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Abstract Halide perovskite nanocrystals have become attractive for LED applications due to their high color purity and
excellent luminescent properties. CsPbX; (X =1, Br, and Cl) nanocrystals were synthesized by hot-injection method and the
emission wavelength was controlled by changing the composition of halide ion. Green- and red-emitting films were fabricated
using a polymer binder. The outstanding optical properties of the synthesized nanocrystals and fabricated films were confirmed.
The wLED designed by green- and red-emitting perovskite nanocrystal films on blue InGaN LED was characterized.

Key words Halide perovskite, Nanocrystals, CsPbX;, Film

AEE AR 2t 85 AT A 7] TE|E 2B ATbolE Yedd §

o X =

ZS8[%, AU, |AHY, MU, HMIT, AT, st

derdista AaAFetat, 7, 16419

e EH A RFATAE =371, B, 61007

oA eha Aeu=Asrled, £, 16419

(2018 62 44 HH)

2018 69 11 AALERE)

(2018 62 112 A EHA)

2 o o= HEBRiIloE YrdHe TAEE 9 953 BFELS vRoR LED S8 UF d7v 3w

3 Y= Aot T2FAHE 5319 CsPbXy(X =1, Br, and Cl) U=ZQS AT 24 o9 A H3lE 53}

o Wasgg Aojstrt. LR HRIH S AMgste] XA ANl BFS At $HE a9 Azd 25

o 943 FEHL ST, o) GaN F4 LEDHO) #-§3ke] $43 Mgle] wLEDS F&3H3Th

LM E 3] A% Sa WA W 2sEge] Al Qolz

A FA S AW Fat oo W WFAHER

ulal wksg tho] @ =(White light emitting diode, wLED) ojste] T|AZgolo] ARREHUS u B FF A

£ =2 U &8, 71 4, v Ay °9 3 A g 4. ol uEl & g a s W ohle)

SRl S-S 7Rke g tjaZge] B X1 ool 48 g 2HERS] wEX|Z(Full width at half maximum,

sP7b =3 QAtH1, 2]. wLEDE F&sh7] f18h dutzel  FWHM)O| #F2 ZAFEEe] A4 2 a0 uksgia)of

WS InGaN 34 LED ol 4 JJA(Y,ALO,:  tigk 7ol @753 Ioh[5]. H2 f7dgaA] 2

Ce”, YAG:Ce)Z Al BAAMZ Fsle] Hgdtt  $A4(quantum dot, QD) 24 71uke] $-5=3F A&
(wide color gamut, WCG)S &3 t=Zgo)7} A&

: S ]

"Corresponding author 3k =31 6]

E-mail: dhyoon@skku.edu HZHXATo|E JLRE ABX;9] 3}8S 7R Q)




Synthesis of all-inorganic halide perovskite nanocrystal and film fabrication for application in highly efficient optoelectronic device 107

A2 A AEe F 27 Fol2, B A= 22 a7t
o], 1E]3 X AE AUt YAEkA o A
, A, AZIAE, gheA] 9 Sef Eope] g -85
UTHT]. 5771 stelBg = dejolE 2 HATM0|E
AE e 9aE AR e, A ARle 1
7} 7] %ol&(e.g, CH,NH, &), BE 27} %ol
(e.g, Pb™, Sn™, Ge’', 32 Ccu’' 5), 283 X= &

o= &ol&(e.g, I, Br, & ClI)o] X 4 U}
A AR ol AT wle] MX, ZHA Alolo] ¢

0r ko2 o2 rfr

2Bt Qe FxelH o] WA= AME BAEE T
st A=l 33 WS o]FAL JUTH8]. F] stol

HIle ool HEHATlo|Ex BRI F 35
Fo2 AMgEo] dAl 22.1 %9 =& FHE g8 B
FEJTH9, 10]. H2 HEHATIo|ES] Hold 377
2 EAS 7INe R 3], B o)A T theket
ropel] ALEL qlom 53] 943 FELS HEeR
WAl EokllA F FES R QIT11]. Eefel=
HZH 2Tl EE F 20 nm Lo F& wg AFEY)
FWHM, vl-$- 53+ Fg 9UA1a-&(Photoluminescence
quantum yield, PLQY), Z/d#lo] 7|9k 7HA 1 d |
(400~800 nm)S AWsl= golgh =] Ao] H he
P8 Wt T AR Age SAS e 3
[12, 13]. 3HAIFE f57] sle|lHE|= dafo|= HmzH 2
7IolE A= A A 7159 Bl tigk A7
A71Ea Qo] §718 thal Cs" &2 Rb' 59 7] ¢
AR FAE A F7] dEels FREATIIE Axjof
gk At7F Es] XY= 5L AoH14-16).

B AFore 2EZ CsPbX(X =1, Br, Cl) #H=
H2glo|lE YA S (PeNC) T8I A0 e o
BIPES Aolsint. Eg AA mAlo] A S
wLED9l| $-8317] 9l5le] ng o] W3dEe AgsiA
om WgEE A Al AR HAES ITIE
TEA0)aL 7hgE WS ARk el AL Bkl
TIZ Ethyl cellulose(EC)2} Norland Optical Adhesive 63
(NOA63)S ARE3le] HE-S AZEIth. NOA63 UV
A =4R2 958 71 AEES THRA B0l
7] W2l yedds 5 FHE AZLiRe W 254
A7IA b= =S Frh EE A InGaN ¥
ED % ¢]ell CsPbBry 54 W53hE3} CsPb(Bry,ly);
P55 483t XA wLEDE skt

¢

o

[o

A

L
AR
4

o
L

il

.48 ¥

It

defo|= FlREAT0|E Y AdA S ] flshed
T2 ARRERTH S EZZE cesium carbonate
(Cs,CO,, 99%, Sigma-Aldrich), lead iodide(Pbl,, 99 %,

Sigma-Aldrich), lead bromide(PbBr,, 98 %, Sigma-
Aldrich), lead chloride(PbCl,, 98 %, Sigma-Aldrich)7}
AREEL 8 2=  1-octadecnen(ODE, 90 %, Alfa
Aesar), oleic acid(OA, 90 % Alfa Aesar), oleylamine
(OAm, 70 %, Sigma-Aldrich), toluene(anhydrous, 99.8 %,
Sigma-Aldrich)°] AFE-E|UT}. JEA}F HRRIGI 2% ethyl
cellulose(EC, 48.0~49.5 %(w/w) ethoxyl basis, Sigma-
Aldrich)2} Norland Optical Adhesive 63(NOA63, Norland
Company)7} AH&-=| AT}

2.1. Cs-oleate A%

0.1 M®] Cs-oleate® TH=7] ¢I38l] 50mL &3e] 3
T T v EEkTe] CsCO4(0.4 g), OA(1.25 mL)
2] ODE(15 mL)E o2 #9]7]9] Z8H ¥px oF
oAl &gttt EFE &AL 120°Ce] xF E971el
A gE AIZE 9 W 20 150°C, A 29171004 30
7+ 2dkslo] Cs-oleates 24|31 T].

2.2. A2FYHS o]8-3F CsPbX, T

CsPbBr;E $33H7] 918 50 mL 3+ &< vig &
239 0.1128 mmol2] o= AREHS 38
2o 2 AFsle] 30 mL ODES} $HA| o232 1917]
o] FiH vk jolla ST F dEtol=e] e
CsPb(Bry4lye)s (3 41), CsPbBry(=21), 2] 3L CsPb(Bry,¢Cly,)s
CdAeltt. E3HE Ue] 8 AAIS] flske] 120°C
2% Aol maksidnh. A £9)7] dolld HAE
OAm(3 mL)%} OABmL)E FU37+ F &9 o] £
He Mow WA, 180°C7HA & ) T 24mLe
Cs-oleate &2 Al&3s] Yt 2 & o
Fxo| EHAE A Fol F9 Al 9]
H 89S 8000 rppmO =2 107 94EE] & toluene
15mLel]l EAMAA dHEAH o2 A ATt 335 HAE
CsPbBr;Z toluene 6 mLol| A4S TE

2.3. %4 25 9 wLED A%t

1)

ST 2wy J5S AlFst7] flste] tolueneel]
LM gEtols FRHAJIOIE WA 04mL B
ECE 0.1g2 718N NOA63E 0.5gS #7Fsiitt
303 FRF AdRolA s Wk gk $ ECO A5 57t
Ao Zgul £z Yol 3087 AT dojxl
E3E<S polyethylene terephthalate(PET) 713 ¢l
B Edlo|l= WHE ol§ste ZHT §, ECe L
oA 40°C, 1A7F &< A3EA W NOA63S UV
lamp(X Lite™ 500014 3% <t ZAst=dc}. 73k



108 Seung Hee Choi, Hyun Bin Kim, Jung Hyeon Yoo, Seok Bin Kwon, Seong Guk Jeong, Young Hyun Song and Dae Ho Yoon

2 Ao mnE Fejsiol

al(f

2gs SNEe S5 F 5
A3k 28 PES mGaN FA] LEDO) $Al0] 2g5)0]

wLEDZ A| &3t}

2.4, 3

1%

e e dHe AR BWUHE flske] XAl 3
B4 (X-ray diffraction, XRD, Bruker DS8-Advance)s
Tt s F3HAA dr7 (high resolution
transmission electron microscopy, HRTEM, JEM2100F)

o] 80kVe| 71 Ao g AU WAy 9 dE
o] FEA EALe 3334 A (fluorescence, SCINCO,
FS-2, KOREA) ¥ 33 A} §-&(photoluminescence
Quantum Yield, PLQY, Absolute PLQY Spectrometer,
HAMAMATSUC111347)2 ZAFEIIE). A1 wLED
o] ZA| ¥F(Electroluminescence, EL) §4& #33}
7] $18te] 24 H\’Jﬂ (OPI-150-Optel-precision) A2~
do] AREHAT. BE 42 A2elM s

=}

3.2n 9 &

El

PEE =SAEE CsPbBry, 2 AARE CsPb(Br, 1y 6);
W=Arge] 2484 BH7HE flsted XRD 45 36t
Att. Fig. 15 E3}] cstBr394 XRD #&lo] JCPDS
No. 54-0752¢} UAES F3l cubic 729 HAZH2
Flo|E Alo] AW ;i:—‘i_— 2RI = 3ot CsPbBrit
CsPb(Bry )8l HES Hlwgh A3 [ o]Ro] X|ghs]
AE wf AZFo R FA o]Fo] AUe AL IIT F 3
£, °]& Br(0.196 nm)Et} o]2ubgo] B & [(0.22

m) A7 RIS Aol 30 Al ol
CsPbBr;, Y=2%

R omah. Fig 2= B4

CsPb(Brg 4ly6)3

CsPbBr;

Relative Intensity (a.u.)

JCPDS No. 54-0752
SN T T T O Y
10 15 20 25 30 35 40 45 50 55 60
2 Theta (degree)

Fig. 1. XRD patterns of green-emitting CsPbBr; (green line)
and red-emitting CsPb(Br,,I,¢) (red line).
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Fig. 2. (a) TEM and (b) HRTEM images of monodispersed CsPbBr; perovskite nanocrystals.
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Fig. 3. Optical characteristics of the CsPbX; (X=1, Br, and CI) perovskite nanocrystals with different halogen composition.
(a) Photoluminescence and (b) UV-vis absorption spectrum of perovskite nanocrystals.
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Photoluminescence characteristics of the CsPbX; (X =1, Br, and
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polymer binder
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Green EC 522.71 25.83 55.8
Red NOA63 630.63 31.72 49.7
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Fig. 4. Electroluminescence spectra of wLED fabricated with
(a) EC and (b) NOAG63.
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