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(57) Abstract: The present invention relates to a light-emitting
diode comprising a light-emitting layer, wherein the light-emitt
ing layer has a layered structure with two or more layers of a first
light-emitting material layer and a second light-emitting mater-
ial layer alternatingly disposed, wherein each of the light-emit-
ting material layers is a perovskite layer or an organic materi-
al layer, and the first light-emitting material layer and the sec-
ond light-emitting material layer have different band gaps rela-
tive to each other. As the light-emitting layer has a layered struc-
ture in which the first light-emitting material layer and the second
light-emitting material layer are alternatingly disposed, electro-
luminescence efficiency can be improved by adjusting the elec-
tron-hole recombination region through controlling energy levels.
In addition, a white light-emitting diode can be produced by con-
trolling energy levels of the first light-emitting material layer and
the second light-emitting material layer.
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poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-phenylbenzidine)(BFB
), poly(9,9-dioctylfluorene-co-bis-N,N'-(4-methoxyphenyl)-bis-N,N'-phenyl-1 %
4-phenylenediamine)(PFMO) & o] Fo] X T 0. 2 B A% = H o & s &
AL o), ofol S E A i=th Y] AT 54 2ol seha g
81719l 1 10 A el sgiet,

3t 1]

MCP

NPE -0
.5

TCTA ﬁﬂmg N

%
SO
Qo -
CBP {2 -NPE N N
& &
a-HPD Q = Q TAEC é é
W o “@\
Q0 “o o
B-TNB

o | oo
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[65]
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S
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ot 0%
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kY
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ol
of
=2
s
o
N
=
ot
(s
o
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ot
o
N
=2
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n
Ho
N
2
ot
o
=

=
FAF60) 7 AAFES(N =) 0] L4 F 9l
(40)9] CBM ol #] 91 Alol ¢ LUMO ©ll 4 A| =
BT (40) 52 o] Aol ] =

e

o)
o

ol

S o

e
3
X
o

do

oby
o
o
o
i
©

AR F(60) Bz AAGFEZOI RS A 55 AR B oR
glom, s

% 4 glek,

o5 £, A5 (60) LiF, NaCl, CsF, Li,O, BaO, BaF,, 3= Liq(Z]| &
FzdolE)d 5 Adrh AAFEFG0)S Aed FA, 53
E 2] ~(8-3]| =5 A ] = )Y 1] F(tris(8-hydroxyquinoline) aluminum:Algs),
H] 22(2-w & -8-F] = 2] =5 9] o] E)-4-(¥] d 3| & 2} &) 41| 55 (Bis(2-methyl-8-quinol
inolate)-4-(phenylphenolato)aluminium:Balq), B] Z=(10-3] =5-A| ¥l 2 [h]
FE g U E)HE F (bis(10-hydroxybenzo [h] quinolinato)-beryllium:Bebqp,),
2,9-t] W €l -4,7-t] 9 .- 1,10- 9 '+ E £(2,9-dimethyl-4,7-diphenyl-1,10-phenanthrolin
e:BCP), 4,7-t] 3] 4 -1,10-3)| % E &= 1 (4,7-diphenyl-1,10-phenanthroline: Bphen),
2,2'2"-(A-1,3,5-E8] )-E 8] 2 (1-9 d-1H-¥l = o] 1] T} £)((2,2',2"-(benzene-1,3
,5-triyl)-tris(1-phenyl-1-H-benzimidazole: TPBI),
3-(4-8] 3 9)-4-(3 I -5-tert- - € 9 I -1,2,4- E 2] o} Z(3-(4-biphenyl)-4-phenyl-5-tert
-butylphenyl-1,2,4-triazole:TAZ),
4-( e 1-2)-3,5-1] 3 ' -4H-1,2,4- E ©] 0} % (4-(naphthalen- 1-y1)-3,5-diphenyl-
4H-1,2,4-triazole:NTAZ), 2-(4-Biphenylyl)-5-phenyl- 1,3,4-oxadiazole(PBD),
2,9-°] 2~ (L2 ekl 2-2)-4,7-t] 9 d -1,10-3 W E 5 71(2,9-bis(naphthalen-2-y1)-4,7-
diphenyl-1,10-phenanthroline:NBphen),
E g 22,4,6-E8 W E -3 2] H-3-) 3 ) B FH(Tris(2,4,6-trimethyl-3-(pyridin-3-
yDphenyl)borane:3TPYMB), 3| 'd-t] 3}o] 2| d 32 ~ 3
£+ A} o] = (Phenyl-dipyrenylphosphine oxide:POPy?2),
3,3.5,5-H E&(m-3] 2] &)-2-3-A 4] 7| I (3,3',5,5'-tetra[ (m-pyridyl)-phen-3-yl|bip
henyl:BP4mPy),
1,3,5-E 2 [(3-9] & &)-#-3-A 1 Al (1,3,5-tri[ (3-pyridyl)-phen-3-yl]benzene: TmPyP
B),
1,3-0] 22[3,5-v (3] 2] ©-3-2) =) d 1l L (1,3-bis[3,5-di(pyridin-3-yl)phenylbenzene:
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[66]

BmPyPhB),

H] 2(10-3] =5 A ¥l 2 [h]F] &= 2] Y E) ¥ 2 F (Bis(10-hydroxybenzo[h]quinolinato)b
eryllium:Bepq2),

U] o d 1] 2~ (4-(3] 2] H-3-2) 7)) ) 2! FH(Diphenylbis(4-(pyridin-3-yl)phenyl)silane:D
PPS),

1,3,5-E 2] (p-3] 2] =-3- -7 ysll 4 (1,3,5-tri(p-pyrid-3-yl-phenyl)benzene: TpPyPB)
1,3-°] 22[2-(2,2"-1] 3] F W -6-)-1,3,4-2-AF T o} 22-5-A il Al (1,3-bis[2-(2,2'-bipyrid
ine-6-yl)-1,3,4-oxadiazo-5-yl]benzene:Bpy-OXD),

6,6'-1] 2=[5-(8] 7 d-4-)-1,3,4-F Ap ] o} 2-2-A1-2,2'-H] 31] 2] ' (6,6"-bis[5-(biphen
yl-4-y1)-1,3,4-oxadiazo-2-yl]-2,2"-bipyridyl: BP-OXD-Bpy),
TSPO1(diphenylphosphine oxide-4-(triphenylsilyl)phenyl),

TPBi(1,3,5-E 2] 2(N-#] d fl = o] | v} -2- A )yl Al),

EgA@-FEg nd ol E)dF 1 H(Alg3), 2,5-H ol A &F /-5 A (PyPySPyPy),
HEZEF v olEH = 3] %(PF 6P) 5= = COTs(Octasubstituted cyclooctatetraene)
& ¥ote g Ak AV AR g 22 9] e & sy 9 & 20
Aot

[3% 2]
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[69] - r
S
Bebal DPP3
N
TpPyFB
[70] A7 AAFTAF(60)S 54825 2508 4= o AV 548 E 2 nd
WA S AT A e 5 o] ekl ol rk BILE el
HEgAdol gl =2 52 7 d ol A o 53} 5 (Transparency) 7} 57 &
HEE A B4 Fol A AeE 5= v}, ol & 5, AXTU5(60)-2 &F1]F 9]
=33 4Fs)ol ol (Aluminum doped zinc oxide; AZO), &7 2] = 4+(Li, Na, K, Rb,

[71]

Cs 3= Fr)o] =3 ¥ AZO, TiO, (x= 1 A 32| 2429, 2F3}21 H(In,0;),
2F8}541(Sn0,), 4FE}0}91(Zn0), AF8}o}d 524 (Zine Tin Oxide), AF8} 2 H(Ga,0;),
AR 2~ 'H(WO,), AFs 71 5, A3 E B, AFSFEY5(V,0s, vanadium(IV)
oxide(VO,), V,0,, Vs0,, == V,0,), A8} = 2] B HH(MoO; == MoO,),
2F&}+-2](CuO, Copper(Il) Oxide), 2+ H Z(NIO), AF3}2] &7 1| F(CuAlO,,
Copper Aluminium Oxide: CAO), 4t &}ol ¢ 2 F(ZnRh,0,, Zinc Rhodium Oxide:
ZRO), At3t A A3} 5 AFEE] A5 2 IGZO(indium-Gallium Zine Oxide), 2
Zr0O, Toll A A8 E 18 o] o] F&HA e =& 298 o 9oL, o] A ¥ <=
A& ol w3 AAF A F(60)> w &4k st s b, S EAE

EYAE B w &AL E v Yl 54
AN

AL 0600 52 34 B T2 & A8ste] A4 4 9l

]
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A el stel 7] AAFAFE0S FYF 5 Ak
AAT A = 7] AR TG Z 00l AEd 5 AT AAFAF 8
E3holg /17(10) ol EEFFE PR oA, B AP ol 8% 4 Yk

o
=
12
_Nl_'4
-
2,
lo
:(‘>L_r‘
op
=
N
N

o & EH, 2 FE Y, | ~EW, Langmuir-Blodgett (LB)W, =32 & o] &,
gy, ol o] e, 28l < 0 m Al Y, e Eeu Y, S ool
IR R =Ex Ay, 14 AL T ' H(dry transfer printing) 5l A
AENE o] 4 9ot ofo] @R AL ohlth 7] AT S| F4
ATAE FEAGNE o, B BLARE, T4 U, F5 AL, 75
DAL, T oL B, B TS ), FE O, B

Shol =S Abo] =, F4 917, Fe Ao, Fhpulol s,

T EolAlE oM EYl ol E, 540 554, 554 73t =, FEa 4,
Faob Aol B, FE U Ao B, FH TR A oh, B4 AL, 3
ZaApR o] E % o] 2ol Fol A MBI Hol % b HHT o 4]
7] FEAEHE o] Zn0]l 7 5-9ll, ZnO -4 A A= &4k of A, B3} o)<,
3} obd, B E 3} ok, & @ =3} of<d, B {1 AT o} A, Ak Ekol A (Zn(OH)y),

ol | EAlol e (Zn(CH;COO0),), oFA EAloled 4= 31 E-(Zn(CH;(CO0),-nH,0),

t] o] &l o} ¢1(Zn(CH;CH,),), A Ao} (Zn(NOs),), A Ao} 4231 2-(Zn(NO5),-nH,0),
EFaFol o1 (Zn(CO3)), o} o} A & o} A & U] o] E(Zn(CH,COCHCOCH;),) 2

ol Aol A El ol A E Y| o] E 423} & (Zn(CH;COCHCOCH,), nH,0) & o] Fo]

T O R AEE = Aok shE ARG Qo o] g E = A
olUtt, A7 FEAEE 0] 4E3} 1 H(In,05)Q! 7 $-9ll, In,0; -2 A A=
A2l H4 35 (In(NO;);-nH,0), oFAl E2FQ1 H(In(CH,COO0),),

o} Al EAFO 597 35 (In(CH4(CO0),-nH,0), & 31 F-(InCl, InCl, InCly),
AARRIFE(In(NO,),), A AR 8- (In(NO5);-nH,0),

ol oAl & o} Al E Y] o] E(In(CH;,COCHCOCH,),), &

ol F oA € o} Al E Y] o] E 423} &-(In(CH,COCHCOCH;), nH,0) & ©] o1 2l

T O Z2HE AEE = Ao s ALEE = Q) AV FE54E8E o]
2F821(Sn0,) 1 7 $-9l, SnO, F-2 AF-A = o} Al E4F2(Sn(CH,COO0),),

of A EAFFA] 4= 845 (Sn(CH(COO0),-nH,0), ¢ 31541 (SnCl, SnCl,),

1 31554 28} & (SnCln-nH,0), 4] o} A & o} A & W] ©] E(Sn(CH;COCHCOCH;),)
! 223 ob A Bl o} A E U] o] E 423} 5(Sn(CH,COCHCOCH,),-nH,0) & ©] Fo] Zl

S R2HEE AEE = Aok shE AR ¢ Tk AV 5 E5AkEE 0
SHF(Ga,05)% 74590, Ga,0; =-A A4 = A F(Ga(NO,),),

A2 312 (Ga(NOs);nH,0), 2 o} A E o} A E Y] o] E(Ga(CH;COCHCOCH;
, ZEolA ' ol A E Y| o] E 4= 3} & (Ga(CH;COCHCOCH;); nH,0) &

3} 2 F(Ga,Cly, GaCly) & o] Fol 7l o 2 e My = Aol & sl}E AFE 3
A7) 34238 E o] AFSHE A "|(WO05) Sl A 9-oll, WO; -4 A A=

2~ "(WC), 8§ 22 H,WO0,), 9 3 2~ 'l (WCl, WCly),

d

> MY

g
Ly
N’

o4y 12
xS
o

ot
Ol

E
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o
-
9

a3 f“,'—;‘/\} ] E(W(OCH(CHs),)s), Eé K i]/?b% '"“(Nazwozt)

Q’ =(Na,WO,nH,0), B2 Eﬂﬂ'%gﬁ((NHOstwnom)

Q‘E((NH4)6H2W12040'HH20) 2 & 2 Hlo]| FAfo] = =(W(OC,Hs)s

25E Y= Aok shE AR Folth A

st F gl 5o, et Ful e E-A A A=

1] 5 (AICL), 2471 F(AINO;),), A4t 711 5 5= 3}= (AI(NO;); nH

45 ARl = (AICH;CH(CH;)0)) 2 o] 70131 i 0 2 Y-

ol % st-E 4% o ATk 7] T &AL SR o] ATt E EHE S

o, *@rﬂ BHg £ A5 A= Bl B oFo] 42 2 F A I(Ti(OCH(CH,),),
A 31| E}H(TICLO, ]:4 E]'Tfoﬂ Al & =(TI(OC,Hs)y) = 2 EElg R EAlol E =(Ti(OC

4H9)4)i o] Fof X %Qi%’rﬂ A E = Ao shE 4%%‘ T AT 71

w kb ol AbstububgE ]l A g-oll, Asiabba ol -2 AT A=

HpLbgofo] A B AL (VO(OC3H7)3) A AR (NHLVO3),

kv ob Al E ob A 1] o] E(V(CH;COCHCOCHs):), R

Hhubg oAl E oF Al 21| 0] E 42 3l (V(CH;COCHCOCH;); nH,0) 2 0] 01 71

T O BE AE Y= Aol ShuE ARG S S Qlnk Y] T &AL sE o]

AtshE g B E < 5o, Alste g B dla £-4 A5 A =

=] Bt g ofo] & 3 2 FALo] E(Mo(OC:Hy)s),

% 3= 7] Bl o} o] & 3 R FH ALl = (MoCL(OC:Hy),), & & HLUl ¥4k o F.57 ((NH.

)>Mo0O,) % 2L E‘j/] H Eﬂ /;l—?:}'EL Q‘E((NH4)2MOO4 nHzo)i O] 7 01 7ﬂ

T O BE AE Y= Aol ShuE ARG S S Qlnk Y] T &AL sE o]

AbskRg] 91 7 -0l 2k s+ &-72 A 54 = 4 3-21(CuCl, CuCly),

?§ ﬂ‘:FL‘j/] Zl\*ﬂ‘%(cucb'nHzO), O]“ﬂ E/\]':FLE] (Cu(CO,CH,), Cu(CO,CH;),),

O]“ﬂ E /\]':FLE] Zl:ﬂ‘%(cu(CC)zCHﬁz nH,0), :FL‘j/] O]“ﬂ = O]“ﬂ ELﬂ ] E(Cu(CsH,0,),
, A2ET2] (Cu(NOy),), A2 52 3HE(Cu(NO;),nH,0), B 3} 2] (CuBr, CuBr,

), 78] €43 (CuCO,Cu(OH),), #3}7-2](Cw,S, CuS), T2 & E Ao}l (CyH,

NgCu), :FL‘j/] EE] ZEEolAH O] E(Cu(COCF;)y), :FL‘j/] o} O] A O] E (GHy,

CuO,), :FLE] oﬂao}xﬂgo}xﬂ Eﬂ ]E(CIZHISCU—O6) :FL‘j/]z oﬂagﬂj\]‘b ] ]E ([CH3

(CH,);CH(C;H5)CO,],Cu), = 372} (CuFy), EF A2 57 3= ((HCO,),Cu-H,0),

T = F 3 Y 0] E(C,H,CuOyy), 78] SALE 2 2 obAl|d o} A B | o] E(Cu(CsHF,

0,)y), T2l FALE &2 ZobA ' oAl Y] o] E 4= 8} &-(Cu(C;HF(0,), nH,0),

T2 W] F Ao =(Cu(OCHs)y), T U Lt 7} ol o E(CyHO,Cu),

TG A2k 5= 31 = (Cu(ClOy),-6H,0), A2 (CuSO,), FAat1-2] 473} =(CuSO,

-nH,0), 437" 2] 52 8}-2 (| CH(OH)CO,],Cu-nH,0),

T EYEZZopA "ol EY ol E (CU(C5H4F302)2)

T EEE 2 v 3| o] E((CF:S0;5),Cu), % 1 H Edtolrl -2 Ak

(Cu(NH;);SO,H,0) & o] Fol 3l i 0 24 M ¥ ¥ = Aol & e} 5 AE S 5

Ak 7] &AL o] Absh Al 7 9ol Abs A S A A =

ol ol ol
D I

b |
uir u

o
A )
e

[m P

ri“bu&up‘gu
ok
_ﬂ%mzrﬂém
Fm&-lmi%_g
NI i
_14.,‘1:1 grﬁ

[-‘>~r'u

‘|—‘10
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A ANICL), 9 3 A 8= (NiClL-nH,0), oFA| EAR 2= 3= (Ni(OCOCH;

)2-4H,0), A A 7 5= 31 2(Ni(NO3),-6H,0), Y A o} Al &l o} A & U] o] E(Ni(CsH,0,),

), A8 Z(Ni(OH),), Y Z 3 ek 2 Al o} W (Cy,H (NgNi), 2

U A e 42 3} 5 (NICO,Ni(OH),-nH,0) & o] Fo] 7l - 0 2 HE] M el x]i=

Ao st ARG 5 Aok A7) &AM o] AbshE 9l A -, AbshH 9

-7 A A = ol A EALE (Fe(CO,CH3),), 9 314 (FeCl,, FeCly),

?§ ﬂ‘jaq Zl\*ﬂ‘%(FeC13’nH20), jaqo]“ﬂ FJEO]_/H] ELﬂ O] E(FC(C5H702)3),

AT 52 512 (Fe(NOs)59H,0), A 3 g 2 A] o} (Cy,H FeNy),

jaqgr%i’ﬂ O]E%\*ﬂ‘%(Fe(CzOO'nHzO, ‘;’-l Fe,(C,0.4)5-6H,0) = o]_E,_o.] Zl %QEE‘H

Ay = Ao i ShUE AFSE 4=t 7] w&Aks R ol A A E A A5l

ﬂ'ﬂ‘i% Zél‘-zi:l. ﬁ:FLiﬂ = ?§ ﬂ—ﬂ%(CrClz, CrCly), ?§ ﬂi%?ﬂ%(CrClynHzO),

AF 7O B(CriCy), A F ol Al o} Al Y| o] E(Cr(CsH,0,)5),

4k A5 3HE(Cr(NOy); nH,0), F4+3} 5 oF Al EAHCH,CO,),Cry(OH),, 2

A5 ok AT e ([(CHCO),CrH0]) & o] 7ol 1 it o 2 3B A B s 3=

Ao shE ARG 7 ATk A7) F AR o] AbshR] A5 41 59,

AbsR] A F 2 ZoA A G A = A 3E] 25 2(BiCL),

A AH] A5 25235 (BI(NO3);-nH,0), H] 225 2o} Al EAH(CH,CO,);Bi), 2

H] 225 2 7B | o] E(BIO),CO)E o] Fo] 1 o 2 5 A elE = 2oj L

StE A = Qth 7] AAF A S-S 23 e 554 EE Y= At

gl B, A7 wEAreE Ui Abe] 5t 91732 10 nm WA 100 nmd

T Atk Gl S48 v BE HFA Sl AT ol E Eo1, T
AN

S EAM, LIEF,AETF S EF 1=+ 1} 5}

EFsl A, A 3 el a, AW vl A A 718 E E U o

A ZA, A7 vl A eHE, e EFolu| = o gk W eHE, TR IE
Hers ol AZ e ds wed e E Te A (2w E o H Z(PGM),

O| AX R HAEE Q Z(IPC), ol g =

oddeE&EH R 2w HA] o BFE F o Bh& o} {l Fo| A A E 15 ol
Ao}, ol == A2 ol Yt} o & £, Zn0O=E o] Fof X
AATAF(60)S AT A5, 471 AATAE 8 3=, Zn02] A 2 A
ghabar, G A 2-H F A
St
A

o= 07T, 0
E A o,
o]

>
2
X

Axe] 20& AEE 8o T kol w4
B4 2 2 100°C WA 350°C 2 0.1 Al ZE WA 1A 7H]

ol nighA et} A7) A g 258k AlZko] o] 2] gk Y
|l A7 EEA R o] Fold FgloH, AR5 W S
371 AAFAF60)S TH S AHEsto]l FA A5, AR F2 (electron

beam deposition), & 5= (thermal evaporation), =3 B 5= (sputter deposition),

ot do o
i
T,
i
1
:10

>

Y A5 <28 (atomic layer deposition), $}8F 7]/ 525 (chemical vapor
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[72]

[73]

[74]
[75]

[76]
[77]

[78]

[79]
[80]

deposition) & & A F t}Fs W o 2 F-&Fo] Tlg st} F2
sheteE, AR ot o 72 2 E4 54 5ol et o=
25 WA 1500°C, 7+ 4 2 = 100 =] 500°C2] F-3]
torre] 2% W, 0.01 HA 100A/sece] F2 &5
vl 2] st

Lol 7k, AR 560)2] F715= 10 nm WA 100 nm, B S A 81 A=, 20 nm
WA 50 nmd = AT 3 AAFEF o] FA= oF 5nm WA 100 nm, ol &

£, 15 nm WA 60 nmY = T} ”7]/] FAZY =gk vl A W9 E

RESE S, fr7] 2 vol e m o] A go] FE A F Tt mokAY, 7
At g glol F-ad AT 54 Oé% - ok

N BEFATG0), BETES(NEAD, AT S(60) £i=
AAFEZ(50) 7159 7] Egrpol Lol ALgH = 22459
AR A8d 5 Uk AV AEFAT30), BErES, AT AS60)
EE AAFEFTG0) ATeay, 20 a2 'y, =2 dol g, { 2R,
PR, mE 2R, SRl IR, T1Hv]of ZREy | AEY i
01 -5 2 = A U (LB(Langmuir-Blodgett)) s er EE A E g iy
FolA ol AeE o s sastel P 4= ek o), uhat A A
20 2 28 21 54 33E, B o o= S T2 2 EH 54 5
upe} debd = gl

871 718 (10)2 3 24 AR AT H = A eg, 593 A = 3l
o]

gk A7) 7110y FA s A A e AA AL 9o,
A S| = Frd st A o] A 4 Sl 7]-4(10)9] A= F-2l(Glass),

A}stko] o (Sapphire), 21 % (Quartz), 2! 2] (silicon), =& ol & 7

€] @] 32 &2 o] E(polyethylene terephthalate, PET), = 2] 2~ & #l(polystyrene,PS),
¢ o] ] = (polyimide, PI), 3 & 9 3}H] H (polyvinyl chloride, PVC),

=94 d 9] & 2] = (polyvinylpyrrolidone, PVP) == 3= 2] ol & #l(polyethylene, PE)
e 4 T o, oo A A= =

W L

% 29} 7o), 7] Th(10) AFoll &=(70)0] Wl x| ¥ o], &-=70)0] F=20) K.t} WA
AW, Az wRag TAEE AL 75 s

= .
CERE EMT 1@ 4572% 7bA 5 gleh of ),
ezl S EE 47185Y & 9o,

7] B
FHATIO|EZL W2 H AVl ER o] Fojx W EAZolH {7 EZE
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A & o2 M= (band gap)S 2E=
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(@)
e =

Ho

DR o2 BRI S A R A

5]

j

Fe}ol

=

ko3

B

ol
0

-

fite]
X
o}
;OD

w
Tf

5l

T

i o
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THET S ZF 1 9335 A S0 VBMO] A2 W3 EAFo
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SHeH(CBM) 9] Oﬂﬂﬂ = w=e Ao B AV AAEES 9 LUMO
THEY 2 Ak
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54715 Fato] 45l e, AR HSP(CBM)Q] o |J A =915= 7]
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A AL AR F A Z7 -9 (electron-hole recombination zone)-S =4 3}
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Lo ¥l o Ao upel A1 SFEAFTOE W E2H ATt ES 1)
A2 =AF o2 frleFol itz A EH o] AST2E 2= dgE o
o] UA] =9 & Ve Aot} s 2 H A7 ol EZQL Al B354 53
F71 &S A2 P EAFS A= e W= (band gap) S 7H] S =M,
W=7 o] o] 2h2 9B Z 0 7 ol Al E o] EE3(confinement) ¥ o] 2 w3
BEE HA F AT v Eo], F UG EASo e L 3-& xdsto] WAy
whatg e o

E Lq’% =0 0 -
1A S 235 LA EAEA = Ak
F71d A= gd o] W fUES $EE= AoR SAE EEEHES
U 2g3 4 gk
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[166] Yo7 Ed=dTE
A

[167]
[168] E7& Houk

[169] =78 # O}Uj %}7] Methylammonium lead bromide(CH;NH,PbBr;; MAPbBr;
1ol 7HA X A eh(VBM, Valence Band Maximum) 2] o) L #] £ $]3= (-)5.90] a1
A & 3FH(CBM, Conduction Band Minimum) 2] | ] 2] 9] &= (-)3.6°] t}.

[170] o] w], Phenylethylene lead bromide(PEAPbBr;) 2| 74 -5-, 7FA At &4 wH(VBM) <]

oA =97} (-)6.40) FLE MAPbBr; @] 7HA AT A vh(VBM) 2] ol 4 A

EHE G o, Ax H3eh(CBM) 9] ol |H A =917} (-)2.55% MAPbBr; 2
AR H b CBM)Y] oA Y B =& 4 Sl

[171] w}aw MAPbBr; 7} A2 32 A 5ol 3H Jﬂ THAFIO|ER AL H &=

75, PEAPbBryi= A1 g & 5ol 2319 o= } |EZ ALS= 5= 9t

= B dbhg o] u}g}, PEAPbBr, S E3Fsk= Al Ha Z 3} MAPbBr;-S
E35= A2 wgE A S0 W) R v x| ] o X—iifﬁ ZEZE=EFES A2
T At

[172] E 3], MAPbBr, 7} A2 34 &2 =0 23ty W28 ATfo| ER ALY = A

Al G EA S Xy = d 2 H AT)o] E 24 Methylammonium lead chloride
(MAPbBCI;), Butylammonium lead bromide (BAPbBr;) 5=+= Ethylammonium lead
bromide (EAPbBr;) - o83 4= Q] 014 o] o A gty = A2 o}t

[173]  E=3h Al EF =250 ALY A7 7 7] A2 S 3EAFT Y AY A7 B
AN L A o] & & don, Y] Al EFEE T X A7
A2 FEAF X AV B AU 2 s ol gt o, ddE A
o] ey ol & Aloj e 4= v} g, A1 ¥

214l (Dimensionality)©] 27| A2 232 A o] AA G229 2 B} sEAY

Ce g olgdtons WHEAZ ml&z@i bol & Aol @ 5= ek

1741 AASARE, AR 270 = 2T GANED), o1 11D
D) 4= G0 AT 29 e A ARA, ABX,S) Tz
LA AT F 2lom, Al TR o119 AA T2
Stk 3, ABX:S] T AL AGTEY 5 9O, ABXE

At °J A AAF2E 7H = )

[175] whebA], A2 WA Zo) E3HE = 2B AT ol Eo] AT ABX, Y
A1 g A o) 3y = d 2 H ~7bol EQ] AA = ABX,, AiBXs, ABX
A Qo A2 wFEd Tl ey = vEH A7 ol Eo] A7) ABX,
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TA BBl oA EAE ek Sloln, ¥ 03 B gl o A dlel) me
WHEE FRsHs 4T B Aol A, 14 FE e oA £918 ek
Aol

582 %2 90 vhehul uhs} o], B W o] o A

o508 7HAA Y H3dVBM) ] el Al E9l= TS

=

HOMO(highest occupied molecular orbital) 2] 9| X =Y B )= ¢ w2 Flo]
AT ol el 8 oA S AP A, el S vl olo] 22
171k, F=0) A B &0l BEFUS30) FE= AETES (M =ADE

AR H3GZ240)0E FY = Ao] Lol AT}, e, o] A}
H s HCBM) S ol A =9 += A A %3-2] LUMO(lowest unoccupied molecular
orbital)] o\ #] FA B b= U] & 3lo] vpgA st} o] el gk o Y A =9 &
7HA o), wh3g Ao ek ulol o] A5 Q1 vbabH, &-(70)0 A A=
AAF Y Z(60) D/EE AAFEEG0)S 714 T FZF@0) 02§95 = Ao
ol xr}. o)) & YA =Y E Ao 2H B0 R §-dH A}
A2 Aeste] AAES FAdskar, A=) 71 AGH R Aol st ol

T
b= I~
d&E 5= 3tk
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108 ¥ o] A A oo uhE RS Azsts] A% 1A F 3]
T8 vhebdl Aol
Z10s #Fx Ay

= 3 2L 7] = A (100) 2 23 X (200)F
T/ =, 7] FH(100) Well = S2F A 71 3-& &8 = 71 37300) 9, Al
AT o | 2H A7 ol E A A 5.(400)9F A2 3 5o
HZH 2Tl E AA A 750005 H= =7, 7] =7 sHtel] =T E
7k k= delo] 7 uE = Ak X E FE S A
A8 (100) Wl A Zetel 712 300)S &2 =L, shol Al WFEZLFe
HZH AT 0| E ATA A2 400)S A2 PRz HEn E

AZG00)E 293 5, F Aol A 2 A 55 Wz ol 7Y (Sequential
deposition) A A 5 02 7FAsHH, 7| 3E A 5 5ol 7| el A T2 H HA
A E o F A = T2 ﬂ]fﬁ‘ﬂ /\7}01 ENdss A4 S Uk
g o wE W3S Al - EE S A2 wEE S o] a2 v x| E
T UEE Mol 7hy FAA I o 24, ii“?:_] Shubuhg JA S 5= vt
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ol ety o, oF 8,000 cd/m?e] L # %= 2 °F 20 cd/AS] H L AT
LERH AT

jug

S o A

e =

=

—_ OlN
e

i B oox 0B
Flor
2

ool
[V i
ofv

eltﬁﬂﬂﬂ
O oo
2

&,
X
m
o
i)
Ni
mlo
ol
o
=
W
=]
5
=
_1
2
Lo

p—

.3,

5 odo oy Hir
Mol 28 rlo g,
Ol' [“N

N
N
o e

uba ~z1o] Al Fo 2
WA ITO 7| FHITO U=ro] ZH H F¢] 7| ¥hHE 1|3
4} &2 9l PEDOT:PSS(Heraeus ft 2] AI408 )% Eat]

AL B gk T 150°Cel A
303 & ¢F A P8l sonm A9 AE FUTES AT Hhr o R, 579
LFEb vl e A Z=7] o) A xw(lxlo Torr) el A AV AE FUS
Abell & == (thermal deposition)&- &3l PEABr, PbBr, & $-41 5-2F5Fo] dil =71 o]
U2 A 1 E3=d5s A 5, 77183 AR C545TE &5 48t



35

WO 2020/184825 PCT/KR2019/018760

[190
[191
[192
[193

— e e

[194]
[195]

WAl U A2 A2 MFTAZ S Yk 1] 4% TE W] Al
WYBAZT A2 WEAF| AR WA H o] 45T 2E B
B bol E WSS BB ol F, 471 E Aol Sonm T

1,3,5-Tris(1-phenyl-1H-benzimidazol-2-yl)benzene (TPBI)E 1x10¢ Torr ©| 5} 2]
=8 AFo A ZAst] AR E2S A, 1 Yol Inm 579 LiIFE
F2eto] AAFA5E WAk, 2 ol 100nm F7 & eFrH & S2sko]
wA=E sk EF A E Zﬂ&*ﬁ}iﬁﬂr. A 2h kg 4 2}= PEAPbBr,

W 2 H 22Tl EZH ) W= 3 o] 2hE C545T F-71 & 5ol A 271 wh3go]
LFERSE 91, oF 6,000 cd/m2o] H L 3= B °F 10cd/AS] FH I AF E& S

d

ol Al kg A 7po] A %o 3

[o—]
—
CD
—
o
o
M
oz
=

HATO Y=ol B H Fe] 7|¥h)E FH g 1
PEDOT:PSS(Heracus #19] Al4083)-2 2~ & §F % 150°Ce)| A
A glste] 50nm FA 9 BE FTATES AT o ®, 70
A& ARV A, L2 F(1x107 Torr) e el A 7] A&
(thermal deposition)-&- & 3l PEABr, PbBr,y& $-A1 5-2+35}1o] o

252 ¥4 F, MAL PbBr, & & 52 dte] M=o tf 2h2

71
ol

oA o
12 = ot o
Z 2
—ﬁm& ﬂPi

ol

:
2

—_

e
ot

m{n

m

=

A& AASAY. Yo A5 F2E dHESLo] Al A EAS
AP EASo]l 2 X H o] HEHFF2E 2 2 H A0l E s
A7) w32 Aol 50nm 7] 9

off 22 T o> W o
[\ 2\

p—
)
O“Lno-u

oo ofN Hi
B
ot
i
_&
)
gi

-Tris(1-phenyl-1H-benzimidazol-2-yl)benzene (TPBI)E 1x10 Torr ©] 5} 2]
=2 Xl ol A ZZLO}Oﬂ ARG5S FAdskar, 1 9ol Inm 779 LiIFE
FUA5& I O}J—, “1 9ol 100nm 7 & &7 Ak
== 6“4 }04 g A E A zFek ATk Al 2 2 2= PEAPDBr

=740] 2h& MAPbIBr,oll A W A o] 7] wkao] vpEbRE oW, oF
3,000 cd/m2°] z‘ﬂﬂ A5 B of sed/Al] A AR mES UERHAH

o2l
1=
i
ofd
E o
[‘::1

SR E PESE R REE DR R T S
o) % A F Flo) AUpH o, B e] Mol @A st sz Al
SlTh. o] 716 AN E AA] ol 5 o] ool = B ko] 7] %A Apaol] vl ES
gE MY dEe] A Zbsehthis AL, B wgo] S8 /|4 Fopol) A
$oge] A4 743 Aol A A E Aol



36

PCT/KR2019/018760

WO 2020/184825

T4

TEE 7R,

==

4%

9]

)

AO

°|

=
9

X2 tHE 9= 7Y (band

=0
o =

3=

1ol §lol A,

&

Q_—rL

g

b

s} 2]

37

[

1ol §lol A,

&

Q_—rL

g

b

g} 3]

4

[

B¢ 2 9= (band

1ol §lol A,

&

Q_—rL

g

b

s} 4]

4

[

15-2] 7FA A 24 ¢H(VBM: Valence Band

Maximum)2] o #] =9 +=

FH(CBM:

=l

WYEAZ A4 A

off YA = B} stom, Ad7] A1
Conduction Band Minimum)2| ©f] 14 ]

ahkef of A

1ol §lol A,

5

| I

SR

&

Q_—rL

g

b

g} 5]

4

[

o] 7H Ak 3 EH(VBM) 2| ol L1 4]

=

[e)

9=

FHCBM) 2 A~

=l

A

200 hol A,

&

Q_—rL

g

b

5} 6]

37

[

o] 7h A H 2 (VBM) 2] ol g 4] =913

=

[e)

o] [e)
f;i'é’

°] HOMO ol Y A =9 Ho} &

200 hol A,

&

Q_—rL

g

b

s} 7]

37

[

FHCBM) 2] ol | 4] =91 +=

12 25

o A

S

ﬁO

1ol §lol A,

&

Q_—rL

g

b

5} 8]

37

[

| 2 H 2~ 7}o] E = ABX;, A,BX,, A;BX;, ABX,, ABX, 255 A, Pb, X



37

PCT/KR2019/018760

WO 2020/184825

2 WA 6 Akol o] Aol T 2E 7HAH,

[e]

T

(n

goll A ofA,

&

Q_—rL

g

b

5} 9]

2

[

goll A ofA,

&

Q_—rL

g

b

4 10]

2

[

goll A ofA,

&

Q_—rL

g

b

3k 11]

2

[

' (Dimensionality)©] 47| A2

[e]
S
RN

of AgTze 7

L EET R

At ge

1 W T st

-
-

Q

goll A ofA,

1- 37
[¢]

97
A7 A

b

3k 12]

2

[

b7 i

Kel)
. =

(CH3NH;)s, ((CxHox)aNH2)(CH;NH),, R(INH2)»(R

T
T .

E—Q—E—OEL@), (CnH2n+1NH3)29 (CF3NH3), (CF3NH3)H9 ((CXF2x+1)nNH2) (CFZNH3

1]

5 A, metal, Na, K, Rb, Cs, Fr &=+= o] 52|

)n, ((CXF2x+l)nNH3), (CHF2H+1NH3) (n I;!_l X

[e)

i

Faz,

D

Pb, Mn, Cu, Ga, Ge, In, Al, Sb, Bi, Po, Sn, Eu, Yb, Ni, Co, Fe, Cr,

T
T .

A+71 B

Pd, Cd, Ca, Sr, 7] ¢F

CLBr, I & o] &9

T
T .

A7l X

1ol §lofA,

&

Q_—rL

g

b

4 13]

2

[

o $ho1A,

sl 13

Q_—rL

g

b

s} 14]

4

[

o $ho1A,

sl 13

Q_—rL

g

b

@ 15]

4

[

o $ho1A,

sl 13

Q_—rL

g

b

@ 16]

4

[



38

PCT/KR2019/018760

WO 2020/184825

1ol §lofA,

7

g

b

3k 17]

Q_—rL

[

A2 200nm W A

w3
=

9]

1ol §lofA,

7

g

b

18]

Q_—rL

[

ol A7]+= 1 nm WA S m¢!

E

] | &8 7)o

@ 19]

Q_—rL

[

=A4Z3 A2

w3
=

atol, 1

&

wK

)
)

A7

oo

A &2 & W= 7Y (band

=0
O o

I
=2

Fo

=0

N

H

Apel A
o $ho1A,

s} 19

Q_—rL

g

b

% 20]

Q_—rL

[

o $ho1A,

s} 19

Q_—rL

g

b

3k 21]

Q_—rL

[

B¢ 2 9= (band

B Az} A%

=0

H

o $ho1A,

s} 19

Q_—rL

g

b

3} 22]

Q_—rL

[

I

o] oA 9wk om, A7) Al

FHCBM) 9] ol A & 91+= 471 A2

D

i

o] 7hAALt) A3 VBM) ol U A F9]3=

of A4

Fo

=0

H

Apel A 2
o 2Loj A,

s} 19

Q_—rL

g

b

% 23]

Q_—rL

[

#9

FHCBM) 2 A~

D

A

o $ho1A,

s} 20

Q_—rL

g

b

5} 24]

Q_—rL

[

2] HOMO(Highest Occupied Molecular Orbital)

SHHCBM) 9] © A A]

AA =

o]
71 AA%-5-2] LUMO il 1 A]

=
9

w3
=2 O

qHA EHET oW, 47

o
Np



39

PCT/KR2019/018760

WO 2020/184825

Fo

=0

N

H

& aAkel A

7]

@ 25]

Q_—rL

[

A &2 & W= 7Y (band

=0
o o

=4

Fo

=0

N

H

ZApe] Al

RO
Guld

1

o $ho1A,

s} 25

Q_—rL

g

b

% 26]

Q_—rL

[

< X

o N

3
H

Ape] A



1/4

PCT/KR2019/018760

WO 2020/184825

/‘\/70

-~ 60

-~ 50

*’\/20

L~ 10

I T

¥lo
<o
<+

K

Ko
70

o

KH
Ho

%3

7|

-~ 20

-~ 30

~_ 40

”\/80

-~ 70

"‘\_/10

nr

Ko

KH-

Ho
KO

o

nr
oo

U IEPAR=E

&&

] i S B R W B B WS B W WS R R W o R R e e e R W R e R e S N S G R e




2/4

WO 2020/184825 PCT/KR2019/018760
[5-4]
4 HE UK &R
b o gk £ ) A2 H grae s 2 W s E =
% IR F = T SE2SS | yaens A 2EEdHE
=
[5-5]

o

HEMUX EHA

| o s s e, s S o R R

q1HEEA | H 287 | H1HEEA | 227 | 1HaEA
7I0jlEF B35 FI0|ESH 25 slo|eS

Ol LA




3/4

WO 2020/184825 PCT/KR2019/018760
[5=7]
A MU EN
l""‘ W il de Qi i ol ol R Ml W wite Qo i el Wil e W Wi et Qe G e M e A i il Qi il e i ke el e i Ll
i
: i
; WAEhErs PEAPLBr3 MAPLCIZ BAPBBr3 EAPLBr3 :
I
= 1 :
S T TR P T -
[5=8]
'y
£ R Y

()

(-} MAlea s o

[5=9]
L
TEDY
HBZUS o i (s
Haoas ;
) L ' HALES or
HNRUE




4/4

WO 2020/184825 PCT/KR2019/018760

10]

100

=
0H
0"
I<

ho
[
(=]




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2019/018760

A.  CLASSIFICATION OF SUBJECT MATTER
HO1L 51/38¢2006.01 )1, HOIL 33/68¢2010.01 )1, HOIL 33/26¢2610.61)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 51/50: HO1L 21/316; HOIL 33/02; HO1L 33/06; HOIL 51/00; HOIL 51/42; HOIL 51/56; HOIL 33/08; HOIL 33/26

Documentation searched other than miniminn documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for ufitity models: IPC as above
Japanese wtility models and applications {or wility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords: light exmitting layer, perovskite, band gap, energy level, alternating

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X KR 10-2018-0093991 A (NANJING TECH UNIVERSITY) 22 August 2018 1-4,17,19-22 2526
See paragraphs [0005], {00461, {00491, [0071], [0074]; claxm 13; and figure 1.
Y 5-8,12,18,23-24
A 9-1£,13-16
Y JP 2011-009498 A (DAINIFPON PRINTING CO., LTD.) 13 January 2011 5-7,23-24

See paragraphs [0027]-[0030]: and figure 2

Y KR 10-2017-0050693 A (POSTECH ACADEMY-INDUSTRY FOUNDATION) 8,12,18
11 May 2017
See paragraph {0135]; claims 1, 9, and figure 1.

A KR 10-2016-0127447 A {(POSTECH ACADEMY-INDIUSTRY FOUNDATION) 1-26
04 November 2016
See the entire document,

A KR 10-2018-0040502 A (RESEARCH & BUSINESS FOUNDATION 1-26

SUNGKYUNKWAN UNIVERSITY) 20 April 2018
See the entire document,

See patent family annex.

D Further documents are listed in the continuation of Box C.

E3 ial cat God o e -
Special categories of cited documents: “17”  iater document published after the interational filing date or pricrity
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

“E”  eartier application or patent but published on or after the international <X document of particular relevance; the claimed invention camiot be

filing date considered novel or cannot be considered to involve an mventive
ox e L . . . ST PR fia ol
“L7 document which may throw doubts on pricrity claim(s) or which is step when the document is taken alone

cited o © Rta'ohqh the publication date of another citation or other wyn

special reason {as specified) -
/ conr-defea to involve an inventive st ep when dle duc,ufqeqt is

“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
5737 o i tern o t later ¢l »
P7  document published prior to the international filing date but fater than  «g»  4ocyment member of the same patent family
the prmrltv date clajmed K
Date of the actual completion of the international search Date of mailing of the international search report
s} is) O
21 APRIL 2020 (21.04.2020) 21 APRIL 2020 (21.04.2020)
Name and mailing address of the ISA/KR Authorized officer

Kerean Intellectual Propesty Office
Government Complex Dacjeon Building 4, 189, Cheongsa-ro, Seo-ga,
Dagieon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2019/018760

Patent document

Publication

cited in search report date

Patent family
member

Publication
date

KR 10-2018-0003901 A 22/08/2018

JP 2011-002498 A 13/01/2011

KR 10-2017-0050693 A

KR 10-2016-0127447 A 04/11/2016

KR 10-2018-0040502 A 20/04/2018

CN 105895803 A
CN 100895803 B

ON 108417720 A

EP 3382822 M

JP 2019-504454 A
US 2018-003603C Al
W0 2017-128087 A1

None

KR 10-1782626 B1
US 20170125747 A1

KB 10-1728380 81

KR 10-1908708 B1
WO 2018-070791 At

24/08/2016
01/06/2018
17/08/2018
24/10/2018
14/02/2019
31/01/2019
03/08/2017

27/08/2017
04/05/2017

21/04/2017

17/10/2018
18/04/2018

Form PCT/ISA/210 (patent family annex) (January 2015)




FAZEN =
TAZANE LA PCT/KR2019/018760

A, Bl 3l 7| EF(FAESEFAPC))

HO1L 51/50(2006.01)i, HO1L 33/08(2010.01)i, HO1L 33/26(2010.01)i

B. ZALE Eof
AL H A AEAIS EFE 7))
HO1L 51/50; HO1L 21/316; HO1L 33/02; HO1L 33/06; HO1L 51/00; HO1L 51/42; HO1L 51/56; HO1L 33/08; HO1L 33/26

b 7% Bk Sahe A 274 o9 o]
FHEEASA TR Y T AL TR AR H T A TRC
YREEHAGUNTR L AR BALSUSTR: 2AE Aozl /A IRC

A ZA o] o] S| A4k dlo] Ejul o] 2] o] ] v o] 0] 7 & Bl G A o) (3D a9
eKOMPASS(E-3]2d U3 A AA|~8) & 7] ¥ =: WF= (light emitting layer), B ZH A~7}lo|E
(perovskite), ME=3 (band gap), NHA| % (energy level), 1t (alternating)

c. #EE™

S AewdH W AE FHEIR = A 1A el A
X KR 10-2018-0093991 A (3 El= Y™ A|E]) 2018.08.22 1-4,17,19-22,25-26
o2k [0005], [0046], [0049], [00711, [0074]; HF3 13; @ &9 1
Y 5-8,12,18,23-24
A 9-11,13-16
Y JP 2011-009498 A (DAINIPPON PRINTING CO., LTD.) 2011.01.13 5-7,23-24
ek [0027]-[0030]; 2 X9¥ 2
Y KR 10-2017-0050693 A (&2 digta AehgleE o) 2017.05.11 8,12,18
web [0135]; A7 1, 90 2 =¥ 1
A KR 10-2016-0127447 A (X&-F @ dgtw a3 ) 2016.11.04 1-26
AA
A KR 10-2018-0040502 A (“dg-Zdlstustetd=gh) 2018.04.20 1-26
AA
F7} 2350 (Aol 71 A o] 9l X dgssd Ba A s Fxai e,
* o) gH o 5 vhe g
“T7 ZAEEY EE $4Y T E EPoR =91 A2
“A7 EEE] o) gl A0 Bolk gt Q) V)& pae Ao 2 okom B o 7|27t B e} o] 28 oldl 7] 4] Q&€
‘D7 B ZAELIA Zlo] o) g3t £ v
‘B ZAE9GRD WE 299 £ 0498 A ZAEYY o) ‘X7 SR A Y= T 3T o m Ay g A
o #NE A w535 24 g = e el e Ao 2
L $AE T R L ATt B E Be TR AST A Y <y 5w pde) Q= B9 82 Flo] s} o)) 2 Eew
i T EEE o] (0] §E WA E wo)7] 98t 2149 B Zoals Ao ® 7 zike] BdR A AE e Ao Ay ukby
07 FF AN, A, A A e B SR gt e v SAnAe] gl= Ao £
P o] Feoll FAEA Y ZAERY ol del FAE £ ‘&7 Fdd U SeEdd b Ed
TA ALY A a2 TA| AR LA g
2020 04€ 2190 (21.04.2020) 202011 04
A2
els
2 WG +82-42-481-8578 Aehule +82-42-481-3362

42 PCT/ISA/210 (- A A 82 2019\ 78)



A ZEW

A Z AR A
0 Eslo] Bak AR PCT/KR2019/018760
& O E =) -= i
jf;]{%é%"” A FA 08 E 5T 2
KR 10-2018-0093991 A 2018/08/22 CN 105895803 A 2016/08/24
CN 105895803 B 2018/06/01
CN 108417720 A 2018/08/17
EP 3392922 Al 2018/10/24
JP 2019-504454 A 2019/02/14
US 2019-0036030 Al 2019/01/31
WO 2017-128987 Al 2017/08/03
JP 2011-009498 A 2011/01/13 Re
KR 10-2017-0050693 A 2017/05/11 KR 10-1782626 Bl 2017/09/27
US 2017-0125747 Al 2017/05/04
KR 10-2016-0127447 A 2016/11/04 KR 10-1729390 Bl 2017/04/21
KR 10-2018-0040502 A 2018/04/20 KR 10-1908708 Bl 2018/10/17
WO 2018-070791 Al 2018/04/19

212 PCT/ASA/210 (-5

£3] F7182)) 20194 78)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

