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A 1 ASF(160) dolls EFEAS(170)0] AT, WFEAZF(170)2 #| 1 HZHAFL0]E SAH(F]EA]) &
Efﬂ%} A1 FACPD UssHE Al 1 FFELS(172)F, A 2 dZB2Fl0lE A (H =) S X338t
A 2 32 (P2)o] HEEHE A 2 DFEAZ(174)3, A 3 HARBAT|E dAH (M EA])S £33 A 3 34

(P)ol UlSHE Al 3 WAEAS(176)E LB
2ol, Al 1 Ba(PDE F4 Shaola Al 1 AznsstolE gAe 34 W] dznsstels
oul, Al 2 Ha(PE A4 Siola Al 2 AznrvtelE FAHe A4 W] HwH svtol
gom, Al 3 BA(PDE 34 haolw Al 3 AR ATIE PP e %A W] Azt
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A 1 BFEA=(172)L A 1 AFF(OP) oA Al 1 AZ(160)7 A=t A 1 AFF(0P1) S} AZHo g
TS E(HH)E ZreEr, w3, A 2 BFEA

Q74L& A 2 ANFF-(0P2) WA Al 1 A=(160) 7} 53

xz
= bl
A2 ATE-(0P2) s AAHor Fd7 F(HA)S zher. @9, Al 3 HFEES(176)2 Al 3 7H7-H-(0P3) W
1

oA A 1 A=(160)3 H=3l A 3 7H?—r‘(OP3)P_D} 2 F(H4)S ze.

wEbA] ) Al 3 AP ELZ(176)9] dE2 Al 2 A4 (P2)eF Al 3 34 (P3) Alolddl X8t WAZ(166)9] HWS
g1 e A 3 34P3)S Al 1 3A(P1) Aloldd 9Xet= Wa=(166)2 AHE Y=t

dE 59, Al 2 & (P2)9F Al 3 3kAa(P3) Atolo] fA|sh= WA (166)9] AT} Al 3 AP Al 1 i
(P1) Atelol $1x| &= WT3=(166)9] A A 3 W3EA=(176)o o A3 €@ 4 v},

wak A 1 2 oA 2 WFEAZ(172, 174) AlolddlE A 3 HEHATIOE $AHES IS ¢ #E(190) 0]
FAHET, =, Hul A-1(190) Al 3 FEAZF(176)7 FAI S 2 o] FojRt},

F Fol, vl WE(190)e A 1 S2(PD A 2 3 (P2) Aolel AAsHE WAF(166) o 45w B
F(166)9) FHe A3 9e & Ak, olsh gel, dvl AR A 1 SH2PDS A 2 & (P2) Aol
A sk WAZ(166)] 4WE PRHoT Ug F% A

i)
ol

o

70)0] FAE 719(110) AFZ A 2 AF(180)0] AT, A 2 AF(180)L FAIG <]
= A

=
Axsl Agha Fro] HlwA 22 THA SR o]Fo]A AL (cathode)Z ©]€E F Ut} o F
= = EFEAD, vhavle M), EFrE-rtdlE e (Allg) & o= stuE o] Fojd

=
=

0 2

Al 1 A=(160), EFF(170) R Al 2 A=(180)2 FAA HFTele=(D)E ol EH.

EAEA egkon, Al 1 A=5(160)% F=ES(170) Aleldle AU Aerdsel 45, E3E
AS(170)3 Al 2 A=(180) Atoldll= dArdsat dATFdSel 49 & . £, Aerdsy ©d=
A (170) Atelell= AAAETo] FAu i, WFEHS(170) 3 AAsES Atolols Feaidsol d4dE &
ATt

Lk, Al 2 AS(180) e, % o] wEtole=(DE HAFshe S WA Hd, Qs eld 2
5 (encapsulation film)°] FA4E 4 o}, o & 9], JAAEHNA TELS A 1 77 dAS5H, /7] dAdS
o A 2 F7] AATe AZ FRE M F Jdoy, oo dAHHA ke,

T 4ao] =AY ublke} o], BHEE(150) Aol ITO, 1709 #& T =3
gHygozmn Al 1 WA A 3 32(P1, P2, P3) Ztzel] o= Al 1 2
(M=Z=ADES PAstaL ol & HEFTFo=R A 1 A Al 3

A E 9 WAF(166)S FA g,

Aol HolE gd, 71¢(E 29 110), WHF (= 29 120), HFEMA2E (2 29] Tr), AlOJE AAu(% 2
o 124), S+ A= 29 132)9] ¥4 TAHL AU

TS 5 4bol] EAHE i} Zo], A 3 HEBAFIOE SFAHE TIslE LNS FE G WAZ(166)T A 1
o ] =
[s}

A=(160) Zgoll HZBTtolE FAHS(192)S A3, H2B 2710E RS (192)2 Al 1 WA A 3 3
Z~(P1, P2, P3) 5 AR, oI 59, A 3 W2 HAIIOE UAH L CsPhBrsd 4+ T},

g, Al 2 FAaP2)o] AT HRH2IE GAHF(192)S 22 E5(1, iodine) o2& XEFsteE &0
=E2AA HEB AT E FAEE(192) U Al 3 HEBATE e Sol&S AN, A 2 HE
BAglolE GRS Edtels A 2 BFEAES(174)S A e

A5 £, & 4coll =AIE vie} o], Al 2 sta(P2)d t-gdted MFE Zte Al 1 vf=A D) E HZE 270
E EZ2(192) ARE XEt 295 o)L xdstE LAS Hilsle] A 2 324 (P2)e] HRHAIIE

FAEZ(192) W Al 3 HZH 2P0l E gapgle] So0]eS XFAA A 2 HRH AT E FAHS E3eE A
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o, 2= o]&S X di= £HL olo] Q T BH(CH;CHoI, iodoethane)d 4= A3l trioctylphosphine(TOP)}

2ol ofol 2 EeBe BRHAANA gole ADL FVAINE EujA7 oF 1-lovolem TFE 5 A,

o, X 4dell EA1E bRl ol Al 1 ska(PDo t-gste] ANFE 2e Al 2 vt232)E ARBATE &

A5 (192) 4H-2 8jxstal 94 (Cl, chlorine) °o]2& ¥3stE €98 EASIY] Al 1 84 (PDY #HzEs

FholE SFAAT(192) Ul Al 3 HZH2T10lE o] FolS ATAA A| 1 H2HAFl0lE S-S LF

St A 1 HREES(172)S AT

=, H4 o2& EFStE S o] Al 3 HEHATIO|E SR HE olS di4 o|2o= XFAA A

1 HlZ2B270]E S JA s, (CsPbBrs—>CsPbCls)

olm], 9 o]&S ¥FslE fNE FEZEFEE(CHCI3, chloroform)¥ 4+ 3l trioctylphosphine(TOP) ¥ Zo]

2R YES G A S0l XIS A E ZujA 7L oF 1~10vol%E ¥3E 4= Q).

olwf, A 3 3A(P3)9 HEBATIOE AGAAZ(E 4c9 192)& A 3 HEHATIOE URHS L3 A 3
AZ(172)3 A 2 WFEAT(174) Aloldl= ol X3 glo] #| 3 A=

G243 (176)0] Ha, A 1 #FEH

Bt E S 3EHE dl dE(190)0] A
S % deo] TAIE upe} 2ol Al 1 WA Al 3 S FEAZ(172, 174, 176)3F tlu] IEI(190) Aol F& =F
& F&Zsto] A 2 AF(180)S FA 3T},

o} o], B o= A 3 HEHATIOE A
E

3 o
(A4 ) DAl 3 Fa0(54 Fa) W
)

2 3 S 3} 1
(3A AFEAZ), A 2 FFEAS(AN BFEAZ)S A2, AALG TALAY Ax TH

o
140To A 1021 AAf 2] skef CsPbBrs®] =4 s|2H27bo|E Ao JAdstaltt
t}S, trioctylphosphine(1lvol%)S ¥3dl= FREEE(CHCL;) o A HRHATl0E UAHEFS Po

i)
fr
[z
[>
N
N
o
[
o2
2L
k)
lo
i)
ofd
L=
o
o

& 5ol EAJEQIaL, whg ARt

TS, = 65 FEsHW, CsPhBrie] H4) HZH2Jl0|E dxlo] S22 E &0 =FH o2 (sPbBr3d]
XRD SHEel A CsPbCI3S] XRD sfElo.2 WAg}, %, %4 s2novtol= sl Foleo] A@slo] P 3
FHXAIPOE FxpFo] FAJ AT, (CsPhBrs—>CsPbCls)

%72 ¥ owgel A 2 AAee] nhE AANY EAGA A gl s,

T 7o) ZAlE wpep o], B o] A 2 AA|ofo] whE AAGE FAIEA(200)=, A 1 A A 3 SFA(P,
P2, P3)7F AJE Al 1 7121003, Al 1 719(210) Aol 94X A 1 WA A 3 34(P1, P2, P3) 7t
of t-gEw WA 4 whsgsls whgrio]l o= (WA whsgtlo]l o= p)ep, WAl wgrie] 9 = (D) Aol 93}
of Al 1 7]9(210)3 wpsle Al 2 71322003, Al 2 713(220) 3% W4 @gtio] 9 = (D) Apolo flx|Ek A
1 WA Al 3 ska(P1, P2, P3) Zhzbell W% Al 1 WA A 3 AAS5(232, 234, 236)S Edets AWk
(230)3, Al 1 AASE(232)3 Al 2 AAFE(234) Alolof]l $1XsH= vv] WB§1(240)S X3},

B

_14_



[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

SIHES 10-2020-0068911
EASHA] gk ot, Al 2 713 (22007 Al 1 WA Al 3 AWMRS(232, 234, 236) Z7+e] Atolol= AHIE I ¥
e 4= Q).
A1 oAl 2 71210, 220) 44 FE7E ke ZEaE JE3d F Juk. 45 S, A1 ¢ A 2 7%
(210, 220) 7732 ZEo|H| =R o]Fojd 4 U},

WAl wkgriol 9 = (D)= Al 1 7]1(210)3 Al 2 7]%(220) Atolo] $1AdLE. o5 Bof, WAl wgrie] Q= (D)
= A1 71E 210 F4E 5 ).

TAEEA gkkont, Al 1 7]1$(210) 3 WA wgrio] @ = (D) Abololli= WA whFrlo] 9 = (D)ol AAEE wHEtE
AR 2BV GARL. S 9], & 25 X, BHEMAXAHE, HEAS(122), ACIE A=(130), &~
A(140), =8 A=(142)S 28 4 o, =3, JHEJAXAHE 3 =9 A5(142) 8 =&3 e =
gl ZHE(152)S 2t BE=(150)0] XAE 4 U},

EH, © 12 Fxehd, Al 1 71%(210) gole M2 mastel Al 1 WA Al 3 8P, P2, P3)E Aelete 7
o|E wjA(GL)=} dlolE] wjA(DL)o] HAE 4 SUtt.

A dbsgrie]l o = (D)= Al 1 AF(260)3, Al 1 A=(260)2 v

Foh= Al 2 AF(280)7, A 1 A=F(260)7} A
2 A15(280) Abelol Ashe] WS FYSE WHF M0 S EPB,

A(260) & MG EAX Ao AZAEH A 1 WA Al 3 34&(P1, P2, PolA A= EgdE. 98 &
Z

1
A1 AF(260)2 of:=E(anode)d 4= Qow, A4 gho] Hlwd & =dA EFZ o|Fo]d 4= i},

TFF@0S 3P BA, 9F B4, A43Y 23 wE o go WPEAS TPsn W 0 WY
A elE Bol, WPF@0)S FA WHRAFS T A 1 w29y, F54 2PBAFL 2P
A2 gaEe TRY S AT ER, BRFE0)S ZA BHEAZS TP A 1 gaes, G4 0
YEAFS WHSE A 2 YU, N4 BYBAFS TPHE A 3 BPAEL TIY FE Ao

A 2 HAF(280) #
(cathode)® o] &9

Lk, Al 1 WA Al 3 3A(PL, P2, P3)Y AAdE Al 1 AF(260)9 7HEAEE e WAT(266)0] FHE
T . Hﬂﬂ2(266)% zt 3}4(P1, P2, P3)oll th$3le] Al 1 A=(260)9 FU4S w&3k= A 1 WA A 3 7
T2 (0P1, OP2, OP3)E ztett).

AW ES(230) 2 Hr wE(240) HZEATOE PAPHS s WSS (230) A, Al 1 MRS (23
2)2 A 1 AZBxTlE FAHS Estal Al 1 (Pl &=, Al 2 AwZ(234)2 A 2 HzBx
7}01 SRS 23 Al 2 A (P2)ol gHH, Al 3 AWIF(236)2 A 3 HRZHEAFOE SRS X2

=
I A 3 kAPl t-gHTt. wE, tin HE(240)S A 3 FHRBE AT E SxpAS T3S}

]_
o), A 1 sa(PE FA sioln A 1 MZHATE FAHE A W] szHAslE FAHY
om, Al 2 sAa(P2)E A shiolal Al 2 FmEXATOIE g} i
Row, Al 3 A (P3)= HA sthola Al 3 HRH AT E g}
oh:}_

o
o o
rlo N 12

N

o]
P
PN
5=
[e))]

=

o=
T

oAE B9, Al 1 HZBAFI0E G2 CsPhCl:Y 4 L, Al 2 H2B2710lE g2 CsPh; Y = 3o

), Al 3 AmB Tl E FAA S CsPhBrad 4+ Sltt.

oA kgrio] @ = (D) =Bl e WA Wle A 1 SAPDAIA Al 1 AZ(232) W Al 1 ARB2Tto|E At
Aol ofell Fasar Al 1 apge] Bl(5, 34 33 vh)o] et =3, WA dgriole = (D) ZHE o] WA
e A 2 P2l Al 2 AWEF(234) U Al 1 HAZB 2T E R o FrEA Al 2 wge] U
(5, A4 3¢ gh)o] Wadrt. ®3, N4 dgrole m(D)RFE O WA gle, A 3 S (P3)dlA Al 3 AW
#5(236) W Al 3 HRBEAFPIE G ) Fasa Al 3 o] Bl(S, w4 9 dh)e] wEdd.
e, A A (2000 HE 9

o

AT AR (232) Al 1 TF(OPD o A or FAdd F(HA)S ztar, Al 2 AHES(234)2 Al 2 )
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tlo

THR(OP2)S} ARA R EAT E(WA
(W) e zh=th,

)

A=

ol

A, oAl 3 AREE(236)2 Al 2 JNTFE-(0P3) KT &

AT B A 2 S (232, 234)2 vlolE ¥ (DL) Ate]l ARt 22 FE zta, Al 3 AWES(236)2
olf A (DL) Ate]l AR & &5 zheth, R, Al 1R Al 2 AASE(232, 234) Aeloll $1AskE o]
HE (24002 A 1 R A 2 32(P1, P2) AbelellA wlol wid ML) T = Aot

Al 1B Al 2 AASE(232, 234) ZH2EE Al 3 ARREE(236)0l tHEE Sol Al ofs AW 7] wiel, Al
1 A5 (232) 7 Al 2 AAekS(234) Abololl= Folo] AHA &2 Al 3 ARBATPo|E FAHE 23S
= du g€ (240)0] EA "o

-

olel &g, Al 1 MAS(232)& 4T

'?‘ OO]% i]?_‘rOﬂ 943]] Xﬂ 2 ‘:’J ;(ﬂ Aﬂ _%(234 236)0 63 _(-5}‘
ZAgelE, Al 2 AEsE(2340) 7 Al 3 A

(236) Arelell Al 1 AlZBA7bo]lE FAHE sk Hr| oE

ﬂ% il

ES, Al 2 ANBF30S GHT F gol Aol oa Al 1L Al 3 AWBS (232, 236)S FAE B
A1 AREE32)7 Al 3 AURF(236) Atolol Al 2 MZHAAOE FAAS T3 Hy] el

%811 WA el e = (D)ol F-EE 42 Qlvk. olef g, MRS (230)2>
_]

%(230)O 4b YA = 4cS T A3t

wek, A 1 WA A 3 AASEE(232, 234, 236)S TistE AW
g 170)2] A T4 & = = Adrt.

A1 WA A3 e %(172, 174, 176)& *Fsh= TF=2

olN- rﬂ

5, Al 3 BTl E FAHTE Al 1 WA Al 3 3k (PL, P2, P3)el A F
Al 1 Jﬂiwﬂcﬂe GARE T Al 1 ANAZ(232)7 4] 2 A ZHsTje]E
WS (230 FY At

- & WA wrarhe] 9 = (D)
o el WA WOl S E () St W WAL A9 AWHE(230) A

*J—“%oﬂ A s k. o] L
(340) WA dgrfo]l Q= (D)9} Al 1 713(210) Ateloll 1xE = Ak
o] Agg BAER (200005, Al 1 WA Al 3 3F4(P1, P2, P3)o] 5U3 HRBXAJ}0]E Y}

& AT F Sole ALS T ME gE A wE 54 e Al 1WA A 3 A %(232 234, 236)0]
G 7] witell, A ®AEA (20009 Al S0l desiAa Az 77 A
=82 ¥ o] Al 3 Aol whE AANE mAEAS JhEFA Q] @ oltt

P2, P3)7F Aol 71%(310)4 713(310) “dH-oll #1A]5 | Al 3 344 (P1, P2, P3) Zt7}el
A dlE w3t A o]l e =(D) el A8k A

ﬂd
jl

>
5.:
N

& 8o mAlE wpel o], ¥ Ew el Al 3 AAlde] i dﬁl%% FAEA(300)=, Al 1 WA Al 3 sk (P,
o
1

]

v gro]| = (A wPTie| =, )9Jr, é shas
(Pl t-g=+= FHE3(333)7, A dgrfe]|o=(D) Aol $1xstH Al 2 2 A 3 k& (P2, P3) Ztzto|
S5 A 1 2 A 2 AAES(334, 336)S XS MWEES(330)F, FHS(333)7 Al 1 AHEEZ(334) Aol
of xek= v AT (340)S EFHETE.

ASA srskort, FWE(338), Al 1L Al 2

rﬂ

k5(332, 334) Zhzte] Ael= AedErt d4E &

71|10 F71% B Tekad 9 £ Ak dE 5ol JR(310) Eejolv=g oFold &

9 A g%u}o]oz(n)b 71%:(310) el iRk, =AlEHA] gkt ]j*(fﬂlo)i} A gl s
s ENA 2 A ET. G ;=28 Fxsi, ‘é}‘#

(122) 71] °o|E H=(130), &2 @%(140) =<l d%(142)% Zotd 4 . B
= 3

&i

>

2 i3
of\i Oj;
i)
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@

2
rO

wgh, = 18 Fxsd ]ﬁJr(Slo) *JOHE Mg uzpste] Al 1 WA Al 3 kA& (PL, P2, PI)E BostE AlCE
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A gggoele =M E Al 1 AS(360)3, A 1 AF(360)F nlsts Al 2 A=(380)3, Al 1 A=(360) Al

2 A=(380) Atolol fAlstn] HAE whgshes HgS(370)S LTI

Al 1 A(360)2 vt @A AE o] A Al 1 WA A 3 84(PL, P2, P3)olA AR EEn. oF &
o, &

A 1 AF(360)2 N==(anode)d F Jor, A3 o] vjuy & =344 FHZ o]Fojd 4 i},

BHE(70)L BF B, 9% 2, AAWY 2Q 2= A 2L BBEAL ¥PEm 34 0e 2y
s}
A2 AFE0S EAGA] AW AN AFE glol wwA He w4 BA olfold Ais

E
(cathode) & °]&4 4 Slt}.

TS, A 1 A Al 3 8k (P1, P2, P3)e] AAE A 1 HA3( 360)91 7P S dE WA (366)0] A"
WA Z(366)2 ZF 34 (P1, P2, P3)d tl&ste] Al 1 A=(360) FU4S =235 A 1 WA A 3 A
?T(om 0P2, 0P3)& zt=t}.

=
i

AW B2 (330) 3 Hr] 3E(340) & HZH TP E ok]' S Zashoh. AWHSE(330)0 4, A 1 AHESEE(33
)8 A 1 HREATIO|E SFAHE EEEta A 2 AP HeEY, A 2 MHSIE(336)S A 2 HE2EA
FlolE A S Eesta Al 3 g4 (P3)ol WiSHul. T3, Hu] B (340)2 Al 2 HEZEXATIOIE UAHS
FZ sk

&= 8ellA, FS(338), AMWET(330) B Hm|HEI(340)0] FA wFTio]l = (D) wtE Pl F43
b g, F5(333), AWEE(330) ¥ trHEI(340)2 B Y|we] FAEHIL HASS %311 ié*—'.‘ kg

AL SAPDE A Had 5 Qi FYFEIe P4 BYtieleE RN He W R, A 2 5
A(PDE A4 saoln Al 1 AnsgtelE FAPe 44wl Aznsastels Fad & Jow, Al 3
(PRt 41 Shholm Al 2 MEHATbOIE AR 4w AEnsstelE FAHA & A,

A1 AEBsglelE FAPE RS2z BAHE, A 2 ARHAvlE RS SSHN3eR BAE S

S

g 5ol A 1 AwHaTtolE FAHL (P, F Yom, A 2 AmHaglolE FRHL CsPBred 5

A dgtiol e = (D) =AE S A Ul Al 1 st (PDA FHF(338)S Faste]l Al 1 A (PDOIA Al 1
Aol (%, BA g el LA, BH, A AGelLLMZRAS A NS, A 2 HEEDAA
1 | slzn gt GAgd od F4Hn Al 2 el WS, A4 9 w)o] 3
drh. w3, A wegvlole = (D) RRE S A Wl A 3 34 (P3)olA Al 2 MEEE(336) W A 2 W2
st ARl elal FHHT A 3 A WS, 54 g W)e] WEAT wekd, AAWF EAEA
(300)= A9 F4S 78T F A

FE5(338)& Al 1 AT (P dddom A3t H(AA)S ztar, Al 1 AHSS(334)2 A 2 JHH

Al )

=

[e)
(OP2)o} dd=ow A3 H(AH)S zev. 34, 2 AEE(336) Al 2 JHT-R-(0P3) ok & F(d
7(4)9_ 71—‘,11:]_
12 RN .

m o
>11“~

F3(338) 7 Al 1 AWIgE3(334)2 ulo]E] A (DL) Ato] Agrth 2 F& zhar, A 2 MW3E(336)2
o]l wjA(DL) Ale] A¥ET; & & zZre=th, 3, FE35(333)2 Al 1 AWH3ES(334) Alelol A g
el (340)2 A 1 2 Al 2 34(P1, P2) AtololA] dHolg wiX(DL)¥} THE %ll:}. =, B 9% (340)2 A
1 3PS Al 2 3k (P2) Atolell $1x]gHt}.

FYE@38)E Al 2 AWNEFE6)9 UF g P vl s BYHL Al 1 A4NBFE0E Al 2 A0
B3(336)0) Ud gole Aol ola) P Mo, FHFE3)I Al 1 ANBFE34) Abolol = o] Lol
ABEA e Al 2 Azt E A4S EFehe Hn] AR (340)e] A ik,

osh @], Al 1 AWEBF(E3H)S AT F P TE v L ol & Aol o8] EPF33)7 Al 2 AW
35(336)S FAets AFolle, Al 1 3P FHI(338)3 Al 3 344(P3)9] 2 AW EZ(336) ARolol] A 1
Mzp gt £ Ade Tgshs dvl el 948 & otk
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%D‘roliE(D) “%:'—Oﬂ %’4'15}J— %D‘r. ojgt &, ié*—'.‘ %‘%’fﬁ‘roliE(D)ﬂ sHE g WAl A4S, FES

olg} e 23_741%% FEA Vﬁl(soo)oﬂﬁ—t«, A 1 WA Al 3 3k2(P1, P2, Pl HUT H2B Tlo|E FAHE
3l U= 2 THE(338)F A= E‘r% e R | I -
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