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Form negative electrode on substrate
Form first charge-generating junction on
negative electrode using solution process
Form quantum dot light-emitting layer on
first charging-generating junction

Form hole-transporting layer on quantum
dot light-emitting layer

Form second charge-generating junction
on hole-transporting layer using solution process
Form positive electrode on second
charge-generating junction

... Start
... End
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(57) Abstract: The present invention provides a structure of a quantum dot light-emitting
element comprising a charge-generating junction layer and a method for manufacturing
the same. A quantum dot light-emitting element comprising a charge-generating junction
layer according to an embodiment of the present invention comprises: a negative electrode;
a first charge-generating junction layer comprising a p-type semiconductor layer and an
n-type semiconductor layer; a quantum dot light-emitting layer; a hole-transporting layer;
a second charge-generating junction layer comprising a p-type semiconductor layer and an
n-type semiconductor layer; and a positive layer. The first charge-generating junction layer
and the second charge-generating junction layer are formed through a solution process
such that generation and injection of charges are stabilized, the process time is shortened,
and problems regarding the work function of the positive or negative electrode of the
quantum dot light-emitting element can be improved.
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2 7+ 22 PEDOT:PSS Wl 1 375 % W =] 50 23 % 23k9 4= 9o},
A7 ol gf-Eol | F3% olsto]A Wi &% H7E o] a3tE YehA|
Fob= A Aol a1, 50 T‘J’]%g Z 1A p3 HEE A F2] A o] A 3FH o],

s Aol 7L/\Q# A Aol A
S pd WA T A ANiO) i Al E 2 =38 45 ANIO)

% #o % sh} o e LT 9law, Al EHEE Sn(FA), T (Cw),

1__
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2B (L) 2 o}e(Zn) = A o] & st} o) S £33 = Q)
78] Al 5= E = A2 ZA(NIO) Well 0.1 atomic% W] 50 atomic% = 314 <=

A

[79] A1 =HES] gHF-%F] 0.1 atomic% ©] ko] Lﬂ T Tk HubE o] auE
L ERA] Sk Al A O] AL, 50 atormc% Z3pahd pd HEE A Z o] B4 o]
A ate o], Aat A o] Fhash= wAlF ol A

[80] L pd HEEA = FEF%FJ(CuO) E A ] THEV =YY
AT (Cu0) 5 Ao 5 s} o] A2 23hel 4= 9l a1, A2 =9 E = LN,
T-H(Cw), HELD R o} (Zn) T Aol st o) = £ 4

[81] A2 A E = 42Fs2](CuO) W el 0.1 atomic% WA 50 atomic% 2 EgHE 4=

o]

[82] xﬂz LS E9] 3f-%0] 0.1 atomic% ©]aFo|H U5 A% H7tE o a &
YER A K= Al F o] 91 aL, 50 atomic% S F A pd HEE A S5 2]
A stE o], dat WA o] s A A o] 9l

[83] Al Ast A H 5ol AHEE =0 %Eiﬂ & 2k3}ol el (Zn0) = A3
SHET =g H Aol A (Zn0) T Ao = st o) s 9 A L AL, A3
EHE= AE(Cs), HELD, & F1EAD, v EMg), 1En) R ZH(Ga)
= x%cﬂ S} o) A8 xEEEF 4= Qi)

[84] A3 = H E = 2ks}ol ol (Zn0) ol 0.1 atomic% W A] 50 atomic% % ¥ 3HE 4=

[85] A3 =R E Q] 3Fi-%o] 0.1 atomic% ©] 8k H Lﬂ A% A7ME o] EaE

WERUA] 8k - Al o] 1AL, 50 atomic% & 5 pd REEA 59 54 0]
A7d o) Z A= Al A o O‘E}

[86] AL A8t A ATl £3HE = AR A(NIO), AFE 2] (Cu0) R
2bgtolA(Zn0)S Z A (Sol-gel) == Y 5= AH(Nanoparticle) & B 5 2ol =
shupol WA o m A 5= 3l

[87] HLJ)“/‘X}L w59 kol 9]{:3 o At 7 5= 2 Wi, 9 pd

= H

“glo] 1884 e A o

(88]  “relul, B uhyel Axde) e Al At A4 HESS FAe, pd
HEA S D ad BEA S AWM Aot A E n R, 2 tEe A4S
T 35S AT o R AR STl b 1ol T J S WA o) S, B
W o] AAd o] whg A1 Ast A4 A dEel o8 pd HEAZ D
WA Fo] Aol Ast Aol dojutme Ast A4l R o] ey siE 5
2t

(891 ol %, &A S13090 A4, A1 A3 A4 A 5HE el S (Quantum dot) ' FF S
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901 P EFFE FFNA FYE T Lo FQR At
9 A]  (exciton) & F A5}, o] o) PR A Eo] EYF vpL 2z U

[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]

WY = dgT o w AREE 5 Sl

FAAA HFTE I-VIS B

WA 3ok, IV A s ﬂ?}% R o] 5o £ o] Fofxl ol M
A= Ao &= sl o] o] WA 288 AR S 5=l

I-VIS §H5A| 3}3HE-2 CdSe, CdS, ZnS, CdTe, ZnSe, ZnTe, ZnO, HgS, HgSe,
HgTe H o] 52 2= = o] F0J3] ol A A8 5= o] ¢4 313h=; CdSes,
CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe,
CdZnTe, CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe ¥ o] 59| 23 &E=
o] Folx wrell A M ¥ = 4kl 4 3192 B CdZnSeS, CdZnSeTe, CdZnSTe,
CdHgSeS, CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe, 2 ©] 59
EGER o ol Tol A MEE = AL HEE R o Fol T oA
HEpE = Holw sht o] o] o] AHgE 5 k.

NI-VE B A 813HE-2 GaN, GaP, GaAs, GaSb, AIN, AIP, AlAs, AlSb, InN, InP,
InAs, InSb X o] £9] £3-E = o] F o] oA AE == o] Y4 83HE, GaNP,
GaNAs, GaNSb, GaPAs, GaPSb, AINP, AINAs, AINSb, AIPAs, AIPSb, InNP, InNAs,
InNSb, InPAs, InPSb, GaAINP % o] 59| 3= o] Fo| 3 ol A A e &=
4Hl 4 3135 9 GaAINAs, GaAINSb, GaAIPAs, GaAIPSb, GaInNP, GalnNAs,
GalnNSb, GaInPAs, GaInPSb, InAINP, InAINAs, InAINSb, InAIPAs, InAIPSb 2
o) 5o EFER o] o] ol A EE = ALel A B R o] Fol 7 el A
Al g = o] 3} o] ake] B A o] A4 4= gl

IV-VIZ: 9h5= A 813+ SnS, SnSe, SnTe, PbS, PbSe, PbTe R 0|59 @ ==
o] Fof X ol A A el ] = o] 14 3}3HE, SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe,
PbSTe, SnPbS, SnPbSe, SnPbTe % o] 59| ZF &= o] Fo 3 ol A A8l ¥] =
2H1 2~ 8131 2 SnPbSSe, SnPbSeTe, SnPbSTe, & 0] &2 &3E & o] Fo]xl
ol 4] A= AL SRR o Fojzl oA AEu = Fo) 5 sh)
o|Alo] E2Zlo| ALgE 4= Q)

IV 4 3= 31922 Si, Ge, R ol 59 3= 2 o] Fofxl 2ol A
e = 4 3= 3 SIC, SiGe, R o] 59 =3 iolroi 7 el A
AEw]is o A4 SRR o Fojzl oA AEHi= Kol s} o] 4
B0 A3 5 9

nA S A=, ka}?@ 93332 CdSe/CdS/ZnS o] AF8-E 5= gl

1A, A A ool whebA] = g F 0 2 f-7] 813 (Organic compound)
218} (oxide layer), A 3} (nitride layer), HF 5 3] @—(semlconductor layer),

713} 3= % (organic compound layer), 5713} 3= 5 (inorganic compound layer),
133 (phosphor layer) 2 o B Z(dye layer) 5 o] = & }= ¥3818 4= Qi)

YA g S X F2 (vacuum deposition), 318 7|4} S 2HH (chemical
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vapor deposition), =& 7]/ 52 ( hy31ca1 vapor deposition), 9 A}

-2 H (atomic layer deposition), 71+ 2 £}3} 52 (Metal Organic Chemical
Vapor Deposition), = &=} 3} 38} %Z‘,“?j (Plasma-Enhanced Chemical Vapor
Deposition), A1 A % H (Molecular Beam Epitaxy), A 8= 717

/d A (Hydride Vapor Phase Epitaxy), Z~3 E] # (Sputtering), 231 ¥ (spin
coating), ¥ =¥ (dip coating) X <& 7l 22 ¥ (zone casting)& ©]-8-3to] JAJ =

[99] o] %, 7| S14000 A A LB ol B TS FA g

[100] AT FTETS G A LFToZ ol FAI|= T2, /7] B4
EE= 5] 22& 083l A T2 3 B gl o8 FAdE 5
ATH

[101] AF FET2 AT A LFTo= g oz Ay A 8aL, FAF
WgSol A A Aape] WE7 73S o] F g sfo] g ago] =Y
ATk

[102]  HE3H S50l FAH HFF o R FHE A AT 5/ T3
AR ol EAJ sz o U %] e o] ofal] YFap whag-Fol] 3] A ¥ o] Az}
ATl QAT FHEo] oA g w3 Ffo] ke = )

[103]  E3H AE 7552 FAH 3 A2 sk A HES Alolel &4 ¥ o
A2 Aak A A3Ee adE oS A 7tk

[104] AFTFET2AHT T745S 9% 522 PEDOT:PSSE A= 4= il
PEDOT:PSSe] & 28l £:A}0] =(WO;), LeF3 £AF0] =(GO),
AU e F H(CONT), &8 B 9l Ao =(MoOx), HHHE SAFO] =(V,05), YA
SAFOIEMNIOx) o &2 H7F=& £ sto] FA4E 7 Ao, o)A AlgkE] A
Qa, ggs f] 24 e 5] B4R dAdE 5 9

[105] o] %, &7 S15001 4 3 755 dell & 39 & o] &3t A2 st A4

HEse AT
[106] A2 @&t A AT pd vtAS D nd v So] Ao Al g
glojof-utol-golo] 7= FAH A= AT 725 7HE 9
[107] o] & <l&f, Wl =l (band bending) & & ¢13}o] # 2}E o] HOMO(highest
occupied molecular orbital) = E] LUMO(lowest unoccupied molecular orbital) =
Bl % (unnel) 3 5 Q=5 Ak, o] B]YY LA 23z P 2ol A5
Aol (A B AT Fiebod, $F Sl A= A st AL S A4S
5= Ak Aol
[108] A2 s A4 %
F) Abolol 48 @

@]
= ar
[109] =l M AFE Y8

EJ.,F
X
i
O
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HEs2 &8 345 o] 83to] A = vk A o= A2
A A3 & 223 ¥ (Spin-coating), £ % tho] ZH (Slit dye coating),
Y (Ink-jet printing), =32 & ©] ¥ (spray coating) 2 5 Z ¥ (dip
L shube] & 282 ol gkl A E =
Aol ol Esto] Ml 9 545 2HA B aL, ¢ pd
HEEAS =0y BEEA S Aot Fd5e Eitehs wdasel 45
- o]

13k o L %] e o = Qls) Hs)e]
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ol
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e
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L
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2
s
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!
p
e
ol
L
ox
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iASs
(o]

2

|

x| er o 2 A S16000 A A2 % ) A
U= Aol AF-E& AT Ao 2, T3 A=, HEALE

ra
ol
o
)
oX,
)
ol
ol
0%
=2
o
2,
r N
o
ofl
oX,
e
)

21kl ol A (120), AE 34 (Sn02), At 3tol A (Zn0),
w5 S S S, L (graphene) B VFE Y FE
(carbon nano tube) & 4 o] & o] - sty 4= Qi)

WAL A= BA 2 vy 5 (Mg), &1 E(AD, 2(Ag), Ag/ITO, Ag/1ZO,
&1 -2l F(AL-LD), Z¥(Ca), " 1Y -1 5 (Mg-In) & 714 -2 (Mg-Ag)
T Ao o= st = St

T & Fo] 2E = & T o] 2 E(Ag paste), &FH] | d| ©] 2~ E (Al paste), 7=
H o] 2~ E (Au paste) 2 T-2] 3| 0] 22 E(Cu paste) =2 5 o= Fr}o] AL} g9
A o+ Aok

T A EAL, S(Ag YA, EFHEAD Y

, (L) YR A (Cs) Y

ol

b

il

=1, F(Aw) Y=, ZE(Ca) YA,
2% Mol of 1= shpel 4
g o) 4 o] £-3he)
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/\]-EH o) 2= olq_

ol e gt F=-2 7|3 el EHfel 2
Vapor Deposition)#} -2 524 & o]
I}E] & (particle)©] B}R1 T (binder) £}
H]—)\l/] EJ_HJJ/]_ 7LO CJ—HJ
W o] o] AlghE] X oF

525 g o] Al A2A]
ddaAe] 2 mAS

- g o] A Al oo upE
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220b, 250a, 250b)S 3 =

g o Al A A dol WE Aat A A ES
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A1 A3 A 5 T5(220a, 220b) ol &= 7 ukagZ(230)0] FAd H o

oF A} A Wha2(230) Aol = A E 42(240)0] A E 1, FF 552(240)
Aol = A2 At A A 822504, 250b)0] B A E a1, A2 AsE AA
3% (2502, 250b) ol 3= FF260)0] P AT

A1 A8 A A 3E(220a, 220b)S Al pd BFE A Z(220a) L A1 nd
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HER A F(2500) B A2 WA F2500) S Eotehd, AH 02 YA
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320b, 350a, 350b, 380a, 380b)S ¥ 3}3}= UAH

38 Fxetd, E u o] A2 AA 4ol wE dat A AdeE 2ot
AR A AFG00)= F(310) Aol Al Ask A HE S
A= a1, A1 AsE A A EE(320a, 320b) Aol = Al A g (330)01
A H 5L, Al FAE EFF(330) el = Al B3 FE5F(340)0] FAE AL, Al
AT FE5Z(340) Aol = A2 AdE A H$HE(350a, 350b)°] H AT}

A2 xd%} A3 31 35(350a, 350b) “ol = A2 FAHA HEF360)0] FEH L

% WH35(360) 7ol = A2 48 55 (370)0] A EH, A2 4F
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FE3(370) Aol = A3 A3 WA F$H5(380a, 380b)o] A E a1, A3 A WA
7 &5(380a, 380b) ‘ol = 2-=(390)°] FA H ).

[133] A1 A A % 3H(320a, 320b) WA A3 A AA ] 3F2(380a, 380b)
TAHA o2 FAH dlolof-nlo]-#olo] F-22] Al WX A3 pd WEE A F(320a,
350a, 380a) 2 A1 WA A3 nd ¥F% A Z(320b, 350b, 380b)< 3 3}3kt}

[134] A1 A A 7 35(320a, 320b) W A] A3 st A4 5] 5(380a, 380b)->
G TZE ol g5t FAdE 5 U

[135] 2wl A2 A ele) e A AN BEFS EFehs FA
w2300 FA WHFS 2 TS, A5k A4 BEF 23
EEsH A2 A, B o] AL AN st FARD R FR =

-

el gt g A g A2 A ] shr] & gt
g o] A2 AA] o o] wE
222H300)E 270 2] $AFA

HOJ ?ﬂﬂl%gi RS 4

[136]

o ri

ja

E(Tandem) -2 %=

wﬂﬂﬂ% ﬂiﬂﬂ%$%
qexhy%ﬂﬁg%%

ot
oX o
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_>.:
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ot ﬂlZ
E
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Lg}% ka}ﬂ u %5\_%}(400)%
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e o H
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>, ©
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2
g
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o
i)

[139] 2
o]l x s} *M Aetes 33 5 a1, & 4+= 470

420b, 450a, 450b, 480a, 480b)-2 ¥ 3}5}+= A4

[140] % 4F Fxshd, &g o] A3 Aaldo] whe Ast A TS E3tshs
FAF W 2 2H400)E FF410) Foli= xﬂl A8k A4 3 (4200, 420b)°]
A= a1, A1 A s A A EE(420a, 320b) ol &= Al SFAHA wEZ430)0)
A E AL, Al SFAE EFF(430) el = Al B3 FET440)0] FAE a1, Al
AT FE2440) Aol = A2 AsE WA A 324504, 450b)0] A H T}

[141] A2 A3F AA 7 $H5(450a, 450b) Aol = A2 AL w332 460)0] A E a1
A2 FAA B F(460) ol = A2 AE FET470)0] FAE M, A2 4F
TET(470) el = A3 st A 5 3HE(480a, 480b)0] A F T,

3 A3} A ] §H5(480a, 480b) Aol = A3 AL w4 2=490)0] FA ¥

A W3FF(490) el = A3 G FET(500)0] FAAE AL, A3 A

TE5(500) el = A4 et A 5 3HE(510a, 510b)0] FAd ¥ a1, A4 Ast A4
A3 (510a, 510b) Aol 3= 8-=(520)°] & A A

[143] A1 AsE A %5 (420a, 420b) WA A4 Aa WA H 3E(510a, 510b)-S
TAHA o2 FAH wlolof-nlo]-#olo] F-22] Al WX Al4pd WEE A F(240a,
450a, 480a, 510a) 2 A1 W A] A4 nd B A (2400, 450b, 480b, 510b)Z 7+ T},

[144] A1 As A A 6L Z(420a, 420b) WA A4 Ast AA A 6L§(510a 510b) <]
g9 §92 ol g3tol F4A 5 Ark.
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0>“

al
al

[\

2,

[142]
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w

o}JI
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[145]

[146]

[147]
[148]

[149]
[150]

[151]

[152]

[153]

[154]

[155]

[156]

. 2 3
W3 2 2H400) = 370 9] A B 3SS E3sh 'Y (Tandem) -2 2
FAE o, Au)Gor aA TSz FAAR dF AR A2 5 Q)
H] 3 o]
frel 71l &5 ,
Li doped ZnOE 23 79 & o] &3]

& ¥ A9 S °)835te] 20 nm

= A& Y& ¢l 8 PEDOT:PSSE 2%
AHE o]-&3t] 20 nm FAIE FA s A H A
Fstr] f&l A =

Az 4

2 atomic% 9| Lig 4Fshobdlol] =5 3 LZOS ol ¥h&-2
PEDOT:PSS+= =& &1 & ARg-3l i) &1 € %@1 2>
= el A e 3] ] Stoll M fAFHoR I
LZ0$} PEDOT:PSS7} <214 © & &4 9 # o] 1]-1}o]-¢]
At A AT ol AR E AT

o] 2, Mt A A Aol A HFF, AT o, At A AE S ¢
G TAA o2 PA s

WA bhag 5 © 2 3= CdSe/CdS/ZnS (core/shell/shell type) 7-2=2] A4
EAS AE AL, FF 555 22 4,4,4-tris(N-carbazolyl)triphenylamine
(TCTA), 4,4'-bis[N-(naphthyl)-N-phenylamino]biphenyl (NPB)7} A}-8 %] 91 2.1,
G o R = dF ol AREE ST

5 5a WA 5 5di= Blalof|of) whE FAR g Ao A2 EAl S AR
“1Ef o],

= 5a+ A $H(Voltage)oll W& 2 7 2 %= (Current density) S =A| ¢ 12| 32 o] a1,
= 5b= A Stel & 3] % (Luminance)S S A| g 1| 3 0] 31, It 5ci= 3] o &
A7 HEE EAg 28 Z o) a1, 5dE 3] ol whE A & & (Power efficiency) =
SAGE 1R 2ol

Hl sl ejof] whE Fxb3] kg A A=, Vi (led/m? o] Ho] w3gst wj o] H3eh 3 vy
(1,000 cd/m? Al 7] 2] o] gk ufof Ah= 242 5.5 Vel 7.3VE SHH AT
ok H AF a8 L AH a8 247 109 cd/A9F 4.6 Im/WZ =7 =] ST

L 6a WA & 6dv= 2 g o] AAoo) whE et A HEEg el

A gAY 22 EAA S =S e o)t
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[167]

[168]

%= 6a A $H(Voltage)oll W& 2 7 2 X (Current density) S =A| ¢ 12| 32 o] a1,

6bsi= 7 ¢tel] u}E 3] % (Luminance)

5= 6b+= S LAg T o) al, k6o B ol ufE
A7 EHEE EAIS 1ef3zo) A, 6dv= $ 5ol WE A9 A8 (Power efficiency) S
SR T2 o)tk
[3F 1] & 3 o] AAl oo & Hst A Hde& £dete A4
g aztel x5S e ® =A% ot
[3E 1]
Vr (V) Vp (V) C/Emax (¢d/A) | P/E s (IM/W)
JNIEFE 5.5 7.3 10.9 4.6
HoMAEE #+
(%;:__?_Igci_ %::»':EI{OHH) 5.8 11.3 10.5 4.5

[3E 1] FZ8H V= led/m? 9] ol kgt o of Ak Yehar, Vi
1,000 cd/m? A 71 9] o] wkagat o of Hh-& YeEbl Y, CEx= 1A9] A/ =
ArkFe] Wo| & 4= 9= ol thet 8§ e 5L, PEE 1We] Ag o= dlo)
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