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[0043]

[0044]

[0045]

Pb FHE + Avh et oo @4HEE AL ofn, MEnsvtelE 24 W A W, 87 Sol
PN
T

771 sfelBrE = #HEZHA7lo]E uhub(330)9] Aol fREHW, I fF7] slo]lHE HRHAIIOE uiy)

(330) 9ol A=At W= (Electron Transport Layer; ETL)(340)< A Sch(wA S203). o714, ol¢ & A

2} $WFE=(ETL) (340)¢] EA 2 Ti0,, €60, Sn0,, PC60BM, Zn0 So] A&4 4 a1, ~HEH (sputtering),
N

%% (evaporating), ALD, solution &4 &< WHE A&3td] EILS 4T 4 AT},
Ak R (ETL)(340) S AT tha, 7] A4 03 (EIL)(340) $loll 22k FelA o] A7)

(e}
X
= FRBATtolE uluk(330) 9] &4 WAeH] 9% 7] BEuE(blocking layer)(350)& A soh(HHA
S204). 9714, 7] BZ9=(blocking layer)(350) 2.2+ Ti0,, Sn0,, Al,0;, HfO To] AF&E 4 L2
=

ol9} e H7] BE® %( blocking layer)(350)2 #2374 718k 715 34 "] o3 Fd4
u, A3 7 F7)52 AlLD(atomic layer deposition), ¥ E{H(sputtering), HAF
evaporation), € S #(thermal evaporation), &-2 ¥ (sol-gel coating), ZF=Zol= ¥ (colloidal
coating), ¥ F®(dip coating), 223%™ XYU¥(screen printing), WY ¥ (bar-coating), =X#o]-I¥
(spray-coating) 59 &AE ol&sty AT 4 v, B HAA s dHEHOZ Sn0,E A ALDE F3

Z=23te] W E9=(blocking layer)S #Aldte ZASES Jd=2 v, AD FAHY AFA (precursor) &
Tetrakis(dimethylamino)tin(IV)(TDMASn) 9} H.07F A2 = 13, HA 7tA2 & o2 (Ar) 52 d4 7k~

(Np)7F A= 4 Stk TDMAShE & 571t = 1) 3780l ZaE7] Hel 55~80TC A= 2XeA 714
Hojop it HA 7F~9 K2 250~300 cr/minz HE" 4 9t} Sn0, & &Y $£=AME IA TDMASh
A, B0 HA, Ar HA7F 1 AolF(cylcle) R o]FojA glom 1 #to]Fd 1.4A A7y F2d 4 drt.
71221 Sn0, T2 T4 TDMASn HA 6%, H0 ¥4 0.2%, Ar HA] 622 4

Ao @HEE AL ohm, AgEt Helt 2ol weh WA & v,

i

g2 oZE Sn0, UYePgat FRo|ES FAL & AL XY E 3 EE9S(blocking layer)S 3433}
7 30

5 d=2 & F Jdu. dA, Eo]2F (deionized water; DI water) mLell SnCl,¢} EF$-2]o] (Thiourear)
£ 311 AR Y Ad2olA 2~3Y wwkgitt. wwk Al &Ho] 4bief WIS shar, wwk & g g
ol2F F& FUH FEE BFO] Sn0, YA FRoldS FA T
gyl &, FHlE FE2oY WY v Yt mdel Y=E JAsAY, &ulE X 3kete] ZYstaat sk whdt
o 34 ARAES xR, ad g, 2= FH(spin coater)E ©]&3le] FAAAEF Sn0, Y=PA F2olEES
7]%kell R gket. o] % 50~200C A EH 7] ol 603 F<F dAE g, olF, ol#HA FAHE FFAY ol
©]& RIE(Reactive lon Etching)®} 2 712 27bg Fa MeHoz A7tste] 4zt sjel/oldols Ao
o},

ol e A7 FAHoR Qe {F7] stolHe|= HIHAIF]EE FET, LED, Solar Cell, Photodetector,
Photo sensor ‘& W&eh dEje] xS FAE/SEE & dok. ol#A S8&€ ARk == PIN, NIP, IN, IP,
PN, PNP, NPN soz " & vk, 99 FxdA AL 34 77 nause I Fd=v 557
(plasma blocking) &, ETL(Electron Transport Layer) <&, HBL(Hole Blocking Layer) €3, HIL(Hole
Transport Layer) 9938k, EBL(Electron Blocking Layer) 9& S oz &= 4 dt}. oju, A 34 F7]
Houze Zg=vl EE7](plasma blocking) 9&E 7|wtoe =z ETL(Electron Transport Layer) <38,
HBL(Hole Blocking Layer) <93k, HTL(Hole Transport Layer) 9& ¥i= EBL(Electron Blocking Layer) <3t
= 5dH s gt

olg A st F7] B3 9E(350)9] FA

o] , A7) B A=H(320), HIL, #5F7] slolH|l= d2H 29}
vkek(330), ETL(340) % F7] W39t

(350)& Egsto] FAH FFAel 7] sk d=(320)3% ?Mﬂ

o|E a} 3z

TR B 71ss AT AN AS(EADS FATT(DA S205). o71AM, AN dEomE 2(A),
(A3} 22 A=A S50 AHgd 5 Aok, =3, olsh 22 A5 d52 S (evaporating) & %{l <&l «1
 FdE 5+ A
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el
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MES wA=(360)9]
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= Eepzo

gt
ul-
=~

w2~ (360)
ko)

A=

[e)
=il
=

=T

A7)

37 A, A=

oz
, A" Aol oo

oﬂ O]%Q’E %‘ﬂ'iu]’ 7}‘11_?.’15‘ CF4, SF4, 02, AI', Hg
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4739
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[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]
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(inter—layer)(650)9 &&= AZO, PEIE, C60, Sn0, & Hol%= 3 }Z= =2 (evaporator), ALD(Atomic Layer

Deposition), 22 FE 7|HoZ HRZHAFIo|E uluk(620) Yo gAY, a2 E}u, Z7r2(650) 9ol AR
nl23E o] &3 dFEuE HE(630)S FA. oluf, FIHE(650) Yol AMES- rlaIE Hulgh DA
ik, &FuE HE1(630) B4 S v s FAdE ¢ . o] F, (B)?Jr o] Hy(3 ar/min) +

of
Ar(20 cr/min)2] &3 o]-2(H, 13%, Ar 87%) S o]&3t 74 A7t AL A A7 SoH(dE €W, 158) 53

32

7}
shoh, o)A, A FA ]9l AZ0, PEIEE 23 IE o2 HA3Ia, (602 9z ZFAAY, Sn0e A

o 4% € 7ts

&= 102 FRkTo] AZ0S1 A9 = 99 A4 Azt ¥ o] F-9] FE-SEM AFlS yebd Z=wolrt,

% 102 A2, a)E AZO/PVSK/SI0, 919 ST He @S UEh Zelmn, b ANAZ ofF UF
" siRle] IRl AZO/PVSK/Si0, B e Aol o)t A7k G3t Azl ol FelNA e Aol A
2 ekl gloli, O FFE HHOE Q8 A7l o FoiAA @ e ek Aot

L= 118 F3k5o] AZ0/C60%1 8-t &= 109 4] 2zt &4 o] F-9] FE-SEM ARlS vEhdl =wolt),

% 118 FxsH, a)= AZ0/C60/PVSK/Si0, 919 &Fnlw e F4s vehd 3lolal, b= AAAZ o|F &

FrlE sjo]l fIel AZO/PVSK/Si0, B9& WEkd Zelw, o) A2t 3} 2 zte] o]FolxA] &L I 4

AS Yebd Aolal, d)E dFnE dEoR 3 A7to] o]Fojxx] e J S el Zolt),

T 12% 750l Sn0,Ql A9-9 & 99 1A A7t $4 o] 5] F

T 128 3F}EsHH, a)v= Sn0./PVSK/Si0, 919 &4Frlw e F4S vebd Zolal, b)) 1247 o]F dFn
(3]

=
W AEe] §E Sn0,/PVSK/SI0, 39 hehd Zlelnl, o) A7 G Hzte] o|RolNA g e AAE

T 132 4TS X3 AES vpadE o] 83 AYd {4 A7 FAS Yehd ol
T 138 #Hxshd, WA (M) o], A 2kstE 7]3(610) ol AR B AFF0lE HhEk(620)S A~ ZEOR
gAsltt, 2#W & HTL(Hole Transport Layer) =2 ETL(Electron Transport Layer)® AMREE 1%

(inter-layer)(650)9] &&= AZO, PEIE, C60, Sn0; & AHol% 3= ZZ(evaporator), ALD(Atomic Layer
Deposition), =3 HE 7|Ho R HEHAIIO|E vlEF(620) 9o FAAATE. 19 te, F7)-

a2~ 3(640) eSS FAso, olw, FIHE(650) o AMES wl=A(640)E Hulst E&A|ZIY, o] %,
(B)%} 2ol Hy(3 crf/min) + Ar(20 cr/min)®] &3 o]2(H, 13%, Ar 87%)& ©]&3 12 274 345 44 Al

Fok(olE B, 15%) S,

& Ue $35o] AZ0%1 499 = 139 14 Az g4 o] %9 FE-SEM A& YEbd Zwolt),

q
=
i

}Il_l‘
BN

A28, a)e AZO/PVSK/Si0, 9ol M= mha=(640)7F ARNYE 99S YElA Fojx, b)E A4 2

F RS B2A(640)7h QW AZBTtelE geje] A7k FHE e Roln, oF
A e el BA FES e Rolm, dE AR PREA(M0R A% Hzto] ol FoiAA g ¥

Mo Y
N
N
A

T 15% F7F=0o] AZ0/C60¢1 A9 %= 139 Al 21z FA o]F o] FE-SEM ARS el Ewolt),

T 152 #Zx3A, a)x AZ0/C60/PVSK/Si02 9o M= wl~3(640)7F AW d9S Jeld Aolx, hE A
A A7y o] % A= Wi~ (640)7F IE HEZHEATL|E o] AzbE AEHE YERA ZolH, o)= A7bE
Hi} A=A e G99 AA FES Uebd Zloja, v MES wAI(640)2 Q13 A Zfo] o] R oA &
< S UERd Aot

T 162 F37HEo] Sn0.Q1 B9 % 139 712 A7t 34 o] %9 FE-SEM ARl& e EHo|t),

% 16& #x3HH, a)& Sn0,/PVSK/Si0, foll AMES- wl2==(640)7F IR F9ES vepd Aola, b)& A

Al
-
H2 ol F AES PhaI(640)7 R AZE Tl el 42E FHE e Aol oE 474 39
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]
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2o g AA BEE JERd Aola, d)E MRS vhAI(640) 2 Q18 A 7] o] Foj A A e
7

Amst Ax Az A sasE gy $EE A8 (photolithography)
Aoz, |AA, (A Zol, A& 3=

45 ol &% 72 A4 TAE YEd 7]1%(610) 9ol H=H =
FholE whub(620)S ¥ mEoz At ¥ v, HIL(Hole Transport Layer) =< ETL(Electron
Transport Layer)® AFREHE F7+&(650) &2< AZ0, PEIE, C60, Sn0, = FHoj% &}= Zw(evaporator),
ALD(Atomic Layer Deposition), =¥ FE 7|¥H S o=z HZHAJlo]E wuk(620) Yol FAAZITE, oju, oA
F 34 716kl AZ0, PEIEE 23 IY o= 44 WHE ol&3sta, (602 TEH= FFAAZIH, Snlv A=

o]

FTA(80T)°] 7F53 ALDE o] &3t & 3
F goma Jlsad AL FAHBOT)S o fstE Aol utgAsit}, o7
ETL/HTLY] 938ts &l7]|%= b, #42ZH(undercut)S WHA8lE gen 3},

]
£ E ol g3t 717}
2

= 1 ’
gk Sdk=vtR QIE HEzBATbolE] B2 AEd F3E5(650)00 o8 HAiske ¢ .

£
—~
o2}
ﬂ
=
—
o/
2
-
=
~
i=)

=
o

=
9

3 gs¥H, XEYLTY FHES o)gstd, F(Aw) B
resist) IJ¥ (680 PAgit, o, xEATHY FAHLS THH < A8
(670)0] F-FES BH537] yiEo, XEIHAZEPR)Z 3 &S FHAihse 4= .
olglA slo] PR #HEH(680)2] Aol =M, (B)S #o] Hy(3 anf/min) + Ar(20 cr/min)e] &3 ©o]2(H, 13%,

Ar 87%)& ol &3 4 A7 S LA At FX(AE 59, 15%) FHI.

T 18 = 179 A A7t 84 olF9] 33t dAv|A o|nAE el =Woltt.

T 188 =3, a)v 4T o] A4 A7 TS S A=, PR B AR ¢da, M pistE g
A3 AzEA S-S g3 = k. b)E F7HEo0 2 PEIE/C600] AMEH A$E, PEIES TeJEo] glor}, PR
HRo AAER S o £ vt o)E FHEOE AZ0/C600] AFRE A$-E, PR Fio] A7Ex e
A% 5= Joy, FUTe FARE Qs EF Jtvt AEHATI|ER o7k Kl AeH A 7)e] v
S % F At DE FHToZ AZ0/PEIE/C60°] AMEH AS-=, Avkdl S5 FA FAY £F 7h=vt
HZHE 2Tt ER Fortx] R3hw, Ae9H AZte] 7pEds o F AUk e)v FUTLE Sn07F AMSH

AR, PR S AAEA Gkar, A wstE duH Azhg gR1E ¢ ).

$ 19 2 20 & 179 72 A7 3 o] Fe] FE-SEM o]v A& vEld =Ro|t},

L 19 % 20& FxeW, a)= PR/AW/Cr/PVSK/Si0, MEEA], PR HEHORE S35 HAE4 2 7zto] 75
KojEth. b)) PR/Au/Cr/PEIE/C60/  PVSK/Si0, ME=A, A=A 2zte] 7hsdhs HAFEr. o+
PR/Au/Cr/AZ0/C60 /PVSK/Si0, MZEA, PR Fit2 AZE %] ggkort, PRo|] gld &S SU57HA A2 H A

S U & Jduk. Az A, o) ke FEE FEFoRM o Azbo] siEsiy. AeE 27 JleAS
Bl d)= PR/Au/Cr/AZO/PEIE/C60 /PVSK/Si0, AME2A, F3t5 B4 o] Wol 27ty x| gkgton}, 27} A

ool kR wRE F2HEe] A7 Thesid. AdgE A7 TbeAdes BRAAEH. e
PR/Au/Cr/Sn0./PVSK/Si0, BEZA, &4 2 zto] 71 sttt

e B BLE Aedstel NS, AR haaR Hze] s T A, AR vhae] ¥
sl meh 2dskel @A AAHY, TEaAN FL TG 240 A% Fase vholan el
sk bsath. B A9 ovAe A% Hze] 54 gkes AW & govt, o shag FE, ¥4 A
e 2AgoEd AY BAS 8 HAT ¢ dvh ER, oL Ba AEnsslelEst g, EHepzvhs
PR O ASHYS FRF & Qu, AGHA A4 47k TRl shwe AUHNY & Jonz, BId &
A5t 0 39 bse & 5 A
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[0085]

[0086]

[0088]

[0089]

[0090]

[0091]
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£ 218 HEHW, oF FAO-FP)) Azu2lol)d A B9 Aol2 AR L5271 Gohoteks) Fo

ER s |29 E4(HM 273)o]

19+ 9. 5, ] ARBAACIEE § A4S ] AUAE RS A% Edo

71wzl ¥l ‘#0}% m H2H ATl E HH:'—OHH Axpe AZ(hole)o] Lol 7+ A= o 527 w1, o
shift)®o] Yebas geld 4= 9l

o
k)
_v;
M
=
[
;L
%

HlmE 2Tt E At Azl o Alxd

3] =
© sansotelE fyadts A4 4% g4 o TR §77] AznsvtelEst &4 glo] 1
N

ool ARt gol, ¥ wgel W AzEA 417 shelnE ARH A E FgaA AxPHE ¥
B8 FPadel 7] wEWEOGlocking layer) S FAFOZM, 42§49 ToUA 229 wES Hdks)
sha, Azggelnel AznastelEe] £4g WAGORM, FAo 417 selHis Hmu st I

I A28 Jlwe) §77) sloluds sznsstelE FHade] 54 g

15@/0131]0] FAdo] 7hsske, ol& &3
Joll 7148 4= Q)r}.
27] telBg= HEH AF}o]EE FET, LED, Solar Cell, Photodetector,

(o]
pid T
Photo sensor S T}eFdl Fe|o] AAE A 2283 4 9o o8 EF Iy Eofo AR WEEHS AA
@ 5 A

shef, 1} %%—?‘i 9l LHOﬂ S wE Z1EH APgE 2 e A WSl xtH e Ao sAEoler &
Aot

759 49

110, 310: & 7] 120, 3200 1T0 3¢ A=

130: #HZH I} E(PVSK) = 140, 360: A E$- wla=

330: 57 slolBg = H2Z2H AFF]E(PVSK) &
340: A=A} 7 (ETL) 350: F7] »& 95 (blocking layer)
610: &¢FulgF 7| 620: FZHF}o]|E uhuab
630: &FuE IE 640: MES a3
650: F7t=(inter-layer) 660: I=(Cr)=
670: (AW 630: EEYA1LE=
z=9
=]
140 ek 4 ] 4 ‘. &
TCm s EE . UL O ‘“h
130 ~_ - » S amite '.“.‘ —
120 P i i -~ 25



k1
g
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|~ 5201

grof

HZEA710|E gotg By

|~ 5202

| F7| 510|EE|E B2 E ATFLO|E 22k 2|0 FA}
Transport Layer; ETDE B8

28t

ol

(Electron

|~ 5203

TR SUSET) Y0l A2t 2
HESAFI0[E gatel £4g

o M2 27 50| EE[E

LRTH7| E 27| E5UEE Hd

| — 5204

TL §5 7| SI0|HE|E HZEAFH0|E 29 £TL

=l =20 otE FHS I EH

'5|.I:I .o B H

F; TR 3

27| E5%Eg B0 HiE
LI F J|52

ol

b

st 42 H32 HY

|~ 5205

Al2t8} 11, speo| 27] Hoots L 9
O|E Hrol= E|-;q|7§'!OE.H;‘|-
— = C 11— =1

|~ 5206

Blocking Layer Etching
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ETL Etching

. 4

PVSK Erching
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=m4
——
E e E e . ;;=L‘Il‘ - :
Bisckng Layee ‘%_.’; 'M‘i".i Sesking e
P ) et G W
= = T -
ZEH5
. H2+Ar lon
. L]
630 l l 1 l l l l 630
620
620 - 610
Dry Etching
e10 ® ®)
EH6
Al/PYSK/SIO,
EH7
« Ho+Ar lon
L) . A ™
.
640 Shadow Mask . 640
620
- 610
Dry Etching
A) (B)
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Mask/PVSK/SIO;
1

[

Mask/PVSIK/SIO,

PVSK/SIO;

k1
N2
©

630
650

620

610
(A)

Al/AZO/PYSK/SIO;
I |

AZO/PVSK/SIO;  AZO/PVSK/SIO,

[

AlfAZO/PVSK/SIO,

« Ho+Arlon

LS

B !faso
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630

620
= -3 610
Dry Etching
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-— » 1
PVSK Parric‘%‘s

- 4
‘g |

W %S 4

.no surface ~
'. v nm

Al/AZO/CBO/PVSK/SIO,

Al/SnO,/PVSK/SiI0,

« Hx+Arlon

.
640 Shadow Mask J’ i l

l 640
./ 650

" 620
610
Dry Etching
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