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ool whal, ¥l 7] vk uf S Ao & o] & H R H T ol E A&
HHHE F8l, 371 ATA &) Aol mEE 4] kg o] Sl ST
LA AP o2Z2H 7] B v|Z 8 70| E A golo A
Helell M AA st £S5 A8 Alojd 5= Ut o] & T3, A4 E9l(n)7F 1
WA 3] G20 FAR-ol Al o] H|ZH ~vtol E Aol A Age] oF95%
ol %, F 96% ©17%, °F 97% ©1%, °F 98% ©1%, = 9 99% o] g2l vl &=
F54 g A

[46] LA A 250 A 1 S| EHOR A HR2H ATl ES
A& gt

[47] o A FA ol QlojA, 7] HZ=H 2T ol E= ] ek 12 A
FAHEE AL 5 AT

[48] (3} 1]

[49] (ANH3)2B(m—1)CmX3m+1

[50] A7) 8Fek2] 104 At o} - (arylalkyl) 7] = ¥ 1 WA 102] AE
A7 5 F9eh= A 0lal, Bi= RNH; B Cs Toll A A8 e = st o] 8=
E3bebE o)Al RS B 1 A 109] A8 e FA41Y 47| E 238k
Z 0] AL, C&= Pb2, Cu?, Ni2+, Co?, Fe?+, Mn%, Cr2+, Pd>+, Cd?*, Yb*, Sn2*, 2 Ge?*
SolA DB E = Sk o] el 54 Foles E ek o)Al X=ClLBr R T
S oA A e E = st o] o] Fefol = Fol S EFHShE Zlolal, m 2
ol del 4.

[51] o A FA ol QlojA, 7] HZH 2T ol Ef= ] et 28 A
FAHEE AL 5 AT

[52] [3}8+4] 2]

[53] (ANH3)2B(m—1)Pme3m+1

(541 A7 81814 2004 A= o} - LA (arylalkyl)7] = B 1A 102] A
L7 5 F9eh= A olal, Bi= RNH; B Cs T oll A A8l ¥ = st o] 8=
E3bebE o)Al RS B 1 A 109] A8 e FA41Y 47| E 238k
Aol al, X+= Cl, Br R T S0l A A8 3= sty o] o] Sefol= Fol &
Faahiz ol i, me 2 o) el G,

(551  E91e A @l QoiA, 7] 3] &1 2=7}o] Ei= PEACSPh,Br(PEA:
phenethyl ammonium), BA,CsPb,Br,(BA: benzyl ammonium), nHA,CsPb,Br;(nHA:
n-hexyl ammonium), PEA,CsPb,l;, PEA;MAPb,Br,(MA: methyl ammonium 2 iPA,
CsPb,Br;(iPA: isopropyl ammonium) o A A& ¥ = s}i} o] 42 E 35k A
T Ao}, ol A gk A &g 5 AUt

[56]

o] A FAdel QlojA, 7] HEH AT EE 4] H2H AT 0l E
A4 & o] A Aol de S A o=, w11 2
& Bl (morphology) & ¥ Jw-3E 5 ZE= fAk-ol A el 5SS 2= Ad 5
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39]

7] 912 8 Aol 1= A w9 22] 3ol

°F 440 nm WA ¢F 500 nm&! A ATh A A B AV] HEZHE AT EE

Fof w33 3 =19 wgo] oF 440 nm WA 2F 500 nm, <)
°F 450 nm A ©F 500 nm, o}
°F 465 nm WA °F 500 nm, °F
°F 450 nm WA ©F 490 nm, o}
°F 465 nm WA °F 490 nm, °F
°F 450 nm WA °F 480 nm, °F
°F 465 nm W #] °F 480 nm, °f
°F 450 nm WA °F 475 nm, °F
°F 465 nm WA °F 475 nm, °F
°F 450 nm WA F 470 nm, °F
oF 465 nm W= °F 470 nm,

oF 450 nm WA] oF 467 nm, 2

°F 455 nm LH A] ©F 467 nm,

F 445 nm WA 2F 500 nm,
455 nm WA F 500 nm, &F
440 nm WA F 490 nm, &F
455 nm WA F 490 nm, &F
440 nm WA F 480 nm, &F
455 nm WA F 480 nm, &F
440 nm WA ©F 475 nm, &F
455 nm WA ©F 475 nm, &F
440 nm WA ©F 470 nm, &F
455 nm WA ©F 470 nm, &F
440 nm WA ©F 467 nm, o
oF 460 nm W A| ¢F 467 nm,

460 nm WA ¢F 500 nm,
445 nm WA 2F 490 nm,
460 nm W A 2F 490 nm,
445 nm WA 2F 480 nm,
460 nm W A ©F 480 nm,
445 nm WA 2F 475 nm,
460 nm WA ¢F 475 nm,
445 nm WA 2F 470 nm,
460 nm WA ¢F 470 nm,
445 nm WA ©F 467 nm,

= 9F 465 nm WA &F 467 nrn°1 79 2= gt}

V919] o Falelo) g0l A, 7] A r sofo] St H o) w1 2e)
HEX] 0] 20 nm ©] &} A Y = v} FAH o7, V] A2 H ATl E= U
uk3g 5] 5 9] ‘ﬂ'ﬂio] 20 nm ©]3}, 19 nm ©| 3}, 18 nm ©] 3}, 17 nm ©] 8}, 16 nm
13}, 15 nm ©] 8}, F=5= 14 nm ©| 3121 AL == 3}
HAo A 352, A 25Ho whE s ]EH/W'}O]EE Hb2 0 7 A
FebetE, W thol L = E Al F gk
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Aol £ 9. 4) e
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-lk _l}o
Su

PEDOT: PSS T gl A4 E Eendat= H}*(poly(9—v1nylcarbazole),
PVK) 5, 87| PVK 5 7ol A E d2 B 2910l E F 47| J2 B 2910 E &
ol A" £ v v el 7 o] E(polymethyl methacrylate, PMMA) 2, 7]
PMMA 5 gl J4 49

E] 9] 1] 0}0](2,2',2"-(1,3,5-Benzinetriyl)-tris(1- phenyl—l—H—benzimidazole, TPBi) &,
2 A7) TPBi & Aol 84 ¥ LiF/Al & 238t 21 4= gl o), o]9
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Al g A & 4 Tt

[63] Vo A Aol oA, 4] dETio]l L m = AY] vhguf Ao o'
Az 2B 7ol E F 0 7 Qlato], ob g 20l g 54 & vetd = Aok
TAH SR, 7] Hgriol =9 ok Al b £, AA -3
2~ 9] E & (electroluminescence spectrum, EL spectrum)2] 3] =1 7} & 4 gl 314
o & of A ‘/}E]"/} Aow Ty = AL o

[64] Edo A SHY FHEE FEE ﬂﬁﬂ/ﬂ:” Ak A& Akl o,
Hol A 1 SH sl A &2 Edo] Al 25 F A 3S5HAA L
drgol Aefy 9113 b FdetA A-8E 5

[65] ol at, H-oll thate] Ao & o] &ate] F U 14 4 &= st Rt, 61|
2

J Ao 3= - 9] o] 3l & 5 7] Hl8to] oA sk A1 W, 2l o] W&o] 81|

J Al o] of] gHA ¥ = 412 of Tk

I8 o] AAE 913 FH

[66] <AAle 1: G| L S & Ao P& o] & & HEBH AT 0| E vt gl ik
t}o] @ = (light emitting diode, LED) A 2>

[67] 1) ¥ & ¥ 2~ 7}o] E(PEA,CsPb,Br,) A4 &< 2] A2}

[68] 3}tk 2 2 oFo] ] = H & o] = (lead(Il) bromide, PbBr,), ¥| d of| €l &+ ¥ &

B 2 n}o] =(2-phenylethylammonium bromide, PEABr), ¥ A4 H 21} 0] = (cesium
bromide, CsBr)& T}o| W] €l A # A}o] = (dimethyl sulfoxide, DMSO) -8 1| o]
G A A, A BB 2T 0| E A &N & A28k A7 A A &9 9] PbBr,
o] = -5 5 (molar concentration)i= 0.03 MO| I t}. | 2 H A~ 7}o] E whulo]
AALE FAAT7I7] sk, 7] A4 &l 20 mg/mLe] ZE2H 4

B 2 n}o] = (n-propylammonium bromide, nPABr) 7} & 7F= ST}, A 7] A A
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[69] 2) §hgul) Sk S5 A o] ] & o] & H| B H AT o] E uhuho] A 2}

[70] A7) HZE TPl E AT A 892 110°CR 7FE e 3, 110°CR 712 H 7]+
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