 4BVt A4 F g Fad
NAE AAFozM, i FIL Fa AP onAB Qo] AW 7] Av W AYY B &
24 olgo] Pt

A @A A At olSlAE ¥ da A 41E FE

, A AZE7)(200a)E 71(210), A1 A(220), AAF AEE(250), EEAYES(230) 2

2
to
3&
(g
oy

T dat Al A=(22003 TEAYEF(230) Alole]l HA AEEH(250)S A= AL
UREZF)H} 43 T4 02s /HER $RAE TR et FAd 49
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(Sn0y),

m{n

AR ALEF(250)2 o5 E°], EHEEASE(TIO), oFAAs=(Zn0,), AFEAFSE(In0), F24ks)
BH2uAs = (0,), YQEASE(NDO), =3B RAASIE(Mo0,), vF2ulgAkabeE(Mgd,), A=A
2EEZFAEE(Sr0,), BEREEHE(La0,), whEASFE(VO,), EFrFAkslE(A10,), °lEFHAHEE(Y0,),

) w
AF8b=(Sc0,), 2EAESHE(Ga0,), JEASE(In0,), o2 & E= o59 Sd=s ¥iotes 49 &

2L
)
gt
ofj
<
3N
N
flo
oo
12
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ol
2
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0,
oft

)

Py 9 FEPEe B 948 5 A

SANTE] WHE oE 5o, 2¥WAY(spin coating), 2=EdHo]ZY(spray coating), =EZAZ#o]=HH

(ultra-spray coating), A7|WAlzY, &£Ftlo]F¥ (slot die coating), L&}v]o}x ¥ (gravure coating), Hf
F ¥ (bar coating), 3% (roll coatmg) 38 (dip coating), #°]=Z"® (shear coating), =3H ZEH
(screen printing), Y3 A ZHEH (inkjet printing) =X == I ¥ (nozzle printing) 5°] AUT}.

THEEE dE 5ol S, Y e g, A9 EH (sputtering), WA SHALD), ST

e o
(CVD), 9=Z(thermal evaporation), FAZ2H(co-evaporation) %+ Zd}=v}l 73} 3}8}7]452H(PECVD)

i

=t
A ADF(250)2 AAS TEAYEZ(230) 02 o571 To2A, AArl FEAYEZS(230) 02 34
957 sta, TEAYEZ(230)014 FEH Aake WRrt 73S o|FEE &Y

oz A a8s TN F
ATH.

A7 AEF(250) TEAYEHS (230014 AAE AA7F Al A5(220) = A2 A5(240) 0.2 A&stA o]
THES Sk, o]x A3 aETIP vl hHF(dark current)E FHAAIA F Qv

5 4bE NP (NP type)o] - @go] AAdo] w2 dxd HEV|Q dHLEE ZAIS Aot

T 4bE FxEH, A~ AZE7](2000)S 7](210), Al AF(220), EFEAYEZE(230), AAF AE3(250) 2
A2 A=(240)S E33IC}

H
H

dhE TEAYEZ(230)7 A2 AF(240) Aboldl HAR AGE(250)S AAsteE AL ALstd
HREZE)Y 5A3 FAHRAS /IXER SHEE Ao 0 e 4Ae A5 ez 3,

A AATE AL AF(220) EE A2 AF(240) 0.2 4E3}HA o]
FEHLEE 3laL, o2 Qs ﬁEﬂﬁéoﬂ Hh‘sﬂ IFAFE FAAZ 5 A

2:5‘_]_.

5 4o B oy AA)do] wE PING(PIN type)d] ANad AZ7)9 dHEE &

>
S

°ojth.
% 4cE Fxohd, A2 HE71(2000)2 713(210), Al A=5(220), A2 AEF(250), FEAYES(230),

e AE3(260) 2 A2 A=(240)S 3ot

T 4cE EEAYEHS(230) A2 A3(240) Atolo] AF AEF(260)S © A AL AlQed = a8t F
A3t FAHRAE /R ER FEFHE FAALL dig FAg de A2 g

AT AEF(260) oS B9, ElodA, detudandd, suEA £ Egddolvd EFS FHolx
o s TIE=E JAE = 9t

AT AEF(260) £HS o] 83l tpddt SAmy Wy 2 F2 WS B g4 = 9

SANFE] WHE dE 5o, 2~¥WAY(spin coating), =EHo]FZ¥(spray coating), =Ez~X#o]=H
(ultra-spray coating), A7|WAlzY, &£Ftlo]F ¥ (slot die coating), —L&}v]o}x ¥ (gravure coating), Hf
H(
¢}

¥ (bar coating), =3Y(roll coating), HAZE(dip coating), Z°]3=¥(shear coating), 2~3& ZHE

(screen printing), Y3 A ZHH (inkjet printing) =¥ == X U™ (nozzle printing) 5°] AUT}.
T WHE AdE 5o, 7Y, A4S e Mg, 2=2HE " (sputtering), YAZZTZ(ALD), 837152

(CVD), ¥=ZH(thermal evaporation), =AZWH (co-evaporation) H£= Zgt=n} 73} 387)4==HPECVD)

e AET(260)E A& LEAYHT(230) 82 olgA7l= To2AM, Aol TEAYES(230) o2 a4
o2 Adu sha, TEAYHT(230)04 Fdt Al WETF #Es ofFEE st EEE FYAA &
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AT},

AT AEF(260)> LEAYEHS(230)04 A 3ol A 14AF(EE A2dTF) oz s ol 5HE=S 3
i, 2E7|F vl 4HAFE FAAE A

T 4de B o] AAlde] mE NIPY(NIP type)9] o2 lo] dHEE Z=AE Aot}

E 4dE Az, oz zﬁﬂ(zooa)—& 71(210), A1 AFH(220), BF ADF(260), ETEAEEF(230),
AR AFZ=(250) D A2 HA=(240)& EZ33skc),
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13] A AT ~ 180 & ~ 900 &
T 2k 120 C ~ 400 C
A& (Vacuum) AE 22 s a3E
(No Vacuum) (2x10_5 Torr)
o AlsH] 10 9kl ol 150 wH o]
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