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o o
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R, oldl Hate], A2 = AEF(225)7F A2 BEFA R W) er A d4E 5 vk A2 2= A
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

S=506l 10-2236539

R(225)E A4 Pz A4 dvro] Hfe AER(221)d] A4 & Yk Al LE= A ER(223)9
A2 TElE AER5)E A 54 mAE 4 o e A AER20)7) Be) A2 TelE AR
(225)% Fababs A%, 27be) A2 TEls AER(225)E E5F 148 o5& o] usi,

(<3

9, A1 2= AJER(223)5 e A3, A2 2= AJER(225)5 e AL wiaz A(0)9] A7)l
weby BAds AL Aold 4 ),

Al 2= AJER(223) B A2 2= AER(225)% utet Feje] g FAE JRAARE, o] ke A5t
T oune] e g, Al gAY @, A 88 §d 4 dan, W, BAE FEe] A
o

3
B @ 2% k. wW P dold savely, o S BN 28 s,

g Ze (21008 F7= vhaa A A ER(220)0] FARY FAL 4 v, HFE ZadR(210)=
Z 4 (200) 9] AA FHE FE8kr] Wizl Fmm WA Femd] AR F4E

:]:
g A A ER(220)9] A, AEAOE A AEE AXsh= $40] o, UF F79¥ OLED 34
T2 FAHAA F71E 22(600)[% 14 FZ]17F vb23(100)E F3ets RS 9 EAE $AANL F .
W R, FAZE U koW mh2F(100)E AAFE AR A gRIt ofElE 4 vk, olol w, mpaa
A A ER(220)= HFE ZHAF(210)9] FARGRE §FAIRE, nF2=(100) vk FAE Aol wieA stk wf
23 A ANER(22009] FAE, oF 0.lmm WA 1lmm HEZ FAHE 4 dok. 283, Al, 2 IHP= AER
(223, 225)¢] E& oF 1~omm AEE PP & Q).

>l

Awe) AEolA HF AEF(220), AL, 2 TS AER(223, 225)7F Aok G4L Aslste], B4e) v}
22 A GY(CR: RI-CRS6)e] AT 4 k. the Bold, maz 4 ge(Rels Fe, vFe a9
$(21009] 33 JA@oIA BT AER(22D), AL, 2 TS AER(223, 225)7F AR de AT,

W g9 o £ g

o) wlasz AL Qo (R)ol wh2s(100)8] AA(C)o] TSl weh, AAH oz va AP Fal 0LEDe] 3
27h FAHE B2 olg® 4 QA B, ALAUEC] shite] mlad A0 ANEE S taeol
ol mgath. shtel shaa(100)0li= sbel WO FAGE shad AR E] ¥AW & vk E
Sl Pk (1007 BSOS TSR Akl O] ZAY200)9] A7) L AR B
% SE glev, vha(10009] Bae AR AL duA Taa(1000E A Best A, sfel A
(0% Fulshs 297 vh2z(100)7h vhekdaieh, wa, Za1200)9] hpel AL Ao} He] A(C)S
A= shte phaZ(100)7F S FE ATk, o] A%, WHE AU AT 23] el 2se] A
0O)E 7= vf232(100) 5 HS3te AS S

<
o

Bl oy
)
o
¥
0
o

ZYA(200) E5] vpad A G (CR)S FHIskaL, Z47be] ml2~3(100)= 742 sfuhe] wh==3 A(C)o] w2
3 A FACR) HEHEF F-2d £ dvk. A7 uaA(100)E 549 vtz el (P)o] FAE mt=a
AC) F vk AC) FRY g [0S AL v 2H(110) Fdel e s 2§+ Ak, gHl=
k223 9 (110)vhs 2 A, vtaa - (P) T FARSE FEle AA e g dde] FA4d w3 9(110)S
xgket 4= Q. whaa AL ZA(200)9] wham A G (R tHSEkar, tue] AR EE AR =
A (200) [vh=z A A EF(220) ] F-2d 4 dvk.  ofo wheh, m~=(100)¢F Z#91(200)0] AP 25
15 & A €t

, OHE AAde] maw, Zele vHF ZHdR(210)d vtaa A AER (22008 F3ete] AlxskA] &

, HFE = R(210) 9 %% FAR) FEol EFE ZE (21009 A 2= ZEQ][ae= A ER

(223, 225)°] di-&] & 2o e AHEE e gtk ole|d FEle] Tyl Aol shite] wha

I A 4R 28, wt=a A ARl Ph=A (10008 H3AA Zad A waag Axd F
Al drt.

(]

Rl
)

-
3L

olgtoll =, ZH S LAE nfAAE A Xt A s A3,
WA = 4 D % 5oA] Aed U200 AT F Ank. E 6L B oddo o AAdo] wE =z

(O A P e 711%01@.

= 69 (a)E #Fzxshd, "5 ZYAF(210)E Al&sitt. HFE ZPAdF210)E T35 99R)S ¥83- A}
7 %_1 o
tggo 2 ® 69 (h)E FHxsH, vlaa A AER(220)02 A xdch. upag A AER(220)0E AFLEF
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[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

S=506l 10-2236539

P TS AFESle] HHe ANEE AR &, HolAH xagey, oA §& T3 vfa3m A
S AAE wet Az 5 drk. 2 HAAAE 6 X 59 viaA A g (CR: CR11~CR56) S
& Bo] Adaty. 5709 Al 2Y= AJER(223) 2 4719 A2 2= AER(225)7) =A%

A7 AN, Pz A
AE ﬂzzou D 22 QPELEOH] Shaz A AER20)E B B AR AT AEREIDE
HFe ZAdREIH Bsd & otk @ FAAE ofe EE[E 69 (b)) o, 1-BEAL]D vha
A AER (208 F3 AFE F Avh. BW, BE Fo ol AV 5 PFL ueh vhaI A AER2

JsF
=
0)E & (F1, F2) & % St}

o

ggom, vlaz 4 AER(2008 BT ZadR (21000 0gad, vaz A AER(220)e BT A=
(22)% SRSl F2 5 gk, vhaz A AER(220)7F BT QR (22000 AnA PR
YES, BE F2 £PMaE Aol MgAst. £FME BT Zegv@l0)e] BAHS H
A Fastelol HFel TeAQR(210)9) vl A AER(220) Abold] BE 7S AUE Foluw

5

=

2}
3
T

oL
N

b

)
ég

amé
>

2kl (line) Hx= =3 (spot) FEl= ABEE 4 Jdow, wpx= E

& AE
(220)¢} F9& AAE 72 HFE ZHYF(210)09 vt A A ER(220)2 AR dFst= DH7Hzﬂ7}

i —(E Hi

% 7 B oune) thE AAde] e Zadsl Az 342 ekl el £ 68 AAldi rhaz A
GRS THE vhaz A AER (2008 WA AZsD % TP 2100 FHegoL, = 79 A4
o= Bue) AEE HTe QR (21000 FAF Fol, vhad A O (R) FEE FAH

HA, =60 (A, T RS £33 HF 2 ZYdF (21005 Al

oz = 79 (a)8 Zz3d, %8 ZJdE(210)0] HHe AE[HH] wlam A AER(220')]E o
o3&

Ll

& g vk, mhaa A A ER(220')= obF mhaa A g (CR)e] @ EW G W Aotk teA7]

A A, mpaA A /\153(220‘)Q 2= 52 JF(F1-F4) 8t ”V\i A AEH(220')5 HHEsHA H

A% AT A0 A S FAm o EAR(E 7o @¢)] A2, 19EE o}
W, RE Fol ofeh, AY F PP ueh vhaa A AE

© T
23 A AER(2200)F Fa IFE 5 .
(22005 QF(FL, F2) & = o

gom, vpad A AER(220)F HFY ZeAN(210)0) e, mhad A AER(220)9] HYF
& SR BT 5 A whaz A AER(2200)7 BT R (22000 AxaA B 5 9
% 2 SN o] mAsith. FHINS HFel ZAYR (21009 BALZ Ahet 7
3 2 ZAYECL0)9 vl A ASRE0) Ale] BE T8 S Foln AL
QA frh. SR FEES @el(line) T 2% (spot) FHE AHE oM, vhaa A AE
i D 7
2l

1

BB b b

S ]
= =
1:1
‘T‘

~

220
7hA| 3 Eﬂ%rﬂ SR (210)9F mhaA A A ER(220)E YAR AdskE wiiAzE 2

o, & 79 (b)E xS, FHe] AE[HH] npadg A AJER(220') 0] vz A G ((R)S I
stck, ol A Ao, oY & S vhaa A GA(CR) FEO ANEE ﬂlﬂ?%ﬂ upef mpasg A g
(RS FAT = . & HAAAE 6 X 5] vpx3 A 09%(CR CR11~CR56) S A3t 21 & o2 5o A
etk mhaa A G (RS FASHA w9, vFE ZddF (21009 £H(NDE o] HFE AEHR(221)

bSR3, sAhe] AL els AER(223) R 470e] A2 TElm AER(225)F TulshE vhaI A AER(220)7)
F49 % ol

582 E do] o AAde W& ulAF(100)S JEYE e},

= 89] (0)F FESW, Bl niad fEP)e] FHT BhAA100)E ATY Atk HAA(100)E Bel
slaz SRRl AR whad AQ) 2 mhad A Fuel HRlONE EFF & otk HEODE A
(©% Aole vp22 BH(110) BEol B gal, phaa TH110)E T, vlaT ARP)F fAbe Fe
o 2ol ©r] el FAW miaA BH(10)S EJT 5 ATk HEODE w2009 HF Bgs
of HuiDIDe] U¥ EE A/ TAD0)[FhE A AER(220)]) FHE S Q. AFEF PHoR

Qek, 773 Qluk Al PhaA(100)F AxE & ek,

AFEFNA] &=FA|(cathode) & AFE3l= 2 (mother plate)& AEA AAS Alg3ct. AxA QA=A
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

S g AJa, g Ax GAHAAN ETE
HAA (Grain Boundary)”7} EA4E 4= o, A=A
T Uik ol Ak & gtk H"
% A71e] ddsiAl BAEE AS Hafste

#, AAE, 23U g
Aol FAel s #AF A7l 7

e}
js)
S
fl

o

174e] 2313d stAE FEsted oA B 2 S5 ' el a g (P)]e] Erde gAY
A v £ Yt oA F 5o, dA QD 3t H$+= 500~600 PPI(pixel per inch)@® 3}4 9]

Aol otdd ) A , | =

A717F °F 30~50pmell ©]=w, 4K UHD, 8K UHD iis}de] A9+ o|Hrth &2 ~860 PPI, ~1600 PPI 59 3=
E 7FAA ©tk. VR 71716l AR A&EE rlola® tlaFEdo], e WR 7]Vl 794 AMEEE mlolaE Y
2ZYol= oF 2,000 PPI oldFe Zudde HFE da glal, 340 AV oF 5~10m FEo] o] 2A
Hk. oldl A&FHE P, MES wtxAe Y £ -4 me] A7), vtgAE s 30mET 2 A=
PAE F doernw, Fm A7 AFxA nfade] #iEl Alo]zolA Z HjFE AT FLro| AV|oltk.
g, e Ao FFANAY AE AAET] AsiA ErE o2 AAS A% 714

g, A AFZE, Ti, Cu, Ag 59 4, GaN, SiC, GaAs, GaP, AIN, InN, InP, Ge 2] ®F=A],
(graphite), Z1@§¥ (graphene) %2 &4A A2, CHNHsPbCls, CHNHsPbBrs, CHNH:Pbls, SrTi0; o ¥3tal:=
9 ZHEAE HAA MY, 7] FEE A 2JHEdE S0l AHE
g 5 ok, 735, 824 AZe Ae E =
AEE 1019 oo ¥k =go] FgHE F vk, Ve AFY AfedE =8E FASAY Ak FF
(oxygen vacancy) &9 F4st AEAS AT F k. =382 ER HA F

[€]
&= v
8l

ok
re

H| 2 H ~F}o) E (perovskite) T

BN

rl
N
o
X
o
u
2
H
o
2
i
o
o
(X
H
B
2

Y PR Fad 5
4

A Ade AeE Aol fl7] Wi, AF =g Al 3 FAFoA FUs AU Yo Ak AU
EFgv=3(100) 0] AAE = U= oldo] Ak, FYdd =gErS B Axste Zdd dAE vz
(100, 200)%& OLED 3tA9] 3 &S WS MASE 4 vk, agx, ds AA, dliste F7F 340 +
gd dovt glomz, FAu|Eo] AEH I, Aido] ddEHE oldo]

walk, AglE Ad, == A8k(0xidation), Z3(Nitridation)ol ola] EHe] AATS FAT + A= ©2A
AdolgtH, Aol wg Bkl WS 4ks)l, Aslele AR HARE FAHT = AE ool k. A
AF= LEHAZEE AFSSY A4S % Q. dAdRrt gdd FRoAs =59 [vh2=2(100) ]9 Az

shd ) 2 dge] Bte] Ade SFA 2SS AEFste B WolAgd vtEA] At oA Adel Al
& IR

w3 R (P)9 FL 40mBEt ZA FAFE 4 da, vh2A(100)9 FAE oF 2~50m= FAHE ¢ vk, =
dd(200)0] H42 w3 A FY(CR: CR11~CR56)S TH|StE R, Ztzhe] mpxaz Al 9 (CR: CR11~CR56)9I
&5t vz A(C: C11-C56) S 7FAl= vF=A(100) % 57 #1)E 4= o),

o
o o
W

)
M

d

H

9% H o] o AAdoo wE wlAF(100)E H-23F EYo](50)E UEllE MR,
% 98 Fxshd, vpAA(100)E ZH U (200)9] W-A17]17] 98 w4~ (100)S E# o] (tray; 50) Aol F&Hak
] T g Atk B3 oA Az ubaz(100)E wojwo] Edo](50) el B2 4 k. Ef
o] (50) & W= (100)E HHsHAl Fag 4 s, Hy P o] vpFAsit.  wp==(100)7F HA Ao

BYA $HY 5+ Q=S Edol(50)9] A71E vhaA (00N 2 BH FYY A

4
lo1(50) 9] L™ Aol A mb2==1(100)7F -3, FEjlol HFHskA B4 FRAH=S A", A7E, e
[} =3 7 =

H

Eq = 2
Ta o8 F A, AAVEE ol&dte WS WHAE Edel(50) IRl ZHuUA AAVIE fFiedts
welth,  mEh, HW7|EE o]t WY Edel(50)9] AR Ei= S Aol wix e TS det



[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

SE505l 10-2236539

& Q7bebar, WA (100)o] % Aghe Q17kskd AAH7)7F fFEEe] whaz(100)7F BHEEA BAAUAM 2H 9
T39S 7HA AL Edo](50) 9] of F&E = wholrt. ArYE ol &ste WS nAA(100)7F MiAE E
o] (50) W wrhHoelAN &g M-S o]&ste] Arigoer mAA(100)EF ol o]EstHA HA=
Prolth, AT ol g3k WHE Eedlol(50)e] MAR h2I1(100)] Avtl A BHAA 21T FHE ol g3t
of vk (100)E FHob ol FEHA AAE W]y,

E3], ¥ uygol Ego](50)% mhAA(100)2ke] AE AlololA oo} 7Y (air gap)O] AR =S, v
(100) ¢} HF&Fate gWol AWY & vk, FAFeE, EFol(50)9] dWe ¥W X% (Ra)7} 100mm ©]8tY

ATk, drEd ZEka AFe Edol= W Z2E(Ra)7F oF 20~30pme] 7] wiell, w2==(100)2e] AlH ARo]
oA eflojzie] EAsI um AL v HE(P)9 FAE Ao 4TS F 4 ok, SN, 2 Wy E
ol (50)= FH XERa)7F nm 2=ALo]7] wiZe ofoj3fo]l giAY, A9 flv Fwo= nfaa HP) A
H Qozfe gEgS FA EA Hrt.

W ZE(Ra)7F 100nm ©]skQl EFol(50)E Fdst7] #8l, Edol(50)= dolH (wvafer)E AT & ST},
dolu (wafer)+= W Z=(Ra)7F °F 10nm HE=o]aL, ’\]'?94 AFo] Wi xHAE *X“:—O] wol 4#A o
2, EFol(50)2 AHg3st7] Hdsith. o] fox, WS vA AW 7aste] 39 (Ra)7} 100nm ©]3}&
W = Qi Ego](50)= @ ~(glass), 4%347}(5111ca) a8, A9 (quartz) L (ALOy) T
o] QAL AL = Q. oA E dolHE Eo](50) 2 ALEStE AS At A,

HF

EW ZE(Ra)7F 100m o]akel 2] (50)9h HaZ(100)9] AR Apolt= eojgle] glo] AWa AEE F 3
omz, Bhaz(100)8] SHFO oA L)E £ dolA $He +4T W 3 WE(B)L F Y >
ek, PhAI(10008] SAFE AALIE 2l § MEGBE I4T B 99 v & o

KR
SR 2010009 HFE E= GHul(DN) F2olA Aol AN ol sigd ¢ vk, el &4d
o] A FEols &3 HI=EOB)7E AdE A, &4 WE=(B)= vh==(100)/ 28 9 (200) 3 FL 7 A

g, sl Ade] Eol(50)= #lolA (L) Bl SFHE + 2 ofell we}, # EHe] Efo](50)=, E
g (50) 9] ZdH-oll A =ARsk= elo] A (L) 7k »k2=1(100) 2] @-‘?—01]77}74 =gd ¢ =S, Efe(Go)dl= ¢
olA FiE (5ol FAHE F .

=99 (b), ()5 F=xshd, o)A 3G 459 AA R g destes Edol(50)d F44
7 At SAYE w2A0009] HFE Ee guidn) e 2 e wet 5] wfA s
goerz ol Fa (5% ol WFates 44 S wel Hoyf IAE ¢ . A d=, &%=
2E(100) 9] FH(HS/9-5) A 2ol 24 A4S wel 5571 wixEe] glem=w, o)A Fity
(5= Edol(50)°] ¥ (H5/5-F) 274 1H4s wet S50 44 + Aot

W

Jol7 T3+ (51) WE=Al S35 $1x 2 Jgo] dgd T+ givk. oAE Eof, #HolA TI}F(51)

Jofl it oA (L)E FAIY] 4S8 43 5 gk, T3, S35 YA & oA F
(51) ¥ ¥4 v==(100)9F Edo](50)S AEE w Lol nfa s thalste] Algdd

glo](50) ] AjAo] #olA (L) Foll Frstrhd #HolA F343(51)S F4sHA &

=
ar
o

o
¥
ki
30,
o

oSt A, VhAAL(100)8 Q20009 thgsha, AR F, PASE dde] B APBh. vhy, o
st Aol Bel Edol (5009 PhAIL(100)E FHAA o BAE oE AP, e Pyon vs

A(100)5 ol FAIA ZHd(200)0] e = e =0l

=102 2 dge] o AAjde] mhE mha=(100)5 (20009 A GG (CR)C teA 7= S HER=

o2, 109 @ % (0F FEGE, IS200E ZAY 0 S a2 4 G W5
G OSER,  WEE WAZ(00)E 2eR0009] thaa A G9 (e dEsHE IA , oA (10009 o
WE Qs APHoR ek S Ae 5How Bt

PR2Z(100)7F Rl FHE Eeol(5008 NHI, Edol(50)E a9 (200)[Et, vhaI A AER(220)]
Aol mHehs Ao wAA(100)E whad A GO g k. Edel(50)9] 911 Alojshu
A, AAe Bal haA10007 vhad A GO g AvE g, Edel (07t Zed

(200)[FE, a3 A AEXR(220)] Ao 2YEW, nf23(100)= Edo](50)9F X&) (200)[EE, nfxag A
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[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

S=506l 10-2236539

A ER-(220)] Abelol W= AA, Edo](50)e] o8 h3hE 42 k.

., e AAA(70)E ZAF(200) sHFol B wiAE F= vk s AAA(70) = ZEl HFE - (210)
o] T& YR el 5014 Fro] A7IE 7ML Bd FA4L 5 Advk. w3, - AAA|(70) 9] AR
ks A A EF(220)9] @l dSste A AAF(MEADC] 48 = Aok, o] AF EﬂTwﬂ Al
ER(221) 2 AL, 2 2= AER(223, 225)7F AXFol ZIAA Hel, vpaa Al A ER(220)7F B 2 L
49 A

B A A A (70)E whAE(100) 7 FEdE UV\EL A G (RO WhaiE S & 5 Ao, =, &5 AAA
(70)= vtz A ANEFR(220)F 45 wFoz AAste] wp2=1(100) 9] F-2aAol A wpazm Al A ER(220) 7}
s W R A= AS WAT 5 vt 19Jr A, S AAA(70)2F Eo](50)7F A% W= W
o m3(100)9] HFE E ZHA200) [EE, viaa A AJER(220)]15 FASH HERZ, wl2~3(100)9
A AH7t sEYAA & A2 7 A "ot

olAH, Eo](50) el wlAA(100)E F-&3stal, Eel(50)E ZdlU(200) ol sl Aoz viad
(10002 Z# A (200)9] vla= A FA(CR)O g g0l SrEER | o] A ulxa=(100)0] o
AFE= 71ekA & 5 ATt

Z(200)9] mhaa A AJER(220)= R FAE 7HA7] wiiel, wha3.(100)00 1] speixl A= mps
3 A NER(220)00 F-&o] wd, wla(100)0] FESHE o] mpag A AJER(220) B vla Al G
(Rl 2H8atAl =of ol5g WA % ok, wEbA, up2=3(100)0 AGHS 7FehA] e AR vpaa
A A ER(220)0] mF2~3(100)] F2E Fasjop ek, 1Elske], wha3.(100)00 ZEFl Q1= o] w2 =
211 (200)° 42 (tension) &2 &3kl L (200) [, vl Al A ER(220)]& HPA7= AL YA
4 A "

ohek, Bk 3(100) 0 A3EE JekA @i ZH A (200) [, mlaa A AJER(220) ]of] F-ZAA ZQd AdA
Y wtaaFE Alxskar, 01 —Eﬂﬂ%] A mt=a s sta T2 A AREE W F7HA EAVE BT 5 A
2 =2 3 1*1 u}*i(loo)ﬂ 23 ZJ_OMEL Of‘%%} st Bloltk. <\ A
Aol \hA=(100) 21 o}HE}E, shas
ppm REE-6] Aol7p Wik &= 9ty dF 5o, ﬂ}*ﬂ(loo)«l Z 7.4_017} 500 mm 73‘%, oF 5~15m%+Eo 4dol7}
Sold & ork. e, wA3(100)7F ZFel o8] AX AV, Z#H Q2000004 AR AEAA St HE
T oY WMYS doruA HEP)EY AE At AAE= EAF el BASHA "t

wEhA], B oA o] ol oMU} HL 2% AoA, wlAaF(100)0] AFHE ek g AR, LY
(200)9] wlx=z Al G (CR)o w53 —‘?—%‘6}% e EAow s}, = UMWOM% T P9 2x ®
= ulA=(100)9 22 Al A (ETDAIZ] $o wf2=3(100) & 3

Q2
w2~ 3(100)2 =9 (200)0] WL )
(ET2)A 71 3o m2=1(100)S =¥ (200)] F-2&viar £33},

"TA dorolgt g2 wlA(100), ZEF(200) T T fA4EC] HAStA, PrA~F(100)Y F2F T Sl
FAEE TS Y F Q. FA J9e A" A ddd IY = da, NE I0d R e
W, #F2==(100)7F ZH (200000 F-#E= g0l FaAEE 2o AN (M EA) FH FRE ouE Fr 9]
o E3, Al 2xtg e =z AAE vpAIE OLED A SF T4 AMeE o, 3 2 T 2%
Hoe EAY 2 255 9ud = ok, stah T 34 2%7F oF 25~45T¢ ZE agsid, Al &5
oF 45T WA 60CY 4 Atk FH 999 2= s, AWd 719 FaS AASAY, FH 9 FH
714 $aS AXse WY 5o 3T 4 9t
A, B 10S Fxshd, =ZHd200)0] 23¢E 3 99 REE Al X2 AS(ETDAIZ] $o, npxA
(100) 5 vt=a A GG (R H-SA1ZE 7 Aok, HEe, vpaa(

= X .

° 100)E vt~ A GG (ROl e Fof, =
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